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Motivations
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New quantum error-correcting codes Computation and simulation-friendly models Assess quantum complexity of the phase

• Improve robustness to errors
• Reduce overheads
• Address limitations of hardware • Identify obstructions to capturing universal properties with stabilizer statesEx: topological entanglement negativity

65/100

A BB C

Which quantum phases can be described within the stabilizer formalism? 



Outline

• Gapped quantum phases of matter

• Anyon theories

• No-go theorems for the stabilizer formalism

• Go-around theorems: 
• composite-dimensional qudits, continuous variables, holographic approach, mixed states 

• Open questions
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Gapped quantum phases of matter
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Which states?
• Ground states of Hamiltonians:1. Geometrically local terms2. Gapped (in thermodynamic limit) Ground states



Gapped quantum phases of matter
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Which states?
• Ground states of Hamiltonians:1. Geometrically local terms2. Gapped (in thermodynamic limit)
• Short-range correlations* (rules out GHZ)

<latexit sha1_base64="JofB0deMilHDt1/K0Ce51DdSCxk="></latexit>

h |OiOj | i � h |Oi| ih |Oj | i ! 0 , for all local <latexit sha1_base64="R4lE7exH1tQhiQBNsY41UoUBBA4=">AAACBXicbVDLSsNAFL2pr1pfUZe6GCyCCymJSHVZdOPOCvYBbQiT6aQdO3kwMxFK6MaNv+LGhSJu/Qd3/o2TNovaemDgzDn3cu89XsyZVJb1YxSWlldW14rrpY3Nre0dc3evKaNEENogEY9E28OSchbShmKK03YsKA48Tlve8DrzW49USBaF92oUUyfA/ZD5jGClJdc87AZYDQjm6e3YZado9vvgmmWrYk2AFomdkzLkqLvmd7cXkSSgoSIcS9mxrVg5KRaKEU7HpW4iaYzJEPdpR9MQB1Q66eSKMTrWSg/5kdAvVGiiznakOJByFHi6MltSznuZ+J/XSZR/6aQsjBNFQzId5CccqQhlkaAeE5QoPtIEE8H0rogMsMBE6eBKOgR7/uRF0jyr2NVK9e68XLvK4yjCARzBCdhwATW4gTo0gMATvMAbvBvPxqvxYXxOSwtG3rMPf2B8/QKU85il</latexit>

Oi,Oj*

Short-range correlated ground states



Gapped quantum phases of matter
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Equivalence relation:
<latexit sha1_base64="FvrvRSoCvqKU0G1zSs2b8uaUyl8=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAVXJWkSHVZdOOygm2FJoTJ9KQdOpmEmYlQYl/Aja/ixoUibt27822cXgRt/WHg5zvncOb8YcqZ0o7zZRWWlldW14rrpY3Nre0de3evpZJMUmjShCfyNiQKOBPQ1ExzuE0lkDjk0A4Hl+N6+w6kYom40cMU/Jj0BIsYJdqgwD6691LFAhd7kogeB+wpFuMprP7AwC47FWcivGjcmSmjmRqB/el1E5rFIDTlRKmO66Taz4nUjHIYlbxMQUrogPSgY6wgMSg/n1wzwseGdHGUSPOExhP6eyInsVLDODSdMdF9NV8bw/9qnUxH537ORJppEHS6KMo41gkeR4O7TALVfGgMoZKZv2LaJ5JQbQIsmRDc+ZMXTatacWuV2vVpuX4xi6OIDtAhOkEuOkN1dIUaqIkoekBP6AW9Wo/Ws/VmvU9bC9ZsZh/9kfXxDbArm1Y=</latexit>

| 1i ⇠ | 2i
<latexit sha1_base64="3pwTh0ibPdIsyFRwniTEF62ztb0=">AAACCnicbZDNSsNAFIUn/tb6F3XpZrQIrkpSpLoRim5cVjBtoSllMr1ph04mYWYilNi1G1/FjQtF3PoE7nwbp20W2npg4PDde7lzT5BwprTjfFtLyyura+uFjeLm1vbOrr2331BxKil4NOaxbAVEAWcCPM00h1YigUQBh2YwvJ7Um/cgFYvFnR4l0IlIX7CQUaIN6tpH3oOfKNZ1fUlEnwO+xDNQwTnp2iWn7EyFF42bmxLKVe/aX34vpmkEQlNOlGq7TqI7GZGaUQ7jop8qSAgdkj60jRUkAtXJpqeM8YkhPRzG0jyh8ZT+nshIpNQoCkxnRPRAzdcm8L9aO9XhRSdjIkk1CDpbFKYc6xhPcsE9JoFqPjKGUMnMXzEdEEmoNukVTQju/MmLplEpu9Vy9fasVLvK4yigQ3SMTpGLzlEN3aA68hBFj+gZvaI368l6sd6tj1nrkpXPHKA/sj5/AEmAmgU=</latexit>

U | 1i = | 2i

if there exists a constant-depth*circuit such that
<latexit sha1_base64="/PV8OR52qDjKdXAH+9eHMeFh6Es=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXquJ4kYcOyVK07VmcFeJm5OKpCj0St/ef2YphEKTTlRqus6ifYzIjWjHCclL1WYEDoiA+waKkiEys9mV0/sE6P07TCWpoS2Z+rviYxESo2jwHRGRA/VojcV//O6qQ4v/YyJJNUo6HxRmHJbx/Y0ArvPJFLNx4YQKpm51aZDIgnVJqiSCcFdfHmZtM6qbq1auz2v1K/yOIpwBMdwCi5cQB1uoAFNoCDhGV7hzXq0Xqx362PeWrDymUP4A+vzB5ypkpo=</latexit>

| 1i
<latexit sha1_base64="jaZhSGFWKy8BbsYANs82A7oRNQQ=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laRI9Vj04rGC/YAmls120i7dbMLuRimx/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEs6Udpxva2V1bX1js7BV3N7Z3dsvHRy2VJxKik0a81h2AqKQM4FNzTTHTiKRRAHHdjC6nvrtB5SKxeJOjxP0IzIQLGSUaCPdP3mJYr2qJ4kYcOyVyk7FmcFeJm5OypCj0St9ef2YphEKTTlRqus6ifYzIjWjHCdFL1WYEDoiA+waKkiEys9mV0/sU6P07TCWpoS2Z+rviYxESo2jwHRGRA/VojcV//O6qQ4v/YyJJNUo6HxRmHJbx/Y0ArvPJFLNx4YQKpm51aZDIgnVJqiiCcFdfHmZtKoVt1ap3Z6X61d5HAU4hhM4AxcuoA430IAmUJDwDK/wZj1aL9a79TFvXbHymSP4A+vzB540kps=</latexit>

| 2i
≈… … ……<latexit sha1_base64="LyFhaInGnI8lXq6LUFBCzyxiGaw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4rmLbQhLLZbtqlu5uwuxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzopQzbVz32yltbG5t75R3K3v7B4dH1eOTjk4yRahPEp6oXoQ15UxS3zDDaS9VFIuI0240uZv73SeqNEvko5mmNBR4JFnMCDZWCvxBHiiBCFNkNqjW3Lq7AFonXkFqUKA9qH4Fw4RkgkpDONa677mpCXOsDCOczipBpmmKyQSPaN9SiQXVYb64eYYurDJEcaJsSYMW6u+JHAutpyKynQKbsV715uJ/Xj8z8U2YM5lmhkqyXBRnHJkEzQNAQ6YoMXxqCSaK2VsRGWOFibExVWwI3urL66RzVfca9cbDda11W8RRhjM4h0vwoAktuIc2+EAghWd4hTcnc16cd+dj2VpyiplT+APn8wfyJ5Gl</latexit>

Ucirc

TrivialNontrivial
Nontrivial

Nontrivial

Nontrivial

<latexit sha1_base64="wAGINE93b0jrCLht99XfgUNnjFM=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7ArEj0GvXiMYB6QXcPsZDYZMjuzzMwKYQ34K148KOLV7/Dm3zh5HDSxoKGo6qa7K0o508bzvp2l5ZXVtfXCRnFza3tn193bb2iZKULrRHKpWhHWlDNB64YZTlupojiJOG1Gg+ux33ygSjMp7swwpWGCe4LFjGBjpY57+Ojd54E0LKEaiVGgsOhx2nFLXtmbAC0Sf0ZKMEOt434FXUmyhApDONa67XupCXOsDCOcjopBpmmKyQD3aNtSge26MJ+cP0InVumiWCpbwqCJ+nsix4nWwySynQk2fT3vjcX/vHZm4sswZyLNDBVkuijOODISjbNAXaYoMXxoCSaK2VsR6WOFibGJFW0I/vzLi6RxVvYr5crteal6NYujAEdwDKfgwwVU4QZqUAcCOTzDK7w5T86L8+58TFuXnNnMAfyB8/kDfymV2g==</latexit>

|0⌦ni

*More generally, polylog-depth
X. Chen, Z.-C. Gu, X.-G. Wen 2010



Main question
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<latexit sha1_base64="wAGINE93b0jrCLht99XfgUNnjFM=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7ArEj0GvXiMYB6QXcPsZDYZMjuzzMwKYQ34K148KOLV7/Dm3zh5HDSxoKGo6qa7K0o508bzvp2l5ZXVtfXCRnFza3tn193bb2iZKULrRHKpWhHWlDNB64YZTlupojiJOG1Gg+ux33ygSjMp7swwpWGCe4LFjGBjpY57+Ojd54E0LKEaiVGgsOhx2nFLXtmbAC0Sf0ZKMEOt434FXUmyhApDONa67XupCXOsDCOcjopBpmmKyQD3aNtSge26MJ+cP0InVumiWCpbwqCJ+nsix4nWwySynQk2fT3vjcX/vHZm4sswZyLNDBVkuijOODISjbNAXaYoMXxoCSaK2VsR6WOFibGJFW0I/vzLi6RxVvYr5crteal6NYujAEdwDKfgwwVU4QZqUAcCOTzDK7w5T86L8+58TFuXnNnMAfyB8/kDfymV2g==</latexit>

|0⌦ni

Which phases admit a stabilizer state? Which phases have universal properties that can be captured by the stabilizer formalism?

Trivial



Gapped quantum phases of matter in 2D
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<latexit sha1_base64="wAGINE93b0jrCLht99XfgUNnjFM=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7ArEj0GvXiMYB6QXcPsZDYZMjuzzMwKYQ34K148KOLV7/Dm3zh5HDSxoKGo6qa7K0o508bzvp2l5ZXVtfXCRnFza3tn193bb2iZKULrRHKpWhHWlDNB64YZTlupojiJOG1Gg+ux33ygSjMp7swwpWGCe4LFjGBjpY57+Ojd54E0LKEaiVGgsOhx2nFLXtmbAC0Sf0ZKMEOt434FXUmyhApDONa67XupCXOsDCOcjopBpmmKyQD3aNtSge26MJ+cP0InVumiWCpbwqCJ+nsix4nWwySynQk2fT3vjcX/vHZm4sswZyLNDBVkuijOODISjbNAXaYoMXxoCSaK2VsR6WOFibGJFW0I/vzLi6RxVvYr5crteal6NYujAEdwDKfgwwVU4QZqUAcCOTzDK7w5T86L8+58TFuXnNnMAfyB8/kDfymV2g==</latexit>

|0⌦ni

*Up to stacking with E8 states

Classification:*
• Anyon theories!    (modular tensor categories)

<latexit sha1_base64="k9aZS91RSFmN6mHL3UmvSYwe2XE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVBcuKm5cVrAPaIeSSTNtaCYZk0yhDP0ONy4UcevHuPNvzLSz0NYDgcM593JPThBzpo3rfjuFtfWNza3idmlnd2//oHx41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxneZ355QpZkUj2YaUz/CQ8FCRrCxkt+LsBkRzNPbWd/rlytu1Z0DrRIvJxXI0eiXv3oDSZKICkM41rrrubHxU6wMI5zOSr1E0xiTMR7SrqUCR1T76Tz0DJ1ZZYBCqewTBs3V3xspjrSeRoGdzELqZS8T//O6iQmv/ZSJODFUkMWhMOHISJQ1gAZMUWL41BJMFLNZERlhhYmxPZVsCd7yl1dJ66Lq1aq1h8tK/SavowgncArn4MEV1OEeGtAEAk/wDK/w5kycF+fd+ViMFpx85xj+wPn8AZ+QkgA=</latexit>

A1<latexit sha1_base64="0PdhHaFNFniCoVq1oCmHbghFA/k=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki1YWLihuXFewD2qFk0kwbmknGJFMoQ7/DjQtF3Pox7vwbM+0stPVA4HDOvdyTE8ScaeO6387a+sbm1nZhp7i7t39wWDo6bmmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H47vMb0+o0kyKRzONqR/hoWAhI9hYye9F2IwI5untrF/tl8puxZ0DrRIvJ2XI0eiXvnoDSZKICkM41rrrubHxU6wMI5zOir1E0xiTMR7SrqUCR1T76Tz0DJ1bZYBCqewTBs3V3xspjrSeRoGdzELqZS8T//O6iQmv/ZSJODFUkMWhMOHISJQ1gAZMUWL41BJMFLNZERlhhYmxPRVtCd7yl1dJq1rxapXaw2W5fpPXUYBTOIML8OAK6nAPDWgCgSd4hld4cybOi/PufCxG15x85wT+wPn8AaEUkgE=</latexit>

