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<latexit sha1_base64="XzNOLvjRlqrlfDhzjfvU9ocyJ8s=">AAAB+HicbZDNSgMxFIUz9a/Wn1ZdugkWwVWZEUEXLgrduKxgW6EdSibNtKGZZEhuxDr0Sdy4UMStj+LOtzFtZ6GtBwIf597LvTlRKrgB3//2CmvrG5tbxe3Szu7efrlycNg2ymrKWlQJpe8jYpjgkrWAg2D3qWYkiQTrROPGrN55YNpwJe9gkrIwIUPJY04JOKtfKfeAPULWUNZtk8Npv1L1a/5ceBWCHKooV7Nf+eoNFLUJk0AFMaYb+CmEGdHAqWDTUs8alhI6JkPWdShJwkyYzQ+f4lPnDHCstHsS8Nz9PZGRxJhJErnOhMDILNdm5n+1roX4Ksy4TC0wSReLYiswKDxLAQ+4ZhTExAGhmrtbMR0RTSi4rEouhGD5y6vQPq8Fjm8vqvXrPI4iOkYn6AwF6BLV0Q1qohaiyKJn9IrevCfvxXv3PhatBS+fOUJ/5H3+AHh0k5U=</latexit><latexit sha1_base64="XzNOLvjRlqrlfDhzjfvU9ocyJ8s=">AAAB+HicbZDNSgMxFIUz9a/Wn1ZdugkWwVWZEUEXLgrduKxgW6EdSibNtKGZZEhuxDr0Sdy4UMStj+LOtzFtZ6GtBwIf597LvTlRKrgB3//2CmvrG5tbxe3Szu7efrlycNg2ymrKWlQJpe8jYpjgkrWAg2D3qWYkiQTrROPGrN55YNpwJe9gkrIwIUPJY04JOKtfKfeAPULWUNZtk8Npv1L1a/5ceBWCHKooV7Nf+eoNFLUJk0AFMaYb+CmEGdHAqWDTUs8alhI6JkPWdShJwkyYzQ+f4lPnDHCstHsS8Nz9PZGRxJhJErnOhMDILNdm5n+1roX4Ksy4TC0wSReLYiswKDxLAQ+4ZhTExAGhmrtbMR0RTSi4rEouhGD5y6vQPq8Fjm8vqvXrPI4iOkYn6AwF6BLV0Q1qohaiyKJn9IrevCfvxXv3PhatBS+fOUJ/5H3+AHh0k5U=</latexit><latexit sha1_base64="XzNOLvjRlqrlfDhzjfvU9ocyJ8s=">AAAB+HicbZDNSgMxFIUz9a/Wn1ZdugkWwVWZEUEXLgrduKxgW6EdSibNtKGZZEhuxDr0Sdy4UMStj+LOtzFtZ6GtBwIf597LvTlRKrgB3//2CmvrG5tbxe3Szu7efrlycNg2ymrKWlQJpe8jYpjgkrWAg2D3qWYkiQTrROPGrN55YNpwJe9gkrIwIUPJY04JOKtfKfeAPULWUNZtk8Npv1L1a/5ceBWCHKooV7Nf+eoNFLUJk0AFMaYb+CmEGdHAqWDTUs8alhI6JkPWdShJwkyYzQ+f4lPnDHCstHsS8Nz9PZGRxJhJErnOhMDILNdm5n+1roX4Ksy4TC0wSReLYiswKDxLAQ+4ZhTExAGhmrtbMR0RTSi4rEouhGD5y6vQPq8Fjm8vqvXrPI4iOkYn6AwF6BLV0Q1qohaiyKJn9IrevCfvxXv3PhatBS+fOUJ/5H3+AHh0k5U=</latexit><latexit sha1_base64="XzNOLvjRlqrlfDhzjfvU9ocyJ8s=">AAAB+HicbZDNSgMxFIUz9a/Wn1ZdugkWwVWZEUEXLgrduKxgW6EdSibNtKGZZEhuxDr0Sdy4UMStj+LOtzFtZ6GtBwIf597LvTlRKrgB3//2CmvrG5tbxe3Szu7efrlycNg2ymrKWlQJpe8jYpjgkrWAg2D3qWYkiQTrROPGrN55YNpwJe9gkrIwIUPJY04JOKtfKfeAPULWUNZtk8Npv1L1a/5ceBWCHKooV7Nf+eoNFLUJk0AFMaYb+CmEGdHAqWDTUs8alhI6JkPWdShJwkyYzQ+f4lPnDHCstHsS8Nz9PZGRxJhJErnOhMDILNdm5n+1roX4Ksy4TC0wSReLYiswKDxLAQ+4ZhTExAGhmrtbMR0RTSi4rEouhGD5y6vQPq8Fjm8vqvXrPI4iOkYn6AwF6BLV0Q1qohaiyKJn9IrevCfvxXv3PhatBS+fOUJ/5H3+AHh0k5U=</latexit>

Gain
<latexit sha1_base64="XhEtPLNR+pnpay7GFtrmUult5M0=">AAAB8nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHrwUPCgxwq2FtJQNttNu3SzG3YnYgn9GV48KOLVX+PNf+O2zUFbX1h4eGeGnXmjVHCDnvftlFZW19Y3ypuVre2d3b3q/kHbqExT1qJKKN2JiGGCS9ZCjoJ1Us1IEgn2EI2up/WHR6YNV/IexykLEzKQPOaUoLWCLrInzG8Il5NetebVvZncZfALqEGhZq/61e0rmiVMIhXEmMD3UgxzopFTwSaVbmZYSuiIDFhgUZKEmTCfrTxxT6zTd2Ol7ZPoztzfEzlJjBknke1MCA7NYm1q/lcLMowvw5zLNEMm6fyjOBMuKnd6v9vnmlEUYwuEam53demQaELRplSxIfiLJy9D+6zuW747rzWuijjKcATHcAo+XEADbqEJLaCg4Ble4c1B58V5dz7mrSWnmDmEP3I+fwCtYZF6</latexit><latexit sha1_base64="XhEtPLNR+pnpay7GFtrmUult5M0=">AAAB8nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHrwUPCgxwq2FtJQNttNu3SzG3YnYgn9GV48KOLVX+PNf+O2zUFbX1h4eGeGnXmjVHCDnvftlFZW19Y3ypuVre2d3b3q/kHbqExT1qJKKN2JiGGCS9ZCjoJ1Us1IEgn2EI2up/WHR6YNV/IexykLEzKQPOaUoLWCLrInzG8Il5NetebVvZncZfALqEGhZq/61e0rmiVMIhXEmMD3UgxzopFTwSaVbmZYSuiIDFhgUZKEmTCfrTxxT6zTd2Ol7ZPoztzfEzlJjBknke1MCA7NYm1q/lcLMowvw5zLNEMm6fyjOBMuKnd6v9vnmlEUYwuEam53demQaELRplSxIfiLJy9D+6zuW747rzWuijjKcATHcAo+XEADbqEJLaCg4Ble4c1B58V5dz7mrSWnmDmEP3I+fwCtYZF6</latexit><latexit sha1_base64="XhEtPLNR+pnpay7GFtrmUult5M0=">AAAB8nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHrwUPCgxwq2FtJQNttNu3SzG3YnYgn9GV48KOLVX+PNf+O2zUFbX1h4eGeGnXmjVHCDnvftlFZW19Y3ypuVre2d3b3q/kHbqExT1qJKKN2JiGGCS9ZCjoJ1Us1IEgn2EI2up/WHR6YNV/IexykLEzKQPOaUoLWCLrInzG8Il5NetebVvZncZfALqEGhZq/61e0rmiVMIhXEmMD3UgxzopFTwSaVbmZYSuiIDFhgUZKEmTCfrTxxT6zTd2Ol7ZPoztzfEzlJjBknke1MCA7NYm1q/lcLMowvw5zLNEMm6fyjOBMuKnd6v9vnmlEUYwuEam53demQaELRplSxIfiLJy9D+6zuW747rzWuijjKcATHcAo+XEADbqEJLaCg4Ble4c1B58V5dz7mrSWnmDmEP3I+fwCtYZF6</latexit><latexit sha1_base64="XhEtPLNR+pnpay7GFtrmUult5M0=">AAAB8nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHrwUPCgxwq2FtJQNttNu3SzG3YnYgn9GV48KOLVX+PNf+O2zUFbX1h4eGeGnXmjVHCDnvftlFZW19Y3ypuVre2d3b3q/kHbqExT1qJKKN2JiGGCS9ZCjoJ1Us1IEgn2EI2up/WHR6YNV/IexykLEzKQPOaUoLWCLrInzG8Il5NetebVvZncZfALqEGhZq/61e0rmiVMIhXEmMD3UgxzopFTwSaVbmZYSuiIDFhgUZKEmTCfrTxxT6zTd2Ol7ZPoztzfEzlJjBknke1MCA7NYm1q/lcLMowvw5zLNEMm6fyjOBMuKnd6v9vnmlEUYwuEam53demQaELRplSxIfiLJy9D+6zuW747rzWuijjKcATHcAo+XEADbqEJLaCg4Ble4c1B58V5dz7mrSWnmDmEP3I+fwCtYZF6</latexit>

Output
<latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit> Input

<latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit>

Output
<latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit>

Input
<latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit>

YIG
<latexit sha1_base64="nQ3s65BukjoeFnMuRYL4R61+nxU=">AAAB8XicbZC7SgNBFIZn4y3GW9TSZjAIVmFXBC0sAhZqF8FcNFnC7ORsMmR2dpk5K4Ylb2FjoYitb2Pn2zi5FJr4w8DHf85hzvmDRAqDrvvt5JaWV1bX8uuFjc2t7Z3i7l7dxKnmUOOxjHUzYAakUFBDgRKaiQYWBRIaweByXG88gjYiVnc4TMCPWE+JUHCG1npoIzxhdn9zNeoUS27ZnYgugjeDEpmp2il+tbsxTyNQyCUzpuW5CfoZ0yi4hFGhnRpIGB+wHrQsKhaB8bPJxiN6ZJ0uDWNtn0I6cX9PZCwyZhgFtjNi2DfztbH5X62VYnjuZ0IlKYLi04/CVFKM6fh82hUaOMqhBca1sLtS3meacbQhFWwI3vzJi1A/KXuWb09LlYtZHHlyQA7JMfHIGamQa1IlNcKJIs/klbw5xnlx3p2PaWvOmc3skz9yPn8AoM2Q2g==</latexit><latexit sha1_base64="nQ3s65BukjoeFnMuRYL4R61+nxU=">AAAB8XicbZC7SgNBFIZn4y3GW9TSZjAIVmFXBC0sAhZqF8FcNFnC7ORsMmR2dpk5K4Ylb2FjoYitb2Pn2zi5FJr4w8DHf85hzvmDRAqDrvvt5JaWV1bX8uuFjc2t7Z3i7l7dxKnmUOOxjHUzYAakUFBDgRKaiQYWBRIaweByXG88gjYiVnc4TMCPWE+JUHCG1npoIzxhdn9zNeoUS27ZnYgugjeDEpmp2il+tbsxTyNQyCUzpuW5CfoZ0yi4hFGhnRpIGB+wHrQsKhaB8bPJxiN6ZJ0uDWNtn0I6cX9PZCwyZhgFtjNi2DfztbH5X62VYnjuZ0IlKYLi04/CVFKM6fh82hUaOMqhBca1sLtS3meacbQhFWwI3vzJi1A/KXuWb09LlYtZHHlyQA7JMfHIGamQa1IlNcKJIs/klbw5xnlx3p2PaWvOmc3skz9yPn8AoM2Q2g==</latexit><latexit sha1_base64="nQ3s65BukjoeFnMuRYL4R61+nxU=">AAAB8XicbZC7SgNBFIZn4y3GW9TSZjAIVmFXBC0sAhZqF8FcNFnC7ORsMmR2dpk5K4Ylb2FjoYitb2Pn2zi5FJr4w8DHf85hzvmDRAqDrvvt5JaWV1bX8uuFjc2t7Z3i7l7dxKnmUOOxjHUzYAakUFBDgRKaiQYWBRIaweByXG88gjYiVnc4TMCPWE+JUHCG1npoIzxhdn9zNeoUS27ZnYgugjeDEpmp2il+tbsxTyNQyCUzpuW5CfoZ0yi4hFGhnRpIGB+wHrQsKhaB8bPJxiN6ZJ0uDWNtn0I6cX9PZCwyZhgFtjNi2DfztbH5X62VYnjuZ0IlKYLi04/CVFKM6fh82hUaOMqhBca1sLtS3meacbQhFWwI3vzJi1A/KXuWb09LlYtZHHlyQA7JMfHIGamQa1IlNcKJIs/klbw5xnlx3p2PaWvOmc3skz9yPn8AoM2Q2g==</latexit><latexit sha1_base64="nQ3s65BukjoeFnMuRYL4R61+nxU=">AAAB8XicbZC7SgNBFIZn4y3GW9TSZjAIVmFXBC0sAhZqF8FcNFnC7ORsMmR2dpk5K4Ylb2FjoYitb2Pn2zi5FJr4w8DHf85hzvmDRAqDrvvt5JaWV1bX8uuFjc2t7Z3i7l7dxKnmUOOxjHUzYAakUFBDgRKaiQYWBRIaweByXG88gjYiVnc4TMCPWE+JUHCG1npoIzxhdn9zNeoUS27ZnYgugjeDEpmp2il+tbsxTyNQyCUzpuW5CfoZ0yi4hFGhnRpIGB+wHrQsKhaB8bPJxiN6ZJ0uDWNtn0I6cX9PZCwyZhgFtjNi2DfztbH5X62VYnjuZ0IlKYLi04/CVFKM6fh82hUaOMqhBca1sLtS3meacbQhFWwI3vzJi1A/KXuWb09LlYtZHHlyQA7JMfHIGamQa1IlNcKJIs/klbw5xnlx3p2PaWvOmc3skz9yPn8AoM2Q2g==</latexit>

Field
<latexit sha1_base64="M6yr/8CqTYOL/69EwhfKH9WcAnw=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSERRPBUE8VrC10ISy2UzbpZtN2J2IJfRvePGgiFf/jDf/jds2B219YeHhnRlm9g1TKQy67rdTWlldW98ob1a2tnd296r7B22TZJpDiycy0Z2QGZBCQQsFSuikGlgcSngIR9fT+sMjaCMSdY/jFIKYDZToC87QWr6P8IT5jQAZTXrVmlt3Z6LL4BVQI4WaveqXHyU8i0Ehl8yYruemGORMo+ASJhU/M5AyPmID6FpULAYT5LObJ/TEOhHtJ9o+hXTm/p7IWWzMOA5tZ8xwaBZrU/O/WjfD/mWQC5VmCIrPF/UzSTGh0wBoJDRwlGMLjGthb6V8yDTjaGOq2BC8xS8vQ/us7lm+O681roo4yuSIHJNT4pEL0iC3pElahJOUPJNX8uZkzovz7nzMW0tOMXNI/sj5/AFvbJHn</latexit><latexit sha1_base64="M6yr/8CqTYOL/69EwhfKH9WcAnw=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSERRPBUE8VrC10ISy2UzbpZtN2J2IJfRvePGgiFf/jDf/jds2B219YeHhnRlm9g1TKQy67rdTWlldW98ob1a2tnd296r7B22TZJpDiycy0Z2QGZBCQQsFSuikGlgcSngIR9fT+sMjaCMSdY/jFIKYDZToC87QWr6P8IT5jQAZTXrVmlt3Z6LL4BVQI4WaveqXHyU8i0Ehl8yYruemGORMo+ASJhU/M5AyPmID6FpULAYT5LObJ/TEOhHtJ9o+hXTm/p7IWWzMOA5tZ8xwaBZrU/O/WjfD/mWQC5VmCIrPF/UzSTGh0wBoJDRwlGMLjGthb6V8yDTjaGOq2BC8xS8vQ/us7lm+O681roo4yuSIHJNT4pEL0iC3pElahJOUPJNX8uZkzovz7nzMW0tOMXNI/sj5/AFvbJHn</latexit><latexit sha1_base64="M6yr/8CqTYOL/69EwhfKH9WcAnw=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSERRPBUE8VrC10ISy2UzbpZtN2J2IJfRvePGgiFf/jDf/jds2B219YeHhnRlm9g1TKQy67rdTWlldW98ob1a2tnd296r7B22TZJpDiycy0Z2QGZBCQQsFSuikGlgcSngIR9fT+sMjaCMSdY/jFIKYDZToC87QWr6P8IT5jQAZTXrVmlt3Z6LL4BVQI4WaveqXHyU8i0Ehl8yYruemGORMo+ASJhU/M5AyPmID6FpULAYT5LObJ/TEOhHtJ9o+hXTm/p7IWWzMOA5tZ8xwaBZrU/O/WjfD/mWQC5VmCIrPF/UzSTGh0wBoJDRwlGMLjGthb6V8yDTjaGOq2BC8xS8vQ/us7lm+O681roo4yuSIHJNT4pEL0iC3pElahJOUPJNX8uZkzovz7nzMW0tOMXNI/sj5/AFvbJHn</latexit><latexit sha1_base64="M6yr/8CqTYOL/69EwhfKH9WcAnw=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSERRPBUE8VrC10ISy2UzbpZtN2J2IJfRvePGgiFf/jDf/jds2B219YeHhnRlm9g1TKQy67rdTWlldW98ob1a2tnd296r7B22TZJpDiycy0Z2QGZBCQQsFSuikGlgcSngIR9fT+sMjaCMSdY/jFIKYDZToC87QWr6P8IT5jQAZTXrVmlt3Z6LL4BVQI4WaveqXHyU8i0Ehl8yYruemGORMo+ASJhU/M5AyPmID6FpULAYT5LObJ/TEOhHtJ9o+hXTm/p7IWWzMOA5tZ8xwaBZrU/O/WjfD/mWQC5VmCIrPF/UzSTGh0wBoJDRwlGMLjGthb6V8yDTjaGOq2BC8xS8vQ/us7lm+O681roo4yuSIHJNT4pEL0iC3pElahJOUPJNX8uZkzovz7nzMW0tOMXNI/sj5/AFvbJHn</latexit>

Loss
<latexit sha1_base64="WEfebbXB7r9Jh9j4YlW5x1dhoME=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPBS8ePFSwtZCGstlu2qWbbNidiCX0Z3jxoIhXf403/43bNgdtfWHh4Z0ZduYNUykMuu63U1pZXVvfKG9WtrZ3dveq+wdtozLNeIspqXQnpIZLkfAWCpS8k2pO41Dyh3B0Pa0/PHJthErucZzyIKaDRESCUbSW30X+hPmtMmbSq9bcujsTWQavgBoUavaqX92+YlnME2SSGuN7bopBTjUKJvmk0s0MTykb0QH3LSY05ibIZytPyIl1+iRS2r4Eycz9PZHT2JhxHNrOmOLQLNam5n81P8PoMshFkmbIEzb/KMokQUWm95O+0JyhHFugTAu7K2FDqilDm1LFhuAtnrwM7bO6Z/nuvNa4KuIowxEcwyl4cAENuIEmtICBgmd4hTcHnRfn3fmYt5acYuYQ/sj5/AHgppGa</latexit><latexit sha1_base64="WEfebbXB7r9Jh9j4YlW5x1dhoME=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPBS8ePFSwtZCGstlu2qWbbNidiCX0Z3jxoIhXf403/43bNgdtfWHh4Z0ZduYNUykMuu63U1pZXVvfKG9WtrZ3dveq+wdtozLNeIspqXQnpIZLkfAWCpS8k2pO41Dyh3B0Pa0/PHJthErucZzyIKaDRESCUbSW30X+hPmtMmbSq9bcujsTWQavgBoUavaqX92+YlnME2SSGuN7bopBTjUKJvmk0s0MTykb0QH3LSY05ibIZytPyIl1+iRS2r4Eycz9PZHT2JhxHNrOmOLQLNam5n81P8PoMshFkmbIEzb/KMokQUWm95O+0JyhHFugTAu7K2FDqilDm1LFhuAtnrwM7bO6Z/nuvNa4KuIowxEcwyl4cAENuIEmtICBgmd4hTcHnRfn3fmYt5acYuYQ/sj5/AHgppGa</latexit><latexit sha1_base64="WEfebbXB7r9Jh9j4YlW5x1dhoME=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPBS8ePFSwtZCGstlu2qWbbNidiCX0Z3jxoIhXf403/43bNgdtfWHh4Z0ZduYNUykMuu63U1pZXVvfKG9WtrZ3dveq+wdtozLNeIspqXQnpIZLkfAWCpS8k2pO41Dyh3B0Pa0/PHJthErucZzyIKaDRESCUbSW30X+hPmtMmbSq9bcujsTWQavgBoUavaqX92+YlnME2SSGuN7bopBTjUKJvmk0s0MTykb0QH3LSY05ibIZytPyIl1+iRS2r4Eycz9PZHT2JhxHNrOmOLQLNam5n81P8PoMshFkmbIEzb/KMokQUWm95O+0JyhHFugTAu7K2FDqilDm1LFhuAtnrwM7bO6Z/nuvNa4KuIowxEcwyl4cAENuIEmtICBgmd4hTcHnRfn3fmYt5acYuYQ/sj5/AHgppGa</latexit><latexit sha1_base64="WEfebbXB7r9Jh9j4YlW5x1dhoME=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPBS8ePFSwtZCGstlu2qWbbNidiCX0Z3jxoIhXf403/43bNgdtfWHh4Z0ZduYNUykMuu63U1pZXVvfKG9WtrZ3dveq+wdtozLNeIspqXQnpIZLkfAWCpS8k2pO41Dyh3B0Pa0/PHJthErucZzyIKaDRESCUbSW30X+hPmtMmbSq9bcujsTWQavgBoUavaqX92+YlnME2SSGuN7bopBTjUKJvmk0s0MTykb0QH3LSY05ibIZytPyIl1+iRS2r4Eycz9PZHT2JhxHNrOmOLQLNam5n81P8PoMshFkmbIEzb/KMokQUWm95O+0JyhHFugTAu7K2FDqilDm1LFhuAtnrwM7bO6Z/nuvNa4KuIowxEcwyl4cAENuIEmtICBgmd4hTcHnRfn3fmYt5acYuYQ/sj5/AHgppGa</latexit>

Magnonic devices
<latexit sha1_base64="sbpnQ1YXr0/ERfbpYaEM9ZtNw9I=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCrghaBm1shAjmAskSZicnyZDZ2WXmbDAsaXwVGwtFbH0MO9/GyaXQxB8GPv5zDmfOHyZSGPS8bye3srq2vpHfLGxt7+zuufsHNROnmkOVxzLWjZAZkEJBFQVKaCQaWBRKqIeDm0m9PgRtRKwecJRAELGeEl3BGVqr7R61EB4xu7NurASnHRgKDmbcdoteyZuKLoM/hyKZq9J2v1qdmKcRKOSSGdP0vQSDjGkUXMK40EoNJIwPWA+aFhWLwATZ9IAxPbVOh3ZjbZ9COnV/T2QsMmYUhbYzYtg3i7WJ+V+tmWL3KsiESlIExWeLuqmkGNNJGrQjNHCUIwuMa2H/SnmfacbRZlawIfiLJy9D7bzkW76/KJav53HkyTE5IWfEJ5ekTG5JhVQJJ2PyTF7Jm/PkvDjvzsesNefMZw7JHzmfP07Tltk=</latexit><latexit sha1_base64="sbpnQ1YXr0/ERfbpYaEM9ZtNw9I=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCrghaBm1shAjmAskSZicnyZDZ2WXmbDAsaXwVGwtFbH0MO9/GyaXQxB8GPv5zDmfOHyZSGPS8bye3srq2vpHfLGxt7+zuufsHNROnmkOVxzLWjZAZkEJBFQVKaCQaWBRKqIeDm0m9PgRtRKwecJRAELGeEl3BGVqr7R61EB4xu7NurASnHRgKDmbcdoteyZuKLoM/hyKZq9J2v1qdmKcRKOSSGdP0vQSDjGkUXMK40EoNJIwPWA+aFhWLwATZ9IAxPbVOh3ZjbZ9COnV/T2QsMmYUhbYzYtg3i7WJ+V+tmWL3KsiESlIExWeLuqmkGNNJGrQjNHCUIwuMa2H/SnmfacbRZlawIfiLJy9D7bzkW76/KJav53HkyTE5IWfEJ5ekTG5JhVQJJ2PyTF7Jm/PkvDjvzsesNefMZw7JHzmfP07Tltk=</latexit><latexit sha1_base64="sbpnQ1YXr0/ERfbpYaEM9ZtNw9I=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCrghaBm1shAjmAskSZicnyZDZ2WXmbDAsaXwVGwtFbH0MO9/GyaXQxB8GPv5zDmfOHyZSGPS8bye3srq2vpHfLGxt7+zuufsHNROnmkOVxzLWjZAZkEJBFQVKaCQaWBRKqIeDm0m9PgRtRKwecJRAELGeEl3BGVqr7R61EB4xu7NurASnHRgKDmbcdoteyZuKLoM/hyKZq9J2v1qdmKcRKOSSGdP0vQSDjGkUXMK40EoNJIwPWA+aFhWLwATZ9IAxPbVOh3ZjbZ9COnV/T2QsMmYUhbYzYtg3i7WJ+V+tmWL3KsiESlIExWeLuqmkGNNJGrQjNHCUIwuMa2H/SnmfacbRZlawIfiLJy9D7bzkW76/KJav53HkyTE5IWfEJ5ekTG5JhVQJJ2PyTF7Jm/PkvDjvzsesNefMZw7JHzmfP07Tltk=</latexit><latexit sha1_base64="sbpnQ1YXr0/ERfbpYaEM9ZtNw9I=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCrghaBm1shAjmAskSZicnyZDZ2WXmbDAsaXwVGwtFbH0MO9/GyaXQxB8GPv5zDmfOHyZSGPS8bye3srq2vpHfLGxt7+zuufsHNROnmkOVxzLWjZAZkEJBFQVKaCQaWBRKqIeDm0m9PgRtRKwecJRAELGeEl3BGVqr7R61EB4xu7NurASnHRgKDmbcdoteyZuKLoM/hyKZq9J2v1qdmKcRKOSSGdP0vQSDjGkUXMK40EoNJIwPWA+aFhWLwATZ9IAxPbVOh3ZjbZ9COnV/T2QsMmYUhbYzYtg3i7WJ+V+tmWL3KsiESlIExWeLuqmkGNNJGrQjNHCUIwuMa2H/SnmfacbRZlawIfiLJy9D7bzkW76/KJav53HkyTE5IWfEJ5ekTG5JhVQJJ2PyTF7Jm/PkvDjvzsesNefMZw7JHzmfP07Tltk=</latexit>

Experimental probes
<latexit sha1_base64="dW5cRuOegDc/K+tZpT5nvRRe57Y=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIrsqMCLosiOiygr1AO5RMeqYNzVxIzkjL0I0bX8WNC0Xc+g7ufBvTdhba+kPg4z/nJDm/n0ih0XG+raXlldW19cJGcXNre2fX3tuv6zhVHGo8lrFq+kyDFBHUUKCEZqKAhb6Ehj+4mtQbD6C0iKN7HCXghawXiUBwhsbq2EdthCH6QXY9TECJECJkkiYq9kGPO3bJKTtT0UVwcyiRXNWO/dXuxjyd3MIl07rlOgl6GVMouIRxsZ1qSBgfsB60DEYsBO1l0y3G9MQ4XRrEypwI6dT9PZGxUOtR6JvOkGFfz9cm5n+1VorBpZeJKEkRIj57KEglxZhOIqFdoYCjHBlgXAnzV8r7TDGOJriiCcGdX3kR6mdl1/Ddealyk8dRIIfkmJwSl1yQCrklVVIjnDySZ/JK3qwn68V6tz5mrUtWPnNA/sj6/AGTb5lC</latexit><latexit sha1_base64="dW5cRuOegDc/K+tZpT5nvRRe57Y=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIrsqMCLosiOiygr1AO5RMeqYNzVxIzkjL0I0bX8WNC0Xc+g7ufBvTdhba+kPg4z/nJDm/n0ih0XG+raXlldW19cJGcXNre2fX3tuv6zhVHGo8lrFq+kyDFBHUUKCEZqKAhb6Ehj+4mtQbD6C0iKN7HCXghawXiUBwhsbq2EdthCH6QXY9TECJECJkkiYq9kGPO3bJKTtT0UVwcyiRXNWO/dXuxjyd3MIl07rlOgl6GVMouIRxsZ1qSBgfsB60DEYsBO1l0y3G9MQ4XRrEypwI6dT9PZGxUOtR6JvOkGFfz9cm5n+1VorBpZeJKEkRIj57KEglxZhOIqFdoYCjHBlgXAnzV8r7TDGOJriiCcGdX3kR6mdl1/Ddealyk8dRIIfkmJwSl1yQCrklVVIjnDySZ/JK3qwn68V6tz5mrUtWPnNA/sj6/AGTb5lC</latexit><latexit sha1_base64="dW5cRuOegDc/K+tZpT5nvRRe57Y=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIrsqMCLosiOiygr1AO5RMeqYNzVxIzkjL0I0bX8WNC0Xc+g7ufBvTdhba+kPg4z/nJDm/n0ih0XG+raXlldW19cJGcXNre2fX3tuv6zhVHGo8lrFq+kyDFBHUUKCEZqKAhb6Ehj+4mtQbD6C0iKN7HCXghawXiUBwhsbq2EdthCH6QXY9TECJECJkkiYq9kGPO3bJKTtT0UVwcyiRXNWO/dXuxjyd3MIl07rlOgl6GVMouIRxsZ1qSBgfsB60DEYsBO1l0y3G9MQ4XRrEypwI6dT9PZGxUOtR6JvOkGFfz9cm5n+1VorBpZeJKEkRIj57KEglxZhOIqFdoYCjHBlgXAnzV8r7TDGOJriiCcGdX3kR6mdl1/Ddealyk8dRIIfkmJwSl1yQCrklVVIjnDySZ/JK3qwn68V6tz5mrUtWPnNA/sj6/AGTb5lC</latexit><latexit sha1_base64="dW5cRuOegDc/K+tZpT5nvRRe57Y=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIrsqMCLosiOiygr1AO5RMeqYNzVxIzkjL0I0bX8WNC0Xc+g7ufBvTdhba+kPg4z/nJDm/n0ih0XG+raXlldW19cJGcXNre2fX3tuv6zhVHGo8lrFq+kyDFBHUUKCEZqKAhb6Ehj+4mtQbD6C0iKN7HCXghawXiUBwhsbq2EdthCH6QXY9TECJECJkkiYq9kGPO3bJKTtT0UVwcyiRXNWO/dXuxjyd3MIl07rlOgl6GVMouIRxsZ1qSBgfsB60DEYsBO1l0y3G9MQ4XRrEypwI6dT9PZGxUOtR6JvOkGFfz9cm5n+1VorBpZeJKEkRIj57KEglxZhOIqFdoYCjHBlgXAnzV8r7TDGOJriiCcGdX3kR6mdl1/Ddealyk8dRIIfkmJwSl1yQCrklVVIjnDySZ/JK3qwn68V6tz5mrUtWPnNA/sj6/AGTb5lC</latexit>

Applications
<latexit sha1_base64="n/6tYdrsX7r+aACj4BuuFVBR3NQ=">AAAB/nicbZBNSwMxEIaz9avWr6p48hIsgqeyK4IeKx70WMHWQruUbDrbhmazSzIrlqXgX/HiQRGv/g5v/hvTdg/a+kLg4Z0ZZvIGiRQGXffbKSwtr6yuFddLG5tb2zvl3b2miVPNocFjGetWwAxIoaCBAiW0Eg0sCiTcB8OrSf3+AbQRsbrDUQJ+xPpKhIIztFa3fNBBeMQgzC4Tu27mmnG3XHGr7lR0EbwcKiRXvVv+6vRinkagkEtmTNtzE/QzplFwCeNSJzWQMD5kfWhbVCwC42fT88f02Do9GsbaPoV06v6eyFhkzCgKbGfEcGDmaxPzv1o7xfDCz4RKUgTFZ4vCVFKM6SQL2hMaOMqRBca1sLdSPmCacbSJlWwI3vyXF6F5WvUs355Vatd5HEVySI7ICfHIOamRG1InDcJJRp7JK3lznpwX5935mLUWnHxmn/yR8/kDNDSWSg==</latexit><latexit sha1_base64="n/6tYdrsX7r+aACj4BuuFVBR3NQ=">AAAB/nicbZBNSwMxEIaz9avWr6p48hIsgqeyK4IeKx70WMHWQruUbDrbhmazSzIrlqXgX/HiQRGv/g5v/hvTdg/a+kLg4Z0ZZvIGiRQGXffbKSwtr6yuFddLG5tb2zvl3b2miVPNocFjGetWwAxIoaCBAiW0Eg0sCiTcB8OrSf3+AbQRsbrDUQJ+xPpKhIIztFa3fNBBeMQgzC4Tu27mmnG3XHGr7lR0EbwcKiRXvVv+6vRinkagkEtmTNtzE/QzplFwCeNSJzWQMD5kfWhbVCwC42fT88f02Do9GsbaPoV06v6eyFhkzCgKbGfEcGDmaxPzv1o7xfDCz4RKUgTFZ4vCVFKM6SQL2hMaOMqRBca1sLdSPmCacbSJlWwI3vyXF6F5WvUs355Vatd5HEVySI7ICfHIOamRG1InDcJJRp7JK3lznpwX5935mLUWnHxmn/yR8/kDNDSWSg==</latexit><latexit sha1_base64="n/6tYdrsX7r+aACj4BuuFVBR3NQ=">AAAB/nicbZBNSwMxEIaz9avWr6p48hIsgqeyK4IeKx70WMHWQruUbDrbhmazSzIrlqXgX/HiQRGv/g5v/hvTdg/a+kLg4Z0ZZvIGiRQGXffbKSwtr6yuFddLG5tb2zvl3b2miVPNocFjGetWwAxIoaCBAiW0Eg0sCiTcB8OrSf3+AbQRsbrDUQJ+xPpKhIIztFa3fNBBeMQgzC4Tu27mmnG3XHGr7lR0EbwcKiRXvVv+6vRinkagkEtmTNtzE/QzplFwCeNSJzWQMD5kfWhbVCwC42fT88f02Do9GsbaPoV06v6eyFhkzCgKbGfEcGDmaxPzv1o7xfDCz4RKUgTFZ4vCVFKM6SQL2hMaOMqRBca1sLdSPmCacbSJlWwI3vyXF6F5WvUs355Vatd5HEVySI7ICfHIOamRG1InDcJJRp7JK3lznpwX5935mLUWnHxmn/yR8/kDNDSWSg==</latexit><latexit sha1_base64="n/6tYdrsX7r+aACj4BuuFVBR3NQ=">AAAB/nicbZBNSwMxEIaz9avWr6p48hIsgqeyK4IeKx70WMHWQruUbDrbhmazSzIrlqXgX/HiQRGv/g5v/hvTdg/a+kLg4Z0ZZvIGiRQGXffbKSwtr6yuFddLG5tb2zvl3b2miVPNocFjGetWwAxIoaCBAiW0Eg0sCiTcB8OrSf3+AbQRsbrDUQJ+xPpKhIIztFa3fNBBeMQgzC4Tu27mmnG3XHGr7lR0EbwcKiRXvVv+6vRinkagkEtmTNtzE/QzplFwCeNSJzWQMD5kfWhbVCwC42fT88f02Do9GsbaPoV06v6eyFhkzCgKbGfEcGDmaxPzv1o7xfDCz4RKUgTFZ4vCVFKM6SQL2hMaOMqRBca1sLdSPmCacbSJlWwI3vyXF6F5WvUs355Vatd5HEVySI7ICfHIOamRG1InDcJJRp7JK3lznpwX5935mLUWnHxmn/yR8/kDNDSWSg==</latexit>

Neuromorphic spintronics
<latexit sha1_base64="4dKoTo9t+Hdm7HUZ3YNZYZYsZeE=">AAACCHicbZC7SgNBFIZn4y3GW9TSwsEgWIVdEbQMpLGSCOYCSQizk5NkyOzMMnNWDEtKG1/FxkIRWx/Bzrdxcik08YeBj/+cw5nzh7EUFn3/28usrK6tb2Q3c1vbO7t7+f2DmtWJ4VDlWmrTCJkFKRRUUaCERmyARaGEejgsT+r1ezBWaHWHoxjaEesr0ROcobM6+eMWwgOmN5AYHWkTDwSnNhYKjVaC23EnX/CL/lR0GYI5FMhclU7+q9XVPIlAIZfM2mbgx9hOmUHBJYxzrcRCzPiQ9aHpULEIbDudHjKmp87p0p427imkU/f3RMoia0dR6DojhgO7WJuY/9WaCfau2qlQcYKg+GxRL5EUNZ2kQrvCAEc5csC4Ee6vlA+YYRxddjkXQrB48jLUzouB49uLQqk8jyNLjsgJOSMBuSQlck0qpEo4eSTP5JW8eU/ei/fufcxaM9585pD8kff5A175mtI=</latexit><latexit sha1_base64="4dKoTo9t+Hdm7HUZ3YNZYZYsZeE=">AAACCHicbZC7SgNBFIZn4y3GW9TSwsEgWIVdEbQMpLGSCOYCSQizk5NkyOzMMnNWDEtKG1/FxkIRWx/Bzrdxcik08YeBj/+cw5nzh7EUFn3/28usrK6tb2Q3c1vbO7t7+f2DmtWJ4VDlWmrTCJkFKRRUUaCERmyARaGEejgsT+r1ezBWaHWHoxjaEesr0ROcobM6+eMWwgOmN5AYHWkTDwSnNhYKjVaC23EnX/CL/lR0GYI5FMhclU7+q9XVPIlAIZfM2mbgx9hOmUHBJYxzrcRCzPiQ9aHpULEIbDudHjKmp87p0p427imkU/f3RMoia0dR6DojhgO7WJuY/9WaCfau2qlQcYKg+GxRL5EUNZ2kQrvCAEc5csC4Ee6vlA+YYRxddjkXQrB48jLUzouB49uLQqk8jyNLjsgJOSMBuSQlck0qpEo4eSTP5JW8eU/ei/fufcxaM9585pD8kff5A175mtI=</latexit><latexit sha1_base64="4dKoTo9t+Hdm7HUZ3YNZYZYsZeE=">AAACCHicbZC7SgNBFIZn4y3GW9TSwsEgWIVdEbQMpLGSCOYCSQizk5NkyOzMMnNWDEtKG1/FxkIRWx/Bzrdxcik08YeBj/+cw5nzh7EUFn3/28usrK6tb2Q3c1vbO7t7+f2DmtWJ4VDlWmrTCJkFKRRUUaCERmyARaGEejgsT+r1ezBWaHWHoxjaEesr0ROcobM6+eMWwgOmN5AYHWkTDwSnNhYKjVaC23EnX/CL/lR0GYI5FMhclU7+q9XVPIlAIZfM2mbgx9hOmUHBJYxzrcRCzPiQ9aHpULEIbDudHjKmp87p0p427imkU/f3RMoia0dR6DojhgO7WJuY/9WaCfau2qlQcYKg+GxRL5EUNZ2kQrvCAEc5csC4Ee6vlA+YYRxddjkXQrB48jLUzouB49uLQqk8jyNLjsgJOSMBuSQlck0qpEo4eSTP5JW8eU/ei/fufcxaM9585pD8kff5A175mtI=</latexit><latexit sha1_base64="4dKoTo9t+Hdm7HUZ3YNZYZYsZeE=">AAACCHicbZC7SgNBFIZn4y3GW9TSwsEgWIVdEbQMpLGSCOYCSQizk5NkyOzMMnNWDEtKG1/FxkIRWx/Bzrdxcik08YeBj/+cw5nzh7EUFn3/28usrK6tb2Q3c1vbO7t7+f2DmtWJ4VDlWmrTCJkFKRRUUaCERmyARaGEejgsT+r1ezBWaHWHoxjaEesr0ROcobM6+eMWwgOmN5AYHWkTDwSnNhYKjVaC23EnX/CL/lR0GYI5FMhclU7+q9XVPIlAIZfM2mbgx9hOmUHBJYxzrcRCzPiQ9aHpULEIbDudHjKmp87p0p427imkU/f3RMoia0dR6DojhgO7WJuY/9WaCfau2qlQcYKg+GxRL5EUNZ2kQrvCAEc5csC4Ee6vlA+YYRxddjkXQrB48jLUzouB49uLQqk8jyNLjsgJOSMBuSQlck0qpEo4eSTP5JW8eU/ei/fufcxaM9585pD8kff5A175mtI=</latexit>

New materials
<latexit sha1_base64="14IUBaxEjqrfRJQhl+SQEgjq4sA=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdgVQcuAhVYSwTwgWcLs5G4yZPbBzF01rCn8FRsLRWz9DTv/xkmyhSYeGDiccy/3zPETKTQ6zre1sLi0vLJaWCuub2xubds7u3Udp4pDjccyVk2faZAighoKlNBMFLDQl9DwBxdjv3EHSos4usVhAl7IepEIBGdopI6930Z4QD/IruGehgxBCSb1qGOXnLIzAZ0nbk5KJEe1Y3+1uzFPQ4iQS6Z1y3US9DKmUHAJo2I71ZAwPmA9aBkasRC0l03yj+iRUbo0iJV5EdKJ+nsjY6HWw9A3kyZiX896Y/E/r5VicO5lIkpShIhPDwWppBjTcRm0KxRwlENDGFfCZKW8zxTjpgddNCW4s1+eJ/WTsmv4zWmpcpnXUSAH5JAcE5eckQq5IlVSI5w8kmfySt6sJ+vFerc+pqMLVr6zR/7A+vwBl8qWeQ==</latexit><latexit sha1_base64="14IUBaxEjqrfRJQhl+SQEgjq4sA=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdgVQcuAhVYSwTwgWcLs5G4yZPbBzF01rCn8FRsLRWz9DTv/xkmyhSYeGDiccy/3zPETKTQ6zre1sLi0vLJaWCuub2xubds7u3Udp4pDjccyVk2faZAighoKlNBMFLDQl9DwBxdjv3EHSos4usVhAl7IepEIBGdopI6930Z4QD/IruGehgxBCSb1qGOXnLIzAZ0nbk5KJEe1Y3+1uzFPQ4iQS6Z1y3US9DKmUHAJo2I71ZAwPmA9aBkasRC0l03yj+iRUbo0iJV5EdKJ+nsjY6HWw9A3kyZiX896Y/E/r5VicO5lIkpShIhPDwWppBjTcRm0KxRwlENDGFfCZKW8zxTjpgddNCW4s1+eJ/WTsmv4zWmpcpnXUSAH5JAcE5eckQq5IlVSI5w8kmfySt6sJ+vFerc+pqMLVr6zR/7A+vwBl8qWeQ==</latexit><latexit sha1_base64="14IUBaxEjqrfRJQhl+SQEgjq4sA=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdgVQcuAhVYSwTwgWcLs5G4yZPbBzF01rCn8FRsLRWz9DTv/xkmyhSYeGDiccy/3zPETKTQ6zre1sLi0vLJaWCuub2xubds7u3Udp4pDjccyVk2faZAighoKlNBMFLDQl9DwBxdjv3EHSos4usVhAl7IepEIBGdopI6930Z4QD/IruGehgxBCSb1qGOXnLIzAZ0nbk5KJEe1Y3+1uzFPQ4iQS6Z1y3US9DKmUHAJo2I71ZAwPmA9aBkasRC0l03yj+iRUbo0iJV5EdKJ+nsjY6HWw9A3kyZiX896Y/E/r5VicO5lIkpShIhPDwWppBjTcRm0KxRwlENDGFfCZKW8zxTjpgddNCW4s1+eJ/WTsmv4zWmpcpnXUSAH5JAcE5eckQq5IlVSI5w8kmfySt6sJ+vFerc+pqMLVr6zR/7A+vwBl8qWeQ==</latexit><latexit sha1_base64="14IUBaxEjqrfRJQhl+SQEgjq4sA=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdgVQcuAhVYSwTwgWcLs5G4yZPbBzF01rCn8FRsLRWz9DTv/xkmyhSYeGDiccy/3zPETKTQ6zre1sLi0vLJaWCuub2xubds7u3Udp4pDjccyVk2faZAighoKlNBMFLDQl9DwBxdjv3EHSos4usVhAl7IepEIBGdopI6930Z4QD/IruGehgxBCSb1qGOXnLIzAZ0nbk5KJEe1Y3+1uzFPQ4iQS6Z1y3US9DKmUHAJo2I71ZAwPmA9aBkasRC0l03yj+iRUbo0iJV5EdKJ+nsjY6HWw9A3kyZiX896Y/E/r5VicO5lIkpShIhPDwWppBjTcRm0KxRwlENDGFfCZKW8zxTjpgddNCW4s1+eJ/WTsmv4zWmpcpnXUSAH5JAcE5eckQq5IlVSI5w8kmfySt6sJ+vFerc+pqMLVr6zR/7A+vwBl8qWeQ==</latexit> Theoretical tools

<latexit sha1_base64="ziGdZt2bkA0t1x8x23LMLygYynQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiQi6LLgQpcV+oK2lMn0ph06yYSZG7GEght/xY0LRdz6E+78GydtFtp6YOBwzr0zc44fC67Rdb+twsrq2vpGcbO0tb2zu2fvHzS1TBSDBpNCqrZPNQgeQQM5CmjHCmjoC2j54+vMb92D0lxGdZzE0AvpMOIBZxSN1LePuggP6AdpfQRSARpDOCil0NO+XXYr7gzOMvFyUiY5an37qzuQLAkhQiao1h3PjbGXUmVuFTAtdRMNMWVjOoSOoRENQffSWYapc2qUgRNIZU6Ezkz9vZHSUOtJ6JvJkOJIL3qZ+J/XSTC46qU8ihOEiM0fCpIspJMV4gy4AoZiYghlipu/OmxEFWVoaiuZErzFyMukeV7xDL+7KFdv8jqK5JickDPikUtSJbekRhqEkUfyTF7Jm/VkvVjv1sd8tGDlO4fkD6zPH/FlmFo=</latexit><latexit sha1_base64="ziGdZt2bkA0t1x8x23LMLygYynQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiQi6LLgQpcV+oK2lMn0ph06yYSZG7GEght/xY0LRdz6E+78GydtFtp6YOBwzr0zc44fC67Rdb+twsrq2vpGcbO0tb2zu2fvHzS1TBSDBpNCqrZPNQgeQQM5CmjHCmjoC2j54+vMb92D0lxGdZzE0AvpMOIBZxSN1LePuggP6AdpfQRSARpDOCil0NO+XXYr7gzOMvFyUiY5an37qzuQLAkhQiao1h3PjbGXUmVuFTAtdRMNMWVjOoSOoRENQffSWYapc2qUgRNIZU6Ezkz9vZHSUOtJ6JvJkOJIL3qZ+J/XSTC46qU8ihOEiM0fCpIspJMV4gy4AoZiYghlipu/OmxEFWVoaiuZErzFyMukeV7xDL+7KFdv8jqK5JickDPikUtSJbekRhqEkUfyTF7Jm/VkvVjv1sd8tGDlO4fkD6zPH/FlmFo=</latexit><latexit sha1_base64="ziGdZt2bkA0t1x8x23LMLygYynQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiQi6LLgQpcV+oK2lMn0ph06yYSZG7GEght/xY0LRdz6E+78GydtFtp6YOBwzr0zc44fC67Rdb+twsrq2vpGcbO0tb2zu2fvHzS1TBSDBpNCqrZPNQgeQQM5CmjHCmjoC2j54+vMb92D0lxGdZzE0AvpMOIBZxSN1LePuggP6AdpfQRSARpDOCil0NO+XXYr7gzOMvFyUiY5an37qzuQLAkhQiao1h3PjbGXUmVuFTAtdRMNMWVjOoSOoRENQffSWYapc2qUgRNIZU6Ezkz9vZHSUOtJ6JvJkOJIL3qZ+J/XSTC46qU8ihOEiM0fCpIspJMV4gy4AoZiYghlipu/OmxEFWVoaiuZErzFyMukeV7xDL+7KFdv8jqK5JickDPikUtSJbekRhqEkUfyTF7Jm/VkvVjv1sd8tGDlO4fkD6zPH/FlmFo=</latexit><latexit sha1_base64="ziGdZt2bkA0t1x8x23LMLygYynQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiQi6LLgQpcV+oK2lMn0ph06yYSZG7GEght/xY0LRdz6E+78GydtFtp6YOBwzr0zc44fC67Rdb+twsrq2vpGcbO0tb2zu2fvHzS1TBSDBpNCqrZPNQgeQQM5CmjHCmjoC2j54+vMb92D0lxGdZzE0AvpMOIBZxSN1LePuggP6AdpfQRSARpDOCil0NO+XXYr7gzOMvFyUiY5an37qzuQLAkhQiao1h3PjbGXUmVuFTAtdRMNMWVjOoSOoRENQffSWYapc2qUgRNIZU6Ezkz9vZHSUOtJ6JvJkOJIL3qZ+J/XSTC46qU8ihOEiM0fCpIspJMV4gy4AoZiYghlipu/OmxEFWVoaiuZErzFyMukeV7xDL+7KFdv8jqK5JickDPikUtSJbekRhqEkUfyTF7Jm/VkvVjv1sd8tGDlO4fkD6zPH/FlmFo=</latexit>

2D van der Waals magnets
<latexit sha1_base64="W2OqR5kYUt13xIBr7f7w0h2Jev4=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4IWgqxsIxgHpCEcHdyo0NmZ5eZu2JYUtr4KzYWitj6CXb+jbNJCl8HBg7nnMude8JESUu+/+nNzS8sLi0XVoqra+sbm6Wt7YaNUyOwLmIVm1YIFpXUWCdJCluJQYhChc1wWM395i0aK2N9RaMEuxFcazmQAshJvdJeh/COsqNzfgua99HwJoCyPI8h2XGvVPYr/gT8LwlmpMxmqPVKH51+LNIINQkF1rYDP6FuBoakUDgudlKLCYghXGPbUQ0R2m42OWTMD5zS54PYuKeJT9TvExlE1o6i0CUjoBv728vF/7x2SoPTbiZ1khJqMV00SBWnmOet8L40KEiNHAFhpPsrFzdgQJDrruhKCH6f/Jc0jiqB45fH5bPqrI4C22X77JAF7ISdsQtWY3Um2D17ZM/sxXvwnrxX720anfNmMzvsB7z3LwiMmVg=</latexit><latexit sha1_base64="W2OqR5kYUt13xIBr7f7w0h2Jev4=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4IWgqxsIxgHpCEcHdyo0NmZ5eZu2JYUtr4KzYWitj6CXb+jbNJCl8HBg7nnMude8JESUu+/+nNzS8sLi0XVoqra+sbm6Wt7YaNUyOwLmIVm1YIFpXUWCdJCluJQYhChc1wWM395i0aK2N9RaMEuxFcazmQAshJvdJeh/COsqNzfgua99HwJoCyPI8h2XGvVPYr/gT8LwlmpMxmqPVKH51+LNIINQkF1rYDP6FuBoakUDgudlKLCYghXGPbUQ0R2m42OWTMD5zS54PYuKeJT9TvExlE1o6i0CUjoBv728vF/7x2SoPTbiZ1khJqMV00SBWnmOet8L40KEiNHAFhpPsrFzdgQJDrruhKCH6f/Jc0jiqB45fH5bPqrI4C22X77JAF7ISdsQtWY3Um2D17ZM/sxXvwnrxX720anfNmMzvsB7z3LwiMmVg=</latexit><latexit sha1_base64="W2OqR5kYUt13xIBr7f7w0h2Jev4=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4IWgqxsIxgHpCEcHdyo0NmZ5eZu2JYUtr4KzYWitj6CXb+jbNJCl8HBg7nnMude8JESUu+/+nNzS8sLi0XVoqra+sbm6Wt7YaNUyOwLmIVm1YIFpXUWCdJCluJQYhChc1wWM395i0aK2N9RaMEuxFcazmQAshJvdJeh/COsqNzfgua99HwJoCyPI8h2XGvVPYr/gT8LwlmpMxmqPVKH51+LNIINQkF1rYDP6FuBoakUDgudlKLCYghXGPbUQ0R2m42OWTMD5zS54PYuKeJT9TvExlE1o6i0CUjoBv728vF/7x2SoPTbiZ1khJqMV00SBWnmOet8L40KEiNHAFhpPsrFzdgQJDrruhKCH6f/Jc0jiqB45fH5bPqrI4C22X77JAF7ISdsQtWY3Um2D17ZM/sxXvwnrxX720anfNmMzvsB7z3LwiMmVg=</latexit><latexit sha1_base64="W2OqR5kYUt13xIBr7f7w0h2Jev4=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4IWgqxsIxgHpCEcHdyo0NmZ5eZu2JYUtr4KzYWitj6CXb+jbNJCl8HBg7nnMude8JESUu+/+nNzS8sLi0XVoqra+sbm6Wt7YaNUyOwLmIVm1YIFpXUWCdJCluJQYhChc1wWM395i0aK2N9RaMEuxFcazmQAshJvdJeh/COsqNzfgua99HwJoCyPI8h2XGvVPYr/gT8LwlmpMxmqPVKH51+LNIINQkF1rYDP6FuBoakUDgudlKLCYghXGPbUQ0R2m42OWTMD5zS54PYuKeJT9TvExlE1o6i0CUjoBv728vF/7x2SoPTbiZ1khJqMV00SBWnmOet8L40KEiNHAFhpPsrFzdgQJDrruhKCH6f/Jc0jiqB45fH5bPqrI4C22X77JAF7ISdsQtWY3Um2D17ZM/sxXvwnrxX720anfNmMzvsB7z3LwiMmVg=</latexit> Stacking and twisting

<latexit sha1_base64="xEOrKxUj1KwD7i9fvFGtpyIBi34=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4IWgbSWEY0D0hCmJ29mwyZnV1m7qphSWPjr9hYKGLrP9j5N04ehSZeGDj3nHs5c4+fSGHQdb+dpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY930mQEpFNRQoIRmooFFvoSGP6iM9cYdaCNidYvDBDoR6ykRCs7QUt3CURvhAbMbZHwgVI8yFVC8t762GXULRbfkToouAm8GimRW1W7hqx3EPI1AIZfMmJbnJtjJmEbBJYzy7dRAYp1YD1oWKhaB6WSTK0b0xDIBDWNtn0I6YX9vZCwyZhj5djJi2Dfz2pj8T2ulGF52MqGSFEHxqVGYSooxHUdCA6GBoxxawLgW9q+U95lmHG1weRuCN3/yIqiflTyLr8+L5cosjhw5JMfklHjkgpTJFamSGuHkkTyTV/LmPDkvzrvzMR1dcmY7B+RPOZ8/K5iY/Q==</latexit><latexit sha1_base64="xEOrKxUj1KwD7i9fvFGtpyIBi34=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4IWgbSWEY0D0hCmJ29mwyZnV1m7qphSWPjr9hYKGLrP9j5N04ehSZeGDj3nHs5c4+fSGHQdb+dpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY930mQEpFNRQoIRmooFFvoSGP6iM9cYdaCNidYvDBDoR6ykRCs7QUt3CURvhAbMbZHwgVI8yFVC8t762GXULRbfkToouAm8GimRW1W7hqx3EPI1AIZfMmJbnJtjJmEbBJYzy7dRAYp1YD1oWKhaB6WSTK0b0xDIBDWNtn0I6YX9vZCwyZhj5djJi2Dfz2pj8T2ulGF52MqGSFEHxqVGYSooxHUdCA6GBoxxawLgW9q+U95lmHG1weRuCN3/yIqiflTyLr8+L5cosjhw5JMfklHjkgpTJFamSGuHkkTyTV/LmPDkvzrvzMR1dcmY7B+RPOZ8/K5iY/Q==</latexit><latexit sha1_base64="xEOrKxUj1KwD7i9fvFGtpyIBi34=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4IWgbSWEY0D0hCmJ29mwyZnV1m7qphSWPjr9hYKGLrP9j5N04ehSZeGDj3nHs5c4+fSGHQdb+dpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY930mQEpFNRQoIRmooFFvoSGP6iM9cYdaCNidYvDBDoR6ykRCs7QUt3CURvhAbMbZHwgVI8yFVC8t762GXULRbfkToouAm8GimRW1W7hqx3EPI1AIZfMmJbnJtjJmEbBJYzy7dRAYp1YD1oWKhaB6WSTK0b0xDIBDWNtn0I6YX9vZCwyZhj5djJi2Dfz2pj8T2ulGF52MqGSFEHxqVGYSooxHUdCA6GBoxxawLgW9q+U95lmHG1weRuCN3/yIqiflTyLr8+L5cosjhw5JMfklHjkgpTJFamSGuHkkTyTV/LmPDkvzrvzMR1dcmY7B+RPOZ8/K5iY/Q==</latexit><latexit sha1_base64="xEOrKxUj1KwD7i9fvFGtpyIBi34=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4IWgbSWEY0D0hCmJ29mwyZnV1m7qphSWPjr9hYKGLrP9j5N04ehSZeGDj3nHs5c4+fSGHQdb+dpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY930mQEpFNRQoIRmooFFvoSGP6iM9cYdaCNidYvDBDoR6ykRCs7QUt3CURvhAbMbZHwgVI8yFVC8t762GXULRbfkToouAm8GimRW1W7hqx3EPI1AIZfMmJbnJtjJmEbBJYzy7dRAYp1YD1oWKhaB6WSTK0b0xDIBDWNtn0I6YX9vZCwyZhj5djJi2Dfz2pj8T2ulGF52MqGSFEHxqVGYSooxHUdCA6GBoxxawLgW9q+U95lmHG1weRuCN3/yIqiflTyLr8+L5cosjhw5JMfklHjkgpTJFamSGuHkkTyTV/LmPDkvzrvzMR1dcmY7B+RPOZ8/K5iY/Q==</latexit>

Non-Hermitian topology
<latexit sha1_base64="/mjv3TRiBReKW5S2s+9lePbXccg=">AAACBnicbVBLS8NAGNzUV62vqkcRgkXwYklE0GOhl56kgn1AG8pm+6VdutmE3S9iCD158a948aCIV3+DN/+N28dBWwcWhplvWGb8WHCNjvNt5VZW19Y38puFre2d3b3i/kFTR4li0GCRiFTbpxoEl9BAjgLasQIa+gJa/qg68Vv3oDSP5B2mMXghHUgecEbRSL3icRfhAbObSJ7XQIUcOZU2RrEJDtJxr1hyys4U9jJx56RE5qj3il/dfsSSECQyQbXuuE6MXkYVciZgXOgmGmLKRnQAHUMlDUF72bTG2D41St8OImWeRHuq/k5kNNQ6DX1zGVIc6kVvIv7ndRIMrr2MyzhBkGz2UZAI09OebGL3uQKGIjWEMmU2YDYbUkUZmuUKZgR3sfIyaV6UXcNvL0uV6nyOPDkiJ+SMuOSKVEiN1EmDMPJInskrebOerBfr3fqYneaseeaQ/IH1+QMNnpl9</latexit><latexit sha1_base64="/mjv3TRiBReKW5S2s+9lePbXccg=">AAACBnicbVBLS8NAGNzUV62vqkcRgkXwYklE0GOhl56kgn1AG8pm+6VdutmE3S9iCD158a948aCIV3+DN/+N28dBWwcWhplvWGb8WHCNjvNt5VZW19Y38puFre2d3b3i/kFTR4li0GCRiFTbpxoEl9BAjgLasQIa+gJa/qg68Vv3oDSP5B2mMXghHUgecEbRSL3icRfhAbObSJ7XQIUcOZU2RrEJDtJxr1hyys4U9jJx56RE5qj3il/dfsSSECQyQbXuuE6MXkYVciZgXOgmGmLKRnQAHUMlDUF72bTG2D41St8OImWeRHuq/k5kNNQ6DX1zGVIc6kVvIv7ndRIMrr2MyzhBkGz2UZAI09OebGL3uQKGIjWEMmU2YDYbUkUZmuUKZgR3sfIyaV6UXcNvL0uV6nyOPDkiJ+SMuOSKVEiN1EmDMPJInskrebOerBfr3fqYneaseeaQ/IH1+QMNnpl9</latexit><latexit sha1_base64="/mjv3TRiBReKW5S2s+9lePbXccg=">AAACBnicbVBLS8NAGNzUV62vqkcRgkXwYklE0GOhl56kgn1AG8pm+6VdutmE3S9iCD158a948aCIV3+DN/+N28dBWwcWhplvWGb8WHCNjvNt5VZW19Y38puFre2d3b3i/kFTR4li0GCRiFTbpxoEl9BAjgLasQIa+gJa/qg68Vv3oDSP5B2mMXghHUgecEbRSL3icRfhAbObSJ7XQIUcOZU2RrEJDtJxr1hyys4U9jJx56RE5qj3il/dfsSSECQyQbXuuE6MXkYVciZgXOgmGmLKRnQAHUMlDUF72bTG2D41St8OImWeRHuq/k5kNNQ6DX1zGVIc6kVvIv7ndRIMrr2MyzhBkGz2UZAI09OebGL3uQKGIjWEMmU2YDYbUkUZmuUKZgR3sfIyaV6UXcNvL0uV6nyOPDkiJ+SMuOSKVEiN1EmDMPJInskrebOerBfr3fqYneaseeaQ/IH1+QMNnpl9</latexit><latexit sha1_base64="/mjv3TRiBReKW5S2s+9lePbXccg=">AAACBnicbVBLS8NAGNzUV62vqkcRgkXwYklE0GOhl56kgn1AG8pm+6VdutmE3S9iCD158a948aCIV3+DN/+N28dBWwcWhplvWGb8WHCNjvNt5VZW19Y38puFre2d3b3i/kFTR4li0GCRiFTbpxoEl9BAjgLasQIa+gJa/qg68Vv3oDSP5B2mMXghHUgecEbRSL3icRfhAbObSJ7XQIUcOZU2RrEJDtJxr1hyys4U9jJx56RE5qj3il/dfsSSECQyQbXuuE6MXkYVciZgXOgmGmLKRnQAHUMlDUF72bTG2D41St8OImWeRHuq/k5kNNQ6DX1zGVIc6kVvIv7ndRIMrr2MyzhBkGz2UZAI09OebGL3uQKGIjWEMmU2YDYbUkUZmuUKZgR3sfIyaV6UXcNvL0uV6nyOPDkiJ+SMuOSKVEiN1EmDMPJInskrebOerBfr3fqYneaseeaQ/IH1+QMNnpl9</latexit>

Drives
<latexit sha1_base64="l77zuTDaX6Cy2A2+t92LX9+ZYmE=">AAAB9HicbZBNSwMxEIaz9avWr6pHL8EieCq7IuixUA8eK9hWaJeSTWfb0Gx2TWaLZenv8OJBEa/+GG/+G9N2D9r6QuDhnRlm8gaJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU82hyWMZ64eAGZBCQRMFSnhINLAokNAORvVZvT0GbUSs7nGSgB+xgRKh4Ayt5XcRnjC70WIMZtorV9yqOxddBS+HCsnV6JW/uv2YpxEo5JIZ0/HcBP2MaRRcwrTUTQ0kjI/YADoWFYvA+Nn86Ck9s06fhrG2TyGdu78nMhYZM4kC2xkxHJrl2sz8r9ZJMbz2M6GSFEHxxaIwlRRjOkuA9oUGjnJigXEt7K2UD5lmHG1OJRuCt/zlVWhdVD3Ld5eVWj2Po0hOyCk5Jx65IjVySxqkSTh5JM/klbw5Y+fFeXc+Fq0FJ585Jn/kfP4AbBKSgw==</latexit><latexit sha1_base64="l77zuTDaX6Cy2A2+t92LX9+ZYmE=">AAAB9HicbZBNSwMxEIaz9avWr6pHL8EieCq7IuixUA8eK9hWaJeSTWfb0Gx2TWaLZenv8OJBEa/+GG/+G9N2D9r6QuDhnRlm8gaJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU82hyWMZ64eAGZBCQRMFSnhINLAokNAORvVZvT0GbUSs7nGSgB+xgRKh4Ayt5XcRnjC70WIMZtorV9yqOxddBS+HCsnV6JW/uv2YpxEo5JIZ0/HcBP2MaRRcwrTUTQ0kjI/YADoWFYvA+Nn86Ck9s06fhrG2TyGdu78nMhYZM4kC2xkxHJrl2sz8r9ZJMbz2M6GSFEHxxaIwlRRjOkuA9oUGjnJigXEt7K2UD5lmHG1OJRuCt/zlVWhdVD3Ld5eVWj2Po0hOyCk5Jx65IjVySxqkSTh5JM/klbw5Y+fFeXc+Fq0FJ585Jn/kfP4AbBKSgw==</latexit><latexit sha1_base64="l77zuTDaX6Cy2A2+t92LX9+ZYmE=">AAAB9HicbZBNSwMxEIaz9avWr6pHL8EieCq7IuixUA8eK9hWaJeSTWfb0Gx2TWaLZenv8OJBEa/+GG/+G9N2D9r6QuDhnRlm8gaJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU82hyWMZ64eAGZBCQRMFSnhINLAokNAORvVZvT0GbUSs7nGSgB+xgRKh4Ayt5XcRnjC70WIMZtorV9yqOxddBS+HCsnV6JW/uv2YpxEo5JIZ0/HcBP2MaRRcwrTUTQ0kjI/YADoWFYvA+Nn86Ck9s06fhrG2TyGdu78nMhYZM4kC2xkxHJrl2sz8r9ZJMbz2M6GSFEHxxaIwlRRjOkuA9oUGjnJigXEt7K2UD5lmHG1OJRuCt/zlVWhdVD3Ld5eVWj2Po0hOyCk5Jx65IjVySxqkSTh5JM/klbw5Y+fFeXc+Fq0FJ585Jn/kfP4AbBKSgw==</latexit><latexit sha1_base64="l77zuTDaX6Cy2A2+t92LX9+ZYmE=">AAAB9HicbZBNSwMxEIaz9avWr6pHL8EieCq7IuixUA8eK9hWaJeSTWfb0Gx2TWaLZenv8OJBEa/+GG/+G9N2D9r6QuDhnRlm8gaJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU82hyWMZ64eAGZBCQRMFSnhINLAokNAORvVZvT0GbUSs7nGSgB+xgRKh4Ayt5XcRnjC70WIMZtorV9yqOxddBS+HCsnV6JW/uv2YpxEo5JIZ0/HcBP2MaRRcwrTUTQ0kjI/YADoWFYvA+Nn86Ck9s06fhrG2TyGdu78nMhYZM4kC2xkxHJrl2sz8r9ZJMbz2M6GSFEHxxaIwlRRjOkuA9oUGjnJigXEt7K2UD5lmHG1OJRuCt/zlVWhdVD3Ld5eVWj2Po0hOyCk5Jx65IjVySxqkSTh5JM/klbw5Y+fFeXc+Fq0FJ585Jn/kfP4AbBKSgw==</latexit>

Quantum
<latexit sha1_base64="0kbuDWZ6810ICnrqk94RrQTfr2E=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFbly2YC/QjiWTZtrQJDMkJ2oZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyR6ngBnz/21tb39jc2i7sFHf39g8OS0fHLZNYTVmTJiLRnYgYJrhiTeAgWCfVjMhIsHY0rs3q7QemDU/UHUxSFkoyVDzmlICz7nvAniBrWKLAymm/VPYr/lx4FYIcyihXvV/66g0SaiVTQAUxphv4KYQZ0cCpYNNizxqWEjomQ9Z1qIhkJszmV0/xuXMGOE60ewrw3P09kRFpzERGrlMSGJnl2sz8r9a1EN+EGVepBaboYlFsBYYEzyLAA64ZBTFxQKjm7lZMR0QTCi6oogshWP7yKrQuK4HjxlW5WsvjKKBTdIYuUICuURXdojpqIoo0ekav6M179F68d+9j0brm5TMn6I+8zx9V4ZML</latexit><latexit sha1_base64="0kbuDWZ6810ICnrqk94RrQTfr2E=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFbly2YC/QjiWTZtrQJDMkJ2oZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyR6ngBnz/21tb39jc2i7sFHf39g8OS0fHLZNYTVmTJiLRnYgYJrhiTeAgWCfVjMhIsHY0rs3q7QemDU/UHUxSFkoyVDzmlICz7nvAniBrWKLAymm/VPYr/lx4FYIcyihXvV/66g0SaiVTQAUxphv4KYQZ0cCpYNNizxqWEjomQ9Z1qIhkJszmV0/xuXMGOE60ewrw3P09kRFpzERGrlMSGJnl2sz8r9a1EN+EGVepBaboYlFsBYYEzyLAA64ZBTFxQKjm7lZMR0QTCi6oogshWP7yKrQuK4HjxlW5WsvjKKBTdIYuUICuURXdojpqIoo0ekav6M179F68d+9j0brm5TMn6I+8zx9V4ZML</latexit><latexit sha1_base64="0kbuDWZ6810ICnrqk94RrQTfr2E=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFbly2YC/QjiWTZtrQJDMkJ2oZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyR6ngBnz/21tb39jc2i7sFHf39g8OS0fHLZNYTVmTJiLRnYgYJrhiTeAgWCfVjMhIsHY0rs3q7QemDU/UHUxSFkoyVDzmlICz7nvAniBrWKLAymm/VPYr/lx4FYIcyihXvV/66g0SaiVTQAUxphv4KYQZ0cCpYNNizxqWEjomQ9Z1qIhkJszmV0/xuXMGOE60ewrw3P09kRFpzERGrlMSGJnl2sz8r9a1EN+EGVepBaboYlFsBYYEzyLAA64ZBTFxQKjm7lZMR0QTCi6oogshWP7yKrQuK4HjxlW5WsvjKKBTdIYuUICuURXdojpqIoo0ekav6M179F68d+9j0brm5TMn6I+8zx9V4ZML</latexit><latexit sha1_base64="0kbuDWZ6810ICnrqk94RrQTfr2E=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFbly2YC/QjiWTZtrQJDMkJ2oZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyR6ngBnz/21tb39jc2i7sFHf39g8OS0fHLZNYTVmTJiLRnYgYJrhiTeAgWCfVjMhIsHY0rs3q7QemDU/UHUxSFkoyVDzmlICz7nvAniBrWKLAymm/VPYr/lx4FYIcyihXvV/66g0SaiVTQAUxphv4KYQZ0cCpYNNizxqWEjomQ9Z1qIhkJszmV0/xuXMGOE60ewrw3P09kRFpzERGrlMSGJnl2sz8r9a1EN+EGVepBaboYlFsBYYEzyLAA64ZBTFxQKjm7lZMR0QTCi6oogshWP7yKrQuK4HjxlW5WsvjKKBTdIYuUICuURXdojpqIoo0ekav6M179F68d+9j0brm5TMn6I+8zx9V4ZML</latexit>

entanglement
<latexit sha1_base64="7uLrv7YFVdyGJnrib0i5iMPn5SE=">AAAB/HicbZBNS8NAEIY39avWr2iPXoJF8FQSEfRY6MVjBfsBbSmb7aRdutmE3YkYQv0rXjwo4tUf4s1/46bNQVtfWHh4Z4aZff1YcI2u+22VNja3tnfKu5W9/YPDI/v4pKOjRDFos0hEqudTDYJLaCNHAb1YAQ19AV1/1szr3QdQmkfyHtMYhiGdSB5wRtFYI7s6QHjEDCRSOREQGpiP7Jpbdxdy1sEroEYKtUb212AcsSQfZoJq3ffcGIcZVciZgHllkGiIKZvRCfQNShqCHmaL4+fOuXHGThAp8yQ6C/f3REZDrdPQN50hxalereXmf7V+gsHNMOMyThAkWy4KEuFg5ORJOGOugKFIDVCmuLnVYVOqKEOTV8WE4K1+eR06l3XP8N1VrdEs4iiTU3JGLohHrkmD3JIWaRNGUvJMXsmb9WS9WO/Wx7K1ZBUzVfJH1ucP1FeVhQ==</latexit><latexit sha1_base64="7uLrv7YFVdyGJnrib0i5iMPn5SE=">AAAB/HicbZBNS8NAEIY39avWr2iPXoJF8FQSEfRY6MVjBfsBbSmb7aRdutmE3YkYQv0rXjwo4tUf4s1/46bNQVtfWHh4Z4aZff1YcI2u+22VNja3tnfKu5W9/YPDI/v4pKOjRDFos0hEqudTDYJLaCNHAb1YAQ19AV1/1szr3QdQmkfyHtMYhiGdSB5wRtFYI7s6QHjEDCRSOREQGpiP7Jpbdxdy1sEroEYKtUb212AcsSQfZoJq3ffcGIcZVciZgHllkGiIKZvRCfQNShqCHmaL4+fOuXHGThAp8yQ6C/f3REZDrdPQN50hxalereXmf7V+gsHNMOMyThAkWy4KEuFg5ORJOGOugKFIDVCmuLnVYVOqKEOTV8WE4K1+eR06l3XP8N1VrdEs4iiTU3JGLohHrkmD3JIWaRNGUvJMXsmb9WS9WO/Wx7K1ZBUzVfJH1ucP1FeVhQ==</latexit><latexit sha1_base64="7uLrv7YFVdyGJnrib0i5iMPn5SE=">AAAB/HicbZBNS8NAEIY39avWr2iPXoJF8FQSEfRY6MVjBfsBbSmb7aRdutmE3YkYQv0rXjwo4tUf4s1/46bNQVtfWHh4Z4aZff1YcI2u+22VNja3tnfKu5W9/YPDI/v4pKOjRDFos0hEqudTDYJLaCNHAb1YAQ19AV1/1szr3QdQmkfyHtMYhiGdSB5wRtFYI7s6QHjEDCRSOREQGpiP7Jpbdxdy1sEroEYKtUb212AcsSQfZoJq3ffcGIcZVciZgHllkGiIKZvRCfQNShqCHmaL4+fOuXHGThAp8yQ6C/f3REZDrdPQN50hxalereXmf7V+gsHNMOMyThAkWy4KEuFg5ORJOGOugKFIDVCmuLnVYVOqKEOTV8WE4K1+eR06l3XP8N1VrdEs4iiTU3JGLohHrkmD3JIWaRNGUvJMXsmb9WS9WO/Wx7K1ZBUzVfJH1ucP1FeVhQ==</latexit><latexit sha1_base64="7uLrv7YFVdyGJnrib0i5iMPn5SE=">AAAB/HicbZBNS8NAEIY39avWr2iPXoJF8FQSEfRY6MVjBfsBbSmb7aRdutmE3YkYQv0rXjwo4tUf4s1/46bNQVtfWHh4Z4aZff1YcI2u+22VNja3tnfKu5W9/YPDI/v4pKOjRDFos0hEqudTDYJLaCNHAb1YAQ19AV1/1szr3QdQmkfyHtMYhiGdSB5wRtFYI7s6QHjEDCRSOREQGpiP7Jpbdxdy1sEroEYKtUb212AcsSQfZoJq3ffcGIcZVciZgHllkGiIKZvRCfQNShqCHmaL4+fOuXHGThAp8yQ6C/f3REZDrdPQN50hxalereXmf7V+gsHNMOMyThAkWy4KEuFg5ORJOGOugKFIDVCmuLnVYVOqKEOTV8WE4K1+eR06l3XP8N1VrdEs4iiTU3JGLohHrkmD3JIWaRNGUvJMXsmb9WS9WO/Wx7K1ZBUzVfJH1ucP1FeVhQ==</latexit>

Spin waves
<latexit sha1_base64="Q68u2x4Ebc7Duwk1Um0/tPNR4OA=">AAAB/HicbZDLSgMxFIYzXmu9Vbt0EyyCqzIjgi4LbnRX0V6gLSWTnmlDM5khOVMdhvoqblwo4tYHcefbmF4W2vpD4OM/53BOfj+WwqDrfjsrq2vrG5u5rfz2zu7efuHgsG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eDWpN0agjYjUPaYxdELWVyIQnKG1uoViG+ER/SC7i4WiD2wEZtwtlNyyOxVdBm8OJTJXtVv4avcinoSgkEtmTMtzY+xkTKPgEsb5dmIgZnzI+tCyqFgIppNNjx/TE+v0aBBp+xTSqft7ImOhMWno286Q4cAs1ibmf7VWgsFlJxMqThAUny0KEkkxopMkaE9o4ChTC4xrYW+lfMA042jzytsQvMUvL0P9rOxZvj0vVW7mceTIETkmp8QjF6RCrkmV1AgnKXkmr+TNeXJenHfnY9a64sxniuSPnM8fStuVMQ==</latexit><latexit sha1_base64="Q68u2x4Ebc7Duwk1Um0/tPNR4OA=">AAAB/HicbZDLSgMxFIYzXmu9Vbt0EyyCqzIjgi4LbnRX0V6gLSWTnmlDM5khOVMdhvoqblwo4tYHcefbmF4W2vpD4OM/53BOfj+WwqDrfjsrq2vrG5u5rfz2zu7efuHgsG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eDWpN0agjYjUPaYxdELWVyIQnKG1uoViG+ER/SC7i4WiD2wEZtwtlNyyOxVdBm8OJTJXtVv4avcinoSgkEtmTMtzY+xkTKPgEsb5dmIgZnzI+tCyqFgIppNNjx/TE+v0aBBp+xTSqft7ImOhMWno286Q4cAs1ibmf7VWgsFlJxMqThAUny0KEkkxopMkaE9o4ChTC4xrYW+lfMA042jzytsQvMUvL0P9rOxZvj0vVW7mceTIETkmp8QjF6RCrkmV1AgnKXkmr+TNeXJenHfnY9a64sxniuSPnM8fStuVMQ==</latexit><latexit sha1_base64="Q68u2x4Ebc7Duwk1Um0/tPNR4OA=">AAAB/HicbZDLSgMxFIYzXmu9Vbt0EyyCqzIjgi4LbnRX0V6gLSWTnmlDM5khOVMdhvoqblwo4tYHcefbmF4W2vpD4OM/53BOfj+WwqDrfjsrq2vrG5u5rfz2zu7efuHgsG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eDWpN0agjYjUPaYxdELWVyIQnKG1uoViG+ER/SC7i4WiD2wEZtwtlNyyOxVdBm8OJTJXtVv4avcinoSgkEtmTMtzY+xkTKPgEsb5dmIgZnzI+tCyqFgIppNNjx/TE+v0aBBp+xTSqft7ImOhMWno286Q4cAs1ibmf7VWgsFlJxMqThAUny0KEkkxopMkaE9o4ChTC4xrYW+lfMA042jzytsQvMUvL0P9rOxZvj0vVW7mceTIETkmp8QjF6RCrkmV1AgnKXkmr+TNeXJenHfnY9a64sxniuSPnM8fStuVMQ==</latexit><latexit sha1_base64="Q68u2x4Ebc7Duwk1Um0/tPNR4OA=">AAAB/HicbZDLSgMxFIYzXmu9Vbt0EyyCqzIjgi4LbnRX0V6gLSWTnmlDM5khOVMdhvoqblwo4tYHcefbmF4W2vpD4OM/53BOfj+WwqDrfjsrq2vrG5u5rfz2zu7efuHgsG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eDWpN0agjYjUPaYxdELWVyIQnKG1uoViG+ER/SC7i4WiD2wEZtwtlNyyOxVdBm8OJTJXtVv4avcinoSgkEtmTMtzY+xkTKPgEsb5dmIgZnzI+tCyqFgIppNNjx/TE+v0aBBp+xTSqft7ImOhMWno286Q4cAs1ibmf7VWgsFlJxMqThAUny0KEkkxopMkaE9o4ChTC4xrYW+lfMA042jzytsQvMUvL0P9rOxZvj0vVW7mceTIETkmp8QjF6RCrkmV1AgnKXkmr+TNeXJenHfnY9a64sxniuSPnM8fStuVMQ==</latexit>

setup
<latexit sha1_base64="UAFQehBMccMfXjO5VVZxooCO6vg=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBTSib7aRdukmW3YlYQv+GFw+KePXPePPfuG1z0NYXFh7emWFm31BJYdB1v53SxubW9k55t7K3f3B4VD0+6Zg00xzaPJWp7oXMgBQJtFGghJ7SwOJQQjecNOf17iNoI9LkAacKgpiNEhEJztBavo/whLkBzNRsUK25dXchug5eATVSqDWofvnDlGcxJMglM6bvuQqDnGkUXMKs4mcGFOMTNoK+xYTFYIJ8cfOMXlhnSKNU25cgXbi/J3IWGzONQ9sZMxyb1drc/K/WzzC6DXKRqAwh4ctFUSYppnQeAB0KDRzl1ALjWthbKR8zzTjamCo2BG/1y+vQuap7lu+va41mEUeZnJFzckk8ckMa5I60SJtwosgzeSVvTua8OO/Ox7K15BQzp+SPnM8f5/GSPQ==</latexit><latexit sha1_base64="UAFQehBMccMfXjO5VVZxooCO6vg=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBTSib7aRdukmW3YlYQv+GFw+KePXPePPfuG1z0NYXFh7emWFm31BJYdB1v53SxubW9k55t7K3f3B4VD0+6Zg00xzaPJWp7oXMgBQJtFGghJ7SwOJQQjecNOf17iNoI9LkAacKgpiNEhEJztBavo/whLkBzNRsUK25dXchug5eATVSqDWofvnDlGcxJMglM6bvuQqDnGkUXMKs4mcGFOMTNoK+xYTFYIJ8cfOMXlhnSKNU25cgXbi/J3IWGzONQ9sZMxyb1drc/K/WzzC6DXKRqAwh4ctFUSYppnQeAB0KDRzl1ALjWthbKR8zzTjamCo2BG/1y+vQuap7lu+va41mEUeZnJFzckk8ckMa5I60SJtwosgzeSVvTua8OO/Ox7K15BQzp+SPnM8f5/GSPQ==</latexit><latexit sha1_base64="UAFQehBMccMfXjO5VVZxooCO6vg=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBTSib7aRdukmW3YlYQv+GFw+KePXPePPfuG1z0NYXFh7emWFm31BJYdB1v53SxubW9k55t7K3f3B4VD0+6Zg00xzaPJWp7oXMgBQJtFGghJ7SwOJQQjecNOf17iNoI9LkAacKgpiNEhEJztBavo/whLkBzNRsUK25dXchug5eATVSqDWofvnDlGcxJMglM6bvuQqDnGkUXMKs4mcGFOMTNoK+xYTFYIJ8cfOMXlhnSKNU25cgXbi/J3IWGzONQ9sZMxyb1drc/K/WzzC6DXKRqAwh4ctFUSYppnQeAB0KDRzl1ALjWthbKR8zzTjamCo2BG/1y+vQuap7lu+va41mEUeZnJFzckk8ckMa5I60SJtwosgzeSVvTua8OO/Ox7K15BQzp+SPnM8f5/GSPQ==</latexit><latexit sha1_base64="UAFQehBMccMfXjO5VVZxooCO6vg=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBTSib7aRdukmW3YlYQv+GFw+KePXPePPfuG1z0NYXFh7emWFm31BJYdB1v53SxubW9k55t7K3f3B4VD0+6Zg00xzaPJWp7oXMgBQJtFGghJ7SwOJQQjecNOf17iNoI9LkAacKgpiNEhEJztBavo/whLkBzNRsUK25dXchug5eATVSqDWofvnDlGcxJMglM6bvuQqDnGkUXMKs4mcGFOMTNoK+xYTFYIJ8cfOMXlhnSKNU25cgXbi/J3IWGzONQ9sZMxyb1drc/K/WzzC6DXKRqAwh4ctFUSYppnQeAB0KDRzl1ALjWthbKR8zzTjamCo2BG/1y+vQuap7lu+va41mEUeZnJFzckk8ckMa5I60SJtwosgzeSVvTua8OO/Ox7K15BQzp+SPnM8f5/GSPQ==</latexit>

Spin
<latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit>

transport
<latexit sha1_base64="Ws/wh34alMCUXepfPAZVYzfV05U=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY6MVjBdsKbSib7aZdutmE3UmxhP4TLx4U8eo/8ea/cdvmoK0vLDy8M8PMvmEqhUHP+3ZKG5tb2zvl3cre/sHhkXt80jZJphlvsUQm+jGkhkuheAsFSv6Yak7jUPJOOG7M650J10Yk6gGnKQ9iOlQiEoyitfqu20P+hDlqqkyaaJz13apX8xYi6+AXUIVCzb771RskLIu5QiapMV3fSzHIqUbBJJ9VepnhKWVjOuRdi4rG3AT54vIZubDOgESJtk8hWbi/J3IaGzONQ9sZUxyZ1drc/K/WzTC6DXKh0gy5YstFUSYJJmQeAxkIzRnKqQXKtLC3EjaimjK0YVVsCP7ql9ehfVXzLd9fV+uNIo4ynME5XIIPN1CHO2hCCxhM4Ble4c3JnRfn3flYtpacYuYU/sj5/AGsT5RS</latexit><latexit sha1_base64="Ws/wh34alMCUXepfPAZVYzfV05U=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY6MVjBdsKbSib7aZdutmE3UmxhP4TLx4U8eo/8ea/cdvmoK0vLDy8M8PMvmEqhUHP+3ZKG5tb2zvl3cre/sHhkXt80jZJphlvsUQm+jGkhkuheAsFSv6Yak7jUPJOOG7M650J10Yk6gGnKQ9iOlQiEoyitfqu20P+hDlqqkyaaJz13apX8xYi6+AXUIVCzb771RskLIu5QiapMV3fSzHIqUbBJJ9VepnhKWVjOuRdi4rG3AT54vIZubDOgESJtk8hWbi/J3IaGzONQ9sZUxyZ1drc/K/WzTC6DXKh0gy5YstFUSYJJmQeAxkIzRnKqQXKtLC3EjaimjK0YVVsCP7ql9ehfVXzLd9fV+uNIo4ynME5XIIPN1CHO2hCCxhM4Ble4c3JnRfn3flYtpacYuYU/sj5/AGsT5RS</latexit><latexit sha1_base64="Ws/wh34alMCUXepfPAZVYzfV05U=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY6MVjBdsKbSib7aZdutmE3UmxhP4TLx4U8eo/8ea/cdvmoK0vLDy8M8PMvmEqhUHP+3ZKG5tb2zvl3cre/sHhkXt80jZJphlvsUQm+jGkhkuheAsFSv6Yak7jUPJOOG7M650J10Yk6gGnKQ9iOlQiEoyitfqu20P+hDlqqkyaaJz13apX8xYi6+AXUIVCzb771RskLIu5QiapMV3fSzHIqUbBJJ9VepnhKWVjOuRdi4rG3AT54vIZubDOgESJtk8hWbi/J3IaGzONQ9sZUxyZ1drc/K/WzTC6DXKh0gy5YstFUSYJJmQeAxkIzRnKqQXKtLC3EjaimjK0YVVsCP7ql9ehfVXzLd9fV+uNIo4ynME5XIIPN1CHO2hCCxhM4Ble4c3JnRfn3flYtpacYuYU/sj5/AGsT5RS</latexit><latexit sha1_base64="Ws/wh34alMCUXepfPAZVYzfV05U=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY6MVjBdsKbSib7aZdutmE3UmxhP4TLx4U8eo/8ea/cdvmoK0vLDy8M8PMvmEqhUHP+3ZKG5tb2zvl3cre/sHhkXt80jZJphlvsUQm+jGkhkuheAsFSv6Yak7jUPJOOG7M650J10Yk6gGnKQ9iOlQiEoyitfqu20P+hDlqqkyaaJz13apX8xYi6+AXUIVCzb771RskLIu5QiapMV3fSzHIqUbBJJ9VepnhKWVjOuRdi4rG3AT54vIZubDOgESJtk8hWbi/J3IaGzONQ9sZUxyZ1drc/K/WzTC6DXKh0gy5YstFUSYJJmQeAxkIzRnKqQXKtLC3EjaimjK0YVVsCP7ql9ehfVXzLd9fV+uNIo4ynME5XIIPN1CHO2hCCxhM4Ble4c3JnRfn3flYtpacYuYU/sj5/AGsT5RS</latexit>

Spin
<latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit>

quantum
<latexit sha1_base64="KK7MJ9o1saD6AFmSEkpBvYOaBjc=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFblxWsBdox5JJM21okhmTE7UMfQ83LhRx67u4821M21lo6w+Bj/+cwzn5o1RwA77/7a2srq1vbBa2its7u3v7pYPDpkmspqxBE5HodkQME1yxBnAQrJ1qRmQkWCsa1ab11gPThifqFsYpCyUZKB5zSsBZd11gT5DdW6LAykmvVPYr/kx4GYIcyihXvVf66vYTaiVTQAUxphP4KYQZ0cCpYJNi1xqWEjoiA9ZxqIhkJsxmV0/wqXP6OE60ewrwzP09kRFpzFhGrlMSGJrF2tT8r9axEF+FGVepBabofFFsBYYETyPAfa4ZBTF2QKjm7lZMh0QTCi6oogshWPzyMjTPK4Hjm4tytZbHUUDH6ASdoQBdoiq6RnXUQBRp9Ixe0Zv36L14797HvHXFy2eO0B95nz+HQZMr</latexit><latexit sha1_base64="KK7MJ9o1saD6AFmSEkpBvYOaBjc=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFblxWsBdox5JJM21okhmTE7UMfQ83LhRx67u4821M21lo6w+Bj/+cwzn5o1RwA77/7a2srq1vbBa2its7u3v7pYPDpkmspqxBE5HodkQME1yxBnAQrJ1qRmQkWCsa1ab11gPThifqFsYpCyUZKB5zSsBZd11gT5DdW6LAykmvVPYr/kx4GYIcyihXvVf66vYTaiVTQAUxphP4KYQZ0cCpYJNi1xqWEjoiA9ZxqIhkJsxmV0/wqXP6OE60ewrwzP09kRFpzFhGrlMSGJrF2tT8r9axEF+FGVepBabofFFsBYYETyPAfa4ZBTF2QKjm7lZMh0QTCi6oogshWPzyMjTPK4Hjm4tytZbHUUDH6ASdoQBdoiq6RnXUQBRp9Ixe0Zv36L14797HvHXFy2eO0B95nz+HQZMr</latexit><latexit sha1_base64="KK7MJ9o1saD6AFmSEkpBvYOaBjc=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFblxWsBdox5JJM21okhmTE7UMfQ83LhRx67u4821M21lo6w+Bj/+cwzn5o1RwA77/7a2srq1vbBa2its7u3v7pYPDpkmspqxBE5HodkQME1yxBnAQrJ1qRmQkWCsa1ab11gPThifqFsYpCyUZKB5zSsBZd11gT5DdW6LAykmvVPYr/kx4GYIcyihXvVf66vYTaiVTQAUxphP4KYQZ0cCpYJNi1xqWEjoiA9ZxqIhkJsxmV0/wqXP6OE60ewrwzP09kRFpzFhGrlMSGJrF2tT8r9axEF+FGVepBabofFFsBYYETyPAfa4ZBTF2QKjm7lZMh0QTCi6oogshWPzyMjTPK4Hjm4tytZbHUUDH6ASdoQBdoiq6RnXUQBRp9Ixe0Zv36L14797HvHXFy2eO0B95nz+HQZMr</latexit><latexit sha1_base64="KK7MJ9o1saD6AFmSEkpBvYOaBjc=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFblxWsBdox5JJM21okhmTE7UMfQ83LhRx67u4821M21lo6w+Bj/+cwzn5o1RwA77/7a2srq1vbBa2its7u3v7pYPDpkmspqxBE5HodkQME1yxBnAQrJ1qRmQkWCsa1ab11gPThifqFsYpCyUZKB5zSsBZd11gT5DdW6LAykmvVPYr/kx4GYIcyihXvVf66vYTaiVTQAUxphP4KYQZ0cCpYJNi1xqWEjoiA9ZxqIhkJsxmV0/wqXP6OE60ewrwzP09kRFpzFhGrlMSGJrF2tT8r9axEF+FGVepBabofFFsBYYETyPAfa4ZBTF2QKjm7lZMh0QTCi6oogshWPzyMjTPK4Hjm4tytZbHUUDH6ASdoQBdoiq6RnXUQBRp9Ixe0Zv36L14797HvHXFy2eO0B95nz+HQZMr</latexit>
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Overview: Spin waves play a central role in this CAREER proposal. A synergy of new theoreti-
cal tools, novel materials (2D vdW insulating magnets), and experimental collaborations will
be implemented to unveil new magnetic phases. The proposal will address: the properties of
i) stacked and twisted 2D vdW materials, ii) magnetic systems driven out of equilibrium, and
iii) the interplay between non-Hermitian topology and dissipation of magnetic excitations. Ex-
perimental collaborations will involve the use of quantum spin sensors (i.e., NV centers) and
spin transport setups to characterize, respectively, the single-particle and collective magnetic
properties. Potential technological applications include: i) neuromorphic networks based on
topologically protected microwave emission of spin-torque oscillators; ii) protocols for quan-
tum entanglement relying on the interaction between NV-center spins and magnetic modes;
iii) fault-tolerant magnonic devices.

1 Topology and dissipation in magnetic systems

1.1 Background and overview

Since the discovery of the quantum Hall effect in 1980 [33], topology has become a cornerstone in
our understanding of condensed matter systems. Connecting concepts drawn from topology to
electronic, photonic, cold-atom and mechanical systems has led to the discovery of a plethora of
new phenomena and materials [34, 35, 36, 37]. As there is a strong relevance to unveil topological
phases of matter in magnets, both from a fundamental perspective and for applications, several
proposals have surfaced in the last decade. Many of them rely on spatial inhomogeneities of dipo-
lar interactions or on the presence of Dzyaloshinskii-Moriya interactions as source of nontrivial
topology [38, 39, 40, 41]. Such spin-orbit-locking interactions, however, break global spin-rotation
symmetry. Thus, these systems do not have any axis with a continuous spin-rotational symmetry,
which implies that the total number of magnons is not conserved.

