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Domain wall in magnetic nanowire:

1. Important application: classical bits

racetrack memory

Bits=domains in tracks

2. Controllable motion: magnetic field, electric current

3. Fast speed on racetrack:
<latexit sha1_base64="FZEFv/KrHjjbdwFrmPga/4X6WcM=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUFwIXFGRV1J0I3LCOYDmTH0dHqSJj0fumuCw5BTeAC3egR34tYTeAKvYSeZhSY+KHi8V0VVPS8WXIFlfRkLi0vLK6uFteL6xubWtrmz21BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG9yM/eaQScWj8B7SmLkB6YXc55SAljpmaXhlWw+nzhF2gD1CFhyrUccsWxVrAjxP7JyUUY5ax/x2uhFNAhYCFUSptm3F4GZEAqeCjYpOolhM6ID0WFvTkARMudnk+BE+0EoX+5HUFQKeqL8nMhIolQae7gwI9NWsNxb/9eJ+qjhVM+vBv3QzHsYJsJBOt/uJwBDhcTy4yyWjIFJNCJVcP4Bpn0hCQYdY1MnYsznMk8ZJxT6v2Hdn5ep1nlEB7aF9dIhsdIGq6BbVUB1RlKJn9IJejSfjzXg3PqatC0Y+U0J/YHz+AMa8nN0=</latexit>

v > 103 m/s

Parkin et al., Science 320, 190 (2008)

Guan, et al., Nature Commun. (2021)

Parkin, Yang, Nature Nano. (2015)

<latexit sha1_base64="u97xQpFBeiwyrXBBkBr4laGD00M=">AAACA3icbVDLSsNAFL3xWeur6tLNYBFclUREXRbduKxgH9CGMplM26GTSZi5EULo0g9wq5/gTtz6IX6Bv+G0zUJbDwwczjmXe+cEiRQGXffLWVldW9/YLG2Vt3d29/YrB4ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4duq3H7k2IlYPmCXcj+hQiYFgFK3U7kkbDWm/UnVr7gxkmXgFqUKBRr/y3QtjlkZcIZPUmK7nJujnVKNgkk/KvdTwhLIxHfKupYpG3Pj57NwJObVKSAaxtk8hmam/J3IaGZNFgU1GFEdm0ZuK/3rJKDOCmYX1OLj2c6GSFLli8+2DVBKMybQQEgrNGcrMEsq0sB8gbEQ1ZWhrK9tmvMUelknrvOZd1rz7i2r9puioBMdwAmfgwRXU4Q4a0AQGY3iGF3h1npw35935mEdXnGLmCP7A+fwBcD6Yew==</latexit>

�

Luo, Hrabec, et al., Nature (2020)

Topological Solitons in Magnetism
"Topology in Magnetism," edited by  
J. Zang, V. Cros, A. Hoffmann.

A. Chanthbouala, et al., Nature Physics (2011)



Go beyond the nice picture?

Promote DWs from classical bits to quantum mobile bits!

how to operate them?
how to encode information?

what are the advantages?
…

H. Braun, D. Loss, PRB(1996)
C. Psaroudaki,et al., PRX (2017)
S. Takei, M. Mohseni PRB(2018)
C. Psaroudaki, C. Panagopoulos, PRL(2021)
S. Sorn, J. Schmalian, M. Garst, arXiv(2024)
…



Which d.o.f. we want to use to store quantum information?

<latexit sha1_base64="ZNL3D7NPd/wapppcfKfOFbdXff8=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrNDZh/M9IrLkqMf4FU/wZt49UP8An/DSbIHTSxoKKq66e7yEik02vaXVVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6HtVcioi3UKDk3URxGnqSd7zxzdTvPHClRRzdY5ZwN6SjSPiCUTRSpx9QzB8ng2rNrtszkGXiFKQGBZqD6nd/GLM05BEySbXuOXaCbk4VCib5pNJPNU8oG9MR7xka0ZBrN5+dOyEnRhkSP1amIiQz9fdETkOts9AznSHFQC96U/FfLwkyLZheWI/+lZuLKEmRR2y+3U8lwZhMAyFDoThDmRlCmRLmAcICqihDE1vFJOMs5rBM2md156Lu3J3XGtdFRmU4gmM4BQcuoQG30IQWMBjDM7zAq/VkvVnv1se8tWQVM4fwB9bnD+nxmMc=</latexit>

x̂

<latexit sha1_base64="sMKG08CTeo0j6Xa8rdK/+UdMNgI=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJJDtkdnaZ6RWWJUc/wKt+gjfx6of4Bf6Gk2QPmljQUFR1090VJFIYdN0vZ2V1bX1js7RV3t7Z3duvHBy2TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj26nffuTaiFg9YJZwP6IjJYaCUbRSuxdSzLNJv1J1a+4MZJl4BalCgUa/8t0bxCyNuEImqTFdz03Qz6lGwSSflHup4QllYzriXUsVjbjx89m5E3JqlQEZxtqWQjJTf0/kNDImiwLbGVEMzaI3Ff/1kjAzgpmF9Ti89nOhkhS5YvPtw1QSjMk0EDIQmjOUmSWUaWEfICykmjK0sZVtMt5iDsukdV7zLmve/UW1flNkVIJjOIEz8OAK6nAHDWgCgzE8wwu8Ok/Om/PufMxbV5xi5gj+wPn8AeuLmMg=</latexit>

ŷ

<latexit sha1_base64="AOau8+cggTOCpnS9HRkwKSKwvr0=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrNDZh/M9ArrkqMf4FU/wZt49UP8An/DSbIHTSxoKKq66e7yEik02vaXVVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6HtVcioi3UKDk3URxGnqSd7zxzdTvPHClRRzdY5ZwN6SjSPiCUTRSpx9QzB8ng2rNrtszkGXiFKQGBZqD6nd/GLM05BEySbXuOXaCbk4VCib5pNJPNU8oG9MR7xka0ZBrN5+dOyEnRhkSP1amIiQz9fdETkOts9AznSHFQC96U/FfLwkyLZheWI/+lZuLKEmRR2y+3U8lwZhMAyFDoThDmRlCmRLmAcICqihDE1vFJOMs5rBM2md156Lu3J3XGtdFRmU4gmM4BQcuoQG30IQWMBjDM7zAq/VkvVnv1se8tWQVM4fwB9bnD+0lmMk=</latexit>

ẑ

One promising candidate: chirality

<latexit sha1_base64="xTRKj6Rx/M3z8CB6TJXMC+DPXw4=">AAACF3icbVDLSsNAFJ3UV62vqCtxEyyCIJRERN0Uit24rGAf0IQymU7aoZPMMDNRQgh+hx/gVj/Bnbh16Rf4G07TLLT1wIVzz7mXyz0+p0Qq2/4ySkvLK6tr5fXKxubW9o65u9eRLBYItxGjTPR8KDElEW4roijucYFh6FPc9SfNqd+9x0ISFt2phGMvhKOIBARBpaWBeeBOsErdmEMh2ENWz9tm/dTJBmbVrtk5rEXiFKQKCrQG5rc7ZCgOcaQQhVL2HZsrL4VCEURxVnFjiTlEEzjCfU0jGGLppfkLmXWslaEVMKErUlau/t5IYShlEvp6MoRqLOe9qfivx8eJJEjOnVfBlZeSiMcKR2h2PYippZg1DckaEoGRookmEAmiH7DQGAqIlI6yopNx5nNYJJ2zmnNRc27Pq43rIqMyOARH4AQ44BI0wA1ogTZA4BE8gxfwajwZb8a78TEbLRnFzj74A+PzBx1doFg=</latexit>

|"i = |C = +1i
<latexit sha1_base64="pej4SdxYf2ydSzUSW6D4H3AKgdA=">AAACGXicbVDLSsNAFJ34rPUVddnNYBHcWBIRdVModuOygn1AG8pkOm2HTmbCzMQSQhZ+hx/gVj/Bnbh15Rf4G07TLLT1wIXDOffBPX7IqNKO82WtrK6tb2wWtorbO7t7+/bBYUuJSGLSxIIJ2fGRIoxy0tRUM9IJJUGBz0jbn9RnfvuBSEUFv9dxSLwAjTgdUoy0kfp2qTchOukNxJQjKcU0rWZCvXrmpn277FScDHCZuDkpgxyNvv1tFuEoIFxjhpTquk6ovQRJTTEjabEXKRIiPEEj0jWUo4AoL8meSOGJUQZwKKQprmGm/p5IUKBUHPimM0B6rBa9mfivF45jRbFaOK+H115CeRhpwvH8+jBiUAs4iwkOqCRYs9gQhCU1D0A8RhJhbcIsmmTcxRyWSeu84l5W3LuLcu0mz6gASuAYnAIXXIEauAUN0AQYPIJn8AJerSfrzXq3PuatK1Y+cwT+wPr8AdFMoUE=</latexit>

|#i = |C = �1iPseudo-spin:
<latexit sha1_base64="X2hBaQMXRYgF5V5G44H+zZ23wvY=">AAACHHicbVDLSsNAFJ34rPUVdSnIYBFclUREBTdFNy4r2Ac0oUymN+3QySTMTIQQuvM7/AC3+gnuxK3gF/gbTtsstO25XDiccy+Xe4KEM6Ud59taWl5ZXVsvbZQ3t7Z3du29/aaKU0mhQWMey3ZAFHAmoKGZ5tBOJJAo4NAKhrdjv/UIUrFYPOgsAT8ifcFCRok2Utc+8oagc+96cY26dsWpOhPgeeIWpIIK1Lv2j9eLaRqB0JQTpTquk2g/J1IzymFU9lIFCaFD0oeOoYJEoPx88scInxilh8NYmhYaT9S/GzmJlMqiwExGRA/UrDcWF3rJIFOMqpnzOrzycyaSVIOg0+thyrGO8Tgp3GMSqOaZIYRKZh7AdEAkodrkWTbJuLM5zJPmWdW9qLr355XaTZFRCR2iY3SKXHSJaugO1VEDUfSEXtArerOerXfrw/qcji5Zxc4B+gfr6xfgD6CB</latexit>

| i
<latexit sha1_base64="X2hBaQMXRYgF5V5G44H+zZ23wvY=">AAACHHicbVDLSsNAFJ34rPUVdSnIYBFclUREBTdFNy4r2Ac0oUymN+3QySTMTIQQuvM7/AC3+gnuxK3gF/gbTtsstO25XDiccy+Xe4KEM6Ud59taWl5ZXVsvbZQ3t7Z3du29/aaKU0mhQWMey3ZAFHAmoKGZ5tBOJJAo4NAKhrdjv/UIUrFYPOgsAT8ifcFCRok2Utc+8oagc+96cY26dsWpOhPgeeIWpIIK1Lv2j9eLaRqB0JQTpTquk2g/J1IzymFU9lIFCaFD0oeOoYJEoPx88scInxilh8NYmhYaT9S/GzmJlMqiwExGRA/UrDcWF3rJIFOMqpnzOrzycyaSVIOg0+thyrGO8Tgp3GMSqOaZIYRKZh7AdEAkodrkWTbJuLM5zJPmWdW9qLr355XaTZFRCR2iY3SKXHSJaugO1VEDUfSEXtArerOerXfrw/qcji5Zxc4B+gfr6xfgD6CB</latexit>

| i

order parameter space

<latexit sha1_base64="sMKG08CTeo0j6Xa8rdK/+UdMNgI=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJJDtkdnaZ6RWWJUc/wKt+gjfx6of4Bf6Gk2QPmljQUFR1090VJFIYdN0vZ2V1bX1js7RV3t7Z3duvHBy2TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj26nffuTaiFg9YJZwP6IjJYaCUbRSuxdSzLNJv1J1a+4MZJl4BalCgUa/8t0bxCyNuEImqTFdz03Qz6lGwSSflHup4QllYzriXUsVjbjx89m5E3JqlQEZxtqWQjJTf0/kNDImiwLbGVEMzaI3Ff/1kjAzgpmF9Ti89nOhkhS5YvPtw1QSjMk0EDIQmjOUmSWUaWEfICykmjK0sZVtMt5iDsukdV7zLmve/UW1flNkVIJjOIEz8OAK6nAHDWgCgzE8wwu8Ok/Om/PufMxbV5xi5gj+wPn8AeuLmMg=</latexit>

ŷ
<latexit sha1_base64="ZNL3D7NPd/wapppcfKfOFbdXff8=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrNDZh/M9IrLkqMf4FU/wZt49UP8An/DSbIHTSxoKKq66e7yEik02vaXVVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6HtVcioi3UKDk3URxGnqSd7zxzdTvPHClRRzdY5ZwN6SjSPiCUTRSpx9QzB8ng2rNrtszkGXiFKQGBZqD6nd/GLM05BEySbXuOXaCbk4VCib5pNJPNU8oG9MR7xka0ZBrN5+dOyEnRhkSP1amIiQz9fdETkOts9AznSHFQC96U/FfLwkyLZheWI/+lZuLKEmRR2y+3U8lwZhMAyFDoThDmRlCmRLmAcICqihDE1vFJOMs5rBM2md156Lu3J3XGtdFRmU4gmM4BQcuoQG30IQWMBjDM7zAq/VkvVnv1se8tWQVM4fwB9bnD+nxmMc=</latexit>

x̂

<latexit sha1_base64="AOau8+cggTOCpnS9HRkwKSKwvr0=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrNDZh/M9ArrkqMf4FU/wZt49UP8An/DSbIHTSxoKKq66e7yEik02vaXVVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6HtVcioi3UKDk3URxGnqSd7zxzdTvPHClRRzdY5ZwN6SjSPiCUTRSpx9QzB8ng2rNrtszkGXiFKQGBZqD6nd/GLM05BEySbXuOXaCbk4VCib5pNJPNU8oG9MR7xka0ZBrN5+dOyEnRhkSP1amIiQz9fdETkOts9AznSHFQC96U/FfLwkyLZheWI/+lZuLKEmRR2y+3U8lwZhMAyFDoThDmRlCmRLmAcICqihDE1vFJOMs5rBM2md156Lu3J3XGtdFRmU4gmM4BQcuoQG30IQWMBjDM7zAq/VkvVnv1se8tWQVM4fwB9bnD+0lmMk=</latexit>

ẑ

Can we use it as a quantum bit?



From Wikipedia:

DiVincenzo’s criteria



Key Ingredients

Consider a magnetic nanowire:

Ingredients we need:

<latexit sha1_base64="vpND5euzrUYC4CUSOW9FydmTVwk=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJ4Krsi1YtQ9NJjBfsB7bJk07QNTTZLMlssS/+JFw+KePWfePPfmLZ70NYHA4/3ZpiZFyWCG/C8b2dtfWNza7uwU9zd2z84dI+Om0almrIGVULpdkQMEzxmDeAgWDvRjMhIsFY0up/5rTHThqv4ESYJCyQZxLzPKQErha5bC7vAniCTnGo1xbehW/LK3hx4lfg5KaEc9dD96vYUTSWLgQpiTMf3EggyooFTwabFbmpYQuiIDFjH0phIZoJsfvkUn1ulh/tK24oBz9XfExmRxkxkZDslgaFZ9mbif14nhf5NkPE4SYHFdLGonwoMCs9iwD2uGQUxsYRQze2tmA6JJhRsWEUbgr/88ippXpb9SrnycFWq3uVxFNApOkMXyEfXqIpqqI4aiKIxekav6M3JnBfn3flYtK45+cwJ+gPn8wdyBZON</latexit>

Hmicro =
<latexit sha1_base64="gKxD6sXn90wZZMoXIfXYDwIa8sU="></latexit>

�J
X

hi,ji

~Si · ~Sj

<latexit sha1_base64="TWDnUE6rzQ5/Y5CepFZZwyTebmc="></latexit>

→Kz

∑

i

(Sz
i)

2

First, we need a stable domain wall!

<latexit sha1_base64="/0e+9BfPVCztp8leVTd1yVOvLwk="></latexit>

nx + iny = ei� sech(x�X), nz = tanh(x�X)

compete with  
each other

<latexit sha1_base64="aeXk0gplpJ8LXE+nHvCdSx9DLv4="></latexit>

� = Sa
p
J/Kz

Domain wall solution:

Two zero modes: <latexit sha1_base64="zRIGAusO/OlpnDUckj7hliBjFYI=">AAACA3icbVDLSsNAFL2pr1pfVZduBovgQkoioi6LblxWsA9oQ5lMJ83QyUyYmQghdOkHuNVPcCdu/RC/wN9w2mahrQcuHM65l3vvCRLOtHHdL6e0srq2vlHerGxt7+zuVfcP2lqmitAWkVyqboA15UzQlmGG026iKI4DTjvB+Hbqdx6p0kyKB5Ml1I/xSLCQEWys1OmeoX4zYoNqza27M6Bl4hWkBgWag+p3fyhJGlNhCMda9zw3MX6OlWGE00mln2qaYDLGI9qzVOCYaj+fnTtBJ1YZolAqW8Kgmfp7Isex1lkc2M4Ym0gvelPxXy+JMs2IXlhvwms/ZyJJDRVkvj1MOTISTQNBQ6YoMTyzBBPF7AOIRFhhYmxsFZuMt5jDMmmf173Lund/UWvcFBmV4QiO4RQ8uIIG3EETWkBgDM/wAq/Ok/PmvDsf89aSU8wcwh84nz90RJff</latexit>

X,�

<latexit sha1_base64="tZyfTGx6jyiaKGfscIoRq025oFg=">AAACFHicbVDLSsNAFJ3UV62vqODGTbAIrkoioi6LblxWsA9oQplMb9qhkwczN0qI/Q0/wK1+gjtx694v8Dectllo64ELh3PunTv3+IngCm37yygtLa+srpXXKxubW9s75u5eS8WpZNBksYhlx6cKBI+giRwFdBIJNPQFtP3R9cRv34NUPI7uMEvAC+kg4gFnFLXUMw/cEWDuMi6ZACpl/CAgwHHPrNo1ewprkTgFqZICjZ757fZjloYQIRNUqa5jJ+jlVCLXD48rbqogoWxEB9DVNKIhKC+f/n9sHWulbwWx1BWhNVV/T+Q0VCoLfd0ZUhyqeW8i/uslw0xxpubWY3Dp5TxKUoSIzbYHqbAwtiYJWX0ugaHINKFMcn2AxYZUUoY6x4pOxpnPYZG0TmvOec25PavWr4qMyuSQHJET4pALUic3pEGahJFH8kxeyKvxZLwZ78bHrLVkFDP75A+Mzx/QE5/B</latexit>

| i

<latexit sha1_base64="VMmxedJ/m6N93A01ldUsZ4gSWlo=">AAACFXicbVDLSsNAFJ3UV62vqAsXboJFcFUSEXVZdOOygq2FJpTJdNIOncyEmRslhHyHH+BWP8GduHXtF/gbTtsstPXAhcM598E9YcKZBtf9sipLyyura9X12sbm1vaOvbvX0TJVhLaJ5FJ1Q6wpZ4K2gQGn3URRHIec3ofj64l//0CVZlLcQZbQIMZDwSJGMBipbx/4Ywq5T5ginGKl5KNiwxEUfbvuNtwpnEXilaSOSrT69rc/kCSNqQDCsdY9z00gyLECZjYXNT/VNMFkjIe0Z6jAMdVBPn2gcI6NMnAiqUwJcKbq74kcx1pncWg6YwwjPe9NxH+9ZJRpRvTceYgug5yJJAUqyOx6lHIHpDOJyBkwRQnwzBBMFDMPOGSEFSZggqyZZLz5HBZJ57ThnTe827N686rMqIoO0RE6QR66QE10g1qojQgq0DN6Qa/Wk/VmvVsfs9aKVc7soz+wPn8AtmugPg==</latexit>

|�i



Consider a magnetic nanowire:

Ingredients we need:

<latexit sha1_base64="vpND5euzrUYC4CUSOW9FydmTVwk=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJ4Krsi1YtQ9NJjBfsB7bJk07QNTTZLMlssS/+JFw+KePWfePPfmLZ70NYHA4/3ZpiZFyWCG/C8b2dtfWNza7uwU9zd2z84dI+Om0almrIGVULpdkQMEzxmDeAgWDvRjMhIsFY0up/5rTHThqv4ESYJCyQZxLzPKQErha5bC7vAniCTnGo1xbehW/LK3hx4lfg5KaEc9dD96vYUTSWLgQpiTMf3EggyooFTwabFbmpYQuiIDFjH0phIZoJsfvkUn1ulh/tK24oBz9XfExmRxkxkZDslgaFZ9mbif14nhf5NkPE4SYHFdLGonwoMCs9iwD2uGQUxsYRQze2tmA6JJhRsWEUbgr/88ippXpb9SrnycFWq3uVxFNApOkMXyEfXqIpqqI4aiKIxekav6M3JnBfn3flYtK45+cwJ+gPn8wdyBZON</latexit>

Hmicro =
<latexit sha1_base64="gKxD6sXn90wZZMoXIfXYDwIa8sU="></latexit>

�J
X

hi,ji

~Si · ~Sj

<latexit sha1_base64="TWDnUE6rzQ5/Y5CepFZZwyTebmc="></latexit>

→Kz

∑

i

(Sz
i)

2

More ingredients:

<latexit sha1_base64="tZyfTGx6jyiaKGfscIoRq025oFg=">AAACFHicbVDLSsNAFJ3UV62vqODGTbAIrkoioi6LblxWsA9oQplMb9qhkwczN0qI/Q0/wK1+gjtx694v8Dectllo64ELh3PunTv3+IngCm37yygtLa+srpXXKxubW9s75u5eS8WpZNBksYhlx6cKBI+giRwFdBIJNPQFtP3R9cRv34NUPI7uMEvAC+kg4gFnFLXUMw/cEWDuMi6ZACpl/CAgwHHPrNo1ewprkTgFqZICjZ757fZjloYQIRNUqa5jJ+jlVCLXD48rbqogoWxEB9DVNKIhKC+f/n9sHWulbwWx1BWhNVV/T+Q0VCoLfd0ZUhyqeW8i/uslw0xxpubWY3Dp5TxKUoSIzbYHqbAwtiYJWX0ugaHINKFMcn2AxYZUUoY6x4pOxpnPYZG0TmvOec25PavWr4qMyuSQHJET4pALUic3pEGahJFH8kxeyKvxZLwZ78bHrLVkFDP75A+Mzx/QE5/B</latexit>

| i

<latexit sha1_base64="VMmxedJ/m6N93A01ldUsZ4gSWlo=">AAACFXicbVDLSsNAFJ3UV62vqAsXboJFcFUSEXVZdOOygq2FJpTJdNIOncyEmRslhHyHH+BWP8GduHXtF/gbTtsstPXAhcM598E9YcKZBtf9sipLyyura9X12sbm1vaOvbvX0TJVhLaJ5FJ1Q6wpZ4K2gQGn3URRHIec3ofj64l//0CVZlLcQZbQIMZDwSJGMBipbx/4Ywq5T5ginGKl5KNiwxEUfbvuNtwpnEXilaSOSrT69rc/kCSNqQDCsdY9z00gyLECZjYXNT/VNMFkjIe0Z6jAMdVBPn2gcI6NMnAiqUwJcKbq74kcx1pncWg6YwwjPe9NxH+9ZJRpRvTceYgug5yJJAUqyOx6lHIHpDOJyBkwRQnwzBBMFDMPOGSEFSZggqyZZLz5HBZJ57ThnTe827N686rMqIoO0RE6QR66QE10g1qojQgq0DN6Qa/Wk/VmvVsfs9aKVc7soz+wPn8AtmugPg==</latexit>

|�i

<latexit sha1_base64="7I/tVUv4D4IOyuXfQAHAdvzh278="></latexit>

+Ky

X

i

(Sy
i)

2

easy-xz plane

<latexit sha1_base64="BkrjpG+jNFghcqicub+wjOG/arM="></latexit>

E

<latexit sha1_base64="ifSPWhIRFqUCnhxM6rl8/v1z/6w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cI9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHKmjet+O5W19Y3Nrep2bWd3b/+gfnjU0UmmCG2ThCeqF2JNOZO0bZjhtJcqikXIaTec3BV+94kqzRL5aKYpDQQeSxYxgk0hDfyYDesNt+nOgVaJV5IGlPCH9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmuglyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJZ2LpnfV9B4uG63bMo4qnMApnIMH19CCe/ChDQRieIZXeHOE8+K8Ox+L1opTzhzDHzifP+SxjiU=</latexit>

�

<latexit sha1_base64="BkrjpG+jNFghcqicub+wjOG/arM="></latexit>

E

<latexit sha1_base64="ifSPWhIRFqUCnhxM6rl8/v1z/6w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cI9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHKmjet+O5W19Y3Nrep2bWd3b/+gfnjU0UmmCG2ThCeqF2JNOZO0bZjhtJcqikXIaTec3BV+94kqzRL5aKYpDQQeSxYxgk0hDfyYDesNt+nOgVaJV5IGlPCH9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmuglyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJZ2LpnfV9B4uG63bMo4qnMApnIMH19CCe/ChDQRieIZXeHOE8+K8Ox+L1opTzhzDHzifP+SxjiU=</latexit>

�

<latexit sha1_base64="BkrjpG+jNFghcqicub+wjOG/arM="></latexit>

E

<latexit sha1_base64="ifSPWhIRFqUCnhxM6rl8/v1z/6w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cI9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHKmjet+O5W19Y3Nrep2bWd3b/+gfnjU0UmmCG2ThCeqF2JNOZO0bZjhtJcqikXIaTec3BV+94kqzRL5aKYpDQQeSxYxgk0hDfyYDesNt+nOgVaJV5IGlPCH9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmuglyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJZ2LpnfV9B4uG63bMo4qnMApnIMH19CCe/ChDQRieIZXeHOE8+K8Ox+L1opTzhzDHzifP+SxjiU=</latexit>

�

<latexit sha1_base64="BkrjpG+jNFghcqicub+wjOG/arM="></latexit>

E
<latexit sha1_base64="tZyfTGx6jyiaKGfscIoRq025oFg=">AAACFHicbVDLSsNAFJ3UV62vqODGTbAIrkoioi6LblxWsA9oQplMb9qhkwczN0qI/Q0/wK1+gjtx694v8Dectllo64ELh3PunTv3+IngCm37yygtLa+srpXXKxubW9s75u5eS8WpZNBksYhlx6cKBI+giRwFdBIJNPQFtP3R9cRv34NUPI7uMEvAC+kg4gFnFLXUMw/cEWDuMi6ZACpl/CAgwHHPrNo1ewprkTgFqZICjZ757fZjloYQIRNUqa5jJ+jlVCLXD48rbqogoWxEB9DVNKIhKC+f/n9sHWulbwWx1BWhNVV/T+Q0VCoLfd0ZUhyqeW8i/uslw0xxpubWY3Dp5TxKUoSIzbYHqbAwtiYJWX0ugaHINKFMcn2AxYZUUoY6x4pOxpnPYZG0TmvOec25PavWr4qMyuSQHJET4pALUic3pEGahJFH8kxeyKvxZLwZ78bHrLVkFDP75A+Mzx/QE5/B</latexit>

| i
<latexit sha1_base64="VMmxedJ/m6N93A01ldUsZ4gSWlo=">AAACFXicbVDLSsNAFJ3UV62vqAsXboJFcFUSEXVZdOOygq2FJpTJdNIOncyEmRslhHyHH+BWP8GduHXtF/gbTtsstPXAhcM598E9YcKZBtf9sipLyyura9X12sbm1vaOvbvX0TJVhLaJ5FJ1Q6wpZ4K2gQGn3URRHIec3ofj64l//0CVZlLcQZbQIMZDwSJGMBipbx/4Ywq5T5ginGKl5KNiwxEUfbvuNtwpnEXilaSOSrT69rc/kCSNqQDCsdY9z00gyLECZjYXNT/VNMFkjIe0Z6jAMdVBPn2gcI6NMnAiqUwJcKbq74kcx1pncWg6YwwjPe9NxH+9ZJRpRvTceYgug5yJJAUqyOx6lHIHpDOJyBkwRQnwzBBMFDMPOGSEFSZggqyZZLz5HBZJ57ThnTe827N686rMqIoO0RE6QR66QE10g1qojQgq0DN6Qa/Wk/VmvVsfs9aKVc7soz+wPn8AtmugPg==</latexit>

|�i

<latexit sha1_base64="tPMHSnETF6SWmaZIdQz+Jryem3c="></latexit>

�hy

X

i

Sy
i

<latexit sha1_base64="XrMDA8jMx2QipygGUxLLhngEhPk="></latexit>

�hx

X

i

Sx
i

<latexit sha1_base64="ifSPWhIRFqUCnhxM6rl8/v1z/6w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cI9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHKmjet+O5W19Y3Nrep2bWd3b/+gfnjU0UmmCG2ThCeqF2JNOZO0bZjhtJcqikXIaTec3BV+94kqzRL5aKYpDQQeSxYxgk0hDfyYDesNt+nOgVaJV5IGlPCH9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmuglyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJZ2LpnfV9B4uG63bMo4qnMApnIMH19CCe/ChDQRieIZXeHOE8+K8Ox+L1opTzhzDHzifP+SxjiU=</latexit>

�

U(1) symmetry U(1)
<latexit sha1_base64="329ovTDgQwgaDhhcp6zXaUqKOO4=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkiLosunFZwT6wCWEynbRDJzNhZqKUUDf+ihsXirj1L9z5N07aLLT1wIXDOfdy7z1hwqjSjvNtlZaWV1bXyuuVjc2t7R17d6+tRCoxaWHBhOyGSBFGOWlpqhnpJpKgOGSkE46ucr9zT6Sigt/qcUL8GA04jShG2kiBfeBJOhhqJKV4gF6M9DAMs7tJUA/sqlNzpoCLxC1IFRRoBvaX1xc4jQnXmCGleq6TaD9DUlPMyKTipYokCI/QgPQM5Sgmys+mH0zgsVH6MBLSFNdwqv6eyFCs1DgOTWd+o5r3cvE/r5fq6MLPKE9STTieLYpSBrWAeRywTyXBmo0NQVhScyvEQyQR1ia0ignBnX95kbTrNfes5t6cVhuXRRxlcAiOwAlwwTlogGvQBC2AwSN4Bq/gzXqyXqx362PWWrKKmX3wB9bnD75+lxM=</latexit>! Z2 two states closer no

<latexit sha1_base64="Q4W1G183VtxZlWviIzPmltPBiZ0=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ad2hpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nt7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdh9jgbNAbVmlt350CrxCtIDQq0BtUvf5iQNKbCEI617nuuNEGGlWGE01nFTzWVmEzwiPYtFTimOsjmmWfozCpDFCXKPmHQXP29keFY62kc2sk8o172cvE/r5+a6DrImJCpoYIsDkUpRyZBeQFoyBQlhk8twUQxmxWRMVaYGFtTxZbgLX95lXQade+y7t1f1Jo3RR1lOIFTOAcPrqAJd9CCNhCQ8Ayv8Oakzovz7nwsRktOsXMMf+B8/gD515Gl</latexit>Z2

Key Ingredients



Construct Qubit

<latexit sha1_base64="ZNL3D7NPd/wapppcfKfOFbdXff8=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrNDZh/M9IrLkqMf4FU/wZt49UP8An/DSbIHTSxoKKq66e7yEik02vaXVVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6HtVcioi3UKDk3URxGnqSd7zxzdTvPHClRRzdY5ZwN6SjSPiCUTRSpx9QzB8ng2rNrtszkGXiFKQGBZqD6nd/GLM05BEySbXuOXaCbk4VCib5pNJPNU8oG9MR7xka0ZBrN5+dOyEnRhkSP1amIiQz9fdETkOts9AznSHFQC96U/FfLwkyLZheWI/+lZuLKEmRR2y+3U8lwZhMAyFDoThDmRlCmRLmAcICqihDE1vFJOMs5rBM2md156Lu3J3XGtdFRmU4gmM4BQcuoQG30IQWMBjDM7zAq/VkvVnv1se8tWQVM4fwB9bnD+nxmMc=</latexit>

x̂

<latexit sha1_base64="sMKG08CTeo0j6Xa8rdK/+UdMNgI=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJJDtkdnaZ6RWWJUc/wKt+gjfx6of4Bf6Gk2QPmljQUFR1090VJFIYdN0vZ2V1bX1js7RV3t7Z3duvHBy2TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj26nffuTaiFg9YJZwP6IjJYaCUbRSuxdSzLNJv1J1a+4MZJl4BalCgUa/8t0bxCyNuEImqTFdz03Qz6lGwSSflHup4QllYzriXUsVjbjx89m5E3JqlQEZxtqWQjJTf0/kNDImiwLbGVEMzaI3Ff/1kjAzgpmF9Ti89nOhkhS5YvPtw1QSjMk0EDIQmjOUmSWUaWEfICykmjK0sZVtMt5iDsukdV7zLmve/UW1flNkVIJjOIEz8OAK6nAHDWgCgzE8wwu8Ok/Om/PufMxbV5xi5gj+wPn8AeuLmMg=</latexit>

ŷ

<latexit sha1_base64="AOau8+cggTOCpnS9HRkwKSKwvr0=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrNDZh/M9ArrkqMf4FU/wZt49UP8An/DSbIHTSxoKKq66e7yEik02vaXVVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6HtVcioi3UKDk3URxGnqSd7zxzdTvPHClRRzdY5ZwN6SjSPiCUTRSpx9QzB8ng2rNrtszkGXiFKQGBZqD6nd/GLM05BEySbXuOXaCbk4VCib5pNJPNU8oG9MR7xka0ZBrN5+dOyEnRhkSP1amIiQz9fdETkOts9AznSHFQC96U/FfLwkyLZheWI/+lZuLKEmRR2y+3U8lwZhMAyFDoThDmRlCmRLmAcICqihDE1vFJOMs5rBM2md156Lu3J3XGtdFRmU4gmM4BQcuoQG30IQWMBjDM7zAq/VkvVnv1se8tWQVM4fwB9bnD+0lmMk=</latexit>

ẑ
Construct DW qubit:

The full dynamics
<latexit sha1_base64="RMSCw38QF5Qk5M5MRq3cvt60l/c=">AAACE3icbVDLSsNAFL3xWeurKq7cDBahbkoioi6Lbly4qGAf0IQymU7aoZNJmJkUQ+hn+AFu9RPciVs/wC/wN5y0XWjrgQuHc+7l3nv8mDOlbfvLWlpeWV1bL2wUN7e2d3ZLe/tNFSWS0AaJeCTbPlaUM0EbmmlO27GkOPQ5bfnDm9xvjahULBIPOo2pF+K+YAEjWBupWzp0Q6wHBPPsbtxxRz4SlcdTr1sq21V7ArRInBkpwwz1bunb7UUkCanQhGOlOo4day/DUjPC6bjoJorGmAxxn3YMFTikyssm54/RiVF6KIikKaHRRP09keFQqTT0TWd+rJr3cvFfLx6kihE1t14HV17GRJxoKsh0e5BwpCOUB4R6TFKieWoIJpKZBxAZYImJNjEWTTLOfA6LpHlWdS6qzv15uXY9y6gAR3AMFXDgEmpwC3VoAIEMnuEFXq0n6816tz6mrUvWbOYA/sD6/AE58p44</latexit>

L[n(x)]

Two low-energy modes
<latexit sha1_base64="kYZoMaTVl24yKvP9MO/A2it2aHI=">AAACFXicbZDNSsNAFIUn9a/Wv6gLF24GiyAIJRFRN0LRjYsuKtg20IYwmU7aoZNJmJkIIeQ5fAC3+gjuxK1rn8DXcNJmoa0XLnyccy+Xe/yYUaks68uoLC2vrK5V12sbm1vbO+buXldGicCkgyMWCcdHkjDKSUdRxYgTC4JCn5GeP7kt/N4jEZJG/EGlMXFDNOI0oBgpLXnmQeu65Q3aY3ra8hzdWcHQyT2zbjWsacFFsEuog7Lanvk9GEY4CQlXmCEp+7YVKzdDQlHMSF4bJJLECE/QiPQ1chQS6WbTB3J4rJUhDCKhmys4VX9vZCiUMg19PRkiNZbzXiH+68XjVFIs586r4MrNKI8TRTieXQ8SBlUEi4jgkAqCFUs1ICyofgDiMRIIKx1kTSdjz+ewCN2zhn3RsO/P682bMqMqOARH4ATY4BI0wR1ogw7AIAfP4AW8Gk/Gm/FufMxGK0a5sw/+lPH5A1hCnjE=</latexit>

L = L� + LX + L�X

define the qubit implement qubit gates

Project onto chirality basis

<latexit sha1_base64="uozHTC695N4YF387NOgqhx7n/Xc="></latexit>

Hm =
"(t)

2
⌧z �

tg
2
⌧x

Final qubit Hamiltonian

<latexit sha1_base64="eGZe5YJoQ2DCRDJbAhJAZGs0rsc="></latexit>

H =
(P̂ + �z⌧z)2

2M
+

M!
2
p

2

⇥
X̂ �X0(t)

⇤2 � t̃g

2
⌧x



Effective DW qubit Hamiltonian

<latexit sha1_base64="ZNL3D7NPd/wapppcfKfOFbdXff8=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrNDZh/M9IrLkqMf4FU/wZt49UP8An/DSbIHTSxoKKq66e7yEik02vaXVVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6HtVcioi3UKDk3URxGnqSd7zxzdTvPHClRRzdY5ZwN6SjSPiCUTRSpx9QzB8ng2rNrtszkGXiFKQGBZqD6nd/GLM05BEySbXuOXaCbk4VCib5pNJPNU8oG9MR7xka0ZBrN5+dOyEnRhkSP1amIiQz9fdETkOts9AznSHFQC96U/FfLwkyLZheWI/+lZuLKEmRR2y+3U8lwZhMAyFDoThDmRlCmRLmAcICqihDE1vFJOMs5rBM2md156Lu3J3XGtdFRmU4gmM4BQcuoQG30IQWMBjDM7zAq/VkvVnv1se8tWQVM4fwB9bnD+nxmMc=</latexit>

x̂

<latexit sha1_base64="sMKG08CTeo0j6Xa8rdK/+UdMNgI=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJJDtkdnaZ6RWWJUc/wKt+gjfx6of4Bf6Gk2QPmljQUFR1090VJFIYdN0vZ2V1bX1js7RV3t7Z3duvHBy2TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj26nffuTaiFg9YJZwP6IjJYaCUbRSuxdSzLNJv1J1a+4MZJl4BalCgUa/8t0bxCyNuEImqTFdz03Qz6lGwSSflHup4QllYzriXUsVjbjx89m5E3JqlQEZxtqWQjJTf0/kNDImiwLbGVEMzaI3Ff/1kjAzgpmF9Ti89nOhkhS5YvPtw1QSjMk0EDIQmjOUmSWUaWEfICykmjK0sZVtMt5iDsukdV7zLmve/UW1flNkVIJjOIEz8OAK6nAHDWgCgzE8wwu8Ok/Om/PufMxbV5xi5gj+wPn8AeuLmMg=</latexit>

ŷ

<latexit sha1_base64="AOau8+cggTOCpnS9HRkwKSKwvr0=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrNDZh/M9ArrkqMf4FU/wZt49UP8An/DSbIHTSxoKKq66e7yEik02vaXVVpZXVvfKG9WtrZ3dveq+wdtHaeK8RaLZay6HtVcioi3UKDk3URxGnqSd7zxzdTvPHClRRzdY5ZwN6SjSPiCUTRSpx9QzB8ng2rNrtszkGXiFKQGBZqD6nd/GLM05BEySbXuOXaCbk4VCib5pNJPNU8oG9MR7xka0ZBrN5+dOyEnRhkSP1amIiQz9fdETkOts9AznSHFQC96U/FfLwkyLZheWI/+lZuLKEmRR2y+3U8lwZhMAyFDoThDmRlCmRLmAcICqihDE1vFJOMs5rBM2md156Lu3J3XGtdFRmU4gmM4BQcuoQG30IQWMBjDM7zAq/VkvVnv1se8tWQVM4fwB9bnD+0lmMk=</latexit>

ẑ

Project dynamics onto chirality space:

In chirality basis:

<latexit sha1_base64="1qkcd3bmvyFNCe2zRwt+j3iVsdc="></latexit>

tg ⇡ ~!0

p
Sinst/~e�Sinst/~e�l2p/l

2
so

<latexit sha1_base64="wy2mW6t33A44udqQaMwR/gPRwkw="></latexit>

"(t) = 2~Ẋ0(t)/lso � 8NKybx

<latexit sha1_base64="sbW3nk6PhKFLfxJmmD/AFefiVRM="></latexit>

~⌦ =
q

"2 + t2g (~3 GHz)

<latexit sha1_base64="uozHTC695N4YF387NOgqhx7n/Xc="></latexit>

Hm =
"(t)

2
⌧z �

tg
2
⌧x

Adiabatic condition:
<latexit sha1_base64="7U+29c/vHXnLjqHJO0PHGFEDb/I=">AAACG3icbVDLSsNAFJ34rPUVdSnCYBEqSE1E1IWLohuXFewDmhAm02k7dPJg5kYsISu/ww9wq5/gTty68Av8DadtFtp64MLhnPvgHj8WXIFlfRlz8wuLS8uFleLq2vrGprm13VBRIimr00hEsuUTxQQPWR04CNaKJSOBL1jTH1yP/OY9k4pH4R0MY+YGpBfyLqcEtOSZe04ngrSVeVYZDi9ty3KOsAPsAdLgWGWeWbIq1hh4ltg5KaEcNc/81vtoErAQqCBKtW0rBjclEjgVLCs6iWIxoQPSY21NQxIw5abjNzJ8oJUO7kZSVwh4rP6eSEmg1DDwdWdAoK+mvZH4rxf3h4pTNXUeuhduysM4ARbSyfVuIjBEeBQU7nDJKIihJoRKrh/AtE8koaDjLOpk7OkcZknjpGKfVezb01L1Ks+ogHbRPiojG52jKrpBNVRHFD2iZ/SCXo0n4814Nz4mrXNGPrOD/sD4/AELFqCv</latexit>

Ẋ0(t) < 100m/s



DMRG for DW Qubit
Consider quantum spin-1/2 chain:

Simulate a static DW qubit:

impose the boundary conditionCalculating the eigen-energies:
<latexit sha1_base64="VRHm6VpHHrQMBuDCSVVIkbiqsa0="></latexit>

hy = 0.9T

<latexit sha1_base64="EtUzqN1D2yjfdF8NJmR8Ue+3Hn0="></latexit>

E21 ⇠ 10GHz

• Chirality states are well-isolated:

• Well captured by an effective Hamiltonian:
<latexit sha1_base64="mPIW+uXth6uYneTnEC6sQ5Bwan8="></latexit>

H = ��10

2
⌧x � gy�hy⌧x + gxhx⌧z

arXiv:2412.11585 (2024)



<latexit sha1_base64="9X6nsNdsEY0eDnSPNklwm13ekHM=">AAACAHicbVDLSsNAFL2pr1pfVZduBotQNyURUZdFNy4r2Ae0oUymk2boZBJmJoUQuvED3OonuBO3/olf4G84abPQ1gMXDufcy733eDFnStv2l1VaW9/Y3CpvV3Z29/YPqodHHRUlktA2iXgkex5WlDNB25ppTnuxpDj0OO16k7vc706pVCwSjzqNqRvisWA+I1jn0rSuz4fVmt2w50CrxClIDQq0htXvwSgiSUiFJhwr1XfsWLsZlpoRTmeVQaJojMkEj2nfUIFDqtxsfusMnRllhPxImhIazdXfExkOlUpDz3SGWAdq2cvFf704SBUjamm99m/cjIk40VSQxXY/4UhHKE8DjZikRPPUEEwkMw8gEmCJiTaZVUwyznIOq6Rz0XCuGs7DZa15W2RUhhM4hTo4cA1NuIcWtIFAAM/wAq/Wk/VmvVsfi9aSVcwcwx9Ynz+SS5bb</latexit>

v(t)

Qubit gates
Single qubit gates

<latexit sha1_base64="KMCzc5JhtPlksB/h7SM3T7ZO2Uw="></latexit>

U(t) = exp(�i⌦̃tm̂ · �/2)

<latexit sha1_base64="078HWc/an+ewaCZMX0LTt4r5xE0=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzQOSJcxOepMhs7PLzKywhBz8AK/6Cd7Eq5/iF/gbTpI9aGJBQ1HVTXdXkAiujet+OYWV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHssHkyXoR3QgecgZNVa6D3pZr1xxq+4MZJl4OalAjnqv/N3txyyNUBomqNYdz02MP6bKcCZwUuqmGhPKRnSAHUsljVD749mpE3JilT4JY2VLGjJTf0+MaaR1FgW2M6JmqBe9qfivlwwzzZleWG/CK3/MZZIalGy+PUwFMTGZhkH6XCEzIrOEMsXtA4QNqaLM2MhKNhlvMYdl0jyrehdV7+68UrvOMyrCERzDKXhwCTW4hTo0gMEAnuEFXp0n5815dz7mrQUnnzmEP3A+fwBqspbQ</latexit>

by

<latexit sha1_base64="uozHTC695N4YF387NOgqhx7n/Xc="></latexit>

Hm =
"(t)

2
⌧z �

tg
2
⌧x

<latexit sha1_base64="iQh/LftzesGHzrhSMlgK6CA2GLo="></latexit>

m̂ = (sin ✓, 0, cos ✓) [tan ✓ = �tg/"]

<latexit sha1_base64="aJHA918nyJo41p0JRujOybM1/CU="></latexit>

v(t) = v

<latexit sha1_base64="uozHTC695N4YF387NOgqhx7n/Xc="></latexit>

Hm =
"(t)

2
⌧z �

tg
2
⌧x

<latexit sha1_base64="VXAt0toPZzAjYDEvN+heng8fgJk="></latexit>

"(t) / v(t) = v0s(t) cos(!dt+ �0)

1. In-phase pulse:
<latexit sha1_base64="lGyLlqI2FATA6FSprHdEd8Bobw4=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgqiQi6kYounFZwT6gDWUynTRDJ5NhZiKE0K0f4FY/wZ249T/8An/DaZuFth64cDjnXu69J5CcaeO6X05pZXVtfaO8Wdna3tndq+4ftHWSKkJbJOGJ6gZYU84EbRlmOO1KRXEccNoJxrdTv/NIlWaJeDCZpH6MR4KFjGBjpW5fRmzgXruDas2tuzOgZeIVpAYFmoPqd3+YkDSmwhCOte55rjR+jpVhhNNJpZ9qKjEZ4xHtWSpwTLWfz+6doBOrDFGYKFvCoJn6eyLHsdZZHNjOGJtIL3pT8V9PRplmRC+sN+GVnzMhU0MFmW8PU45MgqaJoCFTlBieWYKJYvYBRCKsMDE2t4pNxlvMYZm0z+reRd27P681boqMynAEx3AKHlxCA+6gCS0gwOEZXuDVeXLenHfnY95acoqZQ/gD5/MHXhKYYQ==</latexit>

�0 = 0

2. out-of-phase pulse:
<latexit sha1_base64="lRk7ZXDjzJWAf5dDCTwNN4VfvTE=">AAACEnicbZDLSsNAFIYn9VbrLV52bgaL4KokRdSNUHTjsoK9gAlhMp20QyeTYWYixJC38AHc6iO4E7e+gE/gazhts9DWHwZ+/nMO58wXCkaVdpwvq7K0vLK6Vl2vbWxube/Yu3tdlaQSkw5OWCL7IVKEUU46mmpG+kISFIeM9MLx9aTeeyBS0YTf6UwQP0ZDTiOKkTZRYB94YkQD59KLJMK5J2iRN4vArjsNZyq4aNzS1EGpdmB/e4MEpzHhGjOk1L3rCO3nSGqKGSlqXqqIQHiMhuTeWI5iovx8en0Bj00ygFEizeMaTtPfEzmKlcri0HTGSI/UfG0S/lsTo0xRrObW6+jCzykXqSYcz7ZHKYM6gRM+cEAlwZplxiAsqfkAxCNk4GhDsWbIuPMcFk232XDPGu7tab11VTKqgkNwBE6AC85BC9yANugADB7BM3gBr9aT9Wa9Wx+z1opVzuyDP7I+fwABfJ4p</latexit>

�0 =
⇡

2

rotation around x axis

rotation around y axis

Two qubit gates

<latexit sha1_base64="RbgmnhrR11mHjP+mEoVf223eqm0=">AAACAnicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRL0IQS8eI5gHJEuYncwmY2YfzPQGlpCbH+BVP8GbePVH/AJ/w0myB00saCiquunu8mIpNNr2l5VbWV1b38hvFra2d3b3ivsHDR0livE6i2SkWh7VXIqQ11Gg5K1YcRp4kje94e3Ub4640iIKHzCNuRvQfih8wSgaqTEq4+n1qFss2RV7BrJMnIyUIEOtW/zu9CKWBDxEJqnWbceO0R1ThYJJPil0Es1jyoa0z9uGhjTg2h3Prp2QE6P0iB8pUyGSmfp7YkwDrdPAM50BxYFe9Kbiv148SLVgemE9+lfuWIRxgjxk8+1+IglGZJoH6QnFGcrUEMqUMA8QNqCKMjSpFUwyzmIOy6RxVnEuKs79eal6k2WUhyM4hjI4cAlVuIMa1IHBIzzDC7xaT9ab9W59zFtzVjZzCH9gff4A/QiXog==</latexit>

v(t) = v

<latexit sha1_base64="UgIeFBALKL/Xd6GIWJGRTe87QYA=">AAACAXicbVDLSsNAFL2pr1pfVZduBovgqiZS1GXRjcsKpi20oUymk3boZDLMTIQQuvID3OonuBO3folf4G84bbPQ6oELh3Pu5d57QsmZNq776ZRWVtfWN8qbla3tnd296v5BWyepItQnCU9UN8Saciaob5jhtCsVxXHIaSec3Mz8zgNVmiXi3mSSBjEeCRYxgo2V/L5kZ41BtebW3TnQX+IVpAYFWoPqV3+YkDSmwhCOte55rjRBjpVhhNNppZ9qKjGZ4BHtWSpwTHWQz4+dohOrDFGUKFvCoLn6cyLHsdZZHNrOGJuxXvZm4r+eHGeaEb203kRXQc6ETA0VZLE9SjkyCZrFgYZMUWJ4ZgkmitkHEBljhYmxoVVsMt5yDn9J+7zuXdS9u0ateV1kVIYjOIZT8OASmnALLfCBAIMneIYX59F5dd6c90VrySlmDuEXnI9vTYmXQg==</latexit>

⇡/4 CNOT gate

<latexit sha1_base64="GTXB/9MBTeMLK+bav4QjASvXytw="></latexit>

H
(2) =

2N2
JxxD

sinhD
⌧̂x1 ⌧̂

x
2

<latexit sha1_base64="s7w4s84zWH8V8v5ytm0opjJvAJU="></latexit>

Û (2) = exp

⇢
� i⇡2N2Jxx

~v ⌧̂x1 ⌦ ⌧̂x2

�

<latexit sha1_base64="ohOVHEG0oT5CtGCirDxRnW9QDMY="></latexit>

N2Jxx ⇠ 50MHz

<latexit sha1_base64="YcR1+ggPB9cVqUdm9vqpk7SACKE=">AAACD3icbVBLSgNBEO3xG+Nvoks3jUFwIXEmiLoRgm5cRjAfyAyhp9OTNOn50F0THYYcwgO41SO4E7cewRN4DTvJLDTxQcHjvSqq6nmx4Aos68tYWl5ZXVsvbBQ3t7Z3ds3SXlNFiaSsQSMRybZHFBM8ZA3gIFg7lowEnmAtb3gz8VsjJhWPwntIY+YGpB9yn1MCWuqapdFV1XJOsAPsEbLgVI27ZtmqWFPgRWLnpIxy1Lvmt9OLaBKwEKggSnVsKwY3IxI4FWxcdBLFYkKHpM86moYkYMrNpqeP8ZFWetiPpK4Q8FT9PZGRQKk08HRnQGCg5r2J+K8XD1LFqZpbD/6lm/EwToCFdLbdTwSGCE/CwT0uGQWRakKo5PoBTAdEEgo6wqJOxp7PYZE0qxX7vGLfnZVr13lGBXSADtExstEFqqFbVEcNRNEDekYv6NV4Mt6Md+Nj1rpk5DP76A+Mzx+KrJw4</latexit>

v = 20m/s
<latexit sha1_base64="8X+uM1WhN2xDnnw5cwfCw/4+M74=">AAACGHicbVDLSgMxFM34rPVVdaebYBFcyDBTRF0WXeiyQl/QKSWTpm1oJhOSO9IyFPwOP8CtfoI7cevOL/A3TB8LbT1w4XDOvRzuCZXgBjzvy1laXlldW89sZDe3tnd2c3v7VRMnmrIKjUWs6yExTHDJKsBBsLrSjEShYLWwfzP2aw9MGx7LMgwVa0akK3mHUwJWauUOy63bgCil4wH23EJwhgNgA0ilGbVyec/1JsCLxJ+RPJqh1Mp9B+2YJhGTQAUxpuF7Cpop0cCpYKNskBimCO2TLmtYKknETDOd/DDCJ1Zp406s7UjAE/X3RUoiY4ZRaDcjAj0z743Ffz3VGxpOzVw8dK6aKZcqASbpNL2TCAwxHreE21wzCmJoCaGa2wcw7RFNKNgus7YZf76HRVItuP6F69+f54vXs44y6Agdo1Pko0tURHeohCqIokf0jF7Qq/PkvDnvzsd0dcmZ3RygP3A+fwB+OZ/v</latexit>

TG ⇡ 0.2 ns



Qubit readout and lifetime

use NV center to image the texture

Song, et al., Science 374, 1140 (2021)
Finco, et al., Nature Com. 12, 767 (2021)

Coherent shuttling distance:
<latexit sha1_base64="x5DHcBHE6BHXb37LQm6Ij6cdxj4=">AAACCnicbVBLSgNBEO3xG+Mv6tJNYxBcSJhRUZdBNy4jmA9kxtDT6UmadPcM3TXiMOQGHsCtHsGduPUSnsBr2PksNPFBweO9KqrqhYngBlz3y1lYXFpeWS2sFdc3Nre2Szu7DROnmrI6jUWsWyExTHDF6sBBsFaiGZGhYM1wcD3ymw9MGx6rO8gSFkjSUzzilICV7k/9Y1+mPrBHyOWwUyq7FXcMPE+8KSmjKWqd0rffjWkqmQIqiDFtz00gyIkGTgUbFv3UsITQAemxtqWKSGaCfHz1EB9apYujWNtSgMfq74mcSGMyGdpOSaBvZr2R+K+X9DPDqZlZD9FlkHOVpMAUnWyPUoEhxqNccJdrRkFklhCquX0A0z7RhIJNr2iT8WZzmCeNk4p3XvFuz8rVq2lGBbSPDtAR8tAFqqIbVEN1RJFGz+gFvTpPzpvz7nxMWhec6cwe+gPn8wfzRZuD</latexit>

3µm

<latexit sha1_base64="YcR1+ggPB9cVqUdm9vqpk7SACKE=">AAACD3icbVBLSgNBEO3xG+Nvoks3jUFwIXEmiLoRgm5cRjAfyAyhp9OTNOn50F0THYYcwgO41SO4E7cewRN4DTvJLDTxQcHjvSqq6nmx4Aos68tYWl5ZXVsvbBQ3t7Z3ds3SXlNFiaSsQSMRybZHFBM8ZA3gIFg7lowEnmAtb3gz8VsjJhWPwntIY+YGpB9yn1MCWuqapdFV1XJOsAPsEbLgVI27ZtmqWFPgRWLnpIxy1Lvmt9OLaBKwEKggSnVsKwY3IxI4FWxcdBLFYkKHpM86moYkYMrNpqeP8ZFWetiPpK4Q8FT9PZGRQKk08HRnQGCg5r2J+K8XD1LFqZpbD/6lm/EwToCFdLbdTwSGCE/CwT0uGQWRakKo5PoBTAdEEgo6wqJOxp7PYZE0qxX7vGLfnZVr13lGBXSADtExstEFqqFbVEcNRNEDekYv6NV4Mt6Md+Nj1rpk5DP76A+Mzx+KrJw4</latexit>

v = 20m/s
<latexit sha1_base64="9qB0oZEcKl26e25PjmK/I7O+GDI=">AAACDnicbVBLSgNBEO2Jvxh/oy7dNAbBhYQZ8bcRgm4ENxHyg8wQejo9SZOeD901wWHIHTyAWz2CO3HrFTyB17CTzEITHxQ83quiqp4XC67Asr6MwtLyyupacb20sbm1vWPu7jVVlEjKGjQSkWx7RDHBQ9YADoK1Y8lI4AnW8oa3E781YlLxKKxDGjM3IP2Q+5wS0FLXNOvX55Zzgh1gj5AF9+OuWbYq1hR4kdg5KaMcta757fQimgQsBCqIUh3bisHNiAROBRuXnESxmNAh6bOOpiEJmHKz6eVjfKSVHvYjqSsEPFV/T2QkUCoNPN0ZEBioeW8i/uvFg1RxqubWg3/lZjyME2AhnW33E4EhwpNscI9LRkGkmhAquX4A0wGRhIJOsKSTsedzWCTN04p9UbEfzsrVmzyjIjpAh+gY2egSVdEdqqEGomiEntELejWejDfj3fiYtRaMfGYf/YHx+QOhvpu4</latexit>

T = 50mK

<latexit sha1_base64="xU0kopkvlsB+HKLfHP7UfHsYV9s=">AAACFHicbVDLSsNAFJ34rPVVFdy4GSyCCylJFXUjFN24rNAXNKVMppN26EwSZm7EEPsbfoBb/QR34ta9X+BvOG2z0NYDFw7n3Mu993iR4Bps+8taWFxaXlnNreXXNza3tgs7uw0dxoqyOg1FqFoe0UzwgNWBg2CtSDEiPcGa3vBm7DfvmdI8DGqQRKwjST/gPqcEjNQt7Ne6zpVdKp+6J9iVsQvsAVI96haKdsmeAM8TJyNFlKHaLXy7vZDGkgVABdG67dgRdFKigFPBRnk31iwidEj6rG1oQCTTnXRy/wgfGaWH/VCZCgBP1N8TKZFaJ9IznZLAQM96Y/FfLxokmlM9sx78y07KgygGFtDpdj8WGEI8Tgj3uGIURGIIoYqbBzAdEEUomBzzJhlnNod50iiXnPOSc3dWrFxnGeXQATpEx8hBF6iCblEV1RFFj+gZvaBX68l6s96tj2nrgpXN7KE/sD5/AKlUnds=</latexit>

T1 = 0.23µs
<latexit sha1_base64="2HlIZbZmURMXI9KdUWJklPVACHc=">AAACFHicbVDLSsNAFJ34rPVVFdy4GSyCCylJ8bURim5cVugLmlIm00k7dCYJMzdiiP0NP8CtfoI7ceveL/A3nLZZaOuBC4dz7uXee7xIcA22/WUtLC4tr6zm1vLrG5tb24Wd3YYOY0VZnYYiVC2PaCZ4wOrAQbBWpBiRnmBNb3gz9pv3TGkeBjVIItaRpB9wn1MCRuoW9mvd8pVdcs7cE+zK2AX2AKkedQtFu2RPgOeJk5EiylDtFr7dXkhjyQKggmjdduwIOilRwKlgo7wbaxYROiR91jY0IJLpTjq5f4SPjNLDfqhMBYAn6u+JlEitE+mZTklgoGe9sfivFw0SzameWQ/+ZSflQRQDC+h0ux8LDCEeJ4R7XDEKIjGEUMXNA5gOiCIUTI55k4wzm8M8aZRLznnJuTstVq6zjHLoAB2iY+SgC1RBt6iK6oiiR/SMXtCr9WS9We/Wx7R1wcpm9tAfWJ8/rKad3Q==</latexit>

T2 = 0.15µs

Quality factor:
<latexit sha1_base64="VKLAIIFZ+d/LyrfaO6f5tZzacTg=">AAACE3icbVBLTsMwEHXKr5RfALFiY1EhsaqSgoBlBRt2FNSf1ITIcZ3Wqu1EtoNURT0GB2ALR2CH2HIATsA1cNssoOVJIz29N6OZeWHCqNKO82UVlpZXVteK66WNza3tHXt3r6XiVGLSxDGLZSdEijAqSFNTzUgnkQTxkJF2OLye+O1HIhWNRUOPEuJz1Bc0ohhpIwX2gXfLSR8F97ARVD1FOXSdh9PALjsVZwq4SNyclEGOemB/e70Yp5wIjRlSqus6ifYzJDXFjIxLXqpIgvAQ9UnXUIE4UX42PX8Mj43Sg1EsTQkNp+rviQxxpUY8NJ0c6YGa9ybiv14yGCmK1dx6HV36GRVJqonAs+1RyqCO4SQg2KOSYM1GhiAsqXkA4gGSCGsTY8kk487nsEha1Yp7XnHvzsq1qzyjIjgER+AEuOAC1MANqIMmwCADz+AFvFpP1pv1bn3MWgtWPrMP/sD6/AGE2Z0t</latexit>

⌦RT2 ⇠ 103

:
couple to other qubits

Y. Nakamura, et al., Science (2015, 2020)

<latexit sha1_base64="1zsX5ivVMagtjdIiMfMtRCMWaeo="></latexit>

↵ = 10�5



Part II:  
Quantum Information Transmission



Long distance communication
Magnon-based scheme:

use magnon-mediated 
coherence coupling

use magnon-mediated 
dissipative coupling

M. Fukami, D. R. Candido, et al. PRX Quantum (2021)

M. Fukami, J. C. Marcks, et al. PNAS (2024)

See Denis’s talk!

