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Background

The main role today: domain wall

1. one important application (used as classical bits)

racetrack memory

Bits=domains in tracks

2. can be moved by magnetic fields, electric currents

3. Fast speed on antiferro- and ferrimagnetic tracks
<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)
Yang et al., Nature Phys. (2019)
Parkin, Yang, Nature Nano. (2015)

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

�



Can we use it as a quantum bit?

Which degree of freedom we want to use to store quantum information?

order parameter space

<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="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

<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



DiVincenzo’s criteria

From Wikipedia:



Define the computational space

Consider a simple two-sublattice quasi-one-dimensional ferrimagnet:

<latexit sha1_base64="ilOewPQuG/C4x0uUC8Mi+npBasw="></latexit>

K[n(x, t)] = N

Z
dx

h ~2
8J

(ṅ� h⇥ n)2 + ~Seṅ ·A
i

Dynamics:    Antiferromagnetic order   +   weak ferro order
<latexit sha1_base64="6DCEn2Ij+cXnkzc8kNfkeHx/vgg=">AAACIXicbVBLSgNBFOzxG+Mv6tJNYxAjSJgRUcFN0I0riWBMIBOkp/NimvT0DN1vQsKQA3gOD+BWj+BO3IkH8Bp2PguNFjwoqurxeBXEUhh03Q9nZnZufmExs5RdXlldW89tbN6aKNEcKjySka4FzIAUCiooUEIt1sDCQEI16FwM/WoXtBGRusF+DI2Q3SvREpyhle5yeR+hh+lV6u/BACTtAsdID/wz6ncDqgq9A9y3KbfojkD/Em9C8mSC8l3uy29GPAlBIZfMmLrnxthImUbBJQyyfmIgZrzD7qFuqWIhmEY6emZAd63SpK1I21FIR+rPjZSFxvTDwCZDhm0z7Q3Ff7243TeCm6nz2DptpELFCYLi4+utRFKM6LAu2hTaNiL7ljCuhX2A8jbTjKMtNWub8aZ7+EtuD4vecdG7PsqXzicdZcg22SEF4pETUiKXpEwqhJMH8kSeyYvz6Lw6b877ODrjTHa2yC84n9+7UKO0</latexit>

Néel vector n(x, t)
<latexit sha1_base64="BEzTobz63jScbg+2ES56QXMQtug=">AAACHHicbVDLSgNBEJyN7/iKehRkMAiewq6ICl5ELx4jmgeYEGYnHTNkdnaY6RXDkpvf4Qd41U/wJl4Fv8DfcJLsQRMLGoqqboquUEth0fe/vNzM7Nz8wuJSfnlldW29sLFZtXFiOFR4LGNTD5kFKRRUUKCEujbAolBCLexdDP3aPRgrYnWDfQ3NiN0p0RGcoZNahZ0GwgOmCpBaLRTVYKgVCIPGKb1uQatQ9Ev+CHSaBBkpkgzlVuG70Y55EoFCLpm1t4GvsZkyg4JLGOQbiQXNeI/dwa2jikVgm+nojwHdc0qbdmLjRiEdqb8vUhZZ249Ctxkx7NpJbyj+6+lu3wpuJ+Kxc9JMhdIJguLj9E4iKcZ02BRtCwMcZd8Rxo1wD1DeZYZxdH3mXTPBZA/TpHpQCo5KwdVh8ew862iRbJNdsk8CckzOyCUpkwrh5JE8kxfy6j15b9679zFezXnZzRb5A+/zB4Vdohk=</latexit>

net spin per site Se

<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

Low-energy description: 

antiferro ferro

Kinetic energy: 

number of spins within DW

<latexit sha1_base64="cIyRciqpe3lCIkDqpDSYelY662A=">AAACH3icbVDLSsNAFJ34rPUVdelmtAhuLImIuhGqblxWsA9oQphMJ+3QySTMTAohdO13+AFu9RPcidt+gb/hJM1CWw8MnDnnXg73+DGjUlnW1FhaXlldW69sVDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80X3ud8ZESBrxJ5XGxA3RgNOAYqS05JlHDkc+Q17mjH3IJ46iIZEw/9zenBWaZ9asulUALhK7JDVQoumZ304/wklIuMIMSdmzrVi5GRKKYkYmVSeRJEZ4hAakpylHOtHNilMm8EQrfRhEQj+uYKH+3shQKGUa+noyRGoo571c/NeLh6mkWM7Fq+DazSiPE0U4nqUHCYMqgnlZsE8FwYqlmiAsqD4A4iESCCtdaVU3Y8/3sEja53X7sm4/XtQad2VHFXAIjsEpsMEVaIAH0AQtgMEzeAVv4N14MT6MT+NrNrpklDsH4A+M6Q/1GKLF</latexit>

rn ⇥A = �nmagnetic field



Define the computational space

Low-energy description: 

Potential energy: 

<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

<latexit sha1_base64="zr7J1ucVqYKlLlX8jbUMAiPUJJ8="></latexit>

U [n(x, t)] =
NKz

2

Z
dx

⇥
(@xn)

2 � n2
z

⇤
+N

Z
dx (Kyn

2
y � ~Sen · h)

easy-z axis easy-xz plane

<latexit sha1_base64="wgcRUZAjDHsYdLnv5UYGF474yHA=">AAACFHicbVBLTsMwFHTKr5RfAIkNG4sKiVWVIAQsK9iwLBL9SE1UOY7TWnXsyHagUeg1OABbOAI7xJY9J+AauG0W0DKSpdHMG73nCRJGlXacL6u0tLyyulZer2xsbm3v2Lt7LSVSiUkTCyZkJ0CKMMpJU1PNSCeRBMUBI+1geD3x2/dEKir4nc4S4seoz2lEMdJG6tkHI0/S/kAjKcUD9JhJhgiOenbVqTlTwEXiFqQKCjR69rcXCpzGhGvMkFJd10m0nyOpKWZkXPFSRRKEh6hPuoZyFBPl59P7x/DYKCGMhDSPazhVfydyFCuVxYGZjJEeqHlvIv7rJYNMUazm1uvo0s8pT1JNOJ5tj1IGtYCThmBIJcGaZYYgLKn5AMQDJBHWpseKacad72GRtE5r7nnNvT2r1q+KjsrgEByBE+CCC1AHN6ABmgCDR/AMXsCr9WS9We/Wx2y0ZBWZffAH1ucPvw2fFw==</latexit>

x ! �x
<latexit sha1_base64="S12Qg4Akdq4FvWupKGDUVLOWS/E=">AAACFHicbVDLSsNAFJ3UV62vqODGzWARXNVERN0IRTeim4r2AU0Ik8m0HTqZxJmJEGN/ww9wq5/gTty69wv8DadtFtp6YOBwzrncO8ePGZXKsr6Mwszs3PxCcbG0tLyyumaubzRklAhM6jhikWj5SBJGOakrqhhpxYKg0Gek6ffPh37znghJI36r0pi4Iepy2qEYKS155pbDdDhApzfIkXdCZZf7V97DwDPLVsUaAU4TOydlkKPmmd9OEOEkJFxhhqRs21as3AwJRTEjg5KTSBIj3Edd0taUo5BINxvdP4C7WglgJxL6cQVH6u+JDIVSpqGvkyFSPTnpDcV/vbiXSorlxHrVOXEzyuNEEY7H2zsJgyqCw4ZgQAXBiqWaICyo/gDEPSQQVrrHkm7GnuxhmjQOKvZRxb4+LFfP8o6KYBvsgD1gg2NQBRegBuoAg0fwDF7Aq/FkvBnvxsc4WjDymU3wB8bnD3dwnu4=</latexit>

� = Sa
p
J/Kz1. rescaled the spatial parameter x:

2. hierarchy of energy scales:

energy
(Kelvin)0 30030.1

<latexit sha1_base64="+ZuNp8U8wOxlrJGIg8kzxnZ7prg=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF/GUgHlAsoTZSW8yZHZ2mZkVlhD8AK/6Cd7Eq9/iF/gbTpI9aLSgoajqprsrSATXxnU/ncLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9yRL0IzqUPOSMGis17vrlilt15yB/iZeTCuSo98tfvUHM0gilYYJq3fXcxPgTqgxnAqelXqoxoWxMh9i1VNIItT+ZHzolJ1YZkDBWtqQhc/XnxIRGWmdRYDsjakZ62ZuJ/3rJKNOc6aX1JrzyJ1wmqUHJFtvDVBATk1kUZMAVMiMySyhT3D5A2IgqyowNrGST8ZZz+EtaZ1Xvouo1ziu16zyjIhzBMZyCB5dQg1uoQxMYIDzBM7w4j86r8+a8L1oLTj5zCL/gfHwDoA2VzA==</latexit>

J
<latexit sha1_base64="Gg8iBq4m1exxSo0mL/PZXfAOMh8=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF8FLRPOAZAmzk9lkyOzMMjMrrEsOfoBX/QRv4tVP8Qv8DSfJHjSxoKGo6qa7K4g508Z1v5zC0vLK6lpxvbSxubW9U97da2qZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo6uJ33qgSjMp7k0aUz/CA8FCRrCx0t1N77FXrrhVdwq0SLycVCBHvVf+7vYlSSIqDOFY647nxsbPsDKMcDoudRNNY0xGeEA7lgocUe1n01PH6MgqfRRKZUsYNFV/T2Q40jqNAtsZYTPU895E/NeLh6lmRM+tN+GFnzERJ4YKMtseJhwZiSZhoD5TlBieWoKJYvYBRIZYYWJsZCWbjDefwyJpnlS9s6p3e1qpXeYZFeEADuEYPDiHGlxDHRpAYADP8AKvzpPz5rw7H7PWgpPP7MMfOJ8/R16Wug==</latexit>