To properly account for the non-conservation of magnon number, an energy non-conserving
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Output
<latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit> Input

<latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit>

Output
<latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit>

Input
<latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit>

YIG
<latexit sha1_base64="nQ3s65BukjoeFnMuRYL4R61+nxU=">AAAB8XicbZC7SgNBFIZn4y3GW9TSZjAIVmFXBC0sAhZqF8FcNFnC7ORsMmR2dpk5K4Ylb2FjoYitb2Pn2zi5FJr4w8DHf85hzvmDRAqDrvvt5JaWV1bX8uuFjc2t7Z3i7l7dxKnmUOOxjHUzYAakUFBDgRKaiQYWBRIaweByXG88gjYiVnc4TMCPWE+JUHCG1npoIzxhdn9zNeoUS27ZnYgugjeDEpmp2il+tbsxTyNQyCUzpuW5CfoZ0yi4hFGhnRpIGB+wHrQsKhaB8bPJxiN6ZJ0uDWNtn0I6cX9PZCwyZhgFtjNi2DfztbH5X62VYnjuZ0IlKYLi04/CVFKM6fh82hUaOMqhBca1sLtS3meacbQhFWwI3vzJi1A/KXuWb09LlYtZHHlyQA7JMfHIGamQa1IlNcKJIs/klbw5xnlx3p2PaWvOmc3skz9yPn8AoM2Q2g==</latexit><latexit sha1_base64="nQ3s65BukjoeFnMuRYL4R61+nxU=">AAAB8XicbZC7SgNBFIZn4y3GW9TSZjAIVmFXBC0sAhZqF8FcNFnC7ORsMmR2dpk5K4Ylb2FjoYitb2Pn2zi5FJr4w8DHf85hzvmDRAqDrvvt5JaWV1bX8uuFjc2t7Z3i7l7dxKnmUOOxjHUzYAakUFBDgRKaiQYWBRIaweByXG88gjYiVnc4TMCPWE+JUHCG1npoIzxhdn9zNeoUS27ZnYgugjeDEpmp2il+tbsxTyNQyCUzpuW5CfoZ0yi4hFGhnRpIGB+wHrQsKhaB8bPJxiN6ZJ0uDWNtn0I6cX9PZCwyZhgFtjNi2DfztbH5X62VYnjuZ0IlKYLi04/CVFKM6fh82hUaOMqhBca1sLtS3meacbQhFWwI3vzJi1A/KXuWb09LlYtZHHlyQA7JMfHIGamQa1IlNcKJIs/klbw5xnlx3p2PaWvOmc3skz9yPn8AoM2Q2g==</latexit><latexit sha1_base64="nQ3s65BukjoeFnMuRYL4R61+nxU=">AAAB8XicbZC7SgNBFIZn4y3GW9TSZjAIVmFXBC0sAhZqF8FcNFnC7ORsMmR2dpk5K4Ylb2FjoYitb2Pn2zi5FJr4w8DHf85hzvmDRAqDrvvt5JaWV1bX8uuFjc2t7Z3i7l7dxKnmUOOxjHUzYAakUFBDgRKaiQYWBRIaweByXG88gjYiVnc4TMCPWE+JUHCG1npoIzxhdn9zNeoUS27ZnYgugjeDEpmp2il+tbsxTyNQyCUzpuW5CfoZ0yi4hFGhnRpIGB+wHrQsKhaB8bPJxiN6ZJ0uDWNtn0I6cX9PZCwyZhgFtjNi2DfztbH5X62VYnjuZ0IlKYLi04/CVFKM6fh82hUaOMqhBca1sLtS3meacbQhFWwI3vzJi1A/KXuWb09LlYtZHHlyQA7JMfHIGamQa1IlNcKJIs/klbw5xnlx3p2PaWvOmc3skz9yPn8AoM2Q2g==</latexit><latexit sha1_base64="nQ3s65BukjoeFnMuRYL4R61+nxU=">AAAB8XicbZC7SgNBFIZn4y3GW9TSZjAIVmFXBC0sAhZqF8FcNFnC7ORsMmR2dpk5K4Ylb2FjoYitb2Pn2zi5FJr4w8DHf85hzvmDRAqDrvvt5JaWV1bX8uuFjc2t7Z3i7l7dxKnmUOOxjHUzYAakUFBDgRKaiQYWBRIaweByXG88gjYiVnc4TMCPWE+JUHCG1npoIzxhdn9zNeoUS27ZnYgugjeDEpmp2il+tbsxTyNQyCUzpuW5CfoZ0yi4hFGhnRpIGB+wHrQsKhaB8bPJxiN6ZJ0uDWNtn0I6cX9PZCwyZhgFtjNi2DfztbH5X62VYnjuZ0IlKYLi04/CVFKM6fh82hUaOMqhBca1sLtS3meacbQhFWwI3vzJi1A/KXuWb09LlYtZHHlyQA7JMfHIGamQa1IlNcKJIs/klbw5xnlx3p2PaWvOmc3skz9yPn8AoM2Q2g==</latexit>

Field
<latexit sha1_base64="M6yr/8CqTYOL/69EwhfKH9WcAnw=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSERRPBUE8VrC10ISy2UzbpZtN2J2IJfRvePGgiFf/jDf/jds2B219YeHhnRlm9g1TKQy67rdTWlldW98ob1a2tnd296r7B22TZJpDiycy0Z2QGZBCQQsFSuikGlgcSngIR9fT+sMjaCMSdY/jFIKYDZToC87QWr6P8IT5jQAZTXrVmlt3Z6LL4BVQI4WaveqXHyU8i0Ehl8yYruemGORMo+ASJhU/M5AyPmID6FpULAYT5LObJ/TEOhHtJ9o+hXTm/p7IWWzMOA5tZ8xwaBZrU/O/WjfD/mWQC5VmCIrPF/UzSTGh0wBoJDRwlGMLjGthb6V8yDTjaGOq2BC8xS8vQ/us7lm+O681roo4yuSIHJNT4pEL0iC3pElahJOUPJNX8uZkzovz7nzMW0tOMXNI/sj5/AFvbJHn</latexit><latexit sha1_base64="M6yr/8CqTYOL/69EwhfKH9WcAnw=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSERRPBUE8VrC10ISy2UzbpZtN2J2IJfRvePGgiFf/jDf/jds2B219YeHhnRlm9g1TKQy67rdTWlldW98ob1a2tnd296r7B22TZJpDiycy0Z2QGZBCQQsFSuikGlgcSngIR9fT+sMjaCMSdY/jFIKYDZToC87QWr6P8IT5jQAZTXrVmlt3Z6LL4BVQI4WaveqXHyU8i0Ehl8yYruemGORMo+ASJhU/M5AyPmID6FpULAYT5LObJ/TEOhHtJ9o+hXTm/p7IWWzMOA5tZ8xwaBZrU/O/WjfD/mWQC5VmCIrPF/UzSTGh0wBoJDRwlGMLjGthb6V8yDTjaGOq2BC8xS8vQ/us7lm+O681roo4yuSIHJNT4pEL0iC3pElahJOUPJNX8uZkzovz7nzMW0tOMXNI/sj5/AFvbJHn</latexit><latexit sha1_base64="M6yr/8CqTYOL/69EwhfKH9WcAnw=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSERRPBUE8VrC10ISy2UzbpZtN2J2IJfRvePGgiFf/jDf/jds2B219YeHhnRlm9g1TKQy67rdTWlldW98ob1a2tnd296r7B22TZJpDiycy0Z2QGZBCQQsFSuikGlgcSngIR9fT+sMjaCMSdY/jFIKYDZToC87QWr6P8IT5jQAZTXrVmlt3Z6LL4BVQI4WaveqXHyU8i0Ehl8yYruemGORMo+ASJhU/M5AyPmID6FpULAYT5LObJ/TEOhHtJ9o+hXTm/p7IWWzMOA5tZ8xwaBZrU/O/WjfD/mWQC5VmCIrPF/UzSTGh0wBoJDRwlGMLjGthb6V8yDTjaGOq2BC8xS8vQ/us7lm+O681roo4yuSIHJNT4pEL0iC3pElahJOUPJNX8uZkzovz7nzMW0tOMXNI/sj5/AFvbJHn</latexit><latexit sha1_base64="M6yr/8CqTYOL/69EwhfKH9WcAnw=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSERRPBUE8VrC10ISy2UzbpZtN2J2IJfRvePGgiFf/jDf/jds2B219YeHhnRlm9g1TKQy67rdTWlldW98ob1a2tnd296r7B22TZJpDiycy0Z2QGZBCQQsFSuikGlgcSngIR9fT+sMjaCMSdY/jFIKYDZToC87QWr6P8IT5jQAZTXrVmlt3Z6LL4BVQI4WaveqXHyU8i0Ehl8yYruemGORMo+ASJhU/M5AyPmID6FpULAYT5LObJ/TEOhHtJ9o+hXTm/p7IWWzMOA5tZ8xwaBZrU/O/WjfD/mWQC5VmCIrPF/UzSTGh0wBoJDRwlGMLjGthb6V8yDTjaGOq2BC8xS8vQ/us7lm+O681roo4yuSIHJNT4pEL0iC3pElahJOUPJNX8uZkzovz7nzMW0tOMXNI/sj5/AFvbJHn</latexit>

Loss
<latexit sha1_base64="WEfebbXB7r9Jh9j4YlW5x1dhoME=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPBS8ePFSwtZCGstlu2qWbbNidiCX0Z3jxoIhXf403/43bNgdtfWHh4Z0ZduYNUykMuu63U1pZXVvfKG9WtrZ3dveq+wdtozLNeIspqXQnpIZLkfAWCpS8k2pO41Dyh3B0Pa0/PHJthErucZzyIKaDRESCUbSW30X+hPmtMmbSq9bcujsTWQavgBoUavaqX92+YlnME2SSGuN7bopBTjUKJvmk0s0MTykb0QH3LSY05ibIZytPyIl1+iRS2r4Eycz9PZHT2JhxHNrOmOLQLNam5n81P8PoMshFkmbIEzb/KMokQUWm95O+0JyhHFugTAu7K2FDqilDm1LFhuAtnrwM7bO6Z/nuvNa4KuIowxEcwyl4cAENuIEmtICBgmd4hTcHnRfn3fmYt5acYuYQ/sj5/AHgppGa</latexit><latexit sha1_base64="WEfebbXB7r9Jh9j4YlW5x1dhoME=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPBS8ePFSwtZCGstlu2qWbbNidiCX0Z3jxoIhXf403/43bNgdtfWHh4Z0ZduYNUykMuu63U1pZXVvfKG9WtrZ3dveq+wdtozLNeIspqXQnpIZLkfAWCpS8k2pO41Dyh3B0Pa0/PHJthErucZzyIKaDRESCUbSW30X+hPmtMmbSq9bcujsTWQavgBoUavaqX92+YlnME2SSGuN7bopBTjUKJvmk0s0MTykb0QH3LSY05ibIZytPyIl1+iRS2r4Eycz9PZHT2JhxHNrOmOLQLNam5n81P8PoMshFkmbIEzb/KMokQUWm95O+0JyhHFugTAu7K2FDqilDm1LFhuAtnrwM7bO6Z/nuvNa4KuIowxEcwyl4cAENuIEmtICBgmd4hTcHnRfn3fmYt5acYuYQ/sj5/AHgppGa</latexit><latexit sha1_base64="WEfebbXB7r9Jh9j4YlW5x1dhoME=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPBS8ePFSwtZCGstlu2qWbbNidiCX0Z3jxoIhXf403/43bNgdtfWHh4Z0ZduYNUykMuu63U1pZXVvfKG9WtrZ3dveq+wdtozLNeIspqXQnpIZLkfAWCpS8k2pO41Dyh3B0Pa0/PHJthErucZzyIKaDRESCUbSW30X+hPmtMmbSq9bcujsTWQavgBoUavaqX92+YlnME2SSGuN7bopBTjUKJvmk0s0MTykb0QH3LSY05ibIZytPyIl1+iRS2r4Eycz9PZHT2JhxHNrOmOLQLNam5n81P8PoMshFkmbIEzb/KMokQUWm95O+0JyhHFugTAu7K2FDqilDm1LFhuAtnrwM7bO6Z/nuvNa4KuIowxEcwyl4cAENuIEmtICBgmd4hTcHnRfn3fmYt5acYuYQ/sj5/AHgppGa</latexit><latexit sha1_base64="WEfebbXB7r9Jh9j4YlW5x1dhoME=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPBS8ePFSwtZCGstlu2qWbbNidiCX0Z3jxoIhXf403/43bNgdtfWHh4Z0ZduYNUykMuu63U1pZXVvfKG9WtrZ3dveq+wdtozLNeIspqXQnpIZLkfAWCpS8k2pO41Dyh3B0Pa0/PHJthErucZzyIKaDRESCUbSW30X+hPmtMmbSq9bcujsTWQavgBoUavaqX92+YlnME2SSGuN7bopBTjUKJvmk0s0MTykb0QH3LSY05ibIZytPyIl1+iRS2r4Eycz9PZHT2JhxHNrOmOLQLNam5n81P8PoMshFkmbIEzb/KMokQUWm95O+0JyhHFugTAu7K2FDqilDm1LFhuAtnrwM7bO6Z/nuvNa4KuIowxEcwyl4cAENuIEmtICBgmd4hTcHnRfn3fmYt5acYuYQ/sj5/AHgppGa</latexit>

Magnonic devices
<latexit sha1_base64="sbpnQ1YXr0/ERfbpYaEM9ZtNw9I=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCrghaBm1shAjmAskSZicnyZDZ2WXmbDAsaXwVGwtFbH0MO9/GyaXQxB8GPv5zDmfOHyZSGPS8bye3srq2vpHfLGxt7+zuufsHNROnmkOVxzLWjZAZkEJBFQVKaCQaWBRKqIeDm0m9PgRtRKwecJRAELGeEl3BGVqr7R61EB4xu7NurASnHRgKDmbcdoteyZuKLoM/hyKZq9J2v1qdmKcRKOSSGdP0vQSDjGkUXMK40EoNJIwPWA+aFhWLwATZ9IAxPbVOh3ZjbZ9COnV/T2QsMmYUhbYzYtg3i7WJ+V+tmWL3KsiESlIExWeLuqmkGNNJGrQjNHCUIwuMa2H/SnmfacbRZlawIfiLJy9D7bzkW76/KJav53HkyTE5IWfEJ5ekTG5JhVQJJ2PyTF7Jm/PkvDjvzsesNefMZw7JHzmfP07Tltk=</latexit><latexit sha1_base64="sbpnQ1YXr0/ERfbpYaEM9ZtNw9I=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCrghaBm1shAjmAskSZicnyZDZ2WXmbDAsaXwVGwtFbH0MO9/GyaXQxB8GPv5zDmfOHyZSGPS8bye3srq2vpHfLGxt7+zuufsHNROnmkOVxzLWjZAZkEJBFQVKaCQaWBRKqIeDm0m9PgRtRKwecJRAELGeEl3BGVqr7R61EB4xu7NurASnHRgKDmbcdoteyZuKLoM/hyKZq9J2v1qdmKcRKOSSGdP0vQSDjGkUXMK40EoNJIwPWA+aFhWLwATZ9IAxPbVOh3ZjbZ9COnV/T2QsMmYUhbYzYtg3i7WJ+V+tmWL3KsiESlIExWeLuqmkGNNJGrQjNHCUIwuMa2H/SnmfacbRZlawIfiLJy9D7bzkW76/KJav53HkyTE5IWfEJ5ekTG5JhVQJJ2PyTF7Jm/PkvDjvzsesNefMZw7JHzmfP07Tltk=</latexit><latexit sha1_base64="sbpnQ1YXr0/ERfbpYaEM9ZtNw9I=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCrghaBm1shAjmAskSZicnyZDZ2WXmbDAsaXwVGwtFbH0MO9/GyaXQxB8GPv5zDmfOHyZSGPS8bye3srq2vpHfLGxt7+zuufsHNROnmkOVxzLWjZAZkEJBFQVKaCQaWBRKqIeDm0m9PgRtRKwecJRAELGeEl3BGVqr7R61EB4xu7NurASnHRgKDmbcdoteyZuKLoM/hyKZq9J2v1qdmKcRKOSSGdP0vQSDjGkUXMK40EoNJIwPWA+aFhWLwATZ9IAxPbVOh3ZjbZ9COnV/T2QsMmYUhbYzYtg3i7WJ+V+tmWL3KsiESlIExWeLuqmkGNNJGrQjNHCUIwuMa2H/SnmfacbRZlawIfiLJy9D7bzkW76/KJav53HkyTE5IWfEJ5ekTG5JhVQJJ2PyTF7Jm/PkvDjvzsesNefMZw7JHzmfP07Tltk=</latexit><latexit sha1_base64="sbpnQ1YXr0/ERfbpYaEM9ZtNw9I=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCrghaBm1shAjmAskSZicnyZDZ2WXmbDAsaXwVGwtFbH0MO9/GyaXQxB8GPv5zDmfOHyZSGPS8bye3srq2vpHfLGxt7+zuufsHNROnmkOVxzLWjZAZkEJBFQVKaCQaWBRKqIeDm0m9PgRtRKwecJRAELGeEl3BGVqr7R61EB4xu7NurASnHRgKDmbcdoteyZuKLoM/hyKZq9J2v1qdmKcRKOSSGdP0vQSDjGkUXMK40EoNJIwPWA+aFhWLwATZ9IAxPbVOh3ZjbZ9COnV/T2QsMmYUhbYzYtg3i7WJ+V+tmWL3KsiESlIExWeLuqmkGNNJGrQjNHCUIwuMa2H/SnmfacbRZlawIfiLJy9D7bzkW76/KJav53HkyTE5IWfEJ5ekTG5JhVQJJ2PyTF7Jm/PkvDjvzsesNefMZw7JHzmfP07Tltk=</latexit>

Experimental probes
<latexit sha1_base64="dW5cRuOegDc/K+tZpT5nvRRe57Y=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIrsqMCLosiOiygr1AO5RMeqYNzVxIzkjL0I0bX8WNC0Xc+g7ufBvTdhba+kPg4z/nJDm/n0ih0XG+raXlldW19cJGcXNre2fX3tuv6zhVHGo8lrFq+kyDFBHUUKCEZqKAhb6Ehj+4mtQbD6C0iKN7HCXghawXiUBwhsbq2EdthCH6QXY9TECJECJkkiYq9kGPO3bJKTtT0UVwcyiRXNWO/dXuxjyd3MIl07rlOgl6GVMouIRxsZ1qSBgfsB60DEYsBO1l0y3G9MQ4XRrEypwI6dT9PZGxUOtR6JvOkGFfz9cm5n+1VorBpZeJKEkRIj57KEglxZhOIqFdoYCjHBlgXAnzV8r7TDGOJriiCcGdX3kR6mdl1/Ddealyk8dRIIfkmJwSl1yQCrklVVIjnDySZ/JK3qwn68V6tz5mrUtWPnNA/sj6/AGTb5lC</latexit><latexit sha1_base64="dW5cRuOegDc/K+tZpT5nvRRe57Y=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIrsqMCLosiOiygr1AO5RMeqYNzVxIzkjL0I0bX8WNC0Xc+g7ufBvTdhba+kPg4z/nJDm/n0ih0XG+raXlldW19cJGcXNre2fX3tuv6zhVHGo8lrFq+kyDFBHUUKCEZqKAhb6Ehj+4mtQbD6C0iKN7HCXghawXiUBwhsbq2EdthCH6QXY9TECJECJkkiYq9kGPO3bJKTtT0UVwcyiRXNWO/dXuxjyd3MIl07rlOgl6GVMouIRxsZ1qSBgfsB60DEYsBO1l0y3G9MQ4XRrEypwI6dT9PZGxUOtR6JvOkGFfz9cm5n+1VorBpZeJKEkRIj57KEglxZhOIqFdoYCjHBlgXAnzV8r7TDGOJriiCcGdX3kR6mdl1/Ddealyk8dRIIfkmJwSl1yQCrklVVIjnDySZ/JK3qwn68V6tz5mrUtWPnNA/sj6/AGTb5lC</latexit><latexit sha1_base64="dW5cRuOegDc/K+tZpT5nvRRe57Y=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIrsqMCLosiOiygr1AO5RMeqYNzVxIzkjL0I0bX8WNC0Xc+g7ufBvTdhba+kPg4z/nJDm/n0ih0XG+raXlldW19cJGcXNre2fX3tuv6zhVHGo8lrFq+kyDFBHUUKCEZqKAhb6Ehj+4mtQbD6C0iKN7HCXghawXiUBwhsbq2EdthCH6QXY9TECJECJkkiYq9kGPO3bJKTtT0UVwcyiRXNWO/dXuxjyd3MIl07rlOgl6GVMouIRxsZ1qSBgfsB60DEYsBO1l0y3G9MQ4XRrEypwI6dT9PZGxUOtR6JvOkGFfz9cm5n+1VorBpZeJKEkRIj57KEglxZhOIqFdoYCjHBlgXAnzV8r7TDGOJriiCcGdX3kR6mdl1/Ddealyk8dRIIfkmJwSl1yQCrklVVIjnDySZ/JK3qwn68V6tz5mrUtWPnNA/sj6/AGTb5lC</latexit><latexit sha1_base64="dW5cRuOegDc/K+tZpT5nvRRe57Y=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIrsqMCLosiOiygr1AO5RMeqYNzVxIzkjL0I0bX8WNC0Xc+g7ufBvTdhba+kPg4z/nJDm/n0ih0XG+raXlldW19cJGcXNre2fX3tuv6zhVHGo8lrFq+kyDFBHUUKCEZqKAhb6Ehj+4mtQbD6C0iKN7HCXghawXiUBwhsbq2EdthCH6QXY9TECJECJkkiYq9kGPO3bJKTtT0UVwcyiRXNWO/dXuxjyd3MIl07rlOgl6GVMouIRxsZ1qSBgfsB60DEYsBO1l0y3G9MQ4XRrEypwI6dT9PZGxUOtR6JvOkGFfz9cm5n+1VorBpZeJKEkRIj57KEglxZhOIqFdoYCjHBlgXAnzV8r7TDGOJriiCcGdX3kR6mdl1/Ddealyk8dRIIfkmJwSl1yQCrklVVIjnDySZ/JK3qwn68V6tz5mrUtWPnNA/sj6/AGTb5lC</latexit>

Applications
<latexit sha1_base64="n/6tYdrsX7r+aACj4BuuFVBR3NQ=">AAAB/nicbZBNSwMxEIaz9avWr6p48hIsgqeyK4IeKx70WMHWQruUbDrbhmazSzIrlqXgX/HiQRGv/g5v/hvTdg/a+kLg4Z0ZZvIGiRQGXffbKSwtr6yuFddLG5tb2zvl3b2miVPNocFjGetWwAxIoaCBAiW0Eg0sCiTcB8OrSf3+AbQRsbrDUQJ+xPpKhIIztFa3fNBBeMQgzC4Tu27mmnG3XHGr7lR0EbwcKiRXvVv+6vRinkagkEtmTNtzE/QzplFwCeNSJzWQMD5kfWhbVCwC42fT88f02Do9GsbaPoV06v6eyFhkzCgKbGfEcGDmaxPzv1o7xfDCz4RKUgTFZ4vCVFKM6SQL2hMaOMqRBca1sLdSPmCacbSJlWwI3vyXF6F5WvUs355Vatd5HEVySI7ICfHIOamRG1InDcJJRp7JK3lznpwX5935mLUWnHxmn/yR8/kDNDSWSg==</latexit><latexit sha1_base64="n/6tYdrsX7r+aACj4BuuFVBR3NQ=">AAAB/nicbZBNSwMxEIaz9avWr6p48hIsgqeyK4IeKx70WMHWQruUbDrbhmazSzIrlqXgX/HiQRGv/g5v/hvTdg/a+kLg4Z0ZZvIGiRQGXffbKSwtr6yuFddLG5tb2zvl3b2miVPNocFjGetWwAxIoaCBAiW0Eg0sCiTcB8OrSf3+AbQRsbrDUQJ+xPpKhIIztFa3fNBBeMQgzC4Tu27mmnG3XHGr7lR0EbwcKiRXvVv+6vRinkagkEtmTNtzE/QzplFwCeNSJzWQMD5kfWhbVCwC42fT88f02Do9GsbaPoV06v6eyFhkzCgKbGfEcGDmaxPzv1o7xfDCz4RKUgTFZ4vCVFKM6SQL2hMaOMqRBca1sLdSPmCacbSJlWwI3vyXF6F5WvUs355Vatd5HEVySI7ICfHIOamRG1InDcJJRp7JK3lznpwX5935mLUWnHxmn/yR8/kDNDSWSg==</latexit><latexit sha1_base64="n/6tYdrsX7r+aACj4BuuFVBR3NQ=">AAAB/nicbZBNSwMxEIaz9avWr6p48hIsgqeyK4IeKx70WMHWQruUbDrbhmazSzIrlqXgX/HiQRGv/g5v/hvTdg/a+kLg4Z0ZZvIGiRQGXffbKSwtr6yuFddLG5tb2zvl3b2miVPNocFjGetWwAxIoaCBAiW0Eg0sCiTcB8OrSf3+AbQRsbrDUQJ+xPpKhIIztFa3fNBBeMQgzC4Tu27mmnG3XHGr7lR0EbwcKiRXvVv+6vRinkagkEtmTNtzE/QzplFwCeNSJzWQMD5kfWhbVCwC42fT88f02Do9GsbaPoV06v6eyFhkzCgKbGfEcGDmaxPzv1o7xfDCz4RKUgTFZ4vCVFKM6SQL2hMaOMqRBca1sLdSPmCacbSJlWwI3vyXF6F5WvUs355Vatd5HEVySI7ICfHIOamRG1InDcJJRp7JK3lznpwX5935mLUWnHxmn/yR8/kDNDSWSg==</latexit><latexit sha1_base64="n/6tYdrsX7r+aACj4BuuFVBR3NQ=">AAAB/nicbZBNSwMxEIaz9avWr6p48hIsgqeyK4IeKx70WMHWQruUbDrbhmazSzIrlqXgX/HiQRGv/g5v/hvTdg/a+kLg4Z0ZZvIGiRQGXffbKSwtr6yuFddLG5tb2zvl3b2miVPNocFjGetWwAxIoaCBAiW0Eg0sCiTcB8OrSf3+AbQRsbrDUQJ+xPpKhIIztFa3fNBBeMQgzC4Tu27mmnG3XHGr7lR0EbwcKiRXvVv+6vRinkagkEtmTNtzE/QzplFwCeNSJzWQMD5kfWhbVCwC42fT88f02Do9GsbaPoV06v6eyFhkzCgKbGfEcGDmaxPzv1o7xfDCz4RKUgTFZ4vCVFKM6SQL2hMaOMqRBca1sLdSPmCacbSJlWwI3vyXF6F5WvUs355Vatd5HEVySI7ICfHIOamRG1InDcJJRp7JK3lznpwX5935mLUWnHxmn/yR8/kDNDSWSg==</latexit>

Neuromorphic spintronics
<latexit sha1_base64="4dKoTo9t+Hdm7HUZ3YNZYZYsZeE=">AAACCHicbZC7SgNBFIZn4y3GW9TSwsEgWIVdEbQMpLGSCOYCSQizk5NkyOzMMnNWDEtKG1/FxkIRWx/Bzrdxcik08YeBj/+cw5nzh7EUFn3/28usrK6tb2Q3c1vbO7t7+f2DmtWJ4VDlWmrTCJkFKRRUUaCERmyARaGEejgsT+r1ezBWaHWHoxjaEesr0ROcobM6+eMWwgOmN5AYHWkTDwSnNhYKjVaC23EnX/CL/lR0GYI5FMhclU7+q9XVPIlAIZfM2mbgx9hOmUHBJYxzrcRCzPiQ9aHpULEIbDudHjKmp87p0p427imkU/f3RMoia0dR6DojhgO7WJuY/9WaCfau2qlQcYKg+GxRL5EUNZ2kQrvCAEc5csC4Ee6vlA+YYRxddjkXQrB48jLUzouB49uLQqk8jyNLjsgJOSMBuSQlck0qpEo4eSTP5JW8eU/ei/fufcxaM9585pD8kff5A175mtI=</latexit><latexit sha1_base64="4dKoTo9t+Hdm7HUZ3YNZYZYsZeE=">AAACCHicbZC7SgNBFIZn4y3GW9TSwsEgWIVdEbQMpLGSCOYCSQizk5NkyOzMMnNWDEtKG1/FxkIRWx/Bzrdxcik08YeBj/+cw5nzh7EUFn3/28usrK6tb2Q3c1vbO7t7+f2DmtWJ4VDlWmrTCJkFKRRUUaCERmyARaGEejgsT+r1ezBWaHWHoxjaEesr0ROcobM6+eMWwgOmN5AYHWkTDwSnNhYKjVaC23EnX/CL/lR0GYI5FMhclU7+q9XVPIlAIZfM2mbgx9hOmUHBJYxzrcRCzPiQ9aHpULEIbDudHjKmp87p0p427imkU/f3RMoia0dR6DojhgO7WJuY/9WaCfau2qlQcYKg+GxRL5EUNZ2kQrvCAEc5csC4Ee6vlA+YYRxddjkXQrB48jLUzouB49uLQqk8jyNLjsgJOSMBuSQlck0qpEo4eSTP5JW8eU/ei/fufcxaM9585pD8kff5A175mtI=</latexit><latexit sha1_base64="4dKoTo9t+Hdm7HUZ3YNZYZYsZeE=">AAACCHicbZC7SgNBFIZn4y3GW9TSwsEgWIVdEbQMpLGSCOYCSQizk5NkyOzMMnNWDEtKG1/FxkIRWx/Bzrdxcik08YeBj/+cw5nzh7EUFn3/28usrK6tb2Q3c1vbO7t7+f2DmtWJ4VDlWmrTCJkFKRRUUaCERmyARaGEejgsT+r1ezBWaHWHoxjaEesr0ROcobM6+eMWwgOmN5AYHWkTDwSnNhYKjVaC23EnX/CL/lR0GYI5FMhclU7+q9XVPIlAIZfM2mbgx9hOmUHBJYxzrcRCzPiQ9aHpULEIbDudHjKmp87p0p427imkU/f3RMoia0dR6DojhgO7WJuY/9WaCfau2qlQcYKg+GxRL5EUNZ2kQrvCAEc5csC4Ee6vlA+YYRxddjkXQrB48jLUzouB49uLQqk8jyNLjsgJOSMBuSQlck0qpEo4eSTP5JW8eU/ei/fufcxaM9585pD8kff5A175mtI=</latexit><latexit sha1_base64="4dKoTo9t+Hdm7HUZ3YNZYZYsZeE=">AAACCHicbZC7SgNBFIZn4y3GW9TSwsEgWIVdEbQMpLGSCOYCSQizk5NkyOzMMnNWDEtKG1/FxkIRWx/Bzrdxcik08YeBj/+cw5nzh7EUFn3/28usrK6tb2Q3c1vbO7t7+f2DmtWJ4VDlWmrTCJkFKRRUUaCERmyARaGEejgsT+r1ezBWaHWHoxjaEesr0ROcobM6+eMWwgOmN5AYHWkTDwSnNhYKjVaC23EnX/CL/lR0GYI5FMhclU7+q9XVPIlAIZfM2mbgx9hOmUHBJYxzrcRCzPiQ9aHpULEIbDudHjKmp87p0p427imkU/f3RMoia0dR6DojhgO7WJuY/9WaCfau2qlQcYKg+GxRL5EUNZ2kQrvCAEc5csC4Ee6vlA+YYRxddjkXQrB48jLUzouB49uLQqk8jyNLjsgJOSMBuSQlck0qpEo4eSTP5JW8eU/ei/fufcxaM9585pD8kff5A175mtI=</latexit>

New materials
<latexit sha1_base64="14IUBaxEjqrfRJQhl+SQEgjq4sA=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdgVQcuAhVYSwTwgWcLs5G4yZPbBzF01rCn8FRsLRWz9DTv/xkmyhSYeGDiccy/3zPETKTQ6zre1sLi0vLJaWCuub2xubds7u3Udp4pDjccyVk2faZAighoKlNBMFLDQl9DwBxdjv3EHSos4usVhAl7IepEIBGdopI6930Z4QD/IruGehgxBCSb1qGOXnLIzAZ0nbk5KJEe1Y3+1uzFPQ4iQS6Z1y3US9DKmUHAJo2I71ZAwPmA9aBkasRC0l03yj+iRUbo0iJV5EdKJ+nsjY6HWw9A3kyZiX896Y/E/r5VicO5lIkpShIhPDwWppBjTcRm0KxRwlENDGFfCZKW8zxTjpgddNCW4s1+eJ/WTsmv4zWmpcpnXUSAH5JAcE5eckQq5IlVSI5w8kmfySt6sJ+vFerc+pqMLVr6zR/7A+vwBl8qWeQ==</latexit><latexit sha1_base64="14IUBaxEjqrfRJQhl+SQEgjq4sA=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdgVQcuAhVYSwTwgWcLs5G4yZPbBzF01rCn8FRsLRWz9DTv/xkmyhSYeGDiccy/3zPETKTQ6zre1sLi0vLJaWCuub2xubds7u3Udp4pDjccyVk2faZAighoKlNBMFLDQl9DwBxdjv3EHSos4usVhAl7IepEIBGdopI6930Z4QD/IruGehgxBCSb1qGOXnLIzAZ0nbk5KJEe1Y3+1uzFPQ4iQS6Z1y3US9DKmUHAJo2I71ZAwPmA9aBkasRC0l03yj+iRUbo0iJV5EdKJ+nsjY6HWw9A3kyZiX896Y/E/r5VicO5lIkpShIhPDwWppBjTcRm0KxRwlENDGFfCZKW8zxTjpgddNCW4s1+eJ/WTsmv4zWmpcpnXUSAH5JAcE5eckQq5IlVSI5w8kmfySt6sJ+vFerc+pqMLVr6zR/7A+vwBl8qWeQ==</latexit><latexit sha1_base64="14IUBaxEjqrfRJQhl+SQEgjq4sA=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdgVQcuAhVYSwTwgWcLs5G4yZPbBzF01rCn8FRsLRWz9DTv/xkmyhSYeGDiccy/3zPETKTQ6zre1sLi0vLJaWCuub2xubds7u3Udp4pDjccyVk2faZAighoKlNBMFLDQl9DwBxdjv3EHSos4usVhAl7IepEIBGdopI6930Z4QD/IruGehgxBCSb1qGOXnLIzAZ0nbk5KJEe1Y3+1uzFPQ4iQS6Z1y3US9DKmUHAJo2I71ZAwPmA9aBkasRC0l03yj+iRUbo0iJV5EdKJ+nsjY6HWw9A3kyZiX896Y/E/r5VicO5lIkpShIhPDwWppBjTcRm0KxRwlENDGFfCZKW8zxTjpgddNCW4s1+eJ/WTsmv4zWmpcpnXUSAH5JAcE5eckQq5IlVSI5w8kmfySt6sJ+vFerc+pqMLVr6zR/7A+vwBl8qWeQ==</latexit><latexit sha1_base64="14IUBaxEjqrfRJQhl+SQEgjq4sA=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdgVQcuAhVYSwTwgWcLs5G4yZPbBzF01rCn8FRsLRWz9DTv/xkmyhSYeGDiccy/3zPETKTQ6zre1sLi0vLJaWCuub2xubds7u3Udp4pDjccyVk2faZAighoKlNBMFLDQl9DwBxdjv3EHSos4usVhAl7IepEIBGdopI6930Z4QD/IruGehgxBCSb1qGOXnLIzAZ0nbk5KJEe1Y3+1uzFPQ4iQS6Z1y3US9DKmUHAJo2I71ZAwPmA9aBkasRC0l03yj+iRUbo0iJV5EdKJ+nsjY6HWw9A3kyZiX896Y/E/r5VicO5lIkpShIhPDwWppBjTcRm0KxRwlENDGFfCZKW8zxTjpgddNCW4s1+eJ/WTsmv4zWmpcpnXUSAH5JAcE5eckQq5IlVSI5w8kmfySt6sJ+vFerc+pqMLVr6zR/7A+vwBl8qWeQ==</latexit> Theoretical tools

<latexit sha1_base64="ziGdZt2bkA0t1x8x23LMLygYynQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiQi6LLgQpcV+oK2lMn0ph06yYSZG7GEght/xY0LRdz6E+78GydtFtp6YOBwzr0zc44fC67Rdb+twsrq2vpGcbO0tb2zu2fvHzS1TBSDBpNCqrZPNQgeQQM5CmjHCmjoC2j54+vMb92D0lxGdZzE0AvpMOIBZxSN1LePuggP6AdpfQRSARpDOCil0NO+XXYr7gzOMvFyUiY5an37qzuQLAkhQiao1h3PjbGXUmVuFTAtdRMNMWVjOoSOoRENQffSWYapc2qUgRNIZU6Ezkz9vZHSUOtJ6JvJkOJIL3qZ+J/XSTC46qU8ihOEiM0fCpIspJMV4gy4AoZiYghlipu/OmxEFWVoaiuZErzFyMukeV7xDL+7KFdv8jqK5JickDPikUtSJbekRhqEkUfyTF7Jm/VkvVjv1sd8tGDlO4fkD6zPH/FlmFo=</latexit><latexit sha1_base64="ziGdZt2bkA0t1x8x23LMLygYynQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiQi6LLgQpcV+oK2lMn0ph06yYSZG7GEght/xY0LRdz6E+78GydtFtp6YOBwzr0zc44fC67Rdb+twsrq2vpGcbO0tb2zu2fvHzS1TBSDBpNCqrZPNQgeQQM5CmjHCmjoC2j54+vMb92D0lxGdZzE0AvpMOIBZxSN1LePuggP6AdpfQRSARpDOCil0NO+XXYr7gzOMvFyUiY5an37qzuQLAkhQiao1h3PjbGXUmVuFTAtdRMNMWVjOoSOoRENQffSWYapc2qUgRNIZU6Ezkz9vZHSUOtJ6JvJkOJIL3qZ+J/XSTC46qU8ihOEiM0fCpIspJMV4gy4AoZiYghlipu/OmxEFWVoaiuZErzFyMukeV7xDL+7KFdv8jqK5JickDPikUtSJbekRhqEkUfyTF7Jm/VkvVjv1sd8tGDlO4fkD6zPH/FlmFo=</latexit><latexit sha1_base64="ziGdZt2bkA0t1x8x23LMLygYynQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiQi6LLgQpcV+oK2lMn0ph06yYSZG7GEght/xY0LRdz6E+78GydtFtp6YOBwzr0zc44fC67Rdb+twsrq2vpGcbO0tb2zu2fvHzS1TBSDBpNCqrZPNQgeQQM5CmjHCmjoC2j54+vMb92D0lxGdZzE0AvpMOIBZxSN1LePuggP6AdpfQRSARpDOCil0NO+XXYr7gzOMvFyUiY5an37qzuQLAkhQiao1h3PjbGXUmVuFTAtdRMNMWVjOoSOoRENQffSWYapc2qUgRNIZU6Ezkz9vZHSUOtJ6JvJkOJIL3qZ+J/XSTC46qU8ihOEiM0fCpIspJMV4gy4AoZiYghlipu/OmxEFWVoaiuZErzFyMukeV7xDL+7KFdv8jqK5JickDPikUtSJbekRhqEkUfyTF7Jm/VkvVjv1sd8tGDlO4fkD6zPH/FlmFo=</latexit><latexit sha1_base64="ziGdZt2bkA0t1x8x23LMLygYynQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiQi6LLgQpcV+oK2lMn0ph06yYSZG7GEght/xY0LRdz6E+78GydtFtp6YOBwzr0zc44fC67Rdb+twsrq2vpGcbO0tb2zu2fvHzS1TBSDBpNCqrZPNQgeQQM5CmjHCmjoC2j54+vMb92D0lxGdZzE0AvpMOIBZxSN1LePuggP6AdpfQRSARpDOCil0NO+XXYr7gzOMvFyUiY5an37qzuQLAkhQiao1h3PjbGXUmVuFTAtdRMNMWVjOoSOoRENQffSWYapc2qUgRNIZU6Ezkz9vZHSUOtJ6JvJkOJIL3qZ+J/XSTC46qU8ihOEiM0fCpIspJMV4gy4AoZiYghlipu/OmxEFWVoaiuZErzFyMukeV7xDL+7KFdv8jqK5JickDPikUtSJbekRhqEkUfyTF7Jm/VkvVjv1sd8tGDlO4fkD6zPH/FlmFo=</latexit>

2D van der Waals magnets
<latexit sha1_base64="W2OqR5kYUt13xIBr7f7w0h2Jev4=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4IWgqxsIxgHpCEcHdyo0NmZ5eZu2JYUtr4KzYWitj6CXb+jbNJCl8HBg7nnMude8JESUu+/+nNzS8sLi0XVoqra+sbm6Wt7YaNUyOwLmIVm1YIFpXUWCdJCluJQYhChc1wWM395i0aK2N9RaMEuxFcazmQAshJvdJeh/COsqNzfgua99HwJoCyPI8h2XGvVPYr/gT8LwlmpMxmqPVKH51+LNIINQkF1rYDP6FuBoakUDgudlKLCYghXGPbUQ0R2m42OWTMD5zS54PYuKeJT9TvExlE1o6i0CUjoBv728vF/7x2SoPTbiZ1khJqMV00SBWnmOet8L40KEiNHAFhpPsrFzdgQJDrruhKCH6f/Jc0jiqB45fH5bPqrI4C22X77JAF7ISdsQtWY3Um2D17ZM/sxXvwnrxX720anfNmMzvsB7z3LwiMmVg=</latexit><latexit sha1_base64="W2OqR5kYUt13xIBr7f7w0h2Jev4=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4IWgqxsIxgHpCEcHdyo0NmZ5eZu2JYUtr4KzYWitj6CXb+jbNJCl8HBg7nnMude8JESUu+/+nNzS8sLi0XVoqra+sbm6Wt7YaNUyOwLmIVm1YIFpXUWCdJCluJQYhChc1wWM395i0aK2N9RaMEuxFcazmQAshJvdJeh/COsqNzfgua99HwJoCyPI8h2XGvVPYr/gT8LwlmpMxmqPVKH51+LNIINQkF1rYDP6FuBoakUDgudlKLCYghXGPbUQ0R2m42OWTMD5zS54PYuKeJT9TvExlE1o6i0CUjoBv728vF/7x2SoPTbiZ1khJqMV00SBWnmOet8L40KEiNHAFhpPsrFzdgQJDrruhKCH6f/Jc0jiqB45fH5bPqrI4C22X77JAF7ISdsQtWY3Um2D17ZM/sxXvwnrxX720anfNmMzvsB7z3LwiMmVg=</latexit><latexit sha1_base64="W2OqR5kYUt13xIBr7f7w0h2Jev4=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4IWgqxsIxgHpCEcHdyo0NmZ5eZu2JYUtr4KzYWitj6CXb+jbNJCl8HBg7nnMude8JESUu+/+nNzS8sLi0XVoqra+sbm6Wt7YaNUyOwLmIVm1YIFpXUWCdJCluJQYhChc1wWM395i0aK2N9RaMEuxFcazmQAshJvdJeh/COsqNzfgua99HwJoCyPI8h2XGvVPYr/gT8LwlmpMxmqPVKH51+LNIINQkF1rYDP6FuBoakUDgudlKLCYghXGPbUQ0R2m42OWTMD5zS54PYuKeJT9TvExlE1o6i0CUjoBv728vF/7x2SoPTbiZ1khJqMV00SBWnmOet8L40KEiNHAFhpPsrFzdgQJDrruhKCH6f/Jc0jiqB45fH5bPqrI4C22X77JAF7ISdsQtWY3Um2D17ZM/sxXvwnrxX720anfNmMzvsB7z3LwiMmVg=</latexit><latexit sha1_base64="W2OqR5kYUt13xIBr7f7w0h2Jev4=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4IWgqxsIxgHpCEcHdyo0NmZ5eZu2JYUtr4KzYWitj6CXb+jbNJCl8HBg7nnMude8JESUu+/+nNzS8sLi0XVoqra+sbm6Wt7YaNUyOwLmIVm1YIFpXUWCdJCluJQYhChc1wWM395i0aK2N9RaMEuxFcazmQAshJvdJeh/COsqNzfgua99HwJoCyPI8h2XGvVPYr/gT8LwlmpMxmqPVKH51+LNIINQkF1rYDP6FuBoakUDgudlKLCYghXGPbUQ0R2m42OWTMD5zS54PYuKeJT9TvExlE1o6i0CUjoBv728vF/7x2SoPTbiZ1khJqMV00SBWnmOet8L40KEiNHAFhpPsrFzdgQJDrruhKCH6f/Jc0jiqB45fH5bPqrI4C22X77JAF7ISdsQtWY3Um2D17ZM/sxXvwnrxX720anfNmMzvsB7z3LwiMmVg=</latexit> Stacking and twisting

<latexit sha1_base64="xEOrKxUj1KwD7i9fvFGtpyIBi34=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4IWgbSWEY0D0hCmJ29mwyZnV1m7qphSWPjr9hYKGLrP9j5N04ehSZeGDj3nHs5c4+fSGHQdb+dpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY930mQEpFNRQoIRmooFFvoSGP6iM9cYdaCNidYvDBDoR6ykRCs7QUt3CURvhAbMbZHwgVI8yFVC8t762GXULRbfkToouAm8GimRW1W7hqx3EPI1AIZfMmJbnJtjJmEbBJYzy7dRAYp1YD1oWKhaB6WSTK0b0xDIBDWNtn0I6YX9vZCwyZhj5djJi2Dfz2pj8T2ulGF52MqGSFEHxqVGYSooxHUdCA6GBoxxawLgW9q+U95lmHG1weRuCN3/yIqiflTyLr8+L5cosjhw5JMfklHjkgpTJFamSGuHkkTyTV/LmPDkvzrvzMR1dcmY7B+RPOZ8/K5iY/Q==</latexit><latexit sha1_base64="xEOrKxUj1KwD7i9fvFGtpyIBi34=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4IWgbSWEY0D0hCmJ29mwyZnV1m7qphSWPjr9hYKGLrP9j5N04ehSZeGDj3nHs5c4+fSGHQdb+dpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY930mQEpFNRQoIRmooFFvoSGP6iM9cYdaCNidYvDBDoR6ykRCs7QUt3CURvhAbMbZHwgVI8yFVC8t762GXULRbfkToouAm8GimRW1W7hqx3EPI1AIZfMmJbnJtjJmEbBJYzy7dRAYp1YD1oWKhaB6WSTK0b0xDIBDWNtn0I6YX9vZCwyZhj5djJi2Dfz2pj8T2ulGF52MqGSFEHxqVGYSooxHUdCA6GBoxxawLgW9q+U95lmHG1weRuCN3/yIqiflTyLr8+L5cosjhw5JMfklHjkgpTJFamSGuHkkTyTV/LmPDkvzrvzMR1dcmY7B+RPOZ8/K5iY/Q==</latexit><latexit sha1_base64="xEOrKxUj1KwD7i9fvFGtpyIBi34=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4IWgbSWEY0D0hCmJ29mwyZnV1m7qphSWPjr9hYKGLrP9j5N04ehSZeGDj3nHs5c4+fSGHQdb+dpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY930mQEpFNRQoIRmooFFvoSGP6iM9cYdaCNidYvDBDoR6ykRCs7QUt3CURvhAbMbZHwgVI8yFVC8t762GXULRbfkToouAm8GimRW1W7hqx3EPI1AIZfMmJbnJtjJmEbBJYzy7dRAYp1YD1oWKhaB6WSTK0b0xDIBDWNtn0I6YX9vZCwyZhj5djJi2Dfz2pj8T2ulGF52MqGSFEHxqVGYSooxHUdCA6GBoxxawLgW9q+U95lmHG1weRuCN3/yIqiflTyLr8+L5cosjhw5JMfklHjkgpTJFamSGuHkkTyTV/LmPDkvzrvzMR1dcmY7B+RPOZ8/K5iY/Q==</latexit><latexit sha1_base64="xEOrKxUj1KwD7i9fvFGtpyIBi34=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4IWgbSWEY0D0hCmJ29mwyZnV1m7qphSWPjr9hYKGLrP9j5N04ehSZeGDj3nHs5c4+fSGHQdb+dpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY930mQEpFNRQoIRmooFFvoSGP6iM9cYdaCNidYvDBDoR6ykRCs7QUt3CURvhAbMbZHwgVI8yFVC8t762GXULRbfkToouAm8GimRW1W7hqx3EPI1AIZfMmJbnJtjJmEbBJYzy7dRAYp1YD1oWKhaB6WSTK0b0xDIBDWNtn0I6YX9vZCwyZhj5djJi2Dfz2pj8T2ulGF52MqGSFEHxqVGYSooxHUdCA6GBoxxawLgW9q+U95lmHG1weRuCN3/yIqiflTyLr8+L5cosjhw5JMfklHjkgpTJFamSGuHkkTyTV/LmPDkvzrvzMR1dcmY7B+RPOZ8/K5iY/Q==</latexit>

Non-Hermitian topology
<latexit sha1_base64="/mjv3TRiBReKW5S2s+9lePbXccg=">AAACBnicbVBLS8NAGNzUV62vqkcRgkXwYklE0GOhl56kgn1AG8pm+6VdutmE3S9iCD158a948aCIV3+DN/+N28dBWwcWhplvWGb8WHCNjvNt5VZW19Y38puFre2d3b3i/kFTR4li0GCRiFTbpxoEl9BAjgLasQIa+gJa/qg68Vv3oDSP5B2mMXghHUgecEbRSL3icRfhAbObSJ7XQIUcOZU2RrEJDtJxr1hyys4U9jJx56RE5qj3il/dfsSSECQyQbXuuE6MXkYVciZgXOgmGmLKRnQAHUMlDUF72bTG2D41St8OImWeRHuq/k5kNNQ6DX1zGVIc6kVvIv7ndRIMrr2MyzhBkGz2UZAI09OebGL3uQKGIjWEMmU2YDYbUkUZmuUKZgR3sfIyaV6UXcNvL0uV6nyOPDkiJ+SMuOSKVEiN1EmDMPJInskrebOerBfr3fqYneaseeaQ/IH1+QMNnpl9</latexit><latexit sha1_base64="/mjv3TRiBReKW5S2s+9lePbXccg=">AAACBnicbVBLS8NAGNzUV62vqkcRgkXwYklE0GOhl56kgn1AG8pm+6VdutmE3S9iCD158a948aCIV3+DN/+N28dBWwcWhplvWGb8WHCNjvNt5VZW19Y38puFre2d3b3i/kFTR4li0GCRiFTbpxoEl9BAjgLasQIa+gJa/qg68Vv3oDSP5B2mMXghHUgecEbRSL3icRfhAbObSJ7XQIUcOZU2RrEJDtJxr1hyys4U9jJx56RE5qj3il/dfsSSECQyQbXuuE6MXkYVciZgXOgmGmLKRnQAHUMlDUF72bTG2D41St8OImWeRHuq/k5kNNQ6DX1zGVIc6kVvIv7ndRIMrr2MyzhBkGz2UZAI09OebGL3uQKGIjWEMmU2YDYbUkUZmuUKZgR3sfIyaV6UXcNvL0uV6nyOPDkiJ+SMuOSKVEiN1EmDMPJInskrebOerBfr3fqYneaseeaQ/IH1+QMNnpl9</latexit><latexit sha1_base64="/mjv3TRiBReKW5S2s+9lePbXccg=">AAACBnicbVBLS8NAGNzUV62vqkcRgkXwYklE0GOhl56kgn1AG8pm+6VdutmE3S9iCD158a948aCIV3+DN/+N28dBWwcWhplvWGb8WHCNjvNt5VZW19Y38puFre2d3b3i/kFTR4li0GCRiFTbpxoEl9BAjgLasQIa+gJa/qg68Vv3oDSP5B2mMXghHUgecEbRSL3icRfhAbObSJ7XQIUcOZU2RrEJDtJxr1hyys4U9jJx56RE5qj3il/dfsSSECQyQbXuuE6MXkYVciZgXOgmGmLKRnQAHUMlDUF72bTG2D41St8OImWeRHuq/k5kNNQ6DX1zGVIc6kVvIv7ndRIMrr2MyzhBkGz2UZAI09OebGL3uQKGIjWEMmU2YDYbUkUZmuUKZgR3sfIyaV6UXcNvL0uV6nyOPDkiJ+SMuOSKVEiN1EmDMPJInskrebOerBfr3fqYneaseeaQ/IH1+QMNnpl9</latexit><latexit sha1_base64="/mjv3TRiBReKW5S2s+9lePbXccg=">AAACBnicbVBLS8NAGNzUV62vqkcRgkXwYklE0GOhl56kgn1AG8pm+6VdutmE3S9iCD158a948aCIV3+DN/+N28dBWwcWhplvWGb8WHCNjvNt5VZW19Y38puFre2d3b3i/kFTR4li0GCRiFTbpxoEl9BAjgLasQIa+gJa/qg68Vv3oDSP5B2mMXghHUgecEbRSL3icRfhAbObSJ7XQIUcOZU2RrEJDtJxr1hyys4U9jJx56RE5qj3il/dfsSSECQyQbXuuE6MXkYVciZgXOgmGmLKRnQAHUMlDUF72bTG2D41St8OImWeRHuq/k5kNNQ6DX1zGVIc6kVvIv7ndRIMrr2MyzhBkGz2UZAI09OebGL3uQKGIjWEMmU2YDYbUkUZmuUKZgR3sfIyaV6UXcNvL0uV6nyOPDkiJ+SMuOSKVEiN1EmDMPJInskrebOerBfr3fqYneaseeaQ/IH1+QMNnpl9</latexit>

Drives
<latexit sha1_base64="l77zuTDaX6Cy2A2+t92LX9+ZYmE=">AAAB9HicbZBNSwMxEIaz9avWr6pHL8EieCq7IuixUA8eK9hWaJeSTWfb0Gx2TWaLZenv8OJBEa/+GG/+G9N2D9r6QuDhnRlm8gaJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU82hyWMZ64eAGZBCQRMFSnhINLAokNAORvVZvT0GbUSs7nGSgB+xgRKh4Ayt5XcRnjC70WIMZtorV9yqOxddBS+HCsnV6JW/uv2YpxEo5JIZ0/HcBP2MaRRcwrTUTQ0kjI/YADoWFYvA+Nn86Ck9s06fhrG2TyGdu78nMhYZM4kC2xkxHJrl2sz8r9ZJMbz2M6GSFEHxxaIwlRRjOkuA9oUGjnJigXEt7K2UD5lmHG1OJRuCt/zlVWhdVD3Ld5eVWj2Po0hOyCk5Jx65IjVySxqkSTh5JM/klbw5Y+fFeXc+Fq0FJ585Jn/kfP4AbBKSgw==</latexit><latexit sha1_base64="l77zuTDaX6Cy2A2+t92LX9+ZYmE=">AAAB9HicbZBNSwMxEIaz9avWr6pHL8EieCq7IuixUA8eK9hWaJeSTWfb0Gx2TWaLZenv8OJBEa/+GG/+G9N2D9r6QuDhnRlm8gaJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU82hyWMZ64eAGZBCQRMFSnhINLAokNAORvVZvT0GbUSs7nGSgB+xgRKh4Ayt5XcRnjC70WIMZtorV9yqOxddBS+HCsnV6JW/uv2YpxEo5JIZ0/HcBP2MaRRcwrTUTQ0kjI/YADoWFYvA+Nn86Ck9s06fhrG2TyGdu78nMhYZM4kC2xkxHJrl2sz8r9ZJMbz2M6GSFEHxxaIwlRRjOkuA9oUGjnJigXEt7K2UD5lmHG1OJRuCt/zlVWhdVD3Ld5eVWj2Po0hOyCk5Jx65IjVySxqkSTh5JM/klbw5Y+fFeXc+Fq0FJ585Jn/kfP4AbBKSgw==</latexit><latexit sha1_base64="l77zuTDaX6Cy2A2+t92LX9+ZYmE=">AAAB9HicbZBNSwMxEIaz9avWr6pHL8EieCq7IuixUA8eK9hWaJeSTWfb0Gx2TWaLZenv8OJBEa/+GG/+G9N2D9r6QuDhnRlm8gaJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU82hyWMZ64eAGZBCQRMFSnhINLAokNAORvVZvT0GbUSs7nGSgB+xgRKh4Ayt5XcRnjC70WIMZtorV9yqOxddBS+HCsnV6JW/uv2YpxEo5JIZ0/HcBP2MaRRcwrTUTQ0kjI/YADoWFYvA+Nn86Ck9s06fhrG2TyGdu78nMhYZM4kC2xkxHJrl2sz8r9ZJMbz2M6GSFEHxxaIwlRRjOkuA9oUGjnJigXEt7K2UD5lmHG1OJRuCt/zlVWhdVD3Ld5eVWj2Po0hOyCk5Jx65IjVySxqkSTh5JM/klbw5Y+fFeXc+Fq0FJ585Jn/kfP4AbBKSgw==</latexit><latexit sha1_base64="l77zuTDaX6Cy2A2+t92LX9+ZYmE=">AAAB9HicbZBNSwMxEIaz9avWr6pHL8EieCq7IuixUA8eK9hWaJeSTWfb0Gx2TWaLZenv8OJBEa/+GG/+G9N2D9r6QuDhnRlm8gaJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU82hyWMZ64eAGZBCQRMFSnhINLAokNAORvVZvT0GbUSs7nGSgB+xgRKh4Ayt5XcRnjC70WIMZtorV9yqOxddBS+HCsnV6JW/uv2YpxEo5JIZ0/HcBP2MaRRcwrTUTQ0kjI/YADoWFYvA+Nn86Ck9s06fhrG2TyGdu78nMhYZM4kC2xkxHJrl2sz8r9ZJMbz2M6GSFEHxxaIwlRRjOkuA9oUGjnJigXEt7K2UD5lmHG1OJRuCt/zlVWhdVD3Ld5eVWj2Po0hOyCk5Jx65IjVySxqkSTh5JM/klbw5Y+fFeXc+Fq0FJ585Jn/kfP4AbBKSgw==</latexit>

Quantum
<latexit sha1_base64="0kbuDWZ6810ICnrqk94RrQTfr2E=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFbly2YC/QjiWTZtrQJDMkJ2oZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyR6ngBnz/21tb39jc2i7sFHf39g8OS0fHLZNYTVmTJiLRnYgYJrhiTeAgWCfVjMhIsHY0rs3q7QemDU/UHUxSFkoyVDzmlICz7nvAniBrWKLAymm/VPYr/lx4FYIcyihXvV/66g0SaiVTQAUxphv4KYQZ0cCpYNNizxqWEjomQ9Z1qIhkJszmV0/xuXMGOE60ewrw3P09kRFpzERGrlMSGJnl2sz8r9a1EN+EGVepBaboYlFsBYYEzyLAA64ZBTFxQKjm7lZMR0QTCi6oogshWP7yKrQuK4HjxlW5WsvjKKBTdIYuUICuURXdojpqIoo0ekav6M179F68d+9j0brm5TMn6I+8zx9V4ZML</latexit><latexit sha1_base64="0kbuDWZ6810ICnrqk94RrQTfr2E=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFbly2YC/QjiWTZtrQJDMkJ2oZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyR6ngBnz/21tb39jc2i7sFHf39g8OS0fHLZNYTVmTJiLRnYgYJrhiTeAgWCfVjMhIsHY0rs3q7QemDU/UHUxSFkoyVDzmlICz7nvAniBrWKLAymm/VPYr/lx4FYIcyihXvV/66g0SaiVTQAUxphv4KYQZ0cCpYNNizxqWEjomQ9Z1qIhkJszmV0/xuXMGOE60ewrw3P09kRFpzERGrlMSGJnl2sz8r9a1EN+EGVepBaboYlFsBYYEzyLAA64ZBTFxQKjm7lZMR0QTCi6oogshWP7yKrQuK4HjxlW5WsvjKKBTdIYuUICuURXdojpqIoo0ekav6M179F68d+9j0brm5TMn6I+8zx9V4ZML</latexit><latexit sha1_base64="0kbuDWZ6810ICnrqk94RrQTfr2E=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFbly2YC/QjiWTZtrQJDMkJ2oZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyR6ngBnz/21tb39jc2i7sFHf39g8OS0fHLZNYTVmTJiLRnYgYJrhiTeAgWCfVjMhIsHY0rs3q7QemDU/UHUxSFkoyVDzmlICz7nvAniBrWKLAymm/VPYr/lx4FYIcyihXvV/66g0SaiVTQAUxphv4KYQZ0cCpYNNizxqWEjomQ9Z1qIhkJszmV0/xuXMGOE60ewrw3P09kRFpzERGrlMSGJnl2sz8r9a1EN+EGVepBaboYlFsBYYEzyLAA64ZBTFxQKjm7lZMR0QTCi6oogshWP7yKrQuK4HjxlW5WsvjKKBTdIYuUICuURXdojpqIoo0ekav6M179F68d+9j0brm5TMn6I+8zx9V4ZML</latexit><latexit sha1_base64="0kbuDWZ6810ICnrqk94RrQTfr2E=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFbly2YC/QjiWTZtrQJDMkJ2oZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyR6ngBnz/21tb39jc2i7sFHf39g8OS0fHLZNYTVmTJiLRnYgYJrhiTeAgWCfVjMhIsHY0rs3q7QemDU/UHUxSFkoyVDzmlICz7nvAniBrWKLAymm/VPYr/lx4FYIcyihXvV/66g0SaiVTQAUxphv4KYQZ0cCpYNNizxqWEjomQ9Z1qIhkJszmV0/xuXMGOE60ewrw3P09kRFpzERGrlMSGJnl2sz8r9a1EN+EGVepBaboYlFsBYYEzyLAA64ZBTFxQKjm7lZMR0QTCi6oogshWP7yKrQuK4HjxlW5WsvjKKBTdIYuUICuURXdojpqIoo0ekav6M179F68d+9j0brm5TMn6I+8zx9V4ZML</latexit>

entanglement
<latexit sha1_base64="7uLrv7YFVdyGJnrib0i5iMPn5SE=">AAAB/HicbZBNS8NAEIY39avWr2iPXoJF8FQSEfRY6MVjBfsBbSmb7aRdutmE3YkYQv0rXjwo4tUf4s1/46bNQVtfWHh4Z4aZff1YcI2u+22VNja3tnfKu5W9/YPDI/v4pKOjRDFos0hEqudTDYJLaCNHAb1YAQ19AV1/1szr3QdQmkfyHtMYhiGdSB5wRtFYI7s6QHjEDCRSOREQGpiP7Jpbdxdy1sEroEYKtUb212AcsSQfZoJq3ffcGIcZVciZgHllkGiIKZvRCfQNShqCHmaL4+fOuXHGThAp8yQ6C/f3REZDrdPQN50hxalereXmf7V+gsHNMOMyThAkWy4KEuFg5ORJOGOugKFIDVCmuLnVYVOqKEOTV8WE4K1+eR06l3XP8N1VrdEs4iiTU3JGLohHrkmD3JIWaRNGUvJMXsmb9WS9WO/Wx7K1ZBUzVfJH1ucP1FeVhQ==</latexit><latexit sha1_base64="7uLrv7YFVdyGJnrib0i5iMPn5SE=">AAAB/HicbZBNS8NAEIY39avWr2iPXoJF8FQSEfRY6MVjBfsBbSmb7aRdutmE3YkYQv0rXjwo4tUf4s1/46bNQVtfWHh4Z4aZff1YcI2u+22VNja3tnfKu5W9/YPDI/v4pKOjRDFos0hEqudTDYJLaCNHAb1YAQ19AV1/1szr3QdQmkfyHtMYhiGdSB5wRtFYI7s6QHjEDCRSOREQGpiP7Jpbdxdy1sEroEYKtUb212AcsSQfZoJq3ffcGIcZVciZgHllkGiIKZvRCfQNShqCHmaL4+fOuXHGThAp8yQ6C/f3REZDrdPQN50hxalereXmf7V+gsHNMOMyThAkWy4KEuFg5ORJOGOugKFIDVCmuLnVYVOqKEOTV8WE4K1+eR06l3XP8N1VrdEs4iiTU3JGLohHrkmD3JIWaRNGUvJMXsmb9WS9WO/Wx7K1ZBUzVfJH1ucP1FeVhQ==</latexit><latexit sha1_base64="7uLrv7YFVdyGJnrib0i5iMPn5SE=">AAAB/HicbZBNS8NAEIY39avWr2iPXoJF8FQSEfRY6MVjBfsBbSmb7aRdutmE3YkYQv0rXjwo4tUf4s1/46bNQVtfWHh4Z4aZff1YcI2u+22VNja3tnfKu5W9/YPDI/v4pKOjRDFos0hEqudTDYJLaCNHAb1YAQ19AV1/1szr3QdQmkfyHtMYhiGdSB5wRtFYI7s6QHjEDCRSOREQGpiP7Jpbdxdy1sEroEYKtUb212AcsSQfZoJq3ffcGIcZVciZgHllkGiIKZvRCfQNShqCHmaL4+fOuXHGThAp8yQ6C/f3REZDrdPQN50hxalereXmf7V+gsHNMOMyThAkWy4KEuFg5ORJOGOugKFIDVCmuLnVYVOqKEOTV8WE4K1+eR06l3XP8N1VrdEs4iiTU3JGLohHrkmD3JIWaRNGUvJMXsmb9WS9WO/Wx7K1ZBUzVfJH1ucP1FeVhQ==</latexit><latexit sha1_base64="7uLrv7YFVdyGJnrib0i5iMPn5SE=">AAAB/HicbZBNS8NAEIY39avWr2iPXoJF8FQSEfRY6MVjBfsBbSmb7aRdutmE3YkYQv0rXjwo4tUf4s1/46bNQVtfWHh4Z4aZff1YcI2u+22VNja3tnfKu5W9/YPDI/v4pKOjRDFos0hEqudTDYJLaCNHAb1YAQ19AV1/1szr3QdQmkfyHtMYhiGdSB5wRtFYI7s6QHjEDCRSOREQGpiP7Jpbdxdy1sEroEYKtUb212AcsSQfZoJq3ffcGIcZVciZgHllkGiIKZvRCfQNShqCHmaL4+fOuXHGThAp8yQ6C/f3REZDrdPQN50hxalereXmf7V+gsHNMOMyThAkWy4KEuFg5ORJOGOugKFIDVCmuLnVYVOqKEOTV8WE4K1+eR06l3XP8N1VrdEs4iiTU3JGLohHrkmD3JIWaRNGUvJMXsmb9WS9WO/Wx7K1ZBUzVfJH1ucP1FeVhQ==</latexit>

Spin waves
<latexit sha1_base64="Q68u2x4Ebc7Duwk1Um0/tPNR4OA=">AAAB/HicbZDLSgMxFIYzXmu9Vbt0EyyCqzIjgi4LbnRX0V6gLSWTnmlDM5khOVMdhvoqblwo4tYHcefbmF4W2vpD4OM/53BOfj+WwqDrfjsrq2vrG5u5rfz2zu7efuHgsG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eDWpN0agjYjUPaYxdELWVyIQnKG1uoViG+ER/SC7i4WiD2wEZtwtlNyyOxVdBm8OJTJXtVv4avcinoSgkEtmTMtzY+xkTKPgEsb5dmIgZnzI+tCyqFgIppNNjx/TE+v0aBBp+xTSqft7ImOhMWno286Q4cAs1ibmf7VWgsFlJxMqThAUny0KEkkxopMkaE9o4ChTC4xrYW+lfMA042jzytsQvMUvL0P9rOxZvj0vVW7mceTIETkmp8QjF6RCrkmV1AgnKXkmr+TNeXJenHfnY9a64sxniuSPnM8fStuVMQ==</latexit><latexit sha1_base64="Q68u2x4Ebc7Duwk1Um0/tPNR4OA=">AAAB/HicbZDLSgMxFIYzXmu9Vbt0EyyCqzIjgi4LbnRX0V6gLSWTnmlDM5khOVMdhvoqblwo4tYHcefbmF4W2vpD4OM/53BOfj+WwqDrfjsrq2vrG5u5rfz2zu7efuHgsG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eDWpN0agjYjUPaYxdELWVyIQnKG1uoViG+ER/SC7i4WiD2wEZtwtlNyyOxVdBm8OJTJXtVv4avcinoSgkEtmTMtzY+xkTKPgEsb5dmIgZnzI+tCyqFgIppNNjx/TE+v0aBBp+xTSqft7ImOhMWno286Q4cAs1ibmf7VWgsFlJxMqThAUny0KEkkxopMkaE9o4ChTC4xrYW+lfMA042jzytsQvMUvL0P9rOxZvj0vVW7mceTIETkmp8QjF6RCrkmV1AgnKXkmr+TNeXJenHfnY9a64sxniuSPnM8fStuVMQ==</latexit><latexit sha1_base64="Q68u2x4Ebc7Duwk1Um0/tPNR4OA=">AAAB/HicbZDLSgMxFIYzXmu9Vbt0EyyCqzIjgi4LbnRX0V6gLSWTnmlDM5khOVMdhvoqblwo4tYHcefbmF4W2vpD4OM/53BOfj+WwqDrfjsrq2vrG5u5rfz2zu7efuHgsG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eDWpN0agjYjUPaYxdELWVyIQnKG1uoViG+ER/SC7i4WiD2wEZtwtlNyyOxVdBm8OJTJXtVv4avcinoSgkEtmTMtzY+xkTKPgEsb5dmIgZnzI+tCyqFgIppNNjx/TE+v0aBBp+xTSqft7ImOhMWno286Q4cAs1ibmf7VWgsFlJxMqThAUny0KEkkxopMkaE9o4ChTC4xrYW+lfMA042jzytsQvMUvL0P9rOxZvj0vVW7mceTIETkmp8QjF6RCrkmV1AgnKXkmr+TNeXJenHfnY9a64sxniuSPnM8fStuVMQ==</latexit><latexit sha1_base64="Q68u2x4Ebc7Duwk1Um0/tPNR4OA=">AAAB/HicbZDLSgMxFIYzXmu9Vbt0EyyCqzIjgi4LbnRX0V6gLSWTnmlDM5khOVMdhvoqblwo4tYHcefbmF4W2vpD4OM/53BOfj+WwqDrfjsrq2vrG5u5rfz2zu7efuHgsG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eDWpN0agjYjUPaYxdELWVyIQnKG1uoViG+ER/SC7i4WiD2wEZtwtlNyyOxVdBm8OJTJXtVv4avcinoSgkEtmTMtzY+xkTKPgEsb5dmIgZnzI+tCyqFgIppNNjx/TE+v0aBBp+xTSqft7ImOhMWno286Q4cAs1ibmf7VWgsFlJxMqThAUny0KEkkxopMkaE9o4ChTC4xrYW+lfMA042jzytsQvMUvL0P9rOxZvj0vVW7mceTIETkmp8QjF6RCrkmV1AgnKXkmr+TNeXJenHfnY9a64sxniuSPnM8fStuVMQ==</latexit>

setup
<latexit sha1_base64="UAFQehBMccMfXjO5VVZxooCO6vg=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBTSib7aRdukmW3YlYQv+GFw+KePXPePPfuG1z0NYXFh7emWFm31BJYdB1v53SxubW9k55t7K3f3B4VD0+6Zg00xzaPJWp7oXMgBQJtFGghJ7SwOJQQjecNOf17iNoI9LkAacKgpiNEhEJztBavo/whLkBzNRsUK25dXchug5eATVSqDWofvnDlGcxJMglM6bvuQqDnGkUXMKs4mcGFOMTNoK+xYTFYIJ8cfOMXlhnSKNU25cgXbi/J3IWGzONQ9sZMxyb1drc/K/WzzC6DXKRqAwh4ctFUSYppnQeAB0KDRzl1ALjWthbKR8zzTjamCo2BG/1y+vQuap7lu+va41mEUeZnJFzckk8ckMa5I60SJtwosgzeSVvTua8OO/Ox7K15BQzp+SPnM8f5/GSPQ==</latexit><latexit sha1_base64="UAFQehBMccMfXjO5VVZxooCO6vg=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBTSib7aRdukmW3YlYQv+GFw+KePXPePPfuG1z0NYXFh7emWFm31BJYdB1v53SxubW9k55t7K3f3B4VD0+6Zg00xzaPJWp7oXMgBQJtFGghJ7SwOJQQjecNOf17iNoI9LkAacKgpiNEhEJztBavo/whLkBzNRsUK25dXchug5eATVSqDWofvnDlGcxJMglM6bvuQqDnGkUXMKs4mcGFOMTNoK+xYTFYIJ8cfOMXlhnSKNU25cgXbi/J3IWGzONQ9sZMxyb1drc/K/WzzC6DXKRqAwh4ctFUSYppnQeAB0KDRzl1ALjWthbKR8zzTjamCo2BG/1y+vQuap7lu+va41mEUeZnJFzckk8ckMa5I60SJtwosgzeSVvTua8OO/Ox7K15BQzp+SPnM8f5/GSPQ==</latexit><latexit sha1_base64="UAFQehBMccMfXjO5VVZxooCO6vg=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBTSib7aRdukmW3YlYQv+GFw+KePXPePPfuG1z0NYXFh7emWFm31BJYdB1v53SxubW9k55t7K3f3B4VD0+6Zg00xzaPJWp7oXMgBQJtFGghJ7SwOJQQjecNOf17iNoI9LkAacKgpiNEhEJztBavo/whLkBzNRsUK25dXchug5eATVSqDWofvnDlGcxJMglM6bvuQqDnGkUXMKs4mcGFOMTNoK+xYTFYIJ8cfOMXlhnSKNU25cgXbi/J3IWGzONQ9sZMxyb1drc/K/WzzC6DXKRqAwh4ctFUSYppnQeAB0KDRzl1ALjWthbKR8zzTjamCo2BG/1y+vQuap7lu+va41mEUeZnJFzckk8ckMa5I60SJtwosgzeSVvTua8OO/Ox7K15BQzp+SPnM8f5/GSPQ==</latexit><latexit sha1_base64="UAFQehBMccMfXjO5VVZxooCO6vg=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBTSib7aRdukmW3YlYQv+GFw+KePXPePPfuG1z0NYXFh7emWFm31BJYdB1v53SxubW9k55t7K3f3B4VD0+6Zg00xzaPJWp7oXMgBQJtFGghJ7SwOJQQjecNOf17iNoI9LkAacKgpiNEhEJztBavo/whLkBzNRsUK25dXchug5eATVSqDWofvnDlGcxJMglM6bvuQqDnGkUXMKs4mcGFOMTNoK+xYTFYIJ8cfOMXlhnSKNU25cgXbi/J3IWGzONQ9sZMxyb1drc/K/WzzC6DXKRqAwh4ctFUSYppnQeAB0KDRzl1ALjWthbKR8zzTjamCo2BG/1y+vQuap7lu+va41mEUeZnJFzckk8ckMa5I60SJtwosgzeSVvTua8OO/Ox7K15BQzp+SPnM8f5/GSPQ==</latexit>

Spin
<latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit>

transport
<latexit sha1_base64="Ws/wh34alMCUXepfPAZVYzfV05U=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY6MVjBdsKbSib7aZdutmE3UmxhP4TLx4U8eo/8ea/cdvmoK0vLDy8M8PMvmEqhUHP+3ZKG5tb2zvl3cre/sHhkXt80jZJphlvsUQm+jGkhkuheAsFSv6Yak7jUPJOOG7M650J10Yk6gGnKQ9iOlQiEoyitfqu20P+hDlqqkyaaJz13apX8xYi6+AXUIVCzb771RskLIu5QiapMV3fSzHIqUbBJJ9VepnhKWVjOuRdi4rG3AT54vIZubDOgESJtk8hWbi/J3IaGzONQ9sZUxyZ1drc/K/WzTC6DXKh0gy5YstFUSYJJmQeAxkIzRnKqQXKtLC3EjaimjK0YVVsCP7ql9ehfVXzLd9fV+uNIo4ynME5XIIPN1CHO2hCCxhM4Ble4c3JnRfn3flYtpacYuYU/sj5/AGsT5RS</latexit><latexit sha1_base64="Ws/wh34alMCUXepfPAZVYzfV05U=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY6MVjBdsKbSib7aZdutmE3UmxhP4TLx4U8eo/8ea/cdvmoK0vLDy8M8PMvmEqhUHP+3ZKG5tb2zvl3cre/sHhkXt80jZJphlvsUQm+jGkhkuheAsFSv6Yak7jUPJOOG7M650J10Yk6gGnKQ9iOlQiEoyitfqu20P+hDlqqkyaaJz13apX8xYi6+AXUIVCzb771RskLIu5QiapMV3fSzHIqUbBJJ9VepnhKWVjOuRdi4rG3AT54vIZubDOgESJtk8hWbi/J3IaGzONQ9sZUxyZ1drc/K/WzTC6DXKh0gy5YstFUSYJJmQeAxkIzRnKqQXKtLC3EjaimjK0YVVsCP7ql9ehfVXzLd9fV+uNIo4ynME5XIIPN1CHO2hCCxhM4Ble4c3JnRfn3flYtpacYuYU/sj5/AGsT5RS</latexit><latexit sha1_base64="Ws/wh34alMCUXepfPAZVYzfV05U=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY6MVjBdsKbSib7aZdutmE3UmxhP4TLx4U8eo/8ea/cdvmoK0vLDy8M8PMvmEqhUHP+3ZKG5tb2zvl3cre/sHhkXt80jZJphlvsUQm+jGkhkuheAsFSv6Yak7jUPJOOG7M650J10Yk6gGnKQ9iOlQiEoyitfqu20P+hDlqqkyaaJz13apX8xYi6+AXUIVCzb771RskLIu5QiapMV3fSzHIqUbBJJ9VepnhKWVjOuRdi4rG3AT54vIZubDOgESJtk8hWbi/J3IaGzONQ9sZUxyZ1drc/K/WzTC6DXKh0gy5YstFUSYJJmQeAxkIzRnKqQXKtLC3EjaimjK0YVVsCP7ql9ehfVXzLd9fV+uNIo4ynME5XIIPN1CHO2hCCxhM4Ble4c3JnRfn3flYtpacYuYU/sj5/AGsT5RS</latexit><latexit sha1_base64="Ws/wh34alMCUXepfPAZVYzfV05U=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY6MVjBdsKbSib7aZdutmE3UmxhP4TLx4U8eo/8ea/cdvmoK0vLDy8M8PMvmEqhUHP+3ZKG5tb2zvl3cre/sHhkXt80jZJphlvsUQm+jGkhkuheAsFSv6Yak7jUPJOOG7M650J10Yk6gGnKQ9iOlQiEoyitfqu20P+hDlqqkyaaJz13apX8xYi6+AXUIVCzb771RskLIu5QiapMV3fSzHIqUbBJJ9VepnhKWVjOuRdi4rG3AT54vIZubDOgESJtk8hWbi/J3IaGzONQ9sZUxyZ1drc/K/WzTC6DXKh0gy5YstFUSYJJmQeAxkIzRnKqQXKtLC3EjaimjK0YVVsCP7ql9ehfVXzLd9fV+uNIo4ynME5XIIPN1CHO2hCCxhM4Ble4c3JnRfn3flYtpacYuYU/sj5/AGsT5RS</latexit>

Spin
<latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit>

quantum
<latexit sha1_base64="KK7MJ9o1saD6AFmSEkpBvYOaBjc=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFblxWsBdox5JJM21okhmTE7UMfQ83LhRx67u4821M21lo6w+Bj/+cwzn5o1RwA77/7a2srq1vbBa2its7u3v7pYPDpkmspqxBE5HodkQME1yxBnAQrJ1qRmQkWCsa1ab11gPThifqFsYpCyUZKB5zSsBZd11gT5DdW6LAykmvVPYr/kx4GYIcyihXvVf66vYTaiVTQAUxphP4KYQZ0cCpYJNi1xqWEjoiA9ZxqIhkJsxmV0/wqXP6OE60ewrwzP09kRFpzFhGrlMSGJrF2tT8r9axEF+FGVepBabofFFsBYYETyPAfa4ZBTF2QKjm7lZMh0QTCi6oogshWPzyMjTPK4Hjm4tytZbHUUDH6ASdoQBdoiq6RnXUQBRp9Ixe0Zv36L14797HvHXFy2eO0B95nz+HQZMr</latexit><latexit sha1_base64="KK7MJ9o1saD6AFmSEkpBvYOaBjc=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFblxWsBdox5JJM21okhmTE7UMfQ83LhRx67u4821M21lo6w+Bj/+cwzn5o1RwA77/7a2srq1vbBa2its7u3v7pYPDpkmspqxBE5HodkQME1yxBnAQrJ1qRmQkWCsa1ab11gPThifqFsYpCyUZKB5zSsBZd11gT5DdW6LAykmvVPYr/kx4GYIcyihXvVf66vYTaiVTQAUxphP4KYQZ0cCpYJNi1xqWEjoiA9ZxqIhkJsxmV0/wqXP6OE60ewrwzP09kRFpzFhGrlMSGJrF2tT8r9axEF+FGVepBabofFFsBYYETyPAfa4ZBTF2QKjm7lZMh0QTCi6oogshWPzyMjTPK4Hjm4tytZbHUUDH6ASdoQBdoiq6RnXUQBRp9Ixe0Zv36L14797HvHXFy2eO0B95nz+HQZMr</latexit><latexit sha1_base64="KK7MJ9o1saD6AFmSEkpBvYOaBjc=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFblxWsBdox5JJM21okhmTE7UMfQ83LhRx67u4821M21lo6w+Bj/+cwzn5o1RwA77/7a2srq1vbBa2its7u3v7pYPDpkmspqxBE5HodkQME1yxBnAQrJ1qRmQkWCsa1ab11gPThifqFsYpCyUZKB5zSsBZd11gT5DdW6LAykmvVPYr/kx4GYIcyihXvVf66vYTaiVTQAUxphP4KYQZ0cCpYJNi1xqWEjoiA9ZxqIhkJsxmV0/wqXP6OE60ewrwzP09kRFpzFhGrlMSGJrF2tT8r9axEF+FGVepBabofFFsBYYETyPAfa4ZBTF2QKjm7lZMh0QTCi6oogshWPzyMjTPK4Hjm4tytZbHUUDH6ASdoQBdoiq6RnXUQBRp9Ixe0Zv36L14797HvHXFy2eO0B95nz+HQZMr</latexit><latexit sha1_base64="KK7MJ9o1saD6AFmSEkpBvYOaBjc=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFblxWsBdox5JJM21okhmTE7UMfQ83LhRx67u4821M21lo6w+Bj/+cwzn5o1RwA77/7a2srq1vbBa2its7u3v7pYPDpkmspqxBE5HodkQME1yxBnAQrJ1qRmQkWCsa1ab11gPThifqFsYpCyUZKB5zSsBZd11gT5DdW6LAykmvVPYr/kx4GYIcyihXvVf66vYTaiVTQAUxphP4KYQZ0cCpYJNi1xqWEjoiA9ZxqIhkJsxmV0/wqXP6OE60ewrwzP09kRFpzFhGrlMSGJrF2tT8r9axEF+FGVepBabofFFsBYYETyPAfa4ZBTF2QKjm7lZMh0QTCi6oogshWPzyMjTPK4Hjm4tytZbHUUDH6ASdoQBdoiq6RnXUQBRp9Ixe0Zv36L14797HvHXFy2eO0B95nz+HQZMr</latexit>

sensor
<latexit sha1_base64="BQuaTXxW0OiSDcZ5A23szHzdxJ0=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBbSib7aRdutnE3UmxhP4OLx4U8eqP8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pGXiVHNo8ljGuhMwA1IoaKJACZ1EA4sCCe1gXJ/X2xPQRsTqAacJ+BEbKhEKztBafg/hCTMDysR61i9X3Kq7EF0HL4cKydXol796g5inESjkkhnT9dwE/YxpFFzCrNRLDSSMj9kQuhYVi8D42eLoGb2wzoCGsbZPIV24vycyFhkzjQLbGTEcmdXa3Pyv1k0xvPUzoZIUQfHlojCVFGM6T4AOhAaOcmqBcS3srZSPmGYcbU4lG4K3+uV1aF1VPcv315VaPY+jSM7IObkkHrkhNXJHGqRJOHkkz+SVvDkT58V5dz6WrQUnnzklf+R8/gCxPZKw</latexit><latexit sha1_base64="BQuaTXxW0OiSDcZ5A23szHzdxJ0=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBbSib7aRdutnE3UmxhP4OLx4U8eqP8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pGXiVHNo8ljGuhMwA1IoaKJACZ1EA4sCCe1gXJ/X2xPQRsTqAacJ+BEbKhEKztBafg/hCTMDysR61i9X3Kq7EF0HL4cKydXol796g5inESjkkhnT9dwE/YxpFFzCrNRLDSSMj9kQuhYVi8D42eLoGb2wzoCGsbZPIV24vycyFhkzjQLbGTEcmdXa3Pyv1k0xvPUzoZIUQfHlojCVFGM6T4AOhAaOcmqBcS3srZSPmGYcbU4lG4K3+uV1aF1VPcv315VaPY+jSM7IObkkHrkhNXJHGqRJOHkkz+SVvDkT58V5dz6WrQUnnzklf+R8/gCxPZKw</latexit><latexit sha1_base64="BQuaTXxW0OiSDcZ5A23szHzdxJ0=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBbSib7aRdutnE3UmxhP4OLx4U8eqP8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pGXiVHNo8ljGuhMwA1IoaKJACZ1EA4sCCe1gXJ/X2xPQRsTqAacJ+BEbKhEKztBafg/hCTMDysR61i9X3Kq7EF0HL4cKydXol796g5inESjkkhnT9dwE/YxpFFzCrNRLDSSMj9kQuhYVi8D42eLoGb2wzoCGsbZPIV24vycyFhkzjQLbGTEcmdXa3Pyv1k0xvPUzoZIUQfHlojCVFGM6T4AOhAaOcmqBcS3srZSPmGYcbU4lG4K3+uV1aF1VPcv315VaPY+jSM7IObkkHrkhNXJHGqRJOHkkz+SVvDkT58V5dz6WrQUnnzklf+R8/gCxPZKw</latexit><latexit sha1_base64="BQuaTXxW0OiSDcZ5A23szHzdxJ0=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBbSib7aRdutnE3UmxhP4OLx4U8eqP8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pGXiVHNo8ljGuhMwA1IoaKJACZ1EA4sCCe1gXJ/X2xPQRsTqAacJ+BEbKhEKztBafg/hCTMDysR61i9X3Kq7EF0HL4cKydXol796g5inESjkkhnT9dwE/YxpFFzCrNRLDSSMj9kQuhYVi8D42eLoGb2wzoCGsbZPIV24vycyFhkzjQLbGTEcmdXa3Pyv1k0xvPUzoZIUQfHlojCVFGM6T4AOhAaOcmqBcS3srZSPmGYcbU4lG4K3+uV1aF1VPcv315VaPY+jSM7IObkkHrkhNXJHGqRJOHkkz+SVvDkT58V5dz6WrQUnnzklf+R8/gCxPZKw</latexit>

oscillator
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Overview: Spin waves play a central role in this CAREER proposal. A synergy of new theoreti-
cal tools, novel materials (2D vdW insulating magnets), and experimental collaborations will
be implemented to unveil new magnetic phases. The proposal will address: the properties of
i) stacked and twisted 2D vdW materials, ii) magnetic systems driven out of equilibrium, and
iii) the interplay between non-Hermitian topology and dissipation of magnetic excitations. Ex-
perimental collaborations will involve the use of quantum spin sensors (i.e., NV centers) and
spin transport setups to characterize, respectively, the single-particle and collective magnetic
properties. Potential technological applications include: i) neuromorphic networks based on
topologically protected microwave emission of spin-torque oscillators; ii) protocols for quan-
tum entanglement relying on the interaction between NV-center spins and magnetic modes;
iii) fault-tolerant magnonic devices.

1 Topology and dissipation in magnetic systems

1.1 Background and overview

Since the discovery of the quantum Hall effect in 1980 [33], topology has become a cornerstone in
our understanding of condensed matter systems. Connecting concepts drawn from topology to
electronic, photonic, cold-atom and mechanical systems has led to the discovery of a plethora of
new phenomena and materials [34, 35, 36, 37]. As there is a strong relevance to unveil topological
phases of matter in magnets, both from a fundamental perspective and for applications, several
proposals have surfaced in the last decade. Many of them rely on spatial inhomogeneities of dipo-
lar interactions or on the presence of Dzyaloshinskii-Moriya interactions as source of nontrivial
topology [38, 39, 40, 41]. Such spin-orbit-locking interactions, however, break global spin-rotation
symmetry. Thus, these systems do not have any axis with a continuous spin-rotational symmetry,
which implies that the total number of magnons is not conserved.

To properly account for the non-conservation of magnon number, an energy non-conserving
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FIG. 1: Magnonic crystal with chiral edge modes. Periodic
array of holes is introduced into YIG, where iron (Fe) is filled
inside every hole. Chiral spin-wave edge modes are propagat-
ing along the boundary in a unidirectional way (light purple
arrow).

generic boson Hamiltonian;

Ĥ =
1

2

∑

k

[

β†
k β−k

]

·Hk ·
[

βk

β†
−k

]

, (1)

where β†
k ≡ [β†

1,k, · · · ,β
†
N,k] denote spin-wave (boson)

creation operators. Describing volume-type modes, the
operators are already Fourier-transformed in a two-
dimensional space with the periodic boundary conditions
and the wavevector k ≡ (kx, ky). N is a number of inter-
nal degrees of freedom considered within a unit cell. A
2N by 2N Hermitian matrix (Hk) stands for a bosonic
Bogoliubov-de Gennes (BdG) Hamiltonian, whose ex-
plicit form will be derived from a linearized Landau-
Lifshitz equation later. With the magnetic dipolar inter-
action, the Hamiltonian thus derived acquires not only
N by N normal parts (particle-hole channel), ak and
a∗
−k, but also N by N anomalous parts (particle-particle

channel), bk and b∗−k;

Hk ≡
[

ak bk
b∗−k a∗

−k

]

.

Such a bosonic BdG Hamiltonian is diagonalized in
terms of a para-unitary matrix Tk instead of a unitary
matrix,33

T †
k Hk Tk =

[

Ek

E−k

]

, (2)

with [γ†
k,γ−k] T

†
k = [β†

k,β−k]. Ek is a diagonal matrix,
whose diagonal element gives a dispersion relation for
respective volume-mode band. The orthogonality and
completeness of a new basis (γ-field) are derived as

T †
kσ3Tk = σ3, Tkσ3T

†
k = σ3 (3)

respectively, where a diagonal matrix σ3 takes ±1 in the
particle/hole space, i.e. [σ3]jm = δjmσj with σj = +1 for

j = 1, · · · , N and σj = −1 for j = N + 1, · · · , 2N . This
additional structure comes from the fact that the magnon
obeys the boson statistics. Each column vector encoded
in the paraunitary matrix Tk stands for (periodic part
of) Bloch wavefunction for the respective volume-mode
band.
Provided that a Hermite matrixHk is unitarily equiva-

lent to a positive-definite diagonal matrix, a para-unitary
matrix Tk which diagonalizes Hk can be obtained by
a method based on the Cholesky decomposition.33 In
the method, we first decompose Hk into a product be-
tween an upper triangle matrix Kk and its Hermite con-
jugate; Hk = K†

kKk. The unitarily positive definite-
ness of Hk always allows this decomposition and also
guarantees the existence of K−1

k . We next introduce a
unitary matrix Uk which diagonalizes a Hermite matrix
Wk ≡ Kkσ3K

†
k;

U†
kWkUk =

[

Ek

−E−k

]

.

Owing to the Sylvester’s law of inertia, both Ek and
E−k can be made positive-definite N by N diagonal ma-
trices. One can see a posteriori that these two diagonal
matrices are nothing but those in the right hand side of
Eq. (2). Namely, the following paraunitary matrix satis-
fies Eq. (3);33

Tk = K−1
k Uk

[

E
1

2

k

E
1

2

−k

]

. (4)

and it diagonalizes the Hamiltonian as;

HkTk = σ3Tk

[

Ek

−E−k

]

. (5)

The upperN byN diagonal matrix in the right hand side,
Ek, is positive definite, so that we will referred to them
as (dispersions for) ‘particle bands’, while the lower N
by N diagonal matrix, −E−k, is negative definite, whose
diagonal elements are thus referred to as (dispersion for)
‘hole bands’. Due to the trivial redundancy, σ1H

∗
kσ1 =

H−k with [σ1]jm = δ|j−m|,N , either one of these two N
by N diagonal matrices gives the full information of the
dispersions for the volume-mode bands.

B. Chern integers in bosonic BdG systems

To introduce the Chern number for the j-th volume-
mode band, let us first define a projection operator Pj in
the 2N dimensional vector space, which filters out those
bands other than the j-th volume-mode band at each
momentum point k;

Pj ≡ TkΓjσ3T
†
kσ3. (6)

Here Γj is a diagonal matrix taking +1 for the j-th di-
agonal component and zero otherwise. Eq. (3) suggests

DMI

Magnon spin non-conserving interactions with the crystalline lattice 

(and electrons, impurities, magnons, etc) are ubiquitous 

Let’s consider the simplest picture of magnetic dissipation (FM macrospin, long wavelength limit)

dS

dt
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H
<latexit sha1_base64="NOzD8cg2uUcAHsoa9cnfVisa02w=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRZ00WUF+8A2lMn0ph06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/nbX1jc2t7dJOeXdv/+CwcnTc1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkNvc7T6g0j+WDmSboR3QkecgZNVZ67EfUjIMwa8wGlapbc+cgq8QrSBUKNAeVr/4wZmmE0jBBte55bmL8jCrDmcBZuZ9qTCib0BH2LJU0Qu1n88Qzcm6VIQljZZ80ZK7+3shopPU0CuxknlAve7n4n9dLTXjjZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWxL8JZPXiXty5pn+f1VtX5X1FGCUziDC/DgGurQgCa0gIGEZ3iFN0c7L86787EYXXOKnRP4A+fzB7TlkO4=</latexit><latexit sha1_base64="NOzD8cg2uUcAHsoa9cnfVisa02w=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRZ00WUF+8A2lMn0ph06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/nbX1jc2t7dJOeXdv/+CwcnTc1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkNvc7T6g0j+WDmSboR3QkecgZNVZ67EfUjIMwa8wGlapbc+cgq8QrSBUKNAeVr/4wZmmE0jBBte55bmL8jCrDmcBZuZ9qTCib0BH2LJU0Qu1n88Qzcm6VIQljZZ80ZK7+3shopPU0CuxknlAve7n4n9dLTXjjZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWxL8JZPXiXty5pn+f1VtX5X1FGCUziDC/DgGurQgCa0gIGEZ3iFN0c7L86787EYXXOKnRP4A+fzB7TlkO4=</latexit><latexit sha1_base64="NOzD8cg2uUcAHsoa9cnfVisa02w=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRZ00WUF+8A2lMn0ph06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/nbX1jc2t7dJOeXdv/+CwcnTc1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkNvc7T6g0j+WDmSboR3QkecgZNVZ67EfUjIMwa8wGlapbc+cgq8QrSBUKNAeVr/4wZmmE0jBBte55bmL8jCrDmcBZuZ9qTCib0BH2LJU0Qu1n88Qzcm6VIQljZZ80ZK7+3shopPU0CuxknlAve7n4n9dLTXjjZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWxL8JZPXiXty5pn+f1VtX5X1FGCUziDC/DgGurQgCa0gIGEZ3iFN0c7L86787EYXXOKnRP4A+fzB7TlkO4=</latexit><latexit sha1_base64="NOzD8cg2uUcAHsoa9cnfVisa02w=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRZ00WUF+8A2lMn0ph06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/nbX1jc2t7dJOeXdv/+CwcnTc1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkNvc7T6g0j+WDmSboR3QkecgZNVZ67EfUjIMwa8wGlapbc+cgq8QrSBUKNAeVr/4wZmmE0jBBte55bmL8jCrDmcBZuZ9qTCib0BH2LJU0Qu1n88Qzcm6VIQljZZ80ZK7+3shopPU0CuxknlAve7n4n9dLTXjjZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWxL8JZPXiXty5pn+f1VtX5X1FGCUziDC/DgGurQgCa0gIGEZ3iFN0c7L86787EYXXOKnRP4A+fzB7TlkO4=</latexit>

↵S⇥ dS

dt
<latexit sha1_base64="sizoWTNqwQl9xU5yQnqCXI9LXCs=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwVRMRdFnQhcuK9gFNKZPJpB06eTBzI5aQz3Djr7hxoYjb7vwbJ2kW2nrgwuGce7n3HjcWXIFlfRuVldW19Y3qZm1re2d3z9w/6KgokZS1aSQi2XOJYoKHrA0cBOvFkpHAFazrTq5zv/vIpOJR+ADTmA0CMgq5zykBLQ3NM4eIeEywExAYu356n2EHeMAUdnxJaOo5wJ6gMLLUg2xo1q2GVQAvE7skdVSiNTRnjhfRJGAhUEGU6ttWDIOUSOBUsKzmJIrFhE7IiPU1DYnePUiLxzJ8ohUP+5HUFQIu1N8TKQmUmgau7szvV4teLv7n9RPwrwYpD+MEWEjni/xEYIhwnhL2uGQUxFQTQiXXt2I6JjoQ0FnWdAj24svLpHPesDW/u6g3b8o4qugIHaNTZKNL1ES3qIXaiKJn9Ire0YfxYrwZn8bXvLVilDOH6A+M2Q9Kn6E0</latexit><latexit sha1_base64="sizoWTNqwQl9xU5yQnqCXI9LXCs=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwVRMRdFnQhcuK9gFNKZPJpB06eTBzI5aQz3Djr7hxoYjb7vwbJ2kW2nrgwuGce7n3HjcWXIFlfRuVldW19Y3qZm1re2d3z9w/6KgokZS1aSQi2XOJYoKHrA0cBOvFkpHAFazrTq5zv/vIpOJR+ADTmA0CMgq5zykBLQ3NM4eIeEywExAYu356n2EHeMAUdnxJaOo5wJ6gMLLUg2xo1q2GVQAvE7skdVSiNTRnjhfRJGAhUEGU6ttWDIOUSOBUsKzmJIrFhE7IiPU1DYnePUiLxzJ8ohUP+5HUFQIu1N8TKQmUmgau7szvV4teLv7n9RPwrwYpD+MEWEjni/xEYIhwnhL2uGQUxFQTQiXXt2I6JjoQ0FnWdAj24svLpHPesDW/u6g3b8o4qugIHaNTZKNL1ES3qIXaiKJn9Ire0YfxYrwZn8bXvLVilDOH6A+M2Q9Kn6E0</latexit><latexit sha1_base64="sizoWTNqwQl9xU5yQnqCXI9LXCs=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwVRMRdFnQhcuK9gFNKZPJpB06eTBzI5aQz3Djr7hxoYjb7vwbJ2kW2nrgwuGce7n3HjcWXIFlfRuVldW19Y3qZm1re2d3z9w/6KgokZS1aSQi2XOJYoKHrA0cBOvFkpHAFazrTq5zv/vIpOJR+ADTmA0CMgq5zykBLQ3NM4eIeEywExAYu356n2EHeMAUdnxJaOo5wJ6gMLLUg2xo1q2GVQAvE7skdVSiNTRnjhfRJGAhUEGU6ttWDIOUSOBUsKzmJIrFhE7IiPU1DYnePUiLxzJ8ohUP+5HUFQIu1N8TKQmUmgau7szvV4teLv7n9RPwrwYpD+MEWEjni/xEYIhwnhL2uGQUxFQTQiXXt2I6JjoQ0FnWdAj24svLpHPesDW/u6g3b8o4qugIHaNTZKNL1ES3qIXaiKJn9Ire0YfxYrwZn8bXvLVilDOH6A+M2Q9Kn6E0</latexit><latexit sha1_base64="sizoWTNqwQl9xU5yQnqCXI9LXCs=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwVRMRdFnQhcuK9gFNKZPJpB06eTBzI5aQz3Djr7hxoYjb7vwbJ2kW2nrgwuGce7n3HjcWXIFlfRuVldW19Y3qZm1re2d3z9w/6KgokZS1aSQi2XOJYoKHrA0cBOvFkpHAFazrTq5zv/vIpOJR+ADTmA0CMgq5zykBLQ3NM4eIeEywExAYu356n2EHeMAUdnxJaOo5wJ6gMLLUg2xo1q2GVQAvE7skdVSiNTRnjhfRJGAhUEGU6ttWDIOUSOBUsKzmJIrFhE7IiPU1DYnePUiLxzJ8ohUP+5HUFQIu1N8TKQmUmgau7szvV4teLv7n9RPwrwYpD+MEWEjni/xEYIhwnhL2uGQUxFQTQiXXt2I6JjoQ0FnWdAj24svLpHPesDW/u6g3b8o4qugIHaNTZKNL1ES3qIXaiKJn9Ire0YfxYrwZn8bXvLVilDOH6A+M2Q9Kn6E0</latexit>

S
<latexit sha1_base64="7sVeby878+Fs2TgAv9VjIuxzAF4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCHjxWtLXYhrLZvrRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjq9x/eEKleSzvzSRBP6JDyUPOqLHSYy+iZhSE2d20X625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nks8JSdWGZAwVvZJQ2bq742MRlpPosBO5gn1opeL/3nd1ISXfsZlkhqUbP5RmApiYpKfTwZcITNiYgllitushI2ooszYkiq2BG/x5GXSPqt7lt+e1xrXRR1lOIJjOAUPLqABN9CEFjCQ8Ayv8OZo58V5dz7moyWn2DmEP3A+fwDFnJD5</latexit><latexit sha1_base64="7sVeby878+Fs2TgAv9VjIuxzAF4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCHjxWtLXYhrLZvrRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjq9x/eEKleSzvzSRBP6JDyUPOqLHSYy+iZhSE2d20X625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nks8JSdWGZAwVvZJQ2bq742MRlpPosBO5gn1opeL/3nd1ISXfsZlkhqUbP5RmApiYpKfTwZcITNiYgllitushI2ooszYkiq2BG/x5GXSPqt7lt+e1xrXRR1lOIJjOAUPLqABN9CEFjCQ8Ayv8OZo58V5dz7moyWn2DmEP3A+fwDFnJD5</latexit><latexit sha1_base64="7sVeby878+Fs2TgAv9VjIuxzAF4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCHjxWtLXYhrLZvrRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjq9x/eEKleSzvzSRBP6JDyUPOqLHSYy+iZhSE2d20X625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nks8JSdWGZAwVvZJQ2bq742MRlpPosBO5gn1opeL/3nd1ISXfsZlkhqUbP5RmApiYpKfTwZcITNiYgllitushI2ooszYkiq2BG/x5GXSPqt7lt+e1xrXRR1lOIJjOAUPLqABN9CEFjCQ8Ayv8OZo58V5dz7moyWn2DmEP3A+fwDFnJD5</latexit><latexit sha1_base64="7sVeby878+Fs2TgAv9VjIuxzAF4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCHjxWtLXYhrLZvrRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjq9x/eEKleSzvzSRBP6JDyUPOqLHSYy+iZhSE2d20X625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nks8JSdWGZAwVvZJQ2bq742MRlpPosBO5gn1opeL/3nd1ISXfsZlkhqUbP5RmApiYpKfTwZcITNiYgllitushI2ooszYkiq2BG/x5GXSPqt7lt+e1xrXRR1lOIJjOAUPLqABN9CEFjCQ8Ayv8OZo58V5dz7moyWn2DmEP3A+fwDFnJD5</latexit>

S
<latexit sha1_base64="7sVeby878+Fs2TgAv9VjIuxzAF4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCHjxWtLXYhrLZvrRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjq9x/eEKleSzvzSRBP6JDyUPOqLHSYy+iZhSE2d20X625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nks8JSdWGZAwVvZJQ2bq742MRlpPosBO5gn1opeL/3nd1ISXfsZlkhqUbP5RmApiYpKfTwZcITNiYgllitushI2ooszYkiq2BG/x5GXSPqt7lt+e1xrXRR1lOIJjOAUPLqABN9CEFjCQ8Ayv8OZo58V5dz7moyWn2DmEP3A+fwDFnJD5</latexit><latexit sha1_base64="7sVeby878+Fs2TgAv9VjIuxzAF4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCHjxWtLXYhrLZvrRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjq9x/eEKleSzvzSRBP6JDyUPOqLHSYy+iZhSE2d20X625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nks8JSdWGZAwVvZJQ2bq742MRlpPosBO5gn1opeL/3nd1ISXfsZlkhqUbP5RmApiYpKfTwZcITNiYgllitushI2ooszYkiq2BG/x5GXSPqt7lt+e1xrXRR1lOIJjOAUPLqABN9CEFjCQ8Ayv8OZo58V5dz7moyWn2DmEP3A+fwDFnJD5</latexit><latexit sha1_base64="7sVeby878+Fs2TgAv9VjIuxzAF4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCHjxWtLXYhrLZvrRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjq9x/eEKleSzvzSRBP6JDyUPOqLHSYy+iZhSE2d20X625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nks8JSdWGZAwVvZJQ2bq742MRlpPosBO5gn1opeL/3nd1ISXfsZlkhqUbP5RmApiYpKfTwZcITNiYgllitushI2ooszYkiq2BG/x5GXSPqt7lt+e1xrXRR1lOIJjOAUPLqABN9CEFjCQ8Ayv8OZo58V5dz7moyWn2DmEP3A+fwDFnJD5</latexit><latexit sha1_base64="7sVeby878+Fs2TgAv9VjIuxzAF4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCHjxWtLXYhrLZvrRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjq9x/eEKleSzvzSRBP6JDyUPOqLHSYy+iZhSE2d20X625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nks8JSdWGZAwVvZJQ2bq742MRlpPosBO5gn1opeL/3nd1ISXfsZlkhqUbP5RmApiYpKfTwZcITNiYgllitushI2ooszYkiq2BG/x5GXSPqt7lt+e1xrXRR1lOIJjOAUPLqABN9CEFjCQ8Ayv8OZo58V5dz7moyWn2DmEP3A+fwDFnJD5</latexit>

H
<latexit sha1_base64="NOzD8cg2uUcAHsoa9cnfVisa02w=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRZ00WUF+8A2lMn0ph06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/nbX1jc2t7dJOeXdv/+CwcnTc1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkNvc7T6g0j+WDmSboR3QkecgZNVZ67EfUjIMwa8wGlapbc+cgq8QrSBUKNAeVr/4wZmmE0jBBte55bmL8jCrDmcBZuZ9qTCib0BH2LJU0Qu1n88Qzcm6VIQljZZ80ZK7+3shopPU0CuxknlAve7n4n9dLTXjjZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWxL8JZPXiXty5pn+f1VtX5X1FGCUziDC/DgGurQgCa0gIGEZ3iFN0c7L86787EYXXOKnRP4A+fzB7TlkO4=</latexit><latexit sha1_base64="NOzD8cg2uUcAHsoa9cnfVisa02w=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRZ00WUF+8A2lMn0ph06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/nbX1jc2t7dJOeXdv/+CwcnTc1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkNvc7T6g0j+WDmSboR3QkecgZNVZ67EfUjIMwa8wGlapbc+cgq8QrSBUKNAeVr/4wZmmE0jBBte55bmL8jCrDmcBZuZ9qTCib0BH2LJU0Qu1n88Qzcm6VIQljZZ80ZK7+3shopPU0CuxknlAve7n4n9dLTXjjZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWxL8JZPXiXty5pn+f1VtX5X1FGCUziDC/DgGurQgCa0gIGEZ3iFN0c7L86787EYXXOKnRP4A+fzB7TlkO4=</latexit><latexit sha1_base64="NOzD8cg2uUcAHsoa9cnfVisa02w=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRZ00WUF+8A2lMn0ph06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/nbX1jc2t7dJOeXdv/+CwcnTc1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkNvc7T6g0j+WDmSboR3QkecgZNVZ67EfUjIMwa8wGlapbc+cgq8QrSBUKNAeVr/4wZmmE0jBBte55bmL8jCrDmcBZuZ9qTCib0BH2LJU0Qu1n88Qzcm6VIQljZZ80ZK7+3shopPU0CuxknlAve7n4n9dLTXjjZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWxL8JZPXiXty5pn+f1VtX5X1FGCUziDC/DgGurQgCa0gIGEZ3iFN0c7L86787EYXXOKnRP4A+fzB7TlkO4=</latexit><latexit sha1_base64="NOzD8cg2uUcAHsoa9cnfVisa02w=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRZ00WUF+8A2lMn0ph06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/nbX1jc2t7dJOeXdv/+CwcnTc1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkNvc7T6g0j+WDmSboR3QkecgZNVZ67EfUjIMwa8wGlapbc+cgq8QrSBUKNAeVr/4wZmmE0jBBte55bmL8jCrDmcBZuZ9qTCib0BH2LJU0Qu1n88Qzcm6VIQljZZ80ZK7+3shopPU0CuxknlAve7n4n9dLTXjjZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWxL8JZPXiXty5pn+f1VtX5X1FGCUziDC/DgGurQgCa0gIGEZ3iFN0c7L86787EYXXOKnRP4A+fzB7TlkO4=</latexit>

dS

dt
<latexit sha1_base64="iocAdnabUNlr3lEW7u7/s2Rs81U=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclEUGXBV24rGgv0IYymUzaoZNJmDkRS8zCV3HjQhG3voY738Zpm4W2/jDw8Z9zOGd+PxFcg+N8W6Wl5ZXVtfJ6ZWNza3vH3t1r6ThVlDVpLGLV8YlmgkvWBA6CdRLFSOQL1vZHl5N6+54pzWN5B+OEeREZSB5ySsBYffugFypCs6AH7AH8MLvN8yyAvG9XnZozFV4Et4AqKtTo21+9IKZpxCRQQbTuuk4CXkYUcCpYXumlmiWEjsiAdQ1KEjHtZdP7c3xsnACHsTJPAp66vycyEmk9jnzTGREY6vnaxPyv1k0hvPAyLpMUmKSzRWEqMMR4EgYOuGIUxNgAoYqbWzEdEhMImMgqJgR3/suL0DqtuYZvzqr1qyKOMjpER+gEuegc1dE1aqAmougRPaNX9GY9WS/Wu/Uxay1Zxcw++iPr8wc7j5bh</latexit><latexit sha1_base64="iocAdnabUNlr3lEW7u7/s2Rs81U=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclEUGXBV24rGgv0IYymUzaoZNJmDkRS8zCV3HjQhG3voY738Zpm4W2/jDw8Z9zOGd+PxFcg+N8W6Wl5ZXVtfJ6ZWNza3vH3t1r6ThVlDVpLGLV8YlmgkvWBA6CdRLFSOQL1vZHl5N6+54pzWN5B+OEeREZSB5ySsBYffugFypCs6AH7AH8MLvN8yyAvG9XnZozFV4Et4AqKtTo21+9IKZpxCRQQbTuuk4CXkYUcCpYXumlmiWEjsiAdQ1KEjHtZdP7c3xsnACHsTJPAp66vycyEmk9jnzTGREY6vnaxPyv1k0hvPAyLpMUmKSzRWEqMMR4EgYOuGIUxNgAoYqbWzEdEhMImMgqJgR3/suL0DqtuYZvzqr1qyKOMjpER+gEuegc1dE1aqAmougRPaNX9GY9WS/Wu/Uxay1Zxcw++iPr8wc7j5bh</latexit><latexit sha1_base64="iocAdnabUNlr3lEW7u7/s2Rs81U=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclEUGXBV24rGgv0IYymUzaoZNJmDkRS8zCV3HjQhG3voY738Zpm4W2/jDw8Z9zOGd+PxFcg+N8W6Wl5ZXVtfJ6ZWNza3vH3t1r6ThVlDVpLGLV8YlmgkvWBA6CdRLFSOQL1vZHl5N6+54pzWN5B+OEeREZSB5ySsBYffugFypCs6AH7AH8MLvN8yyAvG9XnZozFV4Et4AqKtTo21+9IKZpxCRQQbTuuk4CXkYUcCpYXumlmiWEjsiAdQ1KEjHtZdP7c3xsnACHsTJPAp66vycyEmk9jnzTGREY6vnaxPyv1k0hvPAyLpMUmKSzRWEqMMR4EgYOuGIUxNgAoYqbWzEdEhMImMgqJgR3/suL0DqtuYZvzqr1qyKOMjpER+gEuegc1dE1aqAmougRPaNX9GY9WS/Wu/Uxay1Zxcw++iPr8wc7j5bh</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="H4SLwQ74307G1PODXtSg1Sw7f0c=">AAAB9HicbZA7T8MwFIVvyquUAoGBhSWiQmKqEhYYkVgYi6APqYkqx3Faq44T2TeIKmTgr7AwgBC/hY1/g/sYoOVIlj6dY+tenzATXKPrfluVtfWNza3qdm2nvru3bx/UOzrNFWVtmopU9UKimeCStZGjYL1MMZKEgnXD8fU07z4wpXkq73GSsSAhQ8ljTgkaa2Af+bEitIh8ZI8YxsVdWRYRlgO74TbdmZxV8BbQgIVaA/vLj1KaJ0wiFUTrvudmGBREIaeClTU/1ywjdEyGrG9QkoTpoJjtXzqnxomcOFXmSHRm7u8XBUm0niShuZkQHOnlbGr+l/VzjC+DgsssRybpfFCcCwdTZ1qGE3HFKIqJAUIVN7s6dERMIWgqq5kSvOUvr0LnvOkZvnWhCsdwAmfgwQVcwQ20oA0UnuAF3uDderZerY95XRVr0dsh/JH1+QO9oZV1</latexit><latexit sha1_base64="H4SLwQ74307G1PODXtSg1Sw7f0c=">AAAB9HicbZA7T8MwFIVvyquUAoGBhSWiQmKqEhYYkVgYi6APqYkqx3Faq44T2TeIKmTgr7AwgBC/hY1/g/sYoOVIlj6dY+tenzATXKPrfluVtfWNza3qdm2nvru3bx/UOzrNFWVtmopU9UKimeCStZGjYL1MMZKEgnXD8fU07z4wpXkq73GSsSAhQ8ljTgkaa2Af+bEitIh8ZI8YxsVdWRYRlgO74TbdmZxV8BbQgIVaA/vLj1KaJ0wiFUTrvudmGBREIaeClTU/1ywjdEyGrG9QkoTpoJjtXzqnxomcOFXmSHRm7u8XBUm0niShuZkQHOnlbGr+l/VzjC+DgsssRybpfFCcCwdTZ1qGE3HFKIqJAUIVN7s6dERMIWgqq5kSvOUvr0LnvOkZvnWhCsdwAmfgwQVcwQ20oA0UnuAF3uDderZerY95XRVr0dsh/JH1+QO9oZV1</latexit><latexit sha1_base64="zlwdwCTSFMqIeU3xiClPBzcTFfQ=">AAAB/3icbZC9TsMwFIWd8lfKXwCJhcWiQmKqEhYYK8HAWARtkZqochynteo4kX2DqEIGXoWFAYRYeQ023ga3zQAtR7L06dx7da9PkAquwXG+rcrS8srqWnW9trG5tb1j7+51dJIpyto0EYm6C4hmgkvWBg6C3aWKkTgQrBuMLib17j1TmifyFsYp82MykDzilICx+vaBFylC89AD9gBBlN8URR5C0bfrTsOZCi+CW0IdlWr17S8vTGgWMwlUEK17rpOCnxMFnApW1LxMs5TQERmwnkFJYqb9fHp/gY+NE+IoUeZJwFP390ROYq3HcWA6YwJDPV+bmP/VehlE537OZZoBk3S2KMoEhgRPwsAhV4yCGBsgVHFzK6ZDYgIBE1nNhODOf3kROqcN1/C1U29elnFU0SE6QifIRWeoia5QC7URRY/oGb2iN+vJerHerY9Za8UqZ/bRH1mfPzpPlt0=</latexit><latexit sha1_base64="iocAdnabUNlr3lEW7u7/s2Rs81U=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclEUGXBV24rGgv0IYymUzaoZNJmDkRS8zCV3HjQhG3voY738Zpm4W2/jDw8Z9zOGd+PxFcg+N8W6Wl5ZXVtfJ6ZWNza3vH3t1r6ThVlDVpLGLV8YlmgkvWBA6CdRLFSOQL1vZHl5N6+54pzWN5B+OEeREZSB5ySsBYffugFypCs6AH7AH8MLvN8yyAvG9XnZozFV4Et4AqKtTo21+9IKZpxCRQQbTuuk4CXkYUcCpYXumlmiWEjsiAdQ1KEjHtZdP7c3xsnACHsTJPAp66vycyEmk9jnzTGREY6vnaxPyv1k0hvPAyLpMUmKSzRWEqMMR4EgYOuGIUxNgAoYqbWzEdEhMImMgqJgR3/suL0DqtuYZvzqr1qyKOMjpER+gEuegc1dE1aqAmougRPaNX9GY9WS/Wu/Uxay1Zxcw++iPr8wc7j5bh</latexit><latexit sha1_base64="iocAdnabUNlr3lEW7u7/s2Rs81U=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclEUGXBV24rGgv0IYymUzaoZNJmDkRS8zCV3HjQhG3voY738Zpm4W2/jDw8Z9zOGd+PxFcg+N8W6Wl5ZXVtfJ6ZWNza3vH3t1r6ThVlDVpLGLV8YlmgkvWBA6CdRLFSOQL1vZHl5N6+54pzWN5B+OEeREZSB5ySsBYffugFypCs6AH7AH8MLvN8yyAvG9XnZozFV4Et4AqKtTo21+9IKZpxCRQQbTuuk4CXkYUcCpYXumlmiWEjsiAdQ1KEjHtZdP7c3xsnACHsTJPAp66vycyEmk9jnzTGREY6vnaxPyv1k0hvPAyLpMUmKSzRWEqMMR4EgYOuGIUxNgAoYqbWzEdEhMImMgqJgR3/suL0DqtuYZvzqr1qyKOMjpER+gEuegc1dE1aqAmougRPaNX9GY9WS/Wu/Uxay1Zxcw++iPr8wc7j5bh</latexit><latexit sha1_base64="iocAdnabUNlr3lEW7u7/s2Rs81U=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclEUGXBV24rGgv0IYymUzaoZNJmDkRS8zCV3HjQhG3voY738Zpm4W2/jDw8Z9zOGd+PxFcg+N8W6Wl5ZXVtfJ6ZWNza3vH3t1r6ThVlDVpLGLV8YlmgkvWBA6CdRLFSOQL1vZHl5N6+54pzWN5B+OEeREZSB5ySsBYffugFypCs6AH7AH8MLvN8yyAvG9XnZozFV4Et4AqKtTo21+9IKZpxCRQQbTuuk4CXkYUcCpYXumlmiWEjsiAdQ1KEjHtZdP7c3xsnACHsTJPAp66vycyEmk9jnzTGREY6vnaxPyv1k0hvPAyLpMUmKSzRWEqMMR4EgYOuGIUxNgAoYqbWzEdEhMImMgqJgR3/suL0DqtuYZvzqr1qyKOMjpER+gEuegc1dE1aqAmougRPaNX9GY9WS/Wu/Uxay1Zxcw++iPr8wc7j5bh</latexit><latexit sha1_base64="iocAdnabUNlr3lEW7u7/s2Rs81U=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclEUGXBV24rGgv0IYymUzaoZNJmDkRS8zCV3HjQhG3voY738Zpm4W2/jDw8Z9zOGd+PxFcg+N8W6Wl5ZXVtfJ6ZWNza3vH3t1r6ThVlDVpLGLV8YlmgkvWBA6CdRLFSOQL1vZHl5N6+54pzWN5B+OEeREZSB5ySsBYffugFypCs6AH7AH8MLvN8yyAvG9XnZozFV4Et4AqKtTo21+9IKZpxCRQQbTuuk4CXkYUcCpYXumlmiWEjsiAdQ1KEjHtZdP7c3xsnACHsTJPAp66vycyEmk9jnzTGREY6vnaxPyv1k0hvPAyLpMUmKSzRWEqMMR4EgYOuGIUxNgAoYqbWzEdEhMImMgqJgR3/suL0DqtuYZvzqr1qyKOMjpER+gEuegc1dE1aqAmougRPaNX9GY9WS/Wu/Uxay1Zxcw++iPr8wc7j5bh</latexit><latexit sha1_base64="iocAdnabUNlr3lEW7u7/s2Rs81U=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclEUGXBV24rGgv0IYymUzaoZNJmDkRS8zCV3HjQhG3voY738Zpm4W2/jDw8Z9zOGd+PxFcg+N8W6Wl5ZXVtfJ6ZWNza3vH3t1r6ThVlDVpLGLV8YlmgkvWBA6CdRLFSOQL1vZHl5N6+54pzWN5B+OEeREZSB5ySsBYffugFypCs6AH7AH8MLvN8yyAvG9XnZozFV4Et4AqKtTo21+9IKZpxCRQQbTuuk4CXkYUcCpYXumlmiWEjsiAdQ1KEjHtZdP7c3xsnACHsTJPAp66vycyEmk9jnzTGREY6vnaxPyv1k0hvPAyLpMUmKSzRWEqMMR4EgYOuGIUxNgAoYqbWzEdEhMImMgqJgR3/suL0DqtuYZvzqr1qyKOMjpER+gEuegc1dE1aqAmougRPaNX9GY9WS/Wu/Uxay1Zxcw++iPr8wc7j5bh</latexit><latexit sha1_base64="iocAdnabUNlr3lEW7u7/s2Rs81U=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclEUGXBV24rGgv0IYymUzaoZNJmDkRS8zCV3HjQhG3voY738Zpm4W2/jDw8Z9zOGd+PxFcg+N8W6Wl5ZXVtfJ6ZWNza3vH3t1r6ThVlDVpLGLV8YlmgkvWBA6CdRLFSOQL1vZHl5N6+54pzWN5B+OEeREZSB5ySsBYffugFypCs6AH7AH8MLvN8yyAvG9XnZozFV4Et4AqKtTo21+9IKZpxCRQQbTuuk4CXkYUcCpYXumlmiWEjsiAdQ1KEjHtZdP7c3xsnACHsTJPAp66vycyEmk9jnzTGREY6vnaxPyv1k0hvPAyLpMUmKSzRWEqMMR4EgYOuGIUxNgAoYqbWzEdEhMImMgqJgR3/suL0DqtuYZvzqr1qyKOMjpER+gEuegc1dE1aqAmougRPaNX9GY9WS/Wu/Uxay1Zxcw++iPr8wc7j5bh</latexit>

dS

dt
= �S⇥H+ ↵S⇥ dS

dt
<latexit sha1_base64="UDtxPi3CVIwbFWs6STpk6aq4Ns0=">AAACT3icbZFNS8NAEIY38autX1WPXhaLIIglEUEvQkEPPVa0ttCEstls2qWbD3YnQgn5h1705t/w4kERtzWith1YeHhndmb2XS8RXIFlvRjm0vLK6lqpXFnf2Nzaru7s3qs4lZS1aSxi2fWIYoJHrA0cBOsmkpHQE6zjja4m+c4Dk4rH0R2ME+aGZBDxgFMCWupXAyeQhGa+ExIYekF2m+eZD/nlya+AHeAhU/hHaeb4GDtEJEOCF1Qt7Nev1qy6NQ08D3YBNVREq199dvyYpiGLgAqiVM+2EnAzIoFTwfKKkyqWEDoiA9bTGBE9282mfuT4UCs+DmKpTwR4qv69kZFQqXHo6crJmmo2NxEX5XopBBduxqMkBRbR70FBKjDEeGIu9rlkFMRYA6GS610xHRJtCOgvqGgT7Nknz8P9ad3WfHNWa1wXdpTQPjpAR8hG56iBmqiF2oiiR/SK3tGH8WS8GZ9mUWoaBeyhf2GWvwAD5rY4</latexit><latexit sha1_base64="UDtxPi3CVIwbFWs6STpk6aq4Ns0=">AAACT3icbZFNS8NAEIY38autX1WPXhaLIIglEUEvQkEPPVa0ttCEstls2qWbD3YnQgn5h1705t/w4kERtzWith1YeHhndmb2XS8RXIFlvRjm0vLK6lqpXFnf2Nzaru7s3qs4lZS1aSxi2fWIYoJHrA0cBOsmkpHQE6zjja4m+c4Dk4rH0R2ME+aGZBDxgFMCWupXAyeQhGa+ExIYekF2m+eZD/nlya+AHeAhU/hHaeb4GDtEJEOCF1Qt7Nev1qy6NQ08D3YBNVREq199dvyYpiGLgAqiVM+2EnAzIoFTwfKKkyqWEDoiA9bTGBE9282mfuT4UCs+DmKpTwR4qv69kZFQqXHo6crJmmo2NxEX5XopBBduxqMkBRbR70FBKjDEeGIu9rlkFMRYA6GS610xHRJtCOgvqGgT7Nknz8P9ad3WfHNWa1wXdpTQPjpAR8hG56iBmqiF2oiiR/SK3tGH8WS8GZ9mUWoaBeyhf2GWvwAD5rY4</latexit><latexit sha1_base64="UDtxPi3CVIwbFWs6STpk6aq4Ns0=">AAACT3icbZFNS8NAEIY38autX1WPXhaLIIglEUEvQkEPPVa0ttCEstls2qWbD3YnQgn5h1705t/w4kERtzWith1YeHhndmb2XS8RXIFlvRjm0vLK6lqpXFnf2Nzaru7s3qs4lZS1aSxi2fWIYoJHrA0cBOsmkpHQE6zjja4m+c4Dk4rH0R2ME+aGZBDxgFMCWupXAyeQhGa+ExIYekF2m+eZD/nlya+AHeAhU/hHaeb4GDtEJEOCF1Qt7Nev1qy6NQ08D3YBNVREq199dvyYpiGLgAqiVM+2EnAzIoFTwfKKkyqWEDoiA9bTGBE9282mfuT4UCs+DmKpTwR4qv69kZFQqXHo6crJmmo2NxEX5XopBBduxqMkBRbR70FBKjDEeGIu9rlkFMRYA6GS610xHRJtCOgvqGgT7Nknz8P9ad3WfHNWa1wXdpTQPjpAR8hG56iBmqiF2oiiR/SK3tGH8WS8GZ9mUWoaBeyhf2GWvwAD5rY4</latexit><latexit sha1_base64="UDtxPi3CVIwbFWs6STpk6aq4Ns0=">AAACT3icbZFNS8NAEIY38autX1WPXhaLIIglEUEvQkEPPVa0ttCEstls2qWbD3YnQgn5h1705t/w4kERtzWith1YeHhndmb2XS8RXIFlvRjm0vLK6lqpXFnf2Nzaru7s3qs4lZS1aSxi2fWIYoJHrA0cBOsmkpHQE6zjja4m+c4Dk4rH0R2ME+aGZBDxgFMCWupXAyeQhGa+ExIYekF2m+eZD/nlya+AHeAhU/hHaeb4GDtEJEOCF1Qt7Nev1qy6NQ08D3YBNVREq199dvyYpiGLgAqiVM+2EnAzIoFTwfKKkyqWEDoiA9bTGBE9282mfuT4UCs+DmKpTwR4qv69kZFQqXHo6crJmmo2NxEX5XopBBduxqMkBRbR70FBKjDEeGIu9rlkFMRYA6GS610xHRJtCOgvqGgT7Nknz8P9ad3WfHNWa1wXdpTQPjpAR8hG56iBmqiF2oiiR/SK3tGH8WS8GZ9mUWoaBeyhf2GWvwAD5rY4</latexit>

LLG equation:

+ linearization and Holstein-Primakoff

H / �i↵ a†a
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leads to a robust asymmetric jump to a final state that is different
for a clockwise and a counterclockwise loop. The resulting
asymmetric transmission is a result of the breakdown of the
adiabaticity. Topological operations close to an EP—that is,
performed in a closed circuit irrespective of its precise geometry
—thus achieve certain goals depending solely on whether the
encircling is adiabatic or non-adiabatic in nature. This topological
energy transport around an EP has been experimentally verified
in a microwave cavity experiment4, a designed waveguide
structure5 and an optomechanical setup6 (among others) and
may find applications in quantum control and switching.

Dirac points in topological photonics. Hermitian photonics
crystals or waveguide arrays can be engineered to possess a dif-
ferent type of degeneracy: a Dirac point, that is, a linear band
crossing point in the Brillouin zone where the conduction and
valence bands touch each other (Fig. 1b). The Dirac point can
separate distinct topological phases and mark the creation or
annihilation of gapless edge modes1,7, but trivial Dirac points
without a topological transition also exist.

In a topological insulator, gapless edge modes are protected by
time-reversal and crystal symmetry, and the band structure of a
topological insulator is topologically distinct from that of a
conventional insulator. The Hamiltonians describing this band
structures cannot be deformed smoothly into each other without
closing the energy gap at the degeneracy, in the same topological
manner as a Möbius strip cannot be deformed into a hollow
cylinder without cutting the surface. The topological phases can
be characterized by the Chern number C, which is a topological

quantum number. It is defined by the Berry phase equal to 2πC,
which can be calculated by considering the integral of the Berry
curvature around a band degeneracy over a closed manifold in the
Brillion zone. Because the Chern number is insensitive to the
local geometry of the manifold, states at an interface of two
topologically distinct materials (characterized by different Chern
numbers), can propagate undisturbed, even in the presence of
disorder.

Despite the striking similarities between non-Hermitian and
topological photonics, for instance—both have degeneracies and
non-vanishing Berry phase—the two have a few characteristics
that set them apart: firstly, the modes become parallel at an EP,
whereas they remain linearly orthogonal at a Dirac point;
secondly, the Dirac point manifests robust interface states—a
topological consequence very different from the adiabatic state
flipping at an EP. Nevertheless, the similarity between the two
types of degeneracies has recently been revealed by a complex
perturbation, in terms of radiation loss, to an otherwise
conservative photonic crystal slab. The perturbation forces the
Dirac point to bifurcate in a continuous ring of EPs, forming an
exceptional ring in reciprocal space8.

Combining non-Hermitian and topological photonics. The
dichotomy and similarity between topological characters of a
non-Hermitian EP and a Hermitian band degeneracy leads to a
natural question: what benefits can be harvested from the inter-
play between optical non-Hermiticity and topological physics? A
straightforward answer is that the efficient manipulation of gain
and loss using non-Hermiticity can selectively enhance the
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Fig. 1 The topology of exceptional point and Dirac point degeneracies. A generic photonic non-Hermitian system is composed of coupled gain and loss
materials such as ring resonators (inset of a). An exceptional point (EP) can appear in the frequency spectrum of such a system at some critical values of
the coupling and the gain/loss coefficient. The topological properties of a second-order EP are best understood by two Riemann surfaces (shown in blue
and brown colours) connected at the square root branch point. The two surfaces represent two eigenfrequencies with complex values. An encircling of the
EP can be induced by suitable parameter changes. Starting on the upper surface, one ends up on the lower surface after one round and vice versa (the
states move smoothly from one surface to the other). Encircling twice brings one back to the initial point, but the modes acquire a π-Berry phase; after 4
cycles, the modes return to their starting phases. For a non-adiabatic encircling, the states suddenly jump from one surface to the other, leading to different
final states depending on the direction of encircling (not shown). A schematic of a topological band structure near the Dirac point degeneracy is shown in
(b). The Berry phase, calculated over a closed loop in the Brillion zone, is related to the topological invariant, known as the Chern number. The gapless edge
mode (red dashed line) connects the conduction and valence band. Such an edge state propagates along the interfaces formed by topologically different
materials (see red line in the inset). Between the panels, we schematically point out the fundamental degeneracies associated with non-Hermitian and
topological photonics
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leads to a robust asymmetric jump to a final state that is different
for a clockwise and a counterclockwise loop. The resulting
asymmetric transmission is a result of the breakdown of the
adiabaticity. Topological operations close to an EP—that is,
performed in a closed circuit irrespective of its precise geometry
—thus achieve certain goals depending solely on whether the
encircling is adiabatic or non-adiabatic in nature. This topological
energy transport around an EP has been experimentally verified
in a microwave cavity experiment4, a designed waveguide
structure5 and an optomechanical setup6 (among others) and
may find applications in quantum control and switching.

Dirac points in topological photonics. Hermitian photonics
crystals or waveguide arrays can be engineered to possess a dif-
ferent type of degeneracy: a Dirac point, that is, a linear band
crossing point in the Brillouin zone where the conduction and
valence bands touch each other (Fig. 1b). The Dirac point can
separate distinct topological phases and mark the creation or
annihilation of gapless edge modes1,7, but trivial Dirac points
without a topological transition also exist.

In a topological insulator, gapless edge modes are protected by
time-reversal and crystal symmetry, and the band structure of a
topological insulator is topologically distinct from that of a
conventional insulator. The Hamiltonians describing this band
structures cannot be deformed smoothly into each other without
closing the energy gap at the degeneracy, in the same topological
manner as a Möbius strip cannot be deformed into a hollow
cylinder without cutting the surface. The topological phases can
be characterized by the Chern number C, which is a topological

quantum number. It is defined by the Berry phase equal to 2πC,
which can be calculated by considering the integral of the Berry
curvature around a band degeneracy over a closed manifold in the
Brillion zone. Because the Chern number is insensitive to the
local geometry of the manifold, states at an interface of two
topologically distinct materials (characterized by different Chern
numbers), can propagate undisturbed, even in the presence of
disorder.

Despite the striking similarities between non-Hermitian and
topological photonics, for instance—both have degeneracies and
non-vanishing Berry phase—the two have a few characteristics
that set them apart: firstly, the modes become parallel at an EP,
whereas they remain linearly orthogonal at a Dirac point;
secondly, the Dirac point manifests robust interface states—a
topological consequence very different from the adiabatic state
flipping at an EP. Nevertheless, the similarity between the two
types of degeneracies has recently been revealed by a complex
perturbation, in terms of radiation loss, to an otherwise
conservative photonic crystal slab. The perturbation forces the
Dirac point to bifurcate in a continuous ring of EPs, forming an
exceptional ring in reciprocal space8.

Combining non-Hermitian and topological photonics. The
dichotomy and similarity between topological characters of a
non-Hermitian EP and a Hermitian band degeneracy leads to a
natural question: what benefits can be harvested from the inter-
play between optical non-Hermiticity and topological physics? A
straightforward answer is that the efficient manipulation of gain
and loss using non-Hermiticity can selectively enhance the
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Fig. 1 The topology of exceptional point and Dirac point degeneracies. A generic photonic non-Hermitian system is composed of coupled gain and loss
materials such as ring resonators (inset of a). An exceptional point (EP) can appear in the frequency spectrum of such a system at some critical values of
the coupling and the gain/loss coefficient. The topological properties of a second-order EP are best understood by two Riemann surfaces (shown in blue
and brown colours) connected at the square root branch point. The two surfaces represent two eigenfrequencies with complex values. An encircling of the
EP can be induced by suitable parameter changes. Starting on the upper surface, one ends up on the lower surface after one round and vice versa (the
states move smoothly from one surface to the other). Encircling twice brings one back to the initial point, but the modes acquire a π-Berry phase; after 4
cycles, the modes return to their starting phases. For a non-adiabatic encircling, the states suddenly jump from one surface to the other, leading to different
final states depending on the direction of encircling (not shown). A schematic of a topological band structure near the Dirac point degeneracy is shown in
(b). The Berry phase, calculated over a closed loop in the Brillion zone, is related to the topological invariant, known as the Chern number. The gapless edge
mode (red dashed line) connects the conduction and valence band. Such an edge state propagates along the interfaces formed by topologically different
materials (see red line in the inset). Between the panels, we schematically point out the fundamental degeneracies associated with non-Hermitian and
topological photonics
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<latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit> Input

<latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit>

Output
<latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit>

Input
<latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit>

YIG
<latexit sha1_base64="nQ3s65BukjoeFnMuRYL4R61+nxU=">AAAB8XicbZC7SgNBFIZn4y3GW9TSZjAIVmFXBC0sAhZqF8FcNFnC7ORsMmR2dpk5K4Ylb2FjoYitb2Pn2zi5FJr4w8DHf85hzvmDRAqDrvvt5JaWV1bX8uuFjc2t7Z3i7l7dxKnmUOOxjHUzYAakUFBDgRKaiQYWBRIaweByXG88gjYiVnc4TMCPWE+JUHCG1npoIzxhdn9zNeoUS27ZnYgugjeDEpmp2il+tbsxTyNQyCUzpuW5CfoZ0yi4hFGhnRpIGB+wHrQsKhaB8bPJxiN6ZJ0uDWNtn0I6cX9PZCwyZhgFtjNi2DfztbH5X62VYnjuZ0IlKYLi04/CVFKM6fh82hUaOMqhBca1sLtS3meacbQhFWwI3vzJi1A/KXuWb09LlYtZHHlyQA7JMfHIGamQa1IlNcKJIs/klbw5xnlx3p2PaWvOmc3skz9yPn8AoM2Q2g==</latexit><latexit sha1_base64="nQ3s65BukjoeFnMuRYL4R61+nxU=">AAAB8XicbZC7SgNBFIZn4y3GW9TSZjAIVmFXBC0sAhZqF8FcNFnC7ORsMmR2dpk5K4Ylb2FjoYitb2Pn2zi5FJr4w8DHf85hzvmDRAqDrvvt5JaWV1bX8uuFjc2t7Z3i7l7dxKnmUOOxjHUzYAakUFBDgRKaiQYWBRIaweByXG88gjYiVnc4TMCPWE+JUHCG1npoIzxhdn9zNeoUS27ZnYgugjeDEpmp2il+tbsxTyNQyCUzpuW5CfoZ0yi4hFGhnRpIGB+wHrQsKhaB8bPJxiN6ZJ0uDWNtn0I6cX9PZCwyZhgFtjNi2DfztbH5X62VYnjuZ0IlKYLi04/CVFKM6fh82hUaOMqhBca1sLtS3meacbQhFWwI3vzJi1A/KXuWb09LlYtZHHlyQA7JMfHIGamQa1IlNcKJIs/klbw5xnlx3p2PaWvOmc3skz9yPn8AoM2Q2g==</latexit><latexit sha1_base64="nQ3s65BukjoeFnMuRYL4R61+nxU=">AAAB8XicbZC7SgNBFIZn4y3GW9TSZjAIVmFXBC0sAhZqF8FcNFnC7ORsMmR2dpk5K4Ylb2FjoYitb2Pn2zi5FJr4w8DHf85hzvmDRAqDrvvt5JaWV1bX8uuFjc2t7Z3i7l7dxKnmUOOxjHUzYAakUFBDgRKaiQYWBRIaweByXG88gjYiVnc4TMCPWE+JUHCG1npoIzxhdn9zNeoUS27ZnYgugjeDEpmp2il+tbsxTyNQyCUzpuW5CfoZ0yi4hFGhnRpIGB+wHrQsKhaB8bPJxiN6ZJ0uDWNtn0I6cX9PZCwyZhgFtjNi2DfztbH5X62VYnjuZ0IlKYLi04/CVFKM6fh82hUaOMqhBca1sLtS3meacbQhFWwI3vzJi1A/KXuWb09LlYtZHHlyQA7JMfHIGamQa1IlNcKJIs/klbw5xnlx3p2PaWvOmc3skz9yPn8AoM2Q2g==</latexit><latexit sha1_base64="nQ3s65BukjoeFnMuRYL4R61+nxU=">AAAB8XicbZC7SgNBFIZn4y3GW9TSZjAIVmFXBC0sAhZqF8FcNFnC7ORsMmR2dpk5K4Ylb2FjoYitb2Pn2zi5FJr4w8DHf85hzvmDRAqDrvvt5JaWV1bX8uuFjc2t7Z3i7l7dxKnmUOOxjHUzYAakUFBDgRKaiQYWBRIaweByXG88gjYiVnc4TMCPWE+JUHCG1npoIzxhdn9zNeoUS27ZnYgugjeDEpmp2il+tbsxTyNQyCUzpuW5CfoZ0yi4hFGhnRpIGB+wHrQsKhaB8bPJxiN6ZJ0uDWNtn0I6cX9PZCwyZhgFtjNi2DfztbH5X62VYnjuZ0IlKYLi04/CVFKM6fh82hUaOMqhBca1sLtS3meacbQhFWwI3vzJi1A/KXuWb09LlYtZHHlyQA7JMfHIGamQa1IlNcKJIs/klbw5xnlx3p2PaWvOmc3skz9yPn8AoM2Q2g==</latexit>

Field
<latexit sha1_base64="M6yr/8CqTYOL/69EwhfKH9WcAnw=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSERRPBUE8VrC10ISy2UzbpZtN2J2IJfRvePGgiFf/jDf/jds2B219YeHhnRlm9g1TKQy67rdTWlldW98ob1a2tnd296r7B22TZJpDiycy0Z2QGZBCQQsFSuikGlgcSngIR9fT+sMjaCMSdY/jFIKYDZToC87QWr6P8IT5jQAZTXrVmlt3Z6LL4BVQI4WaveqXHyU8i0Ehl8yYruemGORMo+ASJhU/M5AyPmID6FpULAYT5LObJ/TEOhHtJ9o+hXTm/p7IWWzMOA5tZ8xwaBZrU/O/WjfD/mWQC5VmCIrPF/UzSTGh0wBoJDRwlGMLjGthb6V8yDTjaGOq2BC8xS8vQ/us7lm+O681roo4yuSIHJNT4pEL0iC3pElahJOUPJNX8uZkzovz7nzMW0tOMXNI/sj5/AFvbJHn</latexit><latexit sha1_base64="M6yr/8CqTYOL/69EwhfKH9WcAnw=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSERRPBUE8VrC10ISy2UzbpZtN2J2IJfRvePGgiFf/jDf/jds2B219YeHhnRlm9g1TKQy67rdTWlldW98ob1a2tnd296r7B22TZJpDiycy0Z2QGZBCQQsFSuikGlgcSngIR9fT+sMjaCMSdY/jFIKYDZToC87QWr6P8IT5jQAZTXrVmlt3Z6LL4BVQI4WaveqXHyU8i0Ehl8yYruemGORMo+ASJhU/M5AyPmID6FpULAYT5LObJ/TEOhHtJ9o+hXTm/p7IWWzMOA5tZ8xwaBZrU/O/WjfD/mWQC5VmCIrPF/UzSTGh0wBoJDRwlGMLjGthb6V8yDTjaGOq2BC8xS8vQ/us7lm+O681roo4yuSIHJNT4pEL0iC3pElahJOUPJNX8uZkzovz7nzMW0tOMXNI/sj5/AFvbJHn</latexit><latexit sha1_base64="M6yr/8CqTYOL/69EwhfKH9WcAnw=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSERRPBUE8VrC10ISy2UzbpZtN2J2IJfRvePGgiFf/jDf/jds2B219YeHhnRlm9g1TKQy67rdTWlldW98ob1a2tnd296r7B22TZJpDiycy0Z2QGZBCQQsFSuikGlgcSngIR9fT+sMjaCMSdY/jFIKYDZToC87QWr6P8IT5jQAZTXrVmlt3Z6LL4BVQI4WaveqXHyU8i0Ehl8yYruemGORMo+ASJhU/M5AyPmID6FpULAYT5LObJ/TEOhHtJ9o+hXTm/p7IWWzMOA5tZ8xwaBZrU/O/WjfD/mWQC5VmCIrPF/UzSTGh0wBoJDRwlGMLjGthb6V8yDTjaGOq2BC8xS8vQ/us7lm+O681roo4yuSIHJNT4pEL0iC3pElahJOUPJNX8uZkzovz7nzMW0tOMXNI/sj5/AFvbJHn</latexit><latexit sha1_base64="M6yr/8CqTYOL/69EwhfKH9WcAnw=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSERRPBUE8VrC10ISy2UzbpZtN2J2IJfRvePGgiFf/jDf/jds2B219YeHhnRlm9g1TKQy67rdTWlldW98ob1a2tnd296r7B22TZJpDiycy0Z2QGZBCQQsFSuikGlgcSngIR9fT+sMjaCMSdY/jFIKYDZToC87QWr6P8IT5jQAZTXrVmlt3Z6LL4BVQI4WaveqXHyU8i0Ehl8yYruemGORMo+ASJhU/M5AyPmID6FpULAYT5LObJ/TEOhHtJ9o+hXTm/p7IWWzMOA5tZ8xwaBZrU/O/WjfD/mWQC5VmCIrPF/UzSTGh0wBoJDRwlGMLjGthb6V8yDTjaGOq2BC8xS8vQ/us7lm+O681roo4yuSIHJNT4pEL0iC3pElahJOUPJNX8uZkzovz7nzMW0tOMXNI/sj5/AFvbJHn</latexit>

Loss
<latexit sha1_base64="WEfebbXB7r9Jh9j4YlW5x1dhoME=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPBS8ePFSwtZCGstlu2qWbbNidiCX0Z3jxoIhXf403/43bNgdtfWHh4Z0ZduYNUykMuu63U1pZXVvfKG9WtrZ3dveq+wdtozLNeIspqXQnpIZLkfAWCpS8k2pO41Dyh3B0Pa0/PHJthErucZzyIKaDRESCUbSW30X+hPmtMmbSq9bcujsTWQavgBoUavaqX92+YlnME2SSGuN7bopBTjUKJvmk0s0MTykb0QH3LSY05ibIZytPyIl1+iRS2r4Eycz9PZHT2JhxHNrOmOLQLNam5n81P8PoMshFkmbIEzb/KMokQUWm95O+0JyhHFugTAu7K2FDqilDm1LFhuAtnrwM7bO6Z/nuvNa4KuIowxEcwyl4cAENuIEmtICBgmd4hTcHnRfn3fmYt5acYuYQ/sj5/AHgppGa</latexit><latexit sha1_base64="WEfebbXB7r9Jh9j4YlW5x1dhoME=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPBS8ePFSwtZCGstlu2qWbbNidiCX0Z3jxoIhXf403/43bNgdtfWHh4Z0ZduYNUykMuu63U1pZXVvfKG9WtrZ3dveq+wdtozLNeIspqXQnpIZLkfAWCpS8k2pO41Dyh3B0Pa0/PHJthErucZzyIKaDRESCUbSW30X+hPmtMmbSq9bcujsTWQavgBoUavaqX92+YlnME2SSGuN7bopBTjUKJvmk0s0MTykb0QH3LSY05ibIZytPyIl1+iRS2r4Eycz9PZHT2JhxHNrOmOLQLNam5n81P8PoMshFkmbIEzb/KMokQUWm95O+0JyhHFugTAu7K2FDqilDm1LFhuAtnrwM7bO6Z/nuvNa4KuIowxEcwyl4cAENuIEmtICBgmd4hTcHnRfn3fmYt5acYuYQ/sj5/AHgppGa</latexit><latexit sha1_base64="WEfebbXB7r9Jh9j4YlW5x1dhoME=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPBS8ePFSwtZCGstlu2qWbbNidiCX0Z3jxoIhXf403/43bNgdtfWHh4Z0ZduYNUykMuu63U1pZXVvfKG9WtrZ3dveq+wdtozLNeIspqXQnpIZLkfAWCpS8k2pO41Dyh3B0Pa0/PHJthErucZzyIKaDRESCUbSW30X+hPmtMmbSq9bcujsTWQavgBoUavaqX92+YlnME2SSGuN7bopBTjUKJvmk0s0MTykb0QH3LSY05ibIZytPyIl1+iRS2r4Eycz9PZHT2JhxHNrOmOLQLNam5n81P8PoMshFkmbIEzb/KMokQUWm95O+0JyhHFugTAu7K2FDqilDm1LFhuAtnrwM7bO6Z/nuvNa4KuIowxEcwyl4cAENuIEmtICBgmd4hTcHnRfn3fmYt5acYuYQ/sj5/AHgppGa</latexit><latexit sha1_base64="WEfebbXB7r9Jh9j4YlW5x1dhoME=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPBS8ePFSwtZCGstlu2qWbbNidiCX0Z3jxoIhXf403/43bNgdtfWHh4Z0ZduYNUykMuu63U1pZXVvfKG9WtrZ3dveq+wdtozLNeIspqXQnpIZLkfAWCpS8k2pO41Dyh3B0Pa0/PHJthErucZzyIKaDRESCUbSW30X+hPmtMmbSq9bcujsTWQavgBoUavaqX92+YlnME2SSGuN7bopBTjUKJvmk0s0MTykb0QH3LSY05ibIZytPyIl1+iRS2r4Eycz9PZHT2JhxHNrOmOLQLNam5n81P8PoMshFkmbIEzb/KMokQUWm95O+0JyhHFugTAu7K2FDqilDm1LFhuAtnrwM7bO6Z/nuvNa4KuIowxEcwyl4cAENuIEmtICBgmd4hTcHnRfn3fmYt5acYuYQ/sj5/AHgppGa</latexit>

Magnonic devices
<latexit sha1_base64="sbpnQ1YXr0/ERfbpYaEM9ZtNw9I=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCrghaBm1shAjmAskSZicnyZDZ2WXmbDAsaXwVGwtFbH0MO9/GyaXQxB8GPv5zDmfOHyZSGPS8bye3srq2vpHfLGxt7+zuufsHNROnmkOVxzLWjZAZkEJBFQVKaCQaWBRKqIeDm0m9PgRtRKwecJRAELGeEl3BGVqr7R61EB4xu7NurASnHRgKDmbcdoteyZuKLoM/hyKZq9J2v1qdmKcRKOSSGdP0vQSDjGkUXMK40EoNJIwPWA+aFhWLwATZ9IAxPbVOh3ZjbZ9COnV/T2QsMmYUhbYzYtg3i7WJ+V+tmWL3KsiESlIExWeLuqmkGNNJGrQjNHCUIwuMa2H/SnmfacbRZlawIfiLJy9D7bzkW76/KJav53HkyTE5IWfEJ5ekTG5JhVQJJ2PyTF7Jm/PkvDjvzsesNefMZw7JHzmfP07Tltk=</latexit><latexit sha1_base64="sbpnQ1YXr0/ERfbpYaEM9ZtNw9I=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCrghaBm1shAjmAskSZicnyZDZ2WXmbDAsaXwVGwtFbH0MO9/GyaXQxB8GPv5zDmfOHyZSGPS8bye3srq2vpHfLGxt7+zuufsHNROnmkOVxzLWjZAZkEJBFQVKaCQaWBRKqIeDm0m9PgRtRKwecJRAELGeEl3BGVqr7R61EB4xu7NurASnHRgKDmbcdoteyZuKLoM/hyKZq9J2v1qdmKcRKOSSGdP0vQSDjGkUXMK40EoNJIwPWA+aFhWLwATZ9IAxPbVOh3ZjbZ9COnV/T2QsMmYUhbYzYtg3i7WJ+V+tmWL3KsiESlIExWeLuqmkGNNJGrQjNHCUIwuMa2H/SnmfacbRZlawIfiLJy9D7bzkW76/KJav53HkyTE5IWfEJ5ekTG5JhVQJJ2PyTF7Jm/PkvDjvzsesNefMZw7JHzmfP07Tltk=</latexit><latexit sha1_base64="sbpnQ1YXr0/ERfbpYaEM9ZtNw9I=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCrghaBm1shAjmAskSZicnyZDZ2WXmbDAsaXwVGwtFbH0MO9/GyaXQxB8GPv5zDmfOHyZSGPS8bye3srq2vpHfLGxt7+zuufsHNROnmkOVxzLWjZAZkEJBFQVKaCQaWBRKqIeDm0m9PgRtRKwecJRAELGeEl3BGVqr7R61EB4xu7NurASnHRgKDmbcdoteyZuKLoM/hyKZq9J2v1qdmKcRKOSSGdP0vQSDjGkUXMK40EoNJIwPWA+aFhWLwATZ9IAxPbVOh3ZjbZ9COnV/T2QsMmYUhbYzYtg3i7WJ+V+tmWL3KsiESlIExWeLuqmkGNNJGrQjNHCUIwuMa2H/SnmfacbRZlawIfiLJy9D7bzkW76/KJav53HkyTE5IWfEJ5ekTG5JhVQJJ2PyTF7Jm/PkvDjvzsesNefMZw7JHzmfP07Tltk=</latexit><latexit sha1_base64="sbpnQ1YXr0/ERfbpYaEM9ZtNw9I=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCrghaBm1shAjmAskSZicnyZDZ2WXmbDAsaXwVGwtFbH0MO9/GyaXQxB8GPv5zDmfOHyZSGPS8bye3srq2vpHfLGxt7+zuufsHNROnmkOVxzLWjZAZkEJBFQVKaCQaWBRKqIeDm0m9PgRtRKwecJRAELGeEl3BGVqr7R61EB4xu7NurASnHRgKDmbcdoteyZuKLoM/hyKZq9J2v1qdmKcRKOSSGdP0vQSDjGkUXMK40EoNJIwPWA+aFhWLwATZ9IAxPbVOh3ZjbZ9COnV/T2QsMmYUhbYzYtg3i7WJ+V+tmWL3KsiESlIExWeLuqmkGNNJGrQjNHCUIwuMa2H/SnmfacbRZlawIfiLJy9D7bzkW76/KJav53HkyTE5IWfEJ5ekTG5JhVQJJ2PyTF7Jm/PkvDjvzsesNefMZw7JHzmfP07Tltk=</latexit>

Experimental probes
<latexit sha1_base64="dW5cRuOegDc/K+tZpT5nvRRe57Y=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIrsqMCLosiOiygr1AO5RMeqYNzVxIzkjL0I0bX8WNC0Xc+g7ufBvTdhba+kPg4z/nJDm/n0ih0XG+raXlldW19cJGcXNre2fX3tuv6zhVHGo8lrFq+kyDFBHUUKCEZqKAhb6Ehj+4mtQbD6C0iKN7HCXghawXiUBwhsbq2EdthCH6QXY9TECJECJkkiYq9kGPO3bJKTtT0UVwcyiRXNWO/dXuxjyd3MIl07rlOgl6GVMouIRxsZ1qSBgfsB60DEYsBO1l0y3G9MQ4XRrEypwI6dT9PZGxUOtR6JvOkGFfz9cm5n+1VorBpZeJKEkRIj57KEglxZhOIqFdoYCjHBlgXAnzV8r7TDGOJriiCcGdX3kR6mdl1/Ddealyk8dRIIfkmJwSl1yQCrklVVIjnDySZ/JK3qwn68V6tz5mrUtWPnNA/sj6/AGTb5lC</latexit><latexit sha1_base64="dW5cRuOegDc/K+tZpT5nvRRe57Y=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIrsqMCLosiOiygr1AO5RMeqYNzVxIzkjL0I0bX8WNC0Xc+g7ufBvTdhba+kPg4z/nJDm/n0ih0XG+raXlldW19cJGcXNre2fX3tuv6zhVHGo8lrFq+kyDFBHUUKCEZqKAhb6Ehj+4mtQbD6C0iKN7HCXghawXiUBwhsbq2EdthCH6QXY9TECJECJkkiYq9kGPO3bJKTtT0UVwcyiRXNWO/dXuxjyd3MIl07rlOgl6GVMouIRxsZ1qSBgfsB60DEYsBO1l0y3G9MQ4XRrEypwI6dT9PZGxUOtR6JvOkGFfz9cm5n+1VorBpZeJKEkRIj57KEglxZhOIqFdoYCjHBlgXAnzV8r7TDGOJriiCcGdX3kR6mdl1/Ddealyk8dRIIfkmJwSl1yQCrklVVIjnDySZ/JK3qwn68V6tz5mrUtWPnNA/sj6/AGTb5lC</latexit><latexit sha1_base64="dW5cRuOegDc/K+tZpT5nvRRe57Y=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIrsqMCLosiOiygr1AO5RMeqYNzVxIzkjL0I0bX8WNC0Xc+g7ufBvTdhba+kPg4z/nJDm/n0ih0XG+raXlldW19cJGcXNre2fX3tuv6zhVHGo8lrFq+kyDFBHUUKCEZqKAhb6Ehj+4mtQbD6C0iKN7HCXghawXiUBwhsbq2EdthCH6QXY9TECJECJkkiYq9kGPO3bJKTtT0UVwcyiRXNWO/dXuxjyd3MIl07rlOgl6GVMouIRxsZ1qSBgfsB60DEYsBO1l0y3G9MQ4XRrEypwI6dT9PZGxUOtR6JvOkGFfz9cm5n+1VorBpZeJKEkRIj57KEglxZhOIqFdoYCjHBlgXAnzV8r7TDGOJriiCcGdX3kR6mdl1/Ddealyk8dRIIfkmJwSl1yQCrklVVIjnDySZ/JK3qwn68V6tz5mrUtWPnNA/sj6/AGTb5lC</latexit><latexit sha1_base64="dW5cRuOegDc/K+tZpT5nvRRe57Y=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIrsqMCLosiOiygr1AO5RMeqYNzVxIzkjL0I0bX8WNC0Xc+g7ufBvTdhba+kPg4z/nJDm/n0ih0XG+raXlldW19cJGcXNre2fX3tuv6zhVHGo8lrFq+kyDFBHUUKCEZqKAhb6Ehj+4mtQbD6C0iKN7HCXghawXiUBwhsbq2EdthCH6QXY9TECJECJkkiYq9kGPO3bJKTtT0UVwcyiRXNWO/dXuxjyd3MIl07rlOgl6GVMouIRxsZ1qSBgfsB60DEYsBO1l0y3G9MQ4XRrEypwI6dT9PZGxUOtR6JvOkGFfz9cm5n+1VorBpZeJKEkRIj57KEglxZhOIqFdoYCjHBlgXAnzV8r7TDGOJriiCcGdX3kR6mdl1/Ddealyk8dRIIfkmJwSl1yQCrklVVIjnDySZ/JK3qwn68V6tz5mrUtWPnNA/sj6/AGTb5lC</latexit>

Applications
<latexit sha1_base64="n/6tYdrsX7r+aACj4BuuFVBR3NQ=">AAAB/nicbZBNSwMxEIaz9avWr6p48hIsgqeyK4IeKx70WMHWQruUbDrbhmazSzIrlqXgX/HiQRGv/g5v/hvTdg/a+kLg4Z0ZZvIGiRQGXffbKSwtr6yuFddLG5tb2zvl3b2miVPNocFjGetWwAxIoaCBAiW0Eg0sCiTcB8OrSf3+AbQRsbrDUQJ+xPpKhIIztFa3fNBBeMQgzC4Tu27mmnG3XHGr7lR0EbwcKiRXvVv+6vRinkagkEtmTNtzE/QzplFwCeNSJzWQMD5kfWhbVCwC42fT88f02Do9GsbaPoV06v6eyFhkzCgKbGfEcGDmaxPzv1o7xfDCz4RKUgTFZ4vCVFKM6SQL2hMaOMqRBca1sLdSPmCacbSJlWwI3vyXF6F5WvUs355Vatd5HEVySI7ICfHIOamRG1InDcJJRp7JK3lznpwX5935mLUWnHxmn/yR8/kDNDSWSg==</latexit><latexit sha1_base64="n/6tYdrsX7r+aACj4BuuFVBR3NQ=">AAAB/nicbZBNSwMxEIaz9avWr6p48hIsgqeyK4IeKx70WMHWQruUbDrbhmazSzIrlqXgX/HiQRGv/g5v/hvTdg/a+kLg4Z0ZZvIGiRQGXffbKSwtr6yuFddLG5tb2zvl3b2miVPNocFjGetWwAxIoaCBAiW0Eg0sCiTcB8OrSf3+AbQRsbrDUQJ+xPpKhIIztFa3fNBBeMQgzC4Tu27mmnG3XHGr7lR0EbwcKiRXvVv+6vRinkagkEtmTNtzE/QzplFwCeNSJzWQMD5kfWhbVCwC42fT88f02Do9GsbaPoV06v6eyFhkzCgKbGfEcGDmaxPzv1o7xfDCz4RKUgTFZ4vCVFKM6SQL2hMaOMqRBca1sLdSPmCacbSJlWwI3vyXF6F5WvUs355Vatd5HEVySI7ICfHIOamRG1InDcJJRp7JK3lznpwX5935mLUWnHxmn/yR8/kDNDSWSg==</latexit><latexit sha1_base64="n/6tYdrsX7r+aACj4BuuFVBR3NQ=">AAAB/nicbZBNSwMxEIaz9avWr6p48hIsgqeyK4IeKx70WMHWQruUbDrbhmazSzIrlqXgX/HiQRGv/g5v/hvTdg/a+kLg4Z0ZZvIGiRQGXffbKSwtr6yuFddLG5tb2zvl3b2miVPNocFjGetWwAxIoaCBAiW0Eg0sCiTcB8OrSf3+AbQRsbrDUQJ+xPpKhIIztFa3fNBBeMQgzC4Tu27mmnG3XHGr7lR0EbwcKiRXvVv+6vRinkagkEtmTNtzE/QzplFwCeNSJzWQMD5kfWhbVCwC42fT88f02Do9GsbaPoV06v6eyFhkzCgKbGfEcGDmaxPzv1o7xfDCz4RKUgTFZ4vCVFKM6SQL2hMaOMqRBca1sLdSPmCacbSJlWwI3vyXF6F5WvUs355Vatd5HEVySI7ICfHIOamRG1InDcJJRp7JK3lznpwX5935mLUWnHxmn/yR8/kDNDSWSg==</latexit><latexit sha1_base64="n/6tYdrsX7r+aACj4BuuFVBR3NQ=">AAAB/nicbZBNSwMxEIaz9avWr6p48hIsgqeyK4IeKx70WMHWQruUbDrbhmazSzIrlqXgX/HiQRGv/g5v/hvTdg/a+kLg4Z0ZZvIGiRQGXffbKSwtr6yuFddLG5tb2zvl3b2miVPNocFjGetWwAxIoaCBAiW0Eg0sCiTcB8OrSf3+AbQRsbrDUQJ+xPpKhIIztFa3fNBBeMQgzC4Tu27mmnG3XHGr7lR0EbwcKiRXvVv+6vRinkagkEtmTNtzE/QzplFwCeNSJzWQMD5kfWhbVCwC42fT88f02Do9GsbaPoV06v6eyFhkzCgKbGfEcGDmaxPzv1o7xfDCz4RKUgTFZ4vCVFKM6SQL2hMaOMqRBca1sLdSPmCacbSJlWwI3vyXF6F5WvUs355Vatd5HEVySI7ICfHIOamRG1InDcJJRp7JK3lznpwX5935mLUWnHxmn/yR8/kDNDSWSg==</latexit>

Neuromorphic spintronics
<latexit sha1_base64="4dKoTo9t+Hdm7HUZ3YNZYZYsZeE=">AAACCHicbZC7SgNBFIZn4y3GW9TSwsEgWIVdEbQMpLGSCOYCSQizk5NkyOzMMnNWDEtKG1/FxkIRWx/Bzrdxcik08YeBj/+cw5nzh7EUFn3/28usrK6tb2Q3c1vbO7t7+f2DmtWJ4VDlWmrTCJkFKRRUUaCERmyARaGEejgsT+r1ezBWaHWHoxjaEesr0ROcobM6+eMWwgOmN5AYHWkTDwSnNhYKjVaC23EnX/CL/lR0GYI5FMhclU7+q9XVPIlAIZfM2mbgx9hOmUHBJYxzrcRCzPiQ9aHpULEIbDudHjKmp87p0p427imkU/f3RMoia0dR6DojhgO7WJuY/9WaCfau2qlQcYKg+GxRL5EUNZ2kQrvCAEc5csC4Ee6vlA+YYRxddjkXQrB48jLUzouB49uLQqk8jyNLjsgJOSMBuSQlck0qpEo4eSTP5JW8eU/ei/fufcxaM9585pD8kff5A175mtI=</latexit><latexit sha1_base64="4dKoTo9t+Hdm7HUZ3YNZYZYsZeE=">AAACCHicbZC7SgNBFIZn4y3GW9TSwsEgWIVdEbQMpLGSCOYCSQizk5NkyOzMMnNWDEtKG1/FxkIRWx/Bzrdxcik08YeBj/+cw5nzh7EUFn3/28usrK6tb2Q3c1vbO7t7+f2DmtWJ4VDlWmrTCJkFKRRUUaCERmyARaGEejgsT+r1ezBWaHWHoxjaEesr0ROcobM6+eMWwgOmN5AYHWkTDwSnNhYKjVaC23EnX/CL/lR0GYI5FMhclU7+q9XVPIlAIZfM2mbgx9hOmUHBJYxzrcRCzPiQ9aHpULEIbDudHjKmp87p0p427imkU/f3RMoia0dR6DojhgO7WJuY/9WaCfau2qlQcYKg+GxRL5EUNZ2kQrvCAEc5csC4Ee6vlA+YYRxddjkXQrB48jLUzouB49uLQqk8jyNLjsgJOSMBuSQlck0qpEo4eSTP5JW8eU/ei/fufcxaM9585pD8kff5A175mtI=</latexit><latexit sha1_base64="4dKoTo9t+Hdm7HUZ3YNZYZYsZeE=">AAACCHicbZC7SgNBFIZn4y3GW9TSwsEgWIVdEbQMpLGSCOYCSQizk5NkyOzMMnNWDEtKG1/FxkIRWx/Bzrdxcik08YeBj/+cw5nzh7EUFn3/28usrK6tb2Q3c1vbO7t7+f2DmtWJ4VDlWmrTCJkFKRRUUaCERmyARaGEejgsT+r1ezBWaHWHoxjaEesr0ROcobM6+eMWwgOmN5AYHWkTDwSnNhYKjVaC23EnX/CL/lR0GYI5FMhclU7+q9XVPIlAIZfM2mbgx9hOmUHBJYxzrcRCzPiQ9aHpULEIbDudHjKmp87p0p427imkU/f3RMoia0dR6DojhgO7WJuY/9WaCfau2qlQcYKg+GxRL5EUNZ2kQrvCAEc5csC4Ee6vlA+YYRxddjkXQrB48jLUzouB49uLQqk8jyNLjsgJOSMBuSQlck0qpEo4eSTP5JW8eU/ei/fufcxaM9585pD8kff5A175mtI=</latexit><latexit sha1_base64="4dKoTo9t+Hdm7HUZ3YNZYZYsZeE=">AAACCHicbZC7SgNBFIZn4y3GW9TSwsEgWIVdEbQMpLGSCOYCSQizk5NkyOzMMnNWDEtKG1/FxkIRWx/Bzrdxcik08YeBj/+cw5nzh7EUFn3/28usrK6tb2Q3c1vbO7t7+f2DmtWJ4VDlWmrTCJkFKRRUUaCERmyARaGEejgsT+r1ezBWaHWHoxjaEesr0ROcobM6+eMWwgOmN5AYHWkTDwSnNhYKjVaC23EnX/CL/lR0GYI5FMhclU7+q9XVPIlAIZfM2mbgx9hOmUHBJYxzrcRCzPiQ9aHpULEIbDudHjKmp87p0p427imkU/f3RMoia0dR6DojhgO7WJuY/9WaCfau2qlQcYKg+GxRL5EUNZ2kQrvCAEc5csC4Ee6vlA+YYRxddjkXQrB48jLUzouB49uLQqk8jyNLjsgJOSMBuSQlck0qpEo4eSTP5JW8eU/ei/fufcxaM9585pD8kff5A175mtI=</latexit>

New materials
<latexit sha1_base64="14IUBaxEjqrfRJQhl+SQEgjq4sA=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdgVQcuAhVYSwTwgWcLs5G4yZPbBzF01rCn8FRsLRWz9DTv/xkmyhSYeGDiccy/3zPETKTQ6zre1sLi0vLJaWCuub2xubds7u3Udp4pDjccyVk2faZAighoKlNBMFLDQl9DwBxdjv3EHSos4usVhAl7IepEIBGdopI6930Z4QD/IruGehgxBCSb1qGOXnLIzAZ0nbk5KJEe1Y3+1uzFPQ4iQS6Z1y3US9DKmUHAJo2I71ZAwPmA9aBkasRC0l03yj+iRUbo0iJV5EdKJ+nsjY6HWw9A3kyZiX896Y/E/r5VicO5lIkpShIhPDwWppBjTcRm0KxRwlENDGFfCZKW8zxTjpgddNCW4s1+eJ/WTsmv4zWmpcpnXUSAH5JAcE5eckQq5IlVSI5w8kmfySt6sJ+vFerc+pqMLVr6zR/7A+vwBl8qWeQ==</latexit><latexit sha1_base64="14IUBaxEjqrfRJQhl+SQEgjq4sA=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdgVQcuAhVYSwTwgWcLs5G4yZPbBzF01rCn8FRsLRWz9DTv/xkmyhSYeGDiccy/3zPETKTQ6zre1sLi0vLJaWCuub2xubds7u3Udp4pDjccyVk2faZAighoKlNBMFLDQl9DwBxdjv3EHSos4usVhAl7IepEIBGdopI6930Z4QD/IruGehgxBCSb1qGOXnLIzAZ0nbk5KJEe1Y3+1uzFPQ4iQS6Z1y3US9DKmUHAJo2I71ZAwPmA9aBkasRC0l03yj+iRUbo0iJV5EdKJ+nsjY6HWw9A3kyZiX896Y/E/r5VicO5lIkpShIhPDwWppBjTcRm0KxRwlENDGFfCZKW8zxTjpgddNCW4s1+eJ/WTsmv4zWmpcpnXUSAH5JAcE5eckQq5IlVSI5w8kmfySt6sJ+vFerc+pqMLVr6zR/7A+vwBl8qWeQ==</latexit><latexit sha1_base64="14IUBaxEjqrfRJQhl+SQEgjq4sA=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdgVQcuAhVYSwTwgWcLs5G4yZPbBzF01rCn8FRsLRWz9DTv/xkmyhSYeGDiccy/3zPETKTQ6zre1sLi0vLJaWCuub2xubds7u3Udp4pDjccyVk2faZAighoKlNBMFLDQl9DwBxdjv3EHSos4usVhAl7IepEIBGdopI6930Z4QD/IruGehgxBCSb1qGOXnLIzAZ0nbk5KJEe1Y3+1uzFPQ4iQS6Z1y3US9DKmUHAJo2I71ZAwPmA9aBkasRC0l03yj+iRUbo0iJV5EdKJ+nsjY6HWw9A3kyZiX896Y/E/r5VicO5lIkpShIhPDwWppBjTcRm0KxRwlENDGFfCZKW8zxTjpgddNCW4s1+eJ/WTsmv4zWmpcpnXUSAH5JAcE5eckQq5IlVSI5w8kmfySt6sJ+vFerc+pqMLVr6zR/7A+vwBl8qWeQ==</latexit><latexit sha1_base64="14IUBaxEjqrfRJQhl+SQEgjq4sA=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdgVQcuAhVYSwTwgWcLs5G4yZPbBzF01rCn8FRsLRWz9DTv/xkmyhSYeGDiccy/3zPETKTQ6zre1sLi0vLJaWCuub2xubds7u3Udp4pDjccyVk2faZAighoKlNBMFLDQl9DwBxdjv3EHSos4usVhAl7IepEIBGdopI6930Z4QD/IruGehgxBCSb1qGOXnLIzAZ0nbk5KJEe1Y3+1uzFPQ4iQS6Z1y3US9DKmUHAJo2I71ZAwPmA9aBkasRC0l03yj+iRUbo0iJV5EdKJ+nsjY6HWw9A3kyZiX896Y/E/r5VicO5lIkpShIhPDwWppBjTcRm0KxRwlENDGFfCZKW8zxTjpgddNCW4s1+eJ/WTsmv4zWmpcpnXUSAH5JAcE5eckQq5IlVSI5w8kmfySt6sJ+vFerc+pqMLVr6zR/7A+vwBl8qWeQ==</latexit> Theoretical tools

<latexit sha1_base64="ziGdZt2bkA0t1x8x23LMLygYynQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiQi6LLgQpcV+oK2lMn0ph06yYSZG7GEght/xY0LRdz6E+78GydtFtp6YOBwzr0zc44fC67Rdb+twsrq2vpGcbO0tb2zu2fvHzS1TBSDBpNCqrZPNQgeQQM5CmjHCmjoC2j54+vMb92D0lxGdZzE0AvpMOIBZxSN1LePuggP6AdpfQRSARpDOCil0NO+XXYr7gzOMvFyUiY5an37qzuQLAkhQiao1h3PjbGXUmVuFTAtdRMNMWVjOoSOoRENQffSWYapc2qUgRNIZU6Ezkz9vZHSUOtJ6JvJkOJIL3qZ+J/XSTC46qU8ihOEiM0fCpIspJMV4gy4AoZiYghlipu/OmxEFWVoaiuZErzFyMukeV7xDL+7KFdv8jqK5JickDPikUtSJbekRhqEkUfyTF7Jm/VkvVjv1sd8tGDlO4fkD6zPH/FlmFo=</latexit><latexit sha1_base64="ziGdZt2bkA0t1x8x23LMLygYynQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiQi6LLgQpcV+oK2lMn0ph06yYSZG7GEght/xY0LRdz6E+78GydtFtp6YOBwzr0zc44fC67Rdb+twsrq2vpGcbO0tb2zu2fvHzS1TBSDBpNCqrZPNQgeQQM5CmjHCmjoC2j54+vMb92D0lxGdZzE0AvpMOIBZxSN1LePuggP6AdpfQRSARpDOCil0NO+XXYr7gzOMvFyUiY5an37qzuQLAkhQiao1h3PjbGXUmVuFTAtdRMNMWVjOoSOoRENQffSWYapc2qUgRNIZU6Ezkz9vZHSUOtJ6JvJkOJIL3qZ+J/XSTC46qU8ihOEiM0fCpIspJMV4gy4AoZiYghlipu/OmxEFWVoaiuZErzFyMukeV7xDL+7KFdv8jqK5JickDPikUtSJbekRhqEkUfyTF7Jm/VkvVjv1sd8tGDlO4fkD6zPH/FlmFo=</latexit><latexit sha1_base64="ziGdZt2bkA0t1x8x23LMLygYynQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiQi6LLgQpcV+oK2lMn0ph06yYSZG7GEght/xY0LRdz6E+78GydtFtp6YOBwzr0zc44fC67Rdb+twsrq2vpGcbO0tb2zu2fvHzS1TBSDBpNCqrZPNQgeQQM5CmjHCmjoC2j54+vMb92D0lxGdZzE0AvpMOIBZxSN1LePuggP6AdpfQRSARpDOCil0NO+XXYr7gzOMvFyUiY5an37qzuQLAkhQiao1h3PjbGXUmVuFTAtdRMNMWVjOoSOoRENQffSWYapc2qUgRNIZU6Ezkz9vZHSUOtJ6JvJkOJIL3qZ+J/XSTC46qU8ihOEiM0fCpIspJMV4gy4AoZiYghlipu/OmxEFWVoaiuZErzFyMukeV7xDL+7KFdv8jqK5JickDPikUtSJbekRhqEkUfyTF7Jm/VkvVjv1sd8tGDlO4fkD6zPH/FlmFo=</latexit><latexit sha1_base64="ziGdZt2bkA0t1x8x23LMLygYynQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiQi6LLgQpcV+oK2lMn0ph06yYSZG7GEght/xY0LRdz6E+78GydtFtp6YOBwzr0zc44fC67Rdb+twsrq2vpGcbO0tb2zu2fvHzS1TBSDBpNCqrZPNQgeQQM5CmjHCmjoC2j54+vMb92D0lxGdZzE0AvpMOIBZxSN1LePuggP6AdpfQRSARpDOCil0NO+XXYr7gzOMvFyUiY5an37qzuQLAkhQiao1h3PjbGXUmVuFTAtdRMNMWVjOoSOoRENQffSWYapc2qUgRNIZU6Ezkz9vZHSUOtJ6JvJkOJIL3qZ+J/XSTC46qU8ihOEiM0fCpIspJMV4gy4AoZiYghlipu/OmxEFWVoaiuZErzFyMukeV7xDL+7KFdv8jqK5JickDPikUtSJbekRhqEkUfyTF7Jm/VkvVjv1sd8tGDlO4fkD6zPH/FlmFo=</latexit>

2D van der Waals magnets
<latexit sha1_base64="W2OqR5kYUt13xIBr7f7w0h2Jev4=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4IWgqxsIxgHpCEcHdyo0NmZ5eZu2JYUtr4KzYWitj6CXb+jbNJCl8HBg7nnMude8JESUu+/+nNzS8sLi0XVoqra+sbm6Wt7YaNUyOwLmIVm1YIFpXUWCdJCluJQYhChc1wWM395i0aK2N9RaMEuxFcazmQAshJvdJeh/COsqNzfgua99HwJoCyPI8h2XGvVPYr/gT8LwlmpMxmqPVKH51+LNIINQkF1rYDP6FuBoakUDgudlKLCYghXGPbUQ0R2m42OWTMD5zS54PYuKeJT9TvExlE1o6i0CUjoBv728vF/7x2SoPTbiZ1khJqMV00SBWnmOet8L40KEiNHAFhpPsrFzdgQJDrruhKCH6f/Jc0jiqB45fH5bPqrI4C22X77JAF7ISdsQtWY3Um2D17ZM/sxXvwnrxX720anfNmMzvsB7z3LwiMmVg=</latexit><latexit sha1_base64="W2OqR5kYUt13xIBr7f7w0h2Jev4=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4IWgqxsIxgHpCEcHdyo0NmZ5eZu2JYUtr4KzYWitj6CXb+jbNJCl8HBg7nnMude8JESUu+/+nNzS8sLi0XVoqra+sbm6Wt7YaNUyOwLmIVm1YIFpXUWCdJCluJQYhChc1wWM395i0aK2N9RaMEuxFcazmQAshJvdJeh/COsqNzfgua99HwJoCyPI8h2XGvVPYr/gT8LwlmpMxmqPVKH51+LNIINQkF1rYDP6FuBoakUDgudlKLCYghXGPbUQ0R2m42OWTMD5zS54PYuKeJT9TvExlE1o6i0CUjoBv728vF/7x2SoPTbiZ1khJqMV00SBWnmOet8L40KEiNHAFhpPsrFzdgQJDrruhKCH6f/Jc0jiqB45fH5bPqrI4C22X77JAF7ISdsQtWY3Um2D17ZM/sxXvwnrxX720anfNmMzvsB7z3LwiMmVg=</latexit><latexit sha1_base64="W2OqR5kYUt13xIBr7f7w0h2Jev4=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4IWgqxsIxgHpCEcHdyo0NmZ5eZu2JYUtr4KzYWitj6CXb+jbNJCl8HBg7nnMude8JESUu+/+nNzS8sLi0XVoqra+sbm6Wt7YaNUyOwLmIVm1YIFpXUWCdJCluJQYhChc1wWM395i0aK2N9RaMEuxFcazmQAshJvdJeh/COsqNzfgua99HwJoCyPI8h2XGvVPYr/gT8LwlmpMxmqPVKH51+LNIINQkF1rYDP6FuBoakUDgudlKLCYghXGPbUQ0R2m42OWTMD5zS54PYuKeJT9TvExlE1o6i0CUjoBv728vF/7x2SoPTbiZ1khJqMV00SBWnmOet8L40KEiNHAFhpPsrFzdgQJDrruhKCH6f/Jc0jiqB45fH5bPqrI4C22X77JAF7ISdsQtWY3Um2D17ZM/sxXvwnrxX720anfNmMzvsB7z3LwiMmVg=</latexit><latexit sha1_base64="W2OqR5kYUt13xIBr7f7w0h2Jev4=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4IWgqxsIxgHpCEcHdyo0NmZ5eZu2JYUtr4KzYWitj6CXb+jbNJCl8HBg7nnMude8JESUu+/+nNzS8sLi0XVoqra+sbm6Wt7YaNUyOwLmIVm1YIFpXUWCdJCluJQYhChc1wWM395i0aK2N9RaMEuxFcazmQAshJvdJeh/COsqNzfgua99HwJoCyPI8h2XGvVPYr/gT8LwlmpMxmqPVKH51+LNIINQkF1rYDP6FuBoakUDgudlKLCYghXGPbUQ0R2m42OWTMD5zS54PYuKeJT9TvExlE1o6i0CUjoBv728vF/7x2SoPTbiZ1khJqMV00SBWnmOet8L40KEiNHAFhpPsrFzdgQJDrruhKCH6f/Jc0jiqB45fH5bPqrI4C22X77JAF7ISdsQtWY3Um2D17ZM/sxXvwnrxX720anfNmMzvsB7z3LwiMmVg=</latexit> Stacking and twisting

<latexit sha1_base64="xEOrKxUj1KwD7i9fvFGtpyIBi34=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4IWgbSWEY0D0hCmJ29mwyZnV1m7qphSWPjr9hYKGLrP9j5N04ehSZeGDj3nHs5c4+fSGHQdb+dpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY930mQEpFNRQoIRmooFFvoSGP6iM9cYdaCNidYvDBDoR6ykRCs7QUt3CURvhAbMbZHwgVI8yFVC8t762GXULRbfkToouAm8GimRW1W7hqx3EPI1AIZfMmJbnJtjJmEbBJYzy7dRAYp1YD1oWKhaB6WSTK0b0xDIBDWNtn0I6YX9vZCwyZhj5djJi2Dfz2pj8T2ulGF52MqGSFEHxqVGYSooxHUdCA6GBoxxawLgW9q+U95lmHG1weRuCN3/yIqiflTyLr8+L5cosjhw5JMfklHjkgpTJFamSGuHkkTyTV/LmPDkvzrvzMR1dcmY7B+RPOZ8/K5iY/Q==</latexit><latexit sha1_base64="xEOrKxUj1KwD7i9fvFGtpyIBi34=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4IWgbSWEY0D0hCmJ29mwyZnV1m7qphSWPjr9hYKGLrP9j5N04ehSZeGDj3nHs5c4+fSGHQdb+dpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY930mQEpFNRQoIRmooFFvoSGP6iM9cYdaCNidYvDBDoR6ykRCs7QUt3CURvhAbMbZHwgVI8yFVC8t762GXULRbfkToouAm8GimRW1W7hqx3EPI1AIZfMmJbnJtjJmEbBJYzy7dRAYp1YD1oWKhaB6WSTK0b0xDIBDWNtn0I6YX9vZCwyZhj5djJi2Dfz2pj8T2ulGF52MqGSFEHxqVGYSooxHUdCA6GBoxxawLgW9q+U95lmHG1weRuCN3/yIqiflTyLr8+L5cosjhw5JMfklHjkgpTJFamSGuHkkTyTV/LmPDkvzrvzMR1dcmY7B+RPOZ8/K5iY/Q==</latexit><latexit sha1_base64="xEOrKxUj1KwD7i9fvFGtpyIBi34=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4IWgbSWEY0D0hCmJ29mwyZnV1m7qphSWPjr9hYKGLrP9j5N04ehSZeGDj3nHs5c4+fSGHQdb+dpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY930mQEpFNRQoIRmooFFvoSGP6iM9cYdaCNidYvDBDoR6ykRCs7QUt3CURvhAbMbZHwgVI8yFVC8t762GXULRbfkToouAm8GimRW1W7hqx3EPI1AIZfMmJbnJtjJmEbBJYzy7dRAYp1YD1oWKhaB6WSTK0b0xDIBDWNtn0I6YX9vZCwyZhj5djJi2Dfz2pj8T2ulGF52MqGSFEHxqVGYSooxHUdCA6GBoxxawLgW9q+U95lmHG1weRuCN3/yIqiflTyLr8+L5cosjhw5JMfklHjkgpTJFamSGuHkkTyTV/LmPDkvzrvzMR1dcmY7B+RPOZ8/K5iY/Q==</latexit><latexit sha1_base64="xEOrKxUj1KwD7i9fvFGtpyIBi34=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4IWgbSWEY0D0hCmJ29mwyZnV1m7qphSWPjr9hYKGLrP9j5N04ehSZeGDj3nHs5c4+fSGHQdb+dpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY930mQEpFNRQoIRmooFFvoSGP6iM9cYdaCNidYvDBDoR6ykRCs7QUt3CURvhAbMbZHwgVI8yFVC8t762GXULRbfkToouAm8GimRW1W7hqx3EPI1AIZfMmJbnJtjJmEbBJYzy7dRAYp1YD1oWKhaB6WSTK0b0xDIBDWNtn0I6YX9vZCwyZhj5djJi2Dfz2pj8T2ulGF52MqGSFEHxqVGYSooxHUdCA6GBoxxawLgW9q+U95lmHG1weRuCN3/yIqiflTyLr8+L5cosjhw5JMfklHjkgpTJFamSGuHkkTyTV/LmPDkvzrvzMR1dcmY7B+RPOZ8/K5iY/Q==</latexit>

Non-Hermitian topology
<latexit sha1_base64="/mjv3TRiBReKW5S2s+9lePbXccg=">AAACBnicbVBLS8NAGNzUV62vqkcRgkXwYklE0GOhl56kgn1AG8pm+6VdutmE3S9iCD158a948aCIV3+DN/+N28dBWwcWhplvWGb8WHCNjvNt5VZW19Y38puFre2d3b3i/kFTR4li0GCRiFTbpxoEl9BAjgLasQIa+gJa/qg68Vv3oDSP5B2mMXghHUgecEbRSL3icRfhAbObSJ7XQIUcOZU2RrEJDtJxr1hyys4U9jJx56RE5qj3il/dfsSSECQyQbXuuE6MXkYVciZgXOgmGmLKRnQAHUMlDUF72bTG2D41St8OImWeRHuq/k5kNNQ6DX1zGVIc6kVvIv7ndRIMrr2MyzhBkGz2UZAI09OebGL3uQKGIjWEMmU2YDYbUkUZmuUKZgR3sfIyaV6UXcNvL0uV6nyOPDkiJ+SMuOSKVEiN1EmDMPJInskrebOerBfr3fqYneaseeaQ/IH1+QMNnpl9</latexit><latexit sha1_base64="/mjv3TRiBReKW5S2s+9lePbXccg=">AAACBnicbVBLS8NAGNzUV62vqkcRgkXwYklE0GOhl56kgn1AG8pm+6VdutmE3S9iCD158a948aCIV3+DN/+N28dBWwcWhplvWGb8WHCNjvNt5VZW19Y38puFre2d3b3i/kFTR4li0GCRiFTbpxoEl9BAjgLasQIa+gJa/qg68Vv3oDSP5B2mMXghHUgecEbRSL3icRfhAbObSJ7XQIUcOZU2RrEJDtJxr1hyys4U9jJx56RE5qj3il/dfsSSECQyQbXuuE6MXkYVciZgXOgmGmLKRnQAHUMlDUF72bTG2D41St8OImWeRHuq/k5kNNQ6DX1zGVIc6kVvIv7ndRIMrr2MyzhBkGz2UZAI09OebGL3uQKGIjWEMmU2YDYbUkUZmuUKZgR3sfIyaV6UXcNvL0uV6nyOPDkiJ+SMuOSKVEiN1EmDMPJInskrebOerBfr3fqYneaseeaQ/IH1+QMNnpl9</latexit><latexit sha1_base64="/mjv3TRiBReKW5S2s+9lePbXccg=">AAACBnicbVBLS8NAGNzUV62vqkcRgkXwYklE0GOhl56kgn1AG8pm+6VdutmE3S9iCD158a948aCIV3+DN/+N28dBWwcWhplvWGb8WHCNjvNt5VZW19Y38puFre2d3b3i/kFTR4li0GCRiFTbpxoEl9BAjgLasQIa+gJa/qg68Vv3oDSP5B2mMXghHUgecEbRSL3icRfhAbObSJ7XQIUcOZU2RrEJDtJxr1hyys4U9jJx56RE5qj3il/dfsSSECQyQbXuuE6MXkYVciZgXOgmGmLKRnQAHUMlDUF72bTG2D41St8OImWeRHuq/k5kNNQ6DX1zGVIc6kVvIv7ndRIMrr2MyzhBkGz2UZAI09OebGL3uQKGIjWEMmU2YDYbUkUZmuUKZgR3sfIyaV6UXcNvL0uV6nyOPDkiJ+SMuOSKVEiN1EmDMPJInskrebOerBfr3fqYneaseeaQ/IH1+QMNnpl9</latexit><latexit sha1_base64="/mjv3TRiBReKW5S2s+9lePbXccg=">AAACBnicbVBLS8NAGNzUV62vqkcRgkXwYklE0GOhl56kgn1AG8pm+6VdutmE3S9iCD158a948aCIV3+DN/+N28dBWwcWhplvWGb8WHCNjvNt5VZW19Y38puFre2d3b3i/kFTR4li0GCRiFTbpxoEl9BAjgLasQIa+gJa/qg68Vv3oDSP5B2mMXghHUgecEbRSL3icRfhAbObSJ7XQIUcOZU2RrEJDtJxr1hyys4U9jJx56RE5qj3il/dfsSSECQyQbXuuE6MXkYVciZgXOgmGmLKRnQAHUMlDUF72bTG2D41St8OImWeRHuq/k5kNNQ6DX1zGVIc6kVvIv7ndRIMrr2MyzhBkGz2UZAI09OebGL3uQKGIjWEMmU2YDYbUkUZmuUKZgR3sfIyaV6UXcNvL0uV6nyOPDkiJ+SMuOSKVEiN1EmDMPJInskrebOerBfr3fqYneaseeaQ/IH1+QMNnpl9</latexit>

Drives
<latexit sha1_base64="l77zuTDaX6Cy2A2+t92LX9+ZYmE=">AAAB9HicbZBNSwMxEIaz9avWr6pHL8EieCq7IuixUA8eK9hWaJeSTWfb0Gx2TWaLZenv8OJBEa/+GG/+G9N2D9r6QuDhnRlm8gaJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU82hyWMZ64eAGZBCQRMFSnhINLAokNAORvVZvT0GbUSs7nGSgB+xgRKh4Ayt5XcRnjC70WIMZtorV9yqOxddBS+HCsnV6JW/uv2YpxEo5JIZ0/HcBP2MaRRcwrTUTQ0kjI/YADoWFYvA+Nn86Ck9s06fhrG2TyGdu78nMhYZM4kC2xkxHJrl2sz8r9ZJMbz2M6GSFEHxxaIwlRRjOkuA9oUGjnJigXEt7K2UD5lmHG1OJRuCt/zlVWhdVD3Ld5eVWj2Po0hOyCk5Jx65IjVySxqkSTh5JM/klbw5Y+fFeXc+Fq0FJ585Jn/kfP4AbBKSgw==</latexit><latexit sha1_base64="l77zuTDaX6Cy2A2+t92LX9+ZYmE=">AAAB9HicbZBNSwMxEIaz9avWr6pHL8EieCq7IuixUA8eK9hWaJeSTWfb0Gx2TWaLZenv8OJBEa/+GG/+G9N2D9r6QuDhnRlm8gaJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU82hyWMZ64eAGZBCQRMFSnhINLAokNAORvVZvT0GbUSs7nGSgB+xgRKh4Ayt5XcRnjC70WIMZtorV9yqOxddBS+HCsnV6JW/uv2YpxEo5JIZ0/HcBP2MaRRcwrTUTQ0kjI/YADoWFYvA+Nn86Ck9s06fhrG2TyGdu78nMhYZM4kC2xkxHJrl2sz8r9ZJMbz2M6GSFEHxxaIwlRRjOkuA9oUGjnJigXEt7K2UD5lmHG1OJRuCt/zlVWhdVD3Ld5eVWj2Po0hOyCk5Jx65IjVySxqkSTh5JM/klbw5Y+fFeXc+Fq0FJ585Jn/kfP4AbBKSgw==</latexit><latexit sha1_base64="l77zuTDaX6Cy2A2+t92LX9+ZYmE=">AAAB9HicbZBNSwMxEIaz9avWr6pHL8EieCq7IuixUA8eK9hWaJeSTWfb0Gx2TWaLZenv8OJBEa/+GG/+G9N2D9r6QuDhnRlm8gaJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU82hyWMZ64eAGZBCQRMFSnhINLAokNAORvVZvT0GbUSs7nGSgB+xgRKh4Ayt5XcRnjC70WIMZtorV9yqOxddBS+HCsnV6JW/uv2YpxEo5JIZ0/HcBP2MaRRcwrTUTQ0kjI/YADoWFYvA+Nn86Ck9s06fhrG2TyGdu78nMhYZM4kC2xkxHJrl2sz8r9ZJMbz2M6GSFEHxxaIwlRRjOkuA9oUGjnJigXEt7K2UD5lmHG1OJRuCt/zlVWhdVD3Ld5eVWj2Po0hOyCk5Jx65IjVySxqkSTh5JM/klbw5Y+fFeXc+Fq0FJ585Jn/kfP4AbBKSgw==</latexit><latexit sha1_base64="l77zuTDaX6Cy2A2+t92LX9+ZYmE=">AAAB9HicbZBNSwMxEIaz9avWr6pHL8EieCq7IuixUA8eK9hWaJeSTWfb0Gx2TWaLZenv8OJBEa/+GG/+G9N2D9r6QuDhnRlm8gaJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU82hyWMZ64eAGZBCQRMFSnhINLAokNAORvVZvT0GbUSs7nGSgB+xgRKh4Ayt5XcRnjC70WIMZtorV9yqOxddBS+HCsnV6JW/uv2YpxEo5JIZ0/HcBP2MaRRcwrTUTQ0kjI/YADoWFYvA+Nn86Ck9s06fhrG2TyGdu78nMhYZM4kC2xkxHJrl2sz8r9ZJMbz2M6GSFEHxxaIwlRRjOkuA9oUGjnJigXEt7K2UD5lmHG1OJRuCt/zlVWhdVD3Ld5eVWj2Po0hOyCk5Jx65IjVySxqkSTh5JM/klbw5Y+fFeXc+Fq0FJ585Jn/kfP4AbBKSgw==</latexit>

Quantum
<latexit sha1_base64="0kbuDWZ6810ICnrqk94RrQTfr2E=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFbly2YC/QjiWTZtrQJDMkJ2oZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyR6ngBnz/21tb39jc2i7sFHf39g8OS0fHLZNYTVmTJiLRnYgYJrhiTeAgWCfVjMhIsHY0rs3q7QemDU/UHUxSFkoyVDzmlICz7nvAniBrWKLAymm/VPYr/lx4FYIcyihXvV/66g0SaiVTQAUxphv4KYQZ0cCpYNNizxqWEjomQ9Z1qIhkJszmV0/xuXMGOE60ewrw3P09kRFpzERGrlMSGJnl2sz8r9a1EN+EGVepBaboYlFsBYYEzyLAA64ZBTFxQKjm7lZMR0QTCi6oogshWP7yKrQuK4HjxlW5WsvjKKBTdIYuUICuURXdojpqIoo0ekav6M179F68d+9j0brm5TMn6I+8zx9V4ZML</latexit><latexit sha1_base64="0kbuDWZ6810ICnrqk94RrQTfr2E=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFbly2YC/QjiWTZtrQJDMkJ2oZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyR6ngBnz/21tb39jc2i7sFHf39g8OS0fHLZNYTVmTJiLRnYgYJrhiTeAgWCfVjMhIsHY0rs3q7QemDU/UHUxSFkoyVDzmlICz7nvAniBrWKLAymm/VPYr/lx4FYIcyihXvV/66g0SaiVTQAUxphv4KYQZ0cCpYNNizxqWEjomQ9Z1qIhkJszmV0/xuXMGOE60ewrw3P09kRFpzERGrlMSGJnl2sz8r9a1EN+EGVepBaboYlFsBYYEzyLAA64ZBTFxQKjm7lZMR0QTCi6oogshWP7yKrQuK4HjxlW5WsvjKKBTdIYuUICuURXdojpqIoo0ekav6M179F68d+9j0brm5TMn6I+8zx9V4ZML</latexit><latexit sha1_base64="0kbuDWZ6810ICnrqk94RrQTfr2E=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFbly2YC/QjiWTZtrQJDMkJ2oZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyR6ngBnz/21tb39jc2i7sFHf39g8OS0fHLZNYTVmTJiLRnYgYJrhiTeAgWCfVjMhIsHY0rs3q7QemDU/UHUxSFkoyVDzmlICz7nvAniBrWKLAymm/VPYr/lx4FYIcyihXvV/66g0SaiVTQAUxphv4KYQZ0cCpYNNizxqWEjomQ9Z1qIhkJszmV0/xuXMGOE60ewrw3P09kRFpzERGrlMSGJnl2sz8r9a1EN+EGVepBaboYlFsBYYEzyLAA64ZBTFxQKjm7lZMR0QTCi6oogshWP7yKrQuK4HjxlW5WsvjKKBTdIYuUICuURXdojpqIoo0ekav6M179F68d+9j0brm5TMn6I+8zx9V4ZML</latexit><latexit sha1_base64="0kbuDWZ6810ICnrqk94RrQTfr2E=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFbly2YC/QjiWTZtrQJDMkJ2oZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyR6ngBnz/21tb39jc2i7sFHf39g8OS0fHLZNYTVmTJiLRnYgYJrhiTeAgWCfVjMhIsHY0rs3q7QemDU/UHUxSFkoyVDzmlICz7nvAniBrWKLAymm/VPYr/lx4FYIcyihXvV/66g0SaiVTQAUxphv4KYQZ0cCpYNNizxqWEjomQ9Z1qIhkJszmV0/xuXMGOE60ewrw3P09kRFpzERGrlMSGJnl2sz8r9a1EN+EGVepBaboYlFsBYYEzyLAA64ZBTFxQKjm7lZMR0QTCi6oogshWP7yKrQuK4HjxlW5WsvjKKBTdIYuUICuURXdojpqIoo0ekav6M179F68d+9j0brm5TMn6I+8zx9V4ZML</latexit>

entanglement
<latexit sha1_base64="7uLrv7YFVdyGJnrib0i5iMPn5SE=">AAAB/HicbZBNS8NAEIY39avWr2iPXoJF8FQSEfRY6MVjBfsBbSmb7aRdutmE3YkYQv0rXjwo4tUf4s1/46bNQVtfWHh4Z4aZff1YcI2u+22VNja3tnfKu5W9/YPDI/v4pKOjRDFos0hEqudTDYJLaCNHAb1YAQ19AV1/1szr3QdQmkfyHtMYhiGdSB5wRtFYI7s6QHjEDCRSOREQGpiP7Jpbdxdy1sEroEYKtUb212AcsSQfZoJq3ffcGIcZVciZgHllkGiIKZvRCfQNShqCHmaL4+fOuXHGThAp8yQ6C/f3REZDrdPQN50hxalereXmf7V+gsHNMOMyThAkWy4KEuFg5ORJOGOugKFIDVCmuLnVYVOqKEOTV8WE4K1+eR06l3XP8N1VrdEs4iiTU3JGLohHrkmD3JIWaRNGUvJMXsmb9WS9WO/Wx7K1ZBUzVfJH1ucP1FeVhQ==</latexit><latexit sha1_base64="7uLrv7YFVdyGJnrib0i5iMPn5SE=">AAAB/HicbZBNS8NAEIY39avWr2iPXoJF8FQSEfRY6MVjBfsBbSmb7aRdutmE3YkYQv0rXjwo4tUf4s1/46bNQVtfWHh4Z4aZff1YcI2u+22VNja3tnfKu5W9/YPDI/v4pKOjRDFos0hEqudTDYJLaCNHAb1YAQ19AV1/1szr3QdQmkfyHtMYhiGdSB5wRtFYI7s6QHjEDCRSOREQGpiP7Jpbdxdy1sEroEYKtUb212AcsSQfZoJq3ffcGIcZVciZgHllkGiIKZvRCfQNShqCHmaL4+fOuXHGThAp8yQ6C/f3REZDrdPQN50hxalereXmf7V+gsHNMOMyThAkWy4KEuFg5ORJOGOugKFIDVCmuLnVYVOqKEOTV8WE4K1+eR06l3XP8N1VrdEs4iiTU3JGLohHrkmD3JIWaRNGUvJMXsmb9WS9WO/Wx7K1ZBUzVfJH1ucP1FeVhQ==</latexit><latexit sha1_base64="7uLrv7YFVdyGJnrib0i5iMPn5SE=">AAAB/HicbZBNS8NAEIY39avWr2iPXoJF8FQSEfRY6MVjBfsBbSmb7aRdutmE3YkYQv0rXjwo4tUf4s1/46bNQVtfWHh4Z4aZff1YcI2u+22VNja3tnfKu5W9/YPDI/v4pKOjRDFos0hEqudTDYJLaCNHAb1YAQ19AV1/1szr3QdQmkfyHtMYhiGdSB5wRtFYI7s6QHjEDCRSOREQGpiP7Jpbdxdy1sEroEYKtUb212AcsSQfZoJq3ffcGIcZVciZgHllkGiIKZvRCfQNShqCHmaL4+fOuXHGThAp8yQ6C/f3REZDrdPQN50hxalereXmf7V+gsHNMOMyThAkWy4KEuFg5ORJOGOugKFIDVCmuLnVYVOqKEOTV8WE4K1+eR06l3XP8N1VrdEs4iiTU3JGLohHrkmD3JIWaRNGUvJMXsmb9WS9WO/Wx7K1ZBUzVfJH1ucP1FeVhQ==</latexit><latexit sha1_base64="7uLrv7YFVdyGJnrib0i5iMPn5SE=">AAAB/HicbZBNS8NAEIY39avWr2iPXoJF8FQSEfRY6MVjBfsBbSmb7aRdutmE3YkYQv0rXjwo4tUf4s1/46bNQVtfWHh4Z4aZff1YcI2u+22VNja3tnfKu5W9/YPDI/v4pKOjRDFos0hEqudTDYJLaCNHAb1YAQ19AV1/1szr3QdQmkfyHtMYhiGdSB5wRtFYI7s6QHjEDCRSOREQGpiP7Jpbdxdy1sEroEYKtUb212AcsSQfZoJq3ffcGIcZVciZgHllkGiIKZvRCfQNShqCHmaL4+fOuXHGThAp8yQ6C/f3REZDrdPQN50hxalereXmf7V+gsHNMOMyThAkWy4KEuFg5ORJOGOugKFIDVCmuLnVYVOqKEOTV8WE4K1+eR06l3XP8N1VrdEs4iiTU3JGLohHrkmD3JIWaRNGUvJMXsmb9WS9WO/Wx7K1ZBUzVfJH1ucP1FeVhQ==</latexit>

Spin waves
<latexit sha1_base64="Q68u2x4Ebc7Duwk1Um0/tPNR4OA=">AAAB/HicbZDLSgMxFIYzXmu9Vbt0EyyCqzIjgi4LbnRX0V6gLSWTnmlDM5khOVMdhvoqblwo4tYHcefbmF4W2vpD4OM/53BOfj+WwqDrfjsrq2vrG5u5rfz2zu7efuHgsG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eDWpN0agjYjUPaYxdELWVyIQnKG1uoViG+ER/SC7i4WiD2wEZtwtlNyyOxVdBm8OJTJXtVv4avcinoSgkEtmTMtzY+xkTKPgEsb5dmIgZnzI+tCyqFgIppNNjx/TE+v0aBBp+xTSqft7ImOhMWno286Q4cAs1ibmf7VWgsFlJxMqThAUny0KEkkxopMkaE9o4ChTC4xrYW+lfMA042jzytsQvMUvL0P9rOxZvj0vVW7mceTIETkmp8QjF6RCrkmV1AgnKXkmr+TNeXJenHfnY9a64sxniuSPnM8fStuVMQ==</latexit><latexit sha1_base64="Q68u2x4Ebc7Duwk1Um0/tPNR4OA=">AAAB/HicbZDLSgMxFIYzXmu9Vbt0EyyCqzIjgi4LbnRX0V6gLSWTnmlDM5khOVMdhvoqblwo4tYHcefbmF4W2vpD4OM/53BOfj+WwqDrfjsrq2vrG5u5rfz2zu7efuHgsG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eDWpN0agjYjUPaYxdELWVyIQnKG1uoViG+ER/SC7i4WiD2wEZtwtlNyyOxVdBm8OJTJXtVv4avcinoSgkEtmTMtzY+xkTKPgEsb5dmIgZnzI+tCyqFgIppNNjx/TE+v0aBBp+xTSqft7ImOhMWno286Q4cAs1ibmf7VWgsFlJxMqThAUny0KEkkxopMkaE9o4ChTC4xrYW+lfMA042jzytsQvMUvL0P9rOxZvj0vVW7mceTIETkmp8QjF6RCrkmV1AgnKXkmr+TNeXJenHfnY9a64sxniuSPnM8fStuVMQ==</latexit><latexit sha1_base64="Q68u2x4Ebc7Duwk1Um0/tPNR4OA=">AAAB/HicbZDLSgMxFIYzXmu9Vbt0EyyCqzIjgi4LbnRX0V6gLSWTnmlDM5khOVMdhvoqblwo4tYHcefbmF4W2vpD4OM/53BOfj+WwqDrfjsrq2vrG5u5rfz2zu7efuHgsG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eDWpN0agjYjUPaYxdELWVyIQnKG1uoViG+ER/SC7i4WiD2wEZtwtlNyyOxVdBm8OJTJXtVv4avcinoSgkEtmTMtzY+xkTKPgEsb5dmIgZnzI+tCyqFgIppNNjx/TE+v0aBBp+xTSqft7ImOhMWno286Q4cAs1ibmf7VWgsFlJxMqThAUny0KEkkxopMkaE9o4ChTC4xrYW+lfMA042jzytsQvMUvL0P9rOxZvj0vVW7mceTIETkmp8QjF6RCrkmV1AgnKXkmr+TNeXJenHfnY9a64sxniuSPnM8fStuVMQ==</latexit><latexit sha1_base64="Q68u2x4Ebc7Duwk1Um0/tPNR4OA=">AAAB/HicbZDLSgMxFIYzXmu9Vbt0EyyCqzIjgi4LbnRX0V6gLSWTnmlDM5khOVMdhvoqblwo4tYHcefbmF4W2vpD4OM/53BOfj+WwqDrfjsrq2vrG5u5rfz2zu7efuHgsG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eDWpN0agjYjUPaYxdELWVyIQnKG1uoViG+ER/SC7i4WiD2wEZtwtlNyyOxVdBm8OJTJXtVv4avcinoSgkEtmTMtzY+xkTKPgEsb5dmIgZnzI+tCyqFgIppNNjx/TE+v0aBBp+xTSqft7ImOhMWno286Q4cAs1ibmf7VWgsFlJxMqThAUny0KEkkxopMkaE9o4ChTC4xrYW+lfMA042jzytsQvMUvL0P9rOxZvj0vVW7mceTIETkmp8QjF6RCrkmV1AgnKXkmr+TNeXJenHfnY9a64sxniuSPnM8fStuVMQ==</latexit>

setup
<latexit sha1_base64="UAFQehBMccMfXjO5VVZxooCO6vg=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBTSib7aRdukmW3YlYQv+GFw+KePXPePPfuG1z0NYXFh7emWFm31BJYdB1v53SxubW9k55t7K3f3B4VD0+6Zg00xzaPJWp7oXMgBQJtFGghJ7SwOJQQjecNOf17iNoI9LkAacKgpiNEhEJztBavo/whLkBzNRsUK25dXchug5eATVSqDWofvnDlGcxJMglM6bvuQqDnGkUXMKs4mcGFOMTNoK+xYTFYIJ8cfOMXlhnSKNU25cgXbi/J3IWGzONQ9sZMxyb1drc/K/WzzC6DXKRqAwh4ctFUSYppnQeAB0KDRzl1ALjWthbKR8zzTjamCo2BG/1y+vQuap7lu+va41mEUeZnJFzckk8ckMa5I60SJtwosgzeSVvTua8OO/Ox7K15BQzp+SPnM8f5/GSPQ==</latexit><latexit sha1_base64="UAFQehBMccMfXjO5VVZxooCO6vg=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBTSib7aRdukmW3YlYQv+GFw+KePXPePPfuG1z0NYXFh7emWFm31BJYdB1v53SxubW9k55t7K3f3B4VD0+6Zg00xzaPJWp7oXMgBQJtFGghJ7SwOJQQjecNOf17iNoI9LkAacKgpiNEhEJztBavo/whLkBzNRsUK25dXchug5eATVSqDWofvnDlGcxJMglM6bvuQqDnGkUXMKs4mcGFOMTNoK+xYTFYIJ8cfOMXlhnSKNU25cgXbi/J3IWGzONQ9sZMxyb1drc/K/WzzC6DXKRqAwh4ctFUSYppnQeAB0KDRzl1ALjWthbKR8zzTjamCo2BG/1y+vQuap7lu+va41mEUeZnJFzckk8ckMa5I60SJtwosgzeSVvTua8OO/Ox7K15BQzp+SPnM8f5/GSPQ==</latexit><latexit sha1_base64="UAFQehBMccMfXjO5VVZxooCO6vg=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBTSib7aRdukmW3YlYQv+GFw+KePXPePPfuG1z0NYXFh7emWFm31BJYdB1v53SxubW9k55t7K3f3B4VD0+6Zg00xzaPJWp7oXMgBQJtFGghJ7SwOJQQjecNOf17iNoI9LkAacKgpiNEhEJztBavo/whLkBzNRsUK25dXchug5eATVSqDWofvnDlGcxJMglM6bvuQqDnGkUXMKs4mcGFOMTNoK+xYTFYIJ8cfOMXlhnSKNU25cgXbi/J3IWGzONQ9sZMxyb1drc/K/WzzC6DXKRqAwh4ctFUSYppnQeAB0KDRzl1ALjWthbKR8zzTjamCo2BG/1y+vQuap7lu+va41mEUeZnJFzckk8ckMa5I60SJtwosgzeSVvTua8OO/Ox7K15BQzp+SPnM8f5/GSPQ==</latexit><latexit sha1_base64="UAFQehBMccMfXjO5VVZxooCO6vg=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBTSib7aRdukmW3YlYQv+GFw+KePXPePPfuG1z0NYXFh7emWFm31BJYdB1v53SxubW9k55t7K3f3B4VD0+6Zg00xzaPJWp7oXMgBQJtFGghJ7SwOJQQjecNOf17iNoI9LkAacKgpiNEhEJztBavo/whLkBzNRsUK25dXchug5eATVSqDWofvnDlGcxJMglM6bvuQqDnGkUXMKs4mcGFOMTNoK+xYTFYIJ8cfOMXlhnSKNU25cgXbi/J3IWGzONQ9sZMxyb1drc/K/WzzC6DXKRqAwh4ctFUSYppnQeAB0KDRzl1ALjWthbKR8zzTjamCo2BG/1y+vQuap7lu+va41mEUeZnJFzckk8ckMa5I60SJtwosgzeSVvTua8OO/Ox7K15BQzp+SPnM8f5/GSPQ==</latexit>

Spin
<latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit>

transport
<latexit sha1_base64="Ws/wh34alMCUXepfPAZVYzfV05U=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY6MVjBdsKbSib7aZdutmE3UmxhP4TLx4U8eo/8ea/cdvmoK0vLDy8M8PMvmEqhUHP+3ZKG5tb2zvl3cre/sHhkXt80jZJphlvsUQm+jGkhkuheAsFSv6Yak7jUPJOOG7M650J10Yk6gGnKQ9iOlQiEoyitfqu20P+hDlqqkyaaJz13apX8xYi6+AXUIVCzb771RskLIu5QiapMV3fSzHIqUbBJJ9VepnhKWVjOuRdi4rG3AT54vIZubDOgESJtk8hWbi/J3IaGzONQ9sZUxyZ1drc/K/WzTC6DXKh0gy5YstFUSYJJmQeAxkIzRnKqQXKtLC3EjaimjK0YVVsCP7ql9ehfVXzLd9fV+uNIo4ynME5XIIPN1CHO2hCCxhM4Ble4c3JnRfn3flYtpacYuYU/sj5/AGsT5RS</latexit><latexit sha1_base64="Ws/wh34alMCUXepfPAZVYzfV05U=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY6MVjBdsKbSib7aZdutmE3UmxhP4TLx4U8eo/8ea/cdvmoK0vLDy8M8PMvmEqhUHP+3ZKG5tb2zvl3cre/sHhkXt80jZJphlvsUQm+jGkhkuheAsFSv6Yak7jUPJOOG7M650J10Yk6gGnKQ9iOlQiEoyitfqu20P+hDlqqkyaaJz13apX8xYi6+AXUIVCzb771RskLIu5QiapMV3fSzHIqUbBJJ9VepnhKWVjOuRdi4rG3AT54vIZubDOgESJtk8hWbi/J3IaGzONQ9sZUxyZ1drc/K/WzTC6DXKh0gy5YstFUSYJJmQeAxkIzRnKqQXKtLC3EjaimjK0YVVsCP7ql9ehfVXzLd9fV+uNIo4ynME5XIIPN1CHO2hCCxhM4Ble4c3JnRfn3flYtpacYuYU/sj5/AGsT5RS</latexit><latexit sha1_base64="Ws/wh34alMCUXepfPAZVYzfV05U=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY6MVjBdsKbSib7aZdutmE3UmxhP4TLx4U8eo/8ea/cdvmoK0vLDy8M8PMvmEqhUHP+3ZKG5tb2zvl3cre/sHhkXt80jZJphlvsUQm+jGkhkuheAsFSv6Yak7jUPJOOG7M650J10Yk6gGnKQ9iOlQiEoyitfqu20P+hDlqqkyaaJz13apX8xYi6+AXUIVCzb771RskLIu5QiapMV3fSzHIqUbBJJ9VepnhKWVjOuRdi4rG3AT54vIZubDOgESJtk8hWbi/J3IaGzONQ9sZUxyZ1drc/K/WzTC6DXKh0gy5YstFUSYJJmQeAxkIzRnKqQXKtLC3EjaimjK0YVVsCP7ql9ehfVXzLd9fV+uNIo4ynME5XIIPN1CHO2hCCxhM4Ble4c3JnRfn3flYtpacYuYU/sj5/AGsT5RS</latexit><latexit sha1_base64="Ws/wh34alMCUXepfPAZVYzfV05U=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY6MVjBdsKbSib7aZdutmE3UmxhP4TLx4U8eo/8ea/cdvmoK0vLDy8M8PMvmEqhUHP+3ZKG5tb2zvl3cre/sHhkXt80jZJphlvsUQm+jGkhkuheAsFSv6Yak7jUPJOOG7M650J10Yk6gGnKQ9iOlQiEoyitfqu20P+hDlqqkyaaJz13apX8xYi6+AXUIVCzb771RskLIu5QiapMV3fSzHIqUbBJJ9VepnhKWVjOuRdi4rG3AT54vIZubDOgESJtk8hWbi/J3IaGzONQ9sZUxyZ1drc/K/WzTC6DXKh0gy5YstFUSYJJmQeAxkIzRnKqQXKtLC3EjaimjK0YVVsCP7ql9ehfVXzLd9fV+uNIo4ynME5XIIPN1CHO2hCCxhM4Ble4c3JnRfn3flYtpacYuYU/sj5/AGsT5RS</latexit>

Spin
<latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit>

quantum
<latexit sha1_base64="KK7MJ9o1saD6AFmSEkpBvYOaBjc=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFblxWsBdox5JJM21okhmTE7UMfQ83LhRx67u4821M21lo6w+Bj/+cwzn5o1RwA77/7a2srq1vbBa2its7u3v7pYPDpkmspqxBE5HodkQME1yxBnAQrJ1qRmQkWCsa1ab11gPThifqFsYpCyUZKB5zSsBZd11gT5DdW6LAykmvVPYr/kx4GYIcyihXvVf66vYTaiVTQAUxphP4KYQZ0cCpYJNi1xqWEjoiA9ZxqIhkJsxmV0/wqXP6OE60ewrwzP09kRFpzFhGrlMSGJrF2tT8r9axEF+FGVepBabofFFsBYYETyPAfa4ZBTF2QKjm7lZMh0QTCi6oogshWPzyMjTPK4Hjm4tytZbHUUDH6ASdoQBdoiq6RnXUQBRp9Ixe0Zv36L14797HvHXFy2eO0B95nz+HQZMr</latexit><latexit sha1_base64="KK7MJ9o1saD6AFmSEkpBvYOaBjc=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFblxWsBdox5JJM21okhmTE7UMfQ83LhRx67u4821M21lo6w+Bj/+cwzn5o1RwA77/7a2srq1vbBa2its7u3v7pYPDpkmspqxBE5HodkQME1yxBnAQrJ1qRmQkWCsa1ab11gPThifqFsYpCyUZKB5zSsBZd11gT5DdW6LAykmvVPYr/kx4GYIcyihXvVf66vYTaiVTQAUxphP4KYQZ0cCpYJNi1xqWEjoiA9ZxqIhkJsxmV0/wqXP6OE60ewrwzP09kRFpzFhGrlMSGJrF2tT8r9axEF+FGVepBabofFFsBYYETyPAfa4ZBTF2QKjm7lZMh0QTCi6oogshWPzyMjTPK4Hjm4tytZbHUUDH6ASdoQBdoiq6RnXUQBRp9Ixe0Zv36L14797HvHXFy2eO0B95nz+HQZMr</latexit><latexit sha1_base64="KK7MJ9o1saD6AFmSEkpBvYOaBjc=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFblxWsBdox5JJM21okhmTE7UMfQ83LhRx67u4821M21lo6w+Bj/+cwzn5o1RwA77/7a2srq1vbBa2its7u3v7pYPDpkmspqxBE5HodkQME1yxBnAQrJ1qRmQkWCsa1ab11gPThifqFsYpCyUZKB5zSsBZd11gT5DdW6LAykmvVPYr/kx4GYIcyihXvVf66vYTaiVTQAUxphP4KYQZ0cCpYJNi1xqWEjoiA9ZxqIhkJsxmV0/wqXP6OE60ewrwzP09kRFpzFhGrlMSGJrF2tT8r9axEF+FGVepBabofFFsBYYETyPAfa4ZBTF2QKjm7lZMh0QTCi6oogshWPzyMjTPK4Hjm4tytZbHUUDH6ASdoQBdoiq6RnXUQBRp9Ixe0Zv36L14797HvHXFy2eO0B95nz+HQZMr</latexit><latexit sha1_base64="KK7MJ9o1saD6AFmSEkpBvYOaBjc=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFblxWsBdox5JJM21okhmTE7UMfQ83LhRx67u4821M21lo6w+Bj/+cwzn5o1RwA77/7a2srq1vbBa2its7u3v7pYPDpkmspqxBE5HodkQME1yxBnAQrJ1qRmQkWCsa1ab11gPThifqFsYpCyUZKB5zSsBZd11gT5DdW6LAykmvVPYr/kx4GYIcyihXvVf66vYTaiVTQAUxphP4KYQZ0cCpYJNi1xqWEjoiA9ZxqIhkJsxmV0/wqXP6OE60ewrwzP09kRFpzFhGrlMSGJrF2tT8r9axEF+FGVepBabofFFsBYYETyPAfa4ZBTF2QKjm7lZMh0QTCi6oogshWPzyMjTPK4Hjm4tytZbHUUDH6ASdoQBdoiq6RnXUQBRp9Ixe0Zv36L14797HvHXFy2eO0B95nz+HQZMr</latexit>

sensor
<latexit sha1_base64="BQuaTXxW0OiSDcZ5A23szHzdxJ0=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBbSib7aRdutnE3UmxhP4OLx4U8eqP8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pGXiVHNo8ljGuhMwA1IoaKJACZ1EA4sCCe1gXJ/X2xPQRsTqAacJ+BEbKhEKztBafg/hCTMDysR61i9X3Kq7EF0HL4cKydXol796g5inESjkkhnT9dwE/YxpFFzCrNRLDSSMj9kQuhYVi8D42eLoGb2wzoCGsbZPIV24vycyFhkzjQLbGTEcmdXa3Pyv1k0xvPUzoZIUQfHlojCVFGM6T4AOhAaOcmqBcS3srZSPmGYcbU4lG4K3+uV1aF1VPcv315VaPY+jSM7IObkkHrkhNXJHGqRJOHkkz+SVvDkT58V5dz6WrQUnnzklf+R8/gCxPZKw</latexit><latexit sha1_base64="BQuaTXxW0OiSDcZ5A23szHzdxJ0=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBbSib7aRdutnE3UmxhP4OLx4U8eqP8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pGXiVHNo8ljGuhMwA1IoaKJACZ1EA4sCCe1gXJ/X2xPQRsTqAacJ+BEbKhEKztBafg/hCTMDysR61i9X3Kq7EF0HL4cKydXol796g5inESjkkhnT9dwE/YxpFFzCrNRLDSSMj9kQuhYVi8D42eLoGb2wzoCGsbZPIV24vycyFhkzjQLbGTEcmdXa3Pyv1k0xvPUzoZIUQfHlojCVFGM6T4AOhAaOcmqBcS3srZSPmGYcbU4lG4K3+uV1aF1VPcv315VaPY+jSM7IObkkHrkhNXJHGqRJOHkkz+SVvDkT58V5dz6WrQUnnzklf+R8/gCxPZKw</latexit><latexit sha1_base64="BQuaTXxW0OiSDcZ5A23szHzdxJ0=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBbSib7aRdutnE3UmxhP4OLx4U8eqP8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pGXiVHNo8ljGuhMwA1IoaKJACZ1EA4sCCe1gXJ/X2xPQRsTqAacJ+BEbKhEKztBafg/hCTMDysR61i9X3Kq7EF0HL4cKydXol796g5inESjkkhnT9dwE/YxpFFzCrNRLDSSMj9kQuhYVi8D42eLoGb2wzoCGsbZPIV24vycyFhkzjQLbGTEcmdXa3Pyv1k0xvPUzoZIUQfHlojCVFGM6T4AOhAaOcmqBcS3srZSPmGYcbU4lG4K3+uV1aF1VPcv315VaPY+jSM7IObkkHrkhNXJHGqRJOHkkz+SVvDkT58V5dz6WrQUnnzklf+R8/gCxPZKw</latexit><latexit sha1_base64="BQuaTXxW0OiSDcZ5A23szHzdxJ0=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBbSib7aRdutnE3UmxhP4OLx4U8eqP8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pGXiVHNo8ljGuhMwA1IoaKJACZ1EA4sCCe1gXJ/X2xPQRsTqAacJ+BEbKhEKztBafg/hCTMDysR61i9X3Kq7EF0HL4cKydXol796g5inESjkkhnT9dwE/YxpFFzCrNRLDSSMj9kQuhYVi8D42eLoGb2wzoCGsbZPIV24vycyFhkzjQLbGTEcmdXa3Pyv1k0xvPUzoZIUQfHlojCVFGM6T4AOhAaOcmqBcS3srZSPmGYcbU4lG4K3+uV1aF1VPcv315VaPY+jSM7IObkkHrkhNXJHGqRJOHkkz+SVvDkT58V5dz6WrQUnnzklf+R8/gCxPZKw</latexit>

oscillator
<latexit sha1_base64="o4G3WoTgs3dJYnZ1L+tvxCww5ak=">AAAB+nicbZBNS8NAEIYnftb6lerRy2IRPJVEBD0WvXisYD+gLWWz3bRLN9mwO1FL7E/x4kERr/4Sb/4bt20O2vrCwsM7M8zsGyRSGPS8b2dldW19Y7OwVdze2d3bd0sHDaNSzXidKal0K6CGSxHzOgqUvJVoTqNA8mYwup7Wm/dcG6HiOxwnvBvRQSxCwShaq+eWOsgfMVOGCSkpKj3puWWv4s1ElsHPoQy5aj33q9NXLI14jExSY9q+l2A3oxoFk3xS7KSGJ5SN6IC3LcY04qabzU6fkBPr9EmotH0xkpn7eyKjkTHjKLCdEcWhWaxNzf9q7RTDy24m4iRFHrP5ojCVBBWZ5kD6QnOGcmyBMi3srYQNqaYMbVpFG4K/+OVlaJxVfMu35+XqVR5HAY7gGE7Bhwuowg3UoA4MHuAZXuHNeXJenHfnY9664uQzh/BHzucPTzOUqg==</latexit><latexit sha1_base64="o4G3WoTgs3dJYnZ1L+tvxCww5ak=">AAAB+nicbZBNS8NAEIYnftb6lerRy2IRPJVEBD0WvXisYD+gLWWz3bRLN9mwO1FL7E/x4kERr/4Sb/4bt20O2vrCwsM7M8zsGyRSGPS8b2dldW19Y7OwVdze2d3bd0sHDaNSzXidKal0K6CGSxHzOgqUvJVoTqNA8mYwup7Wm/dcG6HiOxwnvBvRQSxCwShaq+eWOsgfMVOGCSkpKj3puWWv4s1ElsHPoQy5aj33q9NXLI14jExSY9q+l2A3oxoFk3xS7KSGJ5SN6IC3LcY04qabzU6fkBPr9EmotH0xkpn7eyKjkTHjKLCdEcWhWaxNzf9q7RTDy24m4iRFHrP5ojCVBBWZ5kD6QnOGcmyBMi3srYQNqaYMbVpFG4K/+OVlaJxVfMu35+XqVR5HAY7gGE7Bhwuowg3UoA4MHuAZXuHNeXJenHfnY9664uQzh/BHzucPTzOUqg==</latexit><latexit sha1_base64="o4G3WoTgs3dJYnZ1L+tvxCww5ak=">AAAB+nicbZBNS8NAEIYnftb6lerRy2IRPJVEBD0WvXisYD+gLWWz3bRLN9mwO1FL7E/x4kERr/4Sb/4bt20O2vrCwsM7M8zsGyRSGPS8b2dldW19Y7OwVdze2d3bd0sHDaNSzXidKal0K6CGSxHzOgqUvJVoTqNA8mYwup7Wm/dcG6HiOxwnvBvRQSxCwShaq+eWOsgfMVOGCSkpKj3puWWv4s1ElsHPoQy5aj33q9NXLI14jExSY9q+l2A3oxoFk3xS7KSGJ5SN6IC3LcY04qabzU6fkBPr9EmotH0xkpn7eyKjkTHjKLCdEcWhWaxNzf9q7RTDy24m4iRFHrP5ojCVBBWZ5kD6QnOGcmyBMi3srYQNqaYMbVpFG4K/+OVlaJxVfMu35+XqVR5HAY7gGE7Bhwuowg3UoA4MHuAZXuHNeXJenHfnY9664uQzh/BHzucPTzOUqg==</latexit><latexit sha1_base64="o4G3WoTgs3dJYnZ1L+tvxCww5ak=">AAAB+nicbZBNS8NAEIYnftb6lerRy2IRPJVEBD0WvXisYD+gLWWz3bRLN9mwO1FL7E/x4kERr/4Sb/4bt20O2vrCwsM7M8zsGyRSGPS8b2dldW19Y7OwVdze2d3bd0sHDaNSzXidKal0K6CGSxHzOgqUvJVoTqNA8mYwup7Wm/dcG6HiOxwnvBvRQSxCwShaq+eWOsgfMVOGCSkpKj3puWWv4s1ElsHPoQy5aj33q9NXLI14jExSY9q+l2A3oxoFk3xS7KSGJ5SN6IC3LcY04qabzU6fkBPr9EmotH0xkpn7eyKjkTHjKLCdEcWhWaxNzf9q7RTDy24m4iRFHrP5ojCVBBWZ5kD6QnOGcmyBMi3srYQNqaYMbVpFG4K/+OVlaJxVfMu35+XqVR5HAY7gGE7Bhwuowg3UoA4MHuAZXuHNeXJenHfnY9664uQzh/BHzucPTzOUqg==</latexit>
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Overview: Spin waves play a central role in this CAREER proposal. A synergy of new theoreti-
cal tools, novel materials (2D vdW insulating magnets), and experimental collaborations will
be implemented to unveil new magnetic phases. The proposal will address: the properties of
i) stacked and twisted 2D vdW materials, ii) magnetic systems driven out of equilibrium, and
iii) the interplay between non-Hermitian topology and dissipation of magnetic excitations. Ex-
perimental collaborations will involve the use of quantum spin sensors (i.e., NV centers) and
spin transport setups to characterize, respectively, the single-particle and collective magnetic
properties. Potential technological applications include: i) neuromorphic networks based on
topologically protected microwave emission of spin-torque oscillators; ii) protocols for quan-
tum entanglement relying on the interaction between NV-center spins and magnetic modes;
iii) fault-tolerant magnonic devices.

1 Topology and dissipation in magnetic systems

1.1 Background and overview

Since the discovery of the quantum Hall effect in 1980 [33], topology has become a cornerstone in
our understanding of condensed matter systems. Connecting concepts drawn from topology to
electronic, photonic, cold-atom and mechanical systems has led to the discovery of a plethora of
new phenomena and materials [34, 35, 36, 37]. As there is a strong relevance to unveil topological
phases of matter in magnets, both from a fundamental perspective and for applications, several
proposals have surfaced in the last decade. Many of them rely on spatial inhomogeneities of dipo-
lar interactions or on the presence of Dzyaloshinskii-Moriya interactions as source of nontrivial
topology [38, 39, 40, 41]. Such spin-orbit-locking interactions, however, break global spin-rotation
symmetry. Thus, these systems do not have any axis with a continuous spin-rotational symmetry,
which implies that the total number of magnons is not conserved.

To properly account for the non-conservation of magnon number, an energy non-conserving
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free layer
<latexit sha1_base64="62TYM1BpxwjFv8UCziI9m1QAH5E=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy4r2Au0oUymJ+3QyYWZEzXEPoobF4q49Unc+TZO2yy09YeBj/+cwznz+4kUGh3n21pZXVvf2Cxtlbd3dvf27cpBS8ep4tDksYxVx2capIigiQIldBIFLPQltP3x9bTevgelRRzdYZaAF7JhJALBGRqrb1d6CI+YBwqASpaBmvTtqlNzZqLL4BZQJYUaffurN4h5GkKEXDKtu66ToJczhYJLmJR7qYaE8TEbQtdgxELQXj47fUJPjDOgQazMi5DO3N8TOQu1zkLfdIYMR3qxNjX/q3VTDC69XERJihDx+aIglRRjOs2BDoQCjjIzwLgS5lbKR0wxjiatsgnBXfzyMrTOaq7h2/Nq/aqIo0SOyDE5JS65IHVyQxqkSTh5IM/klbxZT9aL9W59zFtXrGLmkPyR9fkDv/SUTQ==</latexit><latexit sha1_base64="62TYM1BpxwjFv8UCziI9m1QAH5E=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy4r2Au0oUymJ+3QyYWZEzXEPoobF4q49Unc+TZO2yy09YeBj/+cwznz+4kUGh3n21pZXVvf2Cxtlbd3dvf27cpBS8ep4tDksYxVx2capIigiQIldBIFLPQltP3x9bTevgelRRzdYZaAF7JhJALBGRqrb1d6CI+YBwqASpaBmvTtqlNzZqLL4BZQJYUaffurN4h5GkKEXDKtu66ToJczhYJLmJR7qYaE8TEbQtdgxELQXj47fUJPjDOgQazMi5DO3N8TOQu1zkLfdIYMR3qxNjX/q3VTDC69XERJihDx+aIglRRjOs2BDoQCjjIzwLgS5lbKR0wxjiatsgnBXfzyMrTOaq7h2/Nq/aqIo0SOyDE5JS65IHVyQxqkSTh5IM/klbxZT9aL9W59zFtXrGLmkPyR9fkDv/SUTQ==</latexit><latexit sha1_base64="62TYM1BpxwjFv8UCziI9m1QAH5E=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy4r2Au0oUymJ+3QyYWZEzXEPoobF4q49Unc+TZO2yy09YeBj/+cwznz+4kUGh3n21pZXVvf2Cxtlbd3dvf27cpBS8ep4tDksYxVx2capIigiQIldBIFLPQltP3x9bTevgelRRzdYZaAF7JhJALBGRqrb1d6CI+YBwqASpaBmvTtqlNzZqLL4BZQJYUaffurN4h5GkKEXDKtu66ToJczhYJLmJR7qYaE8TEbQtdgxELQXj47fUJPjDOgQazMi5DO3N8TOQu1zkLfdIYMR3qxNjX/q3VTDC69XERJihDx+aIglRRjOs2BDoQCjjIzwLgS5lbKR0wxjiatsgnBXfzyMrTOaq7h2/Nq/aqIo0SOyDE5JS65IHVyQxqkSTh5IM/klbxZT9aL9W59zFtXrGLmkPyR9fkDv/SUTQ==</latexit><latexit sha1_base64="62TYM1BpxwjFv8UCziI9m1QAH5E=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy4r2Au0oUymJ+3QyYWZEzXEPoobF4q49Unc+TZO2yy09YeBj/+cwznz+4kUGh3n21pZXVvf2Cxtlbd3dvf27cpBS8ep4tDksYxVx2capIigiQIldBIFLPQltP3x9bTevgelRRzdYZaAF7JhJALBGRqrb1d6CI+YBwqASpaBmvTtqlNzZqLL4BZQJYUaffurN4h5GkKEXDKtu66ToJczhYJLmJR7qYaE8TEbQtdgxELQXj47fUJPjDOgQazMi5DO3N8TOQu1zkLfdIYMR3qxNjX/q3VTDC69XERJihDx+aIglRRjOs2BDoQCjjIzwLgS5lbKR0wxjiatsgnBXfzyMrTOaq7h2/Nq/aqIo0SOyDE5JS65IHVyQxqkSTh5IM/klbxZT9aL9W59zFtXrGLmkPyR9fkDv/SUTQ==</latexit>

fixed layer
<latexit sha1_base64="Usjvp/PSeaMIrOrW1FlCHjKtW9g=">AAAB+3icbZDLSsNAFIYn9Vbrrdalm8EiuCqJCLosunFZwV6gLWUyPWmHTiZh5kQaQl7FjQtF3Poi7nwbp5eFtv4w8PGfczhnfj+WwqDrfjuFjc2t7Z3ibmlv/+DwqHxcaZko0RyaPJKR7vjMgBQKmihQQifWwEJfQtuf3M3q7SfQRkTqEdMY+iEbKREIztBag3KlhzDFLBBTGFLJUtD5oFx1a+5cdB28JVTJUo1B+as3jHgSgkIumTFdz42xnzGNgkvIS73EQMz4hI2ga1GxEEw/m9+e03PrDGkQafsU0rn7eyJjoTFp6NvOkOHYrNZm5n+1boLBTT8TKk4QFF8sChJJMaKzIOhQaOAoUwuMa2FvpXzMNONo4yrZELzVL69D67LmWX64qtZvl3EUySk5IxfEI9ekTu5JgzQJJ1PyTF7Jm5M7L86787FoLTjLmRPyR87nD5MplMU=</latexit><latexit sha1_base64="Usjvp/PSeaMIrOrW1FlCHjKtW9g=">AAAB+3icbZDLSsNAFIYn9Vbrrdalm8EiuCqJCLosunFZwV6gLWUyPWmHTiZh5kQaQl7FjQtF3Poi7nwbp5eFtv4w8PGfczhnfj+WwqDrfjuFjc2t7Z3ibmlv/+DwqHxcaZko0RyaPJKR7vjMgBQKmihQQifWwEJfQtuf3M3q7SfQRkTqEdMY+iEbKREIztBag3KlhzDFLBBTGFLJUtD5oFx1a+5cdB28JVTJUo1B+as3jHgSgkIumTFdz42xnzGNgkvIS73EQMz4hI2ga1GxEEw/m9+e03PrDGkQafsU0rn7eyJjoTFp6NvOkOHYrNZm5n+1boLBTT8TKk4QFF8sChJJMaKzIOhQaOAoUwuMa2FvpXzMNONo4yrZELzVL69D67LmWX64qtZvl3EUySk5IxfEI9ekTu5JgzQJJ1PyTF7Jm5M7L86787FoLTjLmRPyR87nD5MplMU=</latexit><latexit sha1_base64="Usjvp/PSeaMIrOrW1FlCHjKtW9g=">AAAB+3icbZDLSsNAFIYn9Vbrrdalm8EiuCqJCLosunFZwV6gLWUyPWmHTiZh5kQaQl7FjQtF3Poi7nwbp5eFtv4w8PGfczhnfj+WwqDrfjuFjc2t7Z3ibmlv/+DwqHxcaZko0RyaPJKR7vjMgBQKmihQQifWwEJfQtuf3M3q7SfQRkTqEdMY+iEbKREIztBag3KlhzDFLBBTGFLJUtD5oFx1a+5cdB28JVTJUo1B+as3jHgSgkIumTFdz42xnzGNgkvIS73EQMz4hI2ga1GxEEw/m9+e03PrDGkQafsU0rn7eyJjoTFp6NvOkOHYrNZm5n+1boLBTT8TKk4QFF8sChJJMaKzIOhQaOAoUwuMa2FvpXzMNONo4yrZELzVL69D67LmWX64qtZvl3EUySk5IxfEI9ekTu5JgzQJJ1PyTF7Jm5M7L86787FoLTjLmRPyR87nD5MplMU=</latexit><latexit sha1_base64="Usjvp/PSeaMIrOrW1FlCHjKtW9g=">AAAB+3icbZDLSsNAFIYn9Vbrrdalm8EiuCqJCLosunFZwV6gLWUyPWmHTiZh5kQaQl7FjQtF3Poi7nwbp5eFtv4w8PGfczhnfj+WwqDrfjuFjc2t7Z3ibmlv/+DwqHxcaZko0RyaPJKR7vjMgBQKmihQQifWwEJfQtuf3M3q7SfQRkTqEdMY+iEbKREIztBag3KlhzDFLBBTGFLJUtD5oFx1a+5cdB28JVTJUo1B+as3jHgSgkIumTFdz42xnzGNgkvIS73EQMz4hI2ga1GxEEw/m9+e03PrDGkQafsU0rn7eyJjoTFp6NvOkOHYrNZm5n+1boLBTT8TKk4QFF8sChJJMaKzIOhQaOAoUwuMa2FvpXzMNONo4yrZELzVL69D67LmWX64qtZvl3EUySk5IxfEI9ekTu5JgzQJJ1PyTF7Jm5M7L86787FoLTjLmRPyR87nD5MplMU=</latexit>

spacer
<latexit sha1_base64="/IvJU+OFxEGvZB6DvZ5puoUA+Fs=">AAAB9HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6gHUomPdOGZjJjcqZYhj6HGxeKuPVh3Pk2pu0stPVA4OP/z0lO/iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup35rTFoI2L1gJME/IgNlAgFZ2glv4vwhJlJGAc97ZUrbtWdF10FL4cKyaveK391+zFPI1DIJTOm47kJ+hnTKLiEaambGrBXj9gAOhYVi8D42XzpKT2zSp+GsbZHIZ2rvycyFhkziQLbGTEcmmVvJv7ndVIMr/1MqCRFUHzxUJhKijGdJUD7QgNHObHAuBZ2V8qHTDOONqeSDcFb/vIqNC+qnuX7y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf8r5/AGGP5KT</latexit><latexit sha1_base64="/IvJU+OFxEGvZB6DvZ5puoUA+Fs=">AAAB9HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6gHUomPdOGZjJjcqZYhj6HGxeKuPVh3Pk2pu0stPVA4OP/z0lO/iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup35rTFoI2L1gJME/IgNlAgFZ2glv4vwhJlJGAc97ZUrbtWdF10FL4cKyaveK391+zFPI1DIJTOm47kJ+hnTKLiEaambGrBXj9gAOhYVi8D42XzpKT2zSp+GsbZHIZ2rvycyFhkziQLbGTEcmmVvJv7ndVIMr/1MqCRFUHzxUJhKijGdJUD7QgNHObHAuBZ2V8qHTDOONqeSDcFb/vIqNC+qnuX7y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf8r5/AGGP5KT</latexit><latexit sha1_base64="/IvJU+OFxEGvZB6DvZ5puoUA+Fs=">AAAB9HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6gHUomPdOGZjJjcqZYhj6HGxeKuPVh3Pk2pu0stPVA4OP/z0lO/iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup35rTFoI2L1gJME/IgNlAgFZ2glv4vwhJlJGAc97ZUrbtWdF10FL4cKyaveK391+zFPI1DIJTOm47kJ+hnTKLiEaambGrBXj9gAOhYVi8D42XzpKT2zSp+GsbZHIZ2rvycyFhkziQLbGTEcmmVvJv7ndVIMr/1MqCRFUHzxUJhKijGdJUD7QgNHObHAuBZ2V8qHTDOONqeSDcFb/vIqNC+qnuX7y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf8r5/AGGP5KT</latexit><latexit sha1_base64="/IvJU+OFxEGvZB6DvZ5puoUA+Fs=">AAAB9HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6gHUomPdOGZjJjcqZYhj6HGxeKuPVh3Pk2pu0stPVA4OP/z0lO/iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup35rTFoI2L1gJME/IgNlAgFZ2glv4vwhJlJGAc97ZUrbtWdF10FL4cKyaveK391+zFPI1DIJTOm47kJ+hnTKLiEaambGrBXj9gAOhYVi8D42XzpKT2zSp+GsbZHIZ2rvycyFhkziQLbGTEcmmVvJv7ndVIMr/1MqCRFUHzxUJhKijGdJUD7QgNHObHAuBZ2V8qHTDOONqeSDcFb/vIqNC+qnuX7y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf8r5/AGGP5KT</latexit>

m
<latexit sha1_base64="MjoC9krfECk+VvUkV+PsylnSlaM=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GVBFy4r2Ae2Q8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTJoIb63nfqLS2vrG5Vd6u7Ozu7R9UD4/aJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STm9zvPDFteKwe7DRhgSQjxSNOiXXSY18SOw6jTM4G1ZpX9+bAq8QvSA0KNAfVr/4wpqlkylJBjOn5XmKDjGjLqWCzSj81LCF0Qkas56gikpkgmyee4TOnDHEUa/eUxXP190ZGpDFTGbrJPKFZ9nLxP6+X2ug6yLhKUssUXXwUpQLbGOfn4yHXjFoxdYRQzV1WTMdEE2pdSRVXgr988ippX9R9x+8va43boo4ynMApnIMPV9CAO2hCCygoeIZXeEMGvaB39LEYLaFi5xj+AH3+AO0ekRM=</latexit><latexit sha1_base64="MjoC9krfECk+VvUkV+PsylnSlaM=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GVBFy4r2Ae2Q8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTJoIb63nfqLS2vrG5Vd6u7Ozu7R9UD4/aJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STm9zvPDFteKwe7DRhgSQjxSNOiXXSY18SOw6jTM4G1ZpX9+bAq8QvSA0KNAfVr/4wpqlkylJBjOn5XmKDjGjLqWCzSj81LCF0Qkas56gikpkgmyee4TOnDHEUa/eUxXP190ZGpDFTGbrJPKFZ9nLxP6+X2ug6yLhKUssUXXwUpQLbGOfn4yHXjFoxdYRQzV1WTMdEE2pdSRVXgr988ippX9R9x+8va43boo4ynMApnIMPV9CAO2hCCygoeIZXeEMGvaB39LEYLaFi5xj+AH3+AO0ekRM=</latexit><latexit sha1_base64="MjoC9krfECk+VvUkV+PsylnSlaM=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GVBFy4r2Ae2Q8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTJoIb63nfqLS2vrG5Vd6u7Ozu7R9UD4/aJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STm9zvPDFteKwe7DRhgSQjxSNOiXXSY18SOw6jTM4G1ZpX9+bAq8QvSA0KNAfVr/4wpqlkylJBjOn5XmKDjGjLqWCzSj81LCF0Qkas56gikpkgmyee4TOnDHEUa/eUxXP190ZGpDFTGbrJPKFZ9nLxP6+X2ug6yLhKUssUXXwUpQLbGOfn4yHXjFoxdYRQzV1WTMdEE2pdSRVXgr988ippX9R9x+8va43boo4ynMApnIMPV9CAO2hCCygoeIZXeEMGvaB39LEYLaFi5xj+AH3+AO0ekRM=</latexit><latexit sha1_base64="MjoC9krfECk+VvUkV+PsylnSlaM=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GVBFy4r2Ae2Q8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTJoIb63nfqLS2vrG5Vd6u7Ozu7R9UD4/aJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STm9zvPDFteKwe7DRhgSQjxSNOiXXSY18SOw6jTM4G1ZpX9+bAq8QvSA0KNAfVr/4wpqlkylJBjOn5XmKDjGjLqWCzSj81LCF0Qkas56gikpkgmyee4TOnDHEUa/eUxXP190ZGpDFTGbrJPKFZ9nLxP6+X2ug6yLhKUssUXXwUpQLbGOfn4yHXjFoxdYRQzV1WTMdEE2pdSRVXgr988ippX9R9x+8va43boo4ynMApnIMPV9CAO2hCCygoeIZXeEMGvaB39LEYLaFi5xj+AH3+AO0ekRM=</latexit>

Js
<latexit sha1_base64="n3jpYyCNu2sOSj00cyKDPU0adQ4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCLsRVBfuAdiyZNNOGZpIhyShlmP9w40IRt/6LO//GTDsLbT0QOJxzL/fkBDFn2rjut1NaWV1b3yhvVra2d3b3qvsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpX7nUeqNJPi3kxj6kd4JFjICDZWeuhH2IyDML3NBqnOBtWaW3dnQMvEK0gNCjQH1a/+UJIkosIQjrXueW5s/BQrwwinWaWfaBpjMsEj2rNU4IhqP52lztCJVYYolMo+YdBM/b2R4kjraRTYyTylXvRy8T+vl5jw0k+ZiBNDBZkfChOOjER5BWjIFCWGTy3BRDGbFZExVpgYW1TFluAtfnmZtM/qnuV357XGdVFHGY7gGE7BgwtowA00oQUEFDzDK7w5T86L8+58zEdLTrFzCH/gfP4AFP2S4g==</latexit><latexit sha1_base64="n3jpYyCNu2sOSj00cyKDPU0adQ4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCLsRVBfuAdiyZNNOGZpIhyShlmP9w40IRt/6LO//GTDsLbT0QOJxzL/fkBDFn2rjut1NaWV1b3yhvVra2d3b3qvsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpX7nUeqNJPi3kxj6kd4JFjICDZWeuhH2IyDML3NBqnOBtWaW3dnQMvEK0gNCjQH1a/+UJIkosIQjrXueW5s/BQrwwinWaWfaBpjMsEj2rNU4IhqP52lztCJVYYolMo+YdBM/b2R4kjraRTYyTylXvRy8T+vl5jw0k+ZiBNDBZkfChOOjER5BWjIFCWGTy3BRDGbFZExVpgYW1TFluAtfnmZtM/qnuV357XGdVFHGY7gGE7BgwtowA00oQUEFDzDK7w5T86L8+58zEdLTrFzCH/gfP4AFP2S4g==</latexit><latexit sha1_base64="n3jpYyCNu2sOSj00cyKDPU0adQ4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCLsRVBfuAdiyZNNOGZpIhyShlmP9w40IRt/6LO//GTDsLbT0QOJxzL/fkBDFn2rjut1NaWV1b3yhvVra2d3b3qvsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpX7nUeqNJPi3kxj6kd4JFjICDZWeuhH2IyDML3NBqnOBtWaW3dnQMvEK0gNCjQH1a/+UJIkosIQjrXueW5s/BQrwwinWaWfaBpjMsEj2rNU4IhqP52lztCJVYYolMo+YdBM/b2R4kjraRTYyTylXvRy8T+vl5jw0k+ZiBNDBZkfChOOjER5BWjIFCWGTy3BRDGbFZExVpgYW1TFluAtfnmZtM/qnuV357XGdVFHGY7gGE7BgwtowA00oQUEFDzDK7w5T86L8+58zEdLTrFzCH/gfP4AFP2S4g==</latexit><latexit sha1_base64="n3jpYyCNu2sOSj00cyKDPU0adQ4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCLsRVBfuAdiyZNNOGZpIhyShlmP9w40IRt/6LO//GTDsLbT0QOJxzL/fkBDFn2rjut1NaWV1b3yhvVra2d3b3qvsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpX7nUeqNJPi3kxj6kd4JFjICDZWeuhH2IyDML3NBqnOBtWaW3dnQMvEK0gNCjQH1a/+UJIkosIQjrXueW5s/BQrwwinWaWfaBpjMsEj2rNU4IhqP52lztCJVYYolMo+YdBM/b2R4kjraRTYyTylXvRy8T+vl5jw0k+ZiBNDBZkfChOOjER5BWjIFCWGTy3BRDGbFZExVpgYW1TFluAtfnmZtM/qnuV357XGdVFHGY7gGE7BgwtowA00oQUEFDzDK7w5T86L8+58zEdLTrFzCH/gfP4AFP2S4g==</latexit>

spin current
<latexit sha1_base64="Bbk2tlP04CWrzv4QTZlUogskRhQ=">AAAB/HicbVDLSgMxFL1TX7W+Rrt0EyyCqzIjgi4LunBZwT6gHUomTdvQTGZI7ohlqL/ixoUibv0Qd/6NaTsLbT0QOJxzD/fmhIkUBj3v2ymsrW9sbhW3Szu7e/sH7uFR08SpZrzBYhnrdkgNl0LxBgqUvJ1oTqNQ8lY4vp75rQeujYjVPU4SHkR0qMRAMIpW6rnlLvJHzEwiFGGp1lzhtOdWvKo3B1klfk4qkKPec7+6/ZilkQ0zSY3p+F6CQUY1Cib5tNRNDU8oG9Mh71iqaMRNkM2Pn5JTq/TJINb2KSRz9Xcio5Exkyi0kxHFkVn2ZuJ/XifFwVWQCZWkyBVbLBqkkmBMZk2QvtCcoZxYQpkW9lbCRlRThravki3BX/7yKmmeV33L7y4qtZu8jiIcwwmcgQ+XUINbqEMDGEzgGV7hzXlyXpx352MxWnDyTBn+wPn8AZtUlWE=</latexit><latexit sha1_base64="Bbk2tlP04CWrzv4QTZlUogskRhQ=">AAAB/HicbVDLSgMxFL1TX7W+Rrt0EyyCqzIjgi4LunBZwT6gHUomTdvQTGZI7ohlqL/ixoUibv0Qd/6NaTsLbT0QOJxzD/fmhIkUBj3v2ymsrW9sbhW3Szu7e/sH7uFR08SpZrzBYhnrdkgNl0LxBgqUvJ1oTqNQ8lY4vp75rQeujYjVPU4SHkR0qMRAMIpW6rnlLvJHzEwiFGGp1lzhtOdWvKo3B1klfk4qkKPec7+6/ZilkQ0zSY3p+F6CQUY1Cib5tNRNDU8oG9Mh71iqaMRNkM2Pn5JTq/TJINb2KSRz9Xcio5Exkyi0kxHFkVn2ZuJ/XifFwVWQCZWkyBVbLBqkkmBMZk2QvtCcoZxYQpkW9lbCRlRThravki3BX/7yKmmeV33L7y4qtZu8jiIcwwmcgQ+XUINbqEMDGEzgGV7hzXlyXpx352MxWnDyTBn+wPn8AZtUlWE=</latexit><latexit sha1_base64="Bbk2tlP04CWrzv4QTZlUogskRhQ=">AAAB/HicbVDLSgMxFL1TX7W+Rrt0EyyCqzIjgi4LunBZwT6gHUomTdvQTGZI7ohlqL/ixoUibv0Qd/6NaTsLbT0QOJxzD/fmhIkUBj3v2ymsrW9sbhW3Szu7e/sH7uFR08SpZrzBYhnrdkgNl0LxBgqUvJ1oTqNQ8lY4vp75rQeujYjVPU4SHkR0qMRAMIpW6rnlLvJHzEwiFGGp1lzhtOdWvKo3B1klfk4qkKPec7+6/ZilkQ0zSY3p+F6CQUY1Cib5tNRNDU8oG9Mh71iqaMRNkM2Pn5JTq/TJINb2KSRz9Xcio5Exkyi0kxHFkVn2ZuJ/XifFwVWQCZWkyBVbLBqkkmBMZk2QvtCcoZxYQpkW9lbCRlRThravki3BX/7yKmmeV33L7y4qtZu8jiIcwwmcgQ+XUINbqEMDGEzgGV7hzXlyXpx352MxWnDyTBn+wPn8AZtUlWE=</latexit><latexit sha1_base64="Bbk2tlP04CWrzv4QTZlUogskRhQ=">AAAB/HicbVDLSgMxFL1TX7W+Rrt0EyyCqzIjgi4LunBZwT6gHUomTdvQTGZI7ohlqL/ixoUibv0Qd/6NaTsLbT0QOJxzD/fmhIkUBj3v2ymsrW9sbhW3Szu7e/sH7uFR08SpZrzBYhnrdkgNl0LxBgqUvJ1oTqNQ8lY4vp75rQeujYjVPU4SHkR0qMRAMIpW6rnlLvJHzEwiFGGp1lzhtOdWvKo3B1klfk4qkKPec7+6/ZilkQ0zSY3p+F6CQUY1Cib5tNRNDU8oG9Mh71iqaMRNkM2Pn5JTq/TJINb2KSRz9Xcio5Exkyi0kxHFkVn2ZuJ/XifFwVWQCZWkyBVbLBqkkmBMZk2QvtCcoZxYQpkW9lbCRlRThravki3BX/7yKmmeV33L7y4qtZu8jiIcwwmcgQ+XUINbqEMDGEzgGV7hzXlyXpx352MxWnDyTBn+wPn8AZtUlWE=</latexit>

Spin-torque oscillator (STO)

NATURE MATERIALS | VOL 13 | JANUARY 2014 | www.nature.com/naturematerials 11

The discovery of giant magnetoresistance (GMR) in 19881,2 
laid the foundations for the !eld of spintronics. In turn, this 
revolutionized data storage through the development of the 

GMR hard-drive read head, allowing immense storage capacities. 
But GMR, and more recently tunnel magnetoresistance3 (TMR)-
based sensors, are passive elements dedicated to the readout of 
magnetic states in nanostructures. A means to actively manipulate 
the magnetization of nano-objects was provided by the discovery of 
spin torque (ST), thus promoting spintronic devices to the rank of 
active elements. Indeed, this e"ect, which was predicted in 19964,5 
and !rst observed around 20006–9, allows for the e#cient manipu-
lation of magnetic con!gurations without the assistance of exter-
nal magnetic !elds (not compatible with downscaling) through a 
simple transfer of angular momentum from spin-polarized carriers 
to local magnetic moments. Consequently, a class of new devices 
based on the combined e"ects of spin torque for writing and GMR 
or TMR for reading has emerged. $e second generation of mag-
netic random access memories (MRAMs) based on spin-torque 
writing, called ST-MRAM, is under industrial development and has 
the potential to replace current cache memory technologies in the 
next few years thanks to its speed, density, low power consumption 
and almost unlimited endurance10. In this Progress Article, we will 
show that spin-torque nanodevices are in fact far from limited to 
binary memories.

Spin-torque basics
$e typical structure of spin-torque devices is a non-magnetic layer 
sandwiched between two thin nanomagnets (Fig.  1a). One of the 
layers has its magnetization !xed (M!xed), whereas the second one 
(Mfree) is free to move. When a current is injected through the mag-
netic stack, the carriers get spin polarized while passing through the 
ferromagnets. If the magnetizations M!xed and Mfree are not collinear, 
as illustrated in Fig. 1a, then the polarized spins coming in on the free 
layer are not aligned with Mfree. However, while passing through the 
free layer, these spins will align with Mfree due to the exchange inter-
action. During this process, the spins associated with the conduction 
electrons lose their component transverse to Mfree. By conservation 
of angular momentum, this lost spin component is transferred to 
the free layer in the form of a torque, which is known as the spin-
transfer torque. $e spin torque can rotate the magnetization of the 
free layer towards or away from the !xed layer, depending on the 
sign of the injected current. As predicted in the pioneering works of 
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The discovery of the spin-torque e!ect has made magnetic nanodevices realistic candidates for active elements of memory 
devices and applications. Magnetoresistive e!ects allow the read-out of increasingly small magnetic bits, and the spin torque 
provides an e"cient tool to manipulate — precisely, rapidly and at low energy cost — the magnetic state, which is in turn the 
central information medium of spintronic devices. By keeping the same magnetic stack, but by tuning a device’s shape and 
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Slonczewski4 and Berger5, the spin-torque amplitude is proportional 
to the current density, requiring approximately 107 A cm–2 to switch 
a magnetization at zero !eld. A decisive advantage of spin torque 
is that the smaller the device dimensions are, the lower the current 
that is needed to manipulate the magnetic state. A&er a decade of 
intense research and development, the excellent scalability of spin 
torque has been recently highlighted with low-current (<30  μA) 
spin-torque magnetization switching at room temperature in 
20-nm-diameter junctions, compatible with 22-nm complementary 
metal–oxide–semiconductor (CMOS) technology11.

$e general principle of spin-torque nanodevices is depicted in 
Fig. 1b. A current is injected through the trilayer structure. Under 
the action of spin torque, magnetization dynamics are generated. 
$is magnetization motion is converted into resistance and voltage 
variations thanks to the trilayer magnetoresistive e"ect, GMR or 
TMR, depending on the stack.

$e spin torque has two contributions, called in-plane and out-
of-plane torques12,13, that provide two di"erent handles with which 
to manipulate the magnetization. As illustrated in Fig. 1c, the in-
plane torque TIP lies in the plane de!ned by Mfree and M!xed, while 
the out-of-plane torque TOOP points out of it, resulting in very dif-
ferent actions of each torque on the magnetization. $e case shown 
in Fig. 1c, where M!xed and the e"ective magnetic !eld are aligned, 
emphasizes the di"erence between the torques. In the absence of 
current, when Mfree is displaced out of its equilibrium position, it 
is subjected to the e"ective-!eld torque T!eld that drives it into pre-
cession around the e"ective !eld, and the damping torque Tdamping 
that brings it back to its equilibrium position. When the current is 
turned on, TIP is aligned with Tdamping while TOOP is parallel to T!eld. 
Depending on the current sign, TIP will then either reinforce the 
damping or act as an anti-damping source. $e in-plane torque is 
therefore useful for stabilizing the magnetization in its equilibrium 
position, or, on the contrary, to destabilize it to bring it to another 
equilibrium situation. As for the out-of-plane torque, o&en called 
!eld-like torque, it can emulate the action of a !eld on Mfree, which 
means that it can modify the energy landscape seen by the magneti-
zation. $e current dependence of TOOP is generally more complex 
than TIP. Although TOOP is practically zero in metallic spin-valves, it 
can reach 40% of TIP in magnetic tunnel junctions14. 

By adjusting the relative amplitude of the in-plane and out-of-
plane torques by tailoring material properties and geometry design, 
as well as the form of the injected current, the voltage response 
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of spin-torque nanodevices can be largely tuned, allowing the 
implementation of a great variety of functionalities.

Magnetization dynamics with the in-plane spin torque
Because TOOP is in general smaller than TIP, most spin-torque 
devices are based on TIP only, as an anti-damping source provid-
ing a means to destabilize the magnetization without modifying the 
energy landscape. In this case, because magnetization trajectories 
are constrained by the !eld-dependent energy pro!le, three di"er-
ent scenarios can occur depending on the number of equilibrium 
positions and their relative stabilities. Figure 2 illustrates the clas-
sical case of a free-layer magnetization with two equilibrium posi-
tions at zero !eld, parallel (P state) or antiparallel (AP state) to the 
!xed magnetization. $e device response can be tuned by adjusting 
the amplitude of the applied !eld with respect to the coercive !eld 
Hc required to commute Mfree between the two stable states.

Hysteretic switching. At zero or low external magnetic !eld 
(H < Hc), both P and AP states are stable (Fig. 2a). By changing the 
current sign, the in-plane torque will successively destabilize the P 
and AP states, thus commuting the magnetization back and forth 
between these two local energy minima. $e free-layer magnetiza-
tion switching is associated with large and sharp resistance vari-
ations. $e hysteresis loop shows that when the current is turned 
back to zero the two states remain stable. $is spin-torque-induced 
magnetization switching at zero !eld has found a straightforward 
application in ST-MRAMs and de!ned a new class of non-volatile 
binary memories15.

Telegraphic switching. When the applied !eld gets close to Hc, 
stochastic switching between P and AP states can occur if the 

magnetization is destabilized by spin torque in one state, whereas 
it is barely stable under thermal %uctuations in the second state16–19. 
By modulating the current amplitude, the spin-torque strength and 
thus the mean time spent in each state can be tuned20, as shown 
in Fig.  2b. $ese adjustable dwell times can potentially be used 
to encode probabilities, the current amplitude providing a con-
trol to adjust the odds. $is means that spin torque can also be 
used to engineer controlled stochastic devices, for instance ran-
dom-number generators21.

Sustained microwave precession. For external !elds larger than Hc, 
only one state remains stable: for example, the P state as shown in 
Fig. 2c. When the current is large enough to destabilize the mag-
netization from the P state, there is no other local energy minima 
where the magnetization can stabilize. $e magnetization then 
enters a regime of spin-torque-induced sustained precession22,23. In 
that case, the magnetization orbit is set by the balance between dis-
sipative (Tdamping and TIP) and conservative torques (T!eld and TOOP).

Spin-torque bricks
Just as the discovery of GMR boosted data storage in the 1990s, 
it is envisaged that the sustained microwave precession of spin-
torque-induced magnetization dynamics can be exploited to build 
next-generation microwave devices for information and communi-
cations technology (ICT). $is new class of microwave nanodevices 
relies on spin torque to induce large-amplitude magnetization pre-
cessions and on magnetoresistance to convert these precessions into 
electrical signals. $ese spintronic devices have several advantages. 
First, the free-running frequency, which is linked to the magnetiza-
tion state and the associated spin-torque-induced vibration mode, 
depends on the magnetic material and the sample’s geometry. By 
engineering the magnetic systems, a large part of the microwave fre-
quency range can be reached, typically between a few hundred MHz 
and several tens of GHz. $e second advantage is related to their 
intrinsic nonlinear nature: a simple variation of the injected current 
will modify the balance between torques, tuning the magnetization 
orbit and therefore the device frequency extremely rapidly24 and 
over a wide range. And !nally, the third strength is their deep scal-
ability and robustness to radiation. A unique feature of spin-torque 
microwave devices is their ability to display multiple functionalities, 
from signal generation to frequency detection and signal process-
ing. $is versatility opens the way for implementing, with the same 
devices, very di"erent functions such as signal clocks or !eld sen-
sors in next-generation high-data-rate read-heads25. $e working 
principle of each operation is very simple.

Spin-torque nano-oscillators. Figure  3a illustrates the principle 
of spin-torque microwave sources: when the d.c. current induces 
sustained magnetization precessions, an alternating voltage builds 
up across the junction. $is microwave emission was !rst demon-
strated in magnetic spin valves in 200326,27. $e transition to large 
TMR MgO-based magnetic tunnel junctions (~100%) in 2008 has 
allowed an increase of the emitted power above the microwatt range, 
whereas the !rst GMR-based devices peaked at a few hundred pico-
watts28–30. Such spin-torque nano-oscillators are CMOS compatible, 
highly integrable, tunable, agile and can even operate at zero !eld. 
Furthermore, thanks to their intrinsic nonlinear nature, large band-
widths of frequency modulation can be achieved, which is crucial 
for signal processing31. Spin-torque nano-oscillators are therefore 
potentially disruptive for telecommunication technologies, but are 
still the subject of intense academic research because their spectral 
purity has to be improved. Strategies for decreasing the amplitude 
and phase noises are the design of innovative phase-locked loops32 
or, at the device level, the dynamic coupling of several magnetic sys-
tems. In this trend, it has recently been shown that spin-transfer-
driven coupled vortex dynamics can give rise to emission linewidths 
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Figure 1 | Spin-torque basics. a, Spin-torque principle: in a ferromagnet/
non-magnetic/ferromagnet trilayer, the transverse spin component of the 
conduction electrons (red) is absorbed as they pass through the free layer, 
generating a torque on the local magnetization, known as the spin-transfer 
torque. b, Principle of spin-torque nanodevices: when a current is flowing 
through the trilayer, the spin torque induces magnetization dynamics that 
are then converted into resistance variations thanks to magnetoresistive 
e!ects. c, Torques on the local magnetization, under current injection, in 
the particular case where Mfixed and the e!ective magnetic field are aligned. 
The two conservative torques, TOOP and Tfield, are aligned, while the two 
dissipative torques TIP and Tdamping are parallel. The total spin torque TST is 
the sum of TIP and TOOP.
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<latexit sha1_base64="u7e1j5Kr18vpCDPxTX2KGL3XATs=">AAAB+HicbZDLSgMxFIbPeK310lGXboJFcGOZEUGXRTcuK9gLtGPJpGkbmkxCkhHq0Cdx40IRtz6KO9/GtJ2Ftv4Q+PjPOeScP1acGRsE397K6tr6xmZhq7i9s7tX8vcPGkammtA6kVzqVowN5Syhdcsspy2lKRYxp814dDOtNx+pNkwm93asaCTwIGF9RrB1VtcviYfsbII6SktlJcJdvxxUgpnQMoQ5lCFXret/dXqSpIImlnBsTDsMlI0yrC0jnE6KndRQhckID2jbYYIFNVE2W3yCTpzTQ32p3Ussmrm/JzIsjBmL2HUKbIdmsTY1/6u1U9u/ijKWqNTShMw/6qccuROnKaAe05RYPnaAiWZuV0SGWGNiXVZFF0K4ePIyNM4roeO7i3L1Oo+jAEdwDKcQwiVU4RZqUAcCKTzDK7x5T96L9+59zFtXvHzmEP7I+/wBRPmS0g==</latexit><latexit sha1_base64="u7e1j5Kr18vpCDPxTX2KGL3XATs=">AAAB+HicbZDLSgMxFIbPeK310lGXboJFcGOZEUGXRTcuK9gLtGPJpGkbmkxCkhHq0Cdx40IRtz6KO9/GtJ2Ftv4Q+PjPOeScP1acGRsE397K6tr6xmZhq7i9s7tX8vcPGkammtA6kVzqVowN5Syhdcsspy2lKRYxp814dDOtNx+pNkwm93asaCTwIGF9RrB1VtcviYfsbII6SktlJcJdvxxUgpnQMoQ5lCFXret/dXqSpIImlnBsTDsMlI0yrC0jnE6KndRQhckID2jbYYIFNVE2W3yCTpzTQ32p3Ussmrm/JzIsjBmL2HUKbIdmsTY1/6u1U9u/ijKWqNTShMw/6qccuROnKaAe05RYPnaAiWZuV0SGWGNiXVZFF0K4ePIyNM4roeO7i3L1Oo+jAEdwDKcQwiVU4RZqUAcCKTzDK7x5T96L9+59zFtXvHzmEP7I+/wBRPmS0g==</latexit><latexit sha1_base64="u7e1j5Kr18vpCDPxTX2KGL3XATs=">AAAB+HicbZDLSgMxFIbPeK310lGXboJFcGOZEUGXRTcuK9gLtGPJpGkbmkxCkhHq0Cdx40IRtz6KO9/GtJ2Ftv4Q+PjPOeScP1acGRsE397K6tr6xmZhq7i9s7tX8vcPGkammtA6kVzqVowN5Syhdcsspy2lKRYxp814dDOtNx+pNkwm93asaCTwIGF9RrB1VtcviYfsbII6SktlJcJdvxxUgpnQMoQ5lCFXret/dXqSpIImlnBsTDsMlI0yrC0jnE6KndRQhckID2jbYYIFNVE2W3yCTpzTQ32p3Ussmrm/JzIsjBmL2HUKbIdmsTY1/6u1U9u/ijKWqNTShMw/6qccuROnKaAe05RYPnaAiWZuV0SGWGNiXVZFF0K4ePIyNM4roeO7i3L1Oo+jAEdwDKcQwiVU4RZqUAcCKTzDK7x5T96L9+59zFtXvHzmEP7I+/wBRPmS0g==</latexit><latexit sha1_base64="u7e1j5Kr18vpCDPxTX2KGL3XATs=">AAAB+HicbZDLSgMxFIbPeK310lGXboJFcGOZEUGXRTcuK9gLtGPJpGkbmkxCkhHq0Cdx40IRtz6KO9/GtJ2Ftv4Q+PjPOeScP1acGRsE397K6tr6xmZhq7i9s7tX8vcPGkammtA6kVzqVowN5Syhdcsspy2lKRYxp814dDOtNx+pNkwm93asaCTwIGF9RrB1VtcviYfsbII6SktlJcJdvxxUgpnQMoQ5lCFXret/dXqSpIImlnBsTDsMlI0yrC0jnE6KndRQhckID2jbYYIFNVE2W3yCTpzTQ32p3Ussmrm/JzIsjBmL2HUKbIdmsTY1/6u1U9u/ijKWqNTShMw/6qccuROnKaAe05RYPnaAiWZuV0SGWGNiXVZFF0K4ePIyNM4roeO7i3L1Oo+jAEdwDKcQwiVU4RZqUAcCKTzDK7x5T96L9+59zFtXvHzmEP7I+/wBRPmS0g==</latexit>

Non-Hermitian Hamiltonian

H = !0a
†a+ i(Js � ↵!0)a

†a
<latexit sha1_base64="or3iyHGMFLMLBtX393is7XHH18Q="></latexit><latexit sha1_base64="or3iyHGMFLMLBtX393is7XHH18Q="></latexit><latexit sha1_base64="or3iyHGMFLMLBtX393is7XHH18Q="></latexit><latexit sha1_base64="or3iyHGMFLMLBtX393is7XHH18Q="></latexit>

Gain/loss can by tuned

via spin current

(Berger, Slonczewski)

Magnetization dynamics

Linear regime: m ' (�mx, �my, 1)
<latexit sha1_base64="XEb3RxzAjdEBDz3B6LWdvTr8+Ww=">AAACGnicbVDLSsNAFJ34rPUVdelmsAgVpCQi6LLoxmUF+4CmlMn0ph06k8SZiVhCvsONv+LGhSLuxI1/47QNqK0HBs49517u3OPHnCntOF/WwuLS8spqYa24vrG5tW3v7DZUlEgKdRrxSLZ8ooCzEOqaaQ6tWAIRPoemP7wc+807kIpF4Y0exdARpB+ygFGijdS1XU8QPfCDVGTYU0zALS57PeCaYNFN77Nj/FONTOUede2SU3EmwPPEzUkJ5ah17Q+vF9FEQKgpJ0q1XSfWnZRIzSiHrOglCmJCh6QPbUNDIkB10slpGT40Sg8HkTQv1Hii/p5IiVBqJHzTOT5EzXpj8T+vnejgvJOyME40hHS6KEg41hEe54R7TALVfGQIoZKZv2I6IJJQbdIsmhDc2ZPnSeOk4hp+fVqqXuRxFNA+OkBl5KIzVEVXqIbqiKIH9IRe0Kv1aD1bb9b7tHXBymf20B9Yn9/09KAi</latexit><latexit sha1_base64="XEb3RxzAjdEBDz3B6LWdvTr8+Ww=">AAACGnicbVDLSsNAFJ34rPUVdelmsAgVpCQi6LLoxmUF+4CmlMn0ph06k8SZiVhCvsONv+LGhSLuxI1/47QNqK0HBs49517u3OPHnCntOF/WwuLS8spqYa24vrG5tW3v7DZUlEgKdRrxSLZ8ooCzEOqaaQ6tWAIRPoemP7wc+807kIpF4Y0exdARpB+ygFGijdS1XU8QPfCDVGTYU0zALS57PeCaYNFN77Nj/FONTOUede2SU3EmwPPEzUkJ5ah17Q+vF9FEQKgpJ0q1XSfWnZRIzSiHrOglCmJCh6QPbUNDIkB10slpGT40Sg8HkTQv1Hii/p5IiVBqJHzTOT5EzXpj8T+vnejgvJOyME40hHS6KEg41hEe54R7TALVfGQIoZKZv2I6IJJQbdIsmhDc2ZPnSeOk4hp+fVqqXuRxFNA+OkBl5KIzVEVXqIbqiKIH9IRe0Kv1aD1bb9b7tHXBymf20B9Yn9/09KAi</latexit><latexit sha1_base64="XEb3RxzAjdEBDz3B6LWdvTr8+Ww=">AAACGnicbVDLSsNAFJ34rPUVdelmsAgVpCQi6LLoxmUF+4CmlMn0ph06k8SZiVhCvsONv+LGhSLuxI1/47QNqK0HBs49517u3OPHnCntOF/WwuLS8spqYa24vrG5tW3v7DZUlEgKdRrxSLZ8ooCzEOqaaQ6tWAIRPoemP7wc+807kIpF4Y0exdARpB+ygFGijdS1XU8QPfCDVGTYU0zALS57PeCaYNFN77Nj/FONTOUede2SU3EmwPPEzUkJ5ah17Q+vF9FEQKgpJ0q1XSfWnZRIzSiHrOglCmJCh6QPbUNDIkB10slpGT40Sg8HkTQv1Hii/p5IiVBqJHzTOT5EzXpj8T+vnejgvJOyME40hHS6KEg41hEe54R7TALVfGQIoZKZv2I6IJJQbdIsmhDc2ZPnSeOk4hp+fVqqXuRxFNA+OkBl5KIzVEVXqIbqiKIH9IRe0Kv1aD1bb9b7tHXBymf20B9Yn9/09KAi</latexit><latexit sha1_base64="XEb3RxzAjdEBDz3B6LWdvTr8+Ww=">AAACGnicbVDLSsNAFJ34rPUVdelmsAgVpCQi6LLoxmUF+4CmlMn0ph06k8SZiVhCvsONv+LGhSLuxI1/47QNqK0HBs49517u3OPHnCntOF/WwuLS8spqYa24vrG5tW3v7DZUlEgKdRrxSLZ8ooCzEOqaaQ6tWAIRPoemP7wc+807kIpF4Y0exdARpB+ygFGijdS1XU8QPfCDVGTYU0zALS57PeCaYNFN77Nj/FONTOUede2SU3EmwPPEzUkJ5ah17Q+vF9FEQKgpJ0q1XSfWnZRIzSiHrOglCmJCh6QPbUNDIkB10slpGT40Sg8HkTQv1Hii/p5IiVBqJHzTOT5EzXpj8T+vnejgvJOyME40hHS6KEg41hEe54R7TALVfGQIoZKZv2I6IJJQbdIsmhDc2ZPnSeOk4hp+fVqqXuRxFNA+OkBl5KIzVEVXqIbqiKIH9IRe0Kv1aD1bb9b7tHXBymf20B9Yn9/09KAi</latexit>

2m+ = mx � imy / a
<latexit sha1_base64="r1uSwAXhOMMmOzHfA7RtfY0frEk=">AAACB3icbVDLSgMxFM3UV62vUZeCBIsgiGWmCLoRim5cVrAPaIchk2ba0GQmJBlxGGbnxl9x40IRt/6CO//GtJ2FVg+EezjnXm7uCQSjSjvOl1VaWFxaXimvVtbWNza37O2dtooTiUkLxyyW3QApwmhEWppqRrpCEsQDRjrB+Grid+6IVDSObnUqiMfRMKIhxUgbybf369zPjvMLaMp9fkJNSXPYFzIWOobIt6tOzZkC/iVuQaqgQNO3P/uDGCecRBozpFTPdYT2MiQ1xYzklX6iiEB4jIakZ2iEOFFeNr0jh4dGGcAwluZFGk7VnxMZ4kqlPDCdHOmRmvcm4n9eL9HhuZfRSCSaRHi2KEwYNCdOQoEDKgnWLDUEYUnNXyEeIYmwNtFVTAju/Ml/Sbtecw2/Oa02Los4ymAPHIAj4IIz0ADXoAlaAIMH8ARewKv1aD1bb9b7rLVkFTO74Besj29r95kF</latexit><latexit sha1_base64="r1uSwAXhOMMmOzHfA7RtfY0frEk=">AAACB3icbVDLSgMxFM3UV62vUZeCBIsgiGWmCLoRim5cVrAPaIchk2ba0GQmJBlxGGbnxl9x40IRt/6CO//GtJ2FVg+EezjnXm7uCQSjSjvOl1VaWFxaXimvVtbWNza37O2dtooTiUkLxyyW3QApwmhEWppqRrpCEsQDRjrB+Grid+6IVDSObnUqiMfRMKIhxUgbybf369zPjvMLaMp9fkJNSXPYFzIWOobIt6tOzZkC/iVuQaqgQNO3P/uDGCecRBozpFTPdYT2MiQ1xYzklX6iiEB4jIakZ2iEOFFeNr0jh4dGGcAwluZFGk7VnxMZ4kqlPDCdHOmRmvcm4n9eL9HhuZfRSCSaRHi2KEwYNCdOQoEDKgnWLDUEYUnNXyEeIYmwNtFVTAju/Ml/Sbtecw2/Oa02Los4ymAPHIAj4IIz0ADXoAlaAIMH8ARewKv1aD1bb9b7rLVkFTO74Besj29r95kF</latexit><latexit sha1_base64="r1uSwAXhOMMmOzHfA7RtfY0frEk=">AAACB3icbVDLSgMxFM3UV62vUZeCBIsgiGWmCLoRim5cVrAPaIchk2ba0GQmJBlxGGbnxl9x40IRt/6CO//GtJ2FVg+EezjnXm7uCQSjSjvOl1VaWFxaXimvVtbWNza37O2dtooTiUkLxyyW3QApwmhEWppqRrpCEsQDRjrB+Grid+6IVDSObnUqiMfRMKIhxUgbybf369zPjvMLaMp9fkJNSXPYFzIWOobIt6tOzZkC/iVuQaqgQNO3P/uDGCecRBozpFTPdYT2MiQ1xYzklX6iiEB4jIakZ2iEOFFeNr0jh4dGGcAwluZFGk7VnxMZ4kqlPDCdHOmRmvcm4n9eL9HhuZfRSCSaRHi2KEwYNCdOQoEDKgnWLDUEYUnNXyEeIYmwNtFVTAju/Ml/Sbtecw2/Oa02Los4ymAPHIAj4IIz0ADXoAlaAIMH8ARewKv1aD1bb9b7rLVkFTO74Besj29r95kF</latexit><latexit sha1_base64="r1uSwAXhOMMmOzHfA7RtfY0frEk=">AAACB3icbVDLSgMxFM3UV62vUZeCBIsgiGWmCLoRim5cVrAPaIchk2ba0GQmJBlxGGbnxl9x40IRt/6CO//GtJ2FVg+EezjnXm7uCQSjSjvOl1VaWFxaXimvVtbWNza37O2dtooTiUkLxyyW3QApwmhEWppqRrpCEsQDRjrB+Grid+6IVDSObnUqiMfRMKIhxUgbybf369zPjvMLaMp9fkJNSXPYFzIWOobIt6tOzZkC/iVuQaqgQNO3P/uDGCecRBozpFTPdYT2MiQ1xYzklX6iiEB4jIakZ2iEOFFeNr0jh4dGGcAwluZFGk7VnxMZ4kqlPDCdHOmRmvcm4n9eL9HhuZfRSCSaRHi2KEwYNCdOQoEDKgnWLDUEYUnNXyEeIYmwNtFVTAju/Ml/Sbtecw2/Oa02Los4ymAPHIAj4IIz0ADXoAlaAIMH8ARewKv1aD1bb9b7rLVkFTO74Besj29r95kF</latexit>

Holstein-Primakoff transformation:



metallic spacers mediating a nearest-neighbor

RKKY-like coupling              between spin-torque oscillators/ J, J̃

<latexit sha1_base64="ogrpyuVRNcbFT2F3TiiTrs14fhg=">AAAB/HicbZDLSgMxFIYz9VbrbbRLN8EiuJAyI4Iui26kqwr2Ap2hZDJpG5pJQpIRhqG+ihsXirj1Qdz5NqbtLLT1h8DHf84h5/yRZFQbz/t2SmvrG5tb5e3Kzu7e/oF7eNTRIlWYtLFgQvUipAmjnLQNNYz0pCIoiRjpRpPbWb37SJSmgj+YTJIwQSNOhxQjY62BWw2kEtII2DwPDGUxyZvTgVvz6t5ccBX8AmqgUGvgfgWxwGlCuMEMad33PWnCHClDMSPTSpBqIhGeoBHpW+QoITrM58tP4al1YjgUyj5u4Nz9PZGjROssiWxngsxYL9dm5n+1fmqG12FOuUwN4Xjx0TBl0B47SwLGVBFsWGYBYUXtrhCPkULY2LwqNgR/+eRV6FzUfcv3l7XGTRFHGRyDE3AGfHAFGuAOtEAbYJCBZ/AK3pwn58V5dz4WrSWnmKmCP3I+fwCJ3pSv</latexit><latexit sha1_base64="ogrpyuVRNcbFT2F3TiiTrs14fhg=">AAAB/HicbZDLSgMxFIYz9VbrbbRLN8EiuJAyI4Iui26kqwr2Ap2hZDJpG5pJQpIRhqG+ihsXirj1Qdz5NqbtLLT1h8DHf84h5/yRZFQbz/t2SmvrG5tb5e3Kzu7e/oF7eNTRIlWYtLFgQvUipAmjnLQNNYz0pCIoiRjpRpPbWb37SJSmgj+YTJIwQSNOhxQjY62BWw2kEtII2DwPDGUxyZvTgVvz6t5ccBX8AmqgUGvgfgWxwGlCuMEMad33PWnCHClDMSPTSpBqIhGeoBHpW+QoITrM58tP4al1YjgUyj5u4Nz9PZGjROssiWxngsxYL9dm5n+1fmqG12FOuUwN4Xjx0TBl0B47SwLGVBFsWGYBYUXtrhCPkULY2LwqNgR/+eRV6FzUfcv3l7XGTRFHGRyDE3AGfHAFGuAOtEAbYJCBZ/AK3pwn58V5dz4WrSWnmKmCP3I+fwCJ3pSv</latexit><latexit sha1_base64="ogrpyuVRNcbFT2F3TiiTrs14fhg=">AAAB/HicbZDLSgMxFIYz9VbrbbRLN8EiuJAyI4Iui26kqwr2Ap2hZDJpG5pJQpIRhqG+ihsXirj1Qdz5NqbtLLT1h8DHf84h5/yRZFQbz/t2SmvrG5tb5e3Kzu7e/oF7eNTRIlWYtLFgQvUipAmjnLQNNYz0pCIoiRjpRpPbWb37SJSmgj+YTJIwQSNOhxQjY62BWw2kEtII2DwPDGUxyZvTgVvz6t5ccBX8AmqgUGvgfgWxwGlCuMEMad33PWnCHClDMSPTSpBqIhGeoBHpW+QoITrM58tP4al1YjgUyj5u4Nz9PZGjROssiWxngsxYL9dm5n+1fmqG12FOuUwN4Xjx0TBl0B47SwLGVBFsWGYBYUXtrhCPkULY2LwqNgR/+eRV6FzUfcv3l7XGTRFHGRyDE3AGfHAFGuAOtEAbYJCBZ/AK3pwn58V5dz4WrSWnmKmCP3I+fwCJ3pSv</latexit><latexit sha1_base64="ogrpyuVRNcbFT2F3TiiTrs14fhg=">AAAB/HicbZDLSgMxFIYz9VbrbbRLN8EiuJAyI4Iui26kqwr2Ap2hZDJpG5pJQpIRhqG+ihsXirj1Qdz5NqbtLLT1h8DHf84h5/yRZFQbz/t2SmvrG5tb5e3Kzu7e/oF7eNTRIlWYtLFgQvUipAmjnLQNNYz0pCIoiRjpRpPbWb37SJSmgj+YTJIwQSNOhxQjY62BWw2kEtII2DwPDGUxyZvTgVvz6t5ccBX8AmqgUGvgfgWxwGlCuMEMad33PWnCHClDMSPTSpBqIhGeoBHpW+QoITrM58tP4al1YjgUyj5u4Nz9PZGjROssiWxngsxYL9dm5n+1fmqG12FOuUwN4Xjx0TBl0B47SwLGVBFsWGYBYUXtrhCPkULY2LwqNgR/+eRV6FzUfcv3l7XGTRFHGRyDE3AGfHAFGuAOtEAbYJCBZ/AK3pwn58V5dz4WrSWnmKmCP3I+fwCJ3pSv</latexit>

A
<latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit>

B
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non-Hermitian SSH model

Coupling spin-torque oscillators

2N spin torque oscillators arranged in N unit cells2N
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While magnetic systems have been extensively studied from both a fundamental physics per-
spective and as building blocks for a variety of applications, their topological properties remain
relatively unexplored due to their inherently dissipative nature. The recent introduction of non-
Hermitian topological classifications, however, has opened up opportunities for engineering topo-
logical phases in dissipative systems. Here, we propose the first realization of a non-Hermitian
topological magnonic system. Focusing on an array of spin-torque oscillators, we show that this
system can be mapped into a non-Hermitian Su-Schrie↵er-Heeger model exhibiting topologically
protected edge states. Making use of both exact diagonalization and numerical simulations, we
find that a topological magnonic phase, corresponding to a spin-torque oscillator lasing at the ar-
ray’s edge, can be accessed by tuning the spin current injected into the array. Our findings might
have practical utility for memory devices and spintronics neural networks relying on spin-torque
oscillators as constituent units.