J. Zou, S. Zhang, Y. Tserkovnyak, PRB (2022)
J. Zou, S. Bosco, D. Loss, npj Quantum Inf. (2024)

E. Kleinherbers, S. Kelly, Y. Tserkovnyak, PRL(2025)

L. Trifunovic, F. Pedrocchi, D. Loss, PRX(2013)

…
B. Flebus and Y. Tserkovnyak, PRB(2019)

T. Yu, J. Zou, et al., Physics Report (2024)

M. Dols, S. Sharman, et al., PRB (2024)



Quantum information transmission

Use topological excitations!

racetrack

mobile DW

qubit

 Use mobile DWs to communicate distant qubits  
and generate entanglement



Hybrid racetrack-spin qubit

<latexit sha1_base64="x2ZOtX+AvTS6tRnj5PoJVDp/fG4="></latexit>

x̂

<latexit sha1_base64="32VQoqGREs1J4V9NugJqZ/ajEis="></latexit>

ẑ

<latexit sha1_base64="ZG0rD41XbgetXVdr/MEIJDUvV7s="></latexit>

V(t) = �J g[X (t)] ⌧z ⌦ �x

Racetrack-spin qubit coupling:

-4 -2 0 2 4
0.0

0.5

1.0

1.5

2.0

<latexit sha1_base64="wPLhH11P8t+Iei5GZGGXKbd8p3s="></latexit> g(
X
)

<latexit sha1_base64="kqQ9sN/sqchQbHBaQGLXZXQB80I="></latexit>X

<latexit sha1_base64="bI0euzW/LbYQ0h3MOaw5YqeLTg0=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwISURUZdFN0UQKtgHNKVMptN26EwSZm7EGrr1O/wAt/oJ7sStfoG/4aTNQlsPXDiccy/33uNHgmtwnC8rt7C4tLySXy2srW9sbtnbO3UdxoqyGg1FqJo+0UzwgNWAg2DNSDEifcEa/vAy9Rt3TGkeBrcwilhbkn7Ae5wSMFLHxp4kMKBEJFdjT3OJXcfxjrAH7B6S68rDuGMXnZIzAZ4nbkaKKEO1Y3973ZDGkgVABdG65ToRtBOigFPBxgUv1iwidEj6rGVoQCTT7WTyyRgfGKWLe6EyFQCeqL8nEiK1HknfdKZ361kvFf/1osFIc6pn1kPvvJ3wIIqBBXS6vRcLDCFOs8JdrhgFMTKEUMXNA5gOiCIUTKIFk4w7m8M8qR+X3NOSe3NSLF9kGeXRHtpHh8hFZ6iMKqiKaoiiR/SMXtCr9WS9We/Wx7Q1Z2Uzu+gPrM8fauyihw==</latexit>J ⇠ 100MHz

Coupling strength:

(in unit of dw width)

<latexit sha1_base64="xlCOGoX73kahXbYp/OvJZ9cRvu0=">AAACBnicbVDLSsNAFL2pr1pfVZdugkUQFyURUZdFNy4r2Ac2oUym03boZBJmbgohdO8HuNVPcCdu/Q2/wN9w2mahrQcuHM65l3vvCWLBNTrOl1VYWV1b3yhulra2d3b3yvsHTR0lirIGjUSk2gHRTHDJGshRsHasGAkDwVrB6Hbqt8ZMaR7JB0xj5odkIHmfU4JGevTGwVnmIUkm3XLFqToz2MvEzUkFctS75W+vF9EkZBKpIFp3XCdGPyMKORVsUvISzWJCR2TAOoZKEjLtZ7OLJ/aJUXp2P1KmJNoz9fdERkKt0zAwnSHBoV70puK/XjxMNad6YT32r/2MyzhBJul8ez8RNkb2NBO7xxWjKFJDCFXcPGDTIVGEokmuZJJxF3NYJs3zqntZde8vKrWbPKMiHMExnIILV1CDO6hDAyhIeIYXeLWerDfr3fqYtxasfOYQ/sD6/AHl4ZnY</latexit>⌧

<latexit sha1_base64="kipA4slG29z+P/jlXAM6umBfLeU=">AAACCHicbVBLSgNBEK3xG+Mv6tJNYxDERZgRUZdBNy4jmA9khtDT6UmadM803T2BYcgFPIBbPYI7cestPIHXsJPMQhMfFDzeq6KqXig508Z1v5yV1bX1jc3SVnl7Z3dvv3Jw2NJJqghtkoQnqhNiTTmLadMww2lHKopFyGk7HN1N/faYKs2S+NFkkgYCD2IWMYKNlXx/HJ7nvmYDgSe9StWtuTOgZeIVpAoFGr3Kt99PSCpobAjHWnc9V5ogx8owwumk7KeaSkxGeEC7lsZYUB3ks5sn6NQqfRQlylZs0Ez9PZFjoXUmQtspsBnqRW8q/uvJYaYZ0QvrTXQT5CyWqaExmW+PUo5MgqapoD5TlBieWYKJYvYBRIZYYWJsdmWbjLeYwzJpXdS8q5r3cFmt3xYZleAYTuAMPLiGOtxDA5pAQMIzvMCr8+S8Oe/Ox7x1xSlmjuAPnM8fdjCasw==</latexit>�



Remote entanglement protocol
System effective Hamiltonian:
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Remote entanglement protocol
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Quantum gates by moving the domain wall qubit:

<latexit sha1_base64="vl5W62Cg+uSJtACVW0XDPBN2jWI=">AAACIXicbVDLSsNAFL2pr1pfVZduBovgqiQi1Y1QdCOuKtgHNKFMppNm6OTBzKRQQj7A7/AD3OonuBN34gf4G07aLLT1wMDhnHO5c48bcyaVaX4apZXVtfWN8mZla3tnd6+6f9CRUSIIbZOIR6LnYkk5C2lbMcVpLxYUBy6nXXd8k/vdCRWSReGDmsbUCfAoZB4jWGlpUK3ZLZ9dIdsTmKQNO8DKJ5ind1mW2r6LBZpkFZ0y6+YMaJlYBalBgdag+m0PI5IENFSEYyn7lhkrJ8VCMcJpVrETSWNMxnhE+5qGOKDSSWfHZOhEK0PkRUK/UKGZ+nsixYGU08DVyfy3ctHLxX+92J9KRuTCeuVdOikL40TRkMy3ewlHKkJ5XWjIBCWKTzXBRDB9ACI+1mUpXWrejLXYwzLpnNWtRt26P681r4uOynAEx3AKFlxAE26hBW0g8AjP8AKvxpPxZrwbH/NoyShmDuEPjK8fRKWkEA==</latexit>

� =
6J
~v

<latexit sha1_base64="l5eymVfDAgSljuD/NT3sRxy6axs=">AAACEnicbZDLSsNAFIYnXmu9xcvOzWARXJVEiroRim5cVrAXaEKZTCft0MlkmJkIMeQtfAC3+gjuxK0v4BP4Gk7aLLT1h4Gf/5zDOfMFglGlHefLWlpeWV1br2xUN7e2d3btvf2OihOJSRvHLJa9ACnCKCdtTTUjPSEJigJGusHkpqh3H4hUNOb3OhXEj9CI05BipE00sA+91pheQS+UCGeeoHnWyKsDu+bUnangonFLUwOlWgP72xvGOIkI15ghpfquI7SfIakpZiSveokiAuEJGpG+sRxFRPnZ9PocnphkCMNYmsc1nKa/JzIUKZVGgemMkB6r+VoR/lsT41RRrObW6/DSzygXiSYcz7aHCYM6hgUfOKSSYM1SYxCW1HwA4jEydLShWJBx5zksms5Z3T2vu3eNWvO6ZFQBR+AYnAIXXIAmuAUt0AYYPIJn8AJerSfrzXq3PmatS1Y5cwD+yPr8AS0+naY=</latexit>

� =
⇡

4
local

<latexit sha1_base64="C6KU4r+GINcrlR2vTNWOCnu9cjo=">AAACEXicbVBLTsMwEHXKr5RfoEs2FhUSqypBCFgW2LAsgn6kJqoc12mtOh/sCSKKcgoOwBaOwA6x5QScgGvgtllAy5NGenpvRjPzvFhwBZb1ZZSWlldW18rrlY3Nre0dc3evraJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vpr4nQcmFY/CO0hj5gZkGHKfUwJa6ptVR91LyBxgj5Dx285FM8/7Zs2qW1PgRWIXpIYKNPvmtzOIaBKwEKggSvVsKwY3IxI4FSyvOIliMaFjMmQ9TUMSMOVm0+NzfKiVAfYjqSsEPFV/T2QkUCoNPN0ZEBipeW8i/uvFo1RxqubWg3/uZjyME2AhnW33E4EhwpN48IBLRkGkmhAquX4A0xGRhIIOsaKTsedzWCTt47p9WrdvTmqNyyKjMtpHB+gI2egMNdA1aqIWoihFz+gFvRpPxpvxbnzMWktGMVNFf2B8/gAVSp5C</latexit>p
iSWAP gate
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iSWAP gate
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Quantum state transfer and distant gate

Quantum state transfer:

Distant two-qubit gate:
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What we have achieved
Topological textures are perfect for both  
quantum computation and communication!



Thank  

Take-home messages 

Nanoscale topological textures can be used as a qubit.

Implementing qubit gates by moving the texture.

Their mobility makes them ideal for communicating distant qubits.

J. Zou, et al., Phys. Rev. Research 5, 033166 (2023)
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