A2

<latexit sha1_base64="vRQ7klu1J4LBP9+jRmBCw9eFH14=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVBcuKm5cVrAPaIeSSTNtaCYZk0yhDP0ONy4UcevHuPNvzLSz0NYDgcM593JPThBzpo3rfjuFtfWNza3idmlnd2//oHx41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxneZ355QpZkUj2YaUz/CQ8FCRrCxkt+LsBkRzNPbWf+yX664VXcOtEq8nFQgR6Nf/uoNJEkiKgzhWOuu58bGT7EyjHA6K/USTWNMxnhIu5YKHFHtp/PQM3RmlQEKpbJPGDRXf2+kONJ6GgV2Mgupl71M/M/rJia89lMm4sRQQRaHwoQjI1HWABowRYnhU0swUcxmRWSEFSbG9lSyJXjLX14lrYuqV6vWHi4r9Zu8jiKcwCmcgwdXUId7aEATCDzBM7zCmzNxXpx352MxWnDynWP4A+fzB6QckgM=</latexit>

A4

<latexit sha1_base64="XtWRKXdi7itJtUM5qo9WDl1ZSFA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyoVBcuKm5cVrAPaIeSSTNtaCYZk0yhDP0ONy4UcevHuPNvzLSz0OqBwOGce7knJ4g508Z1v5zCyura+kZxs7S1vbO7V94/aGmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H49vMb0+o0kyKBzONqR/hoWAhI9hYye9F2IwI5unNrH/eL1fcqjsH+ku8nFQgR6Nf/uwNJEkiKgzhWOuu58bGT7EyjHA6K/USTWNMxnhIu5YKHFHtp/PQM3RilQEKpbJPGDRXf26kONJ6GgV2Mgupl71M/M/rJia88lMm4sRQQRaHwoQjI1HWABowRYnhU0swUcxmRWSEFSbG9lSyJXjLX/5LWmdVr1at3V9U6td5HUU4gmM4BQ8uoQ530IAmEHiEJ3iBV2fiPDtvzvtitODkO4fwC87HN6KYkgI=</latexit>

A3Anyons:Local excitations Local excitationscreated by local operators

Trivial



Surface code anyons

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>= Z

<latexit sha1_base64="RmIhIcc96OVgeQ7eZV6aQIOc4wQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzFuM8g==</latexit>e
<latexit sha1_base64="RmIhIcc96OVgeQ7eZV6aQIOc4wQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzFuM8g==</latexit>e

Violates vertex term

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>=X

Violates plaquette term

<latexit sha1_base64="p3S6vtT5I9zvgrgQiKUBevrqAhI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3a3STsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgkfYMtwI7CQKqQwEPgTj25n/8IRK8zi6N5MEfUmHEQ85o8ZKTdkvV9yqOwdZJV5OKpCj0S9/9QYxSyVGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFraUQlaj+bHzolZ1YZkDBWtiJD5urviYxKrScysJ2SmpFe9mbif143NeG1n/EoSQ1GbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP2HuM+g==</latexit>m

<latexit sha1_base64="p3S6vtT5I9zvgrgQiKUBevrqAhI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3a3STsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgkfYMtwI7CQKqQwEPgTj25n/8IRK8zi6N5MEfUmHEQ85o8ZKTdkvV9yqOwdZJV5OKpCj0S9/9QYxSyVGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFraUQlaj+bHzolZ1YZkDBWtiJD5urviYxKrScysJ2SmpFe9mbif143NeG1n/EoSQ1GbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP2HuM+g==</latexit>m

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>=X

Violates both vertex and plaquette terms

<latexit sha1_base64="p3S6vtT5I9zvgrgQiKUBevrqAhI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3a3STsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgkfYMtwI7CQKqQwEPgTj25n/8IRK8zi6N5MEfUmHEQ85o8ZKTdkvV9yqOwdZJV5OKpCj0S9/9QYxSyVGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFraUQlaj+bHzolZ1YZkDBWtiJD5urviYxKrScysJ2SmpFe9mbif143NeG1n/EoSQ1GbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP2HuM+g==</latexit>m

<latexit sha1_base64="p3S6vtT5I9zvgrgQiKUBevrqAhI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3a3STsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgkfYMtwI7CQKqQwEPgTj25n/8IRK8zi6N5MEfUmHEQ85o8ZKTdkvV9yqOwdZJV5OKpCj0S9/9QYxSyVGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFraUQlaj+bHzolZ1YZkDBWtiJD5urviYxKrScysJ2SmpFe9mbif143NeG1n/EoSQ1GbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP2HuM+g==</latexit>m

(Gauge charge)

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>= Z

<latexit sha1_base64="RmIhIcc96OVgeQ7eZV6aQIOc4wQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzFuM8g==</latexit>e

<latexit sha1_base64="RmIhIcc96OVgeQ7eZV6aQIOc4wQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzFuM8g==</latexit>e
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(Gauge flux) (Dyon)

9

<latexit sha1_base64="zFgakf0wZ8TsQ7ROciarN4vAkYs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldl77pcaVRK1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AKBnjNU=</latexit>

H
<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>=

<latexit sha1_base64="t37hC24uonWUFD3j+dIIhKnI8Mg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXiMYEwgWcLsZDYZMo9lZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHj0ZFSqCW0SxZVuR9hQziRtWmY5bSeaYhFx2opGdzO/NabaMCUf7SShocADyWJGsHVS66JrUtEb98oVv+rPgVZJkJMK5Gj0yl/dviKpoNISjo3pBH5iwwxrywin01I3NTTBZIQHtOOoxIKaMJufO0VnTumjWGlX0qK5+nsiw8KYiYhcp8B2aJa9mfif10ltfBNmTCappZIsFsUpR1ah2e+ozzQllk8cwUQzdysiQ6wxsS6hkgshWH55lTxdVoOrau2hVqnf5nEU4QRO4RwCuIY63EMDmkBgBM/wCm9e4r14797HorXg5TPH8Afe5w8vko98</latexit>

�
X

v

<latexit sha1_base64="2yPDP13x43d8CXtAT8MA+juBxEc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2VXinosevFYwX5Au5Rsmm1Dk2xIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMkmqCW2ShCe6E2FDOZO0aZnltKM0xSLitB2N72Z++4lqwxL5aCeKhgIPJYsZwdZJ7YueSUVf9csVv+rPgVZJkJMK5Gj0y1+9QUJSQaUlHBvTDXxlwwxrywin01IvNVRhMsZD2nVUYkFNmM3PnaIzpwxQnGhX0qK5+nsiw8KYiYhcp8B2ZJa9mfif101tfBNmTKrUUkkWi+KUI5ug2e9owDQllk8cwUQzdysiI6wxsS6hkgshWH55lbQuq8FVtfZQq9Rv8ziKcAKncA4BXEMd7qEBTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QMmeo92</latexit>

�
X

p

<latexit sha1_base64="PU5vXc4lchysiWlLgi60Ei4cnv4=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy6cVnBPqANZTK5bYdOHszcSEvIr7hxoYhbf8Sdf+M0zUJbD1w4nHPv3LnHiwVXaNvfRmltfWNzq7xd2dnd2z8wD6ttFSWSQYtFIpJdjyoQPIQWchTQjSXQwBPQ8SZ3c7/zBFLxKHzEWQxuQEchH3JGUUsDs9pHmGL+TirBz9JuNjBrdt3OYa0SpyA1UqA5ML/6fsSSAEJkgirVc+wY3ZRK5ExAVuknCmLKJnQEPU1DGoBy03xnZp1qxbeGkdQVopWrvydSGig1CzzdGVAcq2VvLv7n9RIc3rgpD+MEIWSLRcNEWBhZ8yAsn0tgKGaaUCa5/qvFxlRShjquig7BWT55lbTP685V/fLhota4LeIok2NyQs6IQ65Jg9yTJmkRRqbkmbySNyMzXox342PRWjKKmSPyB8bnDyV2lSw=</latexit>

X
<latexit sha1_base64="PU5vXc4lchysiWlLgi60Ei4cnv4=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy6cVnBPqANZTK5bYdOHszcSEvIr7hxoYhbf8Sdf+M0zUJbD1w4nHPv3LnHiwVXaNvfRmltfWNzq7xd2dnd2z8wD6ttFSWSQYtFIpJdjyoQPIQWchTQjSXQwBPQ8SZ3c7/zBFLxKHzEWQxuQEchH3JGUUsDs9pHmGL+TirBz9JuNjBrdt3OYa0SpyA1UqA5ML/6fsSSAEJkgirVc+wY3ZRK5ExAVuknCmLKJnQEPU1DGoBy03xnZp1qxbeGkdQVopWrvydSGig1CzzdGVAcq2VvLv7n9RIc3rgpD+MEIWSLRcNEWBhZ8yAsn0tgKGaaUCa5/qvFxlRShjquig7BWT55lbTP685V/fLhota4LeIok2NyQs6IQ65Jg9yTJmkRRqbkmbySNyMzXox342PRWjKKmSPyB8bnDyV2lSw=</latexit>

X

<latexit sha1_base64="PU5vXc4lchysiWlLgi60Ei4cnv4=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy6cVnBPqANZTK5bYdOHszcSEvIr7hxoYhbf8Sdf+M0zUJbD1w4nHPv3LnHiwVXaNvfRmltfWNzq7xd2dnd2z8wD6ttFSWSQYtFIpJdjyoQPIQWchTQjSXQwBPQ8SZ3c7/zBFLxKHzEWQxuQEchH3JGUUsDs9pHmGL+TirBz9JuNjBrdt3OYa0SpyA1UqA5ML/6fsSSAEJkgirVc+wY3ZRK5ExAVuknCmLKJnQEPU1DGoBy03xnZp1qxbeGkdQVopWrvydSGig1CzzdGVAcq2VvLv7n9RIc3rgpD+MEIWSLRcNEWBhZ8yAsn0tgKGaaUCa5/qvFxlRShjquig7BWT55lbTP685V/fLhota4LeIok2NyQs6IQ65Jg9yTJmkRRqbkmbySNyMzXox342PRWjKKmSPyB8bnDyV2lSw=</latexit>

X
<latexit sha1_base64="PU5vXc4lchysiWlLgi60Ei4cnv4=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy6cVnBPqANZTK5bYdOHszcSEvIr7hxoYhbf8Sdf+M0zUJbD1w4nHPv3LnHiwVXaNvfRmltfWNzq7xd2dnd2z8wD6ttFSWSQYtFIpJdjyoQPIQWchTQjSXQwBPQ8SZ3c7/zBFLxKHzEWQxuQEchH3JGUUsDs9pHmGL+TirBz9JuNjBrdt3OYa0SpyA1UqA5ML/6fsSSAEJkgirVc+wY3ZRK5ExAVuknCmLKJnQEPU1DGoBy03xnZp1qxbeGkdQVopWrvydSGig1CzzdGVAcq2VvLv7n9RIc3rgpD+MEIWSLRcNEWBhZ8yAsn0tgKGaaUCa5/qvFxlRShjquig7BWT55lbTP685V/fLhota4LeIok2NyQs6IQ65Jg9yTJmkRRqbkmbySNyMzXox342PRWjKKmSPyB8bnDyV2lSw=</latexit>

X
<latexit sha1_base64="rd1kp2H3XJPZ2rr8anxn/8dYazM=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAiuSiK+lkU3LivYB7ahTKY37dDJg5kbsYT4K25cKOLWD3Hn3zhNs9DWAxcO59w7d+7xYsEV2va3sbS8srq2Xtoob25t7+yae/stFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sbXU7/9AFLxKLzDSQxuQIch9zmjqKW+WekhPGL+TuqJBLL0PuubVbtm57AWiVOQKinQ6JtfvUHEkgBCZIIq1XXsGN2USuRMQFbuJQpiysZ0CF1NQxqActN8aWYdaWVg+ZHUFaKVq78nUhooNQk83RlQHKl5byr+53UT9C/dlIdxghCy2SI/ERZG1jQJa8AlMBQTTSiTXP/VYiMqKUOdV1mH4MyfvEhaJzXnvHZ2e1qtXxVxlMgBOSTHxCEXpE5uSIM0CSMT8kxeyZvxZLwY78bHrHXJKGYq5A+Mzx/6cpWl</latexit>

Z
<latexit sha1_base64="rd1kp2H3XJPZ2rr8anxn/8dYazM=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAiuSiK+lkU3LivYB7ahTKY37dDJg5kbsYT4K25cKOLWD3Hn3zhNs9DWAxcO59w7d+7xYsEV2va3sbS8srq2Xtoob25t7+yae/stFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sbXU7/9AFLxKLzDSQxuQIch9zmjqKW+WekhPGL+TuqJBLL0PuubVbtm57AWiVOQKinQ6JtfvUHEkgBCZIIq1XXsGN2USuRMQFbuJQpiysZ0CF1NQxqActN8aWYdaWVg+ZHUFaKVq78nUhooNQk83RlQHKl5byr+53UT9C/dlIdxghCy2SI/ERZG1jQJa8AlMBQTTSiTXP/VYiMqKUOdV1mH4MyfvEhaJzXnvHZ2e1qtXxVxlMgBOSTHxCEXpE5uSIM0CSMT8kxeyZvxZLwY78bHrHXJKGYq5A+Mzx/6cpWl</latexit>

Z

<latexit sha1_base64="rd1kp2H3XJPZ2rr8anxn/8dYazM=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAiuSiK+lkU3LivYB7ahTKY37dDJg5kbsYT4K25cKOLWD3Hn3zhNs9DWAxcO59w7d+7xYsEV2va3sbS8srq2Xtoob25t7+yae/stFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sbXU7/9AFLxKLzDSQxuQIch9zmjqKW+WekhPGL+TuqJBLL0PuubVbtm57AWiVOQKinQ6JtfvUHEkgBCZIIq1XXsGN2USuRMQFbuJQpiysZ0CF1NQxqActN8aWYdaWVg+ZHUFaKVq78nUhooNQk83RlQHKl5byr+53UT9C/dlIdxghCy2SI/ERZG1jQJa8AlMBQTTSiTXP/VYiMqKUOdV1mH4MyfvEhaJzXnvHZ2e1qtXxVxlMgBOSTHxCEXpE5uSIM0CSMT8kxeyZvxZLwY78bHrHXJKGYq5A+Mzx/6cpWl</latexit>

Z
<latexit sha1_base64="rd1kp2H3XJPZ2rr8anxn/8dYazM=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAiuSiK+lkU3LivYB7ahTKY37dDJg5kbsYT4K25cKOLWD3Hn3zhNs9DWAxcO59w7d+7xYsEV2va3sbS8srq2Xtoob25t7+yae/stFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sbXU7/9AFLxKLzDSQxuQIch9zmjqKW+WekhPGL+TuqJBLL0PuubVbtm57AWiVOQKinQ6JtfvUHEkgBCZIIq1XXsGN2USuRMQFbuJQpiysZ0CF1NQxqActN8aWYdaWVg+ZHUFaKVq78nUhooNQk83RlQHKl5byr+53UT9C/dlIdxghCy2SI/ERZG1jQJa8AlMBQTTSiTXP/VYiMqKUOdV1mH4MyfvEhaJzXnvHZ2e1qtXxVxlMgBOSTHxCEXpE5uSIM0CSMT8kxeyZvxZLwY78bHrHXJKGYq5A+Mzx/6cpWl</latexit>

Z= qubit ,



Surface code anyons properties

<latexit sha1_base64="DjIdWNB+Y7Ywt4r3r2v7p//+mok=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRJmJ73JkNnZdWY2EEK+w4sHRbz6Md78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8aug4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDfzmyNUmsfy0YwT9CPalzzkjBor+dgxPEJNkNwQr1ssuWV3DrJKvIyUIEOtW/zq9GKWRigNE1Trtucmxp9QZTgTOC10Uo0JZUPax7alktpV/mR+9JScWaVHwljZkobM1d8TExppPY4C2xlRM9DL3kz8z2unJrz2J1wmqUHJFovCVBATk1kCpMcVMiPGllCmuL2VsAFVlBmbU8GG4C2/vEoaF2WvUq48XJaqt1kceTiBUzgHD66gCvdQgzoweIJneIU3Z+S8OO/Ox6I152Qzx/AHzucPPeORHQ==</latexit>

e⇥ e = 1

<latexit sha1_base64="+g/bpRcNj+JGzgmD8X7OSSOgTMs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1WvVq01ryv1Wh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyWOM6A==</latexit>e

<latexit sha1_base64="+g/bpRcNj+JGzgmD8X7OSSOgTMs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1WvVq01ryv1Wh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyWOM6A==</latexit>e

Fusion

10

Deterministic fusion à “Abelian anyons”
Non-deterministic fusion à “non-Abelian anyons” No stabilizer models



Which phases admit a stabilizer state?

11

Trivial
Non-Abelian

<latexit sha1_base64="wAGINE93b0jrCLht99XfgUNnjFM=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7ArEj0GvXiMYB6QXcPsZDYZMjuzzMwKYQ34K148KOLV7/Dm3zh5HDSxoKGo6qa7K0o508bzvp2l5ZXVtfXCRnFza3tn193bb2iZKULrRHKpWhHWlDNB64YZTlupojiJOG1Gg+ux33ygSjMp7swwpWGCe4LFjGBjpY57+Ojd54E0LKEaiVGgsOhx2nFLXtmbAC0Sf0ZKMEOt434FXUmyhApDONa67XupCXOsDCOcjopBpmmKyQD3aNtSge26MJ+cP0InVumiWCpbwqCJ+nsix4nWwySynQk2fT3vjcX/vHZm4sswZyLNDBVkuijOODISjbNAXaYoMXxoCSaK2VsR6WOFibGJFW0I/vzLi6RxVvYr5crteal6NYujAEdwDKfgwwVU4QZqUAcCOTzDK7w5T86L8+58TFuXnNnMAfyB8/kDfymV2g==</latexit>

|0⌦ni

Trivial phase:Any computational basis statePhases with non-Abelian anyons:Cannot reproduce non-deterministic fusion



Surface code anyons properties

Exchange

<latexit sha1_base64="+g/bpRcNj+JGzgmD8X7OSSOgTMs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1WvVq01ryv1Wh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyWOM6A==</latexit>e

<latexit sha1_base64="+g/bpRcNj+JGzgmD8X7OSSOgTMs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1WvVq01ryv1Wh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyWOM6A==</latexit>e

<latexit sha1_base64="RmIhIcc96OVgeQ7eZV6aQIOc4wQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzFuM8g==</latexit>e <latexit sha1_base64="RmIhIcc96OVgeQ7eZV6aQIOc4wQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzFuM8g==</latexit>e <latexit sha1_base64="RmIhIcc96OVgeQ7eZV6aQIOc4wQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzFuM8g==</latexit>e <latexit sha1_base64="RmIhIcc96OVgeQ7eZV6aQIOc4wQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzFuM8g==</latexit>e
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Surface code anyon theory
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Anyon types:
<latexit sha1_base64="Y9L6hUCso1Is9ANYrUB9koni5A0=">AAAB83icbVDLSgNBEOz1GeMr6tHLYhA8hLArvo5BLx4jmAdklzA76SRDZmaXmVkhLPkNLx4U8erPePNvnCR70MSChqKqm+6uKOFMG8/7dlZW19Y3Ngtbxe2d3b390sFhU8epotigMY9VOyIaOZPYMMxwbCcKiYg4tqLR3dRvPaHSLJaPZpxgKMhAsj6jxFgpCDK/ghVRQRFMuqWyV/VmcJeJn5My5Kh3S19BL6apQGkoJ1p3fC8xYUaUYZTjpBikGhNCR2SAHUslEajDbHbzxD21Ss/tx8qWNO5M/T2REaH1WES2UxAz1IveVPzP66SmfxNmTCapQUnni/opd03sTgNwe0whNXxsCaGK2VtdOiSKUGNjKtoQ/MWXl0nzvOpfVS8fLsq12zyOAhzDCZyBD9dQg3uoQwMoJPAMr/DmpM6L8+58zFtXnHzmCP7A+fwB/LyRBQ==</latexit>

{1, e,m, em}
<latexit sha1_base64="Ckv2OGW+6mqxLdmJHmVU1nIVS6w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHvC6V664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt0Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/yMyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2RC8xZeXSfOs6l1Uz+/PK7WbPI4iHMExnIIHl1CDO6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AFOJ405</latexit>e = <latexit sha1_base64="Yj/vXVW1wlP1XG9DZ75JsSSezQ4=">AAAB6XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqBeh6MVjFfsB7VKyabYNTbJLkhXK0n/gxYMiXv1H3vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLW7ZAYJrhiDcutYO1EMyJDwVrh6Hbqt56YNjxWj3acsECSgeIRp8Q66UFe98oVr+rNgJeJn5MK5Kj3yl/dfkxTyZSlghjT8b3EBhnRllPBJqVualhC6IgMWMdRRSQzQTa7dIJPnNLHUaxdKYtn6u+JjEhjxjJ0nZLYoVn0puJ/Xie10VWQcZWklik6XxSlAtsYT9/Gfa4ZtWLsCKGau1sxHRJNqHXhlFwI/uLLy6R5VvUvquf355XaTR5HEY7gGE7Bh0uowR3UoQEUIniGV3hDI/SC3tHHvLWA8plD+AP0+QNaT41B</latexit>m =

<latexit sha1_base64="Q3y5207QbQHD38nsd8KTDlX9PoA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHjC67pUrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oX1fP780rtJo+jCEdwDKfgwSXU4A7q0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz8ZIo2w</latexit>em =, ,

<latexit sha1_base64="exdaOO3ultHgAh6y64F7qRkYWFE=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquFPUiFL14rGA/oF1KNp1tQ5PskmSFuvSXePGgiFd/ijf/jWm7B219MPB4b4aZeWHCmTae9+0U1tY3NreK26Wd3b39sntw2NJxqig0acxj1QmJBs4kNA0zHDqJAiJCDu1wfDvz24+gNIvlg5kkEAgylCxilBgr9d0y4J5hAjQW+BqD6LsVr+rNgVeJn5MKytHou1+9QUxTAdJQTrTu+l5igowowyiHaamXakgIHZMhdC2VxO4KsvnhU3xqlQGOYmVLGjxXf09kRGg9EaHtFMSM9LI3E//zuqmJroKMySQ1IOliUZRybGI8SwEPmAJq+MQSQhWzt2I6IopQY7Mq2RD85ZdXSeu86l9Ua/e1Sv0mj6OIjtEJOkM+ukR1dIcaqIkoStEzekVvzpPz4rw7H4vWgpPPHKE/cD5/ADYnkik=</latexit>e⇥m = em
<latexit sha1_base64="3gp1tF45BYyC8dAXt5l8L3b8pno=">AAAB/nicbZDLSgMxFIYzXmu9jYorN8EiuCozpagboejGZQV7gXZaMulpG5pkhiQjlKHgq7hxoYhbn8Odb2PazkJbfwh8/Occzskfxpxp43nfzsrq2vrGZm4rv72zu7fvHhzWdZQoCjUa8Ug1Q6KBMwk1wwyHZqyAiJBDIxzdTuuNR1CaRfLBjGMIBBlI1meUGGt13WMQuG2YAI0tXWPolESn1HULXtGbCS+Dn0EBZap23a92L6KJAGkoJ1q3fC82QUqUYZTDJN9ONMSEjsgAWhYlsQuDdHb+BJ9Zp4f7kbJPGjxzf0+kRGg9FqHtFMQM9WJtav5XayWmfxWkTMaJAUnni/oJxybC0yxwjymgho8tEKqYvRXTIVGEGptY3obgL355Geqlon9RLN+XC5WbLI4cOkGn6Bz56BJV0B2qohqiKEXP6BW9OU/Oi/PufMxbV5xs5gj9kfP5AyyilFc=</latexit>

em⇥ em = e2m2
<latexit sha1_base64="D/cQQYwhos6khDWXdNBCweCyGE8=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXJWZUtSNUHTjsoJ9QDstmTTThiaZIbkjlNKNv+LGhSJu/Qx3/o1pOwttPRA495x7ubknTAQ34Hnfzsrq2vrGZm4rv72zu7fvHhzWTZxqymo0FrFuhsQwwRWrAQfBmolmRIaCNcLh7dRvPDJteKweYJSwQJK+4hGnBKzUdY9ZpyQ7JdwGLpnBWXXtd92CV/RmwMvEz0gBZah23a92L6apZAqoIMa0fC+BYEw0cCrYJN9ODUsIHZI+a1mqiF0XjGcHTPCZVXo4irV9CvBM/T0xJtKYkQxtpyQwMIveVPzPa6UQXQVjrpIUmKLzRVEqMMR4mgbucc0oiJElhGpu/4rpgGhCwWaWtyH4iycvk3qp6F8Uy/flQuUmiyOHTtApOkc+ukQVdIeqqIYomqBn9IrenCfnxXl3PuatK042c4T+wPn8ARMAlMo=</latexit>

e2m2 ⇥ e2m2 = 1Examples: , ,

<latexit sha1_base64="cAhp/bbi3U27h5d5pc8szMY1xYc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2k3bpbhJ2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4dua3n1BpHkePZpKgL+kw4iFn1FjpAWW/XHGr7hxklXg5qUCORr/81RvELJUYGSao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupRGVqP1sfumUnFllQMJY2YoMmau/JzIqtZ7IwHZKakZ62ZuJ/3nd1ITXfsajJDUYscWiMBXExGT2NhlwhcyIiSWUKW5vJWxEFWXGhlOyIXjLL6+S1kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+AJbnjWk=</latexit>em <latexit sha1_base64="cAhp/bbi3U27h5d5pc8szMY1xYc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2k3bpbhJ2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4dua3n1BpHkePZpKgL+kw4iFn1FjpAWW/XHGr7hxklXg5qUCORr/81RvELJUYGSao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupRGVqP1sfumUnFllQMJY2YoMmau/JzIqtZ7IwHZKakZ62ZuJ/3nd1ITXfsajJDUYscWiMBXExGT2NhlwhcyIiSWUKW5vJWxEFWXGhlOyIXjLL6+S1kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+AJbnjWk=</latexit>em
<latexit sha1_base64="cAhp/bbi3U27h5d5pc8szMY1xYc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2k3bpbhJ2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4dua3n1BpHkePZpKgL+kw4iFn1FjpAWW/XHGr7hxklXg5qUCORr/81RvELJUYGSao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupRGVqP1sfumUnFllQMJY2YoMmau/JzIqtZ7IwHZKakZ62ZuJ/3nd1ITXfsajJDUYscWiMBXExGT2NhlwhcyIiSWUKW5vJWxEFWXGhlOyIXjLL6+S1kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+AJbnjWk=</latexit>em

<latexit sha1_base64="cAhp/bbi3U27h5d5pc8szMY1xYc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2k3bpbhJ2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4dua3n1BpHkePZpKgL+kw4iFn1FjpAWW/XHGr7hxklXg5qUCORr/81RvELJUYGSao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupRGVqP1sfumUnFllQMJY2YoMmau/JzIqtZ7IwHZKakZ62ZuJ/3nd1ITXfsajJDUYscWiMBXExGT2NhlwhcyIiSWUKW5vJWxEFWXGhlOyIXjLL6+S1kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+AJbnjWk=</latexit>em

Fermion!Exchange statistics:

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>= <latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>= ,,

<latexit sha1_base64="RmIhIcc96OVgeQ7eZV6aQIOc4wQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzFuM8g==</latexit>e <latexit sha1_base64="RmIhIcc96OVgeQ7eZV6aQIOc4wQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzFuM8g==</latexit>e <latexit sha1_base64="RmIhIcc96OVgeQ7eZV6aQIOc4wQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzFuM8g==</latexit>e <latexit sha1_base64="RmIhIcc96OVgeQ7eZV6aQIOc4wQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzFuM8g==</latexit>e
<latexit sha1_base64="p3S6vtT5I9zvgrgQiKUBevrqAhI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3a3STsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgkfYMtwI7CQKqQwEPgTj25n/8IRK8zi6N5MEfUmHEQ85o8ZKTdkvV9yqOwdZJV5OKpCj0S9/9QYxSyVGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFraUQlaj+bHzolZ1YZkDBWtiJD5urviYxKrScysJ2SmpFe9mbif143NeG1n/EoSQ1GbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP2HuM+g==</latexit>m <latexit sha1_base64="p3S6vtT5I9zvgrgQiKUBevrqAhI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3a3STsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgkfYMtwI7CQKqQwEPgTj25n/8IRK8zi6N5MEfUmHEQ85o8ZKTdkvV9yqOwdZJV5OKpCj0S9/9QYxSyVGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFraUQlaj+bHzolZ1YZkDBWtiJD5urviYxKrScysJ2SmpFe9mbif143NeG1n/EoSQ1GbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP2HuM+g==</latexit>m <latexit sha1_base64="p3S6vtT5I9zvgrgQiKUBevrqAhI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3a3STsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgkfYMtwI7CQKqQwEPgTj25n/8IRK8zi6N5MEfUmHEQ85o8ZKTdkvV9yqOwdZJV5OKpCj0S9/9QYxSyVGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFraUQlaj+bHzolZ1YZkDBWtiJD5urviYxKrScysJ2SmpFe9mbif143NeG1n/EoSQ1GbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP2HuM+g==</latexit>m <latexit sha1_base64="p3S6vtT5I9zvgrgQiKUBevrqAhI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3a3STsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgkfYMtwI7CQKqQwEPgTj25n/8IRK8zi6N5MEfUmHEQ85o8ZKTdkvV9yqOwdZJV5OKpCj0S9/9QYxSyVGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFraUQlaj+bHzolZ1YZkDBWtiJD5urviYxKrScysJ2SmpFe9mbif143NeG1n/EoSQ1GbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP2HuM+g==</latexit>m

(Braiding relations are determined by the exchange statistics)

<latexit sha1_base64="pSEuyiqp4LmfJ+sVzpzYRAhusxE=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbArvi5C0IvHKOYBSQizk9lkyOzsMtMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5cdSGHTdbye3tLyyupZfL2xsbm3vFHf36iZKNOM1FslIN31quBSK11Cg5M1Ycxr6kjf84e3EbzxxbUSkHnEU805I+0oEglG00sP1SbdYcsvuFGSReBkpQYZqt/jV7kUsCblCJqkxLc+NsZNSjYJJPi60E8Njyoa0z1uWKhpy00mnl47JkVV6JIi0LYVkqv6eSGlozCj0bWdIcWDmvYn4n9dKMLjqpELFCXLFZouCRBKMyORt0hOaM5QjSyjTwt5K2IBqytCGU7AhePMvL5L6adm7KJ/fn5UqN1kceTiAQzgGDy6hAndQhRowCOAZXuHNGTovzrvzMWvNOdnMPvyB8/kD+WKNAg==</latexit>= �

Fusion rules:
<latexit sha1_base64="DjIdWNB+Y7Ywt4r3r2v7p//+mok=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRJmJ73JkNnZdWY2EEK+w4sHRbz6Md78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8aug4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDfzmyNUmsfy0YwT9CPalzzkjBor+dgxPEJNkNwQr1ssuWV3DrJKvIyUIEOtW/zq9GKWRigNE1Trtucmxp9QZTgTOC10Uo0JZUPax7alktpV/mR+9JScWaVHwljZkobM1d8TExppPY4C2xlRM9DL3kz8z2unJrz2J1wmqUHJFovCVBATk1kCpMcVMiPGllCmuL2VsAFVlBmbU8GG4C2/vEoaF2WvUq48XJaqt1kceTiBUzgHD66gCvdQgzoweIJneIU3Z+S8OO/Ox6I152Qzx/AHzucPPeORHQ==</latexit>

e⇥ e = 1
<latexit sha1_base64="w+aTStcUMnUT/4e6t9cIWVNP/wk=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRJmJ7PJkJnddaY3EEK+w4sHRbz6Md78GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNUycasbrLJaxbgXUcCkiXkeBkrcSzakKJG8Gw7uZ3xxxbUQcPeI44b6i/UiEglG0kq86KBQ3RJEb4nWLJbfszkFWiZeREmSodYtfnV7MUsUjZJIa0/bcBP0J1SiY5NNCJzU8oWxI+7xtaUTtKn8yP3pKzqzSI2GsbUVI5urviQlVxoxVYDsVxYFZ9mbif147xfDan4goSZFHbLEoTCXBmMwSID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXJS9SrnycFmq3mZx5OEETuEcPLiCKtxDDerA4Ame4RXenJHz4rw7H4vWnJPNHMMfOJ8/VqORLQ==</latexit>

m⇥m = 1 <latexit sha1_base64="1gttgCH8WR0V4JT9R5kFG4po2mM=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRpmJ51kyMzuMjOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUfAQ64Ybga1YIZWBwGYwupn6zUdUmkfhvRnH6Es6CHmfM2qs9IAdwyVqIskVQdktltyyOwNZJl5GSpCh1i1+dXoRSySGhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtaUjtLj+dXT0hJ1bpkX6kbIWGzNTfEymVWo9lYDslNUO96E3F/7x2YvqXfsrDODEYsvmifiKIicg0AtLjCpkRY0soU9zeStiQKsqMDapgQ/AWX14mjbOyVylX7s5L1essjjwcwTGcggcXUIVbqEEdGCh4hld4c56cF+fd+Zi35pxs5hD+wPn8AWeEkdA=</latexit>e⇥m = em, , …

13



Abelian anyon theories

Fusion rules:

Anyon types:

Exchange statistics:

<latexit sha1_base64="6msc7mtNxFJscEULs0riI+TRaBc=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4KKUpBR1WXTjsoK9QBPCZDpph05mwsxEKKFufBU3LhRx61u4822ctFlo6w8HPv5zDjPnDxNGlXacb2tldW19Y7O0Vd7e2d3btw8OO0qkEpM2FkzIXogUYZSTtqaakV4iCYpDRrrh+Cbvdx+IVFTwez1JiB+jIacRxUgbK7CPvcytoiCvetVjA6GVQe5NA7vi1JyZ4DK4BVRAoVZgf3kDgdOYcI0ZUqrvOon2MyQ1xYxMy16qSILwGA1J3yBHMVF+NrtgCs+MM4CRkKa4hjP390aGYqUmcWgmY6RHarGXm//1+qmOrvyM8iTVhOP5Q1HKoBYwjwMOqCRYs4kBhCU1f4V4hCTC2oRWNiG4iycvQ6decy9qjbtGpXldxFECJ+AUnAMXXIImuAUt0AYYPIJn8ArerCfrxXq3PuajK1axcwT+yPr8Aa1slcg=</latexit>

{1, a1, a2, . . . , an}

<latexit sha1_base64="qlsH45LNzS5fwwGiynN2CmmLajI=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUTdC0Y3LCvYBbQiT6aQdO5mEmRuhhuKvuHGhiFv/w51/47TNQlsPzHA4517uvSdIBNfgON9WYWl5ZXWtuF7a2Nza3rF395o6ThVlDRqLWLUDopngkjWAg2DtRDESBYK1guH1xG89MKV5LO9glDAvIn3JQ04JGMm3D4jPcRd4xDQm/j2+NP/Qt8tOxZkCLxI3J2WUo+7bX91eTNOISaCCaN1xnQS8jCjgVLBxqZtqlhA6JH3WMVQSM87LptuP8bFRejiMlXkS8FT93ZGRSOtRFJjKiMBAz3sT8T+vk0J44WVcJikwSWeDwlRgiPEkCtzjilEQI0MIVdzsiumAKELBBFYyIbjzJy+S5mnFPatUb6vl2lUeRxEdoiN0glx0jmroBtVRA1H0iJ7RK3qznqwX6936mJUWrLxnH/2B9fkD3S6UNQ==</latexit>ai ⇥ aj = ak
<latexit sha1_base64="9B+SK5wUyBbdBzczvoggaZlMfew=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQyCp7ArQb0IQS8eI5gHJMsyO5lNhsw+mOkVQ8ivePGgiFd/xJt/4yTZgyYWDFRXddM9FaRSaHScb6uwtr6xuVXcLu3s7u0f2Ifllk4yxXiTJTJRnYBqLkXMmyhQ8k6qOI0CydvB6Hbmtx+50iKJH3Ccci+ig1iEglE0km+XqS9ID0XENXHJNTGlb1ecqjMHWSVuTiqQo+HbX71+wrKIx8gk1brrOil6E6pQMMmnpV6meUrZiA5419CYmmXeZH77lJwapU/CRJkXI5mrvycmNNJ6HAWmM6I41MveTPzP62YYXnkTEacZ8pgtFoWZJJiQWRCkLxRnKMeGUKaEuZWwIVWUoYmrZEJwl7+8SlrnVfeiWruvVeo3eRxFOIYTOAMXLqEOd9CAJjB4gmd4hTdrar1Y79bHorVg5TNH8AfW5w8HopMm</latexit>

ai ⇥ 1 = ai<latexit sha1_base64="fu6i9Qzf4P0bwfC/8i3kTp9weR4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPUY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9q7KlXqlVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3X3jLk=</latexit>,

Many Abelian anyon 
theories beyond anyon 
theories of toric codes!

(Braiding relations are determined by the exchange statistics)

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>=
<latexit sha1_base64="PPCVCzxUq20j7hK7tEnaTTckJwQ=">AAAB8nicbVBNS8NAEN34WetX1aOXxSLUS0mkqMeiF48V7AekoWy2k3bpJht2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMirTHJpcSaU7ITMgRQJNFCihk2pgcSihHY7uZn77CbQRKnnEcQpBzAaJiARnaCW/i0NAVmE9cdErld2qOwddJV5OyiRHo1f66vYVz2JIkEtmjO+5KQYTplFwCdNiNzOQMj5iA/AtTVgMJpjMT57Sc6v0aaS0rQTpXP09MWGxMeM4tJ0xw6FZ9mbif56fYXQTTESSZggJXyyKMklR0dn/tC80cJRjSxjXwt5K+ZBpxtGmVLQheMsvr5LWZdW7qtYeauX6bR5HgZySM1IhHrkmdXJPGqRJOFHkmbySNwedF+fd+Vi0rjn5zAn5A+fzB6vYkN0=</latexit>

✓(ai)
<latexit sha1_base64="bu7O6GvqtQRUg8JFsoc0WES+Kk8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu8X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj91Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5sMuEJmxMQSyhS3txI2oooyY9Mp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP0B0jco=</latexit>ai

<latexit sha1_base64="bu7O6GvqtQRUg8JFsoc0WES+Kk8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu8X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj91Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5sMuEJmxMQSyhS3txI2oooyY9Mp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP0B0jco=</latexit>ai
<latexit sha1_base64="bu7O6GvqtQRUg8JFsoc0WES+Kk8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu8X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj91Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5sMuEJmxMQSyhS3txI2oooyY9Mp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP0B0jco=</latexit>ai

<latexit sha1_base64="bu7O6GvqtQRUg8JFsoc0WES+Kk8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu8X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj91Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5sMuEJmxMQSyhS3txI2oooyY9Mp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP0B0jco=</latexit>ai

Satisfies certain consistency conditions

L. Wang, Z. Wang 2020 14

(Braiding relations are determined by the exchange statistics)



On prime-dimensional qudits

Do Pauli stabilizer codes capture anyon theories that are more 
exotic than that of a surface code?

H. Bombin, G. Duclos-Cianci, D. Poulin 2011; H. Bombin 2011; J. Haah 2018

Classification of 2D topological Pauli stabilizer codes 
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No-go theorem: every translation invariant Pauli 
stabilizer code in 2D is constant-depth equivalent to 
layers of surface codes
• Shown rigorously for prime-dimensional qudits

Surface code
Surface code
Surface code
Surface code

What about composite-dimensional qudits, continuous 
variables, boundaries of 3D systems, mixed states?!

Yes!



Composite-dimensional qudits

16

PRX Quantum 3, 010353



Double semion anyon theory

Fusion rules:

, , , , <latexit sha1_base64="kQkDxPnVv0Mgc/tsfqEuJYOLy9w=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL8Nj0E=</latexit>. . .<latexit sha1_base64="toCamVZRqn1zbAGktSx+J6xlYnc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBfsBTSib7aZdutmE3YlQSv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEd0JquBSKN1Gg5J1UcxqHkrfD0d3Mbz9xbUSiHnGc8iCmAyUiwShayQ99FDE3JCQ3Xq9ccavuHGSVeDmpQI5Gr/zl9xOWxVwhk9SYruemGEyoRsEkn5b8zPCUshEd8K6litpNwWR+85ScWaVPokTbUkjm6u+JCY2NGceh7YwpDs2yNxP/87oZRtfBRKg0Q67YYlGUSYIJmQVA+kJzhnJsCWVa2FsJG1JNGdqYSjYEb/nlVdK6qHqX1dpDrVK/zeMowgmcwjl4cAV1uIcGNIFBCs/wCm9O5rw4787HorXg5DPH8AfO5w/aj5Dr</latexit>

b⇥ b = 1
<latexit sha1_base64="wYv2rCtgVhhnMANqCEQ+znnC9os=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHCOYByRJmJ7PJkNnZdaY3EEK+w4sHRbz6Md78GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNUycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gw7uZ3xxxbUSsHnGccD+ifSVCwShayTekgyLihhhy43WLJbfszkFWiZeREmSodYtfnV7M0ogrZJIa0/bcBP0J1SiY5NNCJzU8oWxI+7xtqaJ2kz+ZHz0lZ1bpkTDWthSSufp7YkIjY8ZRYDsjigOz7M3E/7x2iuG1PxEqSZErtlgUppJgTGYJkJ7QnKEcW0KZFvZWwgZUU4Y2p4INwVt+eZU0LsreZbnyUClVb7M48nACp3AOHlxBFe6hBnVg8ATP8Apvzsh5cd6dj0VrzslmjuEPnM8fZmGRNw==</latexit>

s⇥ s = 1
<latexit sha1_base64="pFaJwHe4v4Z07qhRNa7S3tRyphc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWRom6EohuXFewDmlAm00k7dDIJMzdCCcWNv+LGhSJu/Qp3/o3TNoK2Hhg495x7uXNPkAiuwXG+rMLS8srqWnG9tLG5tb1j7+41dZwqyho0FrFqB0QzwSVrAAfB2oliJAoEawXD64nfumdK81jewShhfkT6koecEjBS1z7wAqIyPcYe8Ihp/FNeul277FScKfAicXNSRjnqXfvT68U0jZgEKojWHddJwM+IAk4FG5e8VLOE0CHps46hkph9fjY9YYyPjdLDYazMk4Cn6u+JjERaj6LAdEYEBnrem4j/eZ0Uwgs/4zJJgUk6WxSmAkOMJ3ngHleMghgZQqji5q+YDogiFExqJROCO3/yImmeVtyzSvW2Wq5d5XEU0SE6QifIReeohm5QHTUQRQ/oCb2gV+vRerberPdZa8HKZ/bRH1gf36SLlvI=</latexit>

s̄⇥ s̄ = 1
<latexit sha1_base64="/dFE4+Li53SLn7RX5c8UPWYknl8=">AAAB/XicbVDJSgNBEK1xjXEbl5uXxiB4CjMS1IsQ9OIxglkgE0JPpydp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz0+k0Og439bS8srq2npho7i5tb2za+/tN3ScKsbrLJaxavlUcykiXkeBkrcSxWnoS970hzcTv/nAlRZxdI+jhHdC2o9EIBhFI3XtQ594KEKuiSZXxPOpyvS4a5ecsjMFWSRuTkqQo9a1v7xezNKQR8gk1brtOgl2MqpQMMnHRS/VPKFsSPu8bWhEzcJONr1+TE6M0iNBrExFSKbq74mMhlqPQt90hhQHet6biP957RSDy04moiRFHrHZoiCVBGMyiYL0hOIM5cgQypQwtxI2oIoyNIEVTQju/MuLpHFWds/LlbtKqXqdx1GAIziGU3DhAqpwCzWoA4NHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QNYepSI</latexit>

b⇥ s = s̄

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>=

Exchange statistics:

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>= <latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>= <latexit sha1_base64="Cr9F3UUWIVS4ATr4/BRNa4iMtrY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvatypV4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3d7jLo=</latexit>�<latexit sha1_base64="gQ0QZrHgZBkqf996/QQVBa6B0JU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0muM9g==</latexit>

i

Semion!

<latexit sha1_base64="gQ0QZrHgZBkqf996/QQVBa6B0JU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0muM9g==</latexit>

i

Anti-semion!

, ,

<latexit sha1_base64="fVYtN1fO879ZvvbO3E/FpGNntaU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx8+M7w==</latexit>

b
<latexit sha1_base64="s8/qbN7E6idaeuA1LPI1k9/guPk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4ZONAA==</latexit>s

<latexit sha1_base64="Rcz4IWzkExNbUhVj3wpp+4b+92s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ5lsN+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M39zhNTmsfy0UwT5kc4kjzkFI2VOv0AVaZng3LFrboLkHXi5aQCOZqD8ld/GNM0YtJQgVr3PDcxfobKcCrYrNRPNUuQTnDEepZKjJj2s8W5M3JhlSEJY2VLGrJQf09kGGk9jQLbGaEZ61VvLv7n9VIT3vgZl0lqmKTLRWEqiInJ/Hcy5IpRI6aWIFXc3kroGBVSYxMq2RC81ZfXSfuq6tWrtYdapXGbx1GEMziHS/DgGhpwD01oAYUJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP59Nj8U=</latexit>

s̄<latexit sha1_base64="fVYtN1fO879ZvvbO3E/FpGNntaU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx8+M7w==</latexit>

b
<latexit sha1_base64="fVYtN1fO879ZvvbO3E/FpGNntaU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx8+M7w==</latexit>

b
<latexit sha1_base64="fVYtN1fO879ZvvbO3E/FpGNntaU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx8+M7w==</latexit>

b
<latexit sha1_base64="s8/qbN7E6idaeuA1LPI1k9/guPk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4ZONAA==</latexit>s <latexit sha1_base64="s8/qbN7E6idaeuA1LPI1k9/guPk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4ZONAA==</latexit>s <latexit sha1_base64="s8/qbN7E6idaeuA1LPI1k9/guPk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4ZONAA==</latexit>s

<latexit sha1_base64="Rcz4IWzkExNbUhVj3wpp+4b+92s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ5lsN+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M39zhNTmsfy0UwT5kc4kjzkFI2VOv0AVaZng3LFrboLkHXi5aQCOZqD8ld/GNM0YtJQgVr3PDcxfobKcCrYrNRPNUuQTnDEepZKjJj2s8W5M3JhlSEJY2VLGrJQf09kGGk9jQLbGaEZ61VvLv7n9VIT3vgZl0lqmKTLRWEqiInJ/Hcy5IpRI6aWIFXc3kroGBVSYxMq2RC81ZfXSfuq6tWrtYdapXGbx1GEMziHS/DgGhpwD01oAYUJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP59Nj8U=</latexit>

s̄
<latexit sha1_base64="Rcz4IWzkExNbUhVj3wpp+4b+92s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ5lsN+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M39zhNTmsfy0UwT5kc4kjzkFI2VOv0AVaZng3LFrboLkHXi5aQCOZqD8ld/GNM0YtJQgVr3PDcxfobKcCrYrNRPNUuQTnDEepZKjJj2s8W5M3JhlSEJY2VLGrJQf09kGGk9jQLbGaEZ61VvLv7n9VIT3vgZl0lqmKTLRWEqiInJ/Hcy5IpRI6aWIFXc3kroGBVSYxMq2RC81ZfXSfuq6tWrtYdapXGbx1GEMziHS/DgGhpwD01oAYUJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP59Nj8U=</latexit>

s̄
<latexit sha1_base64="Rcz4IWzkExNbUhVj3wpp+4b+92s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ5lsN+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M39zhNTmsfy0UwT5kc4kjzkFI2VOv0AVaZng3LFrboLkHXi5aQCOZqD8ld/GNM0YtJQgVr3PDcxfobKcCrYrNRPNUuQTnDEepZKjJj2s8W5M3JhlSEJY2VLGrJQf09kGGk9jQLbGaEZ61VvLv7n9VIT3vgZl0lqmKTLRWEqiInJ/Hcy5IpRI6aWIFXc3kroGBVSYxMq2RC81ZfXSfuq6tWrtYdapXGbx1GEMziHS/DgGhpwD01oAYUJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP59Nj8U=</latexit>

s̄

Anyon types:

<latexit sha1_base64="jzuBXxDP2X56/X3V4BnhiEwYBCY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9GCue+WKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn80unZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G3SF5ozlGNLKNPC3krYkGrK0IZTsiF4iy8vk+ZZ1buont+fV2o3eRxFOIJjOAUPLqEGd1CHBjAI4Rle4c0ZOS/Ou/Mxby04+cwh/IHz+QNjbY1H</latexit>s =
<latexit sha1_base64="VpIdsB1JIRUKxrsYTK4wn/+uY5g=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWDzhOuB/RgRKhYBSt1O4GVGdmct0rV9yqOwNZJl5OKpCj3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHUkUjbvxsdu+EnFilT8JY21JIZurviYxGxoyjwHZGFIdm0ZuK/3mdFMMrPxMqSZErNl8UppJgTKbPk77QnKEcW0KZFvZWwoZUU4Y2opINwVt8eZk0z6reRfX8/rxSu8njKMIRHMMpeHAJNbiDOjSAgYRneIU359F5cd6dj3lrwclnDuEPnM8fI7yQDA==</latexit>

s̄ =
<latexit sha1_base64="erp3do0oT64Ur4A3p9goatsJ03U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9BBc98oVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2nZEPwFl9eJs2zqndRPb8/r9Ru8jiKcATHcAoeXEIN7qAODWAQwjO8wpszcl6cd+dj3lpw8plD+APn8wdJmI02</latexit>

b =

<latexit sha1_base64="Bu4aIFs6EPCkrDDPyi0HltDLGYg=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCh1ISKeqx6MVjBfsBTSib7bZdutmE3Y1SYn6KFw+KePWXePPfuG1z0NYHA4/3ZpiZF8ScKe0431ZhbX1jc6u4XdrZ3ds/sMuHbRUlktAWiXgkuwFWlDNBW5ppTruxpDgMOO0Ek5uZ33mgUrFI3OtpTP0QjwQbMoK1kfp22UvdalBVVS/AMlWZl/XtilNz5kCrxM1JBXI0+/aXN4hIElKhCcdK9Vwn1n6KpWaE06zkJYrGmEzwiPYMFTikyk/np2fo1CgDNIykKaHRXP09keJQqWkYmM4Q67Fa9mbif14v0cMrP2UiTjQVZLFomHCkIzTLAQ2YpETzqSGYSGZuRWSMJSbapFUyIbjLL6+S9nnNvajV7+qVxnUeRxGO4QTOwIVLaMAtNKEFBB7hGV7hzXqyXqx362PRWrDymSP4A+vzB5IEk5Q=</latexit>

{1, b, s, s̄}
<latexit sha1_base64="qeYh0Hu3NprdDN8JHKTSfO5wWzw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvXhMwDwgCWF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7/FhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHd1O/+YRK80g+mHGM3ZAOJA84o8ZKtbNeseSW3RnIMvEyUoIM1V7xq9OPWBKiNExQrdueG5tuSpXhTOCk0Ek0xpSN6ADblkoaou6ms0Mn5MQqfRJEypY0ZKb+nkhpqPU49G1nSM1QL3pT8T+vnZjgpptyGScGJZsvChJBTESmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyXvavyZe2iVLnN4sjDERzDKXhwDRW4hyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD3ZJjLo=</latexit>, <latexit sha1_base64="qeYh0Hu3NprdDN8JHKTSfO5wWzw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvXhMwDwgCWF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7/FhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHd1O/+YRK80g+mHGM3ZAOJA84o8ZKtbNeseSW3RnIMvEyUoIM1V7xq9OPWBKiNExQrdueG5tuSpXhTOCk0Ek0xpSN6ADblkoaou6ms0Mn5MQqfRJEypY0ZKb+nkhpqPU49G1nSM1QL3pT8T+vnZjgpptyGScGJZsvChJBTESmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyXvavyZe2iVLnN4sjDERzDKXhwDRW4hyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD3ZJjLo=</latexit>,

Distinct from the 
toric code or a stack 

of toric codes!
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<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>=Z

Violates vertex term

2

<latexit sha1_base64="adOIQCTI0OqwoYiop2oX+Oy/oE0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVg16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDyCGM8A==</latexit>

b
<latexit sha1_base64="adOIQCTI0OqwoYiop2oX+Oy/oE0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVg16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDyCGM8A==</latexit>

b

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>=X<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>= Z

<latexit sha1_base64="NNhp4HiCDIt6HWe1guuCXXVMPqg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4eWNAQ==</latexit>s
<latexit sha1_base64="NNhp4HiCDIt6HWe1guuCXXVMPqg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4eWNAQ==</latexit>s

Double semion code on 4D qudits

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>=X<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>= Z 3

Violates vertex term and
plaquette terms

Violates vertex term and
plaquette terms

18

<latexit sha1_base64="lfTWR79u0kspAHPVXgs4o7oARko=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip0w+oyvRsUK64VXcBsk68nFQgR3NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz1JJI9R+tjh3Ri6sMiRhrGxJQxbq74mMRlpPo8B2RtSM9ao3F//zeqkJb/yMyyQ1KNlyUZgKYmIy/50MuUJmxNQSyhS3txI2pooyYxMq2RC81ZfXSfuq6tWqtYfrSuM2j6MIZ3AOl+BBHRpwD01oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP5/xj8c=</latexit>

s̄ <latexit sha1_base64="lfTWR79u0kspAHPVXgs4o7oARko=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip0w+oyvRsUK64VXcBsk68nFQgR3NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz1JJI9R+tjh3Ri6sMiRhrGxJQxbq74mMRlpPo8B2RtSM9ao3F//zeqkJb/yMyyQ1KNlyUZgKYmIy/50MuUJmxNQSyhS3txI2pooyYxMq2RC81ZfXSfuq6tWqtYfrSuM2j6MIZ3AOl+BBHRpwD01oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP5/xj8c=</latexit>

s̄

<latexit sha1_base64="rd1kp2H3XJPZ2rr8anxn/8dYazM=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAiuSiK+lkU3LivYB7ahTKY37dDJg5kbsYT4K25cKOLWD3Hn3zhNs9DWAxcO59w7d+7xYsEV2va3sbS8srq2Xtoob25t7+yae/stFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sbXU7/9AFLxKLzDSQxuQIch9zmjqKW+WekhPGL+TuqJBLL0PuubVbtm57AWiVOQKinQ6JtfvUHEkgBCZIIq1XXsGN2USuRMQFbuJQpiysZ0CF1NQxqActN8aWYdaWVg+ZHUFaKVq78nUhooNQk83RlQHKl5byr+53UT9C/dlIdxghCy2SI/ERZG1jQJa8AlMBQTTSiTXP/VYiMqKUOdV1mH4MyfvEhaJzXnvHZ2e1qtXxVxlMgBOSTHxCEXpE5uSIM0CSMT8kxeyZvxZLwY78bHrHXJKGYq5A+Mzx/6cpWl</latexit>

Z

<latexit sha1_base64="rd1kp2H3XJPZ2rr8anxn/8dYazM=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAiuSiK+lkU3LivYB7ahTKY37dDJg5kbsYT4K25cKOLWD3Hn3zhNs9DWAxcO59w7d+7xYsEV2va3sbS8srq2Xtoob25t7+yae/stFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sbXU7/9AFLxKLzDSQxuQIch9zmjqKW+WekhPGL+TuqJBLL0PuubVbtm57AWiVOQKinQ6JtfvUHEkgBCZIIq1XXsGN2USuRMQFbuJQpiysZ0CF1NQxqActN8aWYdaWVg+ZHUFaKVq78nUhooNQk83RlQHKl5byr+53UT9C/dlIdxghCy2SI/ERZG1jQJa8AlMBQTTSiTXP/VYiMqKUOdV1mH4MyfvEhaJzXnvHZ2e1qtXxVxlMgBOSTHxCEXpE5uSIM0CSMT8kxeyZvxZLwY78bHrHXJKGYq5A+Mzx/6cpWl</latexit>

Z

<latexit sha1_base64="PU5vXc4lchysiWlLgi60Ei4cnv4=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy6cVnBPqANZTK5bYdOHszcSEvIr7hxoYhbf8Sdf+M0zUJbD1w4nHPv3LnHiwVXaNvfRmltfWNzq7xd2dnd2z8wD6ttFSWSQYtFIpJdjyoQPIQWchTQjSXQwBPQ8SZ3c7/zBFLxKHzEWQxuQEchH3JGUUsDs9pHmGL+TirBz9JuNjBrdt3OYa0SpyA1UqA5ML/6fsSSAEJkgirVc+wY3ZRK5ExAVuknCmLKJnQEPU1DGoBy03xnZp1qxbeGkdQVopWrvydSGig1CzzdGVAcq2VvLv7n9RIc3rgpD+MEIWSLRcNEWBhZ8yAsn0tgKGaaUCa5/qvFxlRShjquig7BWT55lbTP685V/fLhota4LeIok2NyQs6IQ65Jg9yTJmkRRqbkmbySNyMzXox342PRWjKKmSPyB8bnDyV2lSw=</latexit>

X

<latexit sha1_base64="PU5vXc4lchysiWlLgi60Ei4cnv4=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy6cVnBPqANZTK5bYdOHszcSEvIr7hxoYhbf8Sdf+M0zUJbD1w4nHPv3LnHiwVXaNvfRmltfWNzq7xd2dnd2z8wD6ttFSWSQYtFIpJdjyoQPIQWchTQjSXQwBPQ8SZ3c7/zBFLxKHzEWQxuQEchH3JGUUsDs9pHmGL+TirBz9JuNjBrdt3OYa0SpyA1UqA5ML/6fsSSAEJkgirVc+wY3ZRK5ExAVuknCmLKJnQEPU1DGoBy03xnZp1qxbeGkdQVopWrvydSGig1CzzdGVAcq2VvLv7n9RIc3rgpD+MEIWSLRcNEWBhZ8yAsn0tgKGaaUCa5/qvFxlRShjquig7BWT55lbTP685V/fLhota4LeIok2NyQs6IQ65Jg9yTJmkRRqbkmbySNyMzXox342PRWjKKmSPyB8bnDyV2lSw=</latexit>

X
<latexit sha1_base64="tS6YfIx6RpQ7KqSVczNliUORBoQ=">AAAB/XicbVDLSsNAFJ34rPVVHzs3wSK4KolKdVl047KCfUAby2Ry0w6dPJi5EWsI/oobF4q49T/c+TdO2yy09cCFwzn3zp173FhwhZb1bSwsLi2vrBbWiusbm1vbpZ3dpooSyaDBIhHJtksVCB5CAzkKaMcSaOAKaLnDq7HfugepeBTe4igGJ6D9kPucUdRSr7TfRXjAyTupBC9L23enWa9UtirWBOY8sXNSJjnqvdJX14tYEkCITFClOrYVo5NSiZwJyIrdREFM2ZD2oaNpSANQTjrZmplHWvFMP5K6QjQn6u+JlAZKjQJXdwYUB2rWG4v/eZ0E/Qsn5WGcIIRsushPhImROY7C9LgEhmKkCWWS67+abEAlZagDK+oQ7NmT50nzpGJXK9Wbs3LtMo+jQA7IITkmNjknNXJN6qRBGHkkz+SVvBlPxovxbnxMWxeMfGaP/IHx+QNbYpXS</latexit>

X3<latexit sha1_base64="l26E6qUuG9OZSzKoS8Nury2pWQY=">AAAB/nicbVDLSsNAFJ34rPUVFVdugkVwVRKV6rLoxmUF+8A2lsn0th06eTBzI5YQ8FfcuFDErd/hzr9xmmahrQcuHM65d+7c40WCK7Ttb2NhcWl5ZbWwVlzf2NzaNnd2GyqMJYM6C0UoWx5VIHgAdeQooBVJoL4noOmNriZ+8wGk4mFwi+MIXJ8OAt7njKKWuuZ+B+ERs3cST8SQJnf3p2nXLNllO4M1T5yclEiOWtf86vRCFvsQIBNUqbZjR+gmVCJnAtJiJ1YQUTaiA2hrGlAflJtka1PrSCs9qx9KXQFamfp7IqG+UmPf050+xaGa9Sbif147xv6Fm/AgihECNl3Uj4WFoTXJwupxCQzFWBPKJNd/tdiQSspQJ1bUITizJ8+TxknZqZQrN2el6mUeR4EckENyTBxyTqrkmtRInTCSkGfySt6MJ+PFeDc+pq0LRj6zR/7A+PwBMU+WSw==</latexit>

Z3
<latexit sha1_base64="tS6YfIx6RpQ7KqSVczNliUORBoQ=">AAAB/XicbVDLSsNAFJ34rPVVHzs3wSK4KolKdVl047KCfUAby2Ry0w6dPJi5EWsI/oobF4q49T/c+TdO2yy09cCFwzn3zp173FhwhZb1bSwsLi2vrBbWiusbm1vbpZ3dpooSyaDBIhHJtksVCB5CAzkKaMcSaOAKaLnDq7HfugepeBTe4igGJ6D9kPucUdRSr7TfRXjAyTupBC9L23enWa9UtirWBOY8sXNSJjnqvdJX14tYEkCITFClOrYVo5NSiZwJyIrdREFM2ZD2oaNpSANQTjrZmplHWvFMP5K6QjQn6u+JlAZKjQJXdwYUB2rWG4v/eZ0E/Qsn5WGcIIRsushPhImROY7C9LgEhmKkCWWS67+abEAlZagDK+oQ7NmT50nzpGJXK9Wbs3LtMo+jQA7IITkmNjknNXJN6qRBGHkkz+SVvBlPxovxbnxMWxeMfGaP/IHx+QNbYpXS</latexit>

X3
<latexit sha1_base64="l26E6qUuG9OZSzKoS8Nury2pWQY=">AAAB/nicbVDLSsNAFJ34rPUVFVdugkVwVRKV6rLoxmUF+8A2lsn0th06eTBzI5YQ8FfcuFDErd/hzr9xmmahrQcuHM65d+7c40WCK7Ttb2NhcWl5ZbWwVlzf2NzaNnd2GyqMJYM6C0UoWx5VIHgAdeQooBVJoL4noOmNriZ+8wGk4mFwi+MIXJ8OAt7njKKWuuZ+B+ERs3cST8SQJnf3p2nXLNllO4M1T5yclEiOWtf86vRCFvsQIBNUqbZjR+gmVCJnAtJiJ1YQUTaiA2hrGlAflJtka1PrSCs9qx9KXQFamfp7IqG+UmPf050+xaGa9Sbif147xv6Fm/AgihECNl3Uj4WFoTXJwupxCQzFWBPKJNd/tdiQSspQJ1bUITizJ8+TxknZqZQrN2el6mUeR4EckENyTBxyTqrkmtRInTCSkGfySt6MJ+PFeDc+pq0LRj6zR/7A+PwBMU+WSw==</latexit>

Z3

<latexit sha1_base64="HrLfBJzRABdjzPkTECJSry9sVVY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUmKVJcFNy4r2Ae0sUwmN+3QyYOZG7GG4q+4caGIW//DnX/jtM1CWw9cOJxz79y5x0sEV2jb30ZhZXVtfaO4Wdra3tndM/cPWipOJYMmi0UsOx5VIHgETeQooJNIoKEnoO2NrqZ++x6k4nF0i+ME3JAOIh5wRlFLffOoh/CAs3cyCf4k69xVJ32zbFfsGaxl4uSkTHI0+uZXz49ZGkKETFCluo6doJtRiZwJmJR6qYKEshEdQFfTiIag3Gy2dWKdasW3gljqitCaqb8nMhoqNQ493RlSHKpFbyr+53VTDC7djEdJihCx+aIgFRbG1jQKy+cSGIqxJpRJrv9qsSGVlKEOrKRDcBZPXiatasWpVWo35+V6LY+jSI7JCTkjDrkgdXJNGqRJGHkkz+SVvBlPxovxbnzMWwtGPnNI/sD4/AFWQZXF</latexit>

X2

<latexit sha1_base64="HrLfBJzRABdjzPkTECJSry9sVVY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUmKVJcFNy4r2Ae0sUwmN+3QyYOZG7GG4q+4caGIW//DnX/jtM1CWw9cOJxz79y5x0sEV2jb30ZhZXVtfaO4Wdra3tndM/cPWipOJYMmi0UsOx5VIHgETeQooJNIoKEnoO2NrqZ++x6k4nF0i+ME3JAOIh5wRlFLffOoh/CAs3cyCf4k69xVJ32zbFfsGaxl4uSkTHI0+uZXz49ZGkKETFCluo6doJtRiZwJmJR6qYKEshEdQFfTiIag3Gy2dWKdasW3gljqitCaqb8nMhoqNQ493RlSHKpFbyr+53VTDC7djEdJihCx+aIgFRbG1jQKy+cSGIqxJpRJrv9qsSGVlKEOrKRDcBZPXiatasWpVWo35+V6LY+jSI7JCTkjDrkgdXJNGqRJGHkkz+SVvBlPxovxbnzMWwtGPnNI/sD4/AFWQZXF</latexit>

X2
<latexit sha1_base64="HrLfBJzRABdjzPkTECJSry9sVVY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUmKVJcFNy4r2Ae0sUwmN+3QyYOZG7GG4q+4caGIW//DnX/jtM1CWw9cOJxz79y5x0sEV2jb30ZhZXVtfaO4Wdra3tndM/cPWipOJYMmi0UsOx5VIHgETeQooJNIoKEnoO2NrqZ++x6k4nF0i+ME3JAOIh5wRlFLffOoh/CAs3cyCf4k69xVJ32zbFfsGaxl4uSkTHI0+uZXz49ZGkKETFCluo6doJtRiZwJmJR6qYKEshEdQFfTiIag3Gy2dWKdasW3gljqitCaqb8nMhoqNQ493RlSHKpFbyr+53VTDC7djEdJihCx+aIgFRbG1jQKy+cSGIqxJpRJrv9qsSGVlKEOrKRDcBZPXiatasWpVWo35+V6LY+jSI7JCTkjDrkgdXJNGqRJGHkkz+SVvBlPxovxbnzMWwtGPnNI/sD4/AFWQZXF</latexit>

X2

<latexit sha1_base64="HrLfBJzRABdjzPkTECJSry9sVVY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUmKVJcFNy4r2Ae0sUwmN+3QyYOZG7GG4q+4caGIW//DnX/jtM1CWw9cOJxz79y5x0sEV2jb30ZhZXVtfaO4Wdra3tndM/cPWipOJYMmi0UsOx5VIHgETeQooJNIoKEnoO2NrqZ++x6k4nF0i+ME3JAOIh5wRlFLffOoh/CAs3cyCf4k69xVJ32zbFfsGaxl4uSkTHI0+uZXz49ZGkKETFCluo6doJtRiZwJmJR6qYKEshEdQFfTiIag3Gy2dWKdasW3gljqitCaqb8nMhoqNQ493RlSHKpFbyr+53VTDC7djEdJihCx+aIgFRbG1jQKy+cSGIqxJpRJrv9qsSGVlKEOrKRDcBZPXiatasWpVWo35+V6LY+jSI7JCTkjDrkgdXJNGqRJGHkkz+SVvBlPxovxbnzMWwtGPnNI/sD4/AFWQZXF</latexit>

X2
<latexit sha1_base64="HrLfBJzRABdjzPkTECJSry9sVVY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUmKVJcFNy4r2Ae0sUwmN+3QyYOZG7GG4q+4caGIW//DnX/jtM1CWw9cOJxz79y5x0sEV2jb30ZhZXVtfaO4Wdra3tndM/cPWipOJYMmi0UsOx5VIHgETeQooJNIoKEnoO2NrqZ++x6k4nF0i+ME3JAOIh5wRlFLffOoh/CAs3cyCf4k69xVJ32zbFfsGaxl4uSkTHI0+uZXz49ZGkKETFCluo6doJtRiZwJmJR6qYKEshEdQFfTiIag3Gy2dWKdasW3gljqitCaqb8nMhoqNQ493RlSHKpFbyr+53VTDC7djEdJihCx+aIgFRbG1jQKy+cSGIqxJpRJrv9qsSGVlKEOrKRDcBZPXiatasWpVWo35+V6LY+jSI7JCTkjDrkgdXJNGqRJGHkkz+SVvBlPxovxbnzMWwtGPnNI/sD4/AFWQZXF</latexit>

X2

<latexit sha1_base64="PkiVp2sTcBFqB+mfiv1MOo64Q+A=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5IUqS4LblxWsA9sY5lMb9uhkwczN2IJAX/FjQtF3Pod7vwbp2kW2nrgwuGce+fOPV4kuELb/jYKK6tr6xvFzdLW9s7unrl/0FJhLBk0WShC2fGoAsEDaCJHAZ1IAvU9AW1vcjXz2w8gFQ+DW5xG4Pp0FPAhZxS11DePegiPmL2TeCKGNLm7r6Z9s2xX7AzWMnFyUiY5Gn3zqzcIWexDgExQpbqOHaGbUImcCUhLvVhBRNmEjqCraUB9UG6SrU2tU60MrGEodQVoZerviYT6Sk19T3f6FMdq0ZuJ/3ndGIeXbsKDKEYI2HzRMBYWhtYsC2vAJTAUU00ok1z/1WJjKilDnVhJh+AsnrxMWtWKU6vUbs7L9VoeR5EckxNyRhxyQerkmjRIkzCSkGfySt6MJ+PFeDc+5q0FI585JH9gfP4ALC6WPg==</latexit>

Z2

<latexit sha1_base64="HrLfBJzRABdjzPkTECJSry9sVVY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUmKVJcFNy4r2Ae0sUwmN+3QyYOZG7GG4q+4caGIW//DnX/jtM1CWw9cOJxz79y5x0sEV2jb30ZhZXVtfaO4Wdra3tndM/cPWipOJYMmi0UsOx5VIHgETeQooJNIoKEnoO2NrqZ++x6k4nF0i+ME3JAOIh5wRlFLffOoh/CAs3cyCf4k69xVJ32zbFfsGaxl4uSkTHI0+uZXz49ZGkKETFCluo6doJtRiZwJmJR6qYKEshEdQFfTiIag3Gy2dWKdasW3gljqitCaqb8nMhoqNQ493RlSHKpFbyr+53VTDC7djEdJihCx+aIgFRbG1jQKy+cSGIqxJpRJrv9qsSGVlKEOrKRDcBZPXiatasWpVWo35+V6LY+jSI7JCTkjDrkgdXJNGqRJGHkkz+SVvBlPxovxbnzMWwtGPnNI/sD4/AFWQZXF</latexit>

X2

<latexit sha1_base64="PkiVp2sTcBFqB+mfiv1MOo64Q+A=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5IUqS4LblxWsA9sY5lMb9uhkwczN2IJAX/FjQtF3Pod7vwbp2kW2nrgwuGce+fOPV4kuELb/jYKK6tr6xvFzdLW9s7unrl/0FJhLBk0WShC2fGoAsEDaCJHAZ1IAvU9AW1vcjXz2w8gFQ+DW5xG4Pp0FPAhZxS11DePegiPmL2TeCKGNLm7r6Z9s2xX7AzWMnFyUiY5Gn3zqzcIWexDgExQpbqOHaGbUImcCUhLvVhBRNmEjqCraUB9UG6SrU2tU60MrGEodQVoZerviYT6Sk19T3f6FMdq0ZuJ/3ndGIeXbsKDKEYI2HzRMBYWhtYsC2vAJTAUU00ok1z/1WJjKilDnVhJh+AsnrxMWtWKU6vUbs7L9VoeR5EckxNyRhxyQerkmjRIkzCSkGfySt6MJ+PFeDc+5q0FI585JH9gfP4ALC6WPg==</latexit>

Z2

TDE, Y.-A. Chen, A. Dua, W. Shirley, N. Tantivasadakarn, D.J. Williamson PRX Quantum 3, 010353

= qubit ,
<latexit sha1_base64="ONxXS7SubsE2pv2405hAEFuxR6c=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mV0noRCl48VrAf2q4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GF/P/PYTVZpF8s5MYuoLPJQsZAQbK913HitXD7a8frHklt050CrxMlKCDI1+8as3iEgiqDSEY627nhsbP8XKMMLptNBLNI0xGeMh7VoqsaDaT+cHT9GZVQYojJQtadBc/T2RYqH1RAS2U2Az0sveTPzP6yYmvPRTJuPEUEkWi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajgg3BW355lbQuyl61XL2tlOrVLI48nMApnIMHNajDDTSgCQQEPMMrvDnKeXHenY9Fa87JZo7hD5zPHy5Yj1Q=</latexit>

X4 = Z4 = 1
<latexit sha1_base64="qojj1yzFclxmwO1HPanUZuOvBEY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6EghePFWy7tF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqghtEsml8kOsKWeCNg0znPqJojgOOW2H49uZ336iSjMpHswkoUGMh4JFjGBjpVbHv2F+p1+uuFV3DrRKvJxUIEejX/7qDSRJYyoM4VjrrucmJsiwMoxwOi31Uk0TTMZ4SLuWChxTHWTza6fozCoDFEllSxg0V39PZDjWehKHtjPGZqSXvZn4n9dNTXQdZEwkqaGCLBZFKUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oJINwVt+eZW0LqperVq7v6zUa3kcRTiBUzgHD66gDnfQgCYQeIRneIU3RzovzrvzsWgtOPnMMfyB8/kDBT6Ovw==</latexit>

ZX = iXZ Vertex term Plaquette term



Anyon theories on composite-dimensional qudits

19

Exhausts all Abelian anyon theories that admit a gapped boundary!

TDE, Y.-A. Chen, A. Dua, W. Shirley, N. Tantivasadakarn, D.J. Williamson 2021

<latexit sha1_base64="zE7awhjW7yiTnm/cKWw9SVC4BHU="></latexit>

Subgroup of bosons L, such that, for every a /2 L, there exists b 2 L with ✓(ab) 6= ✓(a)✓(b)Lagrangian subgroup: 

New Pauli stabilizer codes

Allow for composite-
Surface code
Surface code
Surface code
Surface code

dimensional qudits Double semion



Which phases admit a stabilizer state?

20

TrivialGapped boundaries
Non-Abelian

<latexit sha1_base64="wAGINE93b0jrCLht99XfgUNnjFM=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7ArEj0GvXiMYB6QXcPsZDYZMjuzzMwKYQ34K148KOLV7/Dm3zh5HDSxoKGo6qa7K0o508bzvp2l5ZXVtfXCRnFza3tn193bb2iZKULrRHKpWhHWlDNB64YZTlupojiJOG1Gg+ux33ygSjMp7swwpWGCe4LFjGBjpY57+Ojd54E0LKEaiVGgsOhx2nFLXtmbAC0Sf0ZKMEOt434FXUmyhApDONa67XupCXOsDCOcjopBpmmKyQD3aNtSge26MJ+cP0InVumiWCpbwqCJ+nsix4nWwySynQk2fT3vjcX/vHZm4sswZyLNDBVkuijOODISjbNAXaYoMXxoCSaK2VsR6WOFibGJFW0I/vzLi6RxVvYr5crteal6NYujAEdwDKfgwwVU4QZqUAcCOTzDK7w5T86L8+58TFuXnNnMAfyB8/kDfymV2g==</latexit>

|0⌦ni

Trivial phase:Any computational basis statePhases with non-Abelian anyons:Cannot reproduce non-deterministic fusionAbelian theories with gapped boundaries:Use composite-dimensional qudits!



Anyon theories without gapped boundaries

21

Anyon theories without gapped boundaries Non-chiral: "! = 0 mod 8
Chiral: "_ ≠ 0 mod 8

Chiral central charge: the chiral central charge "! is defined mod 8 by
<latexit sha1_base64="UdspJ2kHSbF76yrfZYsVJCoMncA="></latexit>

e2⇡ic�/8 =
1p
|A

X

a2A
✓(a)

"_ ≠ 0 mod 8 indicates that there are gapless chiral edge modes.
J. Cano, M. Cheng, M. Mulligan, C. Nayak, E. Plamadeala, J. Yard 2014



Continuous variables

22

arXiv:2411.04993



Anyon theories on continuous variables

23

Captures non-chiral Abelian anyon theories without a gapped boundary!

Displacement operators: “Pauli operators”(Heisenberg group)

J. C. Magdalena de la Fuente, TDE, M. Cheng, D. J. Williamson 2024  



Which phases admit a stabilizer state?

24

TrivialGapped boundaries
Non-Abelian

Abelian, ungappable boundaries, non-chiral

<latexit sha1_base64="wAGINE93b0jrCLht99XfgUNnjFM=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7ArEj0GvXiMYB6QXcPsZDYZMjuzzMwKYQ34K148KOLV7/Dm3zh5HDSxoKGo6qa7K0o508bzvp2l5ZXVtfXCRnFza3tn193bb2iZKULrRHKpWhHWlDNB64YZTlupojiJOG1Gg+ux33ygSjMp7swwpWGCe4LFjGBjpY57+Ojd54E0LKEaiVGgsOhx2nFLXtmbAC0Sf0ZKMEOt434FXUmyhApDONa67XupCXOsDCOcjopBpmmKyQD3aNtSge26MJ+cP0InVumiWCpbwqCJ+nsix4nWwySynQk2fT3vjcX/vHZm4sswZyLNDBVkuijOODISjbNAXaYoMXxoCSaK2VsR6WOFibGJFW0I/vzLi6RxVvYr5crteal6NYujAEdwDKfgwwVU4QZqUAcCOTzDK7w5T86L8+58TFuXnNnMAfyB8/kDfymV2g==</latexit>

|0⌦ni

Trivial phase:Any computational basis statePhases with non-Abelian anyons:Cannot reproduce non-deterministic fusionAbelian theories with gapped boundaries:Use composite-dimensional qudits!
Abelian, ungappable boundaries, non-chiral:Use continuous variables!



Holographic approach

25

PRX Quantum 3, 030326



<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>=
<latexit sha1_base64="gQ0QZrHgZBkqf996/QQVBa6B0JU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0muM9g==</latexit>

i

Semion!
<latexit sha1_base64="s8/qbN7E6idaeuA1LPI1k9/guPk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4ZONAA==</latexit>s <latexit sha1_base64="s8/qbN7E6idaeuA1LPI1k9/guPk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4ZONAA==</latexit>s <latexit sha1_base64="s8/qbN7E6idaeuA1LPI1k9/guPk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4ZONAA==</latexit>s <latexit sha1_base64="s8/qbN7E6idaeuA1LPI1k9/guPk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4ZONAA==</latexit>s

Chiral semion anyon theory

Fusion rules: group generated by s
<latexit sha1_base64="wYv2rCtgVhhnMANqCEQ+znnC9os=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHCOYByRJmJ7PJkNnZdaY3EEK+w4sHRbz6Md78GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNUycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gw7uZ3xxxbUSsHnGccD+ifSVCwShayTekgyLihhhy43WLJbfszkFWiZeREmSodYtfnV7M0ogrZJIa0/bcBP0J1SiY5NNCJzU8oWxI+7xtqaJ2kz+ZHz0lZ1bpkTDWthSSufp7YkIjY8ZRYDsjigOz7M3E/7x2iuG1PxEqSZErtlgUppJgTGYJkJ7QnKEcW0KZFvZWwgZUU4Y2p4INwVt+eZU0LsreZbnyUClVb7M48nACp3AOHlxBFe6hBnVg8ATP8Apvzsh5cd6dj0VrzslmjuEPnM8fZmGRNw==</latexit>

s⇥ s = 1

Exchange statistics:

Anyon types:
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<latexit sha1_base64="jzuBXxDP2X56/X3V4BnhiEwYBCY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9GCue+WKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn80unZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G3SF5ozlGNLKNPC3krYkGrK0IZTsiF4iy8vk+ZZ1buont+fV2o3eRxFOIJjOAUPLqEGd1CHBjAI4Rle4c0ZOS/Ou/Mxby04+cwh/IHz+QNjbY1H</latexit>s =

<latexit sha1_base64="TvyJR49vxTx7Y+e+eWe4a1zifXM=">AAAB83icbVDLSgMxFL3xWeur6tJNsAiuykzxtSy6cVnBPrAzlEyaaUMzmSHJCGXob7hxoYhbf8adf2OmnYW2HggczrmXe3KCRHBtHOcbrayurW9slrbK2zu7e/uVg8O2jlNFWYvGIlbdgGgmuGQtw41g3UQxEgWCdYLxbe53npjSPJYPZpIwPyJDyUNOibGS50XEjIIge5z26/1K1ak5M+Bl4hakCgWa/cqXN4hpGjFpqCBa91wnMX5GlOFUsGnZSzVLCB2TIetZKknEtJ/NMk/xqVUGOIyVfdLgmfp7IyOR1pMosJN5Rr3o5eJ/Xi814bWfcZmkhkk6PxSmApsY5wXgAVeMGjGxhFDFbVZMR0QRamxNZVuCu/jlZdKu19zL2sX9ebVxU9RRgmM4gTNw4QoacAdNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gD7H5Gp</latexit>Z2

<latexit sha1_base64="r2e96zKEG0hOJq7vAaWuOxi7kSs=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvXiMYB6QXcLsZJIMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7wkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkgNl0LxBgqUvJ1oTqNQ8lY4upv6rSeujYjVI44THkR0oERfMIpWavmZd2b8SbdccavuDGSZeDmpQI56t/zl92KWRlwhk9SYjucmGGRUo2CST0p+anhC2YgOeMdSRSNugmx27oScWKVH+rG2pZDM1N8TGY2MGUeh7YwoDs2iNxX/8zop9m+CTKgkRa7YfFE/lQRjMv2d9ITmDOXYEsq0sLcSNqSaMrQJlWwI3uLLy6R5XvWuqpcPF5XabR5HEY7gGE7Bg2uowT3UoQEMRvAMr/DmJM6L8+58zFsLTj5zCH/gfP4A4mSPSg==</latexit>

{1, s}

Does not admit gapped boundaries, and is chiral



Anyon theories on the boundary of 3D system
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<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</latexit>=
<latexit sha1_base64="gQ0QZrHgZBkqf996/QQVBa6B0JU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0muM9g==</latexit>

i

<latexit sha1_base64="s8/qbN7E6idaeuA1LPI1k9/guPk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4ZONAA==</latexit>s <latexit sha1_base64="s8/qbN7E6idaeuA1LPI1k9/guPk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4ZONAA==</latexit>s <latexit sha1_base64="s8/qbN7E6idaeuA1LPI1k9/guPk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4ZONAA==</latexit>s <latexit sha1_base64="s8/qbN7E6idaeuA1LPI1k9/guPk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4ZONAA==</latexit>s

Chiral theories on the boundary of a 3D system?
• Edge modes do not appear!

Captures all Abelian anyon theories!

Trivial in the bulk

K. Walker, Z. Wang 2011
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Chiral semion boundary code

= 4D qudit

Hilbert space:

<latexit sha1_base64="gDizK5rhqkrPOPTvZodL2foNg2o=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXinoRil48VrDt2nYp2TTbhibZJckKZemv8OJBEa/+HG/+G9OPg7Y+GHi8N8PMvDDhTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKHjVBFaJzGPlR9iTTmTtG6Y4dRPFMUi5LQZDm8nfvOJKs1i+WBGCQ0E7ksWMYKNlR5bPrpGZ8hvdYslt+xOgZaJNyclmKPWLX51ejFJBZWGcKx123MTE2RYGUY4HRc6qaYJJkPcp21LJRZUB9n04DE6sUoPRbGyJQ2aqr8nMiy0HonQdgpsBnrRm4j/ee3URFdBxmSSGirJbFGUcmRiNPke9ZiixPCRJZgoZm9FZIAVJsZmVLAheIsvL5PGedm7KFfuK6XqzTyOPBzBMZyCB5dQhTuoQR0ICHiGV3hzlPPivDsfs9acM585hD9wPn8AsVuPCw==</latexit>

ZX = �XZZX <latexit sha1_base64="gQ0QZrHgZBkqf996/QQVBa6B0JU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0muM9g==</latexit>

iXZ

Z 4 <latexit sha1_base64="cYSWwewSOYWMKCnny+vCTghusz8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9HDt9coVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2nZEPwFl9eJs2zqndRPb8/r9Ru8jiKcATHcAoeXEIN7qAODWAQwjO8wpszcl6cd+dj3lpw8plD+APn8wf/II0F</latexit>

= 1

X 4 <latexit sha1_base64="cYSWwewSOYWMKCnny+vCTghusz8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9HDt9coVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2nZEPwFl9eJs2zqndRPb8/r9Ru8jiKcATHcAoeXEIN7qAODWAQwjO8wpszcl6cd+dj3lpw8plD+APn8wf/II0F</latexit>

= 1

,
,

W. Shirley, Y.-A. Chen, A. Dua, TDE, N. Tantivasadakarn, D.J. Williamson 2021

Hamiltonian:
<latexit sha1_base64="186ycoVqqa0OLahb//CaPWABfg0=">AAACJnicbZC7SgNBFIZnvRtvUcHGZjAIFiHshqymDLHQUsVoIIlhdnI2Dpm9MHNWDOu+jJWgz2InYudr2DmJKbz9MPDzn9vwebEUGm37zZqanpmdm19YzC0tr6yu5dc3LnSUKA4NHslINT2mQYoQGihQQjNWwAJPwqU3OBzVL29AaRGF5ziMoROwfih8wRmaqJvfaiPc4nhPGicq1lnavCpn3XzBLtlj0b/GmZgCmeikm/9o9yKeBBAil0zrlmPH2EmZQsElZLl2oiFmfMD60DI2ZAHoTjq+m9Fdk/SoHynzQqTj9PtEygKth4FnOgOG1/p3bRT+V2sl6Fc7qQjjBCHkX4f8RFKM6AgG7QkFHOXQGMaVMH+l/JopxtEgy7V74BusP+CcHdWz1KlUi9R1i7TsulnOsHJ+k/lrLsolZ7/knlYKtfqE2gLZJjtkjzjkgNTIMTkhDcLJHbknj+TJerCerRfr9at1yprMbJIfst4/AXZUpPU=</latexit>

X2

<latexit sha1_base64="kAOHoSrSMHVbZ++KHNO86WvdaiE="></latexit>

Z2

<latexit sha1_base64="kAOHoSrSMHVbZ++KHNO86WvdaiE="></latexit>

Z2
<latexit sha1_base64="kAOHoSrSMHVbZ++KHNO86WvdaiE="></latexit>

Z2

<latexit sha1_base64="kAOHoSrSMHVbZ++KHNO86WvdaiE="></latexit>

Z2
<latexit sha1_base64="186ycoVqqa0OLahb//CaPWABfg0=">AAACJnicbZC7SgNBFIZnvRtvUcHGZjAIFiHshqymDLHQUsVoIIlhdnI2Dpm9MHNWDOu+jJWgz2InYudr2DmJKbz9MPDzn9vwebEUGm37zZqanpmdm19YzC0tr6yu5dc3LnSUKA4NHslINT2mQYoQGihQQjNWwAJPwqU3OBzVL29AaRGF5ziMoROwfih8wRmaqJvfaiPc4nhPGicq1lnavCpn3XzBLtlj0b/GmZgCmeikm/9o9yKeBBAil0zrlmPH2EmZQsElZLl2oiFmfMD60DI2ZAHoTjq+m9Fdk/SoHynzQqTj9PtEygKth4FnOgOG1/p3bRT+V2sl6Fc7qQjjBCHkX4f8RFKM6AgG7QkFHOXQGMaVMH+l/JopxtEgy7V74BusP+CcHdWz1KlUi9R1i7TsulnOsHJ+k/lrLsolZ7/knlYKtfqE2gLZJjtkjzjkgNTIMTkhDcLJHbknj+TJerCerRfr9at1yprMbJIfst4/AXZUpPU=</latexit>

X2

<latexit sha1_base64="PU5vXc4lchysiWlLgi60Ei4cnv4=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy6cVnBPqANZTK5bYdOHszcSEvIr7hxoYhbf8Sdf+M0zUJbD1w4nHPv3LnHiwVXaNvfRmltfWNzq7xd2dnd2z8wD6ttFSWSQYtFIpJdjyoQPIQWchTQjSXQwBPQ8SZ3c7/zBFLxKHzEWQxuQEchH3JGUUsDs9pHmGL+TirBz9JuNjBrdt3OYa0SpyA1UqA5ML/6fsSSAEJkgirVc+wY3ZRK5ExAVuknCmLKJnQEPU1DGoBy03xnZp1qxbeGkdQVopWrvydSGig1CzzdGVAcq2VvLv7n9RIc3rgpD+MEIWSLRcNEWBhZ8yAsn0tgKGaaUCa5/qvFxlRShjquig7BWT55lbTP685V/fLhota4LeIok2NyQs6IQ65Jg9yTJmkRRqbkmbySNyMzXox342PRWjKKmSPyB8bnDyV2lSw=</latexit>

X

<latexit sha1_base64="PU5vXc4lchysiWlLgi60Ei4cnv4=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy6cVnBPqANZTK5bYdOHszcSEvIr7hxoYhbf8Sdf+M0zUJbD1w4nHPv3LnHiwVXaNvfRmltfWNzq7xd2dnd2z8wD6ttFSWSQYtFIpJdjyoQPIQWchTQjSXQwBPQ8SZ3c7/zBFLxKHzEWQxuQEchH3JGUUsDs9pHmGL+TirBz9JuNjBrdt3OYa0SpyA1UqA5ML/6fsSSAEJkgirVc+wY3ZRK5ExAVuknCmLKJnQEPU1DGoBy03xnZp1qxbeGkdQVopWrvydSGig1CzzdGVAcq2VvLv7n9RIc3rgpD+MEIWSLRcNEWBhZ8yAsn0tgKGaaUCa5/qvFxlRShjquig7BWT55lbTP685V/fLhota4LeIok2NyQs6IQ65Jg9yTJmkRRqbkmbySNyMzXox342PRWjKKmSPyB8bnDyV2lSw=</latexit>

X

<latexit sha1_base64="KnGtbuGiPGFIrA1Os6MsokPr9l0="></latexit>

X†

<latexit sha1_base64="6S5TsF/+zeFSj1wUVKkBpcQ5G54=">AAACJHicbZC7SgNBFIZnvRtv8dLZDAbBQsKuuJoyaKFlFKOBJITZydlkyOyFmbNiXPZdrAR9FjuxsPE97JxcCk38YeDnP7fh82IpNNr2pzUzOze/sLi0nFtZXVvfyG9u3eooURyqPJKRqnlMgxQhVFGghFqsgAWehDuvdz6o392D0iIKb7AfQzNgnVD4gjM0USu/00B4wOGeNE5UrLO0lrXyBbtoD0WnjTM2BTJWpZX/brQjngQQIpdM67pjx9hMmULBJWS5RqIhZrzHOlA3NmQB6GY6vJrRfZO0qR8p80Kkw/T3RMoCrfuBZzoDhl09WRuE/9XqCfqlZirCOEEI+eiQn0iKER2goG2hgKPsG8O4EuavlHeZYhwNsFyjDb6B+gfN9cVZljrHpUPquof0yHWznGHlTJKZNrdHReek6F4dF8pnY2pLZJfskQPikFNSJpekQqqEk0fyRF7Iq/VsvVnv1seodcYaz2yTP7K+fgAp+6RR</latexit>

X

<latexit sha1_base64="R5LVdczuYyZf136Q91X43pvmkYE="></latexit>

Z†

<latexit sha1_base64="0IHqlPmo1SU35R4lYivxCoULzwo=">AAACBHicbVC5TsNAEF1zhnAZKNNYREhUkY24yggayiCRQ8QhWq8nySrrQ7tjRGS5oOFXaChAiJaPoONv2CQuIOFJIz29N7Oz87xYcIW2/W0sLC4tr6wW1orrG5tb2+bObkNFiWRQZ5GIZMujCgQPoY4cBbRiCTTwBDS94eXYb96DVDwKb3AUQyeg/ZD3OKOopa5ZchEecPJO6okEsvT2zvVpvw8y65plu2JPYM0TJydlkqPWNb9cP2JJACEyQZVqO3aMnZRK5ExAVnQTBTFlQ9qHtqYhDUB10snyzDrQim/1IqkrRGui/p5IaaDUKPB0Z0BxoGa9sfif106wd95JeRgnCCGbLuolwsLIGidi+VwCQzHShDLJ9V8tNqCSMtS5FXUIzuzJ86RxVHFOKyfXx+XqRR5HgZTIPjkkDjkjVXJFaqROGHkkz+SVvBlPxovxbnxMWxeMfGaP/IHx+QMyQZkZ</latexit>

Z†

<latexit sha1_base64="rd1kp2H3XJPZ2rr8anxn/8dYazM=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAiuSiK+lkU3LivYB7ahTKY37dDJg5kbsYT4K25cKOLWD3Hn3zhNs9DWAxcO59w7d+7xYsEV2va3sbS8srq2Xtoob25t7+yae/stFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sbXU7/9AFLxKLzDSQxuQIch9zmjqKW+WekhPGL+TuqJBLL0PuubVbtm57AWiVOQKinQ6JtfvUHEkgBCZIIq1XXsGN2USuRMQFbuJQpiysZ0CF1NQxqActN8aWYdaWVg+ZHUFaKVq78nUhooNQk83RlQHKl5byr+53UT9C/dlIdxghCy2SI/ERZG1jQJa8AlMBQTTