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Motivation: mesoscopic many-body systems

• Artificial, synthetic quantum matter 
• - engineered interactions and tunable parameters
• - driving, state preparation and nonequilibrium dynamics
• - “macroscopic” size              open (dissipative) systems 

• Examples: Rydberg atoms in optical lattices, trapped ions, cold atoms in 
cavities, coupled QED cavities, lattices of qubits, etc.

(individual, coherent quantum units with interaction)

environment
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Quantum systems: dissipation affects the thermodynamical equilibrium 



Chain of Josephson junctions
Superconducting island Josephson junction

� no quasi-particle excitations
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Universal class: BKT transition (1D+1 mapping, quantum       classical)

imaginary 
time

Sondhi et al, RMP 69, 315 (1997)
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<latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit><latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit><latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit><latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit>

Rq =
h

4e2
<latexit sha1_base64="aLP2+e4gqX48vbYhc+CFxP9amdg=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJS0ItQ9OKxiv2ANpbNdtMu3Wzi7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19Y7OwVdze2d3btw9KLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746up336kUrFI3OlJTL0QDwULGMHaSH27dNt/uOgFEpN0lKU1el/N+nbZqTgzoGXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNhLFI0xGeMh7RoqcEiVl85uz9CJUQYoiKQpodFM/T2R4lCpSeibzhDrkVr0puJ/XjfRwbmXMhEnmgoyXxQkHOkITYNAAyYp0XxiCCaSmVsRGWEThDZxFU0I7uLLy6RVrbhOxb2pleuXeRwFOIJjOAUXzqAO19CAJhB4gmd4hTcrs16sd+tj3rpi5TOH8AfW5w+2qpQ3</latexit><latexit sha1_base64="aLP2+e4gqX48vbYhc+CFxP9amdg=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJS0ItQ9OKxiv2ANpbNdtMu3Wzi7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19Y7OwVdze2d3btw9KLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746up336kUrFI3OlJTL0QDwULGMHaSH27dNt/uOgFEpN0lKU1el/N+nbZqTgzoGXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNhLFI0xGeMh7RoqcEiVl85uz9CJUQYoiKQpodFM/T2R4lCpSeibzhDrkVr0puJ/XjfRwbmXMhEnmgoyXxQkHOkITYNAAyYp0XxiCCaSmVsRGWEThDZxFU0I7uLLy6RVrbhOxb2pleuXeRwFOIJjOAUXzqAO19CAJhB4gmd4hTcrs16sd+tj3rpi5TOH8AfW5w+2qpQ3</latexit><latexit sha1_base64="aLP2+e4gqX48vbYhc+CFxP9amdg=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJS0ItQ9OKxiv2ANpbNdtMu3Wzi7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19Y7OwVdze2d3btw9KLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746up336kUrFI3OlJTL0QDwULGMHaSH27dNt/uOgFEpN0lKU1el/N+nbZqTgzoGXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNhLFI0xGeMh7RoqcEiVl85uz9CJUQYoiKQpodFM/T2R4lCpSeibzhDrkVr0puJ/XjfRwbmXMhEnmgoyXxQkHOkITYNAAyYp0XxiCCaSmVsRGWEThDZxFU0I7uLLy6RVrbhOxb2pleuXeRwFOIJjOAUXzqAO19CAJhB4gmd4hTcrs16sd+tj3rpi5TOH8AfW5w+2qpQ3</latexit><latexit sha1_base64="aLP2+e4gqX48vbYhc+CFxP9amdg=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJS0ItQ9OKxiv2ANpbNdtMu3Wzi7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19Y7OwVdze2d3btw9KLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746up336kUrFI3OlJTL0QDwULGMHaSH27dNt/uOgFEpN0lKU1el/N+nbZqTgzoGXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNhLFI0xGeMh7RoqcEiVl85uz9CJUQYoiKQpodFM/T2R4lCpSeibzhDrkVr0puJ/XjfRwbmXMhEnmgoyXxQkHOkITYNAAyYp0XxiCCaSmVsRGWEThDZxFU0I7uLLy6RVrbhOxb2pleuXeRwFOIJjOAUXzqAO19CAJhB4gmd4hTcrs16sd+tj3rpi5TOH8AfW5w+2qpQ3</latexit>

coupling strength

resistance quantum

� = 1/(RsC0)
<latexit sha1_base64="fAusRnf60RHbwAeG+jk2DwQobgk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3dREBN0IxW5cVrEPaEO4mU7boTNJmJkINRR/xY0LRdz6H+78G6dtFtp64MLhnHu5954g5kxpx/m2ckvLK6tr+fXCxubW9o69u9dQUSIJrZOIR7IVgKKchbSumea0FUsKIuC0GQyrE7/5QKViUXivRzH1BPRD1mMEtJF8+6DTByEAX2H3FJfufFX1nRPfLjplZwq8SNyMFFGGmm9/dboRSQQNNeGgVNt1Yu2lIDUjnI4LnUTRGMgQ+rRtaAiCKi+dXj/Gx0bp4l4kTYUaT9XfEykIpUYiMJ0C9EDNexPxP6+d6N6ll7IwTjQNyWxRL+FYR3gSBe4ySYnmI0OASGZuxWQAEog2gRVMCO78y4ukcVZ2nbJ7e16sXGdx5NEhOkIl5KILVEE3qIbqiKBH9Ixe0Zv1ZL1Y79bHrDVnZTP76A+szx8sfpMW</latexit><latexit sha1_base64="fAusRnf60RHbwAeG+jk2DwQobgk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3dREBN0IxW5cVrEPaEO4mU7boTNJmJkINRR/xY0LRdz6H+78G6dtFtp64MLhnHu5954g5kxpx/m2ckvLK6tr+fXCxubW9o69u9dQUSIJrZOIR7IVgKKchbSumea0FUsKIuC0GQyrE7/5QKViUXivRzH1BPRD1mMEtJF8+6DTByEAX2H3FJfufFX1nRPfLjplZwq8SNyMFFGGmm9/dboRSQQNNeGgVNt1Yu2lIDUjnI4LnUTRGMgQ+rRtaAiCKi+dXj/Gx0bp4l4kTYUaT9XfEykIpUYiMJ0C9EDNexPxP6+d6N6ll7IwTjQNyWxRL+FYR3gSBe4ySYnmI0OASGZuxWQAEog2gRVMCO78y4ukcVZ2nbJ7e16sXGdx5NEhOkIl5KILVEE3qIbqiKBH9Ixe0Zv1ZL1Y79bHrDVnZTP76A+szx8sfpMW</latexit><latexit sha1_base64="fAusRnf60RHbwAeG+jk2DwQobgk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3dREBN0IxW5cVrEPaEO4mU7boTNJmJkINRR/xY0LRdz6H+78G6dtFtp64MLhnHu5954g5kxpx/m2ckvLK6tr+fXCxubW9o69u9dQUSIJrZOIR7IVgKKchbSumea0FUsKIuC0GQyrE7/5QKViUXivRzH1BPRD1mMEtJF8+6DTByEAX2H3FJfufFX1nRPfLjplZwq8SNyMFFGGmm9/dboRSQQNNeGgVNt1Yu2lIDUjnI4LnUTRGMgQ+rRtaAiCKi+dXj/Gx0bp4l4kTYUaT9XfEykIpUYiMJ0C9EDNexPxP6+d6N6ll7IwTjQNyWxRL+FYR3gSBe4ySYnmI0OASGZuxWQAEog2gRVMCO78y4ukcVZ2nbJ7e16sXGdx5NEhOkIl5KILVEE3qIbqiKBH9Ixe0Zv1ZL1Y79bHrDVnZTP76A+szx8sfpMW</latexit><latexit sha1_base64="fAusRnf60RHbwAeG+jk2DwQobgk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3dREBN0IxW5cVrEPaEO4mU7boTNJmJkINRR/xY0LRdz6H+78G6dtFtp64MLhnHu5954g5kxpx/m2ckvLK6tr+fXCxubW9o69u9dQUSIJrZOIR7IVgKKchbSumea0FUsKIuC0GQyrE7/5QKViUXivRzH1BPRD1mMEtJF8+6DTByEAX2H3FJfufFX1nRPfLjplZwq8SNyMFFGGmm9/dboRSQQNNeGgVNt1Yu2lIDUjnI4LnUTRGMgQ+rRtaAiCKi+dXj/Gx0bp4l4kTYUaT9XfEykIpUYiMJ0C9EDNexPxP6+d6N6ll7IwTjQNyWxRL+FYR3gSBe4ySYnmI0OASGZuxWQAEog2gRVMCO78y4ukcVZ2nbJ7e16sXGdx5NEhOkIl5KILVEE3qIbqiKBH9Ixe0Zv1ZL1Y79bHrDVnZTP76A+szx8sfpMW</latexit>

decay rate ↵ = h�/EC ,
<latexit sha1_base64="+sL1MY//ySglCGyGr29c/TqhFac=">AAACCHicbVBNS8NAEN3Ur1q/qh49uFgED1ITEfQiFIvgsYL9gCaEyWbbLt1N4u5GKKVHL/4VLx4U8epP8Oa/cdvmoK0PBh7vzTAzL0g4U9q2v63cwuLS8kp+tbC2vrG5Vdzeaag4lYTWScxj2QpAUc4iWtdMc9pKJAURcNoM+tWx33ygUrE4utODhHoCuhHrMALaSH5x3wWe9ABf4h52uyAE4BN87Vexe59CiI/9Ysku2xPgeeJkpIQy1PzilxvGJBU00oSDUm3HTrQ3BKkZ4XRUcFNFEyB96NK2oREIqrzh5JERPjRKiDuxNBVpPFF/TwxBKDUQgekUoHtq1huL/3ntVHcuvCGLklTTiEwXdVKOdYzHqeCQSUo0HxgCRDJzKyY9kEC0ya5gQnBmX54njdOyY5ed27NS5SqLI4/20AE6Qg46RxV0g2qojgh6RM/oFb1ZT9aL9W59TFtzVjazi/7A+vwBEyqXcA==</latexit><latexit sha1_base64="+sL1MY//ySglCGyGr29c/TqhFac=">AAACCHicbVBNS8NAEN3Ur1q/qh49uFgED1ITEfQiFIvgsYL9gCaEyWbbLt1N4u5GKKVHL/4VLx4U8epP8Oa/cdvmoK0PBh7vzTAzL0g4U9q2v63cwuLS8kp+tbC2vrG5Vdzeaag4lYTWScxj2QpAUc4iWtdMc9pKJAURcNoM+tWx33ygUrE4utODhHoCuhHrMALaSH5x3wWe9ABf4h52uyAE4BN87Vexe59CiI/9Ysku2xPgeeJkpIQy1PzilxvGJBU00oSDUm3HTrQ3BKkZ4XRUcFNFEyB96NK2oREIqrzh5JERPjRKiDuxNBVpPFF/TwxBKDUQgekUoHtq1huL/3ntVHcuvCGLklTTiEwXdVKOdYzHqeCQSUo0HxgCRDJzKyY9kEC0ya5gQnBmX54njdOyY5ed27NS5SqLI4/20AE6Qg46RxV0g2qojgh6RM/oFb1ZT9aL9W59TFtzVjazi/7A+vwBEyqXcA==</latexit><latexit sha1_base64="+sL1MY//ySglCGyGr29c/TqhFac=">AAACCHicbVBNS8NAEN3Ur1q/qh49uFgED1ITEfQiFIvgsYL9gCaEyWbbLt1N4u5GKKVHL/4VLx4U8epP8Oa/cdvmoK0PBh7vzTAzL0g4U9q2v63cwuLS8kp+tbC2vrG5Vdzeaag4lYTWScxj2QpAUc4iWtdMc9pKJAURcNoM+tWx33ygUrE4utODhHoCuhHrMALaSH5x3wWe9ABf4h52uyAE4BN87Vexe59CiI/9Ysku2xPgeeJkpIQy1PzilxvGJBU00oSDUm3HTrQ3BKkZ4XRUcFNFEyB96NK2oREIqrzh5JERPjRKiDuxNBVpPFF/TwxBKDUQgekUoHtq1huL/3ntVHcuvCGLklTTiEwXdVKOdYzHqeCQSUo0HxgCRDJzKyY9kEC0ya5gQnBmX54njdOyY5ed27NS5SqLI4/20AE6Qg46RxV0g2qojgh6RM/oFb1ZT9aL9W59TFtzVjazi/7A+vwBEyqXcA==</latexit><latexit sha1_base64="+sL1MY//ySglCGyGr29c/TqhFac=">AAACCHicbVBNS8NAEN3Ur1q/qh49uFgED1ITEfQiFIvgsYL9gCaEyWbbLt1N4u5GKKVHL/4VLx4U8epP8Oa/cdvmoK0PBh7vzTAzL0g4U9q2v63cwuLS8kp+tbC2vrG5Vdzeaag4lYTWScxj2QpAUc4iWtdMc9pKJAURcNoM+tWx33ygUrE4utODhHoCuhHrMALaSH5x3wWe9ABf4h52uyAE4BN87Vexe59CiI/9Ysku2xPgeeJkpIQy1PzilxvGJBU00oSDUm3HTrQ3BKkZ4XRUcFNFEyB96NK2oREIqrzh5JERPjRKiDuxNBVpPFF/TwxBKDUQgekUoHtq1huL/3ntVHcuvCGLklTTiEwXdVKOdYzHqeCQSUo0HxgCRDJzKyY9kEC0ya5gQnBmX54njdOyY5ed27NS5SqLI4/20AE6Qg46RxV0g2qojgh6RM/oFb1ZT9aL9W59TFtzVjazi/7A+vwBEyqXcA==</latexit>
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<latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit><latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit><latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit><latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit>
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Bobbert et al., PRB 41, 4009 (1990)

Refael et al., PRB 75, 014522 (2007)
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QPT with dissipative frustration

gc

g

ϕ ,

Rs

Rg

Q
n n

E
JE

CThis work 

di
ss

ip
at

io
n

quantum phase fluctuations

D. Maile, S. Andergassen, W. Belzig, G. Rastelli, Phys. Rev. B 97, 155427 (2018).



Quantum Brownian motion

Caldeira-Leggett model

ĤS =
p̂2

2m
+ V (q̂) 1

set of independent harmonic oscillatorsĤbath =

B̂ = Bath’s operator

Ĥ = ĤS + Ĥint + Ĥbath

particle of mass m

Ĥint = ↵ q̂ B̂ ,
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Non-commuting dissipative interactions

Example: harmonic oscillator

➡ linear damping: squeezing of the quantum fluctuations of q
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➡ thermodynamics and dynamics are inseparable
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unconventional damping

Non-commuting dissipative interactions

Example: harmonic oscillator

➡ unconventional damping: squeezing of the quantum fluctuations of p
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➡ thermodynamics and dynamics are inseparable
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Non-commuting dissipative interactions

Example: harmonic oscillator !0

➡ 1 single dissipation: squeezing of the quantum fluctuations of one quadrature

➡ thermodynamics and dynamics are inseparable



Non-commuting dissipative interactions

Example: harmonic oscillator

➡ Coupling to two baths via two non-commuting observables?

Bath 1 Bath 2

conventional dissipation unconventional dissipation

�q �p � ~/2

!0

• harmonic oscillator
H.Kohler, F.Sols, PRB 72, 180404 (2005) 
A.Cuccoli, N.Del Sette, R.Vaia, PRE 81, 041110 (2010)

• single spin
E. Novais et al., PRB 72, 014417 (2005) 
H. Castro et al., PRL 91, 096401 (2003)
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➡ 1 single dissipation: squeezing of the quantum fluctuations of one quadrature

➡ thermodynamics and dynamics are inseparable

dissipative frustration



Dissipative frustration: harmonic oscillator

➡ no squeezing in both fluctuations                    

position dissipation dominates but         are enhanced�q > �p
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G.Rastelli, New Journal of Physics. 18, 053033 (2016)



Idea: Lindemann criterion
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Phenomenological rule 
for melting
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<latexit sha1_base64="i3Q3DzJKW68N78mDKWbB6Z3qJDc=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae2oUw2m3bpZpPuboRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZoqxOE5GoVoCaCS5Z3XAjWCtVDONAsGYwuJ36zSemNE/kgxmlzI+xJ3nEKRorPYakMxxmGJLzbqnsVtwZyDLxclKGHLVu6asTJjSLmTRUoNZtz02NP0ZlOBVsUuxkmqVIB9hjbUslxkz749nFE3JqlZBEibIlDZmpvyfGGGs9igPbGaPp60VvKv7ntTMTXftjLtPMMEnni6JMEJOQ6fsk5IpRI0aWIFXc3kpoHxVSY0Mq2hC8xZeXSeOi4rkV7/6yXL3J4yjAMZzAGXhwBVW4gxrUgYKEZ3iFN0c7L8678zFvXXHymSP4A+fzB4XhkCY=</latexit><latexit sha1_base64="i3Q3DzJKW68N78mDKWbB6Z3qJDc=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae2oUw2m3bpZpPuboRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZoqxOE5GoVoCaCS5Z3XAjWCtVDONAsGYwuJ36zSemNE/kgxmlzI+xJ3nEKRorPYakMxxmGJLzbqnsVtwZyDLxclKGHLVu6asTJjSLmTRUoNZtz02NP0ZlOBVsUuxkmqVIB9hjbUslxkz749nFE3JqlZBEibIlDZmpvyfGGGs9igPbGaPp60VvKv7ntTMTXftjLtPMMEnni6JMEJOQ6fsk5IpRI0aWIFXc3kpoHxVSY0Mq2hC8xZeXSeOi4rkV7/6yXL3J4yjAMZzAGXhwBVW4gxrUgYKEZ3iFN0c7L8678zFvXXHymSP4A+fzB4XhkCY=</latexit><latexit sha1_base64="i3Q3DzJKW68N78mDKWbB6Z3qJDc=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae2oUw2m3bpZpPuboRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZoqxOE5GoVoCaCS5Z3XAjWCtVDONAsGYwuJ36zSemNE/kgxmlzI+xJ3nEKRorPYakMxxmGJLzbqnsVtwZyDLxclKGHLVu6asTJjSLmTRUoNZtz02NP0ZlOBVsUuxkmqVIB9hjbUslxkz749nFE3JqlZBEibIlDZmpvyfGGGs9igPbGaPp60VvKv7ntTMTXftjLtPMMEnni6JMEJOQ6fsk5IpRI0aWIFXc3kpoHxVSY0Mq2hC8xZeXSeOi4rkV7/6yXL3J4yjAMZzAGXhwBVW4gxrUgYKEZ3iFN0c7L8678zFvXXHymSP4A+fzB4XhkCY=</latexit><latexit sha1_base64="i3Q3DzJKW68N78mDKWbB6Z3qJDc=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae2oUw2m3bpZpPuboRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZoqxOE5GoVoCaCS5Z3XAjWCtVDONAsGYwuJ36zSemNE/kgxmlzI+xJ3nEKRorPYakMxxmGJLzbqnsVtwZyDLxclKGHLVu6asTJjSLmTRUoNZtz02NP0ZlOBVsUuxkmqVIB9hjbUslxkz749nFE3JqlZBEibIlDZmpvyfGGGs9igPbGaPp60VvKv7ntTMTXftjLtPMMEnni6JMEJOQ6fsk5IpRI0aWIFXc3kpoHxVSY0Mq2hC8xZeXSeOi4rkV7/6yXL3J4yjAMZzAGXhwBVW4gxrUgYKEZ3iFN0c7L8678zFvXXHymSP4A+fzB4XhkCY=</latexit>

�u

d
 rc ,

<latexit sha1_base64="Fo/sm6YASCavFXKWpbaW1tKLK/Y=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ac0oUwmN+3QyaPzEErIB7jxV9y4UMStH+DOv3HaZqGtBwYO55zLnXv8lDOpbPvbKq2srq1vlDcrW9s7u3vV/YO2TLSg0KIJT0TXJxI4i6GlmOLQTQWQyOfQ8Uc3U7/zAEKyJL5XkxS8iAxiFjJKlJH61ZobCkIzNwCuCNZ5FuTY5YBFn2J3PNYkwGcmZdftGfAycQpSQwWa/eqXGyRURxAryomUPcdOlZcRoRjlkFdcLSEldEQG0DM0JhFIL5sdk+MTowQ4TIR5scIz9fdERiIpJ5FvkhFRQ7noTcX/vJ5W4ZWXsTjVCmI6XxRqjlWCp83ggAmgik8MIVQw81dMh8S0o0x/FVOCs3jyMmmf1x277txd1BrXRR1ldISO0Sly0CVqoFvURC1E0SN6Rq/ozXqyXqx362MeLVnFzCH6A+vzB+CHmtU=</latexit><latexit sha1_base64="Fo/sm6YASCavFXKWpbaW1tKLK/Y=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ac0oUwmN+3QyaPzEErIB7jxV9y4UMStH+DOv3HaZqGtBwYO55zLnXv8lDOpbPvbKq2srq1vlDcrW9s7u3vV/YO2TLSg0KIJT0TXJxI4i6GlmOLQTQWQyOfQ8Uc3U7/zAEKyJL5XkxS8iAxiFjJKlJH61ZobCkIzNwCuCNZ5FuTY5YBFn2J3PNYkwGcmZdftGfAycQpSQwWa/eqXGyRURxAryomUPcdOlZcRoRjlkFdcLSEldEQG0DM0JhFIL5sdk+MTowQ4TIR5scIz9fdERiIpJ5FvkhFRQ7noTcX/vJ5W4ZWXsTjVCmI6XxRqjlWCp83ggAmgik8MIVQw81dMh8S0o0x/FVOCs3jyMmmf1x277txd1BrXRR1ldISO0Sly0CVqoFvURC1E0SN6Rq/ozXqyXqx362MeLVnFzCH6A+vzB+CHmtU=</latexit><latexit sha1_base64="Fo/sm6YASCavFXKWpbaW1tKLK/Y=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ac0oUwmN+3QyaPzEErIB7jxV9y4UMStH+DOv3HaZqGtBwYO55zLnXv8lDOpbPvbKq2srq1vlDcrW9s7u3vV/YO2TLSg0KIJT0TXJxI4i6GlmOLQTQWQyOfQ8Uc3U7/zAEKyJL5XkxS8iAxiFjJKlJH61ZobCkIzNwCuCNZ5FuTY5YBFn2J3PNYkwGcmZdftGfAycQpSQwWa/eqXGyRURxAryomUPcdOlZcRoRjlkFdcLSEldEQG0DM0JhFIL5sdk+MTowQ4TIR5scIz9fdERiIpJ5FvkhFRQ7noTcX/vJ5W4ZWXsTjVCmI6XxRqjlWCp83ggAmgik8MIVQw81dMh8S0o0x/FVOCs3jyMmmf1x277txd1BrXRR1ldISO0Sly0CVqoFvURC1E0SN6Rq/ozXqyXqx362MeLVnFzCH6A+vzB+CHmtU=</latexit><latexit sha1_base64="Fo/sm6YASCavFXKWpbaW1tKLK/Y=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ac0oUwmN+3QyaPzEErIB7jxV9y4UMStH+DOv3HaZqGtBwYO55zLnXv8lDOpbPvbKq2srq1vlDcrW9s7u3vV/YO2TLSg0KIJT0TXJxI4i6GlmOLQTQWQyOfQ8Uc3U7/zAEKyJL5XkxS8iAxiFjJKlJH61ZobCkIzNwCuCNZ5FuTY5YBFn2J3PNYkwGcmZdftGfAycQpSQwWa/eqXGyRURxAryomUPcdOlZcRoRjlkFdcLSEldEQG0DM0JhFIL5sdk+MTowQ4TIR5scIz9fdERiIpJ5FvkhFRQ7noTcX/vJ5W4ZWXsTjVCmI6XxRqjlWCp83ggAmgik8MIVQw81dMh8S0o0x/FVOCs3jyMmmf1x277txd1BrXRR1ldISO0Sly0CVqoFvURC1E0SN6Rq/ozXqyXqx362MeLVnFzCH6A+vzB+CHmtU=</latexit>

rc ,
<latexit sha1_base64="NPSD6foNWCc3GT2UJlO2xERNVRE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+wDWWy2bZLN5u4uxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1E1yyhuFGsHaiGEaBYK1gdDP1W09MaR7LezNOmB/hQPI+p2is9KB6lHQfUwzPeuWKW3VnIMvEy0kFctR75a9uGNM0YtJQgVp3PDcxfobKcCrYpNRNNUuQjnDAOpZKjJj2s9nFE3JilZD0Y2VLGjJTf09kGGk9jgLbGaEZ6kVvKv7ndVLTv/IzLpPUMEnni/qpICYm0/dJyBWjRowtQaq4vZXQISqkxoZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAAUJz/AKb452Xpx352PeWnDymUP4A+fzB+YfkGU=</latexit><latexit sha1_base64="NPSD6foNWCc3GT2UJlO2xERNVRE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+wDWWy2bZLN5u4uxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1E1yyhuFGsHaiGEaBYK1gdDP1W09MaR7LezNOmB/hQPI+p2is9KB6lHQfUwzPeuWKW3VnIMvEy0kFctR75a9uGNM0YtJQgVp3PDcxfobKcCrYpNRNNUuQjnDAOpZKjJj2s9nFE3JilZD0Y2VLGjJTf09kGGk9jgLbGaEZ6kVvKv7ndVLTv/IzLpPUMEnni/qpICYm0/dJyBWjRowtQaq4vZXQISqkxoZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAAUJz/AKb452Xpx352PeWnDymUP4A+fzB+YfkGU=</latexit><latexit sha1_base64="NPSD6foNWCc3GT2UJlO2xERNVRE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+wDWWy2bZLN5u4uxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1E1yyhuFGsHaiGEaBYK1gdDP1W09MaR7LezNOmB/hQPI+p2is9KB6lHQfUwzPeuWKW3VnIMvEy0kFctR75a9uGNM0YtJQgVp3PDcxfobKcCrYpNRNNUuQjnDAOpZKjJj2s9nFE3JilZD0Y2VLGjJTf09kGGk9jgLbGaEZ6kVvKv7ndVLTv/IzLpPUMEnni/qpICYm0/dJyBWjRowtQaq4vZXQISqkxoZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAAUJz/AKb452Xpx352PeWnDymUP4A+fzB+YfkGU=</latexit><latexit sha1_base64="NPSD6foNWCc3GT2UJlO2xERNVRE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+wDWWy2bZLN5u4uxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1E1yyhuFGsHaiGEaBYK1gdDP1W09MaR7LezNOmB/hQPI+p2is9KB6lHQfUwzPeuWKW3VnIMvEy0kFctR75a9uGNM0YtJQgVp3PDcxfobKcCrYpNRNNUuQjnDAOpZKjJj2s9nFE3JilZD0Y2VLGjJTf09kGGk9jgLbGaEZ6kVvKv7ndVLTv/IzLpPUMEnni/qpICYm0/dJyBWjRowtQaq4vZXQISqkxoZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAAUJz/AKb452Xpx352PeWnDymUP4A+fzB+YfkGU=</latexit>



Idea: Lindemann criterion
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average fluctuation of a 
particle in a solid

�u ,
<latexit sha1_base64="kubG7N9aiQ34qPH+3vrBTOocqf4=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgQkoigi6LblxWsA9oQplMJnbo5OHMjVhCvsCNv+LGhSJuXbvzb5ymWWjrgYHDOfc1x0sEV2BZ30ZlaXllda26XtvY3NreMXf3uipOJWUdGotY9j2imOAR6wAHwfqJZCT0BOt548up37tnUvE4uoFJwtyQ3EY84JSAloZmwwH2AMWcTFssApJnjs8EEJzm2LlLiY+Ph2bdaloF8CKxS1JHJdpD88vxY5qGeh4VRKmBbSXgZkQCp4LlNSdVLCF0rDcONI1IyJSbFWfkuKEVHwex1C8CXKi/OzISKjUJPV0ZEhipeW8q/ucNUgjO3YxHSQosorNFQSowxHiaDfa5ZBTERBNCJde3YjoiklDQCdZ0CPb8lxdJ96RpW037+rTeuijjqKIDdIiOkI3OUAtdoTbqIIoe0TN6RW/Gk/FivBsfs9KKUfbsoz8wPn8A6FmcmA==</latexit><latexit sha1_base64="kubG7N9aiQ34qPH+3vrBTOocqf4=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgQkoigi6LblxWsA9oQplMJnbo5OHMjVhCvsCNv+LGhSJuXbvzb5ymWWjrgYHDOfc1x0sEV2BZ30ZlaXllda26XtvY3NreMXf3uipOJWUdGotY9j2imOAR6wAHwfqJZCT0BOt548up37tnUvE4uoFJwtyQ3EY84JSAloZmwwH2AMWcTFssApJnjs8EEJzm2LlLiY+Ph2bdaloF8CKxS1JHJdpD88vxY5qGeh4VRKmBbSXgZkQCp4LlNSdVLCF0rDcONI1IyJSbFWfkuKEVHwex1C8CXKi/OzISKjUJPV0ZEhipeW8q/ucNUgjO3YxHSQosorNFQSowxHiaDfa5ZBTERBNCJde3YjoiklDQCdZ0CPb8lxdJ96RpW037+rTeuijjqKIDdIiOkI3OUAtdoTbqIIoe0TN6RW/Gk/FivBsfs9KKUfbsoz8wPn8A6FmcmA==</latexit><latexit sha1_base64="kubG7N9aiQ34qPH+3vrBTOocqf4=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgQkoigi6LblxWsA9oQplMJnbo5OHMjVhCvsCNv+LGhSJuXbvzb5ymWWjrgYHDOfc1x0sEV2BZ30ZlaXllda26XtvY3NreMXf3uipOJWUdGotY9j2imOAR6wAHwfqJZCT0BOt548up37tnUvE4uoFJwtyQ3EY84JSAloZmwwH2AMWcTFssApJnjs8EEJzm2LlLiY+Ph2bdaloF8CKxS1JHJdpD88vxY5qGeh4VRKmBbSXgZkQCp4LlNSdVLCF0rDcONI1IyJSbFWfkuKEVHwex1C8CXKi/OzISKjUJPV0ZEhipeW8q/ucNUgjO3YxHSQosorNFQSowxHiaDfa5ZBTERBNCJde3YjoiklDQCdZ0CPb8lxdJ96RpW037+rTeuijjqKIDdIiOkI3OUAtdoTbqIIoe0TN6RW/Gk/FivBsfs9KKUfbsoz8wPn8A6FmcmA==</latexit><latexit sha1_base64="kubG7N9aiQ34qPH+3vrBTOocqf4=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgQkoigi6LblxWsA9oQplMJnbo5OHMjVhCvsCNv+LGhSJuXbvzb5ymWWjrgYHDOfc1x0sEV2BZ30ZlaXllda26XtvY3NreMXf3uipOJWUdGotY9j2imOAR6wAHwfqJZCT0BOt548up37tnUvE4uoFJwtyQ3EY84JSAloZmwwH2AMWcTFssApJnjs8EEJzm2LlLiY+Ph2bdaloF8CKxS1JHJdpD88vxY5qGeh4VRKmBbSXgZkQCp4LlNSdVLCF0rDcONI1IyJSbFWfkuKEVHwex1C8CXKi/OzISKjUJPV0ZEhipeW8q/ucNUgjO3YxHSQosorNFQSowxHiaDfa5ZBTERBNCJde3YjoiklDQCdZ0CPb8lxdJ96RpW037+rTeuijjqKIDdIiOkI3OUAtdoTbqIIoe0TN6RW/Gk/FivBsfs9KKUfbsoz8wPn8A6FmcmA==</latexit>

Phenomenological rule 
for melting

d ,
<latexit sha1_base64="i3Q3DzJKW68N78mDKWbB6Z3qJDc=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae2oUw2m3bpZpPuboRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZoqxOE5GoVoCaCS5Z3XAjWCtVDONAsGYwuJ36zSemNE/kgxmlzI+xJ3nEKRorPYakMxxmGJLzbqnsVtwZyDLxclKGHLVu6asTJjSLmTRUoNZtz02NP0ZlOBVsUuxkmqVIB9hjbUslxkz749nFE3JqlZBEibIlDZmpvyfGGGs9igPbGaPp60VvKv7ntTMTXftjLtPMMEnni6JMEJOQ6fsk5IpRI0aWIFXc3kpoHxVSY0Mq2hC8xZeXSeOi4rkV7/6yXL3J4yjAMZzAGXhwBVW4gxrUgYKEZ3iFN0c7L8678zFvXXHymSP4A+fzB4XhkCY=</latexit><latexit sha1_base64="i3Q3DzJKW68N78mDKWbB6Z3qJDc=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae2oUw2m3bpZpPuboRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZoqxOE5GoVoCaCS5Z3XAjWCtVDONAsGYwuJ36zSemNE/kgxmlzI+xJ3nEKRorPYakMxxmGJLzbqnsVtwZyDLxclKGHLVu6asTJjSLmTRUoNZtz02NP0ZlOBVsUuxkmqVIB9hjbUslxkz749nFE3JqlZBEibIlDZmpvyfGGGs9igPbGaPp60VvKv7ntTMTXftjLtPMMEnni6JMEJOQ6fsk5IpRI0aWIFXc3kpoHxVSY0Mq2hC8xZeXSeOi4rkV7/6yXL3J4yjAMZzAGXhwBVW4gxrUgYKEZ3iFN0c7L8678zFvXXHymSP4A+fzB4XhkCY=</latexit><latexit sha1_base64="i3Q3DzJKW68N78mDKWbB6Z3qJDc=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae2oUw2m3bpZpPuboRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZoqxOE5GoVoCaCS5Z3XAjWCtVDONAsGYwuJ36zSemNE/kgxmlzI+xJ3nEKRorPYakMxxmGJLzbqnsVtwZyDLxclKGHLVu6asTJjSLmTRUoNZtz02NP0ZlOBVsUuxkmqVIB9hjbUslxkz749nFE3JqlZBEibIlDZmpvyfGGGs9igPbGaPp60VvKv7ntTMTXftjLtPMMEnni6JMEJOQ6fsk5IpRI0aWIFXc3kpoHxVSY0Mq2hC8xZeXSeOi4rkV7/6yXL3J4yjAMZzAGXhwBVW4gxrUgYKEZ3iFN0c7L8678zFvXXHymSP4A+fzB4XhkCY=</latexit><latexit sha1_base64="i3Q3DzJKW68N78mDKWbB6Z3qJDc=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae2oUw2m3bpZpPuboRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZoqxOE5GoVoCaCS5Z3XAjWCtVDONAsGYwuJ36zSemNE/kgxmlzI+xJ3nEKRorPYakMxxmGJLzbqnsVtwZyDLxclKGHLVu6asTJjSLmTRUoNZtz02NP0ZlOBVsUuxkmqVIB9hjbUslxkz749nFE3JqlZBEibIlDZmpvyfGGGs9igPbGaPp60VvKv7ntTMTXftjLtPMMEnni6JMEJOQ6fsk5IpRI0aWIFXc3kpoHxVSY0Mq2hC8xZeXSeOi4rkV7/6yXL3J4yjAMZzAGXhwBVW4gxrUgYKEZ3iFN0c7L8678zFvXXHymSP4A+fzB4XhkCY=</latexit>

�u

d
 rc ,

<latexit sha1_base64="Fo/sm6YASCavFXKWpbaW1tKLK/Y=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ac0oUwmN+3QyaPzEErIB7jxV9y4UMStH+DOv3HaZqGtBwYO55zLnXv8lDOpbPvbKq2srq1vlDcrW9s7u3vV/YO2TLSg0KIJT0TXJxI4i6GlmOLQTQWQyOfQ8Uc3U7/zAEKyJL5XkxS8iAxiFjJKlJH61ZobCkIzNwCuCNZ5FuTY5YBFn2J3PNYkwGcmZdftGfAycQpSQwWa/eqXGyRURxAryomUPcdOlZcRoRjlkFdcLSEldEQG0DM0JhFIL5sdk+MTowQ4TIR5scIz9fdERiIpJ5FvkhFRQ7noTcX/vJ5W4ZWXsTjVCmI6XxRqjlWCp83ggAmgik8MIVQw81dMh8S0o0x/FVOCs3jyMmmf1x277txd1BrXRR1ldISO0Sly0CVqoFvURC1E0SN6Rq/ozXqyXqx362MeLVnFzCH6A+vzB+CHmtU=</latexit><latexit sha1_base64="Fo/sm6YASCavFXKWpbaW1tKLK/Y=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ac0oUwmN+3QyaPzEErIB7jxV9y4UMStH+DOv3HaZqGtBwYO55zLnXv8lDOpbPvbKq2srq1vlDcrW9s7u3vV/YO2TLSg0KIJT0TXJxI4i6GlmOLQTQWQyOfQ8Uc3U7/zAEKyJL5XkxS8iAxiFjJKlJH61ZobCkIzNwCuCNZ5FuTY5YBFn2J3PNYkwGcmZdftGfAycQpSQwWa/eqXGyRURxAryomUPcdOlZcRoRjlkFdcLSEldEQG0DM0JhFIL5sdk+MTowQ4TIR5scIz9fdERiIpJ5FvkhFRQ7noTcX/vJ5W4ZWXsTjVCmI6XxRqjlWCp83ggAmgik8MIVQw81dMh8S0o0x/FVOCs3jyMmmf1x277txd1BrXRR1ldISO0Sly0CVqoFvURC1E0SN6Rq/ozXqyXqx362MeLVnFzCH6A+vzB+CHmtU=</latexit><latexit sha1_base64="Fo/sm6YASCavFXKWpbaW1tKLK/Y=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ac0oUwmN+3QyaPzEErIB7jxV9y4UMStH+DOv3HaZqGtBwYO55zLnXv8lDOpbPvbKq2srq1vlDcrW9s7u3vV/YO2TLSg0KIJT0TXJxI4i6GlmOLQTQWQyOfQ8Uc3U7/zAEKyJL5XkxS8iAxiFjJKlJH61ZobCkIzNwCuCNZ5FuTY5YBFn2J3PNYkwGcmZdftGfAycQpSQwWa/eqXGyRURxAryomUPcdOlZcRoRjlkFdcLSEldEQG0DM0JhFIL5sdk+MTowQ4TIR5scIz9fdERiIpJ5FvkhFRQ7noTcX/vJ5W4ZWXsTjVCmI6XxRqjlWCp83ggAmgik8MIVQw81dMh8S0o0x/FVOCs3jyMmmf1x277txd1BrXRR1ldISO0Sly0CVqoFvURC1E0SN6Rq/ozXqyXqx362MeLVnFzCH6A+vzB+CHmtU=</latexit><latexit sha1_base64="Fo/sm6YASCavFXKWpbaW1tKLK/Y=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ac0oUwmN+3QyaPzEErIB7jxV9y4UMStH+DOv3HaZqGtBwYO55zLnXv8lDOpbPvbKq2srq1vlDcrW9s7u3vV/YO2TLSg0KIJT0TXJxI4i6GlmOLQTQWQyOfQ8Uc3U7/zAEKyJL5XkxS8iAxiFjJKlJH61ZobCkIzNwCuCNZ5FuTY5YBFn2J3PNYkwGcmZdftGfAycQpSQwWa/eqXGyRURxAryomUPcdOlZcRoRjlkFdcLSEldEQG0DM0JhFIL5sdk+MTowQ4TIR5scIz9fdERiIpJ5FvkhFRQ7noTcX/vJ5W4ZWXsTjVCmI6XxRqjlWCp83ggAmgik8MIVQw81dMh8S0o0x/FVOCs3jyMmmf1x277txd1BrXRR1ldISO0Sly0CVqoFvURC1E0SN6Rq/ozXqyXqx362MeLVnFzCH6A+vzB+CHmtU=</latexit>

rc ,
<latexit sha1_base64="NPSD6foNWCc3GT2UJlO2xERNVRE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+wDWWy2bZLN5u4uxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1E1yyhuFGsHaiGEaBYK1gdDP1W09MaR7LezNOmB/hQPI+p2is9KB6lHQfUwzPeuWKW3VnIMvEy0kFctR75a9uGNM0YtJQgVp3PDcxfobKcCrYpNRNNUuQjnDAOpZKjJj2s9nFE3JilZD0Y2VLGjJTf09kGGk9jgLbGaEZ6kVvKv7ndVLTv/IzLpPUMEnni/qpICYm0/dJyBWjRowtQaq4vZXQISqkxoZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAAUJz/AKb452Xpx352PeWnDymUP4A+fzB+YfkGU=</latexit><latexit sha1_base64="NPSD6foNWCc3GT2UJlO2xERNVRE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+wDWWy2bZLN5u4uxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1E1yyhuFGsHaiGEaBYK1gdDP1W09MaR7LezNOmB/hQPI+p2is9KB6lHQfUwzPeuWKW3VnIMvEy0kFctR75a9uGNM0YtJQgVp3PDcxfobKcCrYpNRNNUuQjnDAOpZKjJj2s9nFE3JilZD0Y2VLGjJTf09kGGk9jgLbGaEZ6kVvKv7ndVLTv/IzLpPUMEnni/qpICYm0/dJyBWjRowtQaq4vZXQISqkxoZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAAUJz/AKb452Xpx352PeWnDymUP4A+fzB+YfkGU=</latexit><latexit sha1_base64="NPSD6foNWCc3GT2UJlO2xERNVRE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+wDWWy2bZLN5u4uxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1E1yyhuFGsHaiGEaBYK1gdDP1W09MaR7LezNOmB/hQPI+p2is9KB6lHQfUwzPeuWKW3VnIMvEy0kFctR75a9uGNM0YtJQgVp3PDcxfobKcCrYpNRNNUuQjnDAOpZKjJj2s9nFE3JilZD0Y2VLGjJTf09kGGk9jgLbGaEZ6kVvKv7ndVLTv/IzLpPUMEnni/qpICYm0/dJyBWjRowtQaq4vZXQISqkxoZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAAUJz/AKb452Xpx352PeWnDymUP4A+fzB+YfkGU=</latexit><latexit sha1_base64="NPSD6foNWCc3GT2UJlO2xERNVRE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+wDWWy2bZLN5u4uxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1E1yyhuFGsHaiGEaBYK1gdDP1W09MaR7LezNOmB/hQPI+p2is9KB6lHQfUwzPeuWKW3VnIMvEy0kFctR75a9uGNM0YtJQgVp3PDcxfobKcCrYpNRNNUuQjnDAOpZKjJj2s9nFE3JilZD0Y2VLGjJTf09kGGk9jgLbGaEZ6kVvKv7ndVLTv/IzLpPUMEnni/qpICYm0/dJyBWjRowtQaq4vZXQISqkxoZUsiF4iy8vk+Z51XOr3t1FpXadx1GEIziGU/DgEmpwC3VoAAUJz/AKb452Xpx352PeWnDymUP4A+fzB+YfkGU=</latexit>

solid liquid solid

dissipative frustration                         reentrant behaviour



Charge dissipation in JJ chain

shunt resistance 

↵ =
Rq

Rs
<latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit><latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit><latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit><latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit>

Rq =
h

4e2
<latexit sha1_base64="aLP2+e4gqX48vbYhc+CFxP9amdg=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJS0ItQ9OKxiv2ANpbNdtMu3Wzi7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19Y7OwVdze2d3btw9KLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746up336kUrFI3OlJTL0QDwULGMHaSH27dNt/uOgFEpN0lKU1el/N+nbZqTgzoGXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNhLFI0xGeMh7RoqcEiVl85uz9CJUQYoiKQpodFM/T2R4lCpSeibzhDrkVr0puJ/XjfRwbmXMhEnmgoyXxQkHOkITYNAAyYp0XxiCCaSmVsRGWEThDZxFU0I7uLLy6RVrbhOxb2pleuXeRwFOIJjOAUXzqAO19CAJhB4gmd4hTcrs16sd+tj3rpi5TOH8AfW5w+2qpQ3</latexit><latexit sha1_base64="aLP2+e4gqX48vbYhc+CFxP9amdg=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJS0ItQ9OKxiv2ANpbNdtMu3Wzi7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19Y7OwVdze2d3btw9KLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746up336kUrFI3OlJTL0QDwULGMHaSH27dNt/uOgFEpN0lKU1el/N+nbZqTgzoGXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNhLFI0xGeMh7RoqcEiVl85uz9CJUQYoiKQpodFM/T2R4lCpSeibzhDrkVr0puJ/XjfRwbmXMhEnmgoyXxQkHOkITYNAAyYp0XxiCCaSmVsRGWEThDZxFU0I7uLLy6RVrbhOxb2pleuXeRwFOIJjOAUXzqAO19CAJhB4gmd4hTcrs16sd+tj3rpi5TOH8AfW5w+2qpQ3</latexit><latexit sha1_base64="aLP2+e4gqX48vbYhc+CFxP9amdg=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJS0ItQ9OKxiv2ANpbNdtMu3Wzi7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19Y7OwVdze2d3btw9KLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746up336kUrFI3OlJTL0QDwULGMHaSH27dNt/uOgFEpN0lKU1el/N+nbZqTgzoGXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNhLFI0xGeMh7RoqcEiVl85uz9CJUQYoiKQpodFM/T2R4lCpSeibzhDrkVr0puJ/XjfRwbmXMhEnmgoyXxQkHOkITYNAAyYp0XxiCCaSmVsRGWEThDZxFU0I7uLLy6RVrbhOxb2pleuXeRwFOIJjOAUXzqAO19CAJhB4gmd4hTcrs16sd+tj3rpi5TOH8AfW5w+2qpQ3</latexit><latexit sha1_base64="aLP2+e4gqX48vbYhc+CFxP9amdg=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJS0ItQ9OKxiv2ANpbNdtMu3Wzi7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19Y7OwVdze2d3btw9KLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746up336kUrFI3OlJTL0QDwULGMHaSH27dNt/uOgFEpN0lKU1el/N+nbZqTgzoGXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNhLFI0xGeMh7RoqcEiVl85uz9CJUQYoiKQpodFM/T2R4lCpSeibzhDrkVr0puJ/XjfRwbmXMhEnmgoyXxQkHOkITYNAAyYp0XxiCCaSmVsRGWEThDZxFU0I7uLLy6RVrbhOxb2pleuXeRwFOIJjOAUXzqAO19CAJhB4gmd4hTcrs16sd+tj3rpi5TOH8AfW5w+2qpQ3</latexit>
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Charge dissipation in JJ chain

shunt resistance 

↵ =
Rq

Rs
<latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit><latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit><latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit><latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit>

Rq =
h

4e2
<latexit sha1_base64="aLP2+e4gqX48vbYhc+CFxP9amdg=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJS0ItQ9OKxiv2ANpbNdtMu3Wzi7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19Y7OwVdze2d3btw9KLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746up336kUrFI3OlJTL0QDwULGMHaSH27dNt/uOgFEpN0lKU1el/N+nbZqTgzoGXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNhLFI0xGeMh7RoqcEiVl85uz9CJUQYoiKQpodFM/T2R4lCpSeibzhDrkVr0puJ/XjfRwbmXMhEnmgoyXxQkHOkITYNAAyYp0XxiCCaSmVsRGWEThDZxFU0I7uLLy6RVrbhOxb2pleuXeRwFOIJjOAUXzqAO19CAJhB4gmd4hTcrs16sd+tj3rpi5TOH8AfW5w+2qpQ3</latexit><latexit sha1_base64="aLP2+e4gqX48vbYhc+CFxP9amdg=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJS0ItQ9OKxiv2ANpbNdtMu3Wzi7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19Y7OwVdze2d3btw9KLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746up336kUrFI3OlJTL0QDwULGMHaSH27dNt/uOgFEpN0lKU1el/N+nbZqTgzoGXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNhLFI0xGeMh7RoqcEiVl85uz9CJUQYoiKQpodFM/T2R4lCpSeibzhDrkVr0puJ/XjfRwbmXMhEnmgoyXxQkHOkITYNAAyYp0XxiCCaSmVsRGWEThDZxFU0I7uLLy6RVrbhOxb2pleuXeRwFOIJjOAUXzqAO19CAJhB4gmd4hTcrs16sd+tj3rpi5TOH8AfW5w+2qpQ3</latexit><latexit sha1_base64="aLP2+e4gqX48vbYhc+CFxP9amdg=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJS0ItQ9OKxiv2ANpbNdtMu3Wzi7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19Y7OwVdze2d3btw9KLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746up336kUrFI3OlJTL0QDwULGMHaSH27dNt/uOgFEpN0lKU1el/N+nbZqTgzoGXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNhLFI0xGeMh7RoqcEiVl85uz9CJUQYoiKQpodFM/T2R4lCpSeibzhDrkVr0puJ/XjfRwbmXMhEnmgoyXxQkHOkITYNAAyYp0XxiCCaSmVsRGWEThDZxFU0I7uLLy6RVrbhOxb2pleuXeRwFOIJjOAUXzqAO19CAJhB4gmd4hTcrs16sd+tj3rpi5TOH8AfW5w+2qpQ3</latexit><latexit sha1_base64="aLP2+e4gqX48vbYhc+CFxP9amdg=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJS0ItQ9OKxiv2ANpbNdtMu3Wzi7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19Y7OwVdze2d3btw9KLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746up336kUrFI3OlJTL0QDwULGMHaSH27dNt/uOgFEpN0lKU1el/N+nbZqTgzoGXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNhLFI0xGeMh7RoqcEiVl85uz9CJUQYoiKQpodFM/T2R4lCpSeibzhDrkVr0puJ/XjfRwbmXMhEnmgoyXxQkHOkITYNAAyYp0XxiCCaSmVsRGWEThDZxFU0I7uLLy6RVrbhOxb2pleuXeRwFOIJjOAUXzqAO19CAJhB4gmd4hTcrs16sd+tj3rpi5TOH8AfW5w+2qpQ3</latexit>
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↵̃ =
Rg

Rq
<latexit sha1_base64="ZnHW6sQXaVd4ecroRxPuobqANts=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSK4qokIuhGKblxWsQ9oSplMbtqhk4czN2IJ+Qw3/oobF4q47c6/cfpYaOuBGQ7n3HvnzvESwRXa9rdRWFpeWV0rrpc2Nre2d8zdvYaKU8mgzmIRy5ZHFQgeQR05CmglEmjoCWh6g+ux33wEqXgc3eMwgU5IexEPOKOopa554iI84WROJsHPMxe58CFzqUj6NL90A0lZdtft5fp6yPOuWbYr9gTWInFmpExmqHXNkevHLA0hQiaoUm3HTrCTUYmcCchLbqogoWxAe9DWNKIhqE42WSi3jrTiW0Es9YnQmqi/OzIaKjUMPV0ZUuyreW8s/ue1UwwuOhmPkhQhYtOHglRYGFvjlCyfS2AohppQJrne1WJ9qqNAnWVJh+DMf3mRNE4rjl1xbs/K1atZHEVyQA7JMXHIOamSG1IjdcLIM3kl7+TDeDHejE/ja1paMGY9++QPjNEPxZ2iEw==</latexit><latexit sha1_base64="ZnHW6sQXaVd4ecroRxPuobqANts=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSK4qokIuhGKblxWsQ9oSplMbtqhk4czN2IJ+Qw3/oobF4q47c6/cfpYaOuBGQ7n3HvnzvESwRXa9rdRWFpeWV0rrpc2Nre2d8zdvYaKU8mgzmIRy5ZHFQgeQR05CmglEmjoCWh6g+ux33wEqXgc3eMwgU5IexEPOKOopa554iI84WROJsHPMxe58CFzqUj6NL90A0lZdtft5fp6yPOuWbYr9gTWInFmpExmqHXNkevHLA0hQiaoUm3HTrCTUYmcCchLbqogoWxAe9DWNKIhqE42WSi3jrTiW0Es9YnQmqi/OzIaKjUMPV0ZUuyreW8s/ue1UwwuOhmPkhQhYtOHglRYGFvjlCyfS2AohppQJrne1WJ9qqNAnWVJh+DMf3mRNE4rjl1xbs/K1atZHEVyQA7JMXHIOamSG1IjdcLIM3kl7+TDeDHejE/ja1paMGY9++QPjNEPxZ2iEw==</latexit><latexit sha1_base64="ZnHW6sQXaVd4ecroRxPuobqANts=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSK4qokIuhGKblxWsQ9oSplMbtqhk4czN2IJ+Qw3/oobF4q47c6/cfpYaOuBGQ7n3HvnzvESwRXa9rdRWFpeWV0rrpc2Nre2d8zdvYaKU8mgzmIRy5ZHFQgeQR05CmglEmjoCWh6g+ux33wEqXgc3eMwgU5IexEPOKOopa554iI84WROJsHPMxe58CFzqUj6NL90A0lZdtft5fp6yPOuWbYr9gTWInFmpExmqHXNkevHLA0hQiaoUm3HTrCTUYmcCchLbqogoWxAe9DWNKIhqE42WSi3jrTiW0Es9YnQmqi/OzIaKjUMPV0ZUuyreW8s/ue1UwwuOhmPkhQhYtOHglRYGFvjlCyfS2AohppQJrne1WJ9qqNAnWVJh+DMf3mRNE4rjl1xbs/K1atZHEVyQA7JMXHIOamSG1IjdcLIM3kl7+TDeDHejE/ja1paMGY9++QPjNEPxZ2iEw==</latexit><latexit sha1_base64="ZnHW6sQXaVd4ecroRxPuobqANts=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSK4qokIuhGKblxWsQ9oSplMbtqhk4czN2IJ+Qw3/oobF4q47c6/cfpYaOuBGQ7n3HvnzvESwRXa9rdRWFpeWV0rrpc2Nre2d8zdvYaKU8mgzmIRy5ZHFQgeQR05CmglEmjoCWh6g+ux33wEqXgc3eMwgU5IexEPOKOopa554iI84WROJsHPMxe58CFzqUj6NL90A0lZdtft5fp6yPOuWbYr9gTWInFmpExmqHXNkevHLA0hQiaoUm3HTrCTUYmcCchLbqogoWxAe9DWNKIhqE42WSi3jrTiW0Es9YnQmqi/OzIaKjUMPV0ZUuyreW8s/ue1UwwuOhmPkhQhYtOHglRYGFvjlCyfS2AohppQJrne1WJ9qqNAnWVJh+DMf3mRNE4rjl1xbs/K1atZHEVyQA7JMXHIOamSG1IjdcLIM3kl7+TDeDHejE/ja1paMGY9++QPjNEPxZ2iEw==</latexit>

↵̃ = ⌧g EC /h
<latexit sha1_base64="Ij7NUL7h+d+54yzT+bIATuZ0Omc=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqPgQeKuCHoRgkHwGME8IBuW3skkGTL7YKZXCEt+wIu/4sWDIl69e/NvnE1y0GhB00VVNzNdfiyFRtv+snILi0vLK/nVwtr6xuZWcXunoaNEMV5nkYxUywfNpQh5HQVK3ooVh8CXvOkPq5nfvOdKiyi8w1HMOwH0Q9ETDNBIXvHARSG7PHVBxgMYX1IXIfH61D2m1141ayd04BVLdtmegP4lzoyUyAw1r/jpdiOWBDxEJkHrtmPH2ElBoWCSjwtuonkMbAh93jY0hIDrTjq5ZkwPjdKlvUiZCpFO1J8bKQRajwLfTAaAAz3vZeJ/XjvB3kUnFWGcIA/Z9KFeIilGNIuGdoXiDOXIEGBKmL9SNgAFDE2ABROCM3/yX9I4LTt22bk9K1WuZnHkyR7ZJ0fEIeekQm5IjdQJIw/kibyQV+vRerberPfpaM6a7eySX7A+vgFxdpnS</latexit><latexit sha1_base64="Ij7NUL7h+d+54yzT+bIATuZ0Omc=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqPgQeKuCHoRgkHwGME8IBuW3skkGTL7YKZXCEt+wIu/4sWDIl69e/NvnE1y0GhB00VVNzNdfiyFRtv+snILi0vLK/nVwtr6xuZWcXunoaNEMV5nkYxUywfNpQh5HQVK3ooVh8CXvOkPq5nfvOdKiyi8w1HMOwH0Q9ETDNBIXvHARSG7PHVBxgMYX1IXIfH61D2m1141ayd04BVLdtmegP4lzoyUyAw1r/jpdiOWBDxEJkHrtmPH2ElBoWCSjwtuonkMbAh93jY0hIDrTjq5ZkwPjdKlvUiZCpFO1J8bKQRajwLfTAaAAz3vZeJ/XjvB3kUnFWGcIA/Z9KFeIilGNIuGdoXiDOXIEGBKmL9SNgAFDE2ABROCM3/yX9I4LTt22bk9K1WuZnHkyR7ZJ0fEIeekQm5IjdQJIw/kibyQV+vRerberPfpaM6a7eySX7A+vgFxdpnS</latexit><latexit sha1_base64="Ij7NUL7h+d+54yzT+bIATuZ0Omc=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqPgQeKuCHoRgkHwGME8IBuW3skkGTL7YKZXCEt+wIu/4sWDIl69e/NvnE1y0GhB00VVNzNdfiyFRtv+snILi0vLK/nVwtr6xuZWcXunoaNEMV5nkYxUywfNpQh5HQVK3ooVh8CXvOkPq5nfvOdKiyi8w1HMOwH0Q9ETDNBIXvHARSG7PHVBxgMYX1IXIfH61D2m1141ayd04BVLdtmegP4lzoyUyAw1r/jpdiOWBDxEJkHrtmPH2ElBoWCSjwtuonkMbAh93jY0hIDrTjq5ZkwPjdKlvUiZCpFO1J8bKQRajwLfTAaAAz3vZeJ/XjvB3kUnFWGcIA/Z9KFeIilGNIuGdoXiDOXIEGBKmL9SNgAFDE2ABROCM3/yX9I4LTt22bk9K1WuZnHkyR7ZJ0fEIeekQm5IjdQJIw/kibyQV+vRerberPfpaM6a7eySX7A+vgFxdpnS</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="vXJjlwgesZZLsTzSPVh54cfMVvQ=">AAACAnicbZDLSgMxFIbPeLfeRrdughdwIXXGjW4EQQSXFawVOsNwJk3bYOZCckYoQ1/Aja/ixoUiPoQ738ZM24Vafwj5+P+E5PxxrqQhz/tyZmbn5hcWl5ZrK6tr6xvu5uqtyQrNRZNnKtN3MRqhZCqaJEmJu1wLTGIlWvH9RZW3HoQ2MktvaJCLMMFeKruSI1krcvcCkqojygBV3sfhGQsIi6jHgkN2GV1U2xHrR+6uV/dGYtPgT2AXJmpE7mfQyXiRiJS4QmPavpdTWKImyZUY1oLCiBz5PfZE22KKiTBhOZpmyPat02HdTNuVEhu5P2+UmBgzSGJ7MkHqm79ZZf6XtQvqnoalTPOCRMrHD3ULxShjVTWsI7XgpAYWkGtp/8p4HzVysgXWbAn+35Gn4fa47nt1/9qDJdiGHTgAH07gHK6gAU3g8AjP8ApvzpPz4ryP65pxJr1twS85H9/WNZha</latexit><latexit sha1_base64="vXJjlwgesZZLsTzSPVh54cfMVvQ=">AAACAnicbZDLSgMxFIbPeLfeRrdughdwIXXGjW4EQQSXFawVOsNwJk3bYOZCckYoQ1/Aja/ixoUiPoQ738ZM24Vafwj5+P+E5PxxrqQhz/tyZmbn5hcWl5ZrK6tr6xvu5uqtyQrNRZNnKtN3MRqhZCqaJEmJu1wLTGIlWvH9RZW3HoQ2MktvaJCLMMFeKruSI1krcvcCkqojygBV3sfhGQsIi6jHgkN2GV1U2xHrR+6uV/dGYtPgT2AXJmpE7mfQyXiRiJS4QmPavpdTWKImyZUY1oLCiBz5PfZE22KKiTBhOZpmyPat02HdTNuVEhu5P2+UmBgzSGJ7MkHqm79ZZf6XtQvqnoalTPOCRMrHD3ULxShjVTWsI7XgpAYWkGtp/8p4HzVysgXWbAn+35Gn4fa47nt1/9qDJdiGHTgAH07gHK6gAU3g8AjP8ApvzpPz4ryP65pxJr1twS85H9/WNZha</latexit><latexit sha1_base64="u7uQE/2XGk9rOmyeJwfGSLPbr3o=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GwkLhro40QDIJlBPOAbFjuTibJkNkHM3eFsOQHbPwVGwtFbO3t/Bsnj0ITD1zu4Zx7mbknSKTQ6DjfVm5peWV1Lb9e2Njc2t6xd/fqOk4V4zUWy1g1A9BciojXUKDkzURxCAPJG8GgMvYbD1xpEUf3OEx4O4ReJLqCARrJt488FLLDMw9k0ofRFfUQUr9HvVN641fG7Yz2fbvolJwJ6CJxZ6RIZqj69pfXiVka8giZBK1brpNgOwOFgkk+Knip5gmwAfR4y9AIQq7b2eSaET02Sod2Y2UqQjpRf29kEGo9DAMzGQL29bw3Fv/zWil2L9uZiJIUecSmD3VTSTGm42hoRyjOUA4NAaaE+StlfVDA0ARYMCG48ycvkvp5yXVK7p1TLF/P4siTA3JITohLLkiZ3JIqqRFGHskzeSVv1pP1Yr1bH9PRnDXb2Sd/YH3+AHA2mc4=</latexit><latexit sha1_base64="Ij7NUL7h+d+54yzT+bIATuZ0Omc=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqPgQeKuCHoRgkHwGME8IBuW3skkGTL7YKZXCEt+wIu/4sWDIl69e/NvnE1y0GhB00VVNzNdfiyFRtv+snILi0vLK/nVwtr6xuZWcXunoaNEMV5nkYxUywfNpQh5HQVK3ooVh8CXvOkPq5nfvOdKiyi8w1HMOwH0Q9ETDNBIXvHARSG7PHVBxgMYX1IXIfH61D2m1141ayd04BVLdtmegP4lzoyUyAw1r/jpdiOWBDxEJkHrtmPH2ElBoWCSjwtuonkMbAh93jY0hIDrTjq5ZkwPjdKlvUiZCpFO1J8bKQRajwLfTAaAAz3vZeJ/XjvB3kUnFWGcIA/Z9KFeIilGNIuGdoXiDOXIEGBKmL9SNgAFDE2ABROCM3/yX9I4LTt22bk9K1WuZnHkyR7ZJ0fEIeekQm5IjdQJIw/kibyQV+vRerberPfpaM6a7eySX7A+vgFxdpnS</latexit><latexit sha1_base64="Ij7NUL7h+d+54yzT+bIATuZ0Omc=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqPgQeKuCHoRgkHwGME8IBuW3skkGTL7YKZXCEt+wIu/4sWDIl69e/NvnE1y0GhB00VVNzNdfiyFRtv+snILi0vLK/nVwtr6xuZWcXunoaNEMV5nkYxUywfNpQh5HQVK3ooVh8CXvOkPq5nfvOdKiyi8w1HMOwH0Q9ETDNBIXvHARSG7PHVBxgMYX1IXIfH61D2m1141ayd04BVLdtmegP4lzoyUyAw1r/jpdiOWBDxEJkHrtmPH2ElBoWCSjwtuonkMbAh93jY0hIDrTjq5ZkwPjdKlvUiZCpFO1J8bKQRajwLfTAaAAz3vZeJ/XjvB3kUnFWGcIA/Z9KFeIilGNIuGdoXiDOXIEGBKmL9SNgAFDE2ABROCM3/yX9I4LTt22bk9K1WuZnHkyR7ZJ0fEIeekQm5IjdQJIw/kibyQV+vRerberPfpaM6a7eySX7A+vgFxdpnS</latexit><latexit sha1_base64="Ij7NUL7h+d+54yzT+bIATuZ0Omc=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqPgQeKuCHoRgkHwGME8IBuW3skkGTL7YKZXCEt+wIu/4sWDIl69e/NvnE1y0GhB00VVNzNdfiyFRtv+snILi0vLK/nVwtr6xuZWcXunoaNEMV5nkYxUywfNpQh5HQVK3ooVh8CXvOkPq5nfvOdKiyi8w1HMOwH0Q9ETDNBIXvHARSG7PHVBxgMYX1IXIfH61D2m1141ayd04BVLdtmegP4lzoyUyAw1r/jpdiOWBDxEJkHrtmPH2ElBoWCSjwtuonkMbAh93jY0hIDrTjq5ZkwPjdKlvUiZCpFO1J8bKQRajwLfTAaAAz3vZeJ/XjvB3kUnFWGcIA/Z9KFeIilGNIuGdoXiDOXIEGBKmL9SNgAFDE2ABROCM3/yX9I4LTt22bk9K1WuZnHkyR7ZJ0fEIeekQm5IjdQJIw/kibyQV+vRerberPfpaM6a7eySX7A+vgFxdpnS</latexit><latexit sha1_base64="Ij7NUL7h+d+54yzT+bIATuZ0Omc=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqPgQeKuCHoRgkHwGME8IBuW3skkGTL7YKZXCEt+wIu/4sWDIl69e/NvnE1y0GhB00VVNzNdfiyFRtv+snILi0vLK/nVwtr6xuZWcXunoaNEMV5nkYxUywfNpQh5HQVK3ooVh8CXvOkPq5nfvOdKiyi8w1HMOwH0Q9ETDNBIXvHARSG7PHVBxgMYX1IXIfH61D2m1141ayd04BVLdtmegP4lzoyUyAw1r/jpdiOWBDxEJkHrtmPH2ElBoWCSjwtuonkMbAh93jY0hIDrTjq5ZkwPjdKlvUiZCpFO1J8bKQRajwLfTAaAAz3vZeJ/XjvB3kUnFWGcIA/Z9KFeIilGNIuGdoXiDOXIEGBKmL9SNgAFDE2ABROCM3/yX9I4LTt22bk9K1WuZnHkyR7ZJ0fEIeekQm5IjdQJIw/kibyQV+vRerberPfpaM6a7eySX7A+vgFxdpnS</latexit><latexit sha1_base64="Ij7NUL7h+d+54yzT+bIATuZ0Omc=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqPgQeKuCHoRgkHwGME8IBuW3skkGTL7YKZXCEt+wIu/4sWDIl69e/NvnE1y0GhB00VVNzNdfiyFRtv+snILi0vLK/nVwtr6xuZWcXunoaNEMV5nkYxUywfNpQh5HQVK3ooVh8CXvOkPq5nfvOdKiyi8w1HMOwH0Q9ETDNBIXvHARSG7PHVBxgMYX1IXIfH61D2m1141ayd04BVLdtmegP4lzoyUyAw1r/jpdiOWBDxEJkHrtmPH2ElBoWCSjwtuonkMbAh93jY0hIDrTjq5ZkwPjdKlvUiZCpFO1J8bKQRajwLfTAaAAz3vZeJ/XjvB3kUnFWGcIA/Z9KFeIilGNIuGdoXiDOXIEGBKmL9SNgAFDE2ABROCM3/yX9I4LTt22bk9K1WuZnHkyR7ZJ0fEIeekQm5IjdQJIw/kibyQV+vRerberPfpaM6a7eySX7A+vgFxdpnS</latexit><latexit sha1_base64="Ij7NUL7h+d+54yzT+bIATuZ0Omc=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqPgQeKuCHoRgkHwGME8IBuW3skkGTL7YKZXCEt+wIu/4sWDIl69e/NvnE1y0GhB00VVNzNdfiyFRtv+snILi0vLK/nVwtr6xuZWcXunoaNEMV5nkYxUywfNpQh5HQVK3ooVh8CXvOkPq5nfvOdKiyi8w1HMOwH0Q9ETDNBIXvHARSG7PHVBxgMYX1IXIfH61D2m1141ayd04BVLdtmegP4lzoyUyAw1r/jpdiOWBDxEJkHrtmPH2ElBoWCSjwtuonkMbAh93jY0hIDrTjq5ZkwPjdKlvUiZCpFO1J8bKQRajwLfTAaAAz3vZeJ/XjvB3kUnFWGcIA/Z9KFeIilGNIuGdoXiDOXIEGBKmL9SNgAFDE2ABROCM3/yX9I4LTt22bk9K1WuZnHkyR7ZJ0fEIeekQm5IjdQJIw/kibyQV+vRerberPfpaM6a7eySX7A+vgFxdpnS</latexit>

⌧g = RgC0 ,
<latexit sha1_base64="fMmzrXT4JMlWGLwGE8sHDnhKSAM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCCymJCLoRit24rGIf0IQwmUzaoZNJnIdQQt34K25cKOLWv3Dn3zhts9DWA/dyOOdeZu4JM0alcpxva2FxaXlltbRWXt/Y3Nq2d3ZbMtUCkyZOWSo6IZKEUU6aiipGOpkgKAkZaYeD+thvPxAhacrv1DAjfoJ6nMYUI2WkwN73FNJBD17CW9PrgQO9e40ieBLYFafqTADniVuQCijQCOwvL0qxTghXmCEpu66TKT9HQlHMyKjsaUkyhAeoR7qGcpQQ6eeTC0bwyCgRjFNhiis4UX9v5CiRcpiEZjJBqi9nvbH4n9fVKr7wc8ozrQjH04dizaBK4TgOGFFBsGJDQxAW1PwV4j4SCCsTWtmE4M6ePE9ap1XXqbo3Z5XaVRFHCRyAQ3AMXHAOauAaNEATYPAInsEreLOerBfr3fqYji5Yxc4e+APr8weMmJUB</latexit><latexit sha1_base64="fMmzrXT4JMlWGLwGE8sHDnhKSAM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCCymJCLoRit24rGIf0IQwmUzaoZNJnIdQQt34K25cKOLWv3Dn3zhts9DWA/dyOOdeZu4JM0alcpxva2FxaXlltbRWXt/Y3Nq2d3ZbMtUCkyZOWSo6IZKEUU6aiipGOpkgKAkZaYeD+thvPxAhacrv1DAjfoJ6nMYUI2WkwN73FNJBD17CW9PrgQO9e40ieBLYFafqTADniVuQCijQCOwvL0qxTghXmCEpu66TKT9HQlHMyKjsaUkyhAeoR7qGcpQQ6eeTC0bwyCgRjFNhiis4UX9v5CiRcpiEZjJBqi9nvbH4n9fVKr7wc8ozrQjH04dizaBK4TgOGFFBsGJDQxAW1PwV4j4SCCsTWtmE4M6ePE9ap1XXqbo3Z5XaVRFHCRyAQ3AMXHAOauAaNEATYPAInsEreLOerBfr3fqYji5Yxc4e+APr8weMmJUB</latexit><latexit sha1_base64="fMmzrXT4JMlWGLwGE8sHDnhKSAM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCCymJCLoRit24rGIf0IQwmUzaoZNJnIdQQt34K25cKOLWv3Dn3zhts9DWA/dyOOdeZu4JM0alcpxva2FxaXlltbRWXt/Y3Nq2d3ZbMtUCkyZOWSo6IZKEUU6aiipGOpkgKAkZaYeD+thvPxAhacrv1DAjfoJ6nMYUI2WkwN73FNJBD17CW9PrgQO9e40ieBLYFafqTADniVuQCijQCOwvL0qxTghXmCEpu66TKT9HQlHMyKjsaUkyhAeoR7qGcpQQ6eeTC0bwyCgRjFNhiis4UX9v5CiRcpiEZjJBqi9nvbH4n9fVKr7wc8ozrQjH04dizaBK4TgOGFFBsGJDQxAW1PwV4j4SCCsTWtmE4M6ePE9ap1XXqbo3Z5XaVRFHCRyAQ3AMXHAOauAaNEATYPAInsEreLOerBfr3fqYji5Yxc4e+APr8weMmJUB</latexit><latexit sha1_base64="fMmzrXT4JMlWGLwGE8sHDnhKSAM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCCymJCLoRit24rGIf0IQwmUzaoZNJnIdQQt34K25cKOLWv3Dn3zhts9DWA/dyOOdeZu4JM0alcpxva2FxaXlltbRWXt/Y3Nq2d3ZbMtUCkyZOWSo6IZKEUU6aiipGOpkgKAkZaYeD+thvPxAhacrv1DAjfoJ6nMYUI2WkwN73FNJBD17CW9PrgQO9e40ieBLYFafqTADniVuQCijQCOwvL0qxTghXmCEpu66TKT9HQlHMyKjsaUkyhAeoR7qGcpQQ6eeTC0bwyCgRjFNhiis4UX9v5CiRcpiEZjJBqi9nvbH4n9fVKr7wc8ozrQjH04dizaBK4TgOGFFBsGJDQxAW1PwV4j4SCCsTWtmE4M6ePE9ap1XXqbo3Z5XaVRFHCRyAQ3AMXHAOauAaNEATYPAInsEreLOerBfr3fqYji5Yxc4e+APr8weMmJUB</latexit>
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Charge dissipation in JJ chain

shunt resistance 

↵ =
Rq

Rs
<latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit><latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit><latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit><latexit sha1_base64="5T5Kzp6L+tzGAs1kJ3VdicMBHdw=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDIjgm6EohuXVewDOqVk0jttaOZhckcsw/yEG3/FjQtF3Aru/BvTx0JbDyQczrn35uZ4sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLkd+4B6VFFN7iMIZ2wHqh8AVnaKRO8chFeMDxnNSTCWSpy2TcZ/Scur5iPL3p3GXm0hnNaKdYssv2GHSeOFNSIlNUO8UvtxvxJIAQuWRatxw7xnbKFAouISu4iYaY8QHrQcvQkAWg2+l4m4weGKVL/UiZEyIdq787UhZoPQw8Uxkw7OtZbyT+57US9M/aqQjjBCHkk4f8RFKM6Cgi2hUKOMqhIYwrYXalvM9MGGiCLJgQnNkvz5P6cdmxy871SalyMY0jT/bIPjkkDjklFXJFqqRGOHkkz+SVvFlP1ov1bn1MSnPWtGeX/IH1+QNh/J+I</latexit>

Rq =
h

4e2
<latexit sha1_base64="aLP2+e4gqX48vbYhc+CFxP9amdg=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJS0ItQ9OKxiv2ANpbNdtMu3Wzi7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19Y7OwVdze2d3btw9KLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746up336kUrFI3OlJTL0QDwULGMHaSH27dNt/uOgFEpN0lKU1el/N+nbZqTgzoGXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNhLFI0xGeMh7RoqcEiVl85uz9CJUQYoiKQpodFM/T2R4lCpSeibzhDrkVr0puJ/XjfRwbmXMhEnmgoyXxQkHOkITYNAAyYp0XxiCCaSmVsRGWEThDZxFU0I7uLLy6RVrbhOxb2pleuXeRwFOIJjOAUXzqAO19CAJhB4gmd4hTcrs16sd+tj3rpi5TOH8AfW5w+2qpQ3</latexit><latexit sha1_base64="aLP2+e4gqX48vbYhc+CFxP9amdg=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJS0ItQ9OKxiv2ANpbNdtMu3Wzi7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19Y7OwVdze2d3btw9KLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746up336kUrFI3OlJTL0QDwULGMHaSH27dNt/uOgFEpN0lKU1el/N+nbZqTgzoGXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNhLFI0xGeMh7RoqcEiVl85uz9CJUQYoiKQpodFM/T2R4lCpSeibzhDrkVr0puJ/XjfRwbmXMhEnmgoyXxQkHOkITYNAAyYp0XxiCCaSmVsRGWEThDZxFU0I7uLLy6RVrbhOxb2pleuXeRwFOIJjOAUXzqAO19CAJhB4gmd4hTcrs16sd+tj3rpi5TOH8AfW5w+2qpQ3</latexit><latexit sha1_base64="aLP2+e4gqX48vbYhc+CFxP9amdg=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJS0ItQ9OKxiv2ANpbNdtMu3Wzi7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19Y7OwVdze2d3btw9KLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746up336kUrFI3OlJTL0QDwULGMHaSH27dNt/uOgFEpN0lKU1el/N+nbZqTgzoGXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNhLFI0xGeMh7RoqcEiVl85uz9CJUQYoiKQpodFM/T2R4lCpSeibzhDrkVr0puJ/XjfRwbmXMhEnmgoyXxQkHOkITYNAAyYp0XxiCCaSmVsRGWEThDZxFU0I7uLLy6RVrbhOxb2pleuXeRwFOIJjOAUXzqAO19CAJhB4gmd4hTcrs16sd+tj3rpi5TOH8AfW5w+2qpQ3</latexit><latexit sha1_base64="aLP2+e4gqX48vbYhc+CFxP9amdg=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJS0ItQ9OKxiv2ANpbNdtMu3Wzi7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19Y7OwVdze2d3btw9KLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746up336kUrFI3OlJTL0QDwULGMHaSH27dNt/uOgFEpN0lKU1el/N+nbZqTgzoGXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNhLFI0xGeMh7RoqcEiVl85uz9CJUQYoiKQpodFM/T2R4lCpSeibzhDrkVr0puJ/XjfRwbmXMhEnmgoyXxQkHOkITYNAAyYp0XxiCCaSmVsRGWEThDZxFU0I7uLLy6RVrbhOxb2pleuXeRwFOIJjOAUXzqAO19CAJhB4gmd4hTcrs16sd+tj3rpi5TOH8AfW5w+2qpQ3</latexit>
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↵̃ =
Rg

Rq
<latexit sha1_base64="ZnHW6sQXaVd4ecroRxPuobqANts=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSK4qokIuhGKblxWsQ9oSplMbtqhk4czN2IJ+Qw3/oobF4q47c6/cfpYaOuBGQ7n3HvnzvESwRXa9rdRWFpeWV0rrpc2Nre2d8zdvYaKU8mgzmIRy5ZHFQgeQR05CmglEmjoCWh6g+ux33wEqXgc3eMwgU5IexEPOKOopa554iI84WROJsHPMxe58CFzqUj6NL90A0lZdtft5fp6yPOuWbYr9gTWInFmpExmqHXNkevHLA0hQiaoUm3HTrCTUYmcCchLbqogoWxAe9DWNKIhqE42WSi3jrTiW0Es9YnQmqi/OzIaKjUMPV0ZUuyreW8s/ue1UwwuOhmPkhQhYtOHglRYGFvjlCyfS2AohppQJrne1WJ9qqNAnWVJh+DMf3mRNE4rjl1xbs/K1atZHEVyQA7JMXHIOamSG1IjdcLIM3kl7+TDeDHejE/ja1paMGY9++QPjNEPxZ2iEw==</latexit><latexit sha1_base64="ZnHW6sQXaVd4ecroRxPuobqANts=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSK4qokIuhGKblxWsQ9oSplMbtqhk4czN2IJ+Qw3/oobF4q47c6/cfpYaOuBGQ7n3HvnzvESwRXa9rdRWFpeWV0rrpc2Nre2d8zdvYaKU8mgzmIRy5ZHFQgeQR05CmglEmjoCWh6g+ux33wEqXgc3eMwgU5IexEPOKOopa554iI84WROJsHPMxe58CFzqUj6NL90A0lZdtft5fp6yPOuWbYr9gTWInFmpExmqHXNkevHLA0hQiaoUm3HTrCTUYmcCchLbqogoWxAe9DWNKIhqE42WSi3jrTiW0Es9YnQmqi/OzIaKjUMPV0ZUuyreW8s/ue1UwwuOhmPkhQhYtOHglRYGFvjlCyfS2AohppQJrne1WJ9qqNAnWVJh+DMf3mRNE4rjl1xbs/K1atZHEVyQA7JMXHIOamSG1IjdcLIM3kl7+TDeDHejE/ja1paMGY9++QPjNEPxZ2iEw==</latexit><latexit sha1_base64="ZnHW6sQXaVd4ecroRxPuobqANts=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSK4qokIuhGKblxWsQ9oSplMbtqhk4czN2IJ+Qw3/oobF4q47c6/cfpYaOuBGQ7n3HvnzvESwRXa9rdRWFpeWV0rrpc2Nre2d8zdvYaKU8mgzmIRy5ZHFQgeQR05CmglEmjoCWh6g+ux33wEqXgc3eMwgU5IexEPOKOopa554iI84WROJsHPMxe58CFzqUj6NL90A0lZdtft5fp6yPOuWbYr9gTWInFmpExmqHXNkevHLA0hQiaoUm3HTrCTUYmcCchLbqogoWxAe9DWNKIhqE42WSi3jrTiW0Es9YnQmqi/OzIaKjUMPV0ZUuyreW8s/ue1UwwuOhmPkhQhYtOHglRYGFvjlCyfS2AohppQJrne1WJ9qqNAnWVJh+DMf3mRNE4rjl1xbs/K1atZHEVyQA7JMXHIOamSG1IjdcLIM3kl7+TDeDHejE/ja1paMGY9++QPjNEPxZ2iEw==</latexit><latexit sha1_base64="ZnHW6sQXaVd4ecroRxPuobqANts=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSK4qokIuhGKblxWsQ9oSplMbtqhk4czN2IJ+Qw3/oobF4q47c6/cfpYaOuBGQ7n3HvnzvESwRXa9rdRWFpeWV0rrpc2Nre2d8zdvYaKU8mgzmIRy5ZHFQgeQR05CmglEmjoCWh6g+ux33wEqXgc3eMwgU5IexEPOKOopa554iI84WROJsHPMxe58CFzqUj6NL90A0lZdtft5fp6yPOuWbYr9gTWInFmpExmqHXNkevHLA0hQiaoUm3HTrCTUYmcCchLbqogoWxAe9DWNKIhqE42WSi3jrTiW0Es9YnQmqi/OzIaKjUMPV0ZUuyreW8s/ue1UwwuOhmPkhQhYtOHglRYGFvjlCyfS2AohppQJrne1WJ9qqNAnWVJh+DMf3mRNE4rjl1xbs/K1atZHEVyQA7JMXHIOamSG1IjdcLIM3kl7+TDeDHejE/ja1paMGY9++QPjNEPxZ2iEw==</latexit>

↵̃ = ⌧g EC /h
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Method and approximations

Path integral: Euclidean Action

F  Fv

Self consistent harmonic approximation

Bogoliubov inequality for free energy:

Fv = FVT � 1
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Example: solution of self-consistent equation
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Example: solution of self-consistent equation

➡ non-monotonic critical line
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Example: solution of self-consistent equation

➡ non-monotonic critical line

➡ ~ comparison with the Lindemann’s rule
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Phase diagram
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<latexit sha1_base64="KSm/4LFG2AkU4cw+9Ji+dN49+Cs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GOxCB4r2A9sQ9hst+3SzSbsToQS+i+8eFDEq//Gm//GbZuDVh8MPN6bYWZemEhh0HW/nMLK6tr6RnGztLW9s7tX3j9omTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7H9ZnffuTaiFjd4yThfkSHSgwEo2ilh1aQGTY9uwnqQbniVt05yF/i5aQCORpB+bPXj1kacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TEKn0yiLUthWSu/pzIaGTMJAptZ0RxZJa9mfif101xcOVnQiUpcsUWiwapJBiT2fukLzRnKCeWUKaFvZWwEdWUoQ2pZEPwll/+S1rnVc+tencXldp1HkcRjuAYTsGDS6jBLTSgCQwUPMELvDrGeXbenPdFa8HJZw7hF5yPbwJYkHc=</latexit><latexit sha1_base64="KSm/4LFG2AkU4cw+9Ji+dN49+Cs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GOxCB4r2A9sQ9hst+3SzSbsToQS+i+8eFDEq//Gm//GbZuDVh8MPN6bYWZemEhh0HW/nMLK6tr6RnGztLW9s7tX3j9omTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7H9ZnffuTaiFjd4yThfkSHSgwEo2ilh1aQGTY9uwnqQbniVt05yF/i5aQCORpB+bPXj1kacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TEKn0yiLUthWSu/pzIaGTMJAptZ0RxZJa9mfif101xcOVnQiUpcsUWiwapJBiT2fukLzRnKCeWUKaFvZWwEdWUoQ2pZEPwll/+S1rnVc+tencXldp1HkcRjuAYTsGDS6jBLTSgCQwUPMELvDrGeXbenPdFa8HJZw7hF5yPbwJYkHc=</latexit><latexit sha1_base64="KSm/4LFG2AkU4cw+9Ji+dN49+Cs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GOxCB4r2A9sQ9hst+3SzSbsToQS+i+8eFDEq//Gm//GbZuDVh8MPN6bYWZemEhh0HW/nMLK6tr6RnGztLW9s7tX3j9omTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7H9ZnffuTaiFjd4yThfkSHSgwEo2ilh1aQGTY9uwnqQbniVt05yF/i5aQCORpB+bPXj1kacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TEKn0yiLUthWSu/pzIaGTMJAptZ0RxZJa9mfif101xcOVnQiUpcsUWiwapJBiT2fukLzRnKCeWUKaFvZWwEdWUoQ2pZEPwll/+S1rnVc+tencXldp1HkcRjuAYTsGDS6jBLTSgCQwUPMELvDrGeXbenPdFa8HJZw7hF5yPbwJYkHc=</latexit><latexit sha1_base64="KSm/4LFG2AkU4cw+9Ji+dN49+Cs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GOxCB4r2A9sQ9hst+3SzSbsToQS+i+8eFDEq//Gm//GbZuDVh8MPN6bYWZemEhh0HW/nMLK6tr6RnGztLW9s7tX3j9omTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7H9ZnffuTaiFjd4yThfkSHSgwEo2ilh1aQGTY9uwnqQbniVt05yF/i5aQCORpB+bPXj1kacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TEKn0yiLUthWSu/pzIaGTMJAptZ0RxZJa9mfif101xcOVnQiUpcsUWiwapJBiT2fukLzRnKCeWUKaFvZWwEdWUoQ2pZEPwll/+S1rnVc+tencXldp1HkcRjuAYTsGDS6jBLTSgCQwUPMELvDrGeXbenPdFa8HJZw7hF5yPbwJYkHc=</latexit>

Vsc/EC
<latexit sha1_base64="KSm/4LFG2AkU4cw+9Ji+dN49+Cs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GOxCB4r2A9sQ9hst+3SzSbsToQS+i+8eFDEq//Gm//GbZuDVh8MPN6bYWZemEhh0HW/nMLK6tr6RnGztLW9s7tX3j9omTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7H9ZnffuTaiFjd4yThfkSHSgwEo2ilh1aQGTY9uwnqQbniVt05yF/i5aQCORpB+bPXj1kacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TEKn0yiLUthWSu/pzIaGTMJAptZ0RxZJa9mfif101xcOVnQiUpcsUWiwapJBiT2fukLzRnKCeWUKaFvZWwEdWUoQ2pZEPwll/+S1rnVc+tencXldp1HkcRjuAYTsGDS6jBLTSgCQwUPMELvDrGeXbenPdFa8HJZw7hF5yPbwJYkHc=</latexit><latexit sha1_base64="KSm/4LFG2AkU4cw+9Ji+dN49+Cs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GOxCB4r2A9sQ9hst+3SzSbsToQS+i+8eFDEq//Gm//GbZuDVh8MPN6bYWZemEhh0HW/nMLK6tr6RnGztLW9s7tX3j9omTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7H9ZnffuTaiFjd4yThfkSHSgwEo2ilh1aQGTY9uwnqQbniVt05yF/i5aQCORpB+bPXj1kacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TEKn0yiLUthWSu/pzIaGTMJAptZ0RxZJa9mfif101xcOVnQiUpcsUWiwapJBiT2fukLzRnKCeWUKaFvZWwEdWUoQ2pZEPwll/+S1rnVc+tencXldp1HkcRjuAYTsGDS6jBLTSgCQwUPMELvDrGeXbenPdFa8HJZw7hF5yPbwJYkHc=</latexit><latexit sha1_base64="KSm/4LFG2AkU4cw+9Ji+dN49+Cs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GOxCB4r2A9sQ9hst+3SzSbsToQS+i+8eFDEq//Gm//GbZuDVh8MPN6bYWZemEhh0HW/nMLK6tr6RnGztLW9s7tX3j9omTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7H9ZnffuTaiFjd4yThfkSHSgwEo2ilh1aQGTY9uwnqQbniVt05yF/i5aQCORpB+bPXj1kacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TEKn0yiLUthWSu/pzIaGTMJAptZ0RxZJa9mfif101xcOVnQiUpcsUWiwapJBiT2fukLzRnKCeWUKaFvZWwEdWUoQ2pZEPwll/+S1rnVc+tencXldp1HkcRjuAYTsGDS6jBLTSgCQwUPMELvDrGeXbenPdFa8HJZw7hF5yPbwJYkHc=</latexit><latexit sha1_base64="KSm/4LFG2AkU4cw+9Ji+dN49+Cs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GOxCB4r2A9sQ9hst+3SzSbsToQS+i+8eFDEq//Gm//GbZuDVh8MPN6bYWZemEhh0HW/nMLK6tr6RnGztLW9s7tX3j9omTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7H9ZnffuTaiFjd4yThfkSHSgwEo2ilh1aQGTY9uwnqQbniVt05yF/i5aQCORpB+bPXj1kacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TEKn0yiLUthWSu/pzIaGTMJAptZ0RxZJa9mfif101xcOVnQiUpcsUWiwapJBiT2fukLzRnKCeWUKaFvZWwEdWUoQ2pZEPwll/+S1rnVc+tencXldp1HkcRjuAYTsGDS6jBLTSgCQwUPMELvDrGeXbenPdFa8HJZw7hF5yPbwJYkHc=</latexit>
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<latexit sha1_base64="KSm/4LFG2AkU4cw+9Ji+dN49+Cs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GOxCB4r2A9sQ9hst+3SzSbsToQS+i+8eFDEq//Gm//GbZuDVh8MPN6bYWZemEhh0HW/nMLK6tr6RnGztLW9s7tX3j9omTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7H9ZnffuTaiFjd4yThfkSHSgwEo2ilh1aQGTY9uwnqQbniVt05yF/i5aQCORpB+bPXj1kacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TEKn0yiLUthWSu/pzIaGTMJAptZ0RxZJa9mfif101xcOVnQiUpcsUWiwapJBiT2fukLzRnKCeWUKaFvZWwEdWUoQ2pZEPwll/+S1rnVc+tencXldp1HkcRjuAYTsGDS6jBLTSgCQwUPMELvDrGeXbenPdFa8HJZw7hF5yPbwJYkHc=</latexit><latexit sha1_base64="KSm/4LFG2AkU4cw+9Ji+dN49+Cs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GOxCB4r2A9sQ9hst+3SzSbsToQS+i+8eFDEq//Gm//GbZuDVh8MPN6bYWZemEhh0HW/nMLK6tr6RnGztLW9s7tX3j9omTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7H9ZnffuTaiFjd4yThfkSHSgwEo2ilh1aQGTY9uwnqQbniVt05yF/i5aQCORpB+bPXj1kacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TEKn0yiLUthWSu/pzIaGTMJAptZ0RxZJa9mfif101xcOVnQiUpcsUWiwapJBiT2fukLzRnKCeWUKaFvZWwEdWUoQ2pZEPwll/+S1rnVc+tencXldp1HkcRjuAYTsGDS6jBLTSgCQwUPMELvDrGeXbenPdFa8HJZw7hF5yPbwJYkHc=</latexit><latexit sha1_base64="KSm/4LFG2AkU4cw+9Ji+dN49+Cs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GOxCB4r2A9sQ9hst+3SzSbsToQS+i+8eFDEq//Gm//GbZuDVh8MPN6bYWZemEhh0HW/nMLK6tr6RnGztLW9s7tX3j9omTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7H9ZnffuTaiFjd4yThfkSHSgwEo2ilh1aQGTY9uwnqQbniVt05yF/i5aQCORpB+bPXj1kacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TEKn0yiLUthWSu/pzIaGTMJAptZ0RxZJa9mfif101xcOVnQiUpcsUWiwapJBiT2fukLzRnKCeWUKaFvZWwEdWUoQ2pZEPwll/+S1rnVc+tencXldp1HkcRjuAYTsGDS6jBLTSgCQwUPMELvDrGeXbenPdFa8HJZw7hF5yPbwJYkHc=</latexit><latexit sha1_base64="KSm/4LFG2AkU4cw+9Ji+dN49+Cs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GOxCB4r2A9sQ9hst+3SzSbsToQS+i+8eFDEq//Gm//GbZuDVh8MPN6bYWZemEhh0HW/nMLK6tr6RnGztLW9s7tX3j9omTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7H9ZnffuTaiFjd4yThfkSHSgwEo2ilh1aQGTY9uwnqQbniVt05yF/i5aQCORpB+bPXj1kacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TEKn0yiLUthWSu/pzIaGTMJAptZ0RxZJa9mfif101xcOVnQiUpcsUWiwapJBiT2fukLzRnKCeWUKaFvZWwEdWUoQ2pZEPwll/+S1rnVc+tencXldp1HkcRjuAYTsGDS6jBLTSgCQwUPMELvDrGeXbenPdFa8HJZw7hF5yPbwJYkHc=</latexit>
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Phase diagram

Dissipative frustration leads to a non-monotonic phase diagram
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Thermodynamical quantities

“Scaling of entanglement close to a quantum phase transition”

Osterloh, Amico, Falci, Fazio, al., Nature  416, 608 (2002)

Quantum phase transition (mathematical) mapping to classical systems

QPT: quantum thermodynamical  properties with no analog in classical systems
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• In the quantum phase model realized by JJ chains with tailored dissipation, 
dissipative frustration leads to a non-monotonic phase diagram

• The purity and the logarithmic negativity show a peculiar behavior close to the 
critical point in presence of dissipative frustration
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Dissipative frustration in a double well 
(instanton-technique)

q-dissipation p-dissipation
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G.Rastelli, New J. Phys. 18, 053033 (2016).

Analytic formula

= roots of the quartic polynomial

Ai = coefficients related to the roots

 (x)= Digamma function
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Quantum fluctuations T=0
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Low temperature limit

quantum fluctuation
(zero-point motion)
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Dissipative frustration: qualitative ideas

➡  fluctuations of both quadratures increase

➡  but the purity P always decreases (statistical mixture)

Ĥ =
p̂2

2m
+

m!2
0

2
q̂2 + ĤBath,q + ĤBath,pSingle harmonic oscillator

�q
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~ effect of the conventional damping

Example: fluctuations of q

~ effect of the unconventional damping (diffusion)
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⌦
q2
↵

<latexit sha1_base64="TNeePpR5Q0qFeTvokgk/nvF1uKY=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5IUQQ8iRS8eK9gPaGLZbDft0s0m7k7EEvpXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFuFldW19Y3iZmlre2d3z94vt3ScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo+up335kSvNY3sE4YX5EBpKHnBIwUs8ue4KFcIEf7mvYU3wwhMueXXGqzgx4mbg5qaAcjZ795fVjmkZMAhVE667rJOBnRAGngk1KXqpZQuiIDFjXUEkipv1sdvsEHxulj8NYmZKAZ+rviYxEWo+jwHRGBIZ60ZuK/3ndFMJzP+MySYFJOl8UpgJDjKdB4D5XjIIYG0Ko4uZWTIdEEQomrpIJwV18eZm0alXXqbq3p5X6VR5HER2iI3SCXHSG6ugGNVATUfSEntErerMm1ov1bn3MWwtWPnOA/sD6/AHFWZOb</latexit><latexit sha1_base64="TNeePpR5Q0qFeTvokgk/nvF1uKY=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5IUQQ8iRS8eK9gPaGLZbDft0s0m7k7EEvpXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFuFldW19Y3iZmlre2d3z94vt3ScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo+up335kSvNY3sE4YX5EBpKHnBIwUs8ue4KFcIEf7mvYU3wwhMueXXGqzgx4mbg5qaAcjZ795fVjmkZMAhVE667rJOBnRAGngk1KXqpZQuiIDFjXUEkipv1sdvsEHxulj8NYmZKAZ+rviYxEWo+jwHRGBIZ60ZuK/3ndFMJzP+MySYFJOl8UpgJDjKdB4D5XjIIYG0Ko4uZWTIdEEQomrpIJwV18eZm0alXXqbq3p5X6VR5HER2iI3SCXHSG6ugGNVATUfSEntErerMm1ov1bn3MWwtWPnOA/sD6/AHFWZOb</latexit><latexit sha1_base64="TNeePpR5Q0qFeTvokgk/nvF1uKY=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5IUQQ8iRS8eK9gPaGLZbDft0s0m7k7EEvpXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFuFldW19Y3iZmlre2d3z94vt3ScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo+up335kSvNY3sE4YX5EBpKHnBIwUs8ue4KFcIEf7mvYU3wwhMueXXGqzgx4mbg5qaAcjZ795fVjmkZMAhVE667rJOBnRAGngk1KXqpZQuiIDFjXUEkipv1sdvsEHxulj8NYmZKAZ+rviYxEWo+jwHRGBIZ60ZuK/3ndFMJzP+MySYFJOl8UpgJDjKdB4D5XjIIYG0Ko4uZWTIdEEQomrpIJwV18eZm0alXXqbq3p5X6VR5HER2iI3SCXHSG6ugGNVATUfSEntErerMm1ov1bn3MWwtWPnOA/sD6/AHFWZOb</latexit><latexit sha1_base64="TNeePpR5Q0qFeTvokgk/nvF1uKY=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5IUQQ8iRS8eK9gPaGLZbDft0s0m7k7EEvpXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFuFldW19Y3iZmlre2d3z94vt3ScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo+up335kSvNY3sE4YX5EBpKHnBIwUs8ue4KFcIEf7mvYU3wwhMueXXGqzgx4mbg5qaAcjZ795fVjmkZMAhVE667rJOBnRAGngk1KXqpZQuiIDFjXUEkipv1sdvsEHxulj8NYmZKAZ+rviYxEWo+jwHRGBIZ60ZuK/3ndFMJzP+MySYFJOl8UpgJDjKdB4D5XjIIYG0Ko4uZWTIdEEQomrpIJwV18eZm0alXXqbq3p5X6VR5HER2iI3SCXHSG6ugGNVATUfSEntErerMm1ov1bn3MWwtWPnOA/sD6/AHFWZOb</latexit>

⇢(q) ⇠
Z

dq0 P�p(q0) ⇢�q (q � q0) ,
<latexit sha1_base64="9rycwfQ95Q7BL03/1Le9fvlVlaM="></latexit><latexit sha1_base64="9rycwfQ95Q7BL03/1Le9fvlVlaM="></latexit><latexit sha1_base64="9rycwfQ95Q7BL03/1Le9fvlVlaM="></latexit><latexit sha1_base64="9rycwfQ95Q7BL03/1Le9fvlVlaM="></latexit>