Introduction. Since the discovery of the quantum Hall
e↵ect in 1980, topology has become a cornerstone in our
understanding of condensed matter systems [1]. Con-
necting concepts drawn from topology to electronic sys-
tems has lead to the discovery of a plethora of new phe-
nomena, e.g., the anomalous quantum Hall [2] and the
quantum spin Hall e↵ect [3], and new materials, includ-
ing, but not limited to, Weyl semimetals [4], topolog-
ical superconductors [5] and topological insulators [6].
One of the most fascinating aspects of topology is the
bulk-edge correspondence [7], which guarantees the exis-
tence of topologically protected modes at the edges be-
tween topologically trivial and nontrivial systems. Due
to their robustness with respect to environmental per-
turbations, topologically protected gapless edge excita-
tions have been proposed as platform for a wide range of
potential applications, spanning from electric circuits to
quantum computations [8]. While topological states of
quantum matter have been uncovered in systems other
than electronic ones, e.g., cold atoms [9], the application
of topology to the quanta of magnetic excitations, i.e.,
magnons, however, remains relatively unexplored.

Heretofore, attemps to engineer topological magnonic
phases have been hindered by the lack of conservation
of the number of magnons. Conventional topological
models rely on Hermitian Hamiltonians, i.e., Hamilto-
nians describing systems where the particle number is
conserved, e.g., electrons and neutral atoms. The num-
ber of magnetic quasiparticles excitations, however, is
never conserved in magnetic materials due to spin non-
conserving interactions with the crystalline lattice. How-

ever, the recent introduction of non-Hermitian topolog-
ical classifications has open up new prospects for real-
izing topological states in intrinsically dissipative sys-
tems [10]. While a complete theoretical background it
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<latexit sha1_base64="ka9zHYw8jtb8ZXcaUjCYlsiEnwU=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuJAyI4Iuiy4UVxXsBdqhZNJMG5rJDMkZoQx9DTcuFHHry7jzbcy0XWjrgZCP/z+HnPxBIoVB1/12Ciura+sbxc3S1vbO7l55/6Bp4lQz3mCxjHU7oIZLoXgDBUreTjSnUSB5Kxjd5H7riWsjYvWI44T7ER0oEQpG0Urd+17mTc7IbX71yhW36k6LLIM3hwrMq94rf3X7MUsjrpBJakzHcxP0M6pRMMknpW5qeELZiA54x6KiETd+Nt15Qk6s0idhrO1RSKbq74mMRsaMo8B2RhSHZtHLxf+8TorhlZ8JlaTIFZs9FKaSYEzyAEhfaM5Qji1QpoXdlbAh1ZShjalkQ/AWv7wMzfOqZ/nholK7nsdRhCM4hlPw4BJqcAd1aACDBJ7hFd6c1Hlx3p2PWWvBmc8cwp9yPn8Az2SQ3w==</latexit><latexit sha1_base64="ka9zHYw8jtb8ZXcaUjCYlsiEnwU=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuJAyI4Iuiy4UVxXsBdqhZNJMG5rJDMkZoQx9DTcuFHHry7jzbcy0XWjrgZCP/z+HnPxBIoVB1/12Ciura+sbxc3S1vbO7l55/6Bp4lQz3mCxjHU7oIZLoXgDBUreTjSnUSB5Kxjd5H7riWsjYvWI44T7ER0oEQpG0Urd+17mTc7IbX71yhW36k6LLIM3hwrMq94rf3X7MUsjrpBJakzHcxP0M6pRMMknpW5qeELZiA54x6KiETd+Nt15Qk6s0idhrO1RSKbq74mMRsaMo8B2RhSHZtHLxf+8TorhlZ8JlaTIFZs9FKaSYEzyAEhfaM5Qji1QpoXdlbAh1ZShjalkQ/AWv7wMzfOqZ/nholK7nsdRhCM4hlPw4BJqcAd1aACDBJ7hFd6c1Hlx3p2PWWvBmc8cwp9yPn8Az2SQ3w==</latexit><latexit sha1_base64="ka9zHYw8jtb8ZXcaUjCYlsiEnwU=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuJAyI4Iuiy4UVxXsBdqhZNJMG5rJDMkZoQx9DTcuFHHry7jzbcy0XWjrgZCP/z+HnPxBIoVB1/12Ciura+sbxc3S1vbO7l55/6Bp4lQz3mCxjHU7oIZLoXgDBUreTjSnUSB5Kxjd5H7riWsjYvWI44T7ER0oEQpG0Urd+17mTc7IbX71yhW36k6LLIM3hwrMq94rf3X7MUsjrpBJakzHcxP0M6pRMMknpW5qeELZiA54x6KiETd+Nt15Qk6s0idhrO1RSKbq74mMRsaMo8B2RhSHZtHLxf+8TorhlZ8JlaTIFZs9FKaSYEzyAEhfaM5Qji1QpoXdlbAh1ZShjalkQ/AWv7wMzfOqZ/nholK7nsdRhCM4hlPw4BJqcAd1aACDBJ7hFd6c1Hlx3p2PWWvBmc8cwp9yPn8Az2SQ3w==</latexit><latexit sha1_base64="ka9zHYw8jtb8ZXcaUjCYlsiEnwU=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuJAyI4Iuiy4UVxXsBdqhZNJMG5rJDMkZoQx9DTcuFHHry7jzbcy0XWjrgZCP/z+HnPxBIoVB1/12Ciura+sbxc3S1vbO7l55/6Bp4lQz3mCxjHU7oIZLoXgDBUreTjSnUSB5Kxjd5H7riWsjYvWI44T7ER0oEQpG0Urd+17mTc7IbX71yhW36k6LLIM3hwrMq94rf3X7MUsjrpBJakzHcxP0M6pRMMknpW5qeELZiA54x6KiETd+Nt15Qk6s0idhrO1RSKbq74mMRsaMo8B2RhSHZtHLxf+8TorhlZ8JlaTIFZs9FKaSYEzyAEhfaM5Qji1QpoXdlbAh1ZShjalkQ/AWv7wMzfOqZ/nholK7nsdRhCM4hlPw4BJqcAd1aACDBJ7hFd6c1Hlx3p2PWWvBmc8cwp9yPn8Az2SQ3w==</latexit>

J̃1, G̃
1

<latexit sha1_base64="w7D0oMSW0oWYFp11n8dAThu+Rac=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKIoMuiC8VVBfuANoTJ5KYdOnkwMxFKyMaNv+LGhSJu/Qd3/o3TNAttPTBw7jn3cuceL+FMKsv6NhYWl5ZXVitr1fWNza1tc2e3LeNUUGjRmMei6xEJnEXQUkxx6CYCSOhx6Hijq4nfeQAhWRzdq3ECTkgGEQsYJUpLrnnQV4z7kN3mbmbnJ7gsr4vSNWtW3SqA54ldkhoq0XTNr74f0zSESFFOpOzZVqKcjAjFKIe82k8lJISOyAB6mkYkBOlkxRU5PtKKj4NY6BcpXKi/JzISSjkOPd0ZEjWUs95E/M/rpSq4cDIWJamCiE4XBSnHKsaTSLDPBFDFx5oQKpj+K6ZDIghVOriqDsGePXmetE/rtuZ3Z7XGZRlHBe2jQ3SMbHSOGugGNVELUfSIntErejOejBfj3fiYti4Y5cwe+gPj8wdjj5h8</latexit><latexit sha1_base64="w7D0oMSW0oWYFp11n8dAThu+Rac=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKIoMuiC8VVBfuANoTJ5KYdOnkwMxFKyMaNv+LGhSJu/Qd3/o3TNAttPTBw7jn3cuceL+FMKsv6NhYWl5ZXVitr1fWNza1tc2e3LeNUUGjRmMei6xEJnEXQUkxx6CYCSOhx6Hijq4nfeQAhWRzdq3ECTkgGEQsYJUpLrnnQV4z7kN3mbmbnJ7gsr4vSNWtW3SqA54ldkhoq0XTNr74f0zSESFFOpOzZVqKcjAjFKIe82k8lJISOyAB6mkYkBOlkxRU5PtKKj4NY6BcpXKi/JzISSjkOPd0ZEjWUs95E/M/rpSq4cDIWJamCiE4XBSnHKsaTSLDPBFDFx5oQKpj+K6ZDIghVOriqDsGePXmetE/rtuZ3Z7XGZRlHBe2jQ3SMbHSOGugGNVELUfSIntErejOejBfj3fiYti4Y5cwe+gPj8wdjj5h8</latexit><latexit sha1_base64="w7D0oMSW0oWYFp11n8dAThu+Rac=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKIoMuiC8VVBfuANoTJ5KYdOnkwMxFKyMaNv+LGhSJu/Qd3/o3TNAttPTBw7jn3cuceL+FMKsv6NhYWl5ZXVitr1fWNza1tc2e3LeNUUGjRmMei6xEJnEXQUkxx6CYCSOhx6Hijq4nfeQAhWRzdq3ECTkgGEQsYJUpLrnnQV4z7kN3mbmbnJ7gsr4vSNWtW3SqA54ldkhoq0XTNr74f0zSESFFOpOzZVqKcjAjFKIe82k8lJISOyAB6mkYkBOlkxRU5PtKKj4NY6BcpXKi/JzISSjkOPd0ZEjWUs95E/M/rpSq4cDIWJamCiE4XBSnHKsaTSLDPBFDFx5oQKpj+K6ZDIghVOriqDsGePXmetE/rtuZ3Z7XGZRlHBe2jQ3SMbHSOGugGNVELUfSIntErejOejBfj3fiYti4Y5cwe+gPj8wdjj5h8</latexit><latexit sha1_base64="w7D0oMSW0oWYFp11n8dAThu+Rac=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKIoMuiC8VVBfuANoTJ5KYdOnkwMxFKyMaNv+LGhSJu/Qd3/o3TNAttPTBw7jn3cuceL+FMKsv6NhYWl5ZXVitr1fWNza1tc2e3LeNUUGjRmMei6xEJnEXQUkxx6CYCSOhx6Hijq4nfeQAhWRzdq3ECTkgGEQsYJUpLrnnQV4z7kN3mbmbnJ7gsr4vSNWtW3SqA54ldkhoq0XTNr74f0zSESFFOpOzZVqKcjAjFKIe82k8lJISOyAB6mkYkBOlkxRU5PtKKj4NY6BcpXKi/JzISSjkOPd0ZEjWUs95E/M/rpSq4cDIWJamCiE4XBSnHKsaTSLDPBFDFx5oQKpj+K6ZDIghVOriqDsGePXmetE/rtuZ3Z7XGZRlHBe2jQ3SMbHSOGugGNVELUfSIntErejOejBfj3fiYti4Y5cwe+gPj8wdjj5h8</latexit>

A
<latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit>

B
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JN , GN
<latexit sha1_base64="VAggJFfBN4Xesq3RsoTPdx98a1A=">AAAB83icbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBl0YXiQirYC7RDyaRpG5rJDMkZoQx9DTcuFHHry7jzbcy0s9DWAyEf/38OOfmDWAqDrvvtLC2vrK6tFzaKm1vbO7ulvf2GiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0nfnNJ66NiNQjjmPuh3SgRF8wilbq3HXT+8kpucmubqnsVtxpkUXwcihDXrVu6avTi1gScoVMUmPanhujn1KNgkk+KXYSw2PKRnTA2xYVDbnx0+nOE3JslR7pR9oehWSq/p5IaWjMOAxsZ0hxaOa9TPzPayfYv/RToeIEuWKzh/qJJBiRLADSE5ozlGMLlGlhdyVsSDVlaGMq2hC8+S8vQuOs4ll+OC9Xr/I4CnAIR3ACHlxAFW6hBnVgEMMzvMKbkzgvzrvzMWtdcvKZA/hTzucPKGCRGQ==</latexit><latexit sha1_base64="VAggJFfBN4Xesq3RsoTPdx98a1A=">AAAB83icbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBl0YXiQirYC7RDyaRpG5rJDMkZoQx9DTcuFHHry7jzbcy0s9DWAyEf/38OOfmDWAqDrvvtLC2vrK6tFzaKm1vbO7ulvf2GiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0nfnNJ66NiNQjjmPuh3SgRF8wilbq3HXT+8kpucmubqnsVtxpkUXwcihDXrVu6avTi1gScoVMUmPanhujn1KNgkk+KXYSw2PKRnTA2xYVDbnx0+nOE3JslR7pR9oehWSq/p5IaWjMOAxsZ0hxaOa9TPzPayfYv/RToeIEuWKzh/qJJBiRLADSE5ozlGMLlGlhdyVsSDVlaGMq2hC8+S8vQuOs4ll+OC9Xr/I4CnAIR3ACHlxAFW6hBnVgEMMzvMKbkzgvzrvzMWtdcvKZA/hTzucPKGCRGQ==</latexit><latexit sha1_base64="VAggJFfBN4Xesq3RsoTPdx98a1A=">AAAB83icbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBl0YXiQirYC7RDyaRpG5rJDMkZoQx9DTcuFHHry7jzbcy0s9DWAyEf/38OOfmDWAqDrvvtLC2vrK6tFzaKm1vbO7ulvf2GiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0nfnNJ66NiNQjjmPuh3SgRF8wilbq3HXT+8kpucmubqnsVtxpkUXwcihDXrVu6avTi1gScoVMUmPanhujn1KNgkk+KXYSw2PKRnTA2xYVDbnx0+nOE3JslR7pR9oehWSq/p5IaWjMOAxsZ0hxaOa9TPzPayfYv/RToeIEuWKzh/qJJBiRLADSE5ozlGMLlGlhdyVsSDVlaGMq2hC8+S8vQuOs4ll+OC9Xr/I4CnAIR3ACHlxAFW6hBnVgEMMzvMKbkzgvzrvzMWtdcvKZA/hTzucPKGCRGQ==</latexit><latexit sha1_base64="VAggJFfBN4Xesq3RsoTPdx98a1A=">AAAB83icbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBl0YXiQirYC7RDyaRpG5rJDMkZoQx9DTcuFHHry7jzbcy0s9DWAyEf/38OOfmDWAqDrvvtLC2vrK6tFzaKm1vbO7ulvf2GiRLNeJ1FMtKtgBouheJ1FCh5K9achoHkzWB0nfnNJ66NiNQjjmPuh3SgRF8wilbq3HXT+8kpucmubqnsVtxpkUXwcihDXrVu6avTi1gScoVMUmPanhujn1KNgkk+KXYSw2PKRnTA2xYVDbnx0+nOE3JslR7pR9oehWSq/p5IaWjMOAxsZ0hxaOa9TPzPayfYv/RToeIEuWKzh/qJJBiRLADSE5ozlGMLlGlhdyVsSDVlaGMq2hC8+S8vQuOs4ll+OC9Xr/I4CnAIR3ACHlxAFW6hBnVgEMMzvMKbkzgvzrvzMWtdcvKZA/hTzucPKGCRGQ==</latexit>

(b)
<latexit sha1_base64="8I96tkwj/RW4eiH+RYu4CyLmEHs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRq0ecJNyP6FCJUDCK1nqoBuf9csWtuXORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVHzLN9fVuo3eRxFOIFTqIIHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gCKMo1L</latexit><latexit sha1_base64="8I96tkwj/RW4eiH+RYu4CyLmEHs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRq0ecJNyP6FCJUDCK1nqoBuf9csWtuXORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVHzLN9fVuo3eRxFOIFTqIIHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gCKMo1L</latexit><latexit sha1_base64="8I96tkwj/RW4eiH+RYu4CyLmEHs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRq0ecJNyP6FCJUDCK1nqoBuf9csWtuXORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVHzLN9fVuo3eRxFOIFTqIIHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gCKMo1L</latexit><latexit sha1_base64="8I96tkwj/RW4eiH+RYu4CyLmEHs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRq0ecJNyP6FCJUDCK1nqoBuf9csWtuXORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVHzLN9fVuo3eRxFOIFTqIIHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gCKMo1L</latexit>

(c)
<latexit sha1_base64="+drzaGTNR+rF8ButYp4pDNYpm0w=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRq0ecJNyP6FCJUDCK1nqosvN+ueLW3LnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+5lQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh5lu8vK/WbPI4inMApVMGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwCLt41M</latexit><latexit sha1_base64="+drzaGTNR+rF8ButYp4pDNYpm0w=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRq0ecJNyP6FCJUDCK1nqosvN+ueLW3LnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+5lQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh5lu8vK/WbPI4inMApVMGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwCLt41M</latexit><latexit sha1_base64="+drzaGTNR+rF8ButYp4pDNYpm0w=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRq0ecJNyP6FCJUDCK1nqosvN+ueLW3LnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+5lQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh5lu8vK/WbPI4inMApVMGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwCLt41M</latexit><latexit sha1_base64="+drzaGTNR+rF8ButYp4pDNYpm0w=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRq0ecJNyP6FCJUDCK1nqosvN+ueLW3LnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+5lQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh5lu8vK/WbPI4inMApVMGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwCLt41M</latexit>

(a)
<latexit sha1_base64="BKGr7biD8bs6vR07uqIRaFmeSsY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRq0ecJNyP6FCJUDCK1nqo0vN+ueLW3LnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+5lQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh5lu8vK/WbPI4inMApVMGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwCIrY1K</latexit><latexit sha1_base64="BKGr7biD8bs6vR07uqIRaFmeSsY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRq0ecJNyP6FCJUDCK1nqo0vN+ueLW3LnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+5lQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh5lu8vK/WbPI4inMApVMGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwCIrY1K</latexit><latexit sha1_base64="BKGr7biD8bs6vR07uqIRaFmeSsY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRq0ecJNyP6FCJUDCK1nqo0vN+ueLW3LnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+5lQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh5lu8vK/WbPI4inMApVMGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwCIrY1K</latexit><latexit sha1_base64="BKGr7biD8bs6vR07uqIRaFmeSsY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRq0ecJNyP6FCJUDCK1nqo0vN+ueLW3LnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+5lQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh5lu8vK/WbPI4inMApVMGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwCIrY1K</latexit>

J̃i, G̃i
<latexit sha1_base64="n3vO7NzbQ+7fPbT4iFnIrjtc2Zc=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaL4EJKIoIuC10orirYC7QhTCaTdujkwsxEKKEgbnwVNy4Uces7uPNtnKZZaOsPA9/5zxlmzu8lnEllWd9GaWl5ZXWtvF7Z2Nza3jF399oyTgWhLRLzWHQ9LClnEW0ppjjtJoLi0OO0440a037nngrJ4uhOjRPqhHgQsYARrLTlmod9xbhPs5uJm7HJKSrKq7x0zapVs3KhRbALqEKhpmt+9f2YpCGNFOFYyp5tJcrJsFCMcDqp9FNJE0xGeEB7GiMcUulk+RYTdKwdHwWx0CdSKHd/38hwKOU49PRkiNVQzvem5n+9XqqCSydjUZIqGpHZQ0HKkYrRNBLkM0GJ4mMNmAim/4rIEAtMlA6uokOw51dehPZZzdZ8e16tNx5mcZThAI7gBGy4gDpcQxNaQOARnuEV3own48V4Nz5moyWjiHAf/sj4/AE3Y5lt</latexit><latexit sha1_base64="n3vO7NzbQ+7fPbT4iFnIrjtc2Zc=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaL4EJKIoIuC10orirYC7QhTCaTdujkwsxEKKEgbnwVNy4Uces7uPNtnKZZaOsPA9/5zxlmzu8lnEllWd9GaWl5ZXWtvF7Z2Nza3jF399oyTgWhLRLzWHQ9LClnEW0ppjjtJoLi0OO0440a037nngrJ4uhOjRPqhHgQsYARrLTlmod9xbhPs5uJm7HJKSrKq7x0zapVs3KhRbALqEKhpmt+9f2YpCGNFOFYyp5tJcrJsFCMcDqp9FNJE0xGeEB7GiMcUulk+RYTdKwdHwWx0CdSKHd/38hwKOU49PRkiNVQzvem5n+9XqqCSydjUZIqGpHZQ0HKkYrRNBLkM0GJ4mMNmAim/4rIEAtMlA6uokOw51dehPZZzdZ8e16tNx5mcZThAI7gBGy4gDpcQxNaQOARnuEV3own48V4Nz5moyWjiHAf/sj4/AE3Y5lt</latexit><latexit sha1_base64="n3vO7NzbQ+7fPbT4iFnIrjtc2Zc=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaL4EJKIoIuC10orirYC7QhTCaTdujkwsxEKKEgbnwVNy4Uces7uPNtnKZZaOsPA9/5zxlmzu8lnEllWd9GaWl5ZXWtvF7Z2Nza3jF399oyTgWhLRLzWHQ9LClnEW0ppjjtJoLi0OO0440a037nngrJ4uhOjRPqhHgQsYARrLTlmod9xbhPs5uJm7HJKSrKq7x0zapVs3KhRbALqEKhpmt+9f2YpCGNFOFYyp5tJcrJsFCMcDqp9FNJE0xGeEB7GiMcUulk+RYTdKwdHwWx0CdSKHd/38hwKOU49PRkiNVQzvem5n+9XqqCSydjUZIqGpHZQ0HKkYrRNBLkM0GJ4mMNmAim/4rIEAtMlA6uokOw51dehPZZzdZ8e16tNx5mcZThAI7gBGy4gDpcQxNaQOARnuEV3own48V4Nz5moyWjiHAf/sj4/AE3Y5lt</latexit><latexit sha1_base64="n3vO7NzbQ+7fPbT4iFnIrjtc2Zc=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaL4EJKIoIuC10orirYC7QhTCaTdujkwsxEKKEgbnwVNy4Uces7uPNtnKZZaOsPA9/5zxlmzu8lnEllWd9GaWl5ZXWtvF7Z2Nza3jF399oyTgWhLRLzWHQ9LClnEW0ppjjtJoLi0OO0440a037nngrJ4uhOjRPqhHgQsYARrLTlmod9xbhPs5uJm7HJKSrKq7x0zapVs3KhRbALqEKhpmt+9f2YpCGNFOFYyp5tJcrJsFCMcDqp9FNJE0xGeEB7GiMcUulk+RYTdKwdHwWx0CdSKHd/38hwKOU49PRkiNVQzvem5n+9XqqCSydjUZIqGpHZQ0HKkYrRNBLkM0GJ4mMNmAim/4rIEAtMlA6uokOw51dehPZZzdZ8e16tNx5mcZThAI7gBGy4gDpcQxNaQOARnuEV3own48V4Nz5moyWjiHAf/sj4/AE3Y5lt</latexit>

Ji, Gi
<latexit sha1_base64="opiDVJ9TtK5YTJm+lfkaFml6Gak=">AAAB83icbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBloQvFVQV7gXYomTTThmYyQ3JGKEPBp3DjQhG3vow738ZM24W2Hgj5+P9zyMkfJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjWu63Hrk2IlYPOE64H9GBEqFgFK3UvetlYnJObvKrVyq7FXdaZBm8OZRhXvVe6avbj1kacYVMUmM6npugn1GNgkk+KXZTwxPKRnTAOxYVjbjxs+nOE3JqlT4JY22PQjJVf09kNDJmHAW2M6I4NIteLv7ndVIMr/1MqCRFrtjsoTCVBGOSB0D6QnOGcmyBMi3sroQNqaYMbUxFG4K3+OVlaF5UPMv3l+Vq7WkWRwGO4QTOwIMrqMIt1KEBDBJ4hld4c1LnxXl3PmatK848wiP4U87nD6F4kdA=</latexit><latexit sha1_base64="opiDVJ9TtK5YTJm+lfkaFml6Gak=">AAAB83icbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBloQvFVQV7gXYomTTThmYyQ3JGKEPBp3DjQhG3vow738ZM24W2Hgj5+P9zyMkfJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjWu63Hrk2IlYPOE64H9GBEqFgFK3UvetlYnJObvKrVyq7FXdaZBm8OZRhXvVe6avbj1kacYVMUmM6npugn1GNgkk+KXZTwxPKRnTAOxYVjbjxs+nOE3JqlT4JY22PQjJVf09kNDJmHAW2M6I4NIteLv7ndVIMr/1MqCRFrtjsoTCVBGOSB0D6QnOGcmyBMi3sroQNqaYMbUxFG4K3+OVlaF5UPMv3l+Vq7WkWRwGO4QTOwIMrqMIt1KEBDBJ4hld4c1LnxXl3PmatK848wiP4U87nD6F4kdA=</latexit><latexit sha1_base64="opiDVJ9TtK5YTJm+lfkaFml6Gak=">AAAB83icbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBloQvFVQV7gXYomTTThmYyQ3JGKEPBp3DjQhG3vow738ZM24W2Hgj5+P9zyMkfJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjWu63Hrk2IlYPOE64H9GBEqFgFK3UvetlYnJObvKrVyq7FXdaZBm8OZRhXvVe6avbj1kacYVMUmM6npugn1GNgkk+KXZTwxPKRnTAOxYVjbjxs+nOE3JqlT4JY22PQjJVf09kNDJmHAW2M6I4NIteLv7ndVIMr/1MqCRFrtjsoTCVBGOSB0D6QnOGcmyBMi3sroQNqaYMbUxFG4K3+OVlaF5UPMv3l+Vq7WkWRwGO4QTOwIMrqMIt1KEBDBJ4hld4c1LnxXl3PmatK848wiP4U87nD6F4kdA=</latexit><latexit sha1_base64="opiDVJ9TtK5YTJm+lfkaFml6Gak=">AAAB83icbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBloQvFVQV7gXYomTTThmYyQ3JGKEPBp3DjQhG3vow738ZM24W2Hgj5+P9zyMkfJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjWu63Hrk2IlYPOE64H9GBEqFgFK3UvetlYnJObvKrVyq7FXdaZBm8OZRhXvVe6avbj1kacYVMUmM6npugn1GNgkk+KXZTwxPKRnTAOxYVjbjxs+nOE3JqlT4JY22PQjJVf09kNDJmHAW2M6I4NIteLv7ndVIMr/1MqCRFrtjsoTCVBGOSB0D6QnOGcmyBMi3sroQNqaYMbUxFG4K3+OVlaF5UPMv3l+Vq7WkWRwGO4QTOwIMrqMIt1KEBDBJ4hld4c1LnxXl3PmatK848wiP4U87nD6F4kdA=</latexit>

STOA,i+1
<latexit sha1_base64="enp2ex2UbBHEliKQXw+Oh7oEtaE=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiCEpJRNBl1Y07K/YGbQiT6aQdOrkwcyItIa/ixoUibn0Rd76N0zYLbf1h4OM/53DO/F4suALL+jYKK6tr6xvFzdLW9s7unrlfbqkokZQ1aSQi2fGIYoKHrAkcBOvEkpHAE6ztjW6n9fYTk4pHYQMmMXMCMgi5zykBbblmuQdsDOlj4z5z0+szfmpnrlmxqtZMeBnsHCooV901v3r9iCYBC4EKolTXtmJwUiKBU8GyUi9RLCZ0RAasqzEkAVNOOrs9w8fa6WM/kvqFgGfu74mUBEpNAk93BgSGarE2Nf+rdRPwr5yUh3ECLKTzRX4iMER4GgTuc8koiIkGQiXXt2I6JJJQ0HGVdAj24peXoXVetTU/XFRqN3kcRXSIjtAJstElqqE7VEdNRNEYPaNX9GZkxovxbnzMWwtGPnOA/sj4/AFX/ZP3</latexit><latexit sha1_base64="enp2ex2UbBHEliKQXw+Oh7oEtaE=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiCEpJRNBl1Y07K/YGbQiT6aQdOrkwcyItIa/ixoUibn0Rd76N0zYLbf1h4OM/53DO/F4suALL+jYKK6tr6xvFzdLW9s7unrlfbqkokZQ1aSQi2fGIYoKHrAkcBOvEkpHAE6ztjW6n9fYTk4pHYQMmMXMCMgi5zykBbblmuQdsDOlj4z5z0+szfmpnrlmxqtZMeBnsHCooV901v3r9iCYBC4EKolTXtmJwUiKBU8GyUi9RLCZ0RAasqzEkAVNOOrs9w8fa6WM/kvqFgGfu74mUBEpNAk93BgSGarE2Nf+rdRPwr5yUh3ECLKTzRX4iMER4GgTuc8koiIkGQiXXt2I6JJJQ0HGVdAj24peXoXVetTU/XFRqN3kcRXSIjtAJstElqqE7VEdNRNEYPaNX9GZkxovxbnzMWwtGPnOA/sj4/AFX/ZP3</latexit><latexit sha1_base64="enp2ex2UbBHEliKQXw+Oh7oEtaE=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiCEpJRNBl1Y07K/YGbQiT6aQdOrkwcyItIa/ixoUibn0Rd76N0zYLbf1h4OM/53DO/F4suALL+jYKK6tr6xvFzdLW9s7unrlfbqkokZQ1aSQi2fGIYoKHrAkcBOvEkpHAE6ztjW6n9fYTk4pHYQMmMXMCMgi5zykBbblmuQdsDOlj4z5z0+szfmpnrlmxqtZMeBnsHCooV901v3r9iCYBC4EKolTXtmJwUiKBU8GyUi9RLCZ0RAasqzEkAVNOOrs9w8fa6WM/kvqFgGfu74mUBEpNAk93BgSGarE2Nf+rdRPwr5yUh3ECLKTzRX4iMER4GgTuc8koiIkGQiXXt2I6JJJQ0HGVdAj24peXoXVetTU/XFRqN3kcRXSIjtAJstElqqE7VEdNRNEYPaNX9GZkxovxbnzMWwtGPnOA/sj4/AFX/ZP3</latexit><latexit sha1_base64="enp2ex2UbBHEliKQXw+Oh7oEtaE=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiCEpJRNBl1Y07K/YGbQiT6aQdOrkwcyItIa/ixoUibn0Rd76N0zYLbf1h4OM/53DO/F4suALL+jYKK6tr6xvFzdLW9s7unrlfbqkokZQ1aSQi2fGIYoKHrAkcBOvEkpHAE6ztjW6n9fYTk4pHYQMmMXMCMgi5zykBbblmuQdsDOlj4z5z0+szfmpnrlmxqtZMeBnsHCooV901v3r9iCYBC4EKolTXtmJwUiKBU8GyUi9RLCZ0RAasqzEkAVNOOrs9w8fa6WM/kvqFgGfu74mUBEpNAk93BgSGarE2Nf+rdRPwr5yUh3ECLKTzRX4iMER4GgTuc8koiIkGQiXXt2I6JJJQ0HGVdAj24peXoXVetTU/XFRqN3kcRXSIjtAJstElqqE7VEdNRNEYPaNX9GZkxovxbnzMWwtGPnOA/sj4/AFX/ZP3</latexit>

STOA,i
<latexit sha1_base64="jXeVx1osZocMiTP+3R4k+PYpF0E=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXEhJRNBl1Y07K/YGbQiT6bQdOpmEmZNiCXkTNy4UceubuPNtnLZZaOsPAx//OYdz5g9iwTU4zrdVWFldW98obpa2tnd29+z9g6aOEkVZg0YiUu2AaCa4ZA3gIFg7VoyEgWCtYHQ7rbfGTGkeyTpMYuaFZCB5n1MCxvJtuwvsCdLH+n3mp9dnPPPtslNxZsLL4OZQRrlqvv3V7UU0CZkEKojWHdeJwUuJAk4Fy0rdRLOY0BEZsI5BSUKmvXR2eYZPjNPD/UiZJwHP3N8TKQm1noSB6QwJDPVibWr+V+sk0L/yUi7jBJik80X9RGCI8DQG3OOKURATA4Qqbm7FdEgUoWDCKpkQ3MUvL0PzvOIafrgoV2/yOIroCB2jU+SiS1RFd6iGGoiiMXpGr+jNSq0X6936mLcWrHzmEP2R9fkDdjWThw==</latexit><latexit sha1_base64="jXeVx1osZocMiTP+3R4k+PYpF0E=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXEhJRNBl1Y07K/YGbQiT6bQdOpmEmZNiCXkTNy4UceubuPNtnLZZaOsPAx//OYdz5g9iwTU4zrdVWFldW98obpa2tnd29+z9g6aOEkVZg0YiUu2AaCa4ZA3gIFg7VoyEgWCtYHQ7rbfGTGkeyTpMYuaFZCB5n1MCxvJtuwvsCdLH+n3mp9dnPPPtslNxZsLL4OZQRrlqvv3V7UU0CZkEKojWHdeJwUuJAk4Fy0rdRLOY0BEZsI5BSUKmvXR2eYZPjNPD/UiZJwHP3N8TKQm1noSB6QwJDPVibWr+V+sk0L/yUi7jBJik80X9RGCI8DQG3OOKURATA4Qqbm7FdEgUoWDCKpkQ3MUvL0PzvOIafrgoV2/yOIroCB2jU+SiS1RFd6iGGoiiMXpGr+jNSq0X6936mLcWrHzmEP2R9fkDdjWThw==</latexit><latexit sha1_base64="jXeVx1osZocMiTP+3R4k+PYpF0E=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXEhJRNBl1Y07K/YGbQiT6bQdOpmEmZNiCXkTNy4UceubuPNtnLZZaOsPAx//OYdz5g9iwTU4zrdVWFldW98obpa2tnd29+z9g6aOEkVZg0YiUu2AaCa4ZA3gIFg7VoyEgWCtYHQ7rbfGTGkeyTpMYuaFZCB5n1MCxvJtuwvsCdLH+n3mp9dnPPPtslNxZsLL4OZQRrlqvv3V7UU0CZkEKojWHdeJwUuJAk4Fy0rdRLOY0BEZsI5BSUKmvXR2eYZPjNPD/UiZJwHP3N8TKQm1noSB6QwJDPVibWr+V+sk0L/yUi7jBJik80X9RGCI8DQG3OOKURATA4Qqbm7FdEgUoWDCKpkQ3MUvL0PzvOIafrgoV2/yOIroCB2jU+SiS1RFd6iGGoiiMXpGr+jNSq0X6936mLcWrHzmEP2R9fkDdjWThw==</latexit><latexit sha1_base64="jXeVx1osZocMiTP+3R4k+PYpF0E=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXEhJRNBl1Y07K/YGbQiT6bQdOpmEmZNiCXkTNy4UceubuPNtnLZZaOsPAx//OYdz5g9iwTU4zrdVWFldW98obpa2tnd29+z9g6aOEkVZg0YiUu2AaCa4ZA3gIFg7VoyEgWCtYHQ7rbfGTGkeyTpMYuaFZCB5n1MCxvJtuwvsCdLH+n3mp9dnPPPtslNxZsLL4OZQRrlqvv3V7UU0CZkEKojWHdeJwUuJAk4Fy0rdRLOY0BEZsI5BSUKmvXR2eYZPjNPD/UiZJwHP3N8TKQm1noSB6QwJDPVibWr+V+sk0L/yUi7jBJik80X9RGCI8DQG3OOKURATA4Qqbm7FdEgUoWDCKpkQ3MUvL0PzvOIafrgoV2/yOIroCB2jU+SiS1RFd6iGGoiiMXpGr+jNSq0X6936mLcWrHzmEP2R9fkDdjWThw==</latexit>

MS1,i
<latexit sha1_base64="Y0pNH+e9LYnhgx7FLK0YLmwdNHE=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARXEhJRNBl0Y0boaK9QBvCZDpph04mYeZErCFP4saFIm59FHe+jdM2C239YeDjP+dwzvxBIrgGx/m2lpZXVtfWSxvlza3tnYq9u9fScaooa9JYxKoTEM0El6wJHATrJIqRKBCsHYyuJvX2A1Oax/IexgnzIjKQPOSUgLF8u9ID9gjZzV3uZ+4Jz3276tScqfAiuAVUUaGGb3/1+jFNIyaBCqJ113US8DKigFPB8nIv1SwhdEQGrGtQkohpL5senuMj4/RxGCvzJOCp+3siI5HW4ygwnRGBoZ6vTcz/at0Uwgsv4zJJgUk6WxSmAkOMJyngPleMghgbIFRxcyumQ6IIBZNV2YTgzn95EVqnNdfw7Vm1flnEUUIH6BAdIxedozq6Rg3URBSl6Bm9ojfryXqx3q2PWeuSVczsoz+yPn8AsJyTFw==</latexit><latexit sha1_base64="Y0pNH+e9LYnhgx7FLK0YLmwdNHE=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARXEhJRNBl0Y0boaK9QBvCZDpph04mYeZErCFP4saFIm59FHe+jdM2C239YeDjP+dwzvxBIrgGx/m2lpZXVtfWSxvlza3tnYq9u9fScaooa9JYxKoTEM0El6wJHATrJIqRKBCsHYyuJvX2A1Oax/IexgnzIjKQPOSUgLF8u9ID9gjZzV3uZ+4Jz3276tScqfAiuAVUUaGGb3/1+jFNIyaBCqJ113US8DKigFPB8nIv1SwhdEQGrGtQkohpL5senuMj4/RxGCvzJOCp+3siI5HW4ygwnRGBoZ6vTcz/at0Uwgsv4zJJgUk6WxSmAkOMJyngPleMghgbIFRxcyumQ6IIBZNV2YTgzn95EVqnNdfw7Vm1flnEUUIH6BAdIxedozq6Rg3URBSl6Bm9ojfryXqx3q2PWeuSVczsoz+yPn8AsJyTFw==</latexit><latexit sha1_base64="Y0pNH+e9LYnhgx7FLK0YLmwdNHE=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARXEhJRNBl0Y0boaK9QBvCZDpph04mYeZErCFP4saFIm59FHe+jdM2C239YeDjP+dwzvxBIrgGx/m2lpZXVtfWSxvlza3tnYq9u9fScaooa9JYxKoTEM0El6wJHATrJIqRKBCsHYyuJvX2A1Oax/IexgnzIjKQPOSUgLF8u9ID9gjZzV3uZ+4Jz3276tScqfAiuAVUUaGGb3/1+jFNIyaBCqJ113US8DKigFPB8nIv1SwhdEQGrGtQkohpL5senuMj4/RxGCvzJOCp+3siI5HW4ygwnRGBoZ6vTcz/at0Uwgsv4zJJgUk6WxSmAkOMJyngPleMghgbIFRxcyumQ6IIBZNV2YTgzn95EVqnNdfw7Vm1flnEUUIH6BAdIxedozq6Rg3URBSl6Bm9ojfryXqx3q2PWeuSVczsoz+yPn8AsJyTFw==</latexit><latexit sha1_base64="Y0pNH+e9LYnhgx7FLK0YLmwdNHE=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARXEhJRNBl0Y0boaK9QBvCZDpph04mYeZErCFP4saFIm59FHe+jdM2C239YeDjP+dwzvxBIrgGx/m2lpZXVtfWSxvlza3tnYq9u9fScaooa9JYxKoTEM0El6wJHATrJIqRKBCsHYyuJvX2A1Oax/IexgnzIjKQPOSUgLF8u9ID9gjZzV3uZ+4Jz3276tScqfAiuAVUUaGGb3/1+jFNIyaBCqJ113US8DKigFPB8nIv1SwhdEQGrGtQkohpL5senuMj4/RxGCvzJOCp+3siI5HW4ygwnRGBoZ6vTcz/at0Uwgsv4zJJgUk6WxSmAkOMJyngPleMghgbIFRxcyumQ6IIBZNV2YTgzn95EVqnNdfw7Vm1flnEUUIH6BAdIxedozq6Rg3URBSl6Bm9ojfryXqx3q2PWeuSVczsoz+yPn8AsJyTFw==</latexit>

STOB,i
<latexit sha1_base64="bNl8bmCMVJ+0E3GMfaKgzirRVLU=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXEhJRNBlqRt3VuwN2hAm02k7dDIJMyfFEvImblwo4tY3cefbOG2z0NYfBj7+cw7nzB/EgmtwnG+rsLa+sblV3C7t7O7tH9iHRy0dJYqyJo1EpDoB0UxwyZrAQbBOrBgJA8Hawfh2Vm9PmNI8kg2YxswLyVDyAacEjOXbdg/YE6SPjfvMT2sXPPPtslNx5sKr4OZQRrnqvv3V60c0CZkEKojWXdeJwUuJAk4Fy0q9RLOY0DEZsq5BSUKmvXR+eYbPjNPHg0iZJwHP3d8TKQm1noaB6QwJjPRybWb+V+smMLjxUi7jBJiki0WDRGCI8CwG3OeKURBTA4Qqbm7FdEQUoWDCKpkQ3OUvr0LrsuIafrgqV2t5HEV0gk7ROXLRNaqiO1RHTUTRBD2jV/RmpdaL9W59LFoLVj5zjP7I+vwBd7yTiA==</latexit><latexit sha1_base64="bNl8bmCMVJ+0E3GMfaKgzirRVLU=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXEhJRNBlqRt3VuwN2hAm02k7dDIJMyfFEvImblwo4tY3cefbOG2z0NYfBj7+cw7nzB/EgmtwnG+rsLa+sblV3C7t7O7tH9iHRy0dJYqyJo1EpDoB0UxwyZrAQbBOrBgJA8Hawfh2Vm9PmNI8kg2YxswLyVDyAacEjOXbdg/YE6SPjfvMT2sXPPPtslNx5sKr4OZQRrnqvv3V60c0CZkEKojWXdeJwUuJAk4Fy0q9RLOY0DEZsq5BSUKmvXR+eYbPjNPHg0iZJwHP3d8TKQm1noaB6QwJjPRybWb+V+smMLjxUi7jBJiki0WDRGCI8CwG3OeKURBTA4Qqbm7FdEQUoWDCKpkQ3OUvr0LrsuIafrgqV2t5HEV0gk7ROXLRNaqiO1RHTUTRBD2jV/RmpdaL9W59LFoLVj5zjP7I+vwBd7yTiA==</latexit><latexit sha1_base64="bNl8bmCMVJ+0E3GMfaKgzirRVLU=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXEhJRNBlqRt3VuwN2hAm02k7dDIJMyfFEvImblwo4tY3cefbOG2z0NYfBj7+cw7nzB/EgmtwnG+rsLa+sblV3C7t7O7tH9iHRy0dJYqyJo1EpDoB0UxwyZrAQbBOrBgJA8Hawfh2Vm9PmNI8kg2YxswLyVDyAacEjOXbdg/YE6SPjfvMT2sXPPPtslNx5sKr4OZQRrnqvv3V60c0CZkEKojWXdeJwUuJAk4Fy0q9RLOY0DEZsq5BSUKmvXR+eYbPjNPHg0iZJwHP3d8TKQm1noaB6QwJjPRybWb+V+smMLjxUi7jBJiki0WDRGCI8CwG3OeKURBTA4Qqbm7FdEQUoWDCKpkQ3OUvr0LrsuIafrgqV2t5HEV0gk7ROXLRNaqiO1RHTUTRBD2jV/RmpdaL9W59LFoLVj5zjP7I+vwBd7yTiA==</latexit><latexit sha1_base64="bNl8bmCMVJ+0E3GMfaKgzirRVLU=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXEhJRNBlqRt3VuwN2hAm02k7dDIJMyfFEvImblwo4tY3cefbOG2z0NYfBj7+cw7nzB/EgmtwnG+rsLa+sblV3C7t7O7tH9iHRy0dJYqyJo1EpDoB0UxwyZrAQbBOrBgJA8Hawfh2Vm9PmNI8kg2YxswLyVDyAacEjOXbdg/YE6SPjfvMT2sXPPPtslNx5sKr4OZQRrnqvv3V60c0CZkEKojWXdeJwUuJAk4Fy0q9RLOY0DEZsq5BSUKmvXR+eYbPjNPHg0iZJwHP3d8TKQm1noaB6QwJjPRybWb+V+smMLjxUi7jBJiki0WDRGCI8CwG3OeKURBTA4Qqbm7FdEQUoWDCKpkQ3OUvr0LrsuIafrgqV2t5HEV0gk7ROXLRNaqiO1RHTUTRBD2jV/RmpdaL9W59LFoLVj5zjP7I+vwBd7yTiA==</latexit>

MS2,i
<latexit sha1_base64="tP850b+J78Y5jncsdtVAkj4X7CQ=">AAAB+HicbZDLSsNAFIYn9VbrpVWXbgaL4EJKUgRdFt24ESraC7QhTKaTduhkEmZOxBryJG5cKOLWR3Hn2zhts9DWHwY+/nMO58zvx4JrsO1vq7Cyura+UdwsbW3v7JYre/ttHSWKshaNRKS6PtFMcMlawEGwbqwYCX3BOv74alrvPDCleSTvYRIzNyRDyQNOCRjLq5T7wB4hvbnLvLR+yjOvUrVr9kx4GZwcqihX06t89QcRTUImgQqidc+xY3BTooBTwbJSP9EsJnRMhqxnUJKQaTedHZ7hY+MMcBAp8yTgmft7IiWh1pPQN50hgZFerE3N/2q9BIILN+UyToBJOl8UJAJDhKcp4AFXjIKYGCBUcXMrpiOiCAWTVcmE4Cx+eRna9Zpj+Pas2rjM4yiiQ3SETpCDzlEDXaMmaiGKEvSMXtGb9WS9WO/Wx7y1YOUzB+iPrM8fsiOTGA==</latexit><latexit sha1_base64="tP850b+J78Y5jncsdtVAkj4X7CQ=">AAAB+HicbZDLSsNAFIYn9VbrpVWXbgaL4EJKUgRdFt24ESraC7QhTKaTduhkEmZOxBryJG5cKOLWR3Hn2zhts9DWHwY+/nMO58zvx4JrsO1vq7Cyura+UdwsbW3v7JYre/ttHSWKshaNRKS6PtFMcMlawEGwbqwYCX3BOv74alrvPDCleSTvYRIzNyRDyQNOCRjLq5T7wB4hvbnLvLR+yjOvUrVr9kx4GZwcqihX06t89QcRTUImgQqidc+xY3BTooBTwbJSP9EsJnRMhqxnUJKQaTedHZ7hY+MMcBAp8yTgmft7IiWh1pPQN50hgZFerE3N/2q9BIILN+UyToBJOl8UJAJDhKcp4AFXjIKYGCBUcXMrpiOiCAWTVcmE4Cx+eRna9Zpj+Pas2rjM4yiiQ3SETpCDzlEDXaMmaiGKEvSMXtGb9WS9WO/Wx7y1YOUzB+iPrM8fsiOTGA==</latexit><latexit sha1_base64="tP850b+J78Y5jncsdtVAkj4X7CQ=">AAAB+HicbZDLSsNAFIYn9VbrpVWXbgaL4EJKUgRdFt24ESraC7QhTKaTduhkEmZOxBryJG5cKOLWR3Hn2zhts9DWHwY+/nMO58zvx4JrsO1vq7Cyura+UdwsbW3v7JYre/ttHSWKshaNRKS6PtFMcMlawEGwbqwYCX3BOv74alrvPDCleSTvYRIzNyRDyQNOCRjLq5T7wB4hvbnLvLR+yjOvUrVr9kx4GZwcqihX06t89QcRTUImgQqidc+xY3BTooBTwbJSP9EsJnRMhqxnUJKQaTedHZ7hY+MMcBAp8yTgmft7IiWh1pPQN50hgZFerE3N/2q9BIILN+UyToBJOl8UJAJDhKcp4AFXjIKYGCBUcXMrpiOiCAWTVcmE4Cx+eRna9Zpj+Pas2rjM4yiiQ3SETpCDzlEDXaMmaiGKEvSMXtGb9WS9WO/Wx7y1YOUzB+iPrM8fsiOTGA==</latexit><latexit sha1_base64="tP850b+J78Y5jncsdtVAkj4X7CQ=">AAAB+HicbZDLSsNAFIYn9VbrpVWXbgaL4EJKUgRdFt24ESraC7QhTKaTduhkEmZOxBryJG5cKOLWR3Hn2zhts9DWHwY+/nMO58zvx4JrsO1vq7Cyura+UdwsbW3v7JYre/ttHSWKshaNRKS6PtFMcMlawEGwbqwYCX3BOv74alrvPDCleSTvYRIzNyRDyQNOCRjLq5T7wB4hvbnLvLR+yjOvUrVr9kx4GZwcqihX06t89QcRTUImgQqidc+xY3BTooBTwbJSP9EsJnRMhqxnUJKQaTedHZ7hY+MMcBAp8yTgmft7IiWh1pPQN50hgZFerE3N/2q9BIILN+UyToBJOl8UJAJDhKcp4AFXjIKYGCBUcXMrpiOiCAWTVcmE4Cx+eRna9Zpj+Pas2rjM4yiiQ3SETpCDzlEDXaMmaiGKEvSMXtGb9WS9WO/Wx7y1YOUzB+iPrM8fsiOTGA==</latexit>

H0
<latexit sha1_base64="E9YT8rwT83G9IXdjW0ZoG2OjdYo=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuimy4r2Ae0Y8mkmTY0kwxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkoQttEcql6AdaUM0HbhhlOe7GiOAo47QbT29zvPlKlmRT3ZhZTP8JjwUJGsLHSwyDCZhKEaTMbpm42rNbcujsHWiVeQWpQoDWsfg1GkiQRFYZwrHXfc2Pjp1gZRjjNKoNE0xiTKR7TvqUCR1T76Tx1hs6sMkKhVPYJg+bq740UR1rPosBO5in1speL/3n9xITXfspEnBgqyOJQmHBkJMorQCOmKDF8ZgkmitmsiEywwsTYoiq2BG/5y6ukc1H3LL+7rDVuijrKcAKncA4eXEEDmtCCNhBQ8Ayv8OY8OS/Ou/OxGC05xc4x/IHz+QOrc5Kb</latexit><latexit sha1_base64="E9YT8rwT83G9IXdjW0ZoG2OjdYo=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuimy4r2Ae0Y8mkmTY0kwxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkoQttEcql6AdaUM0HbhhlOe7GiOAo47QbT29zvPlKlmRT3ZhZTP8JjwUJGsLHSwyDCZhKEaTMbpm42rNbcujsHWiVeQWpQoDWsfg1GkiQRFYZwrHXfc2Pjp1gZRjjNKoNE0xiTKR7TvqUCR1T76Tx1hs6sMkKhVPYJg+bq740UR1rPosBO5in1speL/3n9xITXfspEnBgqyOJQmHBkJMorQCOmKDF8ZgkmitmsiEywwsTYoiq2BG/5y6ukc1H3LL+7rDVuijrKcAKncA4eXEEDmtCCNhBQ8Ayv8OY8OS/Ou/OxGC05xc4x/IHz+QOrc5Kb</latexit><latexit sha1_base64="E9YT8rwT83G9IXdjW0ZoG2OjdYo=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuimy4r2Ae0Y8mkmTY0kwxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkoQttEcql6AdaUM0HbhhlOe7GiOAo47QbT29zvPlKlmRT3ZhZTP8JjwUJGsLHSwyDCZhKEaTMbpm42rNbcujsHWiVeQWpQoDWsfg1GkiQRFYZwrHXfc2Pjp1gZRjjNKoNE0xiTKR7TvqUCR1T76Tx1hs6sMkKhVPYJg+bq740UR1rPosBO5in1speL/3n9xITXfspEnBgqyOJQmHBkJMorQCOmKDF8ZgkmitmsiEywwsTYoiq2BG/5y6ukc1H3LL+7rDVuijrKcAKncA4eXEEDmtCCNhBQ8Ayv8OY8OS/Ou/OxGC05xc4x/IHz+QOrc5Kb</latexit><latexit sha1_base64="E9YT8rwT83G9IXdjW0ZoG2OjdYo=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuimy4r2Ae0Y8mkmTY0kwxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkoQttEcql6AdaUM0HbhhlOe7GiOAo47QbT29zvPlKlmRT3ZhZTP8JjwUJGsLHSwyDCZhKEaTMbpm42rNbcujsHWiVeQWpQoDWsfg1GkiQRFYZwrHXfc2Pjp1gZRjjNKoNE0xiTKR7TvqUCR1T76Tx1hs6sMkKhVPYJg+bq740UR1rPosBO5in1speL/3n9xITXfspEnBgqyOJQmHBkJMorQCOmKDF8ZgkmitmsiEywwsTYoiq2BG/5y6ukc1H3LL+7rDVuijrKcAKncA4eXEEDmtCCNhBQ8Ayv8OY8OS/Ou/OxGC05xc4x/IHz+QOrc5Kb</latexit>

x̂
<latexit sha1_base64="Lm2SEGikl3Pp/AQmIMYSll2QfWc=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclUQEXRbduKxgH9CEMplO2qGTBzM3xRL6J25cKOLWP3Hn3zhps9DWAwOHc+7lnjlBKoVGx/m21tY3Nre2KzvV3b39g0P76Litk0wx3mKJTFQ3oJpLEfMWCpS8mypOo0DyTjC+K/zOhCstkvgRpyn3IzqMRSgYRSP1bdsbUcy9iOIoCPOn2axv15y6MwdZJW5JalCi2be/vEHCsojHyCTVuuc6Kfo5VSiY5LOql2meUjamQ94zNKYR134+Tz4j50YZkDBR5sVI5urvjZxGWk+jwEwWEfWyV4j/eb0Mwxs/F3GaIY/Z4lCYSYIJKWogA6E4Qzk1hDIlTFbCRlRRhqasqinBXf7yKmlf1l3DH65qjduyjgqcwhlcgAvX0IB7aEILGEzgGV7hzcqtF+vd+liMrlnlzgn8gfX5A1YHlBo=</latexit><latexit sha1_base64="Lm2SEGikl3Pp/AQmIMYSll2QfWc=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclUQEXRbduKxgH9CEMplO2qGTBzM3xRL6J25cKOLWP3Hn3zhps9DWAwOHc+7lnjlBKoVGx/m21tY3Nre2KzvV3b39g0P76Litk0wx3mKJTFQ3oJpLEfMWCpS8mypOo0DyTjC+K/zOhCstkvgRpyn3IzqMRSgYRSP1bdsbUcy9iOIoCPOn2axv15y6MwdZJW5JalCi2be/vEHCsojHyCTVuuc6Kfo5VSiY5LOql2meUjamQ94zNKYR134+Tz4j50YZkDBR5sVI5urvjZxGWk+jwEwWEfWyV4j/eb0Mwxs/F3GaIY/Z4lCYSYIJKWogA6E4Qzk1hDIlTFbCRlRRhqasqinBXf7yKmlf1l3DH65qjduyjgqcwhlcgAvX0IB7aEILGEzgGV7hzcqtF+vd+liMrlnlzgn8gfX5A1YHlBo=</latexit><latexit sha1_base64="Lm2SEGikl3Pp/AQmIMYSll2QfWc=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclUQEXRbduKxgH9CEMplO2qGTBzM3xRL6J25cKOLWP3Hn3zhps9DWAwOHc+7lnjlBKoVGx/m21tY3Nre2KzvV3b39g0P76Litk0wx3mKJTFQ3oJpLEfMWCpS8mypOo0DyTjC+K/zOhCstkvgRpyn3IzqMRSgYRSP1bdsbUcy9iOIoCPOn2axv15y6MwdZJW5JalCi2be/vEHCsojHyCTVuuc6Kfo5VSiY5LOql2meUjamQ94zNKYR134+Tz4j50YZkDBR5sVI5urvjZxGWk+jwEwWEfWyV4j/eb0Mwxs/F3GaIY/Z4lCYSYIJKWogA6E4Qzk1hDIlTFbCRlRRhqasqinBXf7yKmlf1l3DH65qjduyjgqcwhlcgAvX0IB7aEILGEzgGV7hzcqtF+vd+liMrlnlzgn8gfX5A1YHlBo=</latexit><latexit sha1_base64="Lm2SEGikl3Pp/AQmIMYSll2QfWc=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclUQEXRbduKxgH9CEMplO2qGTBzM3xRL6J25cKOLWP3Hn3zhps9DWAwOHc+7lnjlBKoVGx/m21tY3Nre2KzvV3b39g0P76Litk0wx3mKJTFQ3oJpLEfMWCpS8mypOo0DyTjC+K/zOhCstkvgRpyn3IzqMRSgYRSP1bdsbUcy9iOIoCPOn2axv15y6MwdZJW5JalCi2be/vEHCsojHyCTVuuc6Kfo5VSiY5LOql2meUjamQ94zNKYR134+Tz4j50YZkDBR5sVI5urvjZxGWk+jwEwWEfWyV4j/eb0Mwxs/F3GaIY/Z4lCYSYIJKWogA6E4Qzk1hDIlTFbCRlRRhqasqinBXf7yKmlf1l3DH65qjduyjgqcwhlcgAvX0IB7aEILGEzgGV7hzcqtF+vd+liMrlnlzgn8gfX5A1YHlBo=</latexit>

ŷ
<latexit sha1_base64="el5OXA7xw+dce9VIUhM5qP3D2x4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMLMpBBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSDhT2nG+rdrG5tb2Tn23sbd/cHhkH5/0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB/M7ku/P6dSsVg86SyhfoQngoWMYG2kkW17U6xzL8J6GoR5VhQju+m0nAXQOnEr0oQKnZH95Y1jkkZUaMKxUkPXSbSfY6kZ4bRoeKmiCSYzPKFDQwWOqPLzRfICXRhljMJYmic0Wqi/N3IcKZVFgZksI6pVrxT/84apDm/9nIkk1VSQ5aEw5UjHqKwBjZmkRPPMEEwkM1kRmWKJiTZlNUwJ7uqX10nvquUa/njdbN9VddThDM7hEly4gTY8QAe6QGAOz/AKb1ZuvVjv1sdytGZVO6fwB9bnD1eNlBs=</latexit><latexit sha1_base64="el5OXA7xw+dce9VIUhM5qP3D2x4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMLMpBBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSDhT2nG+rdrG5tb2Tn23sbd/cHhkH5/0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB/M7ku/P6dSsVg86SyhfoQngoWMYG2kkW17U6xzL8J6GoR5VhQju+m0nAXQOnEr0oQKnZH95Y1jkkZUaMKxUkPXSbSfY6kZ4bRoeKmiCSYzPKFDQwWOqPLzRfICXRhljMJYmic0Wqi/N3IcKZVFgZksI6pVrxT/84apDm/9nIkk1VSQ5aEw5UjHqKwBjZmkRPPMEEwkM1kRmWKJiTZlNUwJ7uqX10nvquUa/njdbN9VddThDM7hEly4gTY8QAe6QGAOz/AKb1ZuvVjv1sdytGZVO6fwB9bnD1eNlBs=</latexit><latexit sha1_base64="el5OXA7xw+dce9VIUhM5qP3D2x4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMLMpBBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSDhT2nG+rdrG5tb2Tn23sbd/cHhkH5/0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB/M7ku/P6dSsVg86SyhfoQngoWMYG2kkW17U6xzL8J6GoR5VhQju+m0nAXQOnEr0oQKnZH95Y1jkkZUaMKxUkPXSbSfY6kZ4bRoeKmiCSYzPKFDQwWOqPLzRfICXRhljMJYmic0Wqi/N3IcKZVFgZksI6pVrxT/84apDm/9nIkk1VSQ5aEw5UjHqKwBjZmkRPPMEEwkM1kRmWKJiTZlNUwJ7uqX10nvquUa/njdbN9VddThDM7hEly4gTY8QAe6QGAOz/AKb1ZuvVjv1sdytGZVO6fwB9bnD1eNlBs=</latexit><latexit sha1_base64="el5OXA7xw+dce9VIUhM5qP3D2x4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMLMpBBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSDhT2nG+rdrG5tb2Tn23sbd/cHhkH5/0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB/M7ku/P6dSsVg86SyhfoQngoWMYG2kkW17U6xzL8J6GoR5VhQju+m0nAXQOnEr0oQKnZH95Y1jkkZUaMKxUkPXSbSfY6kZ4bRoeKmiCSYzPKFDQwWOqPLzRfICXRhljMJYmic0Wqi/N3IcKZVFgZksI6pVrxT/84apDm/9nIkk1VSQ5aEw5UjHqKwBjZmkRPPMEEwkM1kRmWKJiTZlNUwJ7uqX10nvquUa/njdbN9VddThDM7hEly4gTY8QAe6QGAOz/AKb1ZuvVjv1sdytGZVO6fwB9bnD1eNlBs=</latexit>

ẑ
<latexit sha1_base64="Ngr/yORgulw4sQVYa3zdPHT018M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclUQEXRbduKxgH9CEMplO2qGTBzM3hRr6J25cKOLWP3Hn3zhps9DWAwOHc+7lnjlBKoVGx/m21tY3Nre2KzvV3b39g0P76Litk0wx3mKJTFQ3oJpLEfMWCpS8mypOo0DyTjC+K/zOhCstkvgRpyn3IzqMRSgYRSP1bdsbUcy9iOIoCPOn2axv15y6MwdZJW5JalCi2be/vEHCsojHyCTVuuc6Kfo5VSiY5LOql2meUjamQ94zNKYR134+Tz4j50YZkDBR5sVI5urvjZxGWk+jwEwWEfWyV4j/eb0Mwxs/F3GaIY/Z4lCYSYIJKWogA6E4Qzk1hDIlTFbCRlRRhqasqinBXf7yKmlf1l3DH65qjduyjgqcwhlcgAvX0IB7aEILGEzgGV7hzcqtF+vd+liMrlnlzgn8gfX5A1kTlBw=</latexit><latexit sha1_base64="Ngr/yORgulw4sQVYa3zdPHT018M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclUQEXRbduKxgH9CEMplO2qGTBzM3hRr6J25cKOLWP3Hn3zhps9DWAwOHc+7lnjlBKoVGx/m21tY3Nre2KzvV3b39g0P76Litk0wx3mKJTFQ3oJpLEfMWCpS8mypOo0DyTjC+K/zOhCstkvgRpyn3IzqMRSgYRSP1bdsbUcy9iOIoCPOn2axv15y6MwdZJW5JalCi2be/vEHCsojHyCTVuuc6Kfo5VSiY5LOql2meUjamQ94zNKYR134+Tz4j50YZkDBR5sVI5urvjZxGWk+jwEwWEfWyV4j/eb0Mwxs/F3GaIY/Z4lCYSYIJKWogA6E4Qzk1hDIlTFbCRlRRhqasqinBXf7yKmlf1l3DH65qjduyjgqcwhlcgAvX0IB7aEILGEzgGV7hzcqtF+vd+liMrlnlzgn8gfX5A1kTlBw=</latexit><latexit sha1_base64="Ngr/yORgulw4sQVYa3zdPHT018M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclUQEXRbduKxgH9CEMplO2qGTBzM3hRr6J25cKOLWP3Hn3zhps9DWAwOHc+7lnjlBKoVGx/m21tY3Nre2KzvV3b39g0P76Litk0wx3mKJTFQ3oJpLEfMWCpS8mypOo0DyTjC+K/zOhCstkvgRpyn3IzqMRSgYRSP1bdsbUcy9iOIoCPOn2axv15y6MwdZJW5JalCi2be/vEHCsojHyCTVuuc6Kfo5VSiY5LOql2meUjamQ94zNKYR134+Tz4j50YZkDBR5sVI5urvjZxGWk+jwEwWEfWyV4j/eb0Mwxs/F3GaIY/Z4lCYSYIJKWogA6E4Qzk1hDIlTFbCRlRRhqasqinBXf7yKmlf1l3DH65qjduyjgqcwhlcgAvX0IB7aEILGEzgGV7hzcqtF+vd+liMrlnlzgn8gfX5A1kTlBw=</latexit><latexit sha1_base64="Ngr/yORgulw4sQVYa3zdPHT018M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclUQEXRbduKxgH9CEMplO2qGTBzM3hRr6J25cKOLWP3Hn3zhps9DWAwOHc+7lnjlBKoVGx/m21tY3Nre2KzvV3b39g0P76Litk0wx3mKJTFQ3oJpLEfMWCpS8mypOo0DyTjC+K/zOhCstkvgRpyn3IzqMRSgYRSP1bdsbUcy9iOIoCPOn2axv15y6MwdZJW5JalCi2be/vEHCsojHyCTVuuc6Kfo5VSiY5LOql2meUjamQ94zNKYR134+Tz4j50YZkDBR5sVI5urvjZxGWk+jwEwWEfWyV4j/eb0Mwxs/F3GaIY/Z4lCYSYIJKWogA6E4Qzk1hDIlTFbCRlRRhqasqinBXf7yKmlf1l3DH65qjduyjgqcwhlcgAvX0IB7aEILGEzgGV7hzcqtF+vd+liMrlnlzgn8gfX5A1kTlBw=</latexit>

free layer
<latexit sha1_base64="62TYM1BpxwjFv8UCziI9m1QAH5E=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy4r2Au0oUymJ+3QyYWZEzXEPoobF4q49Unc+TZO2yy09YeBj/+cwznz+4kUGh3n21pZXVvf2Cxtlbd3dvf27cpBS8ep4tDksYxVx2capIigiQIldBIFLPQltP3x9bTevgelRRzdYZaAF7JhJALBGRqrb1d6CI+YBwqASpaBmvTtqlNzZqLL4BZQJYUaffurN4h5GkKEXDKtu66ToJczhYJLmJR7qYaE8TEbQtdgxELQXj47fUJPjDOgQazMi5DO3N8TOQu1zkLfdIYMR3qxNjX/q3VTDC69XERJihDx+aIglRRjOs2BDoQCjjIzwLgS5lbKR0wxjiatsgnBXfzyMrTOaq7h2/Nq/aqIo0SOyDE5JS65IHVyQxqkSTh5IM/klbxZT9aL9W59zFtXrGLmkPyR9fkDv/SUTQ==</latexit><latexit sha1_base64="62TYM1BpxwjFv8UCziI9m1QAH5E=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy4r2Au0oUymJ+3QyYWZEzXEPoobF4q49Unc+TZO2yy09YeBj/+cwznz+4kUGh3n21pZXVvf2Cxtlbd3dvf27cpBS8ep4tDksYxVx2capIigiQIldBIFLPQltP3x9bTevgelRRzdYZaAF7JhJALBGRqrb1d6CI+YBwqASpaBmvTtqlNzZqLL4BZQJYUaffurN4h5GkKEXDKtu66ToJczhYJLmJR7qYaE8TEbQtdgxELQXj47fUJPjDOgQazMi5DO3N8TOQu1zkLfdIYMR3qxNjX/q3VTDC69XERJihDx+aIglRRjOs2BDoQCjjIzwLgS5lbKR0wxjiatsgnBXfzyMrTOaq7h2/Nq/aqIo0SOyDE5JS65IHVyQxqkSTh5IM/klbxZT9aL9W59zFtXrGLmkPyR9fkDv/SUTQ==</latexit><latexit sha1_base64="62TYM1BpxwjFv8UCziI9m1QAH5E=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy4r2Au0oUymJ+3QyYWZEzXEPoobF4q49Unc+TZO2yy09YeBj/+cwznz+4kUGh3n21pZXVvf2Cxtlbd3dvf27cpBS8ep4tDksYxVx2capIigiQIldBIFLPQltP3x9bTevgelRRzdYZaAF7JhJALBGRqrb1d6CI+YBwqASpaBmvTtqlNzZqLL4BZQJYUaffurN4h5GkKEXDKtu66ToJczhYJLmJR7qYaE8TEbQtdgxELQXj47fUJPjDOgQazMi5DO3N8TOQu1zkLfdIYMR3qxNjX/q3VTDC69XERJihDx+aIglRRjOs2BDoQCjjIzwLgS5lbKR0wxjiatsgnBXfzyMrTOaq7h2/Nq/aqIo0SOyDE5JS65IHVyQxqkSTh5IM/klbxZT9aL9W59zFtXrGLmkPyR9fkDv/SUTQ==</latexit><latexit sha1_base64="62TYM1BpxwjFv8UCziI9m1QAH5E=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy4r2Au0oUymJ+3QyYWZEzXEPoobF4q49Unc+TZO2yy09YeBj/+cwznz+4kUGh3n21pZXVvf2Cxtlbd3dvf27cpBS8ep4tDksYxVx2capIigiQIldBIFLPQltP3x9bTevgelRRzdYZaAF7JhJALBGRqrb1d6CI+YBwqASpaBmvTtqlNzZqLL4BZQJYUaffurN4h5GkKEXDKtu66ToJczhYJLmJR7qYaE8TEbQtdgxELQXj47fUJPjDOgQazMi5DO3N8TOQu1zkLfdIYMR3qxNjX/q3VTDC69XERJihDx+aIglRRjOs2BDoQCjjIzwLgS5lbKR0wxjiatsgnBXfzyMrTOaq7h2/Nq/aqIo0SOyDE5JS65IHVyQxqkSTh5IM/klbxZT9aL9W59zFtXrGLmkPyR9fkDv/SUTQ==</latexit>

fixed layer
<latexit sha1_base64="Usjvp/PSeaMIrOrW1FlCHjKtW9g=">AAAB+3icbZDLSsNAFIYn9Vbrrdalm8EiuCqJCLosunFZwV6gLWUyPWmHTiZh5kQaQl7FjQtF3Poi7nwbp5eFtv4w8PGfczhnfj+WwqDrfjuFjc2t7Z3ibmlv/+DwqHxcaZko0RyaPJKR7vjMgBQKmihQQifWwEJfQtuf3M3q7SfQRkTqEdMY+iEbKREIztBag3KlhzDFLBBTGFLJUtD5oFx1a+5cdB28JVTJUo1B+as3jHgSgkIumTFdz42xnzGNgkvIS73EQMz4hI2ga1GxEEw/m9+e03PrDGkQafsU0rn7eyJjoTFp6NvOkOHYrNZm5n+1boLBTT8TKk4QFF8sChJJMaKzIOhQaOAoUwuMa2FvpXzMNONo4yrZELzVL69D67LmWX64qtZvl3EUySk5IxfEI9ekTu5JgzQJJ1PyTF7Jm5M7L86787FoLTjLmRPyR87nD5MplMU=</latexit><latexit sha1_base64="Usjvp/PSeaMIrOrW1FlCHjKtW9g=">AAAB+3icbZDLSsNAFIYn9Vbrrdalm8EiuCqJCLosunFZwV6gLWUyPWmHTiZh5kQaQl7FjQtF3Poi7nwbp5eFtv4w8PGfczhnfj+WwqDrfjuFjc2t7Z3ibmlv/+DwqHxcaZko0RyaPJKR7vjMgBQKmihQQifWwEJfQtuf3M3q7SfQRkTqEdMY+iEbKREIztBag3KlhzDFLBBTGFLJUtD5oFx1a+5cdB28JVTJUo1B+as3jHgSgkIumTFdz42xnzGNgkvIS73EQMz4hI2ga1GxEEw/m9+e03PrDGkQafsU0rn7eyJjoTFp6NvOkOHYrNZm5n+1boLBTT8TKk4QFF8sChJJMaKzIOhQaOAoUwuMa2FvpXzMNONo4yrZELzVL69D67LmWX64qtZvl3EUySk5IxfEI9ekTu5JgzQJJ1PyTF7Jm5M7L86787FoLTjLmRPyR87nD5MplMU=</latexit><latexit sha1_base64="Usjvp/PSeaMIrOrW1FlCHjKtW9g=">AAAB+3icbZDLSsNAFIYn9Vbrrdalm8EiuCqJCLosunFZwV6gLWUyPWmHTiZh5kQaQl7FjQtF3Poi7nwbp5eFtv4w8PGfczhnfj+WwqDrfjuFjc2t7Z3ibmlv/+DwqHxcaZko0RyaPJKR7vjMgBQKmihQQifWwEJfQtuf3M3q7SfQRkTqEdMY+iEbKREIztBag3KlhzDFLBBTGFLJUtD5oFx1a+5cdB28JVTJUo1B+as3jHgSgkIumTFdz42xnzGNgkvIS73EQMz4hI2ga1GxEEw/m9+e03PrDGkQafsU0rn7eyJjoTFp6NvOkOHYrNZm5n+1boLBTT8TKk4QFF8sChJJMaKzIOhQaOAoUwuMa2FvpXzMNONo4yrZELzVL69D67LmWX64qtZvl3EUySk5IxfEI9ekTu5JgzQJJ1PyTF7Jm5M7L86787FoLTjLmRPyR87nD5MplMU=</latexit><latexit sha1_base64="Usjvp/PSeaMIrOrW1FlCHjKtW9g=">AAAB+3icbZDLSsNAFIYn9Vbrrdalm8EiuCqJCLosunFZwV6gLWUyPWmHTiZh5kQaQl7FjQtF3Poi7nwbp5eFtv4w8PGfczhnfj+WwqDrfjuFjc2t7Z3ibmlv/+DwqHxcaZko0RyaPJKR7vjMgBQKmihQQifWwEJfQtuf3M3q7SfQRkTqEdMY+iEbKREIztBag3KlhzDFLBBTGFLJUtD5oFx1a+5cdB28JVTJUo1B+as3jHgSgkIumTFdz42xnzGNgkvIS73EQMz4hI2ga1GxEEw/m9+e03PrDGkQafsU0rn7eyJjoTFp6NvOkOHYrNZm5n+1boLBTT8TKk4QFF8sChJJMaKzIOhQaOAoUwuMa2FvpXzMNONo4yrZELzVL69D67LmWX64qtZvl3EUySk5IxfEI9ekTu5JgzQJJ1PyTF7Jm5M7L86787FoLTjLmRPyR87nD5MplMU=</latexit>

spacer
<latexit sha1_base64="/IvJU+OFxEGvZB6DvZ5puoUA+Fs=">AAAB9HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6gHUomPdOGZjJjcqZYhj6HGxeKuPVh3Pk2pu0stPVA4OP/z0lO/iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup35rTFoI2L1gJME/IgNlAgFZ2glv4vwhJlJGAc97ZUrbtWdF10FL4cKyaveK391+zFPI1DIJTOm47kJ+hnTKLiEaambGrBXj9gAOhYVi8D42XzpKT2zSp+GsbZHIZ2rvycyFhkziQLbGTEcmmVvJv7ndVIMr/1MqCRFUHzxUJhKijGdJUD7QgNHObHAuBZ2V8qHTDOONqeSDcFb/vIqNC+qnuX7y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf8r5/AGGP5KT</latexit><latexit sha1_base64="/IvJU+OFxEGvZB6DvZ5puoUA+Fs=">AAAB9HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6gHUomPdOGZjJjcqZYhj6HGxeKuPVh3Pk2pu0stPVA4OP/z0lO/iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup35rTFoI2L1gJME/IgNlAgFZ2glv4vwhJlJGAc97ZUrbtWdF10FL4cKyaveK391+zFPI1DIJTOm47kJ+hnTKLiEaambGrBXj9gAOhYVi8D42XzpKT2zSp+GsbZHIZ2rvycyFhkziQLbGTEcmmVvJv7ndVIMr/1MqCRFUHzxUJhKijGdJUD7QgNHObHAuBZ2V8qHTDOONqeSDcFb/vIqNC+qnuX7y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf8r5/AGGP5KT</latexit><latexit sha1_base64="/IvJU+OFxEGvZB6DvZ5puoUA+Fs=">AAAB9HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6gHUomPdOGZjJjcqZYhj6HGxeKuPVh3Pk2pu0stPVA4OP/z0lO/iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup35rTFoI2L1gJME/IgNlAgFZ2glv4vwhJlJGAc97ZUrbtWdF10FL4cKyaveK391+zFPI1DIJTOm47kJ+hnTKLiEaambGrBXj9gAOhYVi8D42XzpKT2zSp+GsbZHIZ2rvycyFhkziQLbGTEcmmVvJv7ndVIMr/1MqCRFUHzxUJhKijGdJUD7QgNHObHAuBZ2V8qHTDOONqeSDcFb/vIqNC+qnuX7y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf8r5/AGGP5KT</latexit><latexit sha1_base64="/IvJU+OFxEGvZB6DvZ5puoUA+Fs=">AAAB9HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6gHUomPdOGZjJjcqZYhj6HGxeKuPVh3Pk2pu0stPVA4OP/z0lO/iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqjk0eCxj3Q6YASkUNFCghHaigUWBhFYwup35rTFoI2L1gJME/IgNlAgFZ2glv4vwhJlJGAc97ZUrbtWdF10FL4cKyaveK391+zFPI1DIJTOm47kJ+hnTKLiEaambGrBXj9gAOhYVi8D42XzpKT2zSp+GsbZHIZ2rvycyFhkziQLbGTEcmmVvJv7ndVIMr/1MqCRFUHzxUJhKijGdJUD7QgNHObHAuBZ2V8qHTDOONqeSDcFb/vIqNC+qnuX7y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf8r5/AGGP5KT</latexit>

mA(B),i
<latexit sha1_base64="qYtEfpWHAMUIMWOd8lueeA7Tsb0=">AAAB/HicbVDLSgMxFM3UV62vapdugkWoIGVGBF3WunFZwT6gHYZMmmlDk8yQZIRhGH/FjQtF3Poh7vwbM+0stPVA4HDOvdyT40eMKm3b31ZpbX1jc6u8XdnZ3ds/qB4e9VQYS0y6OGShHPhIEUYF6WqqGRlEkiDuM9L3Z7e5338kUtFQPOgkIi5HE0EDipE2kletjTjSUz9IeealN4322TnNvGrdbtpzwFXiFKQOCnS86tdoHOKYE6ExQ0oNHTvSboqkppiRrDKKFYkQnqEJGRoqECfKTefhM3hqlDEMQmme0HCu/t5IEVcq4b6ZzKOqZS8X//OGsQ6u3ZSKKNZE4MWhIGZQhzBvAo6pJFizxBCEJTVZIZ4iibA2fVVMCc7yl1dJ76LpGH5/WW+1izrK4BicgAZwwBVogTvQAV2AQQKewSt4s56sF+vd+liMlqxipwb+wPr8AQ2+lFw=</latexit><latexit sha1_base64="qYtEfpWHAMUIMWOd8lueeA7Tsb0=">AAAB/HicbVDLSgMxFM3UV62vapdugkWoIGVGBF3WunFZwT6gHYZMmmlDk8yQZIRhGH/FjQtF3Poh7vwbM+0stPVA4HDOvdyT40eMKm3b31ZpbX1jc6u8XdnZ3ds/qB4e9VQYS0y6OGShHPhIEUYF6WqqGRlEkiDuM9L3Z7e5338kUtFQPOgkIi5HE0EDipE2kletjTjSUz9IeealN4322TnNvGrdbtpzwFXiFKQOCnS86tdoHOKYE6ExQ0oNHTvSboqkppiRrDKKFYkQnqEJGRoqECfKTefhM3hqlDEMQmme0HCu/t5IEVcq4b6ZzKOqZS8X//OGsQ6u3ZSKKNZE4MWhIGZQhzBvAo6pJFizxBCEJTVZIZ4iibA2fVVMCc7yl1dJ76LpGH5/WW+1izrK4BicgAZwwBVogTvQAV2AQQKewSt4s56sF+vd+liMlqxipwb+wPr8AQ2+lFw=</latexit><latexit sha1_base64="qYtEfpWHAMUIMWOd8lueeA7Tsb0=">AAAB/HicbVDLSgMxFM3UV62vapdugkWoIGVGBF3WunFZwT6gHYZMmmlDk8yQZIRhGH/FjQtF3Poh7vwbM+0stPVA4HDOvdyT40eMKm3b31ZpbX1jc6u8XdnZ3ds/qB4e9VQYS0y6OGShHPhIEUYF6WqqGRlEkiDuM9L3Z7e5338kUtFQPOgkIi5HE0EDipE2kletjTjSUz9IeealN4322TnNvGrdbtpzwFXiFKQOCnS86tdoHOKYE6ExQ0oNHTvSboqkppiRrDKKFYkQnqEJGRoqECfKTefhM3hqlDEMQmme0HCu/t5IEVcq4b6ZzKOqZS8X//OGsQ6u3ZSKKNZE4MWhIGZQhzBvAo6pJFizxBCEJTVZIZ4iibA2fVVMCc7yl1dJ76LpGH5/WW+1izrK4BicgAZwwBVogTvQAV2AQQKewSt4s56sF+vd+liMlqxipwb+wPr8AQ2+lFw=</latexit><latexit sha1_base64="qYtEfpWHAMUIMWOd8lueeA7Tsb0=">AAAB/HicbVDLSgMxFM3UV62vapdugkWoIGVGBF3WunFZwT6gHYZMmmlDk8yQZIRhGH/FjQtF3Poh7vwbM+0stPVA4HDOvdyT40eMKm3b31ZpbX1jc6u8XdnZ3ds/qB4e9VQYS0y6OGShHPhIEUYF6WqqGRlEkiDuM9L3Z7e5338kUtFQPOgkIi5HE0EDipE2kletjTjSUz9IeealN4322TnNvGrdbtpzwFXiFKQOCnS86tdoHOKYE6ExQ0oNHTvSboqkppiRrDKKFYkQnqEJGRoqECfKTefhM3hqlDEMQmme0HCu/t5IEVcq4b6ZzKOqZS8X//OGsQ6u3ZSKKNZE4MWhIGZQhzBvAo6pJFizxBCEJTVZIZ4iibA2fVVMCc7yl1dJ76LpGH5/WW+1izrK4BicgAZwwBVogTvQAV2AQQKewSt4s56sF+vd+liMlqxipwb+wPr8AQ2+lFw=</latexit>

JsA(B),i
<latexit sha1_base64="NL1p+6LoIMcopCf6ZrN0QDbFBz0=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFaQkIuiy1o24qmAf0IYwmU7aoZMHMxOhhIC/4saFIm79Dnf+jZM2C60eGDiccy/3zPFizqSyrC+jtLS8srpWXq9sbG5t75i7ex0ZJYLQNol4JHoelpSzkLYVU5z2YkFx4HHa9SbXud99oEKyKLxX05g6AR6FzGcEKy255sEgwGrs+elt5qYSXdWaJ6csc82qVbdmQH+JXZAqFGi55udgGJEkoKEiHEvZt61YOSkWihFOs8ogkTTGZIJHtK9piAMqnXQWP0PHWhkiPxL6hQrN1J8bKQ6knAaenszDykUvF//z+onyL52UhXGiaEjmh/yEIxWhvAs0ZIISxaeaYCKYzorIGAtMlG6sokuwF7/8l3TO6rbmd+fVRrOoowyHcAQ1sOECGnADLWgDgRSe4AVejUfj2Xgz3uejJaPY2YdfMD6+AQ7LlOA=</latexit><latexit sha1_base64="NL1p+6LoIMcopCf6ZrN0QDbFBz0=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFaQkIuiy1o24qmAf0IYwmU7aoZMHMxOhhIC/4saFIm79Dnf+jZM2C60eGDiccy/3zPFizqSyrC+jtLS8srpWXq9sbG5t75i7ex0ZJYLQNol4JHoelpSzkLYVU5z2YkFx4HHa9SbXud99oEKyKLxX05g6AR6FzGcEKy255sEgwGrs+elt5qYSXdWaJ6csc82qVbdmQH+JXZAqFGi55udgGJEkoKEiHEvZt61YOSkWihFOs8ogkTTGZIJHtK9piAMqnXQWP0PHWhkiPxL6hQrN1J8bKQ6knAaenszDykUvF//z+onyL52UhXGiaEjmh/yEIxWhvAs0ZIISxaeaYCKYzorIGAtMlG6sokuwF7/8l3TO6rbmd+fVRrOoowyHcAQ1sOECGnADLWgDgRSe4AVejUfj2Xgz3uejJaPY2YdfMD6+AQ7LlOA=</latexit><latexit sha1_base64="NL1p+6LoIMcopCf6ZrN0QDbFBz0=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFaQkIuiy1o24qmAf0IYwmU7aoZMHMxOhhIC/4saFIm79Dnf+jZM2C60eGDiccy/3zPFizqSyrC+jtLS8srpWXq9sbG5t75i7ex0ZJYLQNol4JHoelpSzkLYVU5z2YkFx4HHa9SbXud99oEKyKLxX05g6AR6FzGcEKy255sEgwGrs+elt5qYSXdWaJ6csc82qVbdmQH+JXZAqFGi55udgGJEkoKEiHEvZt61YOSkWihFOs8ogkTTGZIJHtK9piAMqnXQWP0PHWhkiPxL6hQrN1J8bKQ6knAaenszDykUvF//z+onyL52UhXGiaEjmh/yEIxWhvAs0ZIISxaeaYCKYzorIGAtMlG6sokuwF7/8l3TO6rbmd+fVRrOoowyHcAQ1sOECGnADLWgDgRSe4AVejUfj2Xgz3uejJaPY2YdfMD6+AQ7LlOA=</latexit><latexit sha1_base64="NL1p+6LoIMcopCf6ZrN0QDbFBz0=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFaQkIuiy1o24qmAf0IYwmU7aoZMHMxOhhIC/4saFIm79Dnf+jZM2C60eGDiccy/3zPFizqSyrC+jtLS8srpWXq9sbG5t75i7ex0ZJYLQNol4JHoelpSzkLYVU5z2YkFx4HHa9SbXud99oEKyKLxX05g6AR6FzGcEKy255sEgwGrs+elt5qYSXdWaJ6csc82qVbdmQH+JXZAqFGi55udgGJEkoKEiHEvZt61YOSkWihFOs8ogkTTGZIJHtK9piAMqnXQWP0PHWhkiPxL6hQrN1J8bKQ6knAaenszDykUvF//z+onyL52UhXGiaEjmh/yEIxWhvAs0ZIISxaeaYCKYzorIGAtMlG6sokuwF7/8l3TO6rbmd+fVRrOoowyHcAQ1sOECGnADLWgDgRSe4AVejUfj2Xgz3uejJaPY2YdfMD6+AQ7LlOA=</latexit>

STOA(B),i
<latexit sha1_base64="j/MAC/bdUzfi9jr+6NjNIszuAR0=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm2ARKkhJRNBlrRt3VuwN2hAm00k7dHJh5kQMIb6KGxeKuPVB3Pk2TtsstPWHgY//nMM587sRZxJM81srrKyurW8UN0tb2zu7e/r+QUeGsSC0TUIeip6LJeUsoG1gwGkvEhT7Lqddd3I9rXcfqJAsDFqQRNT28ShgHiMYlOXo5QHQR0jvW7eZk15VGyenLHP0ilkzZzKWwcqhgnI1Hf1rMAxJ7NMACMdS9i0zAjvFAhjhNCsNYkkjTCZ4RPsKA+xTaaez4zPjWDlDwwuFegEYM/f3RIp9KRPfVZ0+hrFcrE3N/2r9GLxLO2VBFAMNyHyRF3MDQmOahDFkghLgiQJMBFO3GmSMBSag8iqpEKzFLy9D56xmKb47r9QbeRxFdIiOUBVZ6ALV0Q1qojYiKEHP6BW9aU/ai/aufcxbC1o+U0Z/pH3+ANZClDg=</latexit><latexit sha1_base64="j/MAC/bdUzfi9jr+6NjNIszuAR0=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm2ARKkhJRNBlrRt3VuwN2hAm00k7dHJh5kQMIb6KGxeKuPVB3Pk2TtsstPWHgY//nMM587sRZxJM81srrKyurW8UN0tb2zu7e/r+QUeGsSC0TUIeip6LJeUsoG1gwGkvEhT7Lqddd3I9rXcfqJAsDFqQRNT28ShgHiMYlOXo5QHQR0jvW7eZk15VGyenLHP0ilkzZzKWwcqhgnI1Hf1rMAxJ7NMACMdS9i0zAjvFAhjhNCsNYkkjTCZ4RPsKA+xTaaez4zPjWDlDwwuFegEYM/f3RIp9KRPfVZ0+hrFcrE3N/2r9GLxLO2VBFAMNyHyRF3MDQmOahDFkghLgiQJMBFO3GmSMBSag8iqpEKzFLy9D56xmKb47r9QbeRxFdIiOUBVZ6ALV0Q1qojYiKEHP6BW9aU/ai/aufcxbC1o+U0Z/pH3+ANZClDg=</latexit><latexit sha1_base64="j/MAC/bdUzfi9jr+6NjNIszuAR0=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm2ARKkhJRNBlrRt3VuwN2hAm00k7dHJh5kQMIb6KGxeKuPVB3Pk2TtsstPWHgY//nMM587sRZxJM81srrKyurW8UN0tb2zu7e/r+QUeGsSC0TUIeip6LJeUsoG1gwGkvEhT7Lqddd3I9rXcfqJAsDFqQRNT28ShgHiMYlOXo5QHQR0jvW7eZk15VGyenLHP0ilkzZzKWwcqhgnI1Hf1rMAxJ7NMACMdS9i0zAjvFAhjhNCsNYkkjTCZ4RPsKA+xTaaez4zPjWDlDwwuFegEYM/f3RIp9KRPfVZ0+hrFcrE3N/2r9GLxLO2VBFAMNyHyRF3MDQmOahDFkghLgiQJMBFO3GmSMBSag8iqpEKzFLy9D56xmKb47r9QbeRxFdIiOUBVZ6ALV0Q1qojYiKEHP6BW9aU/ai/aufcxbC1o+U0Z/pH3+ANZClDg=</latexit><latexit sha1_base64="j/MAC/bdUzfi9jr+6NjNIszuAR0=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm2ARKkhJRNBlrRt3VuwN2hAm00k7dHJh5kQMIb6KGxeKuPVB3Pk2TtsstPWHgY//nMM587sRZxJM81srrKyurW8UN0tb2zu7e/r+QUeGsSC0TUIeip6LJeUsoG1gwGkvEhT7Lqddd3I9rXcfqJAsDFqQRNT28ShgHiMYlOXo5QHQR0jvW7eZk15VGyenLHP0ilkzZzKWwcqhgnI1Hf1rMAxJ7NMACMdS9i0zAjvFAhjhNCsNYkkjTCZ4RPsKA+xTaaez4zPjWDlDwwuFegEYM/f3RIp9KRPfVZ0+hrFcrE3N/2r9GLxLO2VBFAMNyHyRF3MDQmOahDFkghLgiQJMBFO3GmSMBSag8iqpEKzFLy9D56xmKb47r9QbeRxFdIiOUBVZ6ALV0Q1qojYiKEHP6BW9aU/ai/aufcxbC1o+U0Z/pH3+ANZClDg=</latexit>

FIG. 1. Schematic illustration of our model. (a) STOs ar-
ray represented as one-dimensional lattice with sublattices
A and B. The staggered nearest-neighbor hoppings in the
ith unit cell (with i = 1, ..., N) are denoted as Ji, Gi and
J̃i, G̃i. (b) The ith unit cell consists of two STOs, la-
belled as STOA,i and STOB,i, and two metallic spacers con-
necting adjacent STOs, denoted as MS1,i and MS2,i. The
metallic spacer MS1(2),i mediates both a reactive RKKY-
like coupling and a dissipative spin-pumping coupling be-
tween the spins of the spin-torque oscillators STOA,i(STOB,i)
and STOB,i(STOA,i+1), whose strength is parametrized, re-
spectively, by the parameters Ji(J̃i) and Gi(G̃i). (c) The
STOA(B),i is a free ferromagnet|spacer|fixed ferromagnet tri-
layer subjected to the spin current JsA(B),i. An external mag-
netic field H0 sets the equilibrium direction of the magnetic
order parameter mA(B),i of the free ferromagnetic layer.
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have it with spin current injected in both 
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PT-symmetric SSH model: balanced gain/loss

mA
<latexit sha1_base64="zdx2CqV0qGYiaBpHynV159GCyv4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7APasWTSTBuaZIYko5Rh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTxJxp47rfTmlldW19o7xZ2dre2d2r7h+0dZQoQlsk4pHqBlhTziRtGWY47caKYhFw2gkmN7nfeaRKs0jem2lMfYFHkoWMYGOlh77AZhyEqcgG6VU2qNbcujsDWiZeQWpQoDmofvWHEUkElYZwrHXPc2Pjp1gZRjjNKv1E0xiTCR7RnqUSC6r9dJY6QydWGaIwUvZJg2bq740UC62nIrCTeUq96OXif14vMeGlnzIZJ4ZKMj8UJhyZCOUVoCFTlBg+tQQTxWxWRMZYYWJsURVbgrf45WXSPqt7lt+d1xrXRR1lOIJjOAUPLqABt9CEFhBQ8Ayv8OY8OS/Ou/MxHy05xc4h/IHz+QP+FZLR</latexit><latexit sha1_base64="zdx2CqV0qGYiaBpHynV159GCyv4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7APasWTSTBuaZIYko5Rh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTxJxp47rfTmlldW19o7xZ2dre2d2r7h+0dZQoQlsk4pHqBlhTziRtGWY47caKYhFw2gkmN7nfeaRKs0jem2lMfYFHkoWMYGOlh77AZhyEqcgG6VU2qNbcujsDWiZeQWpQoDmofvWHEUkElYZwrHXPc2Pjp1gZRjjNKv1E0xiTCR7RnqUSC6r9dJY6QydWGaIwUvZJg2bq740UC62nIrCTeUq96OXif14vMeGlnzIZJ4ZKMj8UJhyZCOUVoCFTlBg+tQQTxWxWRMZYYWJsURVbgrf45WXSPqt7lt+d1xrXRR1lOIJjOAUPLqABt9CEFhBQ8Ayv8OY8OS/Ou/MxHy05xc4h/IHz+QP+FZLR</latexit><latexit sha1_base64="zdx2CqV0qGYiaBpHynV159GCyv4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7APasWTSTBuaZIYko5Rh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTxJxp47rfTmlldW19o7xZ2dre2d2r7h+0dZQoQlsk4pHqBlhTziRtGWY47caKYhFw2gkmN7nfeaRKs0jem2lMfYFHkoWMYGOlh77AZhyEqcgG6VU2qNbcujsDWiZeQWpQoDmofvWHEUkElYZwrHXPc2Pjp1gZRjjNKv1E0xiTCR7RnqUSC6r9dJY6QydWGaIwUvZJg2bq740UC62nIrCTeUq96OXif14vMeGlnzIZJ4ZKMj8UJhyZCOUVoCFTlBg+tQQTxWxWRMZYYWJsURVbgrf45WXSPqt7lt+d1xrXRR1lOIJjOAUPLqABt9CEFhBQ8Ayv8OY8OS/Ou/MxHy05xc4h/IHz+QP+FZLR</latexit><latexit sha1_base64="zdx2CqV0qGYiaBpHynV159GCyv4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7APasWTSTBuaZIYko5Rh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTxJxp47rfTmlldW19o7xZ2dre2d2r7h+0dZQoQlsk4pHqBlhTziRtGWY47caKYhFw2gkmN7nfeaRKs0jem2lMfYFHkoWMYGOlh77AZhyEqcgG6VU2qNbcujsDWiZeQWpQoDmofvWHEUkElYZwrHXPc2Pjp1gZRjjNKv1E0xiTCR7RnqUSC6r9dJY6QydWGaIwUvZJg2bq740UC62nIrCTeUq96OXif14vMeGlnzIZJ4ZKMj8UJhyZCOUVoCFTlBg+tQQTxWxWRMZYYWJsURVbgrf45WXSPqt7lt+d1xrXRR1lOIJjOAUPLqABt9CEFhBQ8Ayv8OY8OS/Ou/MxHy05xc4h/IHz+QP+FZLR</latexit>

m�
A / a

<latexit sha1_base64="EOzat1NtY/orAm3pVIHhXWIG7aM=">AAAB/HicbZDLSgMxFIYz9Vbrrdqlm2AR3FhmRNBl1Y3LCvYC7Thk0kwbmklCkhGGYXwVNy4UceuDuPNtTNtZaOsPgY//nEPO+UPJqDau++2UVlbX1jfKm5Wt7Z3dver+QUeLRGHSxoIJ1QuRJoxy0jbUMNKTiqA4ZKQbTm6m9e4jUZoKfm9SSfwYjTiNKEbGWkG1FgfZVf6QneZwIJWQRkAUVOtuw50JLoNXQB0UagXVr8FQ4CQm3GCGtO57rjR+hpShmJG8Mkg0kQhP0Ij0LXIUE+1ns+VzeGydIYyEso8bOHN/T2Qo1jqNQ9sZIzPWi7Wp+V+tn5jo0s8ol4khHM8/ihIG7YnTJOCQKoINSy0grKjdFeIxUggbm1fFhuAtnrwMnbOGZ/nuvN68LuIog0NwBE6ABy5AE9yCFmgDDFLwDF7Bm/PkvDjvzse8teQUMzXwR87nD15mlJI=</latexit><latexit sha1_base64="EOzat1NtY/orAm3pVIHhXWIG7aM=">AAAB/HicbZDLSgMxFIYz9Vbrrdqlm2AR3FhmRNBl1Y3LCvYC7Thk0kwbmklCkhGGYXwVNy4UceuDuPNtTNtZaOsPgY//nEPO+UPJqDau++2UVlbX1jfKm5Wt7Z3dver+QUeLRGHSxoIJ1QuRJoxy0jbUMNKTiqA4ZKQbTm6m9e4jUZoKfm9SSfwYjTiNKEbGWkG1FgfZVf6QneZwIJWQRkAUVOtuw50JLoNXQB0UagXVr8FQ4CQm3GCGtO57rjR+hpShmJG8Mkg0kQhP0Ij0LXIUE+1ns+VzeGydIYyEso8bOHN/T2Qo1jqNQ9sZIzPWi7Wp+V+tn5jo0s8ol4khHM8/ihIG7YnTJOCQKoINSy0grKjdFeIxUggbm1fFhuAtnrwMnbOGZ/nuvN68LuIog0NwBE6ABy5AE9yCFmgDDFLwDF7Bm/PkvDjvzse8teQUMzXwR87nD15mlJI=</latexit><latexit sha1_base64="EOzat1NtY/orAm3pVIHhXWIG7aM=">AAAB/HicbZDLSgMxFIYz9Vbrrdqlm2AR3FhmRNBl1Y3LCvYC7Thk0kwbmklCkhGGYXwVNy4UceuDuPNtTNtZaOsPgY//nEPO+UPJqDau++2UVlbX1jfKm5Wt7Z3dver+QUeLRGHSxoIJ1QuRJoxy0jbUMNKTiqA4ZKQbTm6m9e4jUZoKfm9SSfwYjTiNKEbGWkG1FgfZVf6QneZwIJWQRkAUVOtuw50JLoNXQB0UagXVr8FQ4CQm3GCGtO57rjR+hpShmJG8Mkg0kQhP0Ij0LXIUE+1ns+VzeGydIYyEso8bOHN/T2Qo1jqNQ9sZIzPWi7Wp+V+tn5jo0s8ol4khHM8/ihIG7YnTJOCQKoINSy0grKjdFeIxUggbm1fFhuAtnrwMnbOGZ/nuvN68LuIog0NwBE6ABy5AE9yCFmgDDFLwDF7Bm/PkvDjvzse8teQUMzXwR87nD15mlJI=</latexit><latexit sha1_base64="EOzat1NtY/orAm3pVIHhXWIG7aM=">AAAB/HicbZDLSgMxFIYz9Vbrrdqlm2AR3FhmRNBl1Y3LCvYC7Thk0kwbmklCkhGGYXwVNy4UceuDuPNtTNtZaOsPgY//nEPO+UPJqDau++2UVlbX1jfKm5Wt7Z3dver+QUeLRGHSxoIJ1QuRJoxy0jbUMNKTiqA4ZKQbTm6m9e4jUZoKfm9SSfwYjTiNKEbGWkG1FgfZVf6QneZwIJWQRkAUVOtuw50JLoNXQB0UagXVr8FQ4CQm3GCGtO57rjR+hpShmJG8Mkg0kQhP0Ij0LXIUE+1ns+VzeGydIYyEso8bOHN/T2Qo1jqNQ9sZIzPWi7Wp+V+tn5jo0s8ol4khHM8/ihIG7YnTJOCQKoINSy0grKjdFeIxUggbm1fFhuAtnrwMnbOGZ/nuvN68LuIog0NwBE6ABy5AE9yCFmgDDFLwDF7Bm/PkvDjvzse8teQUMzXwR87nD15mlJI=</latexit>

mA
<latexit sha1_base64="zdx2CqV0qGYiaBpHynV159GCyv4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7APasWTSTBuaZIYko5Rh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTxJxp47rfTmlldW19o7xZ2dre2d2r7h+0dZQoQlsk4pHqBlhTziRtGWY47caKYhFw2gkmN7nfeaRKs0jem2lMfYFHkoWMYGOlh77AZhyEqcgG6VU2qNbcujsDWiZeQWpQoDmofvWHEUkElYZwrHXPc2Pjp1gZRjjNKv1E0xiTCR7RnqUSC6r9dJY6QydWGaIwUvZJg2bq740UC62nIrCTeUq96OXif14vMeGlnzIZJ4ZKMj8UJhyZCOUVoCFTlBg+tQQTxWxWRMZYYWJsURVbgrf45WXSPqt7lt+d1xrXRR1lOIJjOAUPLqABt9CEFhBQ8Ayv8OY8OS/Ou/MxHy05xc4h/IHz+QP+FZLR</latexit><latexit sha1_base64="zdx2CqV0qGYiaBpHynV159GCyv4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7APasWTSTBuaZIYko5Rh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTxJxp47rfTmlldW19o7xZ2dre2d2r7h+0dZQoQlsk4pHqBlhTziRtGWY47caKYhFw2gkmN7nfeaRKs0jem2lMfYFHkoWMYGOlh77AZhyEqcgG6VU2qNbcujsDWiZeQWpQoDmofvWHEUkElYZwrHXPc2Pjp1gZRjjNKv1E0xiTCR7RnqUSC6r9dJY6QydWGaIwUvZJg2bq740UC62nIrCTeUq96OXif14vMeGlnzIZJ4ZKMj8UJhyZCOUVoCFTlBg+tQQTxWxWRMZYYWJsURVbgrf45WXSPqt7lt+d1xrXRR1lOIJjOAUPLqABt9CEFhBQ8Ayv8OY8OS/Ou/MxHy05xc4h/IHz+QP+FZLR</latexit><latexit sha1_base64="zdx2CqV0qGYiaBpHynV159GCyv4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7APasWTSTBuaZIYko5Rh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTxJxp47rfTmlldW19o7xZ2dre2d2r7h+0dZQoQlsk4pHqBlhTziRtGWY47caKYhFw2gkmN7nfeaRKs0jem2lMfYFHkoWMYGOlh77AZhyEqcgG6VU2qNbcujsDWiZeQWpQoDmofvWHEUkElYZwrHXPc2Pjp1gZRjjNKv1E0xiTCR7RnqUSC6r9dJY6QydWGaIwUvZJg2bq740UC62nIrCTeUq96OXif14vMeGlnzIZJ4ZKMj8UJhyZCOUVoCFTlBg+tQQTxWxWRMZYYWJsURVbgrf45WXSPqt7lt+d1xrXRR1lOIJjOAUPLqABt9CEFhBQ8Ayv8OY8OS/Ou/MxHy05xc4h/IHz+QP+FZLR</latexit><latexit sha1_base64="zdx2CqV0qGYiaBpHynV159GCyv4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuqG5cV7APasWTSTBuaZIYko5Rh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTxJxp47rfTmlldW19o7xZ2dre2d2r7h+0dZQoQlsk4pHqBlhTziRtGWY47caKYhFw2gkmN7nfeaRKs0jem2lMfYFHkoWMYGOlh77AZhyEqcgG6VU2qNbcujsDWiZeQWpQoDmofvWHEUkElYZwrHXPc2Pjp1gZRjjNKv1E0xiTCR7RnqUSC6r9dJY6QydWGaIwUvZJg2bq740UC62nIrCTeUq96OXif14vMeGlnzIZJ4ZKMj8UJhyZCOUVoCFTlBg+tQQTxWxWRMZYYWJsURVbgrf45WXSPqt7lt+d1xrXRR1lOIJjOAUPLqABt9CEFhBQ8Ayv8OY8OS/Ou/MxHy05xc4h/IHz+QP+FZLR</latexit>

spin current
JsA = 2↵!0

<latexit sha1_base64="BCVTi5hXZf1VCkyQG2e/L07JdV8=">AAACC3icbZA7SwNBEMf3fBtfUUubxSBYyZ0I2ghRG7FSMFHIhWNuM5cs7j3YnRPDcb2NX8XGQhFbv4Cd38bNo/D1h4Uf/5lhdv5hpqQh1/10Jianpmdm5+YrC4tLyyvV1bWmSXMtsCFSlerrEAwqmWCDJCm8zjRCHCq8Cm9OBvWrW9RGpskl9TNsx9BNZCQFkLWC6qZPeEdhVJyVQWGOysNdH1TWA+6nMXYhKNwyqNbcHXco/he8MdTYWOdB9cPvpCKPMSGhwJiW52bULkCTFArLip8bzEDcQBdbFhOI0bSL4S0l37JOh0epti8hPnS/TxQQG9OPQ9sZA/XM79rA/K/Wyik6aBcyyXLCRIwWRbnilPJBMLwjNQpSfQsgtLR/5aIHGgTZ+Co2BO/3yX+hubvjWb7Yq9WPx3HMsQ22ybaZx/ZZnZ2yc9Zggt2zR/bMXpwH58l5dd5GrRPOeGad/ZDz/gUekpsS</latexit><latexit sha1_base64="BCVTi5hXZf1VCkyQG2e/L07JdV8=">AAACC3icbZA7SwNBEMf3fBtfUUubxSBYyZ0I2ghRG7FSMFHIhWNuM5cs7j3YnRPDcb2NX8XGQhFbv4Cd38bNo/D1h4Uf/5lhdv5hpqQh1/10Jianpmdm5+YrC4tLyyvV1bWmSXMtsCFSlerrEAwqmWCDJCm8zjRCHCq8Cm9OBvWrW9RGpskl9TNsx9BNZCQFkLWC6qZPeEdhVJyVQWGOysNdH1TWA+6nMXYhKNwyqNbcHXco/he8MdTYWOdB9cPvpCKPMSGhwJiW52bULkCTFArLip8bzEDcQBdbFhOI0bSL4S0l37JOh0epti8hPnS/TxQQG9OPQ9sZA/XM79rA/K/Wyik6aBcyyXLCRIwWRbnilPJBMLwjNQpSfQsgtLR/5aIHGgTZ+Co2BO/3yX+hubvjWb7Yq9WPx3HMsQ22ybaZx/ZZnZ2yc9Zggt2zR/bMXpwH58l5dd5GrRPOeGad/ZDz/gUekpsS</latexit><latexit sha1_base64="BCVTi5hXZf1VCkyQG2e/L07JdV8=">AAACC3icbZA7SwNBEMf3fBtfUUubxSBYyZ0I2ghRG7FSMFHIhWNuM5cs7j3YnRPDcb2NX8XGQhFbv4Cd38bNo/D1h4Uf/5lhdv5hpqQh1/10Jianpmdm5+YrC4tLyyvV1bWmSXMtsCFSlerrEAwqmWCDJCm8zjRCHCq8Cm9OBvWrW9RGpskl9TNsx9BNZCQFkLWC6qZPeEdhVJyVQWGOysNdH1TWA+6nMXYhKNwyqNbcHXco/he8MdTYWOdB9cPvpCKPMSGhwJiW52bULkCTFArLip8bzEDcQBdbFhOI0bSL4S0l37JOh0epti8hPnS/TxQQG9OPQ9sZA/XM79rA/K/Wyik6aBcyyXLCRIwWRbnilPJBMLwjNQpSfQsgtLR/5aIHGgTZ+Co2BO/3yX+hubvjWb7Yq9WPx3HMsQ22ybaZx/ZZnZ2yc9Zggt2zR/bMXpwH58l5dd5GrRPOeGad/ZDz/gUekpsS</latexit><latexit sha1_base64="BCVTi5hXZf1VCkyQG2e/L07JdV8=">AAACC3icbZA7SwNBEMf3fBtfUUubxSBYyZ0I2ghRG7FSMFHIhWNuM5cs7j3YnRPDcb2NX8XGQhFbv4Cd38bNo/D1h4Uf/5lhdv5hpqQh1/10Jianpmdm5+YrC4tLyyvV1bWmSXMtsCFSlerrEAwqmWCDJCm8zjRCHCq8Cm9OBvWrW9RGpskl9TNsx9BNZCQFkLWC6qZPeEdhVJyVQWGOysNdH1TWA+6nMXYhKNwyqNbcHXco/he8MdTYWOdB9cPvpCKPMSGhwJiW52bULkCTFArLip8bzEDcQBdbFhOI0bSL4S0l37JOh0epti8hPnS/TxQQG9OPQ9sZA/XM79rA/K/Wyik6aBcyyXLCRIwWRbnilPJBMLwjNQpSfQsgtLR/5aIHGgTZ+Co2BO/3yX+hubvjWb7Yq9WPx3HMsQ22ybaZx/ZZnZ2yc9Zggt2zR/bMXpwH58l5dd5GrRPOeGad/ZDz/gUekpsS</latexit>

m�
B / b

<latexit sha1_base64="KY1sl8rALv2OXqLzLXndLG1lIhM=">AAAB/HicbZDLSgMxFIYz9VbrbbRLN8EiuLHMiKDLUjcuK9gLtOOQSTNtaDIJSUYow/gqblwo4tYHcefbmLaz0NYfAh//OYec80eSUW0879spra1vbG6Vtys7u3v7B+7hUUeLVGHSxoIJ1YuQJowmpG2oYaQnFUE8YqQbTW5m9e4jUZqK5N5MJQk4GiU0phgZa4VulYdZM3/IznM4kEpII2AUujWv7s0FV8EvoAYKtUL3azAUOOUkMZghrfu+J02QIWUoZiSvDFJNJMITNCJ9iwniRAfZfPkcnlpnCGOh7EsMnLu/JzLEtZ7yyHZyZMZ6uTYz/6v1UxNfBxlNZGpIghcfxSmD9sRZEnBIFcGGTS0grKjdFeIxUggbm1fFhuAvn7wKnYu6b/nustZoFnGUwTE4AWfAB1egAW5BC7QBBlPwDF7Bm/PkvDjvzseiteQUM1XwR87nD2F9lJQ=</latexit><latexit sha1_base64="KY1sl8rALv2OXqLzLXndLG1lIhM=">AAAB/HicbZDLSgMxFIYz9VbrbbRLN8EiuLHMiKDLUjcuK9gLtOOQSTNtaDIJSUYow/gqblwo4tYHcefbmLaz0NYfAh//OYec80eSUW0879spra1vbG6Vtys7u3v7B+7hUUeLVGHSxoIJ1YuQJowmpG2oYaQnFUE8YqQbTW5m9e4jUZqK5N5MJQk4GiU0phgZa4VulYdZM3/IznM4kEpII2AUujWv7s0FV8EvoAYKtUL3azAUOOUkMZghrfu+J02QIWUoZiSvDFJNJMITNCJ9iwniRAfZfPkcnlpnCGOh7EsMnLu/JzLEtZ7yyHZyZMZ6uTYz/6v1UxNfBxlNZGpIghcfxSmD9sRZEnBIFcGGTS0grKjdFeIxUggbm1fFhuAvn7wKnYu6b/nustZoFnGUwTE4AWfAB1egAW5BC7QBBlPwDF7Bm/PkvDjvzseiteQUM1XwR87nD2F9lJQ=</latexit><latexit sha1_base64="KY1sl8rALv2OXqLzLXndLG1lIhM=">AAAB/HicbZDLSgMxFIYz9VbrbbRLN8EiuLHMiKDLUjcuK9gLtOOQSTNtaDIJSUYow/gqblwo4tYHcefbmLaz0NYfAh//OYec80eSUW0879spra1vbG6Vtys7u3v7B+7hUUeLVGHSxoIJ1YuQJowmpG2oYaQnFUE8YqQbTW5m9e4jUZqK5N5MJQk4GiU0phgZa4VulYdZM3/IznM4kEpII2AUujWv7s0FV8EvoAYKtUL3azAUOOUkMZghrfu+J02QIWUoZiSvDFJNJMITNCJ9iwniRAfZfPkcnlpnCGOh7EsMnLu/JzLEtZ7yyHZyZMZ6uTYz/6v1UxNfBxlNZGpIghcfxSmD9sRZEnBIFcGGTS0grKjdFeIxUggbm1fFhuAvn7wKnYu6b/nustZoFnGUwTE4AWfAB1egAW5BC7QBBlPwDF7Bm/PkvDjvzseiteQUM1XwR87nD2F9lJQ=</latexit><latexit sha1_base64="KY1sl8rALv2OXqLzLXndLG1lIhM=">AAAB/HicbZDLSgMxFIYz9VbrbbRLN8EiuLHMiKDLUjcuK9gLtOOQSTNtaDIJSUYow/gqblwo4tYHcefbmLaz0NYfAh//OYec80eSUW0879spra1vbG6Vtys7u3v7B+7hUUeLVGHSxoIJ1YuQJowmpG2oYaQnFUE8YqQbTW5m9e4jUZqK5N5MJQk4GiU0phgZa4VulYdZM3/IznM4kEpII2AUujWv7s0FV8EvoAYKtUL3azAUOOUkMZghrfu+J02QIWUoZiSvDFJNJMITNCJ9iwniRAfZfPkcnlpnCGOh7EsMnLu/JzLEtZ7yyHZyZMZ6uTYz/6v1UxNfBxlNZGpIghcfxSmD9sRZEnBIFcGGTS0grKjdFeIxUggbm1fFhuAvn7wKnYu6b/nustZoFnGUwTE4AWfAB1egAW5BC7QBBlPwDF7Bm/PkvDjvzseiteQUM1XwR87nD2F9lJQ=</latexit>

mB
<latexit sha1_base64="jA0j3tAoiwp3qSmY+d/jeL8ePlY=">AAAB9XicbZBNS8NAEIY3ftb6VfXoZbEInkoigh5LvXisYD+grWWznbRLN5uwO1FLyP/w4kERr/4Xb/4bt20O2vrCwsM7M8zs68dSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2UaA4NHslIt31mQAoFDRQooR1rYKEvoeWPr6f11gNoIyJ1h5MYeiEbKhEIztBa912EJ/SDNMz6aS3rl8puxZ2JLoOXQ5nkqvdLX91BxJMQFHLJjOl4boy9lGkUXEJW7CYGYsbHbAgdi4qFYHrp7OqMnlpnQINI26eQztzfEykLjZmEvu0MGY7MYm1q/lfrJBhc9VKh4gRB8fmiIJEUIzqNgA6EBo5yYoFxLeytlI+YZhxtUEUbgrf45WVonlc8y7cX5Wotj6NAjskJOSMeuSRVckPqpEE40eSZvJI359F5cd6dj3nripPPHJE/cj5/ACmpku0=</latexit><latexit sha1_base64="jA0j3tAoiwp3qSmY+d/jeL8ePlY=">AAAB9XicbZBNS8NAEIY3ftb6VfXoZbEInkoigh5LvXisYD+grWWznbRLN5uwO1FLyP/w4kERr/4Xb/4bt20O2vrCwsM7M8zs68dSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2UaA4NHslIt31mQAoFDRQooR1rYKEvoeWPr6f11gNoIyJ1h5MYeiEbKhEIztBa912EJ/SDNMz6aS3rl8puxZ2JLoOXQ5nkqvdLX91BxJMQFHLJjOl4boy9lGkUXEJW7CYGYsbHbAgdi4qFYHrp7OqMnlpnQINI26eQztzfEykLjZmEvu0MGY7MYm1q/lfrJBhc9VKh4gRB8fmiIJEUIzqNgA6EBo5yYoFxLeytlI+YZhxtUEUbgrf45WVonlc8y7cX5Wotj6NAjskJOSMeuSRVckPqpEE40eSZvJI359F5cd6dj3nripPPHJE/cj5/ACmpku0=</latexit><latexit sha1_base64="jA0j3tAoiwp3qSmY+d/jeL8ePlY=">AAAB9XicbZBNS8NAEIY3ftb6VfXoZbEInkoigh5LvXisYD+grWWznbRLN5uwO1FLyP/w4kERr/4Xb/4bt20O2vrCwsM7M8zs68dSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2UaA4NHslIt31mQAoFDRQooR1rYKEvoeWPr6f11gNoIyJ1h5MYeiEbKhEIztBa912EJ/SDNMz6aS3rl8puxZ2JLoOXQ5nkqvdLX91BxJMQFHLJjOl4boy9lGkUXEJW7CYGYsbHbAgdi4qFYHrp7OqMnlpnQINI26eQztzfEykLjZmEvu0MGY7MYm1q/lfrJBhc9VKh4gRB8fmiIJEUIzqNgA6EBo5yYoFxLeytlI+YZhxtUEUbgrf45WVonlc8y7cX5Wotj6NAjskJOSMeuSRVckPqpEE40eSZvJI359F5cd6dj3nripPPHJE/cj5/ACmpku0=</latexit><latexit sha1_base64="jA0j3tAoiwp3qSmY+d/jeL8ePlY=">AAAB9XicbZBNS8NAEIY3ftb6VfXoZbEInkoigh5LvXisYD+grWWznbRLN5uwO1FLyP/w4kERr/4Xb/4bt20O2vrCwsM7M8zs68dSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2UaA4NHslIt31mQAoFDRQooR1rYKEvoeWPr6f11gNoIyJ1h5MYeiEbKhEIztBa912EJ/SDNMz6aS3rl8puxZ2JLoOXQ5nkqvdLX91BxJMQFHLJjOl4boy9lGkUXEJW7CYGYsbHbAgdi4qFYHrp7OqMnlpnQINI26eQztzfEykLjZmEvu0MGY7MYm1q/lfrJBhc9VKh4gRB8fmiIJEUIzqNgA6EBo5yYoFxLeytlI+YZhxtUEUbgrf45WVonlc8y7cX5Wotj6NAjskJOSMeuSRVckPqpEE40eSZvJI359F5cd6dj3nripPPHJE/cj5/ACmpku0=</latexit>

mB
<latexit sha1_base64="jA0j3tAoiwp3qSmY+d/jeL8ePlY=">AAAB9XicbZBNS8NAEIY3ftb6VfXoZbEInkoigh5LvXisYD+grWWznbRLN5uwO1FLyP/w4kERr/4Xb/4bt20O2vrCwsM7M8zs68dSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2UaA4NHslIt31mQAoFDRQooR1rYKEvoeWPr6f11gNoIyJ1h5MYeiEbKhEIztBa912EJ/SDNMz6aS3rl8puxZ2JLoOXQ5nkqvdLX91BxJMQFHLJjOl4boy9lGkUXEJW7CYGYsbHbAgdi4qFYHrp7OqMnlpnQINI26eQztzfEykLjZmEvu0MGY7MYm1q/lfrJBhc9VKh4gRB8fmiIJEUIzqNgA6EBo5yYoFxLeytlI+YZhxtUEUbgrf45WVonlc8y7cX5Wotj6NAjskJOSMeuSRVckPqpEE40eSZvJI359F5cd6dj3nripPPHJE/cj5/ACmpku0=</latexit><latexit sha1_base64="jA0j3tAoiwp3qSmY+d/jeL8ePlY=">AAAB9XicbZBNS8NAEIY3ftb6VfXoZbEInkoigh5LvXisYD+grWWznbRLN5uwO1FLyP/w4kERr/4Xb/4bt20O2vrCwsM7M8zs68dSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2UaA4NHslIt31mQAoFDRQooR1rYKEvoeWPr6f11gNoIyJ1h5MYeiEbKhEIztBa912EJ/SDNMz6aS3rl8puxZ2JLoOXQ5nkqvdLX91BxJMQFHLJjOl4boy9lGkUXEJW7CYGYsbHbAgdi4qFYHrp7OqMnlpnQINI26eQztzfEykLjZmEvu0MGY7MYm1q/lfrJBhc9VKh4gRB8fmiIJEUIzqNgA6EBo5yYoFxLeytlI+YZhxtUEUbgrf45WVonlc8y7cX5Wotj6NAjskJOSMeuSRVckPqpEE40eSZvJI359F5cd6dj3nripPPHJE/cj5/ACmpku0=</latexit><latexit sha1_base64="jA0j3tAoiwp3qSmY+d/jeL8ePlY=">AAAB9XicbZBNS8NAEIY3ftb6VfXoZbEInkoigh5LvXisYD+grWWznbRLN5uwO1FLyP/w4kERr/4Xb/4bt20O2vrCwsM7M8zs68dSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2UaA4NHslIt31mQAoFDRQooR1rYKEvoeWPr6f11gNoIyJ1h5MYeiEbKhEIztBa912EJ/SDNMz6aS3rl8puxZ2JLoOXQ5nkqvdLX91BxJMQFHLJjOl4boy9lGkUXEJW7CYGYsbHbAgdi4qFYHrp7OqMnlpnQINI26eQztzfEykLjZmEvu0MGY7MYm1q/lfrJBhc9VKh4gRB8fmiIJEUIzqNgA6EBo5yYoFxLeytlI+YZhxtUEUbgrf45WVonlc8y7cX5Wotj6NAjskJOSMeuSRVckPqpEE40eSZvJI359F5cd6dj3nripPPHJE/cj5/ACmpku0=</latexit><latexit sha1_base64="jA0j3tAoiwp3qSmY+d/jeL8ePlY=">AAAB9XicbZBNS8NAEIY3ftb6VfXoZbEInkoigh5LvXisYD+grWWznbRLN5uwO1FLyP/w4kERr/4Xb/4bt20O2vrCwsM7M8zs68dSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2UaA4NHslIt31mQAoFDRQooR1rYKEvoeWPr6f11gNoIyJ1h5MYeiEbKhEIztBa912EJ/SDNMz6aS3rl8puxZ2JLoOXQ5nkqvdLX91BxJMQFHLJjOl4boy9lGkUXEJW7CYGYsbHbAgdi4qFYHrp7OqMnlpnQINI26eQztzfEykLjZmEvu0MGY7MYm1q/lfrJBhc9VKh4gRB8fmiIJEUIzqNgA6EBo5yYoFxLeytlI+YZhxtUEUbgrf45WVonlc8y7cX5Wotj6NAjskJOSMeuSRVckPqpEE40eSZvJI359F5cd6dj3nripPPHJE/cj5/ACmpku0=</latexit>

no spin current
JsB = 0

<latexit sha1_base64="W1Js0AI+TKiWWZ0BZXFaAy3RwFg=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRSt2Iqwr2Am0ok+mkHTqZhJkTtcQ8ihsXirj1Sdz5Nk7bLLT1h4GP/5zDOfP7seAaHOfbKqysrq1vFDdLW9s7u3t2eb+lo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x9fTevte6Y0j+QdTGLmhWQoecApAWP17XIP2CP4QXqT9VNdzy6dvl1xqs5MeBncHCooV6Nvf/UGEU1CJoEKonXXdWLwUqKAU8GyUi/RLCZ0TIasa1CSkGkvnZ2e4WPjDHAQKfMk4Jn7eyIlodaT0DedIYGRXqxNzf9q3QSCCy/lMk6ASTpfFCQCQ4SnOeABV4yCmBggVHFzK6YjoggFk1bJhOAufnkZWqdV1/DtWaVWz+MookN0hE6Qi85RDV2jBmoiih7QM3pFb9aT9WK9Wx/z1oKVzxygP7I+fwBBFZP5</latexit><latexit sha1_base64="W1Js0AI+TKiWWZ0BZXFaAy3RwFg=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRSt2Iqwr2Am0ok+mkHTqZhJkTtcQ8ihsXirj1Sdz5Nk7bLLT1h4GP/5zDOfP7seAaHOfbKqysrq1vFDdLW9s7u3t2eb+lo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x9fTevte6Y0j+QdTGLmhWQoecApAWP17XIP2CP4QXqT9VNdzy6dvl1xqs5MeBncHCooV6Nvf/UGEU1CJoEKonXXdWLwUqKAU8GyUi/RLCZ0TIasa1CSkGkvnZ2e4WPjDHAQKfMk4Jn7eyIlodaT0DedIYGRXqxNzf9q3QSCCy/lMk6ASTpfFCQCQ4SnOeABV4yCmBggVHFzK6YjoggFk1bJhOAufnkZWqdV1/DtWaVWz+MookN0hE6Qi85RDV2jBmoiih7QM3pFb9aT9WK9Wx/z1oKVzxygP7I+fwBBFZP5</latexit><latexit sha1_base64="W1Js0AI+TKiWWZ0BZXFaAy3RwFg=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRSt2Iqwr2Am0ok+mkHTqZhJkTtcQ8ihsXirj1Sdz5Nk7bLLT1h4GP/5zDOfP7seAaHOfbKqysrq1vFDdLW9s7u3t2eb+lo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x9fTevte6Y0j+QdTGLmhWQoecApAWP17XIP2CP4QXqT9VNdzy6dvl1xqs5MeBncHCooV6Nvf/UGEU1CJoEKonXXdWLwUqKAU8GyUi/RLCZ0TIasa1CSkGkvnZ2e4WPjDHAQKfMk4Jn7eyIlodaT0DedIYGRXqxNzf9q3QSCCy/lMk6ASTpfFCQCQ4SnOeABV4yCmBggVHFzK6YjoggFk1bJhOAufnkZWqdV1/DtWaVWz+MookN0hE6Qi85RDV2jBmoiih7QM3pFb9aT9WK9Wx/z1oKVzxygP7I+fwBBFZP5</latexit><latexit sha1_base64="W1Js0AI+TKiWWZ0BZXFaAy3RwFg=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLoRSt2Iqwr2Am0ok+mkHTqZhJkTtcQ8ihsXirj1Sdz5Nk7bLLT1h4GP/5zDOfP7seAaHOfbKqysrq1vFDdLW9s7u3t2eb+lo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x9fTevte6Y0j+QdTGLmhWQoecApAWP17XIP2CP4QXqT9VNdzy6dvl1xqs5MeBncHCooV6Nvf/UGEU1CJoEKonXXdWLwUqKAU8GyUi/RLCZ0TIasa1CSkGkvnZ2e4WPjDHAQKfMk4Jn7eyIlodaT0DedIYGRXqxNzf9q3QSCCy/lMk6ASTpfFCQCQ4SnOeABV4yCmBggVHFzK6YjoggFk1bJhOAufnkZWqdV1/DtWaVWz+MookN0hE6Qi85RDV2jBmoiih7QM3pFb9aT9WK9Wx/z1oKVzxygP7I+fwBBFZP5</latexit>

Loss on the B sites

H / �i↵!0b
†b

<latexit sha1_base64="HNmUUvcz+EjoaO+DoERCyV9kiMk=">AAACHXicbZBNSwMxEIazftb6VfXoJVgEL8quFPQoevFYwbZCdy2z6XQbzG5CkhXK0j/ixb/ixYMiHryI/8a07sGvFwIP78wwmTdWghvr+x/ezOzc/MJiZam6vLK6tl7b2GwbmWuGLSaF1FcxGBQ8w5blVuCV0ghpLLAT35xN6p1b1IbL7NKOFEYpJBkfcAbWWb1aI0zBDhmI4nwcKi2VlXSfhyDUEGgoU0ygV/hjGl8XYR+SBLXjXq3uH/hT0b8QlFAnpZq92lvYlyxPMbNMgDHdwFc2KkBbzgSOq2FuUAG7gQS7DjNI0UTF9Lox3XVOnw6kdi+zdOp+nyggNWaUxq5zcov5XZuY/9W6uR0cRwXPVG4xY1+LBrmgLoJJVLTPNTIrRg6Aae7+StkQNDDrAq26EILfJ/+F9uFB4PiiUT85LeOokG2yQ/ZIQI7ICTknTdIijNyRB/JEnr1779F78V6/Wme8cmaL/JD3/gn386Jt</latexit><latexit sha1_base64="HNmUUvcz+EjoaO+DoERCyV9kiMk=">AAACHXicbZBNSwMxEIazftb6VfXoJVgEL8quFPQoevFYwbZCdy2z6XQbzG5CkhXK0j/ixb/ixYMiHryI/8a07sGvFwIP78wwmTdWghvr+x/ezOzc/MJiZam6vLK6tl7b2GwbmWuGLSaF1FcxGBQ8w5blVuCV0ghpLLAT35xN6p1b1IbL7NKOFEYpJBkfcAbWWb1aI0zBDhmI4nwcKi2VlXSfhyDUEGgoU0ygV/hjGl8XYR+SBLXjXq3uH/hT0b8QlFAnpZq92lvYlyxPMbNMgDHdwFc2KkBbzgSOq2FuUAG7gQS7DjNI0UTF9Lox3XVOnw6kdi+zdOp+nyggNWaUxq5zcov5XZuY/9W6uR0cRwXPVG4xY1+LBrmgLoJJVLTPNTIrRg6Aae7+StkQNDDrAq26EILfJ/+F9uFB4PiiUT85LeOokG2yQ/ZIQI7ICTknTdIijNyRB/JEnr1779F78V6/Wme8cmaL/JD3/gn386Jt</latexit><latexit sha1_base64="HNmUUvcz+EjoaO+DoERCyV9kiMk=">AAACHXicbZBNSwMxEIazftb6VfXoJVgEL8quFPQoevFYwbZCdy2z6XQbzG5CkhXK0j/ixb/ixYMiHryI/8a07sGvFwIP78wwmTdWghvr+x/ezOzc/MJiZam6vLK6tl7b2GwbmWuGLSaF1FcxGBQ8w5blVuCV0ghpLLAT35xN6p1b1IbL7NKOFEYpJBkfcAbWWb1aI0zBDhmI4nwcKi2VlXSfhyDUEGgoU0ygV/hjGl8XYR+SBLXjXq3uH/hT0b8QlFAnpZq92lvYlyxPMbNMgDHdwFc2KkBbzgSOq2FuUAG7gQS7DjNI0UTF9Lox3XVOnw6kdi+zdOp+nyggNWaUxq5zcov5XZuY/9W6uR0cRwXPVG4xY1+LBrmgLoJJVLTPNTIrRg6Aae7+StkQNDDrAq26EILfJ/+F9uFB4PiiUT85LeOokG2yQ/ZIQI7ICTknTdIijNyRB/JEnr1779F78V6/Wme8cmaL/JD3/gn386Jt</latexit><latexit sha1_base64="HNmUUvcz+EjoaO+DoERCyV9kiMk=">AAACHXicbZBNSwMxEIazftb6VfXoJVgEL8quFPQoevFYwbZCdy2z6XQbzG5CkhXK0j/ixb/ixYMiHryI/8a07sGvFwIP78wwmTdWghvr+x/ezOzc/MJiZam6vLK6tl7b2GwbmWuGLSaF1FcxGBQ8w5blVuCV0ghpLLAT35xN6p1b1IbL7NKOFEYpJBkfcAbWWb1aI0zBDhmI4nwcKi2VlXSfhyDUEGgoU0ygV/hjGl8XYR+SBLXjXq3uH/hT0b8QlFAnpZq92lvYlyxPMbNMgDHdwFc2KkBbzgSOq2FuUAG7gQS7DjNI0UTF9Lox3XVOnw6kdi+zdOp+nyggNWaUxq5zcov5XZuY/9W6uR0cRwXPVG4xY1+LBrmgLoJJVLTPNTIrRg6Aae7+StkQNDDrAq26EILfJ/+F9uFB4PiiUT85LeOokG2yQ/ZIQI7ICTknTdIijNyRB/JEnr1779F78V6/Wme8cmaL/JD3/gn386Jt</latexit>

Gain on the A sites

H / i↵!0a
†a

<latexit sha1_base64="tICuflDTZdtgRsTopUmWJ3EkorQ=">AAACHHicbZDLSgMxFIYz3q23UZdugkVwJTMq6LLoxmUFe4HOWM6kp9NgZhKSjFCGPogbX8WNC0XcuBB8G9PahbcfAh//OYeT8ydKcGOD4MObmZ2bX1hcWq6srK6tb/ibW00jC82wwaSQup2AQcFzbFhuBbaVRsgSga3k5nxcb92iNlzmV3aoMM4gzXmfM7DO6vpHUQZ2wECUF6NIaamspDwCoQZAI5lhCt0yGFG4LqMepClqx12/GhwEE9G/EE6hSqaqd/23qCdZkWFumQBjOmGgbFyCtpwJHFWiwqACdgMpdhzmkKGJy8lxI7rnnB7tS+1ebunE/T5RQmbMMEtc5/gU87s2Nv+rdQrbP41LnqvCYs6+FvULQV0C46Roj2tkVgwdANPc/ZWyAWhg1uVZcSGEv0/+C83Dg9Dx5XG1djaNY4nskF2yT0JyQmrkgtRJgzByRx7IE3n27r1H78V7/Wqd8aYz2+SHvPdPfg6iNA==</latexit><latexit sha1_base64="tICuflDTZdtgRsTopUmWJ3EkorQ=">AAACHHicbZDLSgMxFIYz3q23UZdugkVwJTMq6LLoxmUFe4HOWM6kp9NgZhKSjFCGPogbX8WNC0XcuBB8G9PahbcfAh//OYeT8ydKcGOD4MObmZ2bX1hcWq6srK6tb/ibW00jC82wwaSQup2AQcFzbFhuBbaVRsgSga3k5nxcb92iNlzmV3aoMM4gzXmfM7DO6vpHUQZ2wECUF6NIaamspDwCoQZAI5lhCt0yGFG4LqMepClqx12/GhwEE9G/EE6hSqaqd/23qCdZkWFumQBjOmGgbFyCtpwJHFWiwqACdgMpdhzmkKGJy8lxI7rnnB7tS+1ebunE/T5RQmbMMEtc5/gU87s2Nv+rdQrbP41LnqvCYs6+FvULQV0C46Roj2tkVgwdANPc/ZWyAWhg1uVZcSGEv0/+C83Dg9Dx5XG1djaNY4nskF2yT0JyQmrkgtRJgzByRx7IE3n27r1H78V7/Wqd8aYz2+SHvPdPfg6iNA==</latexit><latexit sha1_base64="tICuflDTZdtgRsTopUmWJ3EkorQ=">AAACHHicbZDLSgMxFIYz3q23UZdugkVwJTMq6LLoxmUFe4HOWM6kp9NgZhKSjFCGPogbX8WNC0XcuBB8G9PahbcfAh//OYeT8ydKcGOD4MObmZ2bX1hcWq6srK6tb/ibW00jC82wwaSQup2AQcFzbFhuBbaVRsgSga3k5nxcb92iNlzmV3aoMM4gzXmfM7DO6vpHUQZ2wECUF6NIaamspDwCoQZAI5lhCt0yGFG4LqMepClqx12/GhwEE9G/EE6hSqaqd/23qCdZkWFumQBjOmGgbFyCtpwJHFWiwqACdgMpdhzmkKGJy8lxI7rnnB7tS+1ebunE/T5RQmbMMEtc5/gU87s2Nv+rdQrbP41LnqvCYs6+FvULQV0C46Roj2tkVgwdANPc/ZWyAWhg1uVZcSGEv0/+C83Dg9Dx5XG1djaNY4nskF2yT0JyQmrkgtRJgzByRx7IE3n27r1H78V7/Wqd8aYz2+SHvPdPfg6iNA==</latexit><latexit sha1_base64="tICuflDTZdtgRsTopUmWJ3EkorQ=">AAACHHicbZDLSgMxFIYz3q23UZdugkVwJTMq6LLoxmUFe4HOWM6kp9NgZhKSjFCGPogbX8WNC0XcuBB8G9PahbcfAh//OYeT8ydKcGOD4MObmZ2bX1hcWq6srK6tb/ibW00jC82wwaSQup2AQcFzbFhuBbaVRsgSga3k5nxcb92iNlzmV3aoMM4gzXmfM7DO6vpHUQZ2wECUF6NIaamspDwCoQZAI5lhCt0yGFG4LqMepClqx12/GhwEE9G/EE6hSqaqd/23qCdZkWFumQBjOmGgbFyCtpwJHFWiwqACdgMpdhzmkKGJy8lxI7rnnB7tS+1ebunE/T5RQmbMMEtc5/gU87s2Nv+rdQrbP41LnqvCYs6+FvULQV0C46Roj2tkVgwdANPc/ZWyAWhg1uVZcSGEv0/+C83Dg9Dx5XG1djaNY4nskF2yT0JyQmrkgtRJgzByRx7IE3n27r1H78V7/Wqd8aYz2+SHvPdPfg6iNA==</latexit>

Gain and losses



Not guaranteed in non-Hermitian systems 

(skin effect, discrepancy between OBC and PBC spectra)

Bulk-edge correspondence

Can we straightforwardly define a topological invariant 

that predicts the number of edge states?

3

FIG. 2. HH: Need units on y axes, add panel letters (a)-(c) etc. DRAFT FIGURE Exact diagonalization of the
e↵ective tight-binding Hamiltonian Eqs. (3)-(4) for N = 25 unit cells (50 sites). The system exhibits a single, lasing edge mode
for J < |J̃ � ↵!| whereas there are 2 lasing modes for |J̃ � ↵!| < J < |J̃ + ↵!| in the PT broken regime (purple shaded area).
The topological transition occurs at J = ±J̃ (dashed gray line). (b) Nonzero dissipative couplings G, G̃ = 0.05↵ (c) Variation
of driving current JsA away from the PT symmetric point.

parametrize the magnetization direction by the power
0 < pi(t) < 1 and a precession angle �i(t) as

mi =

0

@
2
p

pi(1 � pi) sin �i

2
p

pi(1 � pi) cos �i

1 � 2pi

1

A . (5)

The initial value for �i(t), i.e., �i(t = 0), is taken to be
a random number between 0 and 2⇡, while pi(t = 0) is
drawn from the thermal equilibrium distribution of an
ensemble of isolated STOs [17], i.e.,

Peq / exp


� Ns

kBT
!pi

�
, (6)

where kB is the Boltzmann constant, T the temperature,
and Ns the number of spins in each STO.

Results. The non-Hermitian PT symmetric SSH model
is characterized by an onsite imaginary potential whose
sign depends on the sublattice label. In order to realize
this condition, we tune the spin current injected at the A
sites to JsA = 2↵!, while no spin current flows through
the B sites. Moreover, we neglect dissipative couplings
between STOs, i.e., G, G̃ = 0, by choosing as metal-

lic spacers good spin sink materials, such as, e.g., plat-
inum. Under these conditions, the Hamilonian defined by
Eqs. (3) and (4) is in one-to-one correspondence with a
parity- and time-reversal PT-symmetric SSH model with
open boundary conditions [10, 14].

The corresponding Hamiltonian within periodic
boundary conditions can be written, upon performing a
Fourier transform, as

Hk = �
✓

�i↵! J + J̃e
�ik

J + J̃e
ik

i↵!

◆
. (7)

Equation (7) satisfies PT-symmetry, i.e., �xH
⇤
k�x =

Hk, where �x is the first Pauli matrix and ⇤ denotes
complex conjugation. Furthermore, Hamiltonian (7) also
obeys a chiral-inversion symmetry (CI) CHkC�1 = �H�k

where C = i�
y is a unitary operator and �

y the second
Pauli matrix. CI symmetry guarantees that the system
does not exhibit the non-Hermitian skin e↵ect and there-
fore the conventional bulk-edge correspondence is still
valid [15, 24, 25]. The topological nature of the system

Hk
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�xH
⇤
k�x = Hk
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Parity-time (PT) symmetry PBC Hamiltonian

PT symmetry + real PBC spectrum 
bulk-edge correspondence holds

K. Kawabata et al., PRX (2019)
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FIG. 2. HH: Need units on y axes, add panel letters (a)-(c) etc. DRAFT FIGURE Exact diagonalization of the
e↵ective tight-binding Hamiltonian Eqs. (3)-(4) for N = 25 unit cells (50 sites). The system exhibits a single, lasing edge mode
for J < |J̃ � ↵!| whereas there are 2 lasing modes for |J̃ � ↵!| < J < |J̃ + ↵!| in the PT broken regime (purple shaded area).
The topological transition occurs at J = ±J̃ (dashed gray line). (b) Nonzero dissipative couplings G, G̃ = 0.05↵ (c) Variation
of driving current JsA away from the PT symmetric point.

parametrize the magnetization direction by the power
0 < pi(t) < 1 and a precession angle �i(t) as

mi =

0

@
2
p
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The initial value for �i(t), i.e., �i(t = 0), is taken to be
a random number between 0 and 2⇡, while pi(t = 0) is
drawn from the thermal equilibrium distribution of an
ensemble of isolated STOs [17], i.e.,

Peq / exp


� Ns

kBT
!pi

�
, (6)

where kB is the Boltzmann constant, T the temperature,
and Ns the number of spins in each STO.

Results. The non-Hermitian PT symmetric SSH model
is characterized by an onsite imaginary potential whose
sign depends on the sublattice label. In order to realize
this condition, we tune the spin current injected at the A
sites to JsA = 2↵!, while no spin current flows through
the B sites. Moreover, we neglect dissipative couplings
between STOs, i.e., G, G̃ = 0, by choosing as metal-

lic spacers good spin sink materials, such as, e.g., plat-
inum. Under these conditions, the Hamilonian defined by
Eqs. (3) and (4) is in one-to-one correspondence with a
parity- and time-reversal PT-symmetric SSH model with
open boundary conditions [10, 14].

The corresponding Hamiltonian within periodic
boundary conditions can be written, upon performing a
Fourier transform, as

Hk = �
✓

�i↵! J + J̃e
�ik

J + J̃e
ik

i↵!

◆
. (7)

Equation (7) satisfies PT-symmetry, i.e., �xH
⇤
k�x =

Hk, where �x is the first Pauli matrix and ⇤ denotes
complex conjugation. Furthermore, Hamiltonian (7) also
obeys a chiral-inversion symmetry (CI) CHkC�1 = �H�k

where C = i�
y is a unitary operator and �

y the second
Pauli matrix. CI symmetry guarantees that the system
does not exhibit the non-Hermitian skin e↵ect and there-
fore the conventional bulk-edge correspondence is still
valid [15, 24, 25]. The topological nature of the system
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parametrize the magnetization direction by the power
0 < pi(t) < 1 and a precession angle �i(t) as
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The initial value for �i(t), i.e., �i(t = 0), is taken to be
a random number between 0 and 2⇡, while pi(t = 0) is
drawn from the thermal equilibrium distribution of an
ensemble of isolated STOs [17], i.e.,
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
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kBT
!pi
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, (6)

where kB is the Boltzmann constant, T the temperature,
and Ns the number of spins in each STO.

Results. The non-Hermitian PT symmetric SSH model
is characterized by an onsite imaginary potential whose
sign depends on the sublattice label. In order to realize
this condition, we tune the spin current injected at the A
sites to JsA = 2↵!, while no spin current flows through
the B sites. Moreover, we neglect dissipative couplings
between STOs, i.e., G, G̃ = 0, by choosing as metal-

lic spacers good spin sink materials, such as, e.g., plat-
inum. Under these conditions, the Hamilonian defined by
Eqs. (3) and (4) is in one-to-one correspondence with a
parity- and time-reversal PT-symmetric SSH model with
open boundary conditions [10, 14].

The corresponding Hamiltonian within periodic
boundary conditions can be written, upon performing a
Fourier transform, as

Hk = �
✓

�i↵! J + J̃e
�ik

J + J̃e
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. (7)

Equation (7) satisfies PT-symmetry, i.e., �xH
⇤
k�x =

Hk, where �x is the first Pauli matrix and ⇤ denotes
complex conjugation. Furthermore, Hamiltonian (7) also
obeys a chiral-inversion symmetry (CI) CHkC�1 = �H�k

where C = i�
y is a unitary operator and �

y the second
Pauli matrix. CI symmetry guarantees that the system
does not exhibit the non-Hermitian skin e↵ect and there-
fore the conventional bulk-edge correspondence is still
valid [15, 24, 25]. The topological nature of the system
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parametrize the magnetization direction by the power
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The initial value for �i(t), i.e., �i(t = 0), is taken to be
a random number between 0 and 2⇡, while pi(t = 0) is
drawn from the thermal equilibrium distribution of an
ensemble of isolated STOs [17], i.e.,

Peq / exp


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kBT
!pi
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, (6)

where kB is the Boltzmann constant, T the temperature,
and Ns the number of spins in each STO.

Results. The non-Hermitian PT symmetric SSH model
is characterized by an onsite imaginary potential whose
sign depends on the sublattice label. In order to realize
this condition, we tune the spin current injected at the A
sites to JsA = 2↵!, while no spin current flows through
the B sites. Moreover, we neglect dissipative couplings
between STOs, i.e., G, G̃ = 0, by choosing as metal-

lic spacers good spin sink materials, such as, e.g., plat-
inum. Under these conditions, the Hamilonian defined by
Eqs. (3) and (4) is in one-to-one correspondence with a
parity- and time-reversal PT-symmetric SSH model with
open boundary conditions [10, 14].

The corresponding Hamiltonian within periodic
boundary conditions can be written, upon performing a
Fourier transform, as
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Equation (7) satisfies PT-symmetry, i.e., �xH
⇤
k�x =

Hk, where �x is the first Pauli matrix and ⇤ denotes
complex conjugation. Furthermore, Hamiltonian (7) also
obeys a chiral-inversion symmetry (CI) CHkC�1 = �H�k

where C = i�
y is a unitary operator and �

y the second
Pauli matrix. CI symmetry guarantees that the system
does not exhibit the non-Hermitian skin e↵ect and there-
fore the conventional bulk-edge correspondence is still
valid [15, 24, 25]. The topological nature of the system
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Bulk states can be: purely real (PT-unbroken) or complex conjugated pairs (PT-broken)

Two complex conjugated topological edge states with Re[E] = !0, Im[E] = ±↵!0
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now let me say: special symmetry point,


Global Berry phase

S. Lieu et al., PRB (2018)

S. Liang et al., PRA (2013)

number of pairs of gapless-real-energy edge modes 
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can be probed by the global Berry phase, defined as [16]

Q
c = i

X

j=±

Z

BZ
h�j

k|@k| j
kidk , (8)

where h�k| and | ki are the normalized left and right
Bloch eigenvectors of the Hamiltonian matrix Hk, the
index ± denotes the highest (lowest) energy band, and
the integral is taken over the one-dimensional Brillouin
zone. For our model, we find a nonzero global Berry
phase (8), i.e., Q

c = 1, for |J | < |J̃ |. This indicates the
existence of topologically protected edge modes in the
system with purely imaginary energies Eedge = ±↵!0i,
i.e. one purely lasing mode and one lossy mode.The total
number of modes with Im E 6= 0 depends on whether the
bulk Hamiltonian is in the PT -unbroken (i.e, the bulk
states are gapped) or PT -broken regime (edge states
merge with the bulk bands) [14]. The system is PT -
unbroken for J < |J̃ � ↵!| with one lasing state at the
edge and PT -broken for |J̃ �↵!| < J < |J̃ +↵!|, where
additional bulk states begin lasing.

In our analysis, we take N = 10, ↵ ⇠ 10�2 and
4⇡Ms ⇠ 1 T for typical materials used for spin-torque
experiments [17], and approximate the gryomagnetic ra-
tio � ⌘ �A(B),i to the free electron one. We set the
external magnetic field and the RKKY coupling strength
to, respectively, H0 ⇠ 1.5 T and J ⇠ 10 GHz. We inves-
tigate the topological phase transition as function of the
relative strength between the reactive couplings J and
J̃ , which can be experimentally controlled by tuning the
length of the metallic spacers.

By diagonalizing Eqs. (3) and (4) for a chain of 50
sites we find for J < |J̃ � ↵!|, a pair of edge states that
are gapless in the real plane but have imaginary energies
±↵!. The mode with positive (negative) imaginary gap
is located at the left (right) foremost A (B) site and it is
lasing (damped). Injecting a spin current JsB = 2↵! at
the B sites, while blocking the spin current flow through
the A sites, leads instead to the right foremost B site
lasing HH: could put a figure in a supplementary
. In the PT -broken regime we find an additional lasing
state in the bulk. Note that the topological transition
occurs at J = J̃ in the middle of the PT -broken regime,
indicating the loss of topologically protected edge modes.
These results are summarized in Fig. 2(a).

Numerical simulations of Eqs. (1) and (2) are per-
formed at room temperature, i.e., !/kBT ⇠ 10�2, while
setting the number of spins to Ns ⇠ 106. We un-
cover three distinct dynamical regimes as a function of
FMR frequency !: for 0 < ↵! < J̃ � J , only the
STO at the edge goes into precessional motion. For
J̃ � J < ↵! < J̃ + J , both the edge and few bulk start
precessing, while for ↵! > J̃ + J all magnets precess.
Thus, a topological phase corresponding to an edge STO
lasing, while the bulk STOs are not active, can be real-
ized when both the global Berry phase (8) is nonzero and
the real spectrum is gapped, i.e. with J < |J̃ � ↵!|.

We now discuss the robustness of the lasing edge mode
against small fluctuations of the spin current Js and of
the dissipative couplings G, G̃. Including dissipative cou-
pling leads to J ! J � iG!0 and J̃ ! J̃ � iG̃!0, meaning
that the hopping amplitudes in the e↵ective tight-binding
model Eq. (3) become complex. This breaks the PT sym-
metry of H(k) but crucially does not break CI symmetry
and so G, G̃ 6= 0 will not induce a non-Hermitian skin
e↵ect. The condition for nontrivial topology is modified
to |J � iG!0| < |J̃ � iG̃!0| [24]. Therefore, for small G,
G̃ such that G!0, G̃!0 ⌧ J, J̃ there remain topologically
protected edge modes. This can be seem more clearly in
the imaginary energy spectrum in Fig. 2(b), where the
bulk modes acquire a small ImE 6= 0 due to the breaking
of PT symmetry, but the edge modes with ImE = ±↵!
are still clearly visible.

Finally, we consider fluctuations of the spin current
JsA away from the PT symmetric point J

⇤
sA = 2↵!. This

perturbation breaks both PT and CI symmetries, shifting
the imaginary part of the spectrum for the bulk and edge
states...HH: TO DO: check edge modes for JsA 6=
2↵!.

Our results are confirmed by magnetization dynamic
simulations.

Discussion. In this work, we apply a non-Hermitian
topological classification to an intrinsically dissipative
magnetic system, by establishing a mapping between a
STOs array and a PT-symmetric non-Hermitian SSH
model. We find that a topologically non-trivial phase can
be accessed by tuning both the spin current injection and
the length of the metallic spacers connecting the STOs.
The topological phase supports a topologically protected
lasing edge mode, i.e., a STO emitting a microwave sig-
nal at frequency ↵!, while the bulk STOs are non-active.
Our results show that the topological edge mode is robust
against spin current fluctuations and a non-negligible dis-
sipative coupling between STOs.
The emergence and the position of the lasing edge mode
can be controlled via spin current injection, opening
up prospects for realizing tunable and robust spin-wave
waveguides and neuromorphic networks [23]. Future
work should address the e↵ects of long-range intercell
and intracell couplings and investigate extensions of non-
Hermitian topology to magnetic systems with higher di-
mensionality.
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edge modes degenerate with bulk modes
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We now study the chirally-symmetric model, i.e. u =
0. The right/left eigenvectors are related via conjugated-
pseudo-Hermiticity by

���±k
↵
= �x

�� ±
k

↵⇤
. Additionally

the chiral symmetry relates the positive/negative bands
by

�� ±
k

↵
= �z

�� ⌥
k

↵
. Combining these together leads to a

useful parametrization

�� ±
k

↵
=

1p
2 sin ✓k cos ✓k

✓
e�i�k cos ✓k
± sin ✓k

◆

���±k
↵
=

1p
2 sin ✓k cos ✓k

✓
e�i�k sin ✓k
± cos ✓k

◆ (7)

where eigenvectors are normalized to obey the conditions⌦
�±k

�� ±
k

↵
= �++;��,

⌦
 ±
k

�� ±
k

↵
6= 1, 0. Substituting (7)

into the expression for Qc in (5), after some algebra, we
find

Qc
± =

1

2

Z

BZ
�̇kdk =

1

2

⇣
�k|k=⇡

k=�⇡

⌘
(8)

which is clearly quantized to be an integer multiple of ⇡.
Note that our parametrization (7) is ill-defined in the case
when ✓k = n⇡/2, n 2 Z due to the diverging normaliza-
tion constant. However ✓k attains such values only when
a band gap closes for the chiral system. This is because
chiral symmetry precludes a �z term in H(k), hence the
eigenvectors | ki = (1, 0)T , (0, 1)T can only occur if one
of the o↵-diagonal elements in the bulk Hamiltonian is
zero, and hence at a band crossing. (This point is also
known as an exceptional point [36].) Thus the cBerry
phase is a topological invariant: as long as adiabatic de-
formations to the Hamiltonian preserve the band gap,
the cBerry phase will be integer quantized in units of ⇡.

In Appendix A we show that the real Berry phase in
a chiral model is not quantized if inversion symmetry is
broken. Note that in the cBerry phase analysis above
there is no reference to inversion symmetry and relation-
ships between right/left eigenvectors arise due to chiral
symmetry alone. Later we will confirm numerically that
there are chiral models where inversion symmetry is bro-
ken which possess gapless edge modes. Interestingly, re-
cent studies have found that the non-Hermitian 2D Chern
number is not sensitive to the combination of right/left
eigenvectors used in the expression for the Berry curva-
ture, in contrast to the 1D Berry phase [10].

In the previous section we have argued that if the sys-
tem has chiral symmetry, then generically the cBerry
phase will be quantized to an integer value away from
a band crossing. It is well-known that a real, staggered
potential will destroy quantization in the Hermitian SSH
since such a term breaks both chirality and inversion
[16, 17]. Physically this is because edge states acquire an
energy splitting and hence can be adiabatically removed
without closing a band gap. In the PT -symmetric model,
edge state are gapless in the real plane but acquire an
imaginary energy gap according to Eedge = ±ui. How-
ever, due to pseudo-anti-Hermiticity arguments we know
that a topological transition must take place. Liang and
Huang [13] derived the expression for the complex Berry

unbroken broken unbroken

∫ = 1 ∫ = 0
w

w ° u w + u

v

FIG. 2. One-dimensional phase diagram in v for the PT -
symmetric case v1 = v2 = v 2 R, w1 = w2 = w 2 R at a fixed
value of u,w > 0. The system moves in and out of the PT -
broken phase as a function of v. ⌫ is the topological index
which predicts how many pairs of gapless-real-energy, edge
modes exist in the system. The bulk spectrum is gapless in
the entire PT -broken phase.

curvature
⌧
�±k

����
@

@k

���� 
±
k

�PT

=
1

2
(1± cos ⇠k) ⌘̇k (9)

where cos ⇠k = iup
|v+we�ik|2�u2

, e�i⌘k = v+we�ik

|v+we�ik| . Upon

integration across the Brillouin zone, we find that the
cBerry phase of a given band is not quantized (which is a
common feature for gapped edge modes) but interestingly
their sum is quantized.
The PT -symmetric topological transition is fundamen-

tally di↵erent from the normal “topological insulator”
paradigm. In the Hermitian SSH, edge modes are re-
moved at a unique point where the bands cross; con-
versely, the entire PT -broken phase has bulk band cross-
ings, yet edge modes still exist in the PT -broken region as
long as v < w. Indeed the transition point occurs when
bulk modes are degenerate with edge modes, which are
gapped in the imaginary plane. A phase diagram is given
in Fig. 2.
Previous studies have suggested various global indices

to characterize the number of pairs of gapless-real-energy
edge modes in the PT -symmetric model. Liang and
Huang [13] found that the global cBerry phase Qc

G =
Qc

+ + Qc
� accurately captures the transition. Alterna-

tively, Esaki et al. [3] define a winding number using
the Q-matrix classification technique [16]. It is not sur-
prising that the topological invariant in the PT model
is not a property of the band, but rather of the entire
Hamiltonian since bulk band crossings occur in the en-
tire broken region and band indices lose their meaning at
a band crossing.
We now provide a geometrical picture which further

justifies our results for the chiral model by projecting
eigenvectors onto the Bloch sphere. The most general
2D right-eigenvector can be parametrized as

| 0(↵k,�k)i =
✓

cos(�k/2)
ei↵k sin(�k/2)

◆
. (10)

For each eigenvector we may calculate the Bloch vector,
defined as

bk = h 0
k |�| 0

ki (11)

broken unbrokenunbroken

Qc = 0
<latexit sha1_base64="5SMhXpAhlIxuQZ6NGMfI2TAvylc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFLx4bMF+QBvLZjtpl242YXcjlFDwL3jxoIhXf483/43btAdtfWHh4Z1ZZuYNEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzurtR1Sax/LeTBL0IzqUPOSMGmu1Gw8Zm964/XLFrbq5yCp4C6jAQvV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9LF93Ss6sMyBhrOyThuTu7x8ZjbSeRIHtjKgZ6eXazPyv1k1NeO1nXCapQcnmg8JUEBOT2e1kwBUyIyYWKFPc7krYiCrKjE2oZEPwlk9ehdZF1bPcuKzUak/zOIpwAqdwDh5cQQ3uoA5NYDCGZ3iFNydxXpx352PeWnAWER7DHzmfP/fXj7U=</latexit><latexit sha1_base64="5SMhXpAhlIxuQZ6NGMfI2TAvylc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFLx4bMF+QBvLZjtpl242YXcjlFDwL3jxoIhXf483/43btAdtfWHh4Z1ZZuYNEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzurtR1Sax/LeTBL0IzqUPOSMGmu1Gw8Zm964/XLFrbq5yCp4C6jAQvV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9LF93Ss6sMyBhrOyThuTu7x8ZjbSeRIHtjKgZ6eXazPyv1k1NeO1nXCapQcnmg8JUEBOT2e1kwBUyIyYWKFPc7krYiCrKjE2oZEPwlk9ehdZF1bPcuKzUak/zOIpwAqdwDh5cQQ3uoA5NYDCGZ3iFNydxXpx352PeWnAWER7DHzmfP/fXj7U=</latexit><latexit sha1_base64="5SMhXpAhlIxuQZ6NGMfI2TAvylc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFLx4bMF+QBvLZjtpl242YXcjlFDwL3jxoIhXf483/43btAdtfWHh4Z1ZZuYNEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzurtR1Sax/LeTBL0IzqUPOSMGmu1Gw8Zm964/XLFrbq5yCp4C6jAQvV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9LF93Ss6sMyBhrOyThuTu7x8ZjbSeRIHtjKgZ6eXazPyv1k1NeO1nXCapQcnmg8JUEBOT2e1kwBUyIyYWKFPc7krYiCrKjE2oZEPwlk9ehdZF1bPcuKzUak/zOIpwAqdwDh5cQQ3uoA5NYDCGZ3iFNydxXpx352PeWnAWER7DHzmfP/fXj7U=</latexit><latexit sha1_base64="5SMhXpAhlIxuQZ6NGMfI2TAvylc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFLx4bMF+QBvLZjtpl242YXcjlFDwL3jxoIhXf483/43btAdtfWHh4Z1ZZuYNEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzurtR1Sax/LeTBL0IzqUPOSMGmu1Gw8Zm964/XLFrbq5yCp4C6jAQvV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9LF93Ss6sMyBhrOyThuTu7x8ZjbSeRIHtjKgZ6eXazPyv1k1NeO1nXCapQcnmg8JUEBOT2e1kwBUyIyYWKFPc7krYiCrKjE2oZEPwlk9ehdZF1bPcuKzUak/zOIpwAqdwDh5cQQ3uoA5NYDCGZ3iFNydxXpx352PeWnAWER7DHzmfP/fXj7U=</latexit>

Qc = 1
<latexit sha1_base64="roimK+XeQcaPwHElAQEkcc2cJL4=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFLx4bMF+QBvLZjtpl242YXcjlFDwL3jxoIhXf483/43btAdtfWHh4Z1ZZuYNEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzurtR1Sax/LeTBL0IzqUPOSMGmu1Gw8Zm954/XLFrbq5yCp4C6jAQvV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9LF93Ss6sMyBhrOyThuTu7x8ZjbSeRIHtjKgZ6eXazPyv1k1NeO1nXCapQcnmg8JUEBOT2e1kwBUyIyYWKFPc7krYiCrKjE2oZEPwlk9ehdZF1bPcuKzUak/zOIpwAqdwDh5cQQ3uoA5NYDCGZ3iFNydxXpx352PeWnAWER7DHzmfP/lbj7Y=</latexit><latexit sha1_base64="roimK+XeQcaPwHElAQEkcc2cJL4=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFLx4bMF+QBvLZjtpl242YXcjlFDwL3jxoIhXf483/43btAdtfWHh4Z1ZZuYNEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzurtR1Sax/LeTBL0IzqUPOSMGmu1Gw8Zm954/XLFrbq5yCp4C6jAQvV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9LF93Ss6sMyBhrOyThuTu7x8ZjbSeRIHtjKgZ6eXazPyv1k1NeO1nXCapQcnmg8JUEBOT2e1kwBUyIyYWKFPc7krYiCrKjE2oZEPwlk9ehdZF1bPcuKzUak/zOIpwAqdwDh5cQQ3uoA5NYDCGZ3iFNydxXpx352PeWnAWER7DHzmfP/lbj7Y=</latexit><latexit sha1_base64="roimK+XeQcaPwHElAQEkcc2cJL4=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFLx4bMF+QBvLZjtpl242YXcjlFDwL3jxoIhXf483/43btAdtfWHh4Z1ZZuYNEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzurtR1Sax/LeTBL0IzqUPOSMGmu1Gw8Zm954/XLFrbq5yCp4C6jAQvV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9LF93Ss6sMyBhrOyThuTu7x8ZjbSeRIHtjKgZ6eXazPyv1k1NeO1nXCapQcnmg8JUEBOT2e1kwBUyIyYWKFPc7krYiCrKjE2oZEPwlk9ehdZF1bPcuKzUak/zOIpwAqdwDh5cQQ3uoA5NYDCGZ3iFNydxXpx352PeWnAWER7DHzmfP/lbj7Y=</latexit><latexit sha1_base64="roimK+XeQcaPwHElAQEkcc2cJL4=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFLx4bMF+QBvLZjtpl242YXcjlFDwL3jxoIhXf483/43btAdtfWHh4Z1ZZuYNEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzurtR1Sax/LeTBL0IzqUPOSMGmu1Gw8Zm954/XLFrbq5yCp4C6jAQvV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9LF93Ss6sMyBhrOyThuTu7x8ZjbSeRIHtjKgZ6eXazPyv1k1NeO1nXCapQcnmg8JUEBOT2e1kwBUyIyYWKFPc7krYiCrKjE2oZEPwlk9ehdZF1bPcuKzUak/zOIpwAqdwDh5cQQ3uoA5NYDCGZ3iFNydxXpx352PeWnAWER7DHzmfP/lbj7Y=</latexit>

J
<latexit sha1_base64="z7i/PQy8c9DXYpTzqZMeXnUpyRU=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2IhVAuYDkiPsbeaSNXt7x+6eEI6AvY2FIrb+JDv/jZtLCk18YeHhnVlm5g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M6u1HVJrH8t5MEvQjOpQ85IwaazXu+uWKW3VzkVXwFlCBher98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQuxYljVD7Wb7olJxZZ0DCWNknDcnd3z8yGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5LNB4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq2Lqme5cVmp1Z7mcRThBE7hHDy4ghrcQh2awADhGV7hzXlwXpx352PeWnAWER7DHzmfP8XpjUw=</latexit><latexit sha1_base64="z7i/PQy8c9DXYpTzqZMeXnUpyRU=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2IhVAuYDkiPsbeaSNXt7x+6eEI6AvY2FIrb+JDv/jZtLCk18YeHhnVlm5g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M6u1HVJrH8t5MEvQjOpQ85IwaazXu+uWKW3VzkVXwFlCBher98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQuxYljVD7Wb7olJxZZ0DCWNknDcnd3z8yGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5LNB4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq2Lqme5cVmp1Z7mcRThBE7hHDy4ghrcQh2awADhGV7hzXlwXpx352PeWnAWER7DHzmfP8XpjUw=</latexit><latexit sha1_base64="z7i/PQy8c9DXYpTzqZMeXnUpyRU=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2IhVAuYDkiPsbeaSNXt7x+6eEI6AvY2FIrb+JDv/jZtLCk18YeHhnVlm5g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M6u1HVJrH8t5MEvQjOpQ85IwaazXu+uWKW3VzkVXwFlCBher98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQuxYljVD7Wb7olJxZZ0DCWNknDcnd3z8yGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5LNB4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq2Lqme5cVmp1Z7mcRThBE7hHDy4ghrcQh2awADhGV7hzXlwXpx352PeWnAWER7DHzmfP8XpjUw=</latexit><latexit sha1_base64="z7i/PQy8c9DXYpTzqZMeXnUpyRU=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2IhVAuYDkiPsbeaSNXt7x+6eEI6AvY2FIrb+JDv/jZtLCk18YeHhnVlm5g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M6u1HVJrH8t5MEvQjOpQ85IwaazXu+uWKW3VzkVXwFlCBher98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQuxYljVD7Wb7olJxZZ0DCWNknDcnd3z8yGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5LNB4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq2Lqme5cVmp1Z7mcRThBE7hHDy4ghrcQh2awADhGV7hzXlwXpx352PeWnAWER7DHzmfP8XpjUw=</latexit>

J̃
<latexit sha1_base64="Jvd7yWERV0hK0AQzOd2HcG5up00=">AAAB8HicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix4EU8VbCt0i4lm522oUl2SWaFshT8D148KOLVn+PNf2P6cdDWFwIP70yYmTdKpbDo+99eYWV1bX2juFna2t7Z3SvvHzRtkhkODZ7IxNxHzIIUGhooUMJ9aoCpSEIrGl5N6q1HMFYk+g5HKYSK9bXoCc7QWQ8dFDKG/GbcLVf8qj8VXYZgDhUyV71b/urECc8UaOSSWdsO/BTDnBkUXMK41MkspIwPWR/aDjVTYMN8uvCYnjgnpr3EuKeRTt3fP3KmrB2pyHUqhgO7WJuY/9XaGfYuw1zoNEPQfDaol0mKCZ1cT2NhgKMcOWDcCLcr5QNmGEeXUcmFECyevAzNs2rg+Pa8Uqs9zeIokiNyTE5JQC5IjVyTOmkQThR5Jq/kzTPei/fufcxaC948wkPyR97nDyLfkQI=</latexit><latexit sha1_base64="Jvd7yWERV0hK0AQzOd2HcG5up00=">AAAB8HicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix4EU8VbCt0i4lm522oUl2SWaFshT8D148KOLVn+PNf2P6cdDWFwIP70yYmTdKpbDo+99eYWV1bX2juFna2t7Z3SvvHzRtkhkODZ7IxNxHzIIUGhooUMJ9aoCpSEIrGl5N6q1HMFYk+g5HKYSK9bXoCc7QWQ8dFDKG/GbcLVf8qj8VXYZgDhUyV71b/urECc8UaOSSWdsO/BTDnBkUXMK41MkspIwPWR/aDjVTYMN8uvCYnjgnpr3EuKeRTt3fP3KmrB2pyHUqhgO7WJuY/9XaGfYuw1zoNEPQfDaol0mKCZ1cT2NhgKMcOWDcCLcr5QNmGEeXUcmFECyevAzNs2rg+Pa8Uqs9zeIokiNyTE5JQC5IjVyTOmkQThR5Jq/kzTPei/fufcxaC948wkPyR97nDyLfkQI=</latexit><latexit sha1_base64="Jvd7yWERV0hK0AQzOd2HcG5up00=">AAAB8HicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix4EU8VbCt0i4lm522oUl2SWaFshT8D148KOLVn+PNf2P6cdDWFwIP70yYmTdKpbDo+99eYWV1bX2juFna2t7Z3SvvHzRtkhkODZ7IxNxHzIIUGhooUMJ9aoCpSEIrGl5N6q1HMFYk+g5HKYSK9bXoCc7QWQ8dFDKG/GbcLVf8qj8VXYZgDhUyV71b/urECc8UaOSSWdsO/BTDnBkUXMK41MkspIwPWR/aDjVTYMN8uvCYnjgnpr3EuKeRTt3fP3KmrB2pyHUqhgO7WJuY/9XaGfYuw1zoNEPQfDaol0mKCZ1cT2NhgKMcOWDcCLcr5QNmGEeXUcmFECyevAzNs2rg+Pa8Uqs9zeIokiNyTE5JQC5IjVyTOmkQThR5Jq/kzTPei/fufcxaC948wkPyR97nDyLfkQI=</latexit><latexit sha1_base64="Jvd7yWERV0hK0AQzOd2HcG5up00=">AAAB8HicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix4EU8VbCt0i4lm522oUl2SWaFshT8D148KOLVn+PNf2P6cdDWFwIP70yYmTdKpbDo+99eYWV1bX2juFna2t7Z3SvvHzRtkhkODZ7IxNxHzIIUGhooUMJ9aoCpSEIrGl5N6q1HMFYk+g5HKYSK9bXoCc7QWQ8dFDKG/GbcLVf8qj8VXYZgDhUyV71b/urECc8UaOSSWdsO/BTDnBkUXMK41MkspIwPWR/aDjVTYMN8uvCYnjgnpr3EuKeRTt3fP3KmrB2pyHUqhgO7WJuY/9XaGfYuw1zoNEPQfDaol0mKCZ1cT2NhgKMcOWDcCLcr5QNmGEeXUcmFECyevAzNs2rg+Pa8Uqs9zeIokiNyTE5JQC5IjVyTOmkQThR5Jq/kzTPei/fufcxaC948wkPyR97nDyLfkQI=</latexit>

J̃ + ↵!0
<latexit sha1_base64="d+jlwFojXHld05ejbXAfP3leqCU=">AAACBHicbZC7SgNBFIZn4y3G26plmsEgCELYFUHLoI1YRTAXyC7h7OQkGTJ7YWZWCEsKG1/FxkIRWx/CzrdxkmyhiT8MfPznHM6cP0gEV9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWcSoYNFotYtgNQKHiEDc21wHYiEcJAYCsYXU/rrQeUisfRvR4n6IcwiHifM9DG6tplT3PRw+x2cuqBSIZAvTjEAXQzZ9K1K07VmYkug5tDheSqd+0vrxezNMRIMwFKdVwn0X4GUnMmcFLyUoUJsBEMsGMwghCVn82OmNBj4/RoP5bmRZrO3N8TGYRKjcPAdIagh2qxNjX/q3VS3b/0Mx4lqcaIzRf1U0F1TKeJ0B6XyLQYGwAmufkrZUOQwLTJrWRCcBdPXobmWdU1fHdeqV3lcRRJmRyRE+KSC1IjN6ROGoSRR/JMXsmb9WS9WO/Wx7y1YOUzh+SPrM8figeYAg==</latexit><latexit sha1_base64="d+jlwFojXHld05ejbXAfP3leqCU=">AAACBHicbZC7SgNBFIZn4y3G26plmsEgCELYFUHLoI1YRTAXyC7h7OQkGTJ7YWZWCEsKG1/FxkIRWx/CzrdxkmyhiT8MfPznHM6cP0gEV9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWcSoYNFotYtgNQKHiEDc21wHYiEcJAYCsYXU/rrQeUisfRvR4n6IcwiHifM9DG6tplT3PRw+x2cuqBSIZAvTjEAXQzZ9K1K07VmYkug5tDheSqd+0vrxezNMRIMwFKdVwn0X4GUnMmcFLyUoUJsBEMsGMwghCVn82OmNBj4/RoP5bmRZrO3N8TGYRKjcPAdIagh2qxNjX/q3VS3b/0Mx4lqcaIzRf1U0F1TKeJ0B6XyLQYGwAmufkrZUOQwLTJrWRCcBdPXobmWdU1fHdeqV3lcRRJmRyRE+KSC1IjN6ROGoSRR/JMXsmb9WS9WO/Wx7y1YOUzh+SPrM8figeYAg==</latexit><latexit sha1_base64="d+jlwFojXHld05ejbXAfP3leqCU=">AAACBHicbZC7SgNBFIZn4y3G26plmsEgCELYFUHLoI1YRTAXyC7h7OQkGTJ7YWZWCEsKG1/FxkIRWx/CzrdxkmyhiT8MfPznHM6cP0gEV9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWcSoYNFotYtgNQKHiEDc21wHYiEcJAYCsYXU/rrQeUisfRvR4n6IcwiHifM9DG6tplT3PRw+x2cuqBSIZAvTjEAXQzZ9K1K07VmYkug5tDheSqd+0vrxezNMRIMwFKdVwn0X4GUnMmcFLyUoUJsBEMsGMwghCVn82OmNBj4/RoP5bmRZrO3N8TGYRKjcPAdIagh2qxNjX/q3VS3b/0Mx4lqcaIzRf1U0F1TKeJ0B6XyLQYGwAmufkrZUOQwLTJrWRCcBdPXobmWdU1fHdeqV3lcRRJmRyRE+KSC1IjN6ROGoSRR/JMXsmb9WS9WO/Wx7y1YOUzh+SPrM8figeYAg==</latexit><latexit sha1_base64="d+jlwFojXHld05ejbXAfP3leqCU=">AAACBHicbZC7SgNBFIZn4y3G26plmsEgCELYFUHLoI1YRTAXyC7h7OQkGTJ7YWZWCEsKG1/FxkIRWx/CzrdxkmyhiT8MfPznHM6cP0gEV9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWcSoYNFotYtgNQKHiEDc21wHYiEcJAYCsYXU/rrQeUisfRvR4n6IcwiHifM9DG6tplT3PRw+x2cuqBSIZAvTjEAXQzZ9K1K07VmYkug5tDheSqd+0vrxezNMRIMwFKdVwn0X4GUnMmcFLyUoUJsBEMsGMwghCVn82OmNBj4/RoP5bmRZrO3N8TGYRKjcPAdIagh2qxNjX/q3VS3b/0Mx4lqcaIzRf1U0F1TKeJ0B6XyLQYGwAmufkrZUOQwLTJrWRCcBdPXobmWdU1fHdeqV3lcRRJmRyRE+KSC1IjN6ROGoSRR/JMXsmb9WS9WO/Wx7y1YOUzh+SPrM8figeYAg==</latexit>

J̃ � ↵!0
<latexit sha1_base64="NWmW2ewYJ14jcE5nghk7dAtRx5Q=">AAACBHicbZC7SgNBFIZn4y3G26plmsEg2Bh2RdAyaCNWEcwFsks4OzlJhsxemJkVwpLCxlexsVDE1oew822cJFto4g8DH/85hzPnDxLBlXacb6uwsrq2vlHcLG1t7+zu2fsHTRWnkmGDxSKW7QAUCh5hQ3MtsJ1IhDAQ2ApG19N66wGl4nF0r8cJ+iEMIt7nDLSxunbZ01z0MLudnHogkiFQLw5xAN3MmXTtilN1ZqLL4OZQIbnqXfvL68UsDTHSTIBSHddJtJ+B1JwJnJS8VGECbAQD7BiMIETlZ7MjJvTYOD3aj6V5kaYz9/dEBqFS4zAwnSHooVqsTc3/ap1U9y/9jEdJqjFi80X9VFAd02kitMclMi3GBoBJbv5K2RAkMG1yK5kQ3MWTl6F5VnUN351Xald5HEVSJkfkhLjkgtTIDamTBmHkkTyTV/JmPVkv1rv1MW8tWPnMIfkj6/MHjTGYBA==</latexit><latexit sha1_base64="NWmW2ewYJ14jcE5nghk7dAtRx5Q=">AAACBHicbZC7SgNBFIZn4y3G26plmsEg2Bh2RdAyaCNWEcwFsks4OzlJhsxemJkVwpLCxlexsVDE1oew822cJFto4g8DH/85hzPnDxLBlXacb6uwsrq2vlHcLG1t7+zu2fsHTRWnkmGDxSKW7QAUCh5hQ3MtsJ1IhDAQ2ApG19N66wGl4nF0r8cJ+iEMIt7nDLSxunbZ01z0MLudnHogkiFQLw5xAN3MmXTtilN1ZqLL4OZQIbnqXfvL68UsDTHSTIBSHddJtJ+B1JwJnJS8VGECbAQD7BiMIETlZ7MjJvTYOD3aj6V5kaYz9/dEBqFS4zAwnSHooVqsTc3/ap1U9y/9jEdJqjFi80X9VFAd02kitMclMi3GBoBJbv5K2RAkMG1yK5kQ3MWTl6F5VnUN351Xald5HEVSJkfkhLjkgtTIDamTBmHkkTyTV/JmPVkv1rv1MW8tWPnMIfkj6/MHjTGYBA==</latexit><latexit sha1_base64="NWmW2ewYJ14jcE5nghk7dAtRx5Q=">AAACBHicbZC7SgNBFIZn4y3G26plmsEg2Bh2RdAyaCNWEcwFsks4OzlJhsxemJkVwpLCxlexsVDE1oew822cJFto4g8DH/85hzPnDxLBlXacb6uwsrq2vlHcLG1t7+zu2fsHTRWnkmGDxSKW7QAUCh5hQ3MtsJ1IhDAQ2ApG19N66wGl4nF0r8cJ+iEMIt7nDLSxunbZ01z0MLudnHogkiFQLw5xAN3MmXTtilN1ZqLL4OZQIbnqXfvL68UsDTHSTIBSHddJtJ+B1JwJnJS8VGECbAQD7BiMIETlZ7MjJvTYOD3aj6V5kaYz9/dEBqFS4zAwnSHooVqsTc3/ap1U9y/9jEdJqjFi80X9VFAd02kitMclMi3GBoBJbv5K2RAkMG1yK5kQ3MWTl6F5VnUN351Xald5HEVSJkfkhLjkgtTIDamTBmHkkTyTV/JmPVkv1rv1MW8tWPnMIfkj6/MHjTGYBA==</latexit><latexit sha1_base64="NWmW2ewYJ14jcE5nghk7dAtRx5Q=">AAACBHicbZC7SgNBFIZn4y3G26plmsEg2Bh2RdAyaCNWEcwFsks4OzlJhsxemJkVwpLCxlexsVDE1oew822cJFto4g8DH/85hzPnDxLBlXacb6uwsrq2vlHcLG1t7+zu2fsHTRWnkmGDxSKW7QAUCh5hQ3MtsJ1IhDAQ2ApG19N66wGl4nF0r8cJ+iEMIt7nDLSxunbZ01z0MLudnHogkiFQLw5xAN3MmXTtilN1ZqLL4OZQIbnqXfvL68UsDTHSTIBSHddJtJ+B1JwJnJS8VGECbAQD7BiMIETlZ7MjJvTYOD3aj6V5kaYz9/dEBqFS4zAwnSHooVqsTc3/ap1U9y/9jEdJqjFi80X9VFAd02kitMclMi3GBoBJbv5K2RAkMG1yK5kQ3MWTl6F5VnUN351Xald5HEVSJkfkhLjkgtTIDamTBmHkkTyTV/JmPVkv1rv1MW8tWPnMIfkj6/MHjTGYBA==</latexit>
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parametrize the magnetization direction by the power
0 < pi(t) < 1 and a precession angle �i(t) as

mi =

0

@
2
p

pi(1 � pi) sin �i

2
p

pi(1 � pi) cos �i

1 � 2pi

1

A . (5)

The initial value for �i(t), i.e., �i(t = 0), is taken to be
a random number between 0 and 2⇡, while pi(t = 0) is
drawn from the thermal equilibrium distribution of an
ensemble of isolated STOs [17], i.e.,

Peq / exp


� Ns

kBT
!pi

�
, (6)

where kB is the Boltzmann constant, T the temperature,
and Ns the number of spins in each STO.

Results. The non-Hermitian PT symmetric SSH model
is characterized by an onsite imaginary potential whose
sign depends on the sublattice label. In order to realize
this condition, we tune the spin current injected at the A
sites to JsA = 2↵!, while no spin current flows through
the B sites. Moreover, we neglect dissipative couplings
between STOs, i.e., G, G̃ = 0, by choosing as metal-

lic spacers good spin sink materials, such as, e.g., plat-
inum. Under these conditions, the Hamilonian defined by
Eqs. (3) and (4) is in one-to-one correspondence with a
parity- and time-reversal PT-symmetric SSH model with
open boundary conditions [10, 14].

The corresponding Hamiltonian within periodic
boundary conditions can be written, upon performing a
Fourier transform, as

Hk = �
✓

�i↵! J + J̃e
�ik

J + J̃e
ik

i↵!

◆
. (7)

Equation (7) satisfies PT-symmetry, i.e., �xH
⇤
k�x =

Hk, where �x is the first Pauli matrix and ⇤ denotes
complex conjugation. Furthermore, Hamiltonian (7) also
obeys a chiral-inversion symmetry (CI) CHkC�1 = �H�k

where C = i�
y is a unitary operator and �

y the second
Pauli matrix. CI symmetry guarantees that the system
does not exhibit the non-Hermitian skin e↵ect and there-
fore the conventional bulk-edge correspondence is still
valid [15, 24, 25]. The topological nature of the system
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PT-unbroken PT-brokenPT-broken



Linearized equations of motion yield Hamiltonian that displays

 a topological phase with a lossy and a lasing magnon edge states

Consequences on the non-linear LLG classical dynamics?

Naively, we would expect all type A STOs 

to quickly undergo precession


(B STOs follow due to coupling)

spin current
JsA = 2↵!0
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+ purely real bulk spectrum

Going beyond the linear regime



Simulations of the magnetization dynamics of 20 coupled STOs

3

FIG. 2. HH: Need units on y axes, add panel letters (a)-(c) etc. DRAFT FIGURE Exact diagonalization of the
e↵ective tight-binding Hamiltonian Eqs. (3)-(4) for N = 25 unit cells (50 sites). The system exhibits a single, lasing edge mode
for J < |J̃ � ↵!| whereas there are 2 lasing modes for |J̃ � ↵!| < J < |J̃ + ↵!| in the PT broken regime (purple shaded area).
The topological transition occurs at J = ±J̃ (dashed gray line). (b) Nonzero dissipative couplings G, G̃ = 0.05↵ (c) Variation
of driving current JsA away from the PT symmetric point.

parametrize the magnetization direction by the power
0 < pi(t) < 1 and a precession angle �i(t) as

mi =

0

@
2
p

pi(1 � pi) sin �i

2
p

pi(1 � pi) cos �i

1 � 2pi

1

A . (5)

The initial value for �i(t), i.e., �i(t = 0), is taken to be
a random number between 0 and 2⇡, while pi(t = 0) is
drawn from the thermal equilibrium distribution of an
ensemble of isolated STOs [17], i.e.,

Peq / exp


� Ns

kBT
!pi

�
, (6)

where kB is the Boltzmann constant, T the temperature,
and Ns the number of spins in each STO.

Results. The non-Hermitian PT symmetric SSH model
is characterized by an onsite imaginary potential whose
sign depends on the sublattice label. In order to realize
this condition, we tune the spin current injected at the A
sites to JsA = 2↵!, while no spin current flows through
the B sites. Moreover, we neglect dissipative couplings
between STOs, i.e., G, G̃ = 0, by choosing as metal-

lic spacers good spin sink materials, such as, e.g., plat-
inum. Under these conditions, the Hamilonian defined by
Eqs. (3) and (4) is in one-to-one correspondence with a
parity- and time-reversal PT-symmetric SSH model with
open boundary conditions [10, 14].

The corresponding Hamiltonian within periodic
boundary conditions can be written, upon performing a
Fourier transform, as

Hk = �
✓

�i↵! J + J̃e
�ik

J + J̃e
ik

i↵!

◆
. (7)

Equation (7) satisfies PT-symmetry, i.e., �xH
⇤
k�x =

Hk, where �x is the first Pauli matrix and ⇤ denotes
complex conjugation. Furthermore, Hamiltonian (7) also
obeys a chiral-inversion symmetry (CI) CHkC�1 = �H�k

where C = i�
y is a unitary operator and �

y the second
Pauli matrix. CI symmetry guarantees that the system
does not exhibit the non-Hermitian skin e↵ect and there-
fore the conventional bulk-edge correspondence is still
valid [15, 24, 25]. The topological nature of the system

�i
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precession angle

Spin at the edge:

topologically-protected 


microwave emission
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parametrize the magnetization direction by the power
0 < pi(t) < 1 and a precession angle �i(t) as

mi =

0

@
2
p

pi(1 � pi) sin �i

2
p

pi(1 � pi) cos �i

1 � 2pi

1

A . (5)

The initial value for �i(t), i.e., �i(t = 0), is taken to be
a random number between 0 and 2⇡, while pi(t = 0) is
drawn from the thermal equilibrium distribution of an
ensemble of isolated STOs [17], i.e.,

Peq / exp


� Ns

kBT
!pi

�
, (6)

where kB is the Boltzmann constant, T the temperature,
and Ns the number of spins in each STO.

Results. The non-Hermitian PT symmetric SSH model
is characterized by an onsite imaginary potential whose
sign depends on the sublattice label. In order to realize
this condition, we tune the spin current injected at the A
sites to JsA = 2↵!, while no spin current flows through
the B sites. Moreover, we neglect dissipative couplings
between STOs, i.e., G, G̃ = 0, by choosing as metal-

lic spacers good spin sink materials, such as, e.g., plat-
inum. Under these conditions, the Hamilonian defined by
Eqs. (3) and (4) is in one-to-one correspondence with a
parity- and time-reversal PT-symmetric SSH model with
open boundary conditions [10, 14].

The corresponding Hamiltonian within periodic
boundary conditions can be written, upon performing a
Fourier transform, as

Hk = �
✓

�i↵! J + J̃e
�ik

J + J̃e
ik

i↵!

◆
. (7)

Equation (7) satisfies PT-symmetry, i.e., �xH
⇤
k�x =

Hk, where �x is the first Pauli matrix and ⇤ denotes
complex conjugation. Furthermore, Hamiltonian (7) also
obeys a chiral-inversion symmetry (CI) CHkC�1 = �H�k

where C = i�
y is a unitary operator and �

y the second
Pauli matrix. CI symmetry guarantees that the system
does not exhibit the non-Hermitian skin e↵ect and there-
fore the conventional bulk-edge correspondence is still
valid [15, 24, 25]. The topological nature of the system
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The initial value for �i(t), i.e., �i(t = 0), is taken to be
a random number between 0 and 2⇡, while pi(t = 0) is
drawn from the thermal equilibrium distribution of an
ensemble of isolated STOs [17], i.e.,
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where kB is the Boltzmann constant, T the temperature,
and Ns the number of spins in each STO.

Results. The non-Hermitian PT symmetric SSH model
is characterized by an onsite imaginary potential whose
sign depends on the sublattice label. In order to realize
this condition, we tune the spin current injected at the A
sites to JsA = 2↵!, while no spin current flows through
the B sites. Moreover, we neglect dissipative couplings
between STOs, i.e., G, G̃ = 0, by choosing as metal-

lic spacers good spin sink materials, such as, e.g., plat-
inum. Under these conditions, the Hamilonian defined by
Eqs. (3) and (4) is in one-to-one correspondence with a
parity- and time-reversal PT-symmetric SSH model with
open boundary conditions [10, 14].

The corresponding Hamiltonian within periodic
boundary conditions can be written, upon performing a
Fourier transform, as
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Equation (7) satisfies PT-symmetry, i.e., �xH
⇤
k�x =

Hk, where �x is the first Pauli matrix and ⇤ denotes
complex conjugation. Furthermore, Hamiltonian (7) also
obeys a chiral-inversion symmetry (CI) CHkC�1 = �H�k

where C = i�
y is a unitary operator and �

y the second
Pauli matrix. CI symmetry guarantees that the system
does not exhibit the non-Hermitian skin e↵ect and there-
fore the conventional bulk-edge correspondence is still
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parametrize the magnetization direction by the power
0 < pi(t) < 1 and a precession angle �i(t) as

mi =

0

@
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p

pi(1 � pi) sin �i

2
p

pi(1 � pi) cos �i

1 � 2pi

1

A . (5)

The initial value for �i(t), i.e., �i(t = 0), is taken to be
a random number between 0 and 2⇡, while pi(t = 0) is
drawn from the thermal equilibrium distribution of an
ensemble of isolated STOs [17], i.e.,

Peq / exp


� Ns

kBT
!pi

�
, (6)

where kB is the Boltzmann constant, T the temperature,
and Ns the number of spins in each STO.

Results. The non-Hermitian PT symmetric SSH model
is characterized by an onsite imaginary potential whose
sign depends on the sublattice label. In order to realize
this condition, we tune the spin current injected at the A
sites to JsA = 2↵!, while no spin current flows through
the B sites. Moreover, we neglect dissipative couplings
between STOs, i.e., G, G̃ = 0, by choosing as metal-

lic spacers good spin sink materials, such as, e.g., plat-
inum. Under these conditions, the Hamilonian defined by
Eqs. (3) and (4) is in one-to-one correspondence with a
parity- and time-reversal PT-symmetric SSH model with
open boundary conditions [10, 14].

The corresponding Hamiltonian within periodic
boundary conditions can be written, upon performing a
Fourier transform, as

Hk = �
✓

�i↵! J + J̃e
�ik

J + J̃e
ik

i↵!

◆
. (7)

Equation (7) satisfies PT-symmetry, i.e., �xH
⇤
k�x =

Hk, where �x is the first Pauli matrix and ⇤ denotes
complex conjugation. Furthermore, Hamiltonian (7) also
obeys a chiral-inversion symmetry (CI) CHkC�1 = �H�k

where C = i�
y is a unitary operator and �

y the second
Pauli matrix. CI symmetry guarantees that the system
does not exhibit the non-Hermitian skin e↵ect and there-
fore the conventional bulk-edge correspondence is still
valid [15, 24, 25]. The topological nature of the system
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FIG. 3. Average number of lasing bulk (dashed line) and edge
(solid line) modes as a function of |J |, for di↵erent tempera-
tures. The EP is indicated by a black line, and the PT -broken
regime is where |J | < |J̃ + ↵!. Note that these simulations
were only run for 4⇡�Mt = 105 and this is therefore only a
snapshot of the number of lasing modes.

therefore not all modes might have started lasing yet. We
return to this issue in Sec. IV B. Again, the number of
lasing modes increases as a function of temperature. In
between there is a transitional regime, instead of a sharp
transition at the EP, due to the non-linear and stochastic
e↵ects. This indicates that, depending on the operating
temperature, it is necessary to stay further away from
the EP as one might initially expect. This might also
have implications for applications using the exceptional
point, such as enhanced sensing [32, 33] and encircling
the exceptional point [34].

A. Sensitivity to perturbations

We now consider three main perturbations present in
any experimental realization of the system: (1) the dis-
sipative coupling modulated by spin-waves travelling in
the metallic spacer layer, (2) the dipole-dipole coupling
between the macrospins of the STOs and (3) variations
in the parameters of the individual STOs. Our main in-
terest is whether the edge state will still start lasing, and
how many bulk modes start lasing alongside.

We first consider the dissipative coupling G, G̃, induced
by the metallic spacer layer. This coupling is known to
synchronize STOs [28]. Since it is modulated by the
metallic spacer layer, it can be tuned to an extent, by
choosing a spacer layer with a certain spin relaxation.
It is also possible to choose the nano-pillar geometry for
the STOs, where the metallic spacer layer does not ex-
tend in-between the STOs and therefore no spin waves
can propagate, thus suppressing the dissipative coupling
[20].

We vary the dissipative coupling Gi = G̃i = G, the
results of which are shown in Fig. 4a. For small dissi-
pative coupling G there is almost no e↵ect, but when

G > 10�3 there is a transition, and the edge mode lasing
is suppressed. We attribute this to the fact that the in-
jection of current is no longer strong enough to overcome
the dissipation in the system. This result thus suggests
that it is desirable to design a system where the dissi-
pative coupling is weak, such as by using the nano-pillar
geometry. It is noteworthy that not all modes will start
to lase, even though the bulk modes all gain a non-zero
imaginary energy in the linear dynamics. This can be ex-
plained by the fact that the injected spin-current is not
strong enough to overcome the dissipative coupling.

Next, we discuss the dipole-dipole coupling, which is
present in any magnetic system. It has also been known
to synchronize the precession in STOs [28], making it rel-
evant to consider here. The dipolar coupling is mainly
determined by the spacing between the STOs, and the re-
sults here are highly relevant for the specific experimental
realization of this STO array. We vary the dipolar cou-
pling strength ⌦d for di↵erent temperatures, as shown
in Fig. 4b. For small ⌦d we see no changes, and only
for ⌦d > 10�3 the bulk modes will start to lase. For
STOs of typical dimensions 10 ⇥ 10 ⇥ 10 nm and sepa-
ration distance 10 nm, ⌦d ⇡ 10�3, indicating that the
dipole-dipole interaction puts an lower limit on the spac-
ing between STOs. Of course, for di↵erent implemen-
tations this might not hold, especially if the size of the
STOs increases.

In any experimental setup there will be small varia-
tions between the individual STOs. Since the system
considered here is only PT -symmetric if the dissipation
is balanced with the driving, even small variations in any
parts of the STO involved in the driving and dissipa-
tion processes might break the PT -symmetry. Since the
topological classification of this system is based on the
PT -symmetry it is useful to consider the e↵ect of break-
ing this symmetry.

In order to model this we consider an array with small
variations in the individual frequencies !i, by assuming
they are normally distributed with standard deviation
�! and mean !. If the local spin-transfer torque is kept
constant at Js = 2↵! throughout the array, this system
is therefore no longer PT -symmetric. This represents
the experimental setup of using one current source for all
STOs in the array, instead of using individual sources,
which could complicate the experimental setup consider-
ably. The number of lasing modes is shown in Fig. 4c,
where it is clear that as the variance is increased, more
modes start lasing. The disorder we introduce breaks the
PT -symmetry, and the edge states are no longer topolog-
ically protected. The bulk modes are therefore no longer
suppressed and can start lasing. We also modelled the
case where Js,i = 2↵!i, i.e. where the STOs are individ-
ually driven. This did not a↵ect the results, indicating
that it is not just the local PT -symmetry, but rather the
PT -symmetry of the complete array that protects the
edge states. The robustness of non-Hermitian topologi-
cal states against disorder is still poorly understood, but
in the linear dynamics with variance �! the bulk modes

Nonlocal damping/spin pumping through 

via metallic spacers  nnnnnnnnnnnnnnnn   J ! J � iG!0
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FIG. 4. Average number of lasing bulk (dashed line) and edge (solid line) modes for di↵erent disturbances that will always be
present in any realistic system. (a) As a function of the strength of the dissipative coupling Gi = G̃i = G, which is mediated
by the spacer layers between the STOs. (b) As a function of the dipole-dipole coupling strength ⌦d, which can be tuned by
the spacing between the STOs (c) As function of the variation of the individual FMR-frequency !⌘,i, chosen from a normal
distribution with mean !/4⇡�M = 0.5 and standard deviation �!.

also gain a non-zero imaginary component. This is thus
not a non-linear or stochastic e↵ect, although they might
serve to exacerbate the problem.

We can thus conclude that the non-Hermitian SSH
chain can be experimentally realized using STOs, but
care needs to be taken to control the dissipative coupling
and the variations between STOs.

B. Nucleation

The proccesses considered here are fully stochastic, and
so is the lasing of the edge mode: there is a finite chance
for the edge mode to start lasing. It is therefore possi-
ble that even in the topological phase, the edge mode
might not start lasing at reasonable time scales. We
therefore consider here the nucleation times of the las-
ing edge modes.

As before, we prepare our system in thermal equilib-
rium, and turn on the spin-current at t = 0. In Fig. 5
we show the average time until the edge mode starts las-
ing, as a function of temperature. It is clear that the
time until the edge mode starts lasing follows an expo-
nential distribution as a function of time. Moreover, for
low intra-cell coupling J , the average time decreases. We
therefore explain this as the overcoming of an energy bar-
rier and the probability of the edge mode to start lasing
is

P1 / exp


� �E

kBT

�
, (5)

where �E is the energy di↵erence between the state with
no modes lasing and the state with a lasing edge mode.
The nucleation problem also illustrates that the finite
runtimes inherent with numerical simulations might not
be representative of experiments. Since the nucleation
is a stochastic process, it is possible that for longer run-
times, such as seconds, all modes will start lasing. In

FIG. 5. The average time for the edge mode to start lasing.
These simulations are all in the non-broken PT -regime. Note
that typical FMR frequencies are of the order GHz, such that
these times are in the order of 1 µs to 100 µs. The error bars
show one first standard deviation.

order to have robust isolated edge modes, these devices
might therefore be limited to short runtimes only, espe-
cially at higher temperatures. The opposite problem of
course also exist, where one has to wait a relatively long
time for the edge mode to start lasing. The nucleation
time can however be tuned with the exchange coupling,
as we have shown in Fig. 5.

V. COMPARISON TO PHOTONICS SYSTEMS

The array of STOs considered here is very similar to
the photonic microring resonators as experimentally re-
alized in Ref. [9]. Even though the excitations, magnons
and photons, considered are di↵erent the dynamics of
the system are similar. Up to linear order, both the mi-
croring resonator array and the STO array considered
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also gain a non-zero imaginary component. This is thus
not a non-linear or stochastic e↵ect, although they might
serve to exacerbate the problem.

We can thus conclude that the non-Hermitian SSH
chain can be experimentally realized using STOs, but
care needs to be taken to control the dissipative coupling
and the variations between STOs.
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so is the lasing of the edge mode: there is a finite chance
for the edge mode to start lasing. It is therefore possi-
ble that even in the topological phase, the edge mode
might not start lasing at reasonable time scales. We
therefore consider here the nucleation times of the las-
ing edge modes.
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rium, and turn on the spin-current at t = 0. In Fig. 5
we show the average time until the edge mode starts las-
ing, as a function of temperature. It is clear that the
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order to have robust isolated edge modes, these devices
might therefore be limited to short runtimes only, espe-
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course also exist, where one has to wait a relatively long
time for the edge mode to start lasing. The nucleation
time can however be tuned with the exchange coupling,
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The discovery of giant magnetoresistance (GMR) in 19881,2 
laid the foundations for the !eld of spintronics. In turn, this 
revolutionized data storage through the development of the 

GMR hard-drive read head, allowing immense storage capacities. 
But GMR, and more recently tunnel magnetoresistance3 (TMR)-
based sensors, are passive elements dedicated to the readout of 
magnetic states in nanostructures. A means to actively manipulate 
the magnetization of nano-objects was provided by the discovery of 
spin torque (ST), thus promoting spintronic devices to the rank of 
active elements. Indeed, this e"ect, which was predicted in 19964,5 
and !rst observed around 20006–9, allows for the e#cient manipu-
lation of magnetic con!gurations without the assistance of exter-
nal magnetic !elds (not compatible with downscaling) through a 
simple transfer of angular momentum from spin-polarized carriers 
to local magnetic moments. Consequently, a class of new devices 
based on the combined e"ects of spin torque for writing and GMR 
or TMR for reading has emerged. $e second generation of mag-
netic random access memories (MRAMs) based on spin-torque 
writing, called ST-MRAM, is under industrial development and has 
the potential to replace current cache memory technologies in the 
next few years thanks to its speed, density, low power consumption 
and almost unlimited endurance10. In this Progress Article, we will 
show that spin-torque nanodevices are in fact far from limited to 
binary memories.

Spin-torque basics
$e typical structure of spin-torque devices is a non-magnetic layer 
sandwiched between two thin nanomagnets (Fig.  1a). One of the 
layers has its magnetization !xed (M!xed), whereas the second one 
(Mfree) is free to move. When a current is injected through the mag-
netic stack, the carriers get spin polarized while passing through the 
ferromagnets. If the magnetizations M!xed and Mfree are not collinear, 
as illustrated in Fig. 1a, then the polarized spins coming in on the free 
layer are not aligned with Mfree. However, while passing through the 
free layer, these spins will align with Mfree due to the exchange inter-
action. During this process, the spins associated with the conduction 
electrons lose their component transverse to Mfree. By conservation 
of angular momentum, this lost spin component is transferred to 
the free layer in the form of a torque, which is known as the spin-
transfer torque. $e spin torque can rotate the magnetization of the 
free layer towards or away from the !xed layer, depending on the 
sign of the injected current. As predicted in the pioneering works of 

Spin-torque building blocks
N. Locatelli, V. Cros and J. Grollier*

The discovery of the spin-torque e!ect has made magnetic nanodevices realistic candidates for active elements of memory 
devices and applications. Magnetoresistive e!ects allow the read-out of increasingly small magnetic bits, and the spin torque 
provides an e"cient tool to manipulate — precisely, rapidly and at low energy cost — the magnetic state, which is in turn the 
central information medium of spintronic devices. By keeping the same magnetic stack, but by tuning a device’s shape and 
bias conditions, the spin torque can be engineered to build a variety of advanced magnetic nanodevices. Here we show that by 
assembling these nanodevices as building blocks with di!erent functionalities, novel types of computing architecture can be 
envisaged. We focus in particular on recent concepts such as magnonics and spintronic neural networks.

Slonczewski4 and Berger5, the spin-torque amplitude is proportional 
to the current density, requiring approximately 107 A cm–2 to switch 
a magnetization at zero !eld. A decisive advantage of spin torque 
is that the smaller the device dimensions are, the lower the current 
that is needed to manipulate the magnetic state. A&er a decade of 
intense research and development, the excellent scalability of spin 
torque has been recently highlighted with low-current (<30  μA) 
spin-torque magnetization switching at room temperature in 
20-nm-diameter junctions, compatible with 22-nm complementary 
metal–oxide–semiconductor (CMOS) technology11.

$e general principle of spin-torque nanodevices is depicted in 
Fig. 1b. A current is injected through the trilayer structure. Under 
the action of spin torque, magnetization dynamics are generated. 
$is magnetization motion is converted into resistance and voltage 
variations thanks to the trilayer magnetoresistive e"ect, GMR or 
TMR, depending on the stack.

$e spin torque has two contributions, called in-plane and out-
of-plane torques12,13, that provide two di"erent handles with which 
to manipulate the magnetization. As illustrated in Fig. 1c, the in-
plane torque TIP lies in the plane de!ned by Mfree and M!xed, while 
the out-of-plane torque TOOP points out of it, resulting in very dif-
ferent actions of each torque on the magnetization. $e case shown 
in Fig. 1c, where M!xed and the e"ective magnetic !eld are aligned, 
emphasizes the di"erence between the torques. In the absence of 
current, when Mfree is displaced out of its equilibrium position, it 
is subjected to the e"ective-!eld torque T!eld that drives it into pre-
cession around the e"ective !eld, and the damping torque Tdamping 
that brings it back to its equilibrium position. When the current is 
turned on, TIP is aligned with Tdamping while TOOP is parallel to T!eld. 
Depending on the current sign, TIP will then either reinforce the 
damping or act as an anti-damping source. $e in-plane torque is 
therefore useful for stabilizing the magnetization in its equilibrium 
position, or, on the contrary, to destabilize it to bring it to another 
equilibrium situation. As for the out-of-plane torque, o&en called 
!eld-like torque, it can emulate the action of a !eld on Mfree, which 
means that it can modify the energy landscape seen by the magneti-
zation. $e current dependence of TOOP is generally more complex 
than TIP. Although TOOP is practically zero in metallic spin-valves, it 
can reach 40% of TIP in magnetic tunnel junctions14. 

By adjusting the relative amplitude of the in-plane and out-of-
plane torques by tailoring material properties and geometry design, 
as well as the form of the injected current, the voltage response 
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leads to a robust asymmetric jump to a final state that is different
for a clockwise and a counterclockwise loop. The resulting
asymmetric transmission is a result of the breakdown of the
adiabaticity. Topological operations close to an EP—that is,
performed in a closed circuit irrespective of its precise geometry
—thus achieve certain goals depending solely on whether the
encircling is adiabatic or non-adiabatic in nature. This topological
energy transport around an EP has been experimentally verified
in a microwave cavity experiment4, a designed waveguide
structure5 and an optomechanical setup6 (among others) and
may find applications in quantum control and switching.

Dirac points in topological photonics. Hermitian photonics
crystals or waveguide arrays can be engineered to possess a dif-
ferent type of degeneracy: a Dirac point, that is, a linear band
crossing point in the Brillouin zone where the conduction and
valence bands touch each other (Fig. 1b). The Dirac point can
separate distinct topological phases and mark the creation or
annihilation of gapless edge modes1,7, but trivial Dirac points
without a topological transition also exist.

In a topological insulator, gapless edge modes are protected by
time-reversal and crystal symmetry, and the band structure of a
topological insulator is topologically distinct from that of a
conventional insulator. The Hamiltonians describing this band
structures cannot be deformed smoothly into each other without
closing the energy gap at the degeneracy, in the same topological
manner as a Möbius strip cannot be deformed into a hollow
cylinder without cutting the surface. The topological phases can
be characterized by the Chern number C, which is a topological

quantum number. It is defined by the Berry phase equal to 2πC,
which can be calculated by considering the integral of the Berry
curvature around a band degeneracy over a closed manifold in the
Brillion zone. Because the Chern number is insensitive to the
local geometry of the manifold, states at an interface of two
topologically distinct materials (characterized by different Chern
numbers), can propagate undisturbed, even in the presence of
disorder.

Despite the striking similarities between non-Hermitian and
topological photonics, for instance—both have degeneracies and
non-vanishing Berry phase—the two have a few characteristics
that set them apart: firstly, the modes become parallel at an EP,
whereas they remain linearly orthogonal at a Dirac point;
secondly, the Dirac point manifests robust interface states—a
topological consequence very different from the adiabatic state
flipping at an EP. Nevertheless, the similarity between the two
types of degeneracies has recently been revealed by a complex
perturbation, in terms of radiation loss, to an otherwise
conservative photonic crystal slab. The perturbation forces the
Dirac point to bifurcate in a continuous ring of EPs, forming an
exceptional ring in reciprocal space8.

Combining non-Hermitian and topological photonics. The
dichotomy and similarity between topological characters of a
non-Hermitian EP and a Hermitian band degeneracy leads to a
natural question: what benefits can be harvested from the inter-
play between optical non-Hermiticity and topological physics? A
straightforward answer is that the efficient manipulation of gain
and loss using non-Hermiticity can selectively enhance the
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Fig. 1 The topology of exceptional point and Dirac point degeneracies. A generic photonic non-Hermitian system is composed of coupled gain and loss
materials such as ring resonators (inset of a). An exceptional point (EP) can appear in the frequency spectrum of such a system at some critical values of
the coupling and the gain/loss coefficient. The topological properties of a second-order EP are best understood by two Riemann surfaces (shown in blue
and brown colours) connected at the square root branch point. The two surfaces represent two eigenfrequencies with complex values. An encircling of the
EP can be induced by suitable parameter changes. Starting on the upper surface, one ends up on the lower surface after one round and vice versa (the
states move smoothly from one surface to the other). Encircling twice brings one back to the initial point, but the modes acquire a π-Berry phase; after 4
cycles, the modes return to their starting phases. For a non-adiabatic encircling, the states suddenly jump from one surface to the other, leading to different
final states depending on the direction of encircling (not shown). A schematic of a topological band structure near the Dirac point degeneracy is shown in
(b). The Berry phase, calculated over a closed loop in the Brillion zone, is related to the topological invariant, known as the Chern number. The gapless edge
mode (red dashed line) connects the conduction and valence band. Such an edge state propagates along the interfaces formed by topologically different
materials (see red line in the inset). Between the panels, we schematically point out the fundamental degeneracies associated with non-Hermitian and
topological photonics
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<latexit sha1_base64="YBp9a3mn2gHy5au/DnjlPF1OKPk=">AAAB73icbVBNS8NAEN34WetX1aOXxSIIQkmqoMeiF48V7Ae0oWw2k3bpZhN3J0Ip/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYNEmmOTR4IhPdDpgBKRQ0UKCEdqqBxYGEVjC8nfqtJ9BGJOoBRyn4MesrEQnO0EptPO+GIJH1SmW34s5Al4mXkzLJUe+VvrphwrMYFHLJjOl4bor+mGkUXMKk2M0MpIwPWR86lioWg/HHs3sn9NQqIY0SbUshnam/J8YsNmYUB7YzZjgwi95U/M/rZBhd+2Oh0gxB8fmiKJMUEzp9noZCA0c5soRxLeytlA+YZhxtREUbgrf48jJpViveRaV6f1mu3eRxFMgxOSFnxCNXpEbuSJ00CCeSPJNX8uY8Oi/Ou/Mxb11x8pkj8gfO5w/R8Y/T</latexit>

t� �
<latexit sha1_base64="9y2nREyqzyxuRS6f5lEQgtmxH1A=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4sSRV0GPRi8cK9gPaUDabSbt0s4m7E6GU/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmiTTHBo8kYluB8yAFAoaKFBCO9XA4kBCKxjeTv3WE2gjEvWAoxT8mPWViARnaKU2nndDkMh6pbJbcWegy8TLSZnkqPdKX90w4VkMCrlkxnQ8N0V/zDQKLmFS7GYGUsaHrA8dSxWLwfjj2b0TemqVkEaJtqWQztTfE2MWGzOKA9sZMxyYRW8q/ud1Moyu/bFQaYag+HxRlEmKCZ0+T0OhgaMcWcK4FvZWygdMM442oqINwVt8eZk0qxXvolK9vyzXbvI4CuSYnJAz4pErUiN3pE4ahBNJnskreXMenRfn3fmYt644+cwR+QPn8wfVBY/V</latexit>

asymmetric 

coupling

Skin effect 
For decades, the application of topology to condensed matter has 

relied on Bloch theory and the bulk-edge correspondence 

These principles hold for Hermitian systems, 

not always for non-Hermitian systems

Consequence: Skin effect
macroscopic accumulation of bulk states at a boundary of the system

~ Recall bulk wave functions are delocalized in Bloch’s theory

Understood and experimentally realized (in meta-materials and photonic 
systems) in the context of the one-dimensional asymmetric SSH model

~ pile-up of bulk modes due to imbalance hopping in the left and right directions

Higher dimensions?
Naturally-occurring solid 

state systems?



Our model 

Coupling
<latexit sha1_base64="XzNOLvjRlqrlfDhzjfvU9ocyJ8s=">AAAB+HicbZDNSgMxFIUz9a/Wn1ZdugkWwVWZEUEXLgrduKxgW6EdSibNtKGZZEhuxDr0Sdy4UMStj+LOtzFtZ6GtBwIf597LvTlRKrgB3//2CmvrG5tbxe3Szu7efrlycNg2ymrKWlQJpe8jYpjgkrWAg2D3qWYkiQTrROPGrN55YNpwJe9gkrIwIUPJY04JOKtfKfeAPULWUNZtk8Npv1L1a/5ceBWCHKooV7Nf+eoNFLUJk0AFMaYb+CmEGdHAqWDTUs8alhI6JkPWdShJwkyYzQ+f4lPnDHCstHsS8Nz9PZGRxJhJErnOhMDILNdm5n+1roX4Ksy4TC0wSReLYiswKDxLAQ+4ZhTExAGhmrtbMR0RTSi4rEouhGD5y6vQPq8Fjm8vqvXrPI4iOkYn6AwF6BLV0Q1qohaiyKJn9IrevCfvxXv3PhatBS+fOUJ/5H3+AHh0k5U=</latexit><latexit sha1_base64="XzNOLvjRlqrlfDhzjfvU9ocyJ8s=">AAAB+HicbZDNSgMxFIUz9a/Wn1ZdugkWwVWZEUEXLgrduKxgW6EdSibNtKGZZEhuxDr0Sdy4UMStj+LOtzFtZ6GtBwIf597LvTlRKrgB3//2CmvrG5tbxe3Szu7efrlycNg2ymrKWlQJpe8jYpjgkrWAg2D3qWYkiQTrROPGrN55YNpwJe9gkrIwIUPJY04JOKtfKfeAPULWUNZtk8Npv1L1a/5ceBWCHKooV7Nf+eoNFLUJk0AFMaYb+CmEGdHAqWDTUs8alhI6JkPWdShJwkyYzQ+f4lPnDHCstHsS8Nz9PZGRxJhJErnOhMDILNdm5n+1roX4Ksy4TC0wSReLYiswKDxLAQ+4ZhTExAGhmrtbMR0RTSi4rEouhGD5y6vQPq8Fjm8vqvXrPI4iOkYn6AwF6BLV0Q1qohaiyKJn9IrevCfvxXv3PhatBS+fOUJ/5H3+AHh0k5U=</latexit><latexit sha1_base64="XzNOLvjRlqrlfDhzjfvU9ocyJ8s=">AAAB+HicbZDNSgMxFIUz9a/Wn1ZdugkWwVWZEUEXLgrduKxgW6EdSibNtKGZZEhuxDr0Sdy4UMStj+LOtzFtZ6GtBwIf597LvTlRKrgB3//2CmvrG5tbxe3Szu7efrlycNg2ymrKWlQJpe8jYpjgkrWAg2D3qWYkiQTrROPGrN55YNpwJe9gkrIwIUPJY04JOKtfKfeAPULWUNZtk8Npv1L1a/5ceBWCHKooV7Nf+eoNFLUJk0AFMaYb+CmEGdHAqWDTUs8alhI6JkPWdShJwkyYzQ+f4lPnDHCstHsS8Nz9PZGRxJhJErnOhMDILNdm5n+1roX4Ksy4TC0wSReLYiswKDxLAQ+4ZhTExAGhmrtbMR0RTSi4rEouhGD5y6vQPq8Fjm8vqvXrPI4iOkYn6AwF6BLV0Q1qohaiyKJn9IrevCfvxXv3PhatBS+fOUJ/5H3+AHh0k5U=</latexit><latexit sha1_base64="XzNOLvjRlqrlfDhzjfvU9ocyJ8s=">AAAB+HicbZDNSgMxFIUz9a/Wn1ZdugkWwVWZEUEXLgrduKxgW6EdSibNtKGZZEhuxDr0Sdy4UMStj+LOtzFtZ6GtBwIf597LvTlRKrgB3//2CmvrG5tbxe3Szu7efrlycNg2ymrKWlQJpe8jYpjgkrWAg2D3qWYkiQTrROPGrN55YNpwJe9gkrIwIUPJY04JOKtfKfeAPULWUNZtk8Npv1L1a/5ceBWCHKooV7Nf+eoNFLUJk0AFMaYb+CmEGdHAqWDTUs8alhI6JkPWdShJwkyYzQ+f4lPnDHCstHsS8Nz9PZGRxJhJErnOhMDILNdm5n+1roX4Ksy4TC0wSReLYiswKDxLAQ+4ZhTExAGhmrtbMR0RTSi4rEouhGD5y6vQPq8Fjm8vqvXrPI4iOkYn6AwF6BLV0Q1qohaiyKJn9IrevCfvxXv3PhatBS+fOUJ/5H3+AHh0k5U=</latexit>

Gain
<latexit sha1_base64="XhEtPLNR+pnpay7GFtrmUult5M0=">AAAB8nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHrwUPCgxwq2FtJQNttNu3SzG3YnYgn9GV48KOLVX+PNf+O2zUFbX1h4eGeGnXmjVHCDnvftlFZW19Y3ypuVre2d3b3q/kHbqExT1qJKKN2JiGGCS9ZCjoJ1Us1IEgn2EI2up/WHR6YNV/IexykLEzKQPOaUoLWCLrInzG8Il5NetebVvZncZfALqEGhZq/61e0rmiVMIhXEmMD3UgxzopFTwSaVbmZYSuiIDFhgUZKEmTCfrTxxT6zTd2Ol7ZPoztzfEzlJjBknke1MCA7NYm1q/lcLMowvw5zLNEMm6fyjOBMuKnd6v9vnmlEUYwuEam53demQaELRplSxIfiLJy9D+6zuW747rzWuijjKcATHcAo+XEADbqEJLaCg4Ble4c1B58V5dz7mrSWnmDmEP3I+fwCtYZF6</latexit><latexit sha1_base64="XhEtPLNR+pnpay7GFtrmUult5M0=">AAAB8nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHrwUPCgxwq2FtJQNttNu3SzG3YnYgn9GV48KOLVX+PNf+O2zUFbX1h4eGeGnXmjVHCDnvftlFZW19Y3ypuVre2d3b3q/kHbqExT1qJKKN2JiGGCS9ZCjoJ1Us1IEgn2EI2up/WHR6YNV/IexykLEzKQPOaUoLWCLrInzG8Il5NetebVvZncZfALqEGhZq/61e0rmiVMIhXEmMD3UgxzopFTwSaVbmZYSuiIDFhgUZKEmTCfrTxxT6zTd2Ol7ZPoztzfEzlJjBknke1MCA7NYm1q/lcLMowvw5zLNEMm6fyjOBMuKnd6v9vnmlEUYwuEam53demQaELRplSxIfiLJy9D+6zuW747rzWuijjKcATHcAo+XEADbqEJLaCg4Ble4c1B58V5dz7mrSWnmDmEP3I+fwCtYZF6</latexit><latexit sha1_base64="XhEtPLNR+pnpay7GFtrmUult5M0=">AAAB8nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHrwUPCgxwq2FtJQNttNu3SzG3YnYgn9GV48KOLVX+PNf+O2zUFbX1h4eGeGnXmjVHCDnvftlFZW19Y3ypuVre2d3b3q/kHbqExT1qJKKN2JiGGCS9ZCjoJ1Us1IEgn2EI2up/WHR6YNV/IexykLEzKQPOaUoLWCLrInzG8Il5NetebVvZncZfALqEGhZq/61e0rmiVMIhXEmMD3UgxzopFTwSaVbmZYSuiIDFhgUZKEmTCfrTxxT6zTd2Ol7ZPoztzfEzlJjBknke1MCA7NYm1q/lcLMowvw5zLNEMm6fyjOBMuKnd6v9vnmlEUYwuEam53demQaELRplSxIfiLJy9D+6zuW747rzWuijjKcATHcAo+XEADbqEJLaCg4Ble4c1B58V5dz7mrSWnmDmEP3I+fwCtYZF6</latexit><latexit sha1_base64="XhEtPLNR+pnpay7GFtrmUult5M0=">AAAB8nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHrwUPCgxwq2FtJQNttNu3SzG3YnYgn9GV48KOLVX+PNf+O2zUFbX1h4eGeGnXmjVHCDnvftlFZW19Y3ypuVre2d3b3q/kHbqExT1qJKKN2JiGGCS9ZCjoJ1Us1IEgn2EI2up/WHR6YNV/IexykLEzKQPOaUoLWCLrInzG8Il5NetebVvZncZfALqEGhZq/61e0rmiVMIhXEmMD3UgxzopFTwSaVbmZYSuiIDFhgUZKEmTCfrTxxT6zTd2Ol7ZPoztzfEzlJjBknke1MCA7NYm1q/lcLMowvw5zLNEMm6fyjOBMuKnd6v9vnmlEUYwuEam53demQaELRplSxIfiLJy9D+6zuW747rzWuijjKcATHcAo+XEADbqEJLaCg4Ble4c1B58V5dz7mrSWnmDmEP3I+fwCtYZF6</latexit>

Output
<latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit> Input

<latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit>

Output
<latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit><latexit sha1_base64="UO6QCKapIsAO0Hp9QXswja9RO9I=">AAAB9HicbZA9SwNBEIb3/IzxK2ppsxgEq3AnghYWARs7I5gPSI6wt5lLluztnbtzwXDkd9hYKGLrj7Hz37hJrtDEFxYe3plhZ94gkcKg6347K6tr6xubha3i9s7u3n7p4LBh4lRzqPNYxroVMANSKKijQAmtRAOLAgnNYHgzrTdHoI2I1QOOE/Aj1lciFJyhtfwOwhNmdykmKU66pbJbcWeiy+DlUCa5at3SV6cX8zQChVwyY9qem6CfMY2CS5gUO6mBhPEh60PbomIRGD+bLT2hp9bp0TDW9imkM/f3RMYiY8ZRYDsjhgOzWJua/9XaKYZXfiaUPQkUn38UppJiTKcJ0J7QwFGOLTCuhd2V8gHTjKPNqWhD8BZPXobGecWzfH9Rrl7ncRTIMTkhZ8Qjl6RKbkmN1Aknj+SZvJI3Z+S8OO/Ox7x1xclnjsgfOZ8/oROSoA==</latexit>

Input
<latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit><latexit sha1_base64="7Lq+4pwpoQeJemfWCDrc/iEr7W0=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfTgoeBFbxVsLTShbLbTdulmE3YnYgn9G148KOLVP+PNf+OmzUFbX1h4eGeGnXnDRAqDrvvtlFZW19Y3ypuVre2d3b3q/kHbxKnm0OKxjHUnZAakUNBCgRI6iQYWhRIewvF1Xn94BG1ErO5xkkAQsaESA8EZWsv3EZ4wu1VJitNetebW3ZnoMngF1EihZq/65fdjnkagkEtmTNdzEwwyplFwCdOKnxpIGB+zIXQtKhaBCbLZzlN6Yp0+HcTaPoV05v6eyFhkzCQKbWfEcGQWa7n5X62b4uAyyER+Eig+/2iQSooxzQOgfaGBo5xYYFwLuyvlI6YZRxtTxYbgLZ68DO2zumf57rzWuCriKJMjckxOiUcuSIPckCZpEU4S8kxeyZuTOi/Ou/Mxby05xcwh+SPn8wezHJIV</latexit>

YIG
<latexit sha1_base64="nQ3s65BukjoeFnMuRYL4R61+nxU=">AAAB8XicbZC7SgNBFIZn4y3GW9TSZjAIVmFXBC0sAhZqF8FcNFnC7ORsMmR2dpk5K4Ylb2FjoYitb2Pn2zi5FJr4w8DHf85hzvmDRAqDrvvt5JaWV1bX8uuFjc2t7Z3i7l7dxKnmUOOxjHUzYAakUFBDgRKaiQYWBRIaweByXG88gjYiVnc4TMCPWE+JUHCG1npoIzxhdn9zNeoUS27ZnYgugjeDEpmp2il+tbsxTyNQyCUzpuW5CfoZ0yi4hFGhnRpIGB+wHrQsKhaB8bPJxiN6ZJ0uDWNtn0I6cX9PZCwyZhgFtjNi2DfztbH5X62VYnjuZ0IlKYLi04/CVFKM6fh82hUaOMqhBca1sLtS3meacbQhFWwI3vzJi1A/KXuWb09LlYtZHHlyQA7JMfHIGamQa1IlNcKJIs/klbw5xnlx3p2PaWvOmc3skz9yPn8AoM2Q2g==</latexit><latexit sha1_base64="nQ3s65BukjoeFnMuRYL4R61+nxU=">AAAB8XicbZC7SgNBFIZn4y3GW9TSZjAIVmFXBC0sAhZqF8FcNFnC7ORsMmR2dpk5K4Ylb2FjoYitb2Pn2zi5FJr4w8DHf85hzvmDRAqDrvvt5JaWV1bX8uuFjc2t7Z3i7l7dxKnmUOOxjHUzYAakUFBDgRKaiQYWBRIaweByXG88gjYiVnc4TMCPWE+JUHCG1npoIzxhdn9zNeoUS27ZnYgugjeDEpmp2il+tbsxTyNQyCUzpuW5CfoZ0yi4hFGhnRpIGB+wHrQsKhaB8bPJxiN6ZJ0uDWNtn0I6cX9PZCwyZhgFtjNi2DfztbH5X62VYnjuZ0IlKYLi04/CVFKM6fh82hUaOMqhBca1sLtS3meacbQhFWwI3vzJi1A/KXuWb09LlYtZHHlyQA7JMfHIGamQa1IlNcKJIs/klbw5xnlx3p2PaWvOmc3skz9yPn8AoM2Q2g==</latexit><latexit sha1_base64="nQ3s65BukjoeFnMuRYL4R61+nxU=">AAAB8XicbZC7SgNBFIZn4y3GW9TSZjAIVmFXBC0sAhZqF8FcNFnC7ORsMmR2dpk5K4Ylb2FjoYitb2Pn2zi5FJr4w8DHf85hzvmDRAqDrvvt5JaWV1bX8uuFjc2t7Z3i7l7dxKnmUOOxjHUzYAakUFBDgRKaiQYWBRIaweByXG88gjYiVnc4TMCPWE+JUHCG1npoIzxhdn9zNeoUS27ZnYgugjeDEpmp2il+tbsxTyNQyCUzpuW5CfoZ0yi4hFGhnRpIGB+wHrQsKhaB8bPJxiN6ZJ0uDWNtn0I6cX9PZCwyZhgFtjNi2DfztbH5X62VYnjuZ0IlKYLi04/CVFKM6fh82hUaOMqhBca1sLtS3meacbQhFWwI3vzJi1A/KXuWb09LlYtZHHlyQA7JMfHIGamQa1IlNcKJIs/klbw5xnlx3p2PaWvOmc3skz9yPn8AoM2Q2g==</latexit><latexit sha1_base64="nQ3s65BukjoeFnMuRYL4R61+nxU=">AAAB8XicbZC7SgNBFIZn4y3GW9TSZjAIVmFXBC0sAhZqF8FcNFnC7ORsMmR2dpk5K4Ylb2FjoYitb2Pn2zi5FJr4w8DHf85hzvmDRAqDrvvt5JaWV1bX8uuFjc2t7Z3i7l7dxKnmUOOxjHUzYAakUFBDgRKaiQYWBRIaweByXG88gjYiVnc4TMCPWE+JUHCG1npoIzxhdn9zNeoUS27ZnYgugjeDEpmp2il+tbsxTyNQyCUzpuW5CfoZ0yi4hFGhnRpIGB+wHrQsKhaB8bPJxiN6ZJ0uDWNtn0I6cX9PZCwyZhgFtjNi2DfztbH5X62VYnjuZ0IlKYLi04/CVFKM6fh82hUaOMqhBca1sLtS3meacbQhFWwI3vzJi1A/KXuWb09LlYtZHHlyQA7JMfHIGamQa1IlNcKJIs/klbw5xnlx3p2PaWvOmc3skz9yPn8AoM2Q2g==</latexit>

Field
<latexit sha1_base64="M6yr/8CqTYOL/69EwhfKH9WcAnw=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSERRPBUE8VrC10ISy2UzbpZtN2J2IJfRvePGgiFf/jDf/jds2B219YeHhnRlm9g1TKQy67rdTWlldW98ob1a2tnd296r7B22TZJpDiycy0Z2QGZBCQQsFSuikGlgcSngIR9fT+sMjaCMSdY/jFIKYDZToC87QWr6P8IT5jQAZTXrVmlt3Z6LL4BVQI4WaveqXHyU8i0Ehl8yYruemGORMo+ASJhU/M5AyPmID6FpULAYT5LObJ/TEOhHtJ9o+hXTm/p7IWWzMOA5tZ8xwaBZrU/O/WjfD/mWQC5VmCIrPF/UzSTGh0wBoJDRwlGMLjGthb6V8yDTjaGOq2BC8xS8vQ/us7lm+O681roo4yuSIHJNT4pEL0iC3pElahJOUPJNX8uZkzovz7nzMW0tOMXNI/sj5/AFvbJHn</latexit><latexit sha1_base64="M6yr/8CqTYOL/69EwhfKH9WcAnw=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSERRPBUE8VrC10ISy2UzbpZtN2J2IJfRvePGgiFf/jDf/jds2B219YeHhnRlm9g1TKQy67rdTWlldW98ob1a2tnd296r7B22TZJpDiycy0Z2QGZBCQQsFSuikGlgcSngIR9fT+sMjaCMSdY/jFIKYDZToC87QWr6P8IT5jQAZTXrVmlt3Z6LL4BVQI4WaveqXHyU8i0Ehl8yYruemGORMo+ASJhU/M5AyPmID6FpULAYT5LObJ/TEOhHtJ9o+hXTm/p7IWWzMOA5tZ8xwaBZrU/O/WjfD/mWQC5VmCIrPF/UzSTGh0wBoJDRwlGMLjGthb6V8yDTjaGOq2BC8xS8vQ/us7lm+O681roo4yuSIHJNT4pEL0iC3pElahJOUPJNX8uZkzovz7nzMW0tOMXNI/sj5/AFvbJHn</latexit><latexit sha1_base64="M6yr/8CqTYOL/69EwhfKH9WcAnw=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSERRPBUE8VrC10ISy2UzbpZtN2J2IJfRvePGgiFf/jDf/jds2B219YeHhnRlm9g1TKQy67rdTWlldW98ob1a2tnd296r7B22TZJpDiycy0Z2QGZBCQQsFSuikGlgcSngIR9fT+sMjaCMSdY/jFIKYDZToC87QWr6P8IT5jQAZTXrVmlt3Z6LL4BVQI4WaveqXHyU8i0Ehl8yYruemGORMo+ASJhU/M5AyPmID6FpULAYT5LObJ/TEOhHtJ9o+hXTm/p7IWWzMOA5tZ8xwaBZrU/O/WjfD/mWQC5VmCIrPF/UzSTGh0wBoJDRwlGMLjGthb6V8yDTjaGOq2BC8xS8vQ/us7lm+O681roo4yuSIHJNT4pEL0iC3pElahJOUPJNX8uZkzovz7nzMW0tOMXNI/sj5/AFvbJHn</latexit><latexit sha1_base64="M6yr/8CqTYOL/69EwhfKH9WcAnw=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSERRPBUE8VrC10ISy2UzbpZtN2J2IJfRvePGgiFf/jDf/jds2B219YeHhnRlm9g1TKQy67rdTWlldW98ob1a2tnd296r7B22TZJpDiycy0Z2QGZBCQQsFSuikGlgcSngIR9fT+sMjaCMSdY/jFIKYDZToC87QWr6P8IT5jQAZTXrVmlt3Z6LL4BVQI4WaveqXHyU8i0Ehl8yYruemGORMo+ASJhU/M5AyPmID6FpULAYT5LObJ/TEOhHtJ9o+hXTm/p7IWWzMOA5tZ8xwaBZrU/O/WjfD/mWQC5VmCIrPF/UzSTGh0wBoJDRwlGMLjGthb6V8yDTjaGOq2BC8xS8vQ/us7lm+O681roo4yuSIHJNT4pEL0iC3pElahJOUPJNX8uZkzovz7nzMW0tOMXNI/sj5/AFvbJHn</latexit>

Loss
<latexit sha1_base64="WEfebbXB7r9Jh9j4YlW5x1dhoME=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPBS8ePFSwtZCGstlu2qWbbNidiCX0Z3jxoIhXf403/43bNgdtfWHh4Z0ZduYNUykMuu63U1pZXVvfKG9WtrZ3dveq+wdtozLNeIspqXQnpIZLkfAWCpS8k2pO41Dyh3B0Pa0/PHJthErucZzyIKaDRESCUbSW30X+hPmtMmbSq9bcujsTWQavgBoUavaqX92+YlnME2SSGuN7bopBTjUKJvmk0s0MTykb0QH3LSY05ibIZytPyIl1+iRS2r4Eycz9PZHT2JhxHNrOmOLQLNam5n81P8PoMshFkmbIEzb/KMokQUWm95O+0JyhHFugTAu7K2FDqilDm1LFhuAtnrwM7bO6Z/nuvNa4KuIowxEcwyl4cAENuIEmtICBgmd4hTcHnRfn3fmYt5acYuYQ/sj5/AHgppGa</latexit><latexit sha1_base64="WEfebbXB7r9Jh9j4YlW5x1dhoME=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPBS8ePFSwtZCGstlu2qWbbNidiCX0Z3jxoIhXf403/43bNgdtfWHh4Z0ZduYNUykMuu63U1pZXVvfKG9WtrZ3dveq+wdtozLNeIspqXQnpIZLkfAWCpS8k2pO41Dyh3B0Pa0/PHJthErucZzyIKaDRESCUbSW30X+hPmtMmbSq9bcujsTWQavgBoUavaqX92+YlnME2SSGuN7bopBTjUKJvmk0s0MTykb0QH3LSY05ibIZytPyIl1+iRS2r4Eycz9PZHT2JhxHNrOmOLQLNam5n81P8PoMshFkmbIEzb/KMokQUWm95O+0JyhHFugTAu7K2FDqilDm1LFhuAtnrwM7bO6Z/nuvNa4KuIowxEcwyl4cAENuIEmtICBgmd4hTcHnRfn3fmYt5acYuYQ/sj5/AHgppGa</latexit><latexit sha1_base64="WEfebbXB7r9Jh9j4YlW5x1dhoME=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPBS8ePFSwtZCGstlu2qWbbNidiCX0Z3jxoIhXf403/43bNgdtfWHh4Z0ZduYNUykMuu63U1pZXVvfKG9WtrZ3dveq+wdtozLNeIspqXQnpIZLkfAWCpS8k2pO41Dyh3B0Pa0/PHJthErucZzyIKaDRESCUbSW30X+hPmtMmbSq9bcujsTWQavgBoUavaqX92+YlnME2SSGuN7bopBTjUKJvmk0s0MTykb0QH3LSY05ibIZytPyIl1+iRS2r4Eycz9PZHT2JhxHNrOmOLQLNam5n81P8PoMshFkmbIEzb/KMokQUWm95O+0JyhHFugTAu7K2FDqilDm1LFhuAtnrwM7bO6Z/nuvNa4KuIowxEcwyl4cAENuIEmtICBgmd4hTcHnRfn3fmYt5acYuYQ/sj5/AHgppGa</latexit><latexit sha1_base64="WEfebbXB7r9Jh9j4YlW5x1dhoME=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPBS8ePFSwtZCGstlu2qWbbNidiCX0Z3jxoIhXf403/43bNgdtfWHh4Z0ZduYNUykMuu63U1pZXVvfKG9WtrZ3dveq+wdtozLNeIspqXQnpIZLkfAWCpS8k2pO41Dyh3B0Pa0/PHJthErucZzyIKaDRESCUbSW30X+hPmtMmbSq9bcujsTWQavgBoUavaqX92+YlnME2SSGuN7bopBTjUKJvmk0s0MTykb0QH3LSY05ibIZytPyIl1+iRS2r4Eycz9PZHT2JhxHNrOmOLQLNam5n81P8PoMshFkmbIEzb/KMokQUWm95O+0JyhHFugTAu7K2FDqilDm1LFhuAtnrwM7bO6Z/nuvNa4KuIowxEcwyl4cAENuIEmtICBgmd4hTcHnRfn3fmYt5acYuYQ/sj5/AHgppGa</latexit>

Magnonic devices
<latexit sha1_base64="sbpnQ1YXr0/ERfbpYaEM9ZtNw9I=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCrghaBm1shAjmAskSZicnyZDZ2WXmbDAsaXwVGwtFbH0MO9/GyaXQxB8GPv5zDmfOHyZSGPS8bye3srq2vpHfLGxt7+zuufsHNROnmkOVxzLWjZAZkEJBFQVKaCQaWBRKqIeDm0m9PgRtRKwecJRAELGeEl3BGVqr7R61EB4xu7NurASnHRgKDmbcdoteyZuKLoM/hyKZq9J2v1qdmKcRKOSSGdP0vQSDjGkUXMK40EoNJIwPWA+aFhWLwATZ9IAxPbVOh3ZjbZ9COnV/T2QsMmYUhbYzYtg3i7WJ+V+tmWL3KsiESlIExWeLuqmkGNNJGrQjNHCUIwuMa2H/SnmfacbRZlawIfiLJy9D7bzkW76/KJav53HkyTE5IWfEJ5ekTG5JhVQJJ2PyTF7Jm/PkvDjvzsesNefMZw7JHzmfP07Tltk=</latexit><latexit sha1_base64="sbpnQ1YXr0/ERfbpYaEM9ZtNw9I=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCrghaBm1shAjmAskSZicnyZDZ2WXmbDAsaXwVGwtFbH0MO9/GyaXQxB8GPv5zDmfOHyZSGPS8bye3srq2vpHfLGxt7+zuufsHNROnmkOVxzLWjZAZkEJBFQVKaCQaWBRKqIeDm0m9PgRtRKwecJRAELGeEl3BGVqr7R61EB4xu7NurASnHRgKDmbcdoteyZuKLoM/hyKZq9J2v1qdmKcRKOSSGdP0vQSDjGkUXMK40EoNJIwPWA+aFhWLwATZ9IAxPbVOh3ZjbZ9COnV/T2QsMmYUhbYzYtg3i7WJ+V+tmWL3KsiESlIExWeLuqmkGNNJGrQjNHCUIwuMa2H/SnmfacbRZlawIfiLJy9D7bzkW76/KJav53HkyTE5IWfEJ5ekTG5JhVQJJ2PyTF7Jm/PkvDjvzsesNefMZw7JHzmfP07Tltk=</latexit><latexit sha1_base64="sbpnQ1YXr0/ERfbpYaEM9ZtNw9I=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCrghaBm1shAjmAskSZicnyZDZ2WXmbDAsaXwVGwtFbH0MO9/GyaXQxB8GPv5zDmfOHyZSGPS8bye3srq2vpHfLGxt7+zuufsHNROnmkOVxzLWjZAZkEJBFQVKaCQaWBRKqIeDm0m9PgRtRKwecJRAELGeEl3BGVqr7R61EB4xu7NurASnHRgKDmbcdoteyZuKLoM/hyKZq9J2v1qdmKcRKOSSGdP0vQSDjGkUXMK40EoNJIwPWA+aFhWLwATZ9IAxPbVOh3ZjbZ9COnV/T2QsMmYUhbYzYtg3i7WJ+V+tmWL3KsiESlIExWeLuqmkGNNJGrQjNHCUIwuMa2H/SnmfacbRZlawIfiLJy9D7bzkW76/KJav53HkyTE5IWfEJ5ekTG5JhVQJJ2PyTF7Jm/PkvDjvzsesNefMZw7JHzmfP07Tltk=</latexit><latexit sha1_base64="sbpnQ1YXr0/ERfbpYaEM9ZtNw9I=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCrghaBm1shAjmAskSZicnyZDZ2WXmbDAsaXwVGwtFbH0MO9/GyaXQxB8GPv5zDmfOHyZSGPS8bye3srq2vpHfLGxt7+zuufsHNROnmkOVxzLWjZAZkEJBFQVKaCQaWBRKqIeDm0m9PgRtRKwecJRAELGeEl3BGVqr7R61EB4xu7NurASnHRgKDmbcdoteyZuKLoM/hyKZq9J2v1qdmKcRKOSSGdP0vQSDjGkUXMK40EoNJIwPWA+aFhWLwATZ9IAxPbVOh3ZjbZ9COnV/T2QsMmYUhbYzYtg3i7WJ+V+tmWL3KsiESlIExWeLuqmkGNNJGrQjNHCUIwuMa2H/SnmfacbRZlawIfiLJy9D7bzkW76/KJav53HkyTE5IWfEJ5ekTG5JhVQJJ2PyTF7Jm/PkvDjvzsesNefMZw7JHzmfP07Tltk=</latexit>

Experimental probes
<latexit sha1_base64="dW5cRuOegDc/K+tZpT5nvRRe57Y=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIrsqMCLosiOiygr1AO5RMeqYNzVxIzkjL0I0bX8WNC0Xc+g7ufBvTdhba+kPg4z/nJDm/n0ih0XG+raXlldW19cJGcXNre2fX3tuv6zhVHGo8lrFq+kyDFBHUUKCEZqKAhb6Ehj+4mtQbD6C0iKN7HCXghawXiUBwhsbq2EdthCH6QXY9TECJECJkkiYq9kGPO3bJKTtT0UVwcyiRXNWO/dXuxjyd3MIl07rlOgl6GVMouIRxsZ1qSBgfsB60DEYsBO1l0y3G9MQ4XRrEypwI6dT9PZGxUOtR6JvOkGFfz9cm5n+1VorBpZeJKEkRIj57KEglxZhOIqFdoYCjHBlgXAnzV8r7TDGOJriiCcGdX3kR6mdl1/Ddealyk8dRIIfkmJwSl1yQCrklVVIjnDySZ/JK3qwn68V6tz5mrUtWPnNA/sj6/AGTb5lC</latexit><latexit sha1_base64="dW5cRuOegDc/K+tZpT5nvRRe57Y=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIrsqMCLosiOiygr1AO5RMeqYNzVxIzkjL0I0bX8WNC0Xc+g7ufBvTdhba+kPg4z/nJDm/n0ih0XG+raXlldW19cJGcXNre2fX3tuv6zhVHGo8lrFq+kyDFBHUUKCEZqKAhb6Ehj+4mtQbD6C0iKN7HCXghawXiUBwhsbq2EdthCH6QXY9TECJECJkkiYq9kGPO3bJKTtT0UVwcyiRXNWO/dXuxjyd3MIl07rlOgl6GVMouIRxsZ1qSBgfsB60DEYsBO1l0y3G9MQ4XRrEypwI6dT9PZGxUOtR6JvOkGFfz9cm5n+1VorBpZeJKEkRIj57KEglxZhOIqFdoYCjHBlgXAnzV8r7TDGOJriiCcGdX3kR6mdl1/Ddealyk8dRIIfkmJwSl1yQCrklVVIjnDySZ/JK3qwn68V6tz5mrUtWPnNA/sj6/AGTb5lC</latexit><latexit sha1_base64="dW5cRuOegDc/K+tZpT5nvRRe57Y=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIrsqMCLosiOiygr1AO5RMeqYNzVxIzkjL0I0bX8WNC0Xc+g7ufBvTdhba+kPg4z/nJDm/n0ih0XG+raXlldW19cJGcXNre2fX3tuv6zhVHGo8lrFq+kyDFBHUUKCEZqKAhb6Ehj+4mtQbD6C0iKN7HCXghawXiUBwhsbq2EdthCH6QXY9TECJECJkkiYq9kGPO3bJKTtT0UVwcyiRXNWO/dXuxjyd3MIl07rlOgl6GVMouIRxsZ1qSBgfsB60DEYsBO1l0y3G9MQ4XRrEypwI6dT9PZGxUOtR6JvOkGFfz9cm5n+1VorBpZeJKEkRIj57KEglxZhOIqFdoYCjHBlgXAnzV8r7TDGOJriiCcGdX3kR6mdl1/Ddealyk8dRIIfkmJwSl1yQCrklVVIjnDySZ/JK3qwn68V6tz5mrUtWPnNA/sj6/AGTb5lC</latexit><latexit sha1_base64="dW5cRuOegDc/K+tZpT5nvRRe57Y=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIrsqMCLosiOiygr1AO5RMeqYNzVxIzkjL0I0bX8WNC0Xc+g7ufBvTdhba+kPg4z/nJDm/n0ih0XG+raXlldW19cJGcXNre2fX3tuv6zhVHGo8lrFq+kyDFBHUUKCEZqKAhb6Ehj+4mtQbD6C0iKN7HCXghawXiUBwhsbq2EdthCH6QXY9TECJECJkkiYq9kGPO3bJKTtT0UVwcyiRXNWO/dXuxjyd3MIl07rlOgl6GVMouIRxsZ1qSBgfsB60DEYsBO1l0y3G9MQ4XRrEypwI6dT9PZGxUOtR6JvOkGFfz9cm5n+1VorBpZeJKEkRIj57KEglxZhOIqFdoYCjHBlgXAnzV8r7TDGOJriiCcGdX3kR6mdl1/Ddealyk8dRIIfkmJwSl1yQCrklVVIjnDySZ/JK3qwn68V6tz5mrUtWPnNA/sj6/AGTb5lC</latexit>

Applications
<latexit sha1_base64="n/6tYdrsX7r+aACj4BuuFVBR3NQ=">AAAB/nicbZBNSwMxEIaz9avWr6p48hIsgqeyK4IeKx70WMHWQruUbDrbhmazSzIrlqXgX/HiQRGv/g5v/hvTdg/a+kLg4Z0ZZvIGiRQGXffbKSwtr6yuFddLG5tb2zvl3b2miVPNocFjGetWwAxIoaCBAiW0Eg0sCiTcB8OrSf3+AbQRsbrDUQJ+xPpKhIIztFa3fNBBeMQgzC4Tu27mmnG3XHGr7lR0EbwcKiRXvVv+6vRinkagkEtmTNtzE/QzplFwCeNSJzWQMD5kfWhbVCwC42fT88f02Do9GsbaPoV06v6eyFhkzCgKbGfEcGDmaxPzv1o7xfDCz4RKUgTFZ4vCVFKM6SQL2hMaOMqRBca1sLdSPmCacbSJlWwI3vyXF6F5WvUs355Vatd5HEVySI7ICfHIOamRG1InDcJJRp7JK3lznpwX5935mLUWnHxmn/yR8/kDNDSWSg==</latexit><latexit sha1_base64="n/6tYdrsX7r+aACj4BuuFVBR3NQ=">AAAB/nicbZBNSwMxEIaz9avWr6p48hIsgqeyK4IeKx70WMHWQruUbDrbhmazSzIrlqXgX/HiQRGv/g5v/hvTdg/a+kLg4Z0ZZvIGiRQGXffbKSwtr6yuFddLG5tb2zvl3b2miVPNocFjGetWwAxIoaCBAiW0Eg0sCiTcB8OrSf3+AbQRsbrDUQJ+xPpKhIIztFa3fNBBeMQgzC4Tu27mmnG3XHGr7lR0EbwcKiRXvVv+6vRinkagkEtmTNtzE/QzplFwCeNSJzWQMD5kfWhbVCwC42fT88f02Do9GsbaPoV06v6eyFhkzCgKbGfEcGDmaxPzv1o7xfDCz4RKUgTFZ4vCVFKM6SQL2hMaOMqRBca1sLdSPmCacbSJlWwI3vyXF6F5WvUs355Vatd5HEVySI7ICfHIOamRG1InDcJJRp7JK3lznpwX5935mLUWnHxmn/yR8/kDNDSWSg==</latexit><latexit sha1_base64="n/6tYdrsX7r+aACj4BuuFVBR3NQ=">AAAB/nicbZBNSwMxEIaz9avWr6p48hIsgqeyK4IeKx70WMHWQruUbDrbhmazSzIrlqXgX/HiQRGv/g5v/hvTdg/a+kLg4Z0ZZvIGiRQGXffbKSwtr6yuFddLG5tb2zvl3b2miVPNocFjGetWwAxIoaCBAiW0Eg0sCiTcB8OrSf3+AbQRsbrDUQJ+xPpKhIIztFa3fNBBeMQgzC4Tu27mmnG3XHGr7lR0EbwcKiRXvVv+6vRinkagkEtmTNtzE/QzplFwCeNSJzWQMD5kfWhbVCwC42fT88f02Do9GsbaPoV06v6eyFhkzCgKbGfEcGDmaxPzv1o7xfDCz4RKUgTFZ4vCVFKM6SQL2hMaOMqRBca1sLdSPmCacbSJlWwI3vyXF6F5WvUs355Vatd5HEVySI7ICfHIOamRG1InDcJJRp7JK3lznpwX5935mLUWnHxmn/yR8/kDNDSWSg==</latexit><latexit sha1_base64="n/6tYdrsX7r+aACj4BuuFVBR3NQ=">AAAB/nicbZBNSwMxEIaz9avWr6p48hIsgqeyK4IeKx70WMHWQruUbDrbhmazSzIrlqXgX/HiQRGv/g5v/hvTdg/a+kLg4Z0ZZvIGiRQGXffbKSwtr6yuFddLG5tb2zvl3b2miVPNocFjGetWwAxIoaCBAiW0Eg0sCiTcB8OrSf3+AbQRsbrDUQJ+xPpKhIIztFa3fNBBeMQgzC4Tu27mmnG3XHGr7lR0EbwcKiRXvVv+6vRinkagkEtmTNtzE/QzplFwCeNSJzWQMD5kfWhbVCwC42fT88f02Do9GsbaPoV06v6eyFhkzCgKbGfEcGDmaxPzv1o7xfDCz4RKUgTFZ4vCVFKM6SQL2hMaOMqRBca1sLdSPmCacbSJlWwI3vyXF6F5WvUs355Vatd5HEVySI7ICfHIOamRG1InDcJJRp7JK3lznpwX5935mLUWnHxmn/yR8/kDNDSWSg==</latexit>

Neuromorphic spintronics
<latexit sha1_base64="4dKoTo9t+Hdm7HUZ3YNZYZYsZeE=">AAACCHicbZC7SgNBFIZn4y3GW9TSwsEgWIVdEbQMpLGSCOYCSQizk5NkyOzMMnNWDEtKG1/FxkIRWx/Bzrdxcik08YeBj/+cw5nzh7EUFn3/28usrK6tb2Q3c1vbO7t7+f2DmtWJ4VDlWmrTCJkFKRRUUaCERmyARaGEejgsT+r1ezBWaHWHoxjaEesr0ROcobM6+eMWwgOmN5AYHWkTDwSnNhYKjVaC23EnX/CL/lR0GYI5FMhclU7+q9XVPIlAIZfM2mbgx9hOmUHBJYxzrcRCzPiQ9aHpULEIbDudHjKmp87p0p427imkU/f3RMoia0dR6DojhgO7WJuY/9WaCfau2qlQcYKg+GxRL5EUNZ2kQrvCAEc5csC4Ee6vlA+YYRxddjkXQrB48jLUzouB49uLQqk8jyNLjsgJOSMBuSQlck0qpEo4eSTP5JW8eU/ei/fufcxaM9585pD8kff5A175mtI=</latexit><latexit sha1_base64="4dKoTo9t+Hdm7HUZ3YNZYZYsZeE=">AAACCHicbZC7SgNBFIZn4y3GW9TSwsEgWIVdEbQMpLGSCOYCSQizk5NkyOzMMnNWDEtKG1/FxkIRWx/Bzrdxcik08YeBj/+cw5nzh7EUFn3/28usrK6tb2Q3c1vbO7t7+f2DmtWJ4VDlWmrTCJkFKRRUUaCERmyARaGEejgsT+r1ezBWaHWHoxjaEesr0ROcobM6+eMWwgOmN5AYHWkTDwSnNhYKjVaC23EnX/CL/lR0GYI5FMhclU7+q9XVPIlAIZfM2mbgx9hOmUHBJYxzrcRCzPiQ9aHpULEIbDudHjKmp87p0p427imkU/f3RMoia0dR6DojhgO7WJuY/9WaCfau2qlQcYKg+GxRL5EUNZ2kQrvCAEc5csC4Ee6vlA+YYRxddjkXQrB48jLUzouB49uLQqk8jyNLjsgJOSMBuSQlck0qpEo4eSTP5JW8eU/ei/fufcxaM9585pD8kff5A175mtI=</latexit><latexit sha1_base64="4dKoTo9t+Hdm7HUZ3YNZYZYsZeE=">AAACCHicbZC7SgNBFIZn4y3GW9TSwsEgWIVdEbQMpLGSCOYCSQizk5NkyOzMMnNWDEtKG1/FxkIRWx/Bzrdxcik08YeBj/+cw5nzh7EUFn3/28usrK6tb2Q3c1vbO7t7+f2DmtWJ4VDlWmrTCJkFKRRUUaCERmyARaGEejgsT+r1ezBWaHWHoxjaEesr0ROcobM6+eMWwgOmN5AYHWkTDwSnNhYKjVaC23EnX/CL/lR0GYI5FMhclU7+q9XVPIlAIZfM2mbgx9hOmUHBJYxzrcRCzPiQ9aHpULEIbDudHjKmp87p0p427imkU/f3RMoia0dR6DojhgO7WJuY/9WaCfau2qlQcYKg+GxRL5EUNZ2kQrvCAEc5csC4Ee6vlA+YYRxddjkXQrB48jLUzouB49uLQqk8jyNLjsgJOSMBuSQlck0qpEo4eSTP5JW8eU/ei/fufcxaM9585pD8kff5A175mtI=</latexit><latexit sha1_base64="4dKoTo9t+Hdm7HUZ3YNZYZYsZeE=">AAACCHicbZC7SgNBFIZn4y3GW9TSwsEgWIVdEbQMpLGSCOYCSQizk5NkyOzMMnNWDEtKG1/FxkIRWx/Bzrdxcik08YeBj/+cw5nzh7EUFn3/28usrK6tb2Q3c1vbO7t7+f2DmtWJ4VDlWmrTCJkFKRRUUaCERmyARaGEejgsT+r1ezBWaHWHoxjaEesr0ROcobM6+eMWwgOmN5AYHWkTDwSnNhYKjVaC23EnX/CL/lR0GYI5FMhclU7+q9XVPIlAIZfM2mbgx9hOmUHBJYxzrcRCzPiQ9aHpULEIbDudHjKmp87p0p427imkU/f3RMoia0dR6DojhgO7WJuY/9WaCfau2qlQcYKg+GxRL5EUNZ2kQrvCAEc5csC4Ee6vlA+YYRxddjkXQrB48jLUzouB49uLQqk8jyNLjsgJOSMBuSQlck0qpEo4eSTP5JW8eU/ei/fufcxaM9585pD8kff5A175mtI=</latexit>

New materials
<latexit sha1_base64="14IUBaxEjqrfRJQhl+SQEgjq4sA=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdgVQcuAhVYSwTwgWcLs5G4yZPbBzF01rCn8FRsLRWz9DTv/xkmyhSYeGDiccy/3zPETKTQ6zre1sLi0vLJaWCuub2xubds7u3Udp4pDjccyVk2faZAighoKlNBMFLDQl9DwBxdjv3EHSos4usVhAl7IepEIBGdopI6930Z4QD/IruGehgxBCSb1qGOXnLIzAZ0nbk5KJEe1Y3+1uzFPQ4iQS6Z1y3US9DKmUHAJo2I71ZAwPmA9aBkasRC0l03yj+iRUbo0iJV5EdKJ+nsjY6HWw9A3kyZiX896Y/E/r5VicO5lIkpShIhPDwWppBjTcRm0KxRwlENDGFfCZKW8zxTjpgddNCW4s1+eJ/WTsmv4zWmpcpnXUSAH5JAcE5eckQq5IlVSI5w8kmfySt6sJ+vFerc+pqMLVr6zR/7A+vwBl8qWeQ==</latexit><latexit sha1_base64="14IUBaxEjqrfRJQhl+SQEgjq4sA=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdgVQcuAhVYSwTwgWcLs5G4yZPbBzF01rCn8FRsLRWz9DTv/xkmyhSYeGDiccy/3zPETKTQ6zre1sLi0vLJaWCuub2xubds7u3Udp4pDjccyVk2faZAighoKlNBMFLDQl9DwBxdjv3EHSos4usVhAl7IepEIBGdopI6930Z4QD/IruGehgxBCSb1qGOXnLIzAZ0nbk5KJEe1Y3+1uzFPQ4iQS6Z1y3US9DKmUHAJo2I71ZAwPmA9aBkasRC0l03yj+iRUbo0iJV5EdKJ+nsjY6HWw9A3kyZiX896Y/E/r5VicO5lIkpShIhPDwWppBjTcRm0KxRwlENDGFfCZKW8zxTjpgddNCW4s1+eJ/WTsmv4zWmpcpnXUSAH5JAcE5eckQq5IlVSI5w8kmfySt6sJ+vFerc+pqMLVr6zR/7A+vwBl8qWeQ==</latexit><latexit sha1_base64="14IUBaxEjqrfRJQhl+SQEgjq4sA=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdgVQcuAhVYSwTwgWcLs5G4yZPbBzF01rCn8FRsLRWz9DTv/xkmyhSYeGDiccy/3zPETKTQ6zre1sLi0vLJaWCuub2xubds7u3Udp4pDjccyVk2faZAighoKlNBMFLDQl9DwBxdjv3EHSos4usVhAl7IepEIBGdopI6930Z4QD/IruGehgxBCSb1qGOXnLIzAZ0nbk5KJEe1Y3+1uzFPQ4iQS6Z1y3US9DKmUHAJo2I71ZAwPmA9aBkasRC0l03yj+iRUbo0iJV5EdKJ+nsjY6HWw9A3kyZiX896Y/E/r5VicO5lIkpShIhPDwWppBjTcRm0KxRwlENDGFfCZKW8zxTjpgddNCW4s1+eJ/WTsmv4zWmpcpnXUSAH5JAcE5eckQq5IlVSI5w8kmfySt6sJ+vFerc+pqMLVr6zR/7A+vwBl8qWeQ==</latexit><latexit sha1_base64="14IUBaxEjqrfRJQhl+SQEgjq4sA=">AAAB/3icbVC7SgNBFJ31GeNrVbCxGQyCVdgVQcuAhVYSwTwgWcLs5G4yZPbBzF01rCn8FRsLRWz9DTv/xkmyhSYeGDiccy/3zPETKTQ6zre1sLi0vLJaWCuub2xubds7u3Udp4pDjccyVk2faZAighoKlNBMFLDQl9DwBxdjv3EHSos4usVhAl7IepEIBGdopI6930Z4QD/IruGehgxBCSb1qGOXnLIzAZ0nbk5KJEe1Y3+1uzFPQ4iQS6Z1y3US9DKmUHAJo2I71ZAwPmA9aBkasRC0l03yj+iRUbo0iJV5EdKJ+nsjY6HWw9A3kyZiX896Y/E/r5VicO5lIkpShIhPDwWppBjTcRm0KxRwlENDGFfCZKW8zxTjpgddNCW4s1+eJ/WTsmv4zWmpcpnXUSAH5JAcE5eckQq5IlVSI5w8kmfySt6sJ+vFerc+pqMLVr6zR/7A+vwBl8qWeQ==</latexit> Theoretical tools

<latexit sha1_base64="ziGdZt2bkA0t1x8x23LMLygYynQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiQi6LLgQpcV+oK2lMn0ph06yYSZG7GEght/xY0LRdz6E+78GydtFtp6YOBwzr0zc44fC67Rdb+twsrq2vpGcbO0tb2zu2fvHzS1TBSDBpNCqrZPNQgeQQM5CmjHCmjoC2j54+vMb92D0lxGdZzE0AvpMOIBZxSN1LePuggP6AdpfQRSARpDOCil0NO+XXYr7gzOMvFyUiY5an37qzuQLAkhQiao1h3PjbGXUmVuFTAtdRMNMWVjOoSOoRENQffSWYapc2qUgRNIZU6Ezkz9vZHSUOtJ6JvJkOJIL3qZ+J/XSTC46qU8ihOEiM0fCpIspJMV4gy4AoZiYghlipu/OmxEFWVoaiuZErzFyMukeV7xDL+7KFdv8jqK5JickDPikUtSJbekRhqEkUfyTF7Jm/VkvVjv1sd8tGDlO4fkD6zPH/FlmFo=</latexit><latexit sha1_base64="ziGdZt2bkA0t1x8x23LMLygYynQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiQi6LLgQpcV+oK2lMn0ph06yYSZG7GEght/xY0LRdz6E+78GydtFtp6YOBwzr0zc44fC67Rdb+twsrq2vpGcbO0tb2zu2fvHzS1TBSDBpNCqrZPNQgeQQM5CmjHCmjoC2j54+vMb92D0lxGdZzE0AvpMOIBZxSN1LePuggP6AdpfQRSARpDOCil0NO+XXYr7gzOMvFyUiY5an37qzuQLAkhQiao1h3PjbGXUmVuFTAtdRMNMWVjOoSOoRENQffSWYapc2qUgRNIZU6Ezkz9vZHSUOtJ6JvJkOJIL3qZ+J/XSTC46qU8ihOEiM0fCpIspJMV4gy4AoZiYghlipu/OmxEFWVoaiuZErzFyMukeV7xDL+7KFdv8jqK5JickDPikUtSJbekRhqEkUfyTF7Jm/VkvVjv1sd8tGDlO4fkD6zPH/FlmFo=</latexit><latexit sha1_base64="ziGdZt2bkA0t1x8x23LMLygYynQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiQi6LLgQpcV+oK2lMn0ph06yYSZG7GEght/xY0LRdz6E+78GydtFtp6YOBwzr0zc44fC67Rdb+twsrq2vpGcbO0tb2zu2fvHzS1TBSDBpNCqrZPNQgeQQM5CmjHCmjoC2j54+vMb92D0lxGdZzE0AvpMOIBZxSN1LePuggP6AdpfQRSARpDOCil0NO+XXYr7gzOMvFyUiY5an37qzuQLAkhQiao1h3PjbGXUmVuFTAtdRMNMWVjOoSOoRENQffSWYapc2qUgRNIZU6Ezkz9vZHSUOtJ6JvJkOJIL3qZ+J/XSTC46qU8ihOEiM0fCpIspJMV4gy4AoZiYghlipu/OmxEFWVoaiuZErzFyMukeV7xDL+7KFdv8jqK5JickDPikUtSJbekRhqEkUfyTF7Jm/VkvVjv1sd8tGDlO4fkD6zPH/FlmFo=</latexit><latexit sha1_base64="ziGdZt2bkA0t1x8x23LMLygYynQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiQi6LLgQpcV+oK2lMn0ph06yYSZG7GEght/xY0LRdz6E+78GydtFtp6YOBwzr0zc44fC67Rdb+twsrq2vpGcbO0tb2zu2fvHzS1TBSDBpNCqrZPNQgeQQM5CmjHCmjoC2j54+vMb92D0lxGdZzE0AvpMOIBZxSN1LePuggP6AdpfQRSARpDOCil0NO+XXYr7gzOMvFyUiY5an37qzuQLAkhQiao1h3PjbGXUmVuFTAtdRMNMWVjOoSOoRENQffSWYapc2qUgRNIZU6Ezkz9vZHSUOtJ6JvJkOJIL3qZ+J/XSTC46qU8ihOEiM0fCpIspJMV4gy4AoZiYghlipu/OmxEFWVoaiuZErzFyMukeV7xDL+7KFdv8jqK5JickDPikUtSJbekRhqEkUfyTF7Jm/VkvVjv1sd8tGDlO4fkD6zPH/FlmFo=</latexit>

2D van der Waals magnets
<latexit sha1_base64="W2OqR5kYUt13xIBr7f7w0h2Jev4=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4IWgqxsIxgHpCEcHdyo0NmZ5eZu2JYUtr4KzYWitj6CXb+jbNJCl8HBg7nnMude8JESUu+/+nNzS8sLi0XVoqra+sbm6Wt7YaNUyOwLmIVm1YIFpXUWCdJCluJQYhChc1wWM395i0aK2N9RaMEuxFcazmQAshJvdJeh/COsqNzfgua99HwJoCyPI8h2XGvVPYr/gT8LwlmpMxmqPVKH51+LNIINQkF1rYDP6FuBoakUDgudlKLCYghXGPbUQ0R2m42OWTMD5zS54PYuKeJT9TvExlE1o6i0CUjoBv728vF/7x2SoPTbiZ1khJqMV00SBWnmOet8L40KEiNHAFhpPsrFzdgQJDrruhKCH6f/Jc0jiqB45fH5bPqrI4C22X77JAF7ISdsQtWY3Um2D17ZM/sxXvwnrxX720anfNmMzvsB7z3LwiMmVg=</latexit><latexit sha1_base64="W2OqR5kYUt13xIBr7f7w0h2Jev4=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4IWgqxsIxgHpCEcHdyo0NmZ5eZu2JYUtr4KzYWitj6CXb+jbNJCl8HBg7nnMude8JESUu+/+nNzS8sLi0XVoqra+sbm6Wt7YaNUyOwLmIVm1YIFpXUWCdJCluJQYhChc1wWM395i0aK2N9RaMEuxFcazmQAshJvdJeh/COsqNzfgua99HwJoCyPI8h2XGvVPYr/gT8LwlmpMxmqPVKH51+LNIINQkF1rYDP6FuBoakUDgudlKLCYghXGPbUQ0R2m42OWTMD5zS54PYuKeJT9TvExlE1o6i0CUjoBv728vF/7x2SoPTbiZ1khJqMV00SBWnmOet8L40KEiNHAFhpPsrFzdgQJDrruhKCH6f/Jc0jiqB45fH5bPqrI4C22X77JAF7ISdsQtWY3Um2D17ZM/sxXvwnrxX720anfNmMzvsB7z3LwiMmVg=</latexit><latexit sha1_base64="W2OqR5kYUt13xIBr7f7w0h2Jev4=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4IWgqxsIxgHpCEcHdyo0NmZ5eZu2JYUtr4KzYWitj6CXb+jbNJCl8HBg7nnMude8JESUu+/+nNzS8sLi0XVoqra+sbm6Wt7YaNUyOwLmIVm1YIFpXUWCdJCluJQYhChc1wWM395i0aK2N9RaMEuxFcazmQAshJvdJeh/COsqNzfgua99HwJoCyPI8h2XGvVPYr/gT8LwlmpMxmqPVKH51+LNIINQkF1rYDP6FuBoakUDgudlKLCYghXGPbUQ0R2m42OWTMD5zS54PYuKeJT9TvExlE1o6i0CUjoBv728vF/7x2SoPTbiZ1khJqMV00SBWnmOet8L40KEiNHAFhpPsrFzdgQJDrruhKCH6f/Jc0jiqB45fH5bPqrI4C22X77JAF7ISdsQtWY3Um2D17ZM/sxXvwnrxX720anfNmMzvsB7z3LwiMmVg=</latexit><latexit sha1_base64="W2OqR5kYUt13xIBr7f7w0h2Jev4=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4IWgqxsIxgHpCEcHdyo0NmZ5eZu2JYUtr4KzYWitj6CXb+jbNJCl8HBg7nnMude8JESUu+/+nNzS8sLi0XVoqra+sbm6Wt7YaNUyOwLmIVm1YIFpXUWCdJCluJQYhChc1wWM395i0aK2N9RaMEuxFcazmQAshJvdJeh/COsqNzfgua99HwJoCyPI8h2XGvVPYr/gT8LwlmpMxmqPVKH51+LNIINQkF1rYDP6FuBoakUDgudlKLCYghXGPbUQ0R2m42OWTMD5zS54PYuKeJT9TvExlE1o6i0CUjoBv728vF/7x2SoPTbiZ1khJqMV00SBWnmOet8L40KEiNHAFhpPsrFzdgQJDrruhKCH6f/Jc0jiqB45fH5bPqrI4C22X77JAF7ISdsQtWY3Um2D17ZM/sxXvwnrxX720anfNmMzvsB7z3LwiMmVg=</latexit> Stacking and twisting

<latexit sha1_base64="xEOrKxUj1KwD7i9fvFGtpyIBi34=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4IWgbSWEY0D0hCmJ29mwyZnV1m7qphSWPjr9hYKGLrP9j5N04ehSZeGDj3nHs5c4+fSGHQdb+dpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY930mQEpFNRQoIRmooFFvoSGP6iM9cYdaCNidYvDBDoR6ykRCs7QUt3CURvhAbMbZHwgVI8yFVC8t762GXULRbfkToouAm8GimRW1W7hqx3EPI1AIZfMmJbnJtjJmEbBJYzy7dRAYp1YD1oWKhaB6WSTK0b0xDIBDWNtn0I6YX9vZCwyZhj5djJi2Dfz2pj8T2ulGF52MqGSFEHxqVGYSooxHUdCA6GBoxxawLgW9q+U95lmHG1weRuCN3/yIqiflTyLr8+L5cosjhw5JMfklHjkgpTJFamSGuHkkTyTV/LmPDkvzrvzMR1dcmY7B+RPOZ8/K5iY/Q==</latexit><latexit sha1_base64="xEOrKxUj1KwD7i9fvFGtpyIBi34=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4IWgbSWEY0D0hCmJ29mwyZnV1m7qphSWPjr9hYKGLrP9j5N04ehSZeGDj3nHs5c4+fSGHQdb+dpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY930mQEpFNRQoIRmooFFvoSGP6iM9cYdaCNidYvDBDoR6ykRCs7QUt3CURvhAbMbZHwgVI8yFVC8t762GXULRbfkToouAm8GimRW1W7hqx3EPI1AIZfMmJbnJtjJmEbBJYzy7dRAYp1YD1oWKhaB6WSTK0b0xDIBDWNtn0I6YX9vZCwyZhj5djJi2Dfz2pj8T2ulGF52MqGSFEHxqVGYSooxHUdCA6GBoxxawLgW9q+U95lmHG1weRuCN3/yIqiflTyLr8+L5cosjhw5JMfklHjkgpTJFamSGuHkkTyTV/LmPDkvzrvzMR1dcmY7B+RPOZ8/K5iY/Q==</latexit><latexit sha1_base64="xEOrKxUj1KwD7i9fvFGtpyIBi34=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4IWgbSWEY0D0hCmJ29mwyZnV1m7qphSWPjr9hYKGLrP9j5N04ehSZeGDj3nHs5c4+fSGHQdb+dpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY930mQEpFNRQoIRmooFFvoSGP6iM9cYdaCNidYvDBDoR6ykRCs7QUt3CURvhAbMbZHwgVI8yFVC8t762GXULRbfkToouAm8GimRW1W7hqx3EPI1AIZfMmJbnJtjJmEbBJYzy7dRAYp1YD1oWKhaB6WSTK0b0xDIBDWNtn0I6YX9vZCwyZhj5djJi2Dfz2pj8T2ulGF52MqGSFEHxqVGYSooxHUdCA6GBoxxawLgW9q+U95lmHG1weRuCN3/yIqiflTyLr8+L5cosjhw5JMfklHjkgpTJFamSGuHkkTyTV/LmPDkvzrvzMR1dcmY7B+RPOZ8/K5iY/Q==</latexit><latexit sha1_base64="xEOrKxUj1KwD7i9fvFGtpyIBi34=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4IWgbSWEY0D0hCmJ29mwyZnV1m7qphSWPjr9hYKGLrP9j5N04ehSZeGDj3nHs5c4+fSGHQdb+dpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY930mQEpFNRQoIRmooFFvoSGP6iM9cYdaCNidYvDBDoR6ykRCs7QUt3CURvhAbMbZHwgVI8yFVC8t762GXULRbfkToouAm8GimRW1W7hqx3EPI1AIZfMmJbnJtjJmEbBJYzy7dRAYp1YD1oWKhaB6WSTK0b0xDIBDWNtn0I6YX9vZCwyZhj5djJi2Dfz2pj8T2ulGF52MqGSFEHxqVGYSooxHUdCA6GBoxxawLgW9q+U95lmHG1weRuCN3/yIqiflTyLr8+L5cosjhw5JMfklHjkgpTJFamSGuHkkTyTV/LmPDkvzrvzMR1dcmY7B+RPOZ8/K5iY/Q==</latexit>

Non-Hermitian topology
<latexit sha1_base64="/mjv3TRiBReKW5S2s+9lePbXccg=">AAACBnicbVBLS8NAGNzUV62vqkcRgkXwYklE0GOhl56kgn1AG8pm+6VdutmE3S9iCD158a948aCIV3+DN/+N28dBWwcWhplvWGb8WHCNjvNt5VZW19Y38puFre2d3b3i/kFTR4li0GCRiFTbpxoEl9BAjgLasQIa+gJa/qg68Vv3oDSP5B2mMXghHUgecEbRSL3icRfhAbObSJ7XQIUcOZU2RrEJDtJxr1hyys4U9jJx56RE5qj3il/dfsSSECQyQbXuuE6MXkYVciZgXOgmGmLKRnQAHUMlDUF72bTG2D41St8OImWeRHuq/k5kNNQ6DX1zGVIc6kVvIv7ndRIMrr2MyzhBkGz2UZAI09OebGL3uQKGIjWEMmU2YDYbUkUZmuUKZgR3sfIyaV6UXcNvL0uV6nyOPDkiJ+SMuOSKVEiN1EmDMPJInskrebOerBfr3fqYneaseeaQ/IH1+QMNnpl9</latexit><latexit sha1_base64="/mjv3TRiBReKW5S2s+9lePbXccg=">AAACBnicbVBLS8NAGNzUV62vqkcRgkXwYklE0GOhl56kgn1AG8pm+6VdutmE3S9iCD158a948aCIV3+DN/+N28dBWwcWhplvWGb8WHCNjvNt5VZW19Y38puFre2d3b3i/kFTR4li0GCRiFTbpxoEl9BAjgLasQIa+gJa/qg68Vv3oDSP5B2mMXghHUgecEbRSL3icRfhAbObSJ7XQIUcOZU2RrEJDtJxr1hyys4U9jJx56RE5qj3il/dfsSSECQyQbXuuE6MXkYVciZgXOgmGmLKRnQAHUMlDUF72bTG2D41St8OImWeRHuq/k5kNNQ6DX1zGVIc6kVvIv7ndRIMrr2MyzhBkGz2UZAI09OebGL3uQKGIjWEMmU2YDYbUkUZmuUKZgR3sfIyaV6UXcNvL0uV6nyOPDkiJ+SMuOSKVEiN1EmDMPJInskrebOerBfr3fqYneaseeaQ/IH1+QMNnpl9</latexit><latexit sha1_base64="/mjv3TRiBReKW5S2s+9lePbXccg=">AAACBnicbVBLS8NAGNzUV62vqkcRgkXwYklE0GOhl56kgn1AG8pm+6VdutmE3S9iCD158a948aCIV3+DN/+N28dBWwcWhplvWGb8WHCNjvNt5VZW19Y38puFre2d3b3i/kFTR4li0GCRiFTbpxoEl9BAjgLasQIa+gJa/qg68Vv3oDSP5B2mMXghHUgecEbRSL3icRfhAbObSJ7XQIUcOZU2RrEJDtJxr1hyys4U9jJx56RE5qj3il/dfsSSECQyQbXuuE6MXkYVciZgXOgmGmLKRnQAHUMlDUF72bTG2D41St8OImWeRHuq/k5kNNQ6DX1zGVIc6kVvIv7ndRIMrr2MyzhBkGz2UZAI09OebGL3uQKGIjWEMmU2YDYbUkUZmuUKZgR3sfIyaV6UXcNvL0uV6nyOPDkiJ+SMuOSKVEiN1EmDMPJInskrebOerBfr3fqYneaseeaQ/IH1+QMNnpl9</latexit><latexit sha1_base64="/mjv3TRiBReKW5S2s+9lePbXccg=">AAACBnicbVBLS8NAGNzUV62vqkcRgkXwYklE0GOhl56kgn1AG8pm+6VdutmE3S9iCD158a948aCIV3+DN/+N28dBWwcWhplvWGb8WHCNjvNt5VZW19Y38puFre2d3b3i/kFTR4li0GCRiFTbpxoEl9BAjgLasQIa+gJa/qg68Vv3oDSP5B2mMXghHUgecEbRSL3icRfhAbObSJ7XQIUcOZU2RrEJDtJxr1hyys4U9jJx56RE5qj3il/dfsSSECQyQbXuuE6MXkYVciZgXOgmGmLKRnQAHUMlDUF72bTG2D41St8OImWeRHuq/k5kNNQ6DX1zGVIc6kVvIv7ndRIMrr2MyzhBkGz2UZAI09OebGL3uQKGIjWEMmU2YDYbUkUZmuUKZgR3sfIyaV6UXcNvL0uV6nyOPDkiJ+SMuOSKVEiN1EmDMPJInskrebOerBfr3fqYneaseeaQ/IH1+QMNnpl9</latexit>

Drives
<latexit sha1_base64="l77zuTDaX6Cy2A2+t92LX9+ZYmE=">AAAB9HicbZBNSwMxEIaz9avWr6pHL8EieCq7IuixUA8eK9hWaJeSTWfb0Gx2TWaLZenv8OJBEa/+GG/+G9N2D9r6QuDhnRlm8gaJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU82hyWMZ64eAGZBCQRMFSnhINLAokNAORvVZvT0GbUSs7nGSgB+xgRKh4Ayt5XcRnjC70WIMZtorV9yqOxddBS+HCsnV6JW/uv2YpxEo5JIZ0/HcBP2MaRRcwrTUTQ0kjI/YADoWFYvA+Nn86Ck9s06fhrG2TyGdu78nMhYZM4kC2xkxHJrl2sz8r9ZJMbz2M6GSFEHxxaIwlRRjOkuA9oUGjnJigXEt7K2UD5lmHG1OJRuCt/zlVWhdVD3Ld5eVWj2Po0hOyCk5Jx65IjVySxqkSTh5JM/klbw5Y+fFeXc+Fq0FJ585Jn/kfP4AbBKSgw==</latexit><latexit sha1_base64="l77zuTDaX6Cy2A2+t92LX9+ZYmE=">AAAB9HicbZBNSwMxEIaz9avWr6pHL8EieCq7IuixUA8eK9hWaJeSTWfb0Gx2TWaLZenv8OJBEa/+GG/+G9N2D9r6QuDhnRlm8gaJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU82hyWMZ64eAGZBCQRMFSnhINLAokNAORvVZvT0GbUSs7nGSgB+xgRKh4Ayt5XcRnjC70WIMZtorV9yqOxddBS+HCsnV6JW/uv2YpxEo5JIZ0/HcBP2MaRRcwrTUTQ0kjI/YADoWFYvA+Nn86Ck9s06fhrG2TyGdu78nMhYZM4kC2xkxHJrl2sz8r9ZJMbz2M6GSFEHxxaIwlRRjOkuA9oUGjnJigXEt7K2UD5lmHG1OJRuCt/zlVWhdVD3Ld5eVWj2Po0hOyCk5Jx65IjVySxqkSTh5JM/klbw5Y+fFeXc+Fq0FJ585Jn/kfP4AbBKSgw==</latexit><latexit sha1_base64="l77zuTDaX6Cy2A2+t92LX9+ZYmE=">AAAB9HicbZBNSwMxEIaz9avWr6pHL8EieCq7IuixUA8eK9hWaJeSTWfb0Gx2TWaLZenv8OJBEa/+GG/+G9N2D9r6QuDhnRlm8gaJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU82hyWMZ64eAGZBCQRMFSnhINLAokNAORvVZvT0GbUSs7nGSgB+xgRKh4Ayt5XcRnjC70WIMZtorV9yqOxddBS+HCsnV6JW/uv2YpxEo5JIZ0/HcBP2MaRRcwrTUTQ0kjI/YADoWFYvA+Nn86Ck9s06fhrG2TyGdu78nMhYZM4kC2xkxHJrl2sz8r9ZJMbz2M6GSFEHxxaIwlRRjOkuA9oUGjnJigXEt7K2UD5lmHG1OJRuCt/zlVWhdVD3Ld5eVWj2Po0hOyCk5Jx65IjVySxqkSTh5JM/klbw5Y+fFeXc+Fq0FJ585Jn/kfP4AbBKSgw==</latexit><latexit sha1_base64="l77zuTDaX6Cy2A2+t92LX9+ZYmE=">AAAB9HicbZBNSwMxEIaz9avWr6pHL8EieCq7IuixUA8eK9hWaJeSTWfb0Gx2TWaLZenv8OJBEa/+GG/+G9N2D9r6QuDhnRlm8gaJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU82hyWMZ64eAGZBCQRMFSnhINLAokNAORvVZvT0GbUSs7nGSgB+xgRKh4Ayt5XcRnjC70WIMZtorV9yqOxddBS+HCsnV6JW/uv2YpxEo5JIZ0/HcBP2MaRRcwrTUTQ0kjI/YADoWFYvA+Nn86Ck9s06fhrG2TyGdu78nMhYZM4kC2xkxHJrl2sz8r9ZJMbz2M6GSFEHxxaIwlRRjOkuA9oUGjnJigXEt7K2UD5lmHG1OJRuCt/zlVWhdVD3Ld5eVWj2Po0hOyCk5Jx65IjVySxqkSTh5JM/klbw5Y+fFeXc+Fq0FJ585Jn/kfP4AbBKSgw==</latexit>

Quantum
<latexit sha1_base64="0kbuDWZ6810ICnrqk94RrQTfr2E=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFbly2YC/QjiWTZtrQJDMkJ2oZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyR6ngBnz/21tb39jc2i7sFHf39g8OS0fHLZNYTVmTJiLRnYgYJrhiTeAgWCfVjMhIsHY0rs3q7QemDU/UHUxSFkoyVDzmlICz7nvAniBrWKLAymm/VPYr/lx4FYIcyihXvV/66g0SaiVTQAUxphv4KYQZ0cCpYNNizxqWEjomQ9Z1qIhkJszmV0/xuXMGOE60ewrw3P09kRFpzERGrlMSGJnl2sz8r9a1EN+EGVepBaboYlFsBYYEzyLAA64ZBTFxQKjm7lZMR0QTCi6oogshWP7yKrQuK4HjxlW5WsvjKKBTdIYuUICuURXdojpqIoo0ekav6M179F68d+9j0brm5TMn6I+8zx9V4ZML</latexit><latexit sha1_base64="0kbuDWZ6810ICnrqk94RrQTfr2E=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFbly2YC/QjiWTZtrQJDMkJ2oZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyR6ngBnz/21tb39jc2i7sFHf39g8OS0fHLZNYTVmTJiLRnYgYJrhiTeAgWCfVjMhIsHY0rs3q7QemDU/UHUxSFkoyVDzmlICz7nvAniBrWKLAymm/VPYr/lx4FYIcyihXvV/66g0SaiVTQAUxphv4KYQZ0cCpYNNizxqWEjomQ9Z1qIhkJszmV0/xuXMGOE60ewrw3P09kRFpzERGrlMSGJnl2sz8r9a1EN+EGVepBaboYlFsBYYEzyLAA64ZBTFxQKjm7lZMR0QTCi6oogshWP7yKrQuK4HjxlW5WsvjKKBTdIYuUICuURXdojpqIoo0ekav6M179F68d+9j0brm5TMn6I+8zx9V4ZML</latexit><latexit sha1_base64="0kbuDWZ6810ICnrqk94RrQTfr2E=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFbly2YC/QjiWTZtrQJDMkJ2oZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyR6ngBnz/21tb39jc2i7sFHf39g8OS0fHLZNYTVmTJiLRnYgYJrhiTeAgWCfVjMhIsHY0rs3q7QemDU/UHUxSFkoyVDzmlICz7nvAniBrWKLAymm/VPYr/lx4FYIcyihXvV/66g0SaiVTQAUxphv4KYQZ0cCpYNNizxqWEjomQ9Z1qIhkJszmV0/xuXMGOE60ewrw3P09kRFpzERGrlMSGJnl2sz8r9a1EN+EGVepBaboYlFsBYYEzyLAA64ZBTFxQKjm7lZMR0QTCi6oogshWP7yKrQuK4HjxlW5WsvjKKBTdIYuUICuURXdojpqIoo0ekav6M179F68d+9j0brm5TMn6I+8zx9V4ZML</latexit><latexit sha1_base64="0kbuDWZ6810ICnrqk94RrQTfr2E=">AAAB9XicbZDLSgMxFIYzXmu9VV26CRbBVZkRQZeFbly2YC/QjiWTZtrQJDMkJ2oZ+h5uXCji1ndx59uYtrPQ1h8CH/85h3PyR6ngBnz/21tb39jc2i7sFHf39g8OS0fHLZNYTVmTJiLRnYgYJrhiTeAgWCfVjMhIsHY0rs3q7QemDU/UHUxSFkoyVDzmlICz7nvAniBrWKLAymm/VPYr/lx4FYIcyihXvV/66g0SaiVTQAUxphv4KYQZ0cCpYNNizxqWEjomQ9Z1qIhkJszmV0/xuXMGOE60ewrw3P09kRFpzERGrlMSGJnl2sz8r9a1EN+EGVepBaboYlFsBYYEzyLAA64ZBTFxQKjm7lZMR0QTCi6oogshWP7yKrQuK4HjxlW5WsvjKKBTdIYuUICuURXdojpqIoo0ekav6M179F68d+9j0brm5TMn6I+8zx9V4ZML</latexit>

entanglement
<latexit sha1_base64="7uLrv7YFVdyGJnrib0i5iMPn5SE=">AAAB/HicbZBNS8NAEIY39avWr2iPXoJF8FQSEfRY6MVjBfsBbSmb7aRdutmE3YkYQv0rXjwo4tUf4s1/46bNQVtfWHh4Z4aZff1YcI2u+22VNja3tnfKu5W9/YPDI/v4pKOjRDFos0hEqudTDYJLaCNHAb1YAQ19AV1/1szr3QdQmkfyHtMYhiGdSB5wRtFYI7s6QHjEDCRSOREQGpiP7Jpbdxdy1sEroEYKtUb212AcsSQfZoJq3ffcGIcZVciZgHllkGiIKZvRCfQNShqCHmaL4+fOuXHGThAp8yQ6C/f3REZDrdPQN50hxalereXmf7V+gsHNMOMyThAkWy4KEuFg5ORJOGOugKFIDVCmuLnVYVOqKEOTV8WE4K1+eR06l3XP8N1VrdEs4iiTU3JGLohHrkmD3JIWaRNGUvJMXsmb9WS9WO/Wx7K1ZBUzVfJH1ucP1FeVhQ==</latexit><latexit sha1_base64="7uLrv7YFVdyGJnrib0i5iMPn5SE=">AAAB/HicbZBNS8NAEIY39avWr2iPXoJF8FQSEfRY6MVjBfsBbSmb7aRdutmE3YkYQv0rXjwo4tUf4s1/46bNQVtfWHh4Z4aZff1YcI2u+22VNja3tnfKu5W9/YPDI/v4pKOjRDFos0hEqudTDYJLaCNHAb1YAQ19AV1/1szr3QdQmkfyHtMYhiGdSB5wRtFYI7s6QHjEDCRSOREQGpiP7Jpbdxdy1sEroEYKtUb212AcsSQfZoJq3ffcGIcZVciZgHllkGiIKZvRCfQNShqCHmaL4+fOuXHGThAp8yQ6C/f3REZDrdPQN50hxalereXmf7V+gsHNMOMyThAkWy4KEuFg5ORJOGOugKFIDVCmuLnVYVOqKEOTV8WE4K1+eR06l3XP8N1VrdEs4iiTU3JGLohHrkmD3JIWaRNGUvJMXsmb9WS9WO/Wx7K1ZBUzVfJH1ucP1FeVhQ==</latexit><latexit sha1_base64="7uLrv7YFVdyGJnrib0i5iMPn5SE=">AAAB/HicbZBNS8NAEIY39avWr2iPXoJF8FQSEfRY6MVjBfsBbSmb7aRdutmE3YkYQv0rXjwo4tUf4s1/46bNQVtfWHh4Z4aZff1YcI2u+22VNja3tnfKu5W9/YPDI/v4pKOjRDFos0hEqudTDYJLaCNHAb1YAQ19AV1/1szr3QdQmkfyHtMYhiGdSB5wRtFYI7s6QHjEDCRSOREQGpiP7Jpbdxdy1sEroEYKtUb212AcsSQfZoJq3ffcGIcZVciZgHllkGiIKZvRCfQNShqCHmaL4+fOuXHGThAp8yQ6C/f3REZDrdPQN50hxalereXmf7V+gsHNMOMyThAkWy4KEuFg5ORJOGOugKFIDVCmuLnVYVOqKEOTV8WE4K1+eR06l3XP8N1VrdEs4iiTU3JGLohHrkmD3JIWaRNGUvJMXsmb9WS9WO/Wx7K1ZBUzVfJH1ucP1FeVhQ==</latexit><latexit sha1_base64="7uLrv7YFVdyGJnrib0i5iMPn5SE=">AAAB/HicbZBNS8NAEIY39avWr2iPXoJF8FQSEfRY6MVjBfsBbSmb7aRdutmE3YkYQv0rXjwo4tUf4s1/46bNQVtfWHh4Z4aZff1YcI2u+22VNja3tnfKu5W9/YPDI/v4pKOjRDFos0hEqudTDYJLaCNHAb1YAQ19AV1/1szr3QdQmkfyHtMYhiGdSB5wRtFYI7s6QHjEDCRSOREQGpiP7Jpbdxdy1sEroEYKtUb212AcsSQfZoJq3ffcGIcZVciZgHllkGiIKZvRCfQNShqCHmaL4+fOuXHGThAp8yQ6C/f3REZDrdPQN50hxalereXmf7V+gsHNMOMyThAkWy4KEuFg5ORJOGOugKFIDVCmuLnVYVOqKEOTV8WE4K1+eR06l3XP8N1VrdEs4iiTU3JGLohHrkmD3JIWaRNGUvJMXsmb9WS9WO/Wx7K1ZBUzVfJH1ucP1FeVhQ==</latexit>

Spin waves
<latexit sha1_base64="Q68u2x4Ebc7Duwk1Um0/tPNR4OA=">AAAB/HicbZDLSgMxFIYzXmu9Vbt0EyyCqzIjgi4LbnRX0V6gLSWTnmlDM5khOVMdhvoqblwo4tYHcefbmF4W2vpD4OM/53BOfj+WwqDrfjsrq2vrG5u5rfz2zu7efuHgsG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eDWpN0agjYjUPaYxdELWVyIQnKG1uoViG+ER/SC7i4WiD2wEZtwtlNyyOxVdBm8OJTJXtVv4avcinoSgkEtmTMtzY+xkTKPgEsb5dmIgZnzI+tCyqFgIppNNjx/TE+v0aBBp+xTSqft7ImOhMWno286Q4cAs1ibmf7VWgsFlJxMqThAUny0KEkkxopMkaE9o4ChTC4xrYW+lfMA042jzytsQvMUvL0P9rOxZvj0vVW7mceTIETkmp8QjF6RCrkmV1AgnKXkmr+TNeXJenHfnY9a64sxniuSPnM8fStuVMQ==</latexit><latexit sha1_base64="Q68u2x4Ebc7Duwk1Um0/tPNR4OA=">AAAB/HicbZDLSgMxFIYzXmu9Vbt0EyyCqzIjgi4LbnRX0V6gLSWTnmlDM5khOVMdhvoqblwo4tYHcefbmF4W2vpD4OM/53BOfj+WwqDrfjsrq2vrG5u5rfz2zu7efuHgsG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eDWpN0agjYjUPaYxdELWVyIQnKG1uoViG+ER/SC7i4WiD2wEZtwtlNyyOxVdBm8OJTJXtVv4avcinoSgkEtmTMtzY+xkTKPgEsb5dmIgZnzI+tCyqFgIppNNjx/TE+v0aBBp+xTSqft7ImOhMWno286Q4cAs1ibmf7VWgsFlJxMqThAUny0KEkkxopMkaE9o4ChTC4xrYW+lfMA042jzytsQvMUvL0P9rOxZvj0vVW7mceTIETkmp8QjF6RCrkmV1AgnKXkmr+TNeXJenHfnY9a64sxniuSPnM8fStuVMQ==</latexit><latexit sha1_base64="Q68u2x4Ebc7Duwk1Um0/tPNR4OA=">AAAB/HicbZDLSgMxFIYzXmu9Vbt0EyyCqzIjgi4LbnRX0V6gLSWTnmlDM5khOVMdhvoqblwo4tYHcefbmF4W2vpD4OM/53BOfj+WwqDrfjsrq2vrG5u5rfz2zu7efuHgsG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eDWpN0agjYjUPaYxdELWVyIQnKG1uoViG+ER/SC7i4WiD2wEZtwtlNyyOxVdBm8OJTJXtVv4avcinoSgkEtmTMtzY+xkTKPgEsb5dmIgZnzI+tCyqFgIppNNjx/TE+v0aBBp+xTSqft7ImOhMWno286Q4cAs1ibmf7VWgsFlJxMqThAUny0KEkkxopMkaE9o4ChTC4xrYW+lfMA042jzytsQvMUvL0P9rOxZvj0vVW7mceTIETkmp8QjF6RCrkmV1AgnKXkmr+TNeXJenHfnY9a64sxniuSPnM8fStuVMQ==</latexit><latexit sha1_base64="Q68u2x4Ebc7Duwk1Um0/tPNR4OA=">AAAB/HicbZDLSgMxFIYzXmu9Vbt0EyyCqzIjgi4LbnRX0V6gLSWTnmlDM5khOVMdhvoqblwo4tYHcefbmF4W2vpD4OM/53BOfj+WwqDrfjsrq2vrG5u5rfz2zu7efuHgsG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eDWpN0agjYjUPaYxdELWVyIQnKG1uoViG+ER/SC7i4WiD2wEZtwtlNyyOxVdBm8OJTJXtVv4avcinoSgkEtmTMtzY+xkTKPgEsb5dmIgZnzI+tCyqFgIppNNjx/TE+v0aBBp+xTSqft7ImOhMWno286Q4cAs1ibmf7VWgsFlJxMqThAUny0KEkkxopMkaE9o4ChTC4xrYW+lfMA042jzytsQvMUvL0P9rOxZvj0vVW7mceTIETkmp8QjF6RCrkmV1AgnKXkmr+TNeXJenHfnY9a64sxniuSPnM8fStuVMQ==</latexit>

setup
<latexit sha1_base64="UAFQehBMccMfXjO5VVZxooCO6vg=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBTSib7aRdukmW3YlYQv+GFw+KePXPePPfuG1z0NYXFh7emWFm31BJYdB1v53SxubW9k55t7K3f3B4VD0+6Zg00xzaPJWp7oXMgBQJtFGghJ7SwOJQQjecNOf17iNoI9LkAacKgpiNEhEJztBavo/whLkBzNRsUK25dXchug5eATVSqDWofvnDlGcxJMglM6bvuQqDnGkUXMKs4mcGFOMTNoK+xYTFYIJ8cfOMXlhnSKNU25cgXbi/J3IWGzONQ9sZMxyb1drc/K/WzzC6DXKRqAwh4ctFUSYppnQeAB0KDRzl1ALjWthbKR8zzTjamCo2BG/1y+vQuap7lu+va41mEUeZnJFzckk8ckMa5I60SJtwosgzeSVvTua8OO/Ox7K15BQzp+SPnM8f5/GSPQ==</latexit><latexit sha1_base64="UAFQehBMccMfXjO5VVZxooCO6vg=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBTSib7aRdukmW3YlYQv+GFw+KePXPePPfuG1z0NYXFh7emWFm31BJYdB1v53SxubW9k55t7K3f3B4VD0+6Zg00xzaPJWp7oXMgBQJtFGghJ7SwOJQQjecNOf17iNoI9LkAacKgpiNEhEJztBavo/whLkBzNRsUK25dXchug5eATVSqDWofvnDlGcxJMglM6bvuQqDnGkUXMKs4mcGFOMTNoK+xYTFYIJ8cfOMXlhnSKNU25cgXbi/J3IWGzONQ9sZMxyb1drc/K/WzzC6DXKRqAwh4ctFUSYppnQeAB0KDRzl1ALjWthbKR8zzTjamCo2BG/1y+vQuap7lu+va41mEUeZnJFzckk8ckMa5I60SJtwosgzeSVvTua8OO/Ox7K15BQzp+SPnM8f5/GSPQ==</latexit><latexit sha1_base64="UAFQehBMccMfXjO5VVZxooCO6vg=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBTSib7aRdukmW3YlYQv+GFw+KePXPePPfuG1z0NYXFh7emWFm31BJYdB1v53SxubW9k55t7K3f3B4VD0+6Zg00xzaPJWp7oXMgBQJtFGghJ7SwOJQQjecNOf17iNoI9LkAacKgpiNEhEJztBavo/whLkBzNRsUK25dXchug5eATVSqDWofvnDlGcxJMglM6bvuQqDnGkUXMKs4mcGFOMTNoK+xYTFYIJ8cfOMXlhnSKNU25cgXbi/J3IWGzONQ9sZMxyb1drc/K/WzzC6DXKRqAwh4ctFUSYppnQeAB0KDRzl1ALjWthbKR8zzTjamCo2BG/1y+vQuap7lu+va41mEUeZnJFzckk8ckMa5I60SJtwosgzeSVvTua8OO/Ox7K15BQzp+SPnM8f5/GSPQ==</latexit><latexit sha1_base64="UAFQehBMccMfXjO5VVZxooCO6vg=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY6MVjBfsBTSib7aRdukmW3YlYQv+GFw+KePXPePPfuG1z0NYXFh7emWFm31BJYdB1v53SxubW9k55t7K3f3B4VD0+6Zg00xzaPJWp7oXMgBQJtFGghJ7SwOJQQjecNOf17iNoI9LkAacKgpiNEhEJztBavo/whLkBzNRsUK25dXchug5eATVSqDWofvnDlGcxJMglM6bvuQqDnGkUXMKs4mcGFOMTNoK+xYTFYIJ8cfOMXlhnSKNU25cgXbi/J3IWGzONQ9sZMxyb1drc/K/WzzC6DXKRqAwh4ctFUSYppnQeAB0KDRzl1ALjWthbKR8zzTjamCo2BG/1y+vQuap7lu+va41mEUeZnJFzckk8ckMa5I60SJtwosgzeSVvTua8OO/Ox7K15BQzp+SPnM8f5/GSPQ==</latexit>

Spin
<latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit>

transport
<latexit sha1_base64="Ws/wh34alMCUXepfPAZVYzfV05U=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY6MVjBdsKbSib7aZdutmE3UmxhP4TLx4U8eo/8ea/cdvmoK0vLDy8M8PMvmEqhUHP+3ZKG5tb2zvl3cre/sHhkXt80jZJphlvsUQm+jGkhkuheAsFSv6Yak7jUPJOOG7M650J10Yk6gGnKQ9iOlQiEoyitfqu20P+hDlqqkyaaJz13apX8xYi6+AXUIVCzb771RskLIu5QiapMV3fSzHIqUbBJJ9VepnhKWVjOuRdi4rG3AT54vIZubDOgESJtk8hWbi/J3IaGzONQ9sZUxyZ1drc/K/WzTC6DXKh0gy5YstFUSYJJmQeAxkIzRnKqQXKtLC3EjaimjK0YVVsCP7ql9ehfVXzLd9fV+uNIo4ynME5XIIPN1CHO2hCCxhM4Ble4c3JnRfn3flYtpacYuYU/sj5/AGsT5RS</latexit><latexit sha1_base64="Ws/wh34alMCUXepfPAZVYzfV05U=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY6MVjBdsKbSib7aZdutmE3UmxhP4TLx4U8eo/8ea/cdvmoK0vLDy8M8PMvmEqhUHP+3ZKG5tb2zvl3cre/sHhkXt80jZJphlvsUQm+jGkhkuheAsFSv6Yak7jUPJOOG7M650J10Yk6gGnKQ9iOlQiEoyitfqu20P+hDlqqkyaaJz13apX8xYi6+AXUIVCzb771RskLIu5QiapMV3fSzHIqUbBJJ9VepnhKWVjOuRdi4rG3AT54vIZubDOgESJtk8hWbi/J3IaGzONQ9sZUxyZ1drc/K/WzTC6DXKh0gy5YstFUSYJJmQeAxkIzRnKqQXKtLC3EjaimjK0YVVsCP7ql9ehfVXzLd9fV+uNIo4ynME5XIIPN1CHO2hCCxhM4Ble4c3JnRfn3flYtpacYuYU/sj5/AGsT5RS</latexit><latexit sha1_base64="Ws/wh34alMCUXepfPAZVYzfV05U=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY6MVjBdsKbSib7aZdutmE3UmxhP4TLx4U8eo/8ea/cdvmoK0vLDy8M8PMvmEqhUHP+3ZKG5tb2zvl3cre/sHhkXt80jZJphlvsUQm+jGkhkuheAsFSv6Yak7jUPJOOG7M650J10Yk6gGnKQ9iOlQiEoyitfqu20P+hDlqqkyaaJz13apX8xYi6+AXUIVCzb771RskLIu5QiapMV3fSzHIqUbBJJ9VepnhKWVjOuRdi4rG3AT54vIZubDOgESJtk8hWbi/J3IaGzONQ9sZUxyZ1drc/K/WzTC6DXKh0gy5YstFUSYJJmQeAxkIzRnKqQXKtLC3EjaimjK0YVVsCP7ql9ehfVXzLd9fV+uNIo4ynME5XIIPN1CHO2hCCxhM4Ble4c3JnRfn3flYtpacYuYU/sj5/AGsT5RS</latexit><latexit sha1_base64="Ws/wh34alMCUXepfPAZVYzfV05U=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY6MVjBdsKbSib7aZdutmE3UmxhP4TLx4U8eo/8ea/cdvmoK0vLDy8M8PMvmEqhUHP+3ZKG5tb2zvl3cre/sHhkXt80jZJphlvsUQm+jGkhkuheAsFSv6Yak7jUPJOOG7M650J10Yk6gGnKQ9iOlQiEoyitfqu20P+hDlqqkyaaJz13apX8xYi6+AXUIVCzb771RskLIu5QiapMV3fSzHIqUbBJJ9VepnhKWVjOuRdi4rG3AT54vIZubDOgESJtk8hWbi/J3IaGzONQ9sZUxyZ1drc/K/WzTC6DXKh0gy5YstFUSYJJmQeAxkIzRnKqQXKtLC3EjaimjK0YVVsCP7ql9ehfVXzLd9fV+uNIo4ynME5XIIPN1CHO2hCCxhM4Ble4c3JnRfn3flYtpacYuYU/sj5/AGsT5RS</latexit>

Spin
<latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit><latexit sha1_base64="Z1L1mC+DBcM8f6ZPVmqZgvE3jzw=">AAAB8nicbZBNS8NAEIY3ftb6VfXoZbEInkoigh4LvXisaD8gDWWznbRLN5uwOxFL6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOG7N65xG0EYl6wEkKQcyGSkSCM7SW30N4wvw+FWrar1TdmjsXXQWvgCop1OxXvnqDhGcxKOSSGeN7bopBzjQKLmFa7mUGUsbHbAi+RcViMEE+X3lKz60zoFGi7VNI5+7viZzFxkzi0HbGDEdmuTYz/6v5GUY3QS5UmiEovvgoyiTFhM7upwOhgaOcWGBcC7sr5SOmGUebUtmG4C2fvArty5pn+e6qWm8UcZTIKTkjF8Qj16RObkmTtAgnCXkmr+TNQefFeXc+Fq1rTjFzQv7I+fwB2MWRnA==</latexit>
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Overview: Spin waves play a central role in this CAREER proposal. A synergy of new theoreti-
cal tools, novel materials (2D vdW insulating magnets), and experimental collaborations will
be implemented to unveil new magnetic phases. The proposal will address: the properties of
i) stacked and twisted 2D vdW materials, ii) magnetic systems driven out of equilibrium, and
iii) the interplay between non-Hermitian topology and dissipation of magnetic excitations. Ex-
perimental collaborations will involve the use of quantum spin sensors (i.e., NV centers) and
spin transport setups to characterize, respectively, the single-particle and collective magnetic
properties. Potential technological applications include: i) neuromorphic networks based on
topologically protected microwave emission of spin-torque oscillators; ii) protocols for quan-
tum entanglement relying on the interaction between NV-center spins and magnetic modes;
iii) fault-tolerant magnonic devices.

1 Topology and dissipation in magnetic systems

1.1 Background and overview

Since the discovery of the quantum Hall effect in 1980 [33], topology has become a cornerstone in
our understanding of condensed matter systems. Connecting concepts drawn from topology to
electronic, photonic, cold-atom and mechanical systems has led to the discovery of a plethora of
new phenomena and materials [34, 35, 36, 37]. As there is a strong relevance to unveil topological
phases of matter in magnets, both from a fundamental perspective and for applications, several
proposals have surfaced in the last decade. Many of them rely on spatial inhomogeneities of dipo-
lar interactions or on the presence of Dzyaloshinskii-Moriya interactions as source of nontrivial
topology [38, 39, 40, 41]. Such spin-orbit-locking interactions, however, break global spin-rotation
symmetry. Thus, these systems do not have any axis with a continuous spin-rotational symmetry,
which implies that the total number of magnons is not conserved.

To properly account for the non-conservation of magnon number, an energy non-conserving
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⌫ij ẑ · (Si ⇥ Sj), (1)

where J > 0 is the nearest-neighbor (NN) Heisenberg
exchange, J2 > 0 the next-to-nearest neighbor (NNN)
exchange coupling, B � 0 the out-of-plane magnetic field,
D the NNN DMI strength and ⌫ij = �⌫ji = ±1 reflects
the non-reciprocity of the DM interactions. Far below the
magnetic ordering temperature Tc, i.e., for T ⌧ Tc, and
for D  J/

p
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same now that you have also J2, we can access the
magnon spectrum by introducing the linearized Holstein-
Primako↵ transformation, i.e.,
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2Sdi , Sz
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where S is the classical spin (in units of ~) and di
(d†i ) the magnon annihilation (creation) operator at the
ith site, which obeys the bosonic commutation relation
[di, d

†
j ] = �ij . Plugging Eq. (2) into Eq. (1) and trun-

cating the Hamiltonian beyond quadratic terms in the
Holstein-Primako↵ bosons, we find
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Performing a Fourier transformation while introducing
the spinor  k = (ak, bk), where ak (bk) is the Fourier
transform of the magnon annihilation operator on the A
(B) sublattice, Eq. (3) becomes [46] why do you cite
their work if the Hamiltonian is not exactly the
same?
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with

h0 =3JS + 6J2S +B � 4J2S
X
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cosk · �n,

hx =� JS
X
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cosk ·↵n,

hy =JS
X
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sink ·↵n, hz = 2DS
X

n

sink · �n , (5)

where the ↵n and �n (with n = 1, 2, 3) are, respectively,
the NN and NNN bond vectors defined in Fig. 1(a). Here
and in what follows, we omit the explicit dependence of
the function hi (for i = x, y, z) on the wavevector k.

FIG. 1. (a) Ferromagnetic honeycomb lattice. ↵n and �n are
the nearest and the next-to-nearest neighbor vectors, respec-
tively. ⌫ij = 1 and ⌫ij0 = �1 label the sign of counterclock-
wise and clockwise DMI, respectively. (b) Spin-wave disper-
sion with broadening along a representative path (��K�M )
in the first Brillouin zone withD = 0D=0 - Don’t you have
a gap here so D is finite? Just remove D=0, you al-
ready specify the correct value of D for this plot in the
main text. The blue and red lines indicate the real spectra
of the acoustic and optical mode, respectively. The light blue
and light red shadows represent the band broadenings �Eac

and �Eopt, respectively. Here a =
p
3d is the distance be-

tween A-A (B-B) sublattices, where d is the nearest-neighbor
A-B distance.

Non-Hermitian dissipative terms. The magnon num-
ber is not conserved due to ubiquitous spin nonconserving
interactions of magnons with the crystalline lattice [35–
41]. Several ab initio studies have investigated the
dissipation of magnetic eigenmodes driven by magnon-
phonon interactions, modeled via finite-temperature ran-
dom phonon fluctuations that modify the distance be-
tween neighboring spins [43–45]. The linewidth broad-
ening of the acoustic, �Eac, and optical, �Eop, eigen-
modes of a magnetic honeycomb lattice have been found
to scale, respectively, as �Eac / k2 (with k = |k|) and
�Eop / constant over a large portion of the first Bril-
louin zone. While the broadening of the optical eigen-
mode is a constant that can be readily incorporated in
the lattice Hamiltonian, we cannot include the relaxation
associated with the acoustic mode in the present form
/ k2 as it explicitly breaks the translational symmetry
of our model.
In order to reproduce the observed broadening of the
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proach, i.e., we include non-Hermitian terms allowed by
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Performing a Fourier transformation while introducing
the spinor  k = (ak, bk), where ak (bk) is the Fourier
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where the ↵n and �n (with n = 1, 2, 3) are, respectively,
the NN and NNN bond vectors defined in Fig. 1(a). Here
and in what follows, we omit the explicit dependence of
the function hi (for i = x, y, z) on the wavevector k.

FIG. 1. (a) Ferromagnetic honeycomb lattice. ↵n and �n are
the nearest and the next-to-nearest neighbor vectors, respec-
tively. ⌫ij = 1 and ⌫ij0 = �1 label the sign of counterclock-
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and �Eopt, respectively. Here a =
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Non-Hermitian dissipative terms. The magnon num-
ber is not conserved due to ubiquitous spin nonconserving
interactions of magnons with the crystalline lattice [35–
41]. Several ab initio studies have investigated the
dissipation of magnetic eigenmodes driven by magnon-
phonon interactions, modeled via finite-temperature ran-
dom phonon fluctuations that modify the distance be-
tween neighboring spins [43–45]. The linewidth broad-
ening of the acoustic, �Eac, and optical, �Eop, eigen-
modes of a magnetic honeycomb lattice have been found
to scale, respectively, as �Eac / k2 (with k = |k|) and
�Eop / constant over a large portion of the first Bril-
louin zone. While the broadening of the optical eigen-
mode is a constant that can be readily incorporated in
the lattice Hamiltonian, we cannot include the relaxation
associated with the acoustic mode in the present form
/ k2 as it explicitly breaks the translational symmetry
of our model.
In order to reproduce the observed broadening of the

acoustic eigenmode, we adopt a phenomenological ap-
proach, i.e., we include non-Hermitian terms allowed by
symmetry. Our ansatz for the imaginary part of the
acoustic and optical mode eigenenergies reads as

�Eac =� i�11(3�
X

j

cosk ·↵j)

� i�12(3�
X

j

cosk · �j) , (6)

�Eop =� i�2 . (7)

We extract the values of the parameters �11, �12
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ABSTRACT

Recently, bulk and multi-layer Cr2Ge2Te6 (CGT) has garnered much attention because of its interesting physical properties and promising
technological aspects, including information storage and spintronic application. Here, using density functional theory calculations, we inves-
tigate the spin-wave spectrum and magnon-phonon interaction (MPI) in the CGT monolayer. The strength of MPI and the magnon relaxa-
tion time are estimated by the broadening in the spin-wave spectrum. We find that the MPI in the CGT monolayer exhibits weak in-plane
isotropy and a strong wave vector dependence. The broadening of optical magnons is constant near the center of the Brillouin zone, while
that for acoustic magnons shows a quadratic wave-vector dependence. Moreover, this wave-vector dependence is independent of tempera-
ture. As the temperature increases from 5K to 55K, the magnon relaxation time decreases 4 times, revealing the importance of MPI in spin
dynamics of the ferromagnetic CGT monolayer. Our work provides an in-depth understanding of the magnon-phonon interaction in the
ferromagnetic Cr2Ge2Te6 monolayer.

Published under license by AIP Publishing. https://doi.org/10.1063/5.0037081

In the past decade, various two-dimensional (2D) materials1 have
been exfoliated and synthesized since the discovery of graphene, such
as molybdenum disulfide (MoS2),

2 hexagon boron nitride (h-BN),3

phosphorene,4 and borophene.5 However, the magnetic material in
the 2D material family is missing until the exfoliation of multi-layer
Cr2Ge2Te6 (CGT) and Cr trihalide (CrI3).

6,7 Subsequently, numerous
2D magnets are unveiled,8 such as Fe5"xGeTe2,

9 MnPS3,
10 Cr2S3,

11

CoGa2X4 (X ¼ S, Se, Te),12 CrOX (X ¼ Cl, Br),13 non-vdW transi-
tion-metal oxides,14 and some 2D transition metal carbides and
nitrides (MXenes).15

Few-layer CGT possesses many remarkable merits,16,17

including large Kerr rotations up to $2:2%;6 a giant modulation of
the magnetoresistance,18 high thermoelectric performance,19 and
anomalous Hall effect (AHE).20 For instance, an inverse resistance
change phase-change random access memory based on CGT was
presented by Hatayama et al., which demonstrated a high-
resistance crystalline reset state and a low-resistance amorphous
set state, indicating a giant modulation of the magnetoresistance in

CGT.21 A high power factor of $0.23 mW/mK2 is demonstrated in
the few-layer CGT-based compounds, and this power factor can
also be enhanced to $0.57mW/mK2 by Mn doping.22 The Curie
temperature Tc of the CGT monolayer is predicted to be around
60 K by Monte Carlo simulations and mean field theory.23

Moreover, the Curie temperature can be further enhanced by sur-
face molecular adsorption.24 These excellent properties reveal the
immense potential of CGT in magnetic, magneto-optical,
magneto-thermal, and magneto-electronic devices.

Despite a great deal of research on the ferromagnetism of few-
layer CGT, the magnon-phonon interaction (MPI) induced by finite
temperature is yet to be fully understood. The magnon-phonon inter-
action has an impressive influence on the magnetic fluctuation and
magnetic dissipation, as well as in establishing the long-range ferro-
magnetic order. Although the interaction between magnon and intrin-
sic lattice vibration modes has been investigated,25 the effects of
temperature on the spin-wave spectrum and magnon relaxation time
are still open questions. Therefore, a comprehensive study of MPI is
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optical modes along the path from C to M (CM) is similar to that
from C to K (CK), revealing weak in-plane anisotropy. The red and
blue lines in Fig. 4 represent the asymptotic functions of the broaden-
ing for optical and acoustic magnons, respectively. These asymptotic
functions were obtained by polynomial fitting. Interestingly, the
broadening of optical magnons is constant near the center of the
Brillouin zone. On the other hand, the acoustic magnon exhibits a
quadratic dependence on the wave vector.36 Moreover, this wave vec-
tor dependence of broadening for acoustic and optical magnons is
independent of temperature.

For calculating the relaxation time s governed by MPI, the uncer-
tainty principle (DE!sMP" !h) is used,37 and thus, the relaxation time
s is inversely proportional to the broadening. Because of the weak
direction dependence of broadening, we calculated the relaxation
times for acoustic and optical magnons at k ¼1.03! 106 cm$1 (0.02
p/a) in the path from C to M, as shown in Fig. 5. It is obvious that the
relaxation time governed by MPI for both optical and acoustic

magnons decreases significantly with temperature, revealing the
enhancement in magnon-phonon coupling strength. We select this
value of the wavevector for comparative purposes, as the related data
were provided in previous works.27,38 The value of relaxation time at
k¼ 1.03 ! 106 cm$1 for acoustic magnons is 0.41 ns at 30K, much
smaller than that (2.45 ns) in gadolinium iron garnet at 300K,29 while
that for optical magnons is 0.09 ps in the CGT monolayer at 30K,
slightly higher than that (0.072 ps) in gadolinium iron garnet.

In summary, we investigate the magnon-phonon interaction
induced by temperature based on density functional theory (DFT)
and the spin-wave spectrum. We find that there is a weak direction
dependence but a strong wave vector dependence and temperature
dependence of magnon-phonon interaction in the CGT monolayer.
The MPI for acoustic magnons shows a quadratic wave vector depen-
dence near the center of the Brillouin zone, while that for optical mag-
nons is almost a constant. With the increase in temperature, the
broadening for both acoustic and optical branches in the spin-wave
spectrum caused by temperature enlarges, and the relaxation time s
monotonously decreases, revealing the enhancement of MPI for both
acoustic and optical magnons. Our results provide a comprehensive
understanding of MPI in the ferromagnetic CGT monolayer.

See the supplementary material for calculation details of the mag-
non spectrum and phonon properties.
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FIG. 4. Broadening DE on the log –log scale at 15 K (a), 30 K (b), and 45 K (c). The red and blue lines represent asymptotic functions for the broadening of optical and acoustic
magnons.

FIG. 5. The relaxation time governed by magnon-phonon interaction at a wavevec-
tor of 0.02 p/a (1.03! 106 cm$1).
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where J > 0 is the nearest-neighbor (NN) Heisenberg
exchange, J2 > 0 the next-to-nearest neighbor (NNN)
exchange coupling, B � 0 the out-of-plane magnetic field,
D the NNN DMI strength and ⌫ij = �⌫ji = ±1 reflects
the non-reciprocity of the DM interactions. Far below the
magnetic ordering temperature Tc, i.e., for T ⌧ Tc, and
for D  J/

p
3 check if this condition is exactly the

same now that you have also J2, we can access the
magnon spectrum by introducing the linearized Holstein-
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where S is the classical spin (in units of ~) and di
(d†i ) the magnon annihilation (creation) operator at the
ith site, which obeys the bosonic commutation relation
[di, d
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j ] = �ij . Plugging Eq. (2) into Eq. (1) and trun-

cating the Hamiltonian beyond quadratic terms in the
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Performing a Fourier transformation while introducing
the spinor  k = (ak, bk), where ak (bk) is the Fourier
transform of the magnon annihilation operator on the A
(B) sublattice, Eq. (3) becomes [46] why do you cite
their work if the Hamiltonian is not exactly the
same?

H =
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where the ↵n and �n (with n = 1, 2, 3) are, respectively,
the NN and NNN bond vectors defined in Fig. 1(a). Here
and in what follows, we omit the explicit dependence of
the function hi (for i = x, y, z) on the wavevector k.

FIG. 1. (a) Ferromagnetic honeycomb lattice. ↵n and �n are
the nearest and the next-to-nearest neighbor vectors, respec-
tively. ⌫ij = 1 and ⌫ij0 = �1 label the sign of counterclock-
wise and clockwise DMI, respectively. (b) Spin-wave disper-
sion with broadening along a representative path (��K�M )
in the first Brillouin zone withD = 0D=0 - Don’t you have
a gap here? This is wrong. Just remove D=0, you al-
ready specify the correct value of D for this plot in the
main text. The blue and red lines indicate the real spectra
of the acoustic and optical mode, respectively. The light blue
and light red shadows represent the band broadenings �Eac

and �Eopt, respectively. Here a =
p
3d is the distance be-

tween A-A (B-B) sublattices, where d is the nearest-neighbor
A-B distance.

Non-Hermitian dissipative terms. The magnon num-
ber is not conserved due to ubiquitous spin nonconserving
interactions of magnons with the crystalline lattice [35–
41]. Several ab initio studies have investigated the
dissipation of magnetic eigenmodes driven by magnon-
phonon interactions, modeled via finite-temperature ran-
dom phonon fluctuations that modify the distance be-
tween neighboring spins [43–45]. The linewidth broad-
ening of the acoustic, �Eac, and optical, �Eop, eigen-
modes of a magnetic honeycomb lattice have been found
to scale, respectively, as �Eac / k2 (with k = |k|) and
�Eop / constant over a large portion of the first Bril-
louin zone. While the broadening of the optical eigen-
mode is a constant that can be readily incorporated in
the lattice Hamiltonian, we cannot include the relaxation
associated with the acoustic mode in the present form
/ k2 as it explicitly breaks the translational symmetry
of our model.
In order to reproduce the observed broadening of the

acoustic eigenmode, we adopt a phenomenological ap-
proach, i.e., we include non-Hermitian terms allowed by
symmetry. Our ansatz for the imaginary part of the
acoustic and optical mode eigenenergies reads as

�Eac =� i�11(3�
X
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and �2 by fitting Eqs. (6) and (7) to the results of
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Non-Hermitian dissipative terms. The magnon num-
ber is not conserved due to ubiquitous spin nonconserving
interactions of magnons with the crystalline lattice [35–
41]. Several ab initio studies have investigated the
dissipation of magnetic eigenmodes driven by magnon-
phonon interactions, modeled via finite-temperature ran-
dom phonon fluctuations that modify the distance be-
tween neighboring spins [43–45]. The linewidth broad-
ening of the acoustic, �Eac, and optical, �Eop, eigen-
modes of a magnetic honeycomb lattice have been found
to scale, respectively, as �Eac / k2 (with k = |k|) and
�Eop / constant over a large portion of the first Bril-
louin zone. While the broadening of the optical eigen-
mode is a constant that can be readily incorporated in
the lattice Hamiltonian, we cannot include the relaxation
associated with the acoustic mode in the present form
/ k2 as it explicitly breaks the translational symmetry
of our model.
In order to reproduce the observed broadening of the
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⌫ij ẑ · (Si ⇥ Sj), (1)

where J > 0 is the nearest-neighbor (NN) Heisenberg
exchange, J2 > 0 the next-to-nearest neighbor (NNN)
exchange coupling, B � 0 the out-of-plane magnetic field,
D the NNN DMI strength and ⌫ij = �⌫ji = ±1 reflects
the non-reciprocity of the DM interactions. Far below the
magnetic ordering temperature Tc, i.e., for T ⌧ Tc, and
for D  J/

p
3 check if this condition is exactly the

same now that you have also J2, we can access the
magnon spectrum by introducing the linearized Holstein-
Primako↵ transformation, i.e.,

S+
i = Sx

i + iSy
i ⇡

p

2Sdi , Sz
i = S � d†idi , (2)

where S is the classical spin (in units of ~) and di
(d†i ) the magnon annihilation (creation) operator at the
ith site, which obeys the bosonic commutation relation
[di, d

†
j ] = �ij . Plugging Eq. (2) into Eq. (1) and trun-

cating the Hamiltonian beyond quadratic terms in the
Holstein-Primako↵ bosons, we find

H = (3JS + 6J2S +B)
X

i

d†idi � JS
X

hi,ji

(d†idj + h.c.)

� J2S
X

hhi,jii

(d†idj + h.c.)�DS
X

hhi,jii

(⌫ijd
†
idj + h.c.) .

(3)

Performing a Fourier transformation while introducing
the spinor  k = (ak, bk), where ak (bk) is the Fourier
transform of the magnon annihilation operator on the A
(B) sublattice, Eq. (3) becomes [46] why do you cite
their work if the Hamiltonian is not exactly the
same?

H =
X

i=0,x,y,z

X

k

 †
k (hi�i) k, (4)

with

h0 =3JS + 6J2S +B � 4J2S
X

n

cosk · �n,

hx =� JS
X

n

cosk ·↵n,

hy =JS
X

n

sink ·↵n, hz = 2DS
X

n

sink · �n , (5)

where the ↵n and �n (with n = 1, 2, 3) are, respectively,
the NN and NNN bond vectors defined in Fig. 1(a). Here
and in what follows, we omit the explicit dependence of
the function hi (for i = x, y, z) on the wavevector k.

FIG. 1. (a) Ferromagnetic honeycomb lattice. ↵n and �n are
the nearest and the next-to-nearest neighbor vectors, respec-
tively. ⌫ij = 1 and ⌫ij0 = �1 label the sign of counterclock-
wise and clockwise DMI, respectively. (b) Spin-wave disper-
sion with broadening along a representative path (��K�M )
in the first Brillouin zone withD = 0D=0 - Don’t you have
a gap here? This is wrong. Just remove D=0, you al-
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and light red shadows represent the band broadenings �Eac
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Non-Hermitian dissipative terms. The magnon num-
ber is not conserved due to ubiquitous spin nonconserving
interactions of magnons with the crystalline lattice [35–
41]. Several ab initio studies have investigated the
dissipation of magnetic eigenmodes driven by magnon-
phonon interactions, modeled via finite-temperature ran-
dom phonon fluctuations that modify the distance be-
tween neighboring spins [43–45]. The linewidth broad-
ening of the acoustic, �Eac, and optical, �Eop, eigen-
modes of a magnetic honeycomb lattice have been found
to scale, respectively, as �Eac / k2 (with k = |k|) and
�Eop / constant over a large portion of the first Bril-
louin zone. While the broadening of the optical eigen-
mode is a constant that can be readily incorporated in
the lattice Hamiltonian, we cannot include the relaxation
associated with the acoustic mode in the present form
/ k2 as it explicitly breaks the translational symmetry
of our model.
In order to reproduce the observed broadening of the

acoustic eigenmode, we adopt a phenomenological ap-
proach, i.e., we include non-Hermitian terms allowed by
symmetry. Our ansatz for the imaginary part of the
acoustic and optical mode eigenenergies reads as
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where J > 0 is the nearest-neighbor (NN) Heisenberg
exchange, J2 > 0 the next-to-nearest neighbor (NNN)
exchange coupling, B � 0 the out-of-plane magnetic field,
D the NNN DMI strength and ⌫ij = �⌫ji = ±1 reflects
the non-reciprocity of the DM interactions. Far below the
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where the ↵n and �n (with n = 1, 2, 3) are, respectively,
the NN and NNN bond vectors defined in Fig. 1(a). Here
and in what follows, we omit the explicit dependence of
the function hi (for i = x, y, z) on the wavevector k.
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the nearest and the next-to-nearest neighbor vectors, respec-
tively. ⌫ij = 1 and ⌫ij0 = �1 label the sign of counterclock-
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a gap here? This is wrong. Just remove D=0, you al-
ready specify the correct value of D for this plot in the
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Non-Hermitian dissipative terms. The magnon num-
ber is not conserved due to ubiquitous spin nonconserving
interactions of magnons with the crystalline lattice [35–
41]. Several ab initio studies have investigated the
dissipation of magnetic eigenmodes driven by magnon-
phonon interactions, modeled via finite-temperature ran-
dom phonon fluctuations that modify the distance be-
tween neighboring spins [43–45]. The linewidth broad-
ening of the acoustic, �Eac, and optical, �Eop, eigen-
modes of a magnetic honeycomb lattice have been found
to scale, respectively, as �Eac / k2 (with k = |k|) and
�Eop / constant over a large portion of the first Bril-
louin zone. While the broadening of the optical eigen-
mode is a constant that can be readily incorporated in
the lattice Hamiltonian, we cannot include the relaxation
associated with the acoustic mode in the present form
/ k2 as it explicitly breaks the translational symmetry
of our model.
In order to reproduce the observed broadening of the

acoustic eigenmode, we adopt a phenomenological ap-
proach, i.e., we include non-Hermitian terms allowed by
symmetry. Our ansatz for the imaginary part of the
acoustic and optical mode eigenenergies reads as

�Eac =� i�11(3�
X

j

cosk ·↵j)

� i�12(3�
X

j

cosk · �j) , (6)

�Eop =� i�2 . (7)

We extract the values of the parameters �11, �12

and �2 by fitting Eqs. (6) and (7) to the results of

2

scribed by the Hamiltonian

H =� J
X

hi,ji

Si · Sj � J2
X

hhi,jii

Si · Sj

+B
X

i

Sz
i +D

X

hhi,jii
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where J > 0 is the nearest-neighbor (NN) Heisenberg
exchange, J2 > 0 the next-to-nearest neighbor (NNN)
exchange coupling, B � 0 the out-of-plane magnetic field,
D the NNN DMI strength and ⌫ij = �⌫ji = ±1 reflects
the non-reciprocity of the DM interactions. Far below the
magnetic ordering temperature Tc, i.e., for T ⌧ Tc, and
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where the ↵n and �n (with n = 1, 2, 3) are, respectively,
the NN and NNN bond vectors defined in Fig. 1(a). Here
and in what follows, we omit the explicit dependence of
the function hi (for i = x, y, z) on the wavevector k.
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the nearest and the next-to-nearest neighbor vectors, respec-
tively. ⌫ij = 1 and ⌫ij0 = �1 label the sign of counterclock-
wise and clockwise DMI, respectively. (b) Spin-wave disper-
sion with broadening along a representative path (��K�M )
in the first Brillouin zone withD = 0D=0 - Don’t you have
a gap here? This is wrong. Just remove D=0, you al-
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Non-Hermitian dissipative terms. The magnon num-
ber is not conserved due to ubiquitous spin nonconserving
interactions of magnons with the crystalline lattice [35–
41]. Several ab initio studies have investigated the
dissipation of magnetic eigenmodes driven by magnon-
phonon interactions, modeled via finite-temperature ran-
dom phonon fluctuations that modify the distance be-
tween neighboring spins [43–45]. The linewidth broad-
ening of the acoustic, �Eac, and optical, �Eop, eigen-
modes of a magnetic honeycomb lattice have been found
to scale, respectively, as �Eac / k2 (with k = |k|) and
�Eop / constant over a large portion of the first Bril-
louin zone. While the broadening of the optical eigen-
mode is a constant that can be readily incorporated in
the lattice Hamiltonian, we cannot include the relaxation
associated with the acoustic mode in the present form
/ k2 as it explicitly breaks the translational symmetry
of our model.
In order to reproduce the observed broadening of the

acoustic eigenmode, we adopt a phenomenological ap-
proach, i.e., we include non-Hermitian terms allowed by
symmetry. Our ansatz for the imaginary part of the
acoustic and optical mode eigenenergies reads as
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where J > 0 is the nearest-neighbor (NN) Heisenberg
exchange, J2 > 0 the next-to-nearest neighbor (NNN)
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where the ↵n and �n (with n = 1, 2, 3) are, respectively,
the NN and NNN bond vectors defined in Fig. 1(a). Here
and in what follows, we omit the explicit dependence of
the function hi (for i = x, y, z) on the wavevector k.

FIG. 1. (a) Ferromagnetic honeycomb lattice. ↵n and �n are
the nearest and the next-to-nearest neighbor vectors, respec-
tively. ⌫ij = 1 and ⌫ij0 = �1 label the sign of counterclock-
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sion with broadening along a representative path (��K�M )
in the first Brillouin zone withD = 0D=0 - Don’t you have
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Non-Hermitian dissipative terms. The magnon num-
ber is not conserved due to ubiquitous spin nonconserving
interactions of magnons with the crystalline lattice [35–
41]. Several ab initio studies have investigated the
dissipation of magnetic eigenmodes driven by magnon-
phonon interactions, modeled via finite-temperature ran-
dom phonon fluctuations that modify the distance be-
tween neighboring spins [43–45]. The linewidth broad-
ening of the acoustic, �Eac, and optical, �Eop, eigen-
modes of a magnetic honeycomb lattice have been found
to scale, respectively, as �Eac / k2 (with k = |k|) and
�Eop / constant over a large portion of the first Bril-
louin zone. While the broadening of the optical eigen-
mode is a constant that can be readily incorporated in
the lattice Hamiltonian, we cannot include the relaxation
associated with the acoustic mode in the present form
/ k2 as it explicitly breaks the translational symmetry
of our model.
In order to reproduce the observed broadening of the

acoustic eigenmode, we adopt a phenomenological ap-
proach, i.e., we include non-Hermitian terms allowed by
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acoustic and optical mode eigenenergies reads as
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exchange, J2 > 0 the next-to-nearest neighbor (NNN)
exchange coupling, B � 0 the out-of-plane magnetic field,
D the NNN DMI strength and ⌫ij = �⌫ji = ±1 reflects
the non-reciprocity of the DM interactions. Far below the
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where the ↵n and �n (with n = 1, 2, 3) are, respectively,
the NN and NNN bond vectors defined in Fig. 1(a). Here
and in what follows, we omit the explicit dependence of
the function hi (for i = x, y, z) on the wavevector k.

FIG. 1. (a) Ferromagnetic honeycomb lattice. ↵n and �n are
the nearest and the next-to-nearest neighbor vectors, respec-
tively. ⌫ij = 1 and ⌫ij0 = �1 label the sign of counterclock-
wise and clockwise DMI, respectively. (b) Spin-wave disper-
sion with broadening along a representative path (��K�M )
in the first Brillouin zone withD = 0D=0 - Don’t you have
a gap here? This is wrong. Just remove D=0, you al-
ready specify the correct value of D for this plot in the
main text. The blue and red lines indicate the real spectra
of the acoustic and optical mode, respectively. The light blue
and light red shadows represent the band broadenings �Eac

and �Eopt, respectively. Here a =
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tween A-A (B-B) sublattices, where d is the nearest-neighbor
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Non-Hermitian dissipative terms. The magnon num-
ber is not conserved due to ubiquitous spin nonconserving
interactions of magnons with the crystalline lattice [35–
41]. Several ab initio studies have investigated the
dissipation of magnetic eigenmodes driven by magnon-
phonon interactions, modeled via finite-temperature ran-
dom phonon fluctuations that modify the distance be-
tween neighboring spins [43–45]. The linewidth broad-
ening of the acoustic, �Eac, and optical, �Eop, eigen-
modes of a magnetic honeycomb lattice have been found
to scale, respectively, as �Eac / k2 (with k = |k|) and
�Eop / constant over a large portion of the first Bril-
louin zone. While the broadening of the optical eigen-
mode is a constant that can be readily incorporated in
the lattice Hamiltonian, we cannot include the relaxation
associated with the acoustic mode in the present form
/ k2 as it explicitly breaks the translational symmetry
of our model.
In order to reproduce the observed broadening of the

acoustic eigenmode, we adopt a phenomenological ap-
proach, i.e., we include non-Hermitian terms allowed by
symmetry. Our ansatz for the imaginary part of the
acoustic and optical mode eigenenergies reads as
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: fitting parameters

Next: 

Conversion from eigenstate 
basis to lattice space basis

frequency required to manipulate the antiferromagnetic
order parameter (Néel vector) are orders of magnitude lower
than in typical antiferromagnets [27–29].
Magnetic resonance measurements of CrCl3 have a long

history, including one of the earliest observations of para-
magnetic resonance in a crystal [30]. However, the dynam-
ics below the Néel temperature remain largely unexplored.
To study this, we first synthesized bulk CrCl3 crystals
according to the method of McGuire et al. [19,31]. The
crystals are transferred to a coplanar waveguide (CPW)
and secured with Kapton tape [Fig. 1(c)]. The crystal c axis
is normal to the CPW plane. The CPW is mounted in a
cryostat and connected to a vector network analyzer by rf
cables for microwave transmission measurements. A dc
magnetic field is applied with the field directions illustrated
in Fig. 1(c). To study the response in the linear regime and
to prevent heating, we use a low power excitation signal
(estimated to be −35 dBm at the sample).
We measure magnetic resonance by fixing the excitation

frequency and sweeping the applied magnetic field. We
observe different resonant features in different field geom-
etries [Fig. 1(d)]. Only one resonance is observed when the
dc magnetic field is applied perpendicular to the rf field
(H⊥), but two resonances show up when the dc magnetic
field is applied parallel to the rf field (Hjj). We plot the
transmission as a function of excitation frequency and
applied magnetic field (Fig. 2). Under Hjj, two modes exist
with distinct field dependencies [Fig. 2(a)]: one starting
from finite frequency and softening with applied field, and
the other with frequency proportional to the applied field.
Remarkably, the modes cross without apparent interaction
leading to a degeneracy at their crossing point; as we
discuss below this crossing is protected by symmetry when

the applied field lies in the crystal planes. With H⊥, we see
only the linearly dispersing mode [Fig. 2(b)].
To understand the origin of the two modes, we model the

magnetic dynamics of CrCl3 in the macrospin approxima-
tion. We assume that the magnetization direction is uniform
within each layer, and introduce unit vectors m̂A and m̂B to
represent the magnetization direction on the A and B
sublattices. The interlayer exchange energy is approxi-
mated as μ0MsHEm̂A · m̂B, where HE is the interlayer
exchange field and Ms is the saturation magnetization.
Omitting damping, we get a coupled Landau-Lifshitz-
Gilbert (LLG) equation [33]:

dm̂A

dt
¼−μ0γm̂A× ðH−HEm̂B−Msðm̂A · ẑÞẑÞþ τA;

dm̂B

dt
¼−μ0γm̂B× ðH−HEm̂A−Msðm̂B · ẑÞẑÞþ τB: ð1Þ

Here γ is the gyromagnetic ratio and ẑ is the direction
perpendicular to sample plane (along the crystal c axis). τA
and τB are the torques which arise from the rf field of
the CPW.
The term proportional to Ms represents an easy-plane

anisotropy arising from the demagnetization field of a
platelet shaped crystal. Previous studies have shown that
the magnetic anisotropy of CrCl3 is well described by this
shape anisotropy [19,25]. Replacing Ms by an effective
value would allow for an additional uniaxial magneto-
crystalline anisotropy, but we confirm below that this effect
is small. We also neglect in-plane anisotropy as the energy
depends weakly on the in-plane orientation of the magnetic
moments [19,25].

FIG. 2. Microwave transmission as a function of frequency and in-plane magnetic field at 1.56 K with the magnetic field applied
(a) parallel and (b) perpendicular to the in-plane rf field (the data for the two panels were taken from different samples). The regions of
lower transmission arise from magnetic resonance. Two modes are observed in the Hjj configuration: an optical mode that has finite
frequency at zero applied field, and an acoustic mode with frequency proportional to the applied field. Only the acoustic mode is
observed in the H⊥ configuration. Blue and red dashed lines in both panels are fits of the optical and acoustic mode frequencies to
Eqs. (2) and (3), respectively. Insets of (a) and (b) show the relative orientation of the dc magnetic field, the equilibrium sublattice
magnetizations, and the in-plane (hIP) and out-of-plane (hOP) components of the rf field. (c),(d) Schematic illustrations of the precession
orbits for the two sublattice magnetizations in the optical mode and the acoustic mode.
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frequency required to manipulate the antiferromagnetic
order parameter (Néel vector) are orders of magnitude lower
than in typical antiferromagnets [27–29].
Magnetic resonance measurements of CrCl3 have a long

history, including one of the earliest observations of para-
magnetic resonance in a crystal [30]. However, the dynam-
ics below the Néel temperature remain largely unexplored.
To study this, we first synthesized bulk CrCl3 crystals
according to the method of McGuire et al. [19,31]. The
crystals are transferred to a coplanar waveguide (CPW)
and secured with Kapton tape [Fig. 1(c)]. The crystal c axis
is normal to the CPW plane. The CPW is mounted in a
cryostat and connected to a vector network analyzer by rf
cables for microwave transmission measurements. A dc
magnetic field is applied with the field directions illustrated
in Fig. 1(c). To study the response in the linear regime and
to prevent heating, we use a low power excitation signal
(estimated to be −35 dBm at the sample).
We measure magnetic resonance by fixing the excitation

frequency and sweeping the applied magnetic field. We
observe different resonant features in different field geom-
etries [Fig. 1(d)]. Only one resonance is observed when the
dc magnetic field is applied perpendicular to the rf field
(H⊥), but two resonances show up when the dc magnetic
field is applied parallel to the rf field (Hjj). We plot the
transmission as a function of excitation frequency and
applied magnetic field (Fig. 2). Under Hjj, two modes exist
with distinct field dependencies [Fig. 2(a)]: one starting
from finite frequency and softening with applied field, and
the other with frequency proportional to the applied field.
Remarkably, the modes cross without apparent interaction
leading to a degeneracy at their crossing point; as we
discuss below this crossing is protected by symmetry when

the applied field lies in the crystal planes. With H⊥, we see
only the linearly dispersing mode [Fig. 2(b)].
To understand the origin of the two modes, we model the

magnetic dynamics of CrCl3 in the macrospin approxima-
tion. We assume that the magnetization direction is uniform
within each layer, and introduce unit vectors m̂A and m̂B to
represent the magnetization direction on the A and B
sublattices. The interlayer exchange energy is approxi-
mated as μ0MsHEm̂A · m̂B, where HE is the interlayer
exchange field and Ms is the saturation magnetization.
Omitting damping, we get a coupled Landau-Lifshitz-
Gilbert (LLG) equation [33]:

dm̂A

dt
¼−μ0γm̂A× ðH−HEm̂B−Msðm̂A · ẑÞẑÞþ τA;

dm̂B

dt
¼−μ0γm̂B× ðH−HEm̂A−Msðm̂B · ẑÞẑÞþ τB: ð1Þ

Here γ is the gyromagnetic ratio and ẑ is the direction
perpendicular to sample plane (along the crystal c axis). τA
and τB are the torques which arise from the rf field of
the CPW.
The term proportional to Ms represents an easy-plane

anisotropy arising from the demagnetization field of a
platelet shaped crystal. Previous studies have shown that
the magnetic anisotropy of CrCl3 is well described by this
shape anisotropy [19,25]. Replacing Ms by an effective
value would allow for an additional uniaxial magneto-
crystalline anisotropy, but we confirm below that this effect
is small. We also neglect in-plane anisotropy as the energy
depends weakly on the in-plane orientation of the magnetic
moments [19,25].

FIG. 2. Microwave transmission as a function of frequency and in-plane magnetic field at 1.56 K with the magnetic field applied
(a) parallel and (b) perpendicular to the in-plane rf field (the data for the two panels were taken from different samples). The regions of
lower transmission arise from magnetic resonance. Two modes are observed in the Hjj configuration: an optical mode that has finite
frequency at zero applied field, and an acoustic mode with frequency proportional to the applied field. Only the acoustic mode is
observed in the H⊥ configuration. Blue and red dashed lines in both panels are fits of the optical and acoustic mode frequencies to
Eqs. (2) and (3), respectively. Insets of (a) and (b) show the relative orientation of the dc magnetic field, the equilibrium sublattice
magnetizations, and the in-plane (hIP) and out-of-plane (hOP) components of the rf field. (c),(d) Schematic illustrations of the precession
orbits for the two sublattice magnetizations in the optical mode and the acoustic mode.
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Local dissipation 

Reminiscent of nonlocal 

spin pumping terms 


(electron-magnon interactions)

Gilbert damping - like

Dissipative higher-order-nearest-neighbor terms

(do not affect qualitatively our results — unclear microscopic origin)

3

Ref. [43] [47]. The band spectrum and broadening are
depicted in Fig. 1(b) for �11 = 1.41 meV, �12 = �0.415
meV, �2 = 3 meV, J = 1.2 meV, S = 3/2, B = 0.04JS
and D = 0.8J/

p
3 where is J2? Did you properly in-

clude it while plotting the figure? If not, make a
correct figure. Go through the text carefully and
check everything before sending a final version.
At the � point, the acoustic mode displays no broaden-
ing, in disagreement with ferromagnetic resonance mea-
surements of common magnetic materials. This discrep-
ancy most likely occurs because the analysis of Ref. [43]
neglects magnon-magnon relaxation. However, we have
verified that incorporating a constant dissipation term
according to long-wavelength Landau–Lifshitz–Gilbert
(LLG) phenomenology does not a↵ect qualitatively our
results [48–51].

From Eqs. (4), (5), (6) and (7), the acoustic, Eac, and
optical, Eop, complex eigenenergies can be written as

Eac(op) =h0 ⌥

q
h2
x + h2

y + h2
z +�Eac(op) . (8)

The diagonal Hamiltonian Hd = diag(Eac, Eop) is re-
lated to a non-Hermitian Hamiltonian Hnh in the basis of
the lattice operators ak and bk via the unitary transfor-
mation UHdU�1 = Hnh, where U is a matrix composed
of the eigenvectors of H, i.e., the optical and acoustic
eigenmodes of the Hermitian honeycomb lattice this is
a big approximation: put a footnote saying ”See
supplementary material.”. The HamiltonianHnh can
be written explicitly as

Hnh =
X

i=0,x,y,z

X

k

 †
k(h̃i�i) k, (9)

where h̃0 = h0 + B0 and h̃i = hi(1 + A0) for i = x, y, z,
with

A0 =
�Eop ��Eac

2
q

h2
x + h2

y + h2
z

, B0 =
�Eop +�Eac

2
. (10)

An inverse Fourier transformation yields the real-space
non-Hermitian Hamiltonian as [52] please just put
”See supplementary material”. There are two is-
sues we need to cite the supplementary material
for: one the invalid integral approximation, then

why you neglect higher order terms

Hnh = [3JS + 6J2S +B �
i

2
(�2 + 3�11 + 3�12)]

⇥
X

i

(a†iai + b†i bi)

+(�J2S +
i�12

4
)
X

hhi,jii

(a†iaj + a†jai + b†i bj + b†jbi)

�JS
X

hi,ji

h
1�

i(�2 � 3�11 � 2�12)

2S
p
3(J2 + 2D2)

i
(a†i bj + b†jai)

�DS
X

hhi,jii

⌫ij
h
i+

�2 � 3�11 � 2�12

2S
p
3(J2 + 2D2)

i

⇥ (a†iaj � a†jai + b†i bj � b†jbi) + ... (11)

where +... indicates purely dissipative higher-order-
nearest-neighbor terms put a footnote: ”see sup-
plementary material”, where hopefully there is
a clear discussion of this. By setting �11,12,22 = 0
in Eq. (11) why now �2 becomes �22? I pre-
fer �22 since the others have two subscript, but
whichever you chose be consistent throughout the
text, one can recover the Hermitian Hamiltonian (3).
As shown by Eq. (11), the non-Hermitian terms take the
form of onsite dissipation terms and of nonlocal dissipa-
tive couplings, which resemble the well-known dissipative
nonlocal coupling terms due to electron-mediated spin
pumping references? .
Skin e↵ect. To investigate the breakdown of the bulk-

edge correspondence and the emergence of the magnetic
skin e↵ect, we diagonalize the Hamiltonian (11) nu-
merically under the open boundary conditions (OBC).
We consider a nanoribbon with zigzag and chair ter-
minations along, respectively, the x- and y-direction.
Fig. 2(a) and 2(b) show the discrepancy between the
open and periodic boundary condition (PBC) e↵ective
spectra [53], which is symptomatic of a breakdown of the
bulk-edge correspondence. From the PBC e↵ective spec-
tra, it is easy to see that the complex acoustic (blue)
and optical (orange) bands do not cross a reference line
in the complex-energy plane: thus, the system has a
line gap [54, 55]. Similarly to its Hermitian counter-
part, the inversion-symmetry-breaking DM interactions
break the time-reversal symmetry of the magnon Hamil-
tonian, yielding a Z topological order. Using Fukui’s al-
gorithm [56], we find cnBac(opt) = ±1, where cnB is non-

Bloch Chern number introduced by Ref. [57]. The cor-
responding topological magnon edge states can be
clearly visualized in the OBC spectrum shown in
Fig. 2(a)
As a measure of the localization of the bulk eigenstates

at a boundary of the ribbon, we introduce the spatial
distribution | (r)|2 of the density of the first N right
eigenstates �n(r) of the OBC Hamiltonian (11), i.e., cite
Chen Fang paper and any other with this defini-

B. Heinrich et al., PRL (2003); 

Y. Tserkovnyak et al., PRB (2003)

Phenomenological approach to magnetic dissipation

Nonlocal terms must be here for 

a k-dependent dissipation


(microscopic theory needed)

J ! J � iG!0
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FIG. 2. (a,b) PBC spectra of the acoustic (blue) and optical (orange) modes. The OBC eigenenergies of a nanoribbon with
60⇥60 lattice sites are shown in light gray dots. (a) For D = 0.8J/

p
3. (b) For D = 0. (c-e) Spatial distribution of the density

of the first N eigenstates (12), (c) For D = 0.8J/
p
3 and N = 79, which corresponds to the energy ReE = 0.247 meV. The later

is indicated by the dashed red line in Fig. 2(a), up to which the acoustic spectrum is (approximately) a line. The skin e↵ect
is absent. (d) For D = 0.8J/

p
3 and N = 2771, which corresponds to the energy ReE = 2.665 meV. The later is indicated by

the dashed green line in Fig. 2(a), around which the acoustic spectrum acquires a finite e↵ective area. The skin e↵ect appears.
(d) For D = 0 and N = 2771 there is no skin e↵ect as the acoustic spectrum reduces to the arc shown in Fig. 2(b).

Bloch Chern number introduced by Ref. [57]. The cor-
responding topological magnon edge states can be
clearly visualized in the real-energy-gapped re-
gion of the OBC spectrum shown in Fig. 2(a)

As a measure of the localization of the bulk eigenstates
at a boundary of the ribbon, we introduce the spatial
distribution | (r)|2 of the density of the first N right
eigenstates �n(r) of the OBC Hamiltonian (11), i.e., cite
Chen Fang paper and any other with this defini-
tion

| (r)|2 =
1

N

NX

n=1

|�n(r)|
2. (12)

Fig. 2(c) displays the spatial distribution Eq. (12) of the
eigenstates with energies up to E = 0.247 meV (corre-
sponding to T ⇠ 2 K with N = 79) [58], which is de-
localized throughout the bulk. At higher energies, i.e.,
E = 2.655 meV (T ⇠ 30 K with N = 2771), Fig. 2(d)
shows that a macroscopic number of bulk eigenstates lo-
calizes at the corners and edges the ribbon. Thus, at
high enough temperature (but below the magnetic or-
dering temperature Tc), the skin e↵ect appears.

The observed temperature dependence can be under-
stood via the relation between the skin e↵ect and spec-
tral shape of the PBC spectra [59]. In correspondence

of arc or line (finite e↵ective spectral area) in complex
energy space, the mapping from momenta to energy is
2d to 1d (2d): for a wave impinging at the boundary
there are infinite (finite) reflection channels, and an open
boundary eigenstate can (can not) be described as super-
position of Bloch waves. The red and green dashed lines
in Fig. 2(a) show the energies at which Fig. 2(c) and (d)
are plotted, respectively. Up to T ⇠ 2 K (red line), the
spectra are (approximately) lines. Thus, the skin e↵ect
is not observable and bulk states behave as Bloch waves.
This result is an agreement with the conventional long-
wavelength LLG treatment of magnetic dissipation put
ref to Gilbert, T. L. (2004). ”A phenomenological
theory of damping in ferromagnetic materials”.
IEEE Trans. Mag. 40 (6): 3443–3449. . Instead,
at higher energies (green line), the spectrum acquires a
finite e↵ective area and the skin e↵ect appears.

In the absence of the DM interactions, the real and
imaginary part of the energy are dependent, leading to
the arc-like spectrum for both OBC and PBC as shown
in Fig. 2(b). In agreement with the area law proposed
by Ref. [59], the skin e↵ect does not appear even at high
temperatures as shown in Fig. 2(e). Furthermore, in the
absence of DMI, the Hamiltonian (4) becomes gapless
and enters into a topologically trivial phase. Our re-
sults show that the non-reciprocity of the DM interac-

Exact diagonalization on a 60x60 nano-ribbon

y
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FIG. 2. (a) and (b): The acoustic and optical modes in momentum space are in blue and orange, respectively. The full OBC
eigenenergies of a 60⇥ 60 lattice is shown in light gray dots. Here we set �11 = 1.41 meV, �12 = �0.415 meV, �2 = 3 meV,
J = 1.2 meV, S = 3/2, J2 = 0.02J and B = 0.04JS = 0.93 T. (a) The momentum (PBC) and full OBC spectra with DMI
(D = 0.8J/

p
3). The e↵ective acoustic spectra in momentum space span an e↵ective area. The skin e↵ect should appear

correspondingly. One can also find the edge states connecting two modes in the gap. (b) The momentum (PBC) and full
OBC spectra without DMI (D = 0). The spectra in momentum space and in real space are both arc-like, corresponding to 0
e↵ective area. There should not be any skin e↵ect. Density of states in this 2d system (c) - (d) for D = 0.8J/

p
3 and (e) for

D = 0. Other parameters are set as same as (a) and (b) correspondingly. (c) The average density of the lowest 79 eigenstates
(2 K) of the real part energies bounded by the red dashed line in (a). At low temperature, the magnons are frozen around
the ground state. There is no signal of the skin e↵ect because the magnons are in the “line spectra” at the left tip of the
blue region in (a). (d) The average density of the lowest 2771 eigenstates (30 K) bounded by the green dashed line in (a).
As the temperature reaches about 30 K, the non-Hermitian skin e↵ect becomes strong enough to observe indicating magnons
localized around the corners and edges. (e) The average density of the lowest 2771 eigenstates (about 30 K) with turning o↵
DMI (D = 0) corresponding to (b). The density distributes evenly and there is no sign of skin e↵ect.

approach can be easily generalized to a wide class of dis-
sipative magnetic systems to identify a solid-state test
bed of the skin e↵ect that does not require ad hoc non-
Hermitian engineering and whose properties can be easily
controlled by tuning temperature and external magnetic
fields.
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FIG. 2. (a) and (b): The acoustic and optical modes in momentum space are in blue and orange, respectively. The full OBC
eigenenergies of a 60⇥ 60 lattice is shown in light gray dots. Here we set �11 = 1.41 meV, �12 = �0.415 meV, �2 = 3 meV,
J = 1.2 meV, S = 3/2, J2 = 0.02J and B = 0.04JS = 0.93 T. (a) The momentum (PBC) and full OBC spectra with DMI
(D = 0.8J/

p
3). The e↵ective acoustic spectra in momentum space span an e↵ective area. The skin e↵ect should appear

correspondingly. One can also find the edge states connecting two modes in the gap. (b) The momentum (PBC) and full
OBC spectra without DMI (D = 0). The spectra in momentum space and in real space are both arc-like, corresponding to 0
e↵ective area. There should not be any skin e↵ect. Density of states in this 2d system (c) - (d) for D = 0.8J/

p
3 and (e) for

D = 0. Other parameters are set as same as (a) and (b) correspondingly. (c) The average density of the lowest 79 eigenstates
(2 K) of the real part energies bounded by the red dashed line in (a). At low temperature, the magnons are frozen around
the ground state. There is no signal of the skin e↵ect because the magnons are in the “line spectra” at the left tip of the
blue region in (a). (d) The average density of the lowest 2771 eigenstates (30 K) bounded by the green dashed line in (a).
As the temperature reaches about 30 K, the non-Hermitian skin e↵ect becomes strong enough to observe indicating magnons
localized around the corners and edges. (e) The average density of the lowest 2771 eigenstates (about 30 K) with turning o↵
DMI (D = 0) corresponding to (b). The density distributes evenly and there is no sign of skin e↵ect.

approach can be easily generalized to a wide class of dis-
sipative magnetic systems to identify a solid-state test
bed of the skin e↵ect that does not require ad hoc non-
Hermitian engineering and whose properties can be easily
controlled by tuning temperature and external magnetic
fields.
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Spectral area and the emergence of the skin effect
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FIG. 2. (a) and (b): The acoustic and optical modes in momentum space are in blue and orange, respectively. The full OBC
eigenenergies of a 60⇥ 60 lattice is shown in light gray dots. Here we set �11 = 1.41 meV, �12 = �0.415 meV, �2 = 3 meV,
J = 1.2 meV, S = 3/2, J2 = 0.02J and B = 0.04JS = 0.93 T. (a) The momentum (PBC) and full OBC spectra with DMI
(D = 0.8J/

p
3). The e↵ective acoustic spectra in momentum space span an e↵ective area. The skin e↵ect should appear

correspondingly. One can also find the edge states connecting two modes in the gap. (b) The momentum (PBC) and full
OBC spectra without DMI (D = 0). The spectra in momentum space and in real space are both arc-like, corresponding to 0
e↵ective area. There should not be any skin e↵ect. Density of states in this 2d system (c) - (d) for D = 0.8J/

p
3 and (e) for

D = 0. Other parameters are set as same as (a) and (b) correspondingly. (c) The average density of the lowest 79 eigenstates
(2 K) of the real part energies bounded by the red dashed line in (a). At low temperature, the magnons are frozen around
the ground state. There is no signal of the skin e↵ect because the magnons are in the “line spectra” at the left tip of the
blue region in (a). (d) The average density of the lowest 2771 eigenstates (30 K) bounded by the green dashed line in (a).
As the temperature reaches about 30 K, the non-Hermitian skin e↵ect becomes strong enough to observe indicating magnons
localized around the corners and edges. (e) The average density of the lowest 2771 eigenstates (about 30 K) with turning o↵
DMI (D = 0) corresponding to (b). The density distributes evenly and there is no sign of skin e↵ect.

approach can be easily generalized to a wide class of dis-
sipative magnetic systems to identify a solid-state test
bed of the skin e↵ect that does not require ad hoc non-
Hermitian engineering and whose properties can be easily
controlled by tuning temperature and external magnetic
fields.
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FIG. 2. (a) and (b): The acoustic and optical modes in momentum space are in blue and orange, respectively. The full OBC
eigenenergies of a 60⇥ 60 lattice is shown in light gray dots. Here we set �11 = 1.41 meV, �12 = �0.415 meV, �2 = 3 meV,
J = 1.2 meV, S = 3/2, J2 = 0.02J and B = 0.04JS = 0.93 T. (a) The momentum (PBC) and full OBC spectra with DMI
(D = 0.8J/

p
3). The e↵ective acoustic spectra in momentum space span an e↵ective area. The skin e↵ect should appear

correspondingly. One can also find the edge states connecting two modes in the gap. (b) The momentum (PBC) and full
OBC spectra without DMI (D = 0). The spectra in momentum space and in real space are both arc-like, corresponding to 0
e↵ective area. There should not be any skin e↵ect. Density of states in this 2d system (c) - (d) for D = 0.8J/

p
3 and (e) for

D = 0. Other parameters are set as same as (a) and (b) correspondingly. (c) The average density of the lowest 79 eigenstates
(2 K) of the real part energies bounded by the red dashed line in (a). At low temperature, the magnons are frozen around
the ground state. There is no signal of the skin e↵ect because the magnons are in the “line spectra” at the left tip of the
blue region in (a). (d) The average density of the lowest 2771 eigenstates (30 K) bounded by the green dashed line in (a).
As the temperature reaches about 30 K, the non-Hermitian skin e↵ect becomes strong enough to observe indicating magnons
localized around the corners and edges. (e) The average density of the lowest 2771 eigenstates (about 30 K) with turning o↵
DMI (D = 0) corresponding to (b). The density distributes evenly and there is no sign of skin e↵ect.

approach can be easily generalized to a wide class of dis-
sipative magnetic systems to identify a solid-state test
bed of the skin e↵ect that does not require ad hoc non-
Hermitian engineering and whose properties can be easily
controlled by tuning temperature and external magnetic
fields.
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FIG. 2. (a) and (b): The acoustic and optical modes in momentum space are in blue and orange, respectively. The full OBC
eigenenergies of a 60⇥ 60 lattice is shown in light gray dots. Here we set �11 = 1.41 meV, �12 = �0.415 meV, �2 = 3 meV,
J = 1.2 meV, S = 3/2, J2 = 0.02J and B = 0.04JS = 0.93 T. (a) The momentum (PBC) and full OBC spectra with DMI
(D = 0.8J/

p
3). The e↵ective acoustic spectra in momentum space span an e↵ective area. The skin e↵ect should appear

correspondingly. One can also find the edge states connecting two modes in the gap. (b) The momentum (PBC) and full
OBC spectra without DMI (D = 0). The spectra in momentum space and in real space are both arc-like, corresponding to 0
e↵ective area. There should not be any skin e↵ect. Density of states in this 2d system (c) - (d) for D = 0.8J/

p
3 and (e) for

D = 0. Other parameters are set as same as (a) and (b) correspondingly. (c) The average density of the lowest 79 eigenstates
(2 K) of the real part energies bounded by the red dashed line in (a). At low temperature, the magnons are frozen around
the ground state. There is no signal of the skin e↵ect because the magnons are in the “line spectra” at the left tip of the
blue region in (a). (d) The average density of the lowest 2771 eigenstates (30 K) bounded by the green dashed line in (a).
As the temperature reaches about 30 K, the non-Hermitian skin e↵ect becomes strong enough to observe indicating magnons
localized around the corners and edges. (e) The average density of the lowest 2771 eigenstates (about 30 K) with turning o↵
DMI (D = 0) corresponding to (b). The density distributes evenly and there is no sign of skin e↵ect.

approach can be easily generalized to a wide class of dis-
sipative magnetic systems to identify a solid-state test
bed of the skin e↵ect that does not require ad hoc non-
Hermitian engineering and whose properties can be easily
controlled by tuning temperature and external magnetic
fields.
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Higher frequency 

(PBC spectrum has a finite area) 

No skin effect - Bloch behavior

Agreement with long-wavelength 


LLG phenomenology

Skin effect appears!

In correspondence of arc or line (finite effective spectral area) in complex energy space, 
the mapping from momenta to energy is 2d to 1d (2d):  

for a wave impinging at the boundary there are infinite (finite) reflection channels, and an 
open boundary eigenstate can (can not) be described as superposition of Bloch waves. 

Similar “area law”argument in

arXiv:2102.05059 (2021) 

However,  there is a caveat … 



“Effective area law”
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scribed by the Hamiltonian

H =� J
X

hi,ji

Si · Sj � J2
X

hhi,jii

Si · Sj

+B
X

i

Sz
i +D

X

hhi,jii

⌫ij ẑ · (Si ⇥ Sj), (1)

where J > 0 is the nearest-neighbor (NN) Heisenberg
exchange, J2 > 0 the next-to-nearest neighbor (NNN)
exchange coupling, B � 0 the out-of-plane magnetic field,
D the NNN DMI strength and ⌫ij = �⌫ji = ±1 reflects
the non-reciprocity of the DM interactions. Far below the
magnetic ordering temperature Tc, i.e., for T ⌧ Tc, and
for D  J/

p
3 check if this condition is exactly the

same now that you have also J2, we can access the
magnon spectrum by introducing the linearized Holstein-
Primako↵ transformation, i.e.,

S+
i = Sx

i + iSy
i ⇡

p

2Sdi , Sz
i = S � d†idi , (2)

where S is the classical spin (in units of ~) and di
(d†i ) the magnon annihilation (creation) operator at the
ith site, which obeys the bosonic commutation relation
[di, d

†
j ] = �ij . Plugging Eq. (2) into Eq. (1) and trun-

cating the Hamiltonian beyond quadratic terms in the
Holstein-Primako↵ bosons, we find

H = (3JS + 6J2S +B)
X

i

d†idi � JS
X

hi,ji

(d†idj + h.c.)

� J2S
X

hhi,jii

(d†idj + h.c.)�DS
X

hhi,jii

(⌫ijd
†
idj + h.c.) .

(3)

Performing a Fourier transformation while introducing
the spinor  k = (ak, bk), where ak (bk) is the Fourier
transform of the magnon annihilation operator on the A
(B) sublattice, Eq. (3) becomes [46] why do you cite
their work if the Hamiltonian is not exactly the
same?

H =
X

i=0,x,y,z

X

k

 †
k (hi�i) k, (4)

with

h0 =3JS + 6J2S +B � 4J2S
X

n

cosk · �n,

hx =� JS
X

n

cosk ·↵n,

hy =JS
X

n

sink ·↵n, hz = 2DS
X

n

sink · �n , (5)

where the ↵n and �n (with n = 1, 2, 3) are, respectively,
the NN and NNN bond vectors defined in Fig. 1(a). Here
and in what follows, we omit the explicit dependence of
the function hi (for i = x, y, z) on the wavevector k.

FIG. 1. (a) Ferromagnetic honeycomb lattice. ↵n and �n are
the nearest and the next-to-nearest neighbor vectors, respec-
tively. ⌫ij = 1 and ⌫ij0 = �1 label the sign of counterclock-
wise and clockwise DMI, respectively. (b) Spin-wave disper-
sion with broadening along a representative path (��K�M )
in the first Brillouin zone withD = 0D=0 - Don’t you have
a gap here? This is wrong. Just remove D=0, you al-
ready specify the correct value of D for this plot in the
main text. The blue and red lines indicate the real spectra
of the acoustic and optical mode, respectively. The light blue
and light red shadows represent the band broadenings �Eac

and �Eopt, respectively. Here a =
p
3d is the distance be-

tween A-A (B-B) sublattices, where d is the nearest-neighbor
A-B distance.

Non-Hermitian dissipative terms. The magnon num-
ber is not conserved due to ubiquitous spin nonconserving
interactions of magnons with the crystalline lattice [35–
41]. Several ab initio studies have investigated the
dissipation of magnetic eigenmodes driven by magnon-
phonon interactions, modeled via finite-temperature ran-
dom phonon fluctuations that modify the distance be-
tween neighboring spins [43–45]. The linewidth broad-
ening of the acoustic, �Eac, and optical, �Eop, eigen-
modes of a magnetic honeycomb lattice have been found
to scale, respectively, as �Eac / k2 (with k = |k|) and
�Eop / constant over a large portion of the first Bril-
louin zone. While the broadening of the optical eigen-
mode is a constant that can be readily incorporated in
the lattice Hamiltonian, we cannot include the relaxation
associated with the acoustic mode in the present form
/ k2 as it explicitly breaks the translational symmetry
of our model.
In order to reproduce the observed broadening of the

acoustic eigenmode, we adopt a phenomenological ap-
proach, i.e., we include non-Hermitian terms allowed by
symmetry. Our ansatz for the imaginary part of the
acoustic and optical mode eigenenergies reads as

�Eac =� i�11(3�
X

j

cosk ·↵j)

� i�12(3�
X

j

cosk · �j) , (6)

�Eop =� i�2 . (7)

We extract the values of the parameters �11, �12

and �2 by fitting Eqs. (6) and (7) to the results of
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⌫ij ẑ · (Si ⇥ Sj), (1)

where J > 0 is the nearest-neighbor (NN) Heisenberg
exchange, J2 > 0 the next-to-nearest neighbor (NNN)
exchange coupling, B � 0 the out-of-plane magnetic field,
D the NNN DMI strength and ⌫ij = �⌫ji = ±1 reflects
the non-reciprocity of the DM interactions. Far below the
magnetic ordering temperature Tc, i.e., for T ⌧ Tc, and
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Performing a Fourier transformation while introducing
the spinor  k = (ak, bk), where ak (bk) is the Fourier
transform of the magnon annihilation operator on the A
(B) sublattice, Eq. (3) becomes [46] why do you cite
their work if the Hamiltonian is not exactly the
same?
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where the ↵n and �n (with n = 1, 2, 3) are, respectively,
the NN and NNN bond vectors defined in Fig. 1(a). Here
and in what follows, we omit the explicit dependence of
the function hi (for i = x, y, z) on the wavevector k.

FIG. 1. (a) Ferromagnetic honeycomb lattice. ↵n and �n are
the nearest and the next-to-nearest neighbor vectors, respec-
tively. ⌫ij = 1 and ⌫ij0 = �1 label the sign of counterclock-
wise and clockwise DMI, respectively. (b) Spin-wave disper-
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in the first Brillouin zone withD = 0D=0 - Don’t you have
a gap here? This is wrong. Just remove D=0, you al-
ready specify the correct value of D for this plot in the
main text. The blue and red lines indicate the real spectra
of the acoustic and optical mode, respectively. The light blue
and light red shadows represent the band broadenings �Eac

and �Eopt, respectively. Here a =
p
3d is the distance be-

tween A-A (B-B) sublattices, where d is the nearest-neighbor
A-B distance.

Non-Hermitian dissipative terms. The magnon num-
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41]. Several ab initio studies have investigated the
dissipation of magnetic eigenmodes driven by magnon-
phonon interactions, modeled via finite-temperature ran-
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mode is a constant that can be readily incorporated in
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associated with the acoustic mode in the present form
/ k2 as it explicitly breaks the translational symmetry
of our model.
In order to reproduce the observed broadening of the
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symmetry. Our ansatz for the imaginary part of the
acoustic and optical mode eigenenergies reads as

�Eac =� i�11(3�
X

j

cosk ·↵j)

� i�12(3�
X

j

cosk · �j) , (6)

�Eop =� i�2 . (7)

We extract the values of the parameters �11, �12

and �2 by fitting Eqs. (6) and (7) to the results of

2

scribed by the Hamiltonian

H =� J
X

hi,ji

Si · Sj � J2
X

hhi,jii

Si · Sj

+B
X

i

Sz
i +D

X

hhi,jii
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FIG. 2. (a) and (b): The acoustic and optical modes in momentum space are in blue and orange, respectively. The full OBC
eigenenergies of a 60⇥ 60 lattice is shown in light gray dots. Here we set �11 = 1.41 meV, �12 = �0.415 meV, �2 = 3 meV,
J = 1.2 meV, S = 3/2, J2 = 0.02J and B = 0.04JS = 0.93 T. (a) The momentum (PBC) and full OBC spectra with DMI
(D = 0.8J/

p
3). The e↵ective acoustic spectra in momentum space span an e↵ective area. The skin e↵ect should appear

correspondingly. One can also find the edge states connecting two modes in the gap. (b) The momentum (PBC) and full
OBC spectra without DMI (D = 0). The spectra in momentum space and in real space are both arc-like, corresponding to 0
e↵ective area. There should not be any skin e↵ect. Density of states in this 2d system (c) - (d) for D = 0.8J/

p
3 and (e) for

D = 0. Other parameters are set as same as (a) and (b) correspondingly. (c) The average density of the lowest 79 eigenstates
(2 K) of the real part energies bounded by the red dashed line in (a). At low temperature, the magnons are frozen around
the ground state. There is no signal of the skin e↵ect because the magnons are in the “line spectra” at the left tip of the
blue region in (a). (d) The average density of the lowest 2771 eigenstates (30 K) bounded by the green dashed line in (a).
As the temperature reaches about 30 K, the non-Hermitian skin e↵ect becomes strong enough to observe indicating magnons
localized around the corners and edges. (e) The average density of the lowest 2771 eigenstates (about 30 K) with turning o↵
DMI (D = 0) corresponding to (b). The density distributes evenly and there is no sign of skin e↵ect.

approach can be easily generalized to a wide class of dis-
sipative magnetic systems to identify a solid-state test
bed of the skin e↵ect that does not require ad hoc non-
Hermitian engineering and whose properties can be easily
controlled by tuning temperature and external magnetic
fields.
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Ineffective term: No skin effect at any T     

Skin effect requires k-dependent dissipation

(non-local damping)


that survives in the real lattice representation 

However: Inverse Fourier transformation

6

we separate this Hamiltonian into four parts Hm
nh for each term correspondingly where m =

1, 2, 3, 4 and consider the Fourier transformation:
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where ri is the lattice position in the real space and NA = NB are the total number of

lattices for A and B respectively.
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In the second line, summing up all the momentum leads to �ri,rj+↵n and �ri,rj�↵n . These

terms has to be 0 because i and j indicate the same type of lattices such as A-A or B-B,

where as ↵n can only connect the nearest neighbors A-B or B-A. Thus, we have
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Now let us consider the second and third parts of the Hamiltonian
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Similarly to Eq. (S.29), the contributions from terms containing
P

m cosk ·↵m vanish since

they will produce terms like �ri,rj�↵m�↵n . i and j connect the A-B or B-A. Therefore, there

�12
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connects A and B sites, ij labels AA or BB



Key ingredients 

k-dependent dissipation (non-local damping) that survives in the real lattice representation 

No, if we switch DMI:  1) finite spectral area vanishes; 

                        2) skin effect disappears.5

FIG. 2. (a,b) PBC spectra of the acoustic (blue) and optical (orange) modes. The OBC eigenenergies of a nanoribbon with
60⇥60 lattice sites are shown in light gray dots. (a) For D = 0.8J/

p
3. (b) For D = 0. (c-e) Spatial distribution of the density

of the first N eigenstates (12), (c) For D = 0.8J/
p
3 and N = 79, which corresponds to the energy ReE = 0.247 meV. The later

is indicated by the dashed red line in Fig. 2(a), up to which the acoustic spectrum is (approximately) a line. The skin e↵ect
is absent. (d) For D = 0.8J/

p
3 and N = 2771, which corresponds to the energy ReE = 2.665 meV. The later is indicated by

the dashed green line in Fig. 2(a), around which the acoustic spectrum acquires a finite e↵ective area. The skin e↵ect appears.
(d) For D = 0 and N = 2771 there is no skin e↵ect as the acoustic spectrum reduces to the arc shown in Fig. 2(b).

topology, suggests a connection between nontrivial band
topology and 2d skin e↵ect that should be investigated
further. Future work will investigate an optimal experi-
mental protocol to probe the localization of the bulk skin
modes.

Finally, while we have focused on vdW magnet sys-
tem with dissipative magnon-phonon interactions, our
approach can be easily generalized to a wide class of dis-
sipative magnetic systems to identify a solid-state test
bed of the skin e↵ect that does not require ad hoc non-
Hermitian engineering and whose properties can be easily
controlled by tuning temperature and external magnetic
fields.
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p
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of the first N eigenstates (12), (c) For D = 0.8J/
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3 and N = 79, which corresponds to the energy ReE = 0.247 meV. The later

is indicated by the dashed red line in Fig. 2(a), up to which the acoustic spectrum is (approximately) a line. The skin e↵ect
is absent. (d) For D = 0.8J/
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3 and N = 2771, which corresponds to the energy ReE = 2.665 meV. The later is indicated by

the dashed green line in Fig. 2(a), around which the acoustic spectrum acquires a finite e↵ective area. The skin e↵ect appears.
(d) For D = 0 and N = 2771 there is no skin e↵ect as the acoustic spectrum reduces to the arc shown in Fig. 2(b).
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mental protocol to probe the localization of the bulk skin
modes.

Finally, while we have focused on vdW magnet sys-
tem with dissipative magnon-phonon interactions, our
approach can be easily generalized to a wide class of dis-
sipative magnetic systems to identify a solid-state test
bed of the skin e↵ect that does not require ad hoc non-
Hermitian engineering and whose properties can be easily
controlled by tuning temperature and external magnetic
fields.

Acknowledgments. The authors thank X. Li and E.
Heinrich for insightful discussions.

⇤ dengku@bc.edu
† flebus@bc.edu

[1] B. A. Bernevig, Topological insulators and topological su-

perconductors (Princeton university press, 2013).
[2] F. K. Kunst, E. Edvardsson, J. C. Budich, and E. J.

Bergholtz, Physical Review Letters 121, 026808 (2018).
[3] Z. Gong, Y. Ashida, K. Kawabata, K. Takasan, S. Hi-

gashikawa, and M. Ueda, Physical Review X 8, 031079

(2018).
[4] S. Yao and Z. Wang, Physical Review Letters 121,

086803 (2018).
[5] K. Yokomizo and S. Murakami, Physical Review Letters

123, 066404 (2019).
[6] C. H. Lee and R. Thomale, Physical Review B 99, 201103

(2019).
[7] F. Song, S. Yao, and Z. Wang, Physical Review Letters

123, 170401 (2019).
[8] N. Okuma and M. Sato, Physical Review Letters 123,

097701 (2019).
[9] D. S. Borgnia, A. J. Kruchkov, and R.-J. Slager, Physical

Review Letters 124, 056802 (2020).
[10] N. Okuma, K. Kawabata, K. Shiozaki, and M. Sato,

Physical Review Letters 124, 086801 (2020).
[11] Z. Yang, K. Zhang, C. Fang, and J. Hu, Physical Review

Letters 125, 226402 (2020).
[12] C. H. Lee, L. Li, R. Thomale, and J. Gong, Physical

Review B 102, 085151 (2020).
[13] C. H. Lee and S. Longhi, Communications Physics 3, 1

(2020).
[14] Y. Yi and Z. Yang, Physical Review Letters 125, 186802

(2020).
[15] L. Jin and Z. Song, Physical Review B 99, 081103 (2019).
[16] S. Longhi, Physical Review Research 1, 023013 (2019).
[17] X. Zhu, H. Wang, S. K. Gupta, H. Zhang, B. Xie, M. Lu,

and Y. Chen, Physical Review Research 2, 013280 (2020).
[18] K. Xu, X. Zhang, K. Luo, R. Yu, D. Li, and H. Zhang,

Physical Review B 103, 125411 (2021).

Interference between Dzyaloshinskii-Moriya interaction (DMI) 
and nonlocal magnetic dissipation plays a key role in the 

accumulation of bulk states at the boundaries
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FIG. 2. (a) and (b): The acoustic and optical modes in momentum space are in blue and orange, respectively. The full OBC
eigenenergies of a 60⇥ 60 lattice is shown in light gray dots. Here we set �11 = 1.41 meV, �12 = �0.415 meV, �2 = 3 meV,
J = 1.2 meV, S = 3/2, J2 = 0.02J and B = 0.04JS = 0.93 T. (a) The momentum (PBC) and full OBC spectra with DMI
(D = 0.8J/

p
3). The e↵ective acoustic spectra in momentum space span an e↵ective area. The skin e↵ect should appear

correspondingly. One can also find the edge states connecting two modes in the gap. (b) The momentum (PBC) and full
OBC spectra without DMI (D = 0). The spectra in momentum space and in real space are both arc-like, corresponding to 0
e↵ective area. There should not be any skin e↵ect. Density of states in this 2d system (c) - (d) for D = 0.8J/

p
3 and (e) for

D = 0. Other parameters are set as same as (a) and (b) correspondingly. (c) The average density of the lowest 79 eigenstates
(2 K) of the real part energies bounded by the red dashed line in (a). At low temperature, the magnons are frozen around
the ground state. There is no signal of the skin e↵ect because the magnons are in the “line spectra” at the left tip of the
blue region in (a). (d) The average density of the lowest 2771 eigenstates (30 K) bounded by the green dashed line in (a).
As the temperature reaches about 30 K, the non-Hermitian skin e↵ect becomes strong enough to observe indicating magnons
localized around the corners and edges. (e) The average density of the lowest 2771 eigenstates (about 30 K) with turning o↵
DMI (D = 0) corresponding to (b). The density distributes evenly and there is no sign of skin e↵ect.

approach can be easily generalized to a wide class of dis-
sipative magnetic systems to identify a solid-state test
bed of the skin e↵ect that does not require ad hoc non-
Hermitian engineering and whose properties can be easily
controlled by tuning temperature and external magnetic
fields.
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Phenomenological treatment of magnetic dissipation within a lattice model
Emergence of the skin effect due to non local dissipation and non-reciprocal 


interactions, understood via the effective spectral area law

Future research should address : Ideal platforms
Microscopic theories
Experimental observables
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