Kz

<latexit sha1_base64="lehGToFy/8Qf9qtZ33HTzTGM1Aw=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF8FLRPOAZAmzk9lkyOzsMtMrLCEHP8CrfoI38eqn+AX+hpNkDxotaCiquunuChIpDLrup1NYWl5ZXSuulzY2t7Z3yrt7TROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Grqtx64NiJW95gl3I/oQIlQMIpWurvpZb1yxa26M5C/xMtJBXLUe+Wvbj9macQVMkmN6Xhugv6YahRM8kmpmxqeUDaiA96xVNGIG388O3VCjqzSJ2GsbSkkM/XnxJhGxmRRYDsjikOz6E3Ff71kmBnBzMJ6DC/8sVBJilyx+fYwlQRjMg2D9IXmDGVmCWVa2AcIG1JNGdrISjYZbzGHv6R5UvXOqt7taaV2mWdUhAM4hGPw4BxqcA11aACDATzBM7w4j86r8+a8z1sLTj6zD7/gfHwDRcWWuQ==</latexit>

Ky
<latexit sha1_base64="LklS/leQL+g3O5RQXAjuau2ByzY=">AAACD3icbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjcuK9gFtCJPppBk6eTAzqYS0H+EHuNVPcCdu/QS/wN9w2mah1QMXDufcy733eAlnUlnWp1FaWV1b3yhvVra2d3b3zOp+W8apILRFYh6Lrocl5SyiLcUUp91EUBx6nHa80fXM74ypkCyO7lWWUCfEw4j5jGClJdes9gMPC3TnUjTpjz0UTFyzZtWtOdBfYhekBgWarvnVH8QkDWmkCMdS9mwrUU6OhWKE02mln0qaYDLCQ9rTNMIhlU4+P32KjrUyQH4sdEUKzdWfEzkOpcxCT3eGWAVy2ZuJ/3pJkElG5NJ65V86OYuSVNGILLb7KUcqRrNw0IAJShTPNMFEMP0AIgEWmCgdYUUnYy/n8Je0T+v2ed2+Pas1roqMynAIR3ACNlxAA26gCS0g8ABP8AwvxqPxarwZ74vWklHMHMAvGB/fwbmcVw==</latexit>

~Se|h|,

3. domain wall configuration:
<latexit sha1_base64="/0e+9BfPVCztp8leVTd1yVOvLwk="></latexit>

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

(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="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

number of spins within DW



Define the computational space

Low energy dynamics of the domain wall:

The action is proportional to the domain wall size: N

<latexit sha1_base64="3byk46GmWD+nA7G+CzfEQYgxd18=">AAACCXicbVBLSgNBEK3xG+Mv6tJNYxBcxZkg6kYIuhFBiWA+kIyhp9OTNOnpGbt7hGHICTyAWz2CO3HrKTyB17CTzEITHxQ83quiqp4Xcaa0bX9Zc/MLi0vLuZX86tr6xmZha7uuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wMfIbj1QqFoo7nUTUDXBPMJ8RrI3kXp/dtPselvflw/JVp1C0S/YYaJY4GSlChmqn8N3uhiQOqNCEY6Vajh1pN8VSM8LpMN+OFY0wGeAebRkqcECVm46PHqJ9o3SRH0pTQqOx+nsixYFSSeCZzgDrvpr2RuK/XtRPFCNqar32T92UiSjWVJDJdj/mSIdoFAvqMkmJ5okhmEhmHkCkjyUm2oSXN8k40znMknq55ByXnNujYuU8yygHu7AHB+DACVTgEqpQAwIP8Awv8Go9WW/Wu/UxaZ2zspkd+APr8wd3NpoG</latexit>

M = N~2/2Jeffective mass: 

<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 single- and two-qubit gates

<latexit sha1_base64="PIc6DezmIIthYneeHWxhD31wgmA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48JmAckS5iddJIhs7PLzKywLMEP8Kqf4E28+i1+gb/hJNmDJhY0FFXddHcFseDauO6XU1hb39jcKm6Xdnb39g/Kh0ctHSWKYZNFIlKdgGoUXGLTcCOwEyukYSCwHUzuZn77EZXmkXwwaYx+SEeSDzmjxkqNtF+uuFV3DrJKvJxUIEe9X/7uDSKWhCgNE1TrrufGxs+oMpwJnJZ6icaYsgkdYddSSUPUfjY/dErOrDIgw0jZkobM1d8TGQ21TsPAdobUjPWyNxP/9eJxqjnTS+vN8MbPuIwTg5Ittg8TQUxEZlGQAVfIjEgtoUxx+wBhY6ooMzawkk3GW85hlbQuqt5V1WtcVmq3eUZFOIFTOAcPrqEG91CHJjBAeIYXeHWenDfn3flYtBacfOYY/sD5/AHrJJX7</latexit>y

<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

<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



Define the computational space
<latexit sha1_base64="AJq6StAHMTf0/O3KNqjDiasiYNE="></latexit>

V (�) = 2NKy(sin
2 �� 2bx cos�� 2by sin�)

<latexit sha1_base64="BOwTs/cp9HyLGAH5yN04eSZ6xC4=">AAACAHicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUFWwttKJPppBk6mQkzEyGEbvwAt/oJ7sStf+IX+BtO2iy09cCFwzn3cu89QcKZNq775VRWVtfWN6qbta3tnd29+v5BV8tUEdohkkvVC7CmnAnaMcxw2ksUxXHA6UMwuSn8h0eqNJPi3mQJ9WM8FixkBJtCGrQjNqw33KY7A1omXkkaUKI9rH8PRpKkMRWGcKx133MT4+dYGUY4ndYGqaYJJhM8pn1LBY6p9vPZrVN0YpURCqWyJQyaqb8nchxrncWB7YyxifSiV4j/ekmUaUb0wnoTXvk5E0lqqCDz7WHKkZGoSAONmKLE8MwSTBSzDyASYYWJsZnVbDLeYg7LpHvW9C6a3t15o3VdZlSFIziGU/DgElpwC23oAIEInuEFXp0n5815dz7mrRWnnDmEP3A+fwD7s5cd</latexit>

�

<latexit sha1_base64="RNweP4DKMmJEIvreaTCHexqTG+I=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8xd0g6jHoRRAkgnlAsoTZyWwyZHZ2mJkVliVHP8CrfoI38eqH+AX+hpNkD5pY0FBUddPdFUjOtHHdL2dpeWV1bb2wUdzc2t7ZLe3tN3WcKEIbJOaxagdYU84EbRhmOG1LRXEUcNoKRtcTv/VIlWaxeDCppH6EB4KFjGBjpVbztHp320t7pbJbcadAi8TLSRly1Hul724/JklEhSEca93xXGn8DCvDCKfjYjfRVGIywgPasVTgiGo/m547RsdW6aMwVraEQVP190SGI63TKLCdETZDPe9NxH89OUw1I3puvQkv/YwJmRgqyGx7mHBkYjQJBPWZosTw1BJMFLMPIDLEChNjYyvaZLz5HBZJs1rxzive/Vm5dpVnVIBDOIIT8OACanADdWgAgRE8wwu8Ok/Om/PufMxal5x85gD+wPn8AX+Bl+Y=</latexit> V
/2
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<latexit sha1_base64="8NaJB7Kxm29U68MlufKGH01DT9E=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48JmAckS5id9CZDZmeXmVkhLMEP8Kqf4E28+i1+gb/hJNmDJhY0FFXddHcFieDauO6XU1hb39jcKm6Xdnb39g/Kh0ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZn77EZXmsXwwkwT9iA4lDzmjxkoNt1+uuFV3DrJKvJxUIEe9X/7uDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dErOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/9ZLRRHOml9ab8MbPuExSg5IttoepICYmsyjIgCtkRkwsoUxx+wBhI6ooMzawkk3GW85hlbQuqt5V1WtcVmq3eUZFOIFTOAcPrqEG91CHJjBAeIYXeHWenDfn3flYtBacfOYY/sD5/AF2g5Wy</latexit>

0
<latexit sha1_base64="MDWvuXitz/0HwnSehL5Ub1bD5ZI=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmVF+4A2lMl00g6dTIaZiRBCF36AW/0Ed+LWT/EL/A0nbRbaeuDC4Zx7ufeeQHKmjet+OaWV1bX1jfJmZWt7Z3evun/Q1nGiCG2RmMeqG2BNORO0ZZjhtCsVxVHAaSeY3OR+55EqzWLxYFJJ/QiPBAsZwcZK933JBtWaW3dnQMvEK0gNCjQH1e/+MCZJRIUhHGvd81xp/Awrwwin00o/0VRiMsEj2rNU4IhqP5udOkUnVhmiMFa2hEEz9fdEhiOt0yiwnRE2Y73o5eK/nhynmhG9sN6EV37GhEwMFWS+PUw4MjHKw0BDpigxPLUEE8XsA4iMscLE2MgqNhlvMYdl0j6rexd17+681rguMirDERzDKXhwCQ24hSa0gMAInuEFXp0n5815dz7mrSWnmDmEP3A+fwBiupbL</latexit>⇡<latexit sha1_base64="gHC9L/L9j+khNaaukZB3q17OYRU=">AAACAHicbVDLSsNAFL2pr1pfVZduBovgxpKIqMuiG5cV7APaUCbTSTN0MhlmJkIo3fgBbvUT3Ilb/8Qv8DectFlo64ELh3Pu5d57AsmZNq775ZRWVtfWN8qbla3tnd296v5BWyepIrRFEp6oboA15UzQlmGG065UFMcBp51gfJv7nUeqNEvEg8kk9WM8EixkBJtcOutLNqjW3Lo7A1omXkFqUKA5qH73hwlJYyoM4VjrnudK40+wMoxwOq30U00lJmM8oj1LBY6p9iezW6foxCpDFCbKljBopv6emOBY6ywObGeMTaQXvVz815NRphnRC+tNeO1PmJCpoYLMt4cpRyZBeRpoyBQlhmeWYKKYfQCRCCtMjM2sYpPxFnNYJu3zundZ9+4vao2bIqMyHMExnIIHV9CAO2hCCwhE8Awv8Oo8OW/Ou/Mxby05xcwh/IHz+QPQI5cC</latexit>�⇡

<latexit sha1_base64="3QB4oQVcnT9ii8F0kw3oSZOC4sI=">AAACAXicbVDLSsNAFL3xWeur6tLNYBHcWJIi6rLoxmUF0xbaUCbTSTt0MhlmJkIIXfkBbvUT3Ilbv8Qv8Dectllo64ELh3Pu5d57QsmZNq775aysrq1vbJa2yts7u3v7lYPDlk5SRahPEp6oTog15UxQ3zDDaUcqiuOQ03Y4vp367UeqNEvEg8kkDWI8FCxiBBsr+ef1nmT9StWtuTOgZeIVpAoFmv3Kd2+QkDSmwhCOte56rjRBjpVhhNNJuZdqKjEZ4yHtWipwTHWQz46doFOrDFCUKFvCoJn6eyLHsdZZHNrOGJuRXvSm4r+eHGWaEb2w3kTXQc6ETA0VZL49SjkyCZrGgQZMUWJ4ZgkmitkHEBlhhYmxoZVtMt5iDsukVa95lzXv/qLauCkyKsExnMAZeHAFDbiDJvhAgMEzvMCr8+S8Oe/Ox7x1xSlmjuAPnM8fRdaXPg==</latexit>�2⇡

<latexit sha1_base64="CPz3t/OKjFDCFC7qBNSNGCUcuj0=">AAACBnicbVDLSsNAFL2pr1pfVZduBovgqiRF1GXRjcsK9oFNLJPppBk6mYSZiRBC936AW/0Ed+LW3/AL/A2nbRbaeuDC4Zx7ufceP+FMadv+skorq2vrG+XNytb2zu5edf+go+JUEtomMY9lz8eKciZoWzPNaS+RFEc+p11/fD31u49UKhaLO50l1IvwSLCAEayNdO8qJh4abitkg2rNrtszoGXiFKQGBVqD6rc7jEkaUaEJx0r1HTvRXo6lZoTTScVNFU0wGeMR7RsqcESVl88unqATowxREEtTQqOZ+nsix5FSWeSbzgjrUC16U/FfLwkzxYhaWK+DSy9nIkk1FWS+PUg50jGaZoKGTFKieWYIJpKZBxAJscREm+QqJhlnMYdl0mnUnfO6c3tWa14VGZXhCI7hFBy4gCbcQAvaQEDAM7zAq/VkvVnv1se8tWQVM4fwB9bnD3FBmY8=</latexit>

sin2 �

<latexit sha1_base64="8UeZexIKvlFRi1bosfUdhxhzp3c="></latexit>

sin2 �� 0.3 sin�

<latexit sha1_base64="yJWFcmi1lIQmt2bjTjIiRVWFawg=">AAACBHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMeoF48RzAOSJcxOepMhs7PLTK8Yllz9AK/6Cd7Eq//hF/gbTpI9aLSgoajqprsrSKQw6LqfTmFpeWV1rbhe2tjc2t4p7+41TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYyup37rHrQRsbrDcQJ+xAZKhIIztFK7i/CA2eWkV664VXcG+pd4OamQHPVe+avbj3kagUIumTEdz03Qz5hGwSVMSt3UQML4iA2gY6liERg/m907oUdW6dMw1rYU0pn6cyJjkTHjKLCdEcOhWfSm4r9eMhwbwc3Cegwv/EyoJEVQfL49TCXFmE4ToX2hgaMcW8K4FvYByodMM442t5JNxlvM4S9pnlS9s6p3e1qpXeUZFckBOSTHxCPnpEZuSJ00CCeSPJFn8uI8Oq/Om/M+by04+cw++QXn4xuTmJki</latexit>

A

<latexit sha1_base64="ypjJ7jjr8of8LKwi7emXyTzCQLo=">AAACBHicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9RjixWME84BkCbOTSTJkdnaZ6RWXJVc/wKt+gjfx6n/4Bf6Gk2QPmljQUFR1090VxFIYdN0vZ2V1bX1js7BV3N7Z3dsvHRw2TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXjm6nfeuDaiEjdYxpzP6RDJQaCUbRSu4v8EbPapFcquxV3BrJMvJyUIUe9V/ru9iOWhFwhk9SYjufG6GdUo2CST4rdxPCYsjEd8o6liobc+Nns3gk5tUqfDCJtSyGZqb8nMhoak4aB7QwpjsyiNxX/9eJRagQzC+txcO1nQsUJcsXm2weJJBiRaSKkLzRnKFNLKNPCPkDYiGrK0OZWtMl4izksk+Z5xbuseHcX5Wotz6gAx3ACZ+DBFVThFurQAAYSnuEFXp0n5815dz7mrStOPnMEf+B8/gCVMpkj</latexit>

B

Potential energy:
<latexit sha1_base64="wJyKLz4F7qvV9tP1vfZQKYIGwiA=">AAACH3icbVDLSsNAFJ34rPUVdelmtAiuaiJFXRbdCG4q2gc0IUymN83QycOZSSGUrv0OP8CtfoI7cdsv8DdM2iy09cCFwzn3crjHjTmTyjAm2tLyyuraemmjvLm1vbOr7+23ZJQICk0a8Uh0XCKBsxCaiikOnVgACVwObXdwk/vtIQjJovBRpTHYAemHzGOUqExy9CPXYRY8JWyIrZhhy3eJwA8OYN9hZ7U7Jy07esWoGlPgRWIWpIIKNBz92+pFNAkgVJQTKbumESt7RIRilMO4bCUSYkIHpA/djIYkAGmPpq+M8Umm9LAXiWxChafq74sRCaRMAzfbDIjy5byXi/96sZ9KRuVcvPKu7BEL40RBSGfpXsKxinBeFu4xAVTxNCOECpY9gKlPBKEqqzRvxpzvYZG0zqvmRdW8r1Xq10VHJXSIjtEpMtElqqNb1EBNRNEzekVv6F170T60T+1rtrqkFTcH6A+0yQ/xsKIo</latexit>

bi ⌘ ⇡~Sehi/4Kydimensionless magnetic fields:

<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

<latexit sha1_base64="N45Xb9xlRteBYAChLeCEDB+/5Rg=">AAACGXicbVDJSgNBFOyJW4zbqMdcGoMQQcKMuEEQgl48RsgGmSH0dDpJk56F7jfiMOTgd/gBXvUTvIlXT36Bv2FnOWhiwYOi6j2KV14kuALL+jIyS8srq2vZ9dzG5tb2jrm711BhLCmr01CEsuURxQQPWB04CNaKJCO+J1jTG96M/eY9k4qHQQ2SiLk+6Qe8xykBLXXMvNdJrqySfeaUnTIu2s4xdoA9QFobHXXMglWyJsCLxJ6RApqh2jG/nW5IY58FQAVRqm1bEbgpkcCpYKOcEysWETokfdbWNCA+U246eWKED7XSxb1Q6gkAT9TfFynxlUp8T2/6BAZq3huL/3rRIFGcqrl46F26KQ+iGFhAp+m9WGAI8bgm3OWSURCJJoRKrh/AdEAkoaDLzOlm7PkeFknjpGSfl+y700LletZRFuXRASoiG12gCrpFVVRHFD2iZ/SCXo0n4814Nz6mqxljdrOP/sD4/AHI0Z7X</latexit>

by = 0.15 (1T)
<latexit sha1_base64="gnP3+QCdBxWO0LHnI8CwgFZdyPw=">AAACAXicbVDLSsNAFL2pr1pfVZduBovgqiQi6kYounFZwbSFNpTJdNIOnZmEmYkYQld+gFv9BHfi1i/xC/wNp20WWj1w4XDOvdx7T5hwpo3rfjqlpeWV1bXyemVjc2t7p7q719Jxqgj1Scxj1QmxppxJ6htmOO0kimIRctoOx9dTv31PlWaxvDNZQgOBh5JFjGBjJT/sP1y6/WrNrbszoL/EK0gNCjT71a/eICapoNIQjrXuem5ighwrwwink0ov1TTBZIyHtGupxILqIJ8dO0FHVhmgKFa2pEEz9edEjoXWmQhtp8BmpBe9qfivl4wyzYheWG+iiyBnMkkNlWS+PUo5MjGaxoEGTFFieGYJJorZBxAZYYWJsaFVbDLeYg5/Seuk7p3VvdvTWuOqyKgMB3AIx+DBOTTgBprgAwEGT/AML86j8+q8Oe/z1pJTzOzDLzgf32P4l1A=</latexit>

bx = 0

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

ŷ



Define the computational space

<latexit sha1_base64="NMP5KdBpq9LRMPv4LzqJTaxjWTM=">AAACKHicbVDLSsNAFJ34rPUVdelmsAhVsCRB1I1QdCMIUsE+oKlhMp02QyeTMDMRQug/+B1+gFv9BHfSrRt/wyTNQlsPXDiccy6Xe9yQUakMY6ItLC4tr6yW1srrG5tb2/rObksGkcCkiQMWiI6LJGGUk6aiipFOKAjyXUba7ug689tPREga8AcVh6TnoyGnA4qRSiVHP25V7YZHjy6tu1snrtqS8kcrU+AJtFwnzgSYJ8qOXjFqRg44T8yCVECBhqN/2/0ARz7hCjMkZdc0QtVLkFAUMzIu25EkIcIjNCTdlHLkE9lL8p/G8DBV+nAQiHS4grn6eyNBvpSx76ZJHylPznqZ+K8XerGkWM6cV4OLXkJ5GCnC8fT6IGJQBTBrDfapIFixOCUIC5o+ALGHBMIq7TZrxpztYZ60rJp5VjPvTyv1q6KjEtgHB6AKTHAO6uAGNEATYPAMXsEbeNdetA/tU5tMowtasbMH/kD7+gG5XKR7</latexit>

V (�) = 2NKy(sin
2 �� 2by sin�)Potential energy: <latexit sha1_base64="nJ3YtNRxVrXQ8IYkh3wnakmCxq0=">AAACGHicbVDLSsNAFJ3UV62vqDvdDBbBjSUpoi6LbgRBKtgHNCFMppNm6CQTZiZiCAW/ww9wq5/gTty68wv8DadtFtp64MLhnHs53OMnjEplWV9GaWFxaXmlvFpZW9/Y3DK3d9qSpwKTFuaMi66PJGE0Ji1FFSPdRBAU+Yx0/OHl2O/cEyEpj+9UlhA3QoOYBhQjpSXP3Duu31x7maNoRCSs+96Dg7mETjOknlm1atYEcJ7YBamCAk3P/Hb6HKcRiRVmSMqebSXKzZFQFDMyqjipJAnCQzQgPU1jpCPdfPLDCB5qpQ8DLvTECk7U3xc5iqTMIl9vRkiFctYbi/96SZhJiuVMvArO3ZzGSapIjKfpQcqg4nDcEuxTQbBimSYIC6ofgDhEAmGlu6zoZuzZHuZJu16zT2v27Um1cVF0VAb74AAcARucgQa4Ak3QAhg8gmfwAl6NJ+PNeDc+pqslo7jZBX9gfP4AONWfxA==</latexit>

�2NKy ⇥ 2bx cos�

<latexit sha1_base64="JqCEjPUzP3nProHdqaqmTb4kH9g=">AAACEnicbZDLSsNAFIZP6q3WW7zs3AwWwVVJireNUHTjsoK9gA1hMp20QyeTMDMRY+hb+ABu9RHciVtfwCfwNZxeFtr6w8DHf87hnPmDhDOlHefLKiwsLi2vFFdLa+sbm1v29k5TxakktEFiHst2gBXlTNCGZprTdiIpjgJOW8HgalRv3VOpWCxudZZQL8I9wUJGsDaWb+8F/sOFU3GqHc5R4GeG3RPfLhtrLDQP7hTKMFXdt7873ZikERWacKzUnesk2sux1IxwOix1UkUTTAa4R+8MChxR5eXj64fo0DhdFMbSPKHR2P09keNIqSwKTGeEdV/N1kbmv7WknylG1Mx6HZ57ORNJqqkgk+1hypGO0Sgf1GWSEs0zA5hIZj6ASB9LTLRJsWSScWdzmIdmteKeVtyb43LtcppREfbhAI7AhTOowTXUoQEEHuEZXuDVerLerHfrY9JasKYzu/BH1ucP1xacNg==</latexit>

bx = 0.02 ⌧ by = 0.15

<latexit sha1_base64="3bDdaBdjQOb8MrhGnADB4O0dSPA="></latexit>

H =
"

2
�z �

tg

2
�x

<latexit sha1_base64="JJl5g3mENBSH+viDk+EjUyZWg3s=">AAACFHicbVDLSgMxFM3UV62vUcGNm2AR3FhmRLQboehGEKSCfUA7DJk0bUMzmZBkisPY3/AD3OonuBO37v0Cf8O0nYW2HrhwOOde7r0nEIwq7ThfVm5hcWl5Jb9aWFvf2Nyyt3fqKoolJjUcsUg2A6QIo5zUNNWMNIUkKAwYaQSDq7HfGBKpaMTvdSKIF6Iep12KkTaSb++1h0gSoSiL+MVx+fbGT2DgP/h20Sk5E8B54makCDJUffu73YlwHBKuMUNKtVxHaC9FUlPMyKjQjhURCA9Qj7QM5Sgkyksn94/goVE6sBtJU1zDifp7IkWhUkkYmM4Q6b6a9cbiv57oJ4piNbNed8teSrmINeF4ur0bM6gjOE4IdqgkWLPEEIQlNQ9A3EcSYW1yLJhk3Nkc5kn9pOSeldy702LlMssoD/bBATgCLjgHFXANqqAGMHgEz+AFvFpP1pv1bn1MW3NWNrML/sD6/AHh8p6Q</latexit>

" = �8NKybx
<latexit sha1_base64="zmukPKJjdepN8XhemhFPBIs2ZsI="></latexit>

tg ⇡ ~!0

p
Sinst/~e�Sinst/~ <latexit sha1_base64="DRBVetgf+Y9nU2cjWecVkvnfU6A=">AAACInicbVDLSgNBEJyN7/iKevQyGAVPcVdEPYpePCqaB7hhmZ10kiGzO8NMrxiW/IDf4Qd41U/wJp4E7/6Gk5iDRgsaiqpumqpYS2HR99+9wtT0zOzc/EJxcWl5ZbW0tl6zKjMcqlxJZRoxsyBFClUUKKGhDbAkllCPe2dDv34LxgqVXmNfQzNhnVS0BWfopKi0fRXlIcId5iK1OBiETGuj7uhBLfL3QpVAh0V+VCr7FX8E+pcEY1ImY1xEpc+wpXiWQIpcMmtvAl9jM2cGBZcwKIaZBc14j3XgxtGUJWCb+SjNgO44pUXbyrhJkY7Unxc5S6ztJ7HbTBh27aQ3FP/1dLdvBbcT77F93HThdYaQ8u/v7UxSVHTYF20JAxxl3xHGjXABKO8ywzi6VouumWCyh7+ktl8JDivB5UH55HTc0TzZJFtklwTkiJyQc3JBqoSTe/JInsiz9+C9eK/e2/dqwRvfbJBf8D6+ANDLpOQ=</latexit>

Sinst ⇡ 4V0/!0

<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

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

ŷ

higher excited states

(in chirality basis)



Define the computational space

<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

<latexit sha1_base64="JJl5g3mENBSH+viDk+EjUyZWg3s=">AAACFHicbVDLSgMxFM3UV62vUcGNm2AR3FhmRLQboehGEKSCfUA7DJk0bUMzmZBkisPY3/AD3OonuBO37v0Cf8O0nYW2HrhwOOde7r0nEIwq7ThfVm5hcWl5Jb9aWFvf2Nyyt3fqKoolJjUcsUg2A6QIo5zUNNWMNIUkKAwYaQSDq7HfGBKpaMTvdSKIF6Iep12KkTaSb++1h0gSoSiL+MVx+fbGT2DgP/h20Sk5E8B54makCDJUffu73YlwHBKuMUNKtVxHaC9FUlPMyKjQjhURCA9Qj7QM5Sgkyksn94/goVE6sBtJU1zDifp7IkWhUkkYmM4Q6b6a9cbiv57oJ4piNbNed8teSrmINeF4ur0bM6gjOE4IdqgkWLPEEIQlNQ9A3EcSYW1yLJhk3Nkc5kn9pOSeldy702LlMssoD/bBATgCLjgHFXANqqAGMHgEz+AFvFpP1pv1bn1MW3NWNrML/sD6/AHh8p6Q</latexit>

" = �8NKybx

<latexit sha1_base64="5rx34bSiiRnhe+51ULaOuDRwybU=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzQOSJcxOZpMhs7PLTK+4hBz8AK/6Cd7Eq5/iF/gbTpI9aLSgoajqprsrSKQw6LqfTmFpeWV1rbhe2tjc2t4p7+41TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjq6nfuufaiFjdYZZwP6IDJULBKFrpNug99MoVt+rOQP4SLycVyFHvlb+6/ZilEVfIJDWm47kJ+mOqUTDJJ6VuanhC2YgOeMdSRSNu/PHs1Ak5skqfhLG2pZDM1J8TYxoZk0WB7YwoDs2iNxX/9ZJhZgQzC+sxvPDHQiUpcsXm28NUEozJNAzSF5ozlJkllGlhHyBsSDVlaCMr2WS8xRz+kuZJ1TurejenldplnlERDuAQjsGDc6jBNdShAQwG8ATP8OI8Oq/Om/M+by04+cw+/ILz8Q1pGZbP</latexit>

bx

<latexit sha1_base64="5rx34bSiiRnhe+51ULaOuDRwybU=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzQOSJcxOZpMhs7PLTK+4hBz8AK/6Cd7Eq5/iF/gbTpI9aLSgoajqprsrSKQw6LqfTmFpeWV1rbhe2tjc2t4p7+41TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjq6nfuufaiFjdYZZwP6IDJULBKFrpNug99MoVt+rOQP4SLycVyFHvlb+6/ZilEVfIJDWm47kJ+mOqUTDJJ6VuanhC2YgOeMdSRSNu/PHs1Ak5skqfhLG2pZDM1J8TYxoZk0WB7YwoDs2iNxX/9ZJhZgQzC+sxvPDHQiUpcsXm28NUEozJNAzSF5ozlJkllGlhHyBsSDVlaCMr2WS8xRz+kuZJ1TurejenldplnlERDuAQjsGDc6jBNdShAQwG8ATP8OI8Oq/Om/M+by04+cw+/ILz8Q1pGZbP</latexit>

bx

<latexit sha1_base64="3bDdaBdjQOb8MrhGnADB4O0dSPA="></latexit>

H =
"

2
�z �

tg

2
�x

<latexit sha1_base64="ZMCBnMoOeTrwtY9xVmMFxBVU+hA="></latexit>

⌦± = ±1

2

q
t2g + "2 with

<latexit sha1_base64="p2k43Bx28AxB/uLCf7xPEbby//U=">AAACGHicbVDLSsNAFJ3UV62vqjvdDBbBhZSkiLosurDLCvYBTQiT6bQdOkmGmRtpDQW/ww9wq5/gTty68wv8DaePhbYeuHA4514O9wRScA22/WVllpZXVtey67mNza3tnfzuXl3HiaKsRmMRq2ZANBM8YjXgIFhTKkbCQLBG0L8e+417pjSPozsYSuaFpBvxDqcEjOTnD8DvukRKFQ9wyXZPsQtsAOlN5WHk5wt20Z4ALxJnRgpohqqf/3bbMU1CFgEVROuWY0vwUqKAU8FGOTfRTBLaJ13WMjQiIdNeOvlhhI+N0sadWJmJAE/U3xcpCbUehoHZDAn09Lw3Fv/1ZG+oOdVz8dC59FIeyQRYRKfpnURgiPG4JdzmilEQQ0MIVdw8gGmPKELBdJkzzTjzPSySeqnonBed27NC+WrWURYdoiN0ghx0gcqogqqohih6RM/oBb1aT9ab9W59TFcz1uxmH/2B9fkD4pWgKQ==</latexit>

tg ⇡ 20GHz



Shuttling domain wall qubits

<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

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

v(t)Project coupled dynamics onto 

the qubit space:

<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

<latexit sha1_base64="9YEGYq3zS9Br5DFDUa8S46waP7s="></latexit>

H =
(P̂ + �z�z)2

2M
+

M!
2
p

2

⇥
X̂ �X0(t)

⇤2 � tg

2
�x

<latexit sha1_base64="XaYMwU3TK/ZBN7VEdPuinalRqg4=">AAACIHicbVDLSgNBEJz1GeMr6tHLkCAIQtwNol6EoBcvSkTzgGxYZied7JDZBzOzwhpy9zv8AK/6Cd7Eo/6Av+FssgdNLGioruqm6XIjzqQyzU9jbn5hcWk5t5JfXVvf2CxsbTdkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3CR+s17EJKFwZ1KIuj4pB+wHqNEackpFG0XFHEezuyI4Wtsey4R+NaBg7S/8pzksOIUSmbZHAPPEisjJZSh5hS+7W5IYx8CRTmRsm2ZkeoMiVCMchjl7VhCROiA9KGtaUB8kJ3h+JcR3tNKF/dCoStQeKz+3hgSX8rEd/WkT5Qnp71U/NeLvEQyKqfOq95pZ8iCKFYQ0Mn1XsyxCnGaFu4yAVTxRBNCBdMPYOoRQajSmeZ1MtZ0DrOkUSlbx2Xr5qhUPc8yyqFdVET7yEInqIouUQ3VEUWP6Bm9oFfjyXgz3o2Pyeicke3soD8wvn4AeNeibA==</latexit>

�z = ⇡N~Se + ⇡Mhy/2

effective spin-orbital coupling:

spin-orbital length:
<latexit sha1_base64="8+Q2vLJ/IetnmQsBvmi9UqqeGXc=">AAACGXicbVDLSsNAFJ3UV62vqstugkVwVRMRdSMU3bisYB/QhDCZ3rRDJw9mbsQasvA7/AC3+gnuxK0rv8DfcPpYaPXAhcM593K4x08EV2hZn0ZhYXFpeaW4Wlpb39jcKm/vtFScSgZNFotYdnyqQPAImshRQCeRQENfQNsfXo799i1IxePoBkcJuCHtRzzgjKKWvHJFeJmDcIeZivP83Bn4VB46PiD17r1y1apZE5h/iT0jVTJDwyt/Ob2YpSFEyARVqmtbCboZlciZgLzkpAoSyoa0D11NIxqCcrPJE7m5r5WeGcRST4TmRP15kdFQqVHo682Q4kDNe2PxXy8ZjBRnai4egzM341GSIkRsmh6kwsTYHNdk9rgEhmKkCWWS6wdMNqCSMtRllnQz9nwPf0nrqGaf1Ozr42r9YtZRkVTIHjkgNjkldXJFGqRJGHkgT+SZvBiPxqvxZrxPVwvG7GaX/ILx8Q18PaGr</latexit>

lso = ~/�z
<latexit sha1_base64="VHR6oTjKNfRkyl+xNmdzJtJ0E5U=">AAACE3icbVBLSgNBEO3xG+MvKq7cNAbBhQwz4m8ZdOMygvlAZgg9nU7SpLtn6K4Rw5BjeAC3egR34tYDeAKvYSeZhSY+KHi8V0VVvSgR3IDnfTkLi0vLK6uFteL6xubWdmlnt27iVFNWo7GIdTMihgmuWA04CNZMNCMyEqwRDW7GfuOBacNjdQ/DhIWS9BTvckrASu3SfmC4xL57joMTHAB7hEzJUbtU9lxvAjxP/JyUUY5qu/QddGKaSqaACmJMy/cSCDOigVPBRsUgNSwhdEB6rGWpIpKZMJucP8JHVungbqxtKcAT9fdERqQxQxnZTkmgb2a9sfivl/SHhlMzsx66V2HGVZICU3S6vZsKDDEeB4Q7XDMKYmgJoZrbBzDtE00o2BiLNhl/Nod5Uj91/QvXvzsrV67zjAroAB2iY+SjS1RBt6iKaoiiDD2jF/TqPDlvzrvzMW1dcPKZPfQHzucPGy+dkA==</latexit>⇠ 1.5 nm

<latexit sha1_base64="Y87vJXoNb5Uo64oy2lyFjf1HafE=">AAACGHicbVDLSsNAFJ34rPUVdaebwSK4qomIuhGKbtwIFewDmhAm00kzdJIZZyZCCAW/ww9wq5/gTty68wv8DaePhbYeuHA4514O94SCUaUd58uam19YXFourZRX19Y3Nu2t7abimcSkgTnjsh0iRRhNSUNTzUhbSIKSkJFW2L8a+q0HIhXl6Z3OBfET1EtpRDHSRgrsXRaIC0/dS114cYjk0Y3HE9JDgRgEdsWpOiPAWeJOSAVMUA/sb6/LcZaQVGOGlOq4jtB+gaSmmJFB2csUEQj3UY90DE1RQpRfjH4YwAOjdGHEpZlUw5H6+6JAiVJ5EprNBOlYTXtD8V9PxLmiWE3F6+jcL2gqMk1SPE6PMgY1h8OWYJdKgjXLDUFYUvMAxDGSCGvTZdk04073MEuax1X3tOrenlRql5OOSmAP7IND4IIzUAPXoA4aAINH8AxewKv1ZL1Z79bHeHXOmtzsgD+wPn8AI3Cg7A==</latexit>

lp =
q

~/M!p

harmonic length:
<latexit sha1_base64="vThdqht6UyDaYXSf2cwE9QK0Zno=">AAACE3icbVBLSgNBEO2Jvxh/UXHlpjEILiTMBH/LoBuXEcwHMkPo6XSSJt09Q3eNGIYcwwO41SO4E7cewBN4DTvJLDTxQcHjvSqq6oWx4AZc98vJLS2vrK7l1wsbm1vbO8XdvYaJEk1ZnUYi0q2QGCa4YnXgIFgr1ozIULBmOLyZ+M0Hpg2P1D2MYhZI0le8xykBK3WKB77hElfKlXP/FPvAHiFVctwpltyyOwVeJF5GSihDrVP89rsRTSRTQAUxpu25MQQp0cCpYOOCnxgWEzokfda2VBHJTJBOzx/jY6t0cS/SthTgqfp7IiXSmJEMbackMDDz3kT814sHI8OpmVsPvasg5SpOgCk6295LBIYITwLCXa4ZBTGyhFDN7QOYDogmFGyMBZuMN5/DImlUyt5F2bs7K1Wvs4zy6BAdoRPkoUtURbeohuqIohQ9oxf06jw5b8678zFrzTnZzD76A+fzBzpunaM=</latexit>⇠ 2.25 nm

<latexit sha1_base64="gnP3+QCdBxWO0LHnI8CwgFZdyPw=">AAACAXicbVDLSsNAFL2pr1pfVZduBovgqiQi6kYounFZwbSFNpTJdNIOnZmEmYkYQld+gFv9BHfi1i/xC/wNp20WWj1w4XDOvdx7T5hwpo3rfjqlpeWV1bXyemVjc2t7p7q719Jxqgj1Scxj1QmxppxJ6htmOO0kimIRctoOx9dTv31PlWaxvDNZQgOBh5JFjGBjJT/sP1y6/WrNrbszoL/EK0gNCjT71a/eICapoNIQjrXuem5ighwrwwink0ov1TTBZIyHtGupxILqIJ8dO0FHVhmgKFa2pEEz9edEjoXWmQhtp8BmpBe9qfivl4wyzYheWG+iiyBnMkkNlWS+PUo5MjGaxoEGTFFieGYJJorZBxAZYYWJsaFVbDLeYg5/Seuk7p3VvdvTWuOqyKgMB3AIx+DBOTTgBprgAwEGT/AML86j8+q8Oe/z1pJTzOzDLzgf32P4l1A=</latexit>

bx = 0

<latexit sha1_base64="nxfaLVlpPCaefTBrAt6TRgalS90="></latexit>

T̂ = exp
⇥
� iP̂X0(t)/~

⇤

<latexit sha1_base64="kbeoBH4oOvJF1+irX2L/2E924nk=">AAACJ3icbVBLSgNBFOyJvxh/UZduGoOgC8OMiLoMunEZIYmBTAxvOp1Mk54P3W+EMOQMnsMDuNUjuBNduvIa9iQRNLHgQVH1PrzyYik02vaHlVtYXFpeya8W1tY3NreK2zsNHSWK8TqLZKSaHmguRcjrKFDyZqw4BJ7kt97gKvNv77nSIgprOIx5O4B+KHqCARqpUzw6Fq7vgaKuD5jWRnduF/p9rtwYFAqQHfxxOsWSXbbHoPPEmZISmaLaKX653YglAQ+RSdC65dgxttNsL5N8VHATzWNgA+jzlqEhBFy30/FLI3pglC7tRcpUiHSs/p5IIdB6GHimMwD09ayXif96sT/UgumZ89i7aKcijBPkIZtc7yWSYkSz0GhXKM5QDg0BpoR5gDIfFDA00RZMMs5sDvOkcVJ2zsrOzWmpcjnNKE/2yD45JA45JxVyTaqkThh5IE/kmbxYj9ar9Wa9T1pz1nRml/yB9fkN/PmnHA==</latexit>

�i~T̂ †@tT̂Galilean term:

<latexit sha1_base64="EN/0a6f6iGFk2uv5rjVw5Tm9isM="></latexit>

Hm =
(P̂ + �z�z)2

2M
+

M!
2
p

2
X̂

2 � tg

2
�x � Ẋ0(t)P̂

<latexit sha1_base64="k6y8Pjr9leRlCgASPb51rxT/xdo="></latexit>

Ĝ = exp(�iX̂�z/lso)
<latexit sha1_base64="Inp08c1sHarYQL2ItFAQ/InccxY="></latexit>

Hm =
"̃(t)

2
�z �

t̃g
2
�x

<latexit sha1_base64="too4WKKqlJt091KS8SEHbJJpz6Y="></latexit>

t̃g = tgexp(�l2p/l
2
so)

<latexit sha1_base64="+xfGqSkGfesaoM79nauRMKe3dhs="></latexit>

"̃(t) = 2~Ẋ0(t)/lso

<latexit sha1_base64="dJWbuMN3Sn3+z9TsJ0LbdcoNnZk=">AAACEXicbVBLSgNBEO2Jvxh/o1m6aQyCCwkzKuoy6MIsI5gPZIbQ0+lJmvR86K4RxyGn8ABu9QjuxK0n8ARew04yC018UPB4r4qqel4suALL+jIKS8srq2vF9dLG5tb2jrm711JRIilr0khEsuMRxQQPWRM4CNaJJSOBJ1jbG11P/PY9k4pH4R2kMXMDMgi5zykBLfXMsqN4gE+dY+wAe4Dspv447pkVq2pNgReJnZMKytHomd9OP6JJwEKggijVta0Y3IxI4FSwcclJFIsJHZEB62oakoApN5seP8aHWuljP5K6QsBT9fdERgKl0sDTnQGBoZr3JuK/XjxMFadqbj34l27GwzgBFtLZdj8RGCI8iQf3uWQURKoJoZLrBzAdEkko6BBLOhl7PodF0jqp2udV+/asUrvKMyqifXSAjpCNLlAN1VEDNRFFKXpGL+jVeDLejHfjY9ZaMPKZMvoD4/MHRV6dKQ==</latexit>

⇠ 3GHzAdiabatic 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



Shuttling domain wall qubits

<latexit sha1_base64="Inp08c1sHarYQL2ItFAQ/InccxY="></latexit>

Hm =
"̃(t)

2
�z �

t̃g
2
�x

<latexit sha1_base64="too4WKKqlJt091KS8SEHbJJpz6Y="></latexit>

t̃g = tgexp(�l2p/l
2
so)

<latexit sha1_base64="sewK8ixIDkRsF5o6ocbZ6Dcp6G4="></latexit>

"̃(t) = 2~Ẋ0(t)/lso � 8NKybx

<latexit sha1_base64="uauDDoIHQXkMNTGDhpZZpSHG2Xo="></latexit>

~⌦̃ =
q

"̃2 + t̃2g

Physical qubit splitting:

splitting increases first when

    increases since the barrier

is reduced.

splitting decreases when

    further increases since the

the suppression of soc.

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

by



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

ŷ

Single-qubit gates

Shuttling with constant speed:

<latexit sha1_base64="Inp08c1sHarYQL2ItFAQ/InccxY="></latexit>

Hm =
"̃(t)

2
�z �

t̃g
2
�x

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

U(t) = exp(�i⌦̃tm̂ · �/2) <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 <latexit sha1_base64="Fxx3glRW0wQtCC167TFShAj9oIk=">AAACB3icbVBLSgNBEK2Jvxh/UZduGoPgKsyIqMugG5cRzAcyQ+jp9CRNunuG7p7AMOQAHsCtHsGduPUYnsBr2ElmoYkPCh7vVVFVL0w408Z1v5zS2vrG5lZ5u7Kzu7d/UD08aus4VYS2SMxj1Q2xppxJ2jLMcNpNFMUi5LQTju9mfmdClWaxfDRZQgOBh5JFjGBjpZ4/wib3JyES03615tbdOdAq8QpSgwLNfvXbH8QkFVQawrHWPc9NTJBjZRjhdFrxU00TTMZ4SHuWSiyoDvL5yVN0ZpUBimJlSxo0V39P5FhonYnQdgpsRnrZm4n/esko04zopfUmuglyJpPUUEkW26OUIxOjWShowBQlhmeWYKKYfQCREVaYGBtdxSbjLeewStoXde+q7j1c1hq3RUZlOIFTOAcPrqEB99CEFhCI4Rle4NV5ct6cd+dj0Vpyiplj+APn8weZLpo4</latexit>

m̂

<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

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

v(t)

<latexit sha1_base64="+Z/NRbARkAhssI38bLbec7xZb0s=">AAACAnicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KCfUAbymQ6acZOJmHmRgihOz/ArX6CO3Hrj/gF/obTNgttPXDhcM693HuPnwiu0XG+rNLK6tr6RnmzsrW9s7tX3T9o6zhVlLVoLGLV9YlmgkvWQo6CdRPFSOQL1vHHN1O/88iU5rG8xyxhXkRGkgecEjRSu48hQzKo1py6M4O9TNyC1KBAc1D97g9jmkZMIhVE657rJOjlRCGngk0q/VSzhNAxGbGeoZJETHv57NqJfWKUoR3EypREe6b+nshJpHUW+aYzIhjqRW8q/uslYaY51QvrMbjyci6TFJmk8+1BKmyM7Wke9pArRlFkhhCquHnApiFRhKJJrWKScRdzWCbts7p7UXfvzmuN6yKjMhzBMZyCC5fQgFtoQgsoPMAzvMCr9WS9We/Wx7y1ZBUzh/AH1ucP0TSYJg==</latexit>

✓

<latexit sha1_base64="nb2fSboMPAQE6bwPlmpQKo7Bzpc="></latexit>

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

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

by

• We can also implement single-qubit gates by shaking the qubit.

spin rotations around
<latexit sha1_base64="Fxx3glRW0wQtCC167TFShAj9oIk=">AAACB3icbVBLSgNBEK2Jvxh/UZduGoPgKsyIqMugG5cRzAcyQ+jp9CRNunuG7p7AMOQAHsCtHsGduPUYnsBr2ElmoYkPCh7vVVFVL0w408Z1v5zS2vrG5lZ5u7Kzu7d/UD08aus4VYS2SMxj1Q2xppxJ2jLMcNpNFMUi5LQTju9mfmdClWaxfDRZQgOBh5JFjGBjpZ4/wib3JyES03615tbdOdAq8QpSgwLNfvXbH8QkFVQawrHWPc9NTJBjZRjhdFrxU00TTMZ4SHuWSiyoDvL5yVN0ZpUBimJlSxo0V39P5FhonYnQdgpsRnrZm4n/esko04zopfUmuglyJpPUUEkW26OUIxOjWShowBQlhmeWYKKYfQCREVaYGBtdxSbjLeewStoXde+q7j1c1hq3RUZlOIFTOAcPrqEB99CEFhCI4Rle4NV5ct6cd+dj0Vpyiplj+APn8weZLpo4</latexit>

m̂



Single-qubit gates

Shaking the qubit on the racetrack:

<latexit sha1_base64="Inp08c1sHarYQL2ItFAQ/InccxY="></latexit>

Hm =
"̃(t)

2
�z �

t̃g
2
�x

<latexit sha1_base64="dnjvz8JjJqC3PYDiWgZRiiakxaU="></latexit>

R̂�0=0
x = exp

⇢
�i⌦R

Z t

0
d⌧ s(⌧)

�̂x

2

�

<latexit sha1_base64="pzg9JSoP8Wun5FnDb7w36+J278U="></latexit>

"̃(t) / v(t) = v0s(t) cos(!dt+ �0)

envelope function

In rotating frame and at resonance:
<latexit sha1_base64="pYwSiVFJD7Hq8Zm5nq1v95iptDY="></latexit>

Hr =
~⌦Rs(t)

2
(cos�0�̂x + sin�0�̂y)

<latexit sha1_base64="7q4fa0OXYYxGvyfe85oAKn0wbjU=">AAACFXicbVDLSsNAFJ3UV62vqAsXboJFcFUSEXUjFN24s4J9QBPCZHLTDp08mJkIIeQ7/AC3+gnuxK1rv8DfcNJmoa0HLpx7zr1c7vESRoU0zS+ttrS8srpWX29sbG5t7+i7ez0Rp5xAl8Qs5gMPC2A0gq6kksEg4YBDj0Hfm9yUfv8RuKBx9CCzBJwQjyIaUIKlklz9wI5DGGHXv7IlZT7k9l3ZF67eNFvmFMYisSrSRBU6rv5t+zFJQ4gkYViIoWUm0skxl5QwKBp2KiDBZIJHMFQ0wiEIJ58+UBjHSvGNIOaqImlM1d8bOQ6FyEJPTYZYjsW8V4r/esk4E5SIufMyuHRyGiWphIjMrgcpM2RslBEZPuVAJMsUwYRT9YBBxphjIlWQDZWMNZ/DIumdtqzzlnV/1mxfVxnV0SE6QifIQheojW5RB3URQQV6Ri/oVXvS3rR37WM2WtOqnX30B9rnD7JZn58=</latexit>

!d = ⌦̃

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
<latexit sha1_base64="9IFU+ldE6tFurhrO4Up/9u68XJg="></latexit>

R̂�0=⇡/2
y = exp

⇢
�i⌦R

Z t

0
d⌧ s(⌧)

�̂y

2

�

<latexit sha1_base64="oAykr9WgtFkj7PNzeQNwGkzrRVE=">AAACGHicbVDLSgNBEJz1GeNr1ZteFoPgKe6KqBch6MWbUcwDkrDMTnqTIbMPZnqDYQn4HX6AV/0Eb+LVm1/gbzhJ9qCJBQ1FVTdFlxcLrtC2v4y5+YXFpeXcSn51bX1j09zarqookQwqLBKRrHtUgeAhVJCjgHosgQaegJrXuxr5tT5IxaPwHgcxtALaCbnPGUUtueZu8yaADnXvLvqufSTctInwgKmKhkPXLNhFewxrljgZKZAMZdf8brYjlgQQIhNUqYZjx9hKqUTOBAzzzURBTFmPdqChaUgDUK10/MPQOtBK2/IjqSdEa6z+vkhpoNQg8PRmQLGrpr2R+K8XdweKMzUVj/55K+VhnCCEbJLuJ8LCyBq1ZLW5BIZioAllkusHLNalkjLUXeZ1M850D7Okelx0TovO7UmhdJl1lCN7ZJ8cEoeckRK5JmVSIYw8kmfyQl6NJ+PNeDc+JqtzRnazQ/7A+PwB8Vag0g==</latexit>

⌦R = v0/lso,

<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



Two-qubit gates

two domain wall qubits on two racetracks
<latexit sha1_base64="9X6nsNdsEY0eDnSPNklwm13ekHM=">AAACAHicbVDLSsNAFL2pr1pfVZduBotQNyURUZdFNy4r2Ae0oUymk2boZBJmJoUQuvED3OonuBO3/olf4G84abPQ1gMXDufcy733eDFnStv2l1VaW9/Y3CpvV3Z29/YPqodHHRUlktA2iXgkex5WlDNB25ppTnuxpDj0OO16k7vc706pVCwSjzqNqRvisWA+I1jn0rSuz4fVmt2w50CrxClIDQq0htXvwSgiSUiFJhwr1XfsWLsZlpoRTmeVQaJojMkEj2nfUIFDqtxsfusMnRllhPxImhIazdXfExkOlUpDz3SGWAdq2cvFf704SBUjamm99m/cjIk40VSQxXY/4UhHKE8DjZikRPPUEEwkMw8gEmCJiTaZVUwyznIOq6Rz0XCuGs7DZa15W2RUhhM4hTo4cA1NuIcWtIFAAM/wAq/Wk/VmvVsfi9aSVcwcwx9Ynz+SS5bb</latexit>

v(t)

<latexit sha1_base64="E9x9Y1RGp9+x/Qh8KNC+4YZ5c30="></latexit>

H
(2) = N

2J↵�

Z
dxn

↵
1 (x)n

�
2 (x)

<latexit sha1_base64="T9fcnlcycPFsJl9mC7RvD1cbtLw=">AAACG3icbVDLSsNAFJ3UV62vqEsRBotQQUpGRN0IRTcuK9gHNCFMppNm6GQSZiaFULryO/wAt/oJ7sStC7/A3zBps9DWA5d7OOdeLvd4MWdKW9aXUVpaXlldK69XNja3tnfM3b22ihJJaItEPJJdDyvKmaAtzTSn3VhSHHqcdrzhbe53RlQqFokHncbUCfFAMJ8RrDPJNQ/tkQeFi65n3arZzYC56BR2XXRScc2qVbemgIsEFaQKCjRd89vuRyQJqdCEY6V6yIq1M8ZSM8LppGInisaYDPGA9jIqcEiVM56+MYHHmdKHfiSzEhpO1d8bYxwqlYZeNhliHah5Lxf/9eIgVYyoufPav3LGTMSJpoLMrvsJhzqCeVCwzyQlmqcZwUSy7AFIAiwx0VmceTJoPodF0j6ro4s6uj+vNm6KjMrgAByBGkDgEjTAHWiCFiDgETyDF/BqPBlvxrvxMRstGcXOPvgD4/MHxVSfRw==</latexit>

n1 = n0(�1, X1)
<latexit sha1_base64="jsrcyEkTTcPPrIa4MmY4bAAm8vs=">AAACIXicbVDNSsNAGNzUv1r/qh69LBahopSkiHoRinrwWMG2gSaEzXbTLt1swu6mEEofwOfwAbzqI3gTb+ID+Bpu2hy0dWDZYWY+Pr7xY0alMs1Po7C0vLK6VlwvbWxube+Ud/faMkoEJi0csUjYPpKEUU5aiipG7FgQFPqMdPzhTeZ3RkRIGvEHlcbEDVGf04BipLTklSvOyIfcq1/NfrPqNAfUq59CW2u2Z53cHpd0yqyZU8BFYuWkAnI0vfK304twEhKuMENSdi0zVu4YCUUxI5OSk0gSIzxEfdLVlKOQSHc8PWYCj7TSg0Ek9OMKTtXfE2MUSpmGvk6GSA3kvJeJ/3rxIJUUy7n1Krh0x5THiSIcz7YHCYMqglldsEcFwYqlmiAsqD4A4gESCCtdataMNd/DImnXa9Z5zbo/qzSu846K4AAcgiqwwAVogDvQBC2AwSN4Bi/g1Xgy3ox342MWLRj5zD74A+PrB2kXoRo=</latexit>

n2 = n0(�2, X2 = X1 +D)

<latexit sha1_base64="GnNOVtIZ/2qWs1cMQIRiW2Nde6I="></latexit>

H
(2) =

2N2
JxxD

sinhD
�̂x
1 �̂

x
2

interactions decreases exponentially 

when two DWs are far away



Two-qubit gates

two domain wall qubits on two racetracks
<latexit sha1_base64="9X6nsNdsEY0eDnSPNklwm13ekHM=">AAACAHicbVDLSsNAFL2pr1pfVZduBotQNyURUZdFNy4r2Ae0oUymk2boZBJmJoUQuvED3OonuBO3/olf4G84abPQ1gMXDufcy733eDFnStv2l1VaW9/Y3CpvV3Z29/YPqodHHRUlktA2iXgkex5WlDNB25ppTnuxpDj0OO16k7vc706pVCwSjzqNqRvisWA+I1jn0rSuz4fVmt2w50CrxClIDQq0htXvwSgiSUiFJhwr1XfsWLsZlpoRTmeVQaJojMkEj2nfUIFDqtxsfusMnRllhPxImhIazdXfExkOlUpDz3SGWAdq2cvFf704SBUjamm99m/cjIk40VSQxXY/4UhHKE8DjZikRPPUEEwkMw8gEmCJiTaZVUwyznIOq6Rz0XCuGs7DZa15W2RUhhM4hTo4cA1NuIcWtIFAAM/wAq/Wk/VmvVsfi9aSVcwcwx9Ynz+SS5bb</latexit>

v(t)

<latexit sha1_base64="GnNOVtIZ/2qWs1cMQIRiW2Nde6I="></latexit>

H
(2) =

2N2
JxxD

sinhD
�̂x
1 �̂

x
2

<latexit sha1_base64="o+/pj3rocTwlUTp3mWufv4bkgtQ="></latexit>

Û (2) = exp

⇢
� i⇡2N2Jxx

~v �̂x
1 ⌦ �̂x

2

�

<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
<latexit sha1_base64="tLUVxLbwkMcdcpj0Z42UTcXpWP4=">AAACBXicbVDLSgMxFL1TX7W+qi7dBIvgqs6IqMuiG5cV7EPaoWQymTY0yQxJpjCUrv0At/oJ7sSt3+EX+Bum7Sy09UDgcM653JsTJJxp47pfTmFldW19o7hZ2tre2d0r7x80dZwqQhsk5rFqB1hTziRtGGY4bSeKYhFw2gqGt1O/NaJKs1g+mCyhvsB9ySJGsLHSY5fbaIjPRr1yxa26M6Bl4uWkAjnqvfJ3N4xJKqg0hGOtO56bGH+MlWGE00mpm2qaYDLEfdqxVGJBtT+eHTxBJ1YJURQr+6RBM/X3xBgLrTMR2KTAZqAXvan4r5cMMs2IXlhvomt/zGSSGirJfHuUcmRiNK0EhUxRYnhmCSaK2Q8gMsAKE2OLK9lmvMUelknzvOpdVr37i0rtJu+oCEdwDKfgwRXU4A7q0AACAp7hBV6dJ+fNeXc+5tGCk88cwh84nz/Hn5k0</latexit>

�/v

<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

CNOT gate



Qubit lifetime

<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>

ẑ1. Both     and      would fluctuate due to 

random kicks from the environment

<latexit sha1_base64="BOwTs/cp9HyLGAH5yN04eSZ6xC4=">AAACAHicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUFWwttKJPppBk6mQkzEyGEbvwAt/oJ7sStf+IX+BtO2iy09cCFwzn3cu89QcKZNq775VRWVtfWN6qbta3tnd29+v5BV8tUEdohkkvVC7CmnAnaMcxw2ksUxXHA6UMwuSn8h0eqNJPi3mQJ9WM8FixkBJtCGrQjNqw33KY7A1omXkkaUKI9rH8PRpKkMRWGcKx133MT4+dYGUY4ndYGqaYJJhM8pn1LBY6p9vPZrVN0YpURCqWyJQyaqb8nchxrncWB7YyxifSiV4j/ekmUaUb0wnoTXvk5E0lqqCDz7WHKkZGoSAONmKLE8MwSTBSzDyASYYWJsZnVbDLeYg7LpHvW9C6a3t15o3VdZlSFIziGU/DgElpwC23oAIEInuEFXp0n5815dz7mrRWnnDmEP3A+fwD7s5cd</latexit>

�
<latexit sha1_base64="hND+YTy/637wu4FrbnXgzz5oFcU=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48JmAckS5id9CZDZmeXmVkhLMEP8Kqf4E28+i1+gb/hJNmDJhY0FFXddHcFieDauO6XU1hb39jcKm6Xdnb39g/Kh0ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZn77EZXmsXwwkwT9iA4lDzmjxkqNTr9ccavuHGSVeDmpQI56v/zdG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6JScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+6yWjieZML6034Y2fcZmkBiVbbA9TQUxMZlGQAVfIjJhYQpni9gHCRlRRZmxgJZuMt5zDKmldVL2rqte4rNRu84yKcAKncA4eXEMN7qEOTWCA8Awv8Oo8OW/Ou/OxaC04+cwx/IHz+QO2a5Xa</latexit>

X

<latexit sha1_base64="Zd+pzU7BEcQEQSuQFcqcjRFiqag=">AAACHXicbVDLSsNAFJ34rPUVdenCwSK4KomIuhGKblxJxb6gCeVmMmmGTh7MTIQQuvQ7/AC3+gnuxK34Bf6GSZuFth643MM593K5x4k5k8owvrSFxaXlldXKWnV9Y3NrW9/Z7cgoEYS2ScQj0XNAUs5C2lZMcdqLBYXA4bTrjK4Lv/tAhWRR2FJpTO0AhiHzGAGVSwP9wGox7tLMAh77ML6cdnxr+Q4IfF8d6DWjbkyA54lZkhoq0Rzo35YbkSSgoSIcpOybRqzsDIRihNNx1UokjYGMYEj7OQ0hoNLOJo+M8VGuuNiLRF6hwhP190YGgZRp4OSTAShfznqF+K8X+6lkRM6cV96FnbEwThQNyfS6l3CsIlxEhV0mKFE8zQkQwfIHMPFBAFF5oEUy5mwO86RzUjfP6ubdaa1xVWZUQfvoEB0jE52jBrpBTdRGBD2iZ/SCXrUn7U171z6mowtaubOH/kD7/AGKxKIK</latexit>

↵̃ = ↵N~S

2. Fluctuations in the potential:
<latexit sha1_base64="vzIpI2ijj58pY1UwWqyO0uJFZTg="></latexit>

U(�, X) ! U(�, X) + ⇠(t)�+ ⇠(t)X

<latexit sha1_base64="yIPbwriIlNVD9c4mrzLFAYwOSfg="></latexit>

h⇠(t)i = 0, h⇠(t)⇠(t0)i = S(t� t0)
<latexit sha1_base64="E5/zOHVbbcgkvYQvieqtTAYM1+Y="></latexit>

S⇠(!) = ↵̃~! coth
~!

2kBT

<latexit sha1_base64="NVA0Vp9LlfNCC1IsBNCGQrzFkXA="></latexit>

�Hm =
⇠(t)

2
�z + @V0 t̃g

⇠(t)

2
�x +

l2p⇠̇(t)

!plso
�z

-1 0 1 2 3 4
0.0
0.2
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0.6
0.8
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1.23. Fluctuating terms in the qubit Hamiltonian:

Gilbert damping



Qubit lifetime

Relaxation rate:
<latexit sha1_base64="ie2GOU9OcmsHixzFGtK+P5nCPLk="></latexit>

�1 = T�1
1 =

sin2 ✓S⇠(⌦̃)

2~2
⇣
1 +

4l4p⌦̃
2

!2
pl

2
so

⌘

Dephasing rate:
<latexit sha1_base64="vi+1kucuJydEe5oHe/hjCcGL74c="></latexit>

�2 = T�1
2 =

�1

2
+ �'

<latexit sha1_base64="VDrE0Bz2i7wCC6l/7Vs9cSZKogc="></latexit>

�' =
cos2 ✓S⇠(0)

2~2with

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

<latexit sha1_base64="3Mx7V+iKZnRBj9zK/kILPWAv+F4="></latexit>

cos ✓ =
"̃q

"̃2 + t̃2g

<latexit sha1_base64="ke1YNNytiJQsO9WVaHbp254Bps4=">AAACHnicbVDLSsNAFJ34rPVVdelmsAh1UxMRdSMU3QiCVLAPaEKYTCft0MmDmZvSELr1O/wAt/oJ7sStfoG/4fSx0NYDFw7n3MvhHi8WXIFpfhkLi0vLK6u5tfz6xubWdmFnt66iRFJWo5GIZNMjigkeshpwEKwZS0YCT7CG17se+Y0+k4pH4QOkMXMC0gm5zykBLbkF7LmDS7vrEYn7xyXhZjawAWQqGg7x3a2bHrmFolk2x8DzxJqSIpqi6ha+7XZEk4CFQAVRqmWZMTgZkcCpYMO8nSgWE9ojHdbSNCQBU042/mSID7XSxn4k9YSAx+rvi4wESqWBpzcDAl01643Ef724mypO1Uw8+BdOxsM4ARbSSbqfCAwRHnWF21wyCiLVhFDJ9QOYdokkFHSjed2MNdvDPKmflK2zsnV/WqxcTTvKoX10gErIQueogm5QFdUQRY/oGb2gV+PJeDPejY/J6oIxvdlDf2B8/gDCM6K9</latexit>

bx = ~v/(lsoNKy)

sweet spot

:



Qubit readout

use NV center to image the texture use readout for spin qubits

paramagnetic dot
T

spin qubit
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What we have achieved

Our setup is perfect for both quantum computation and communication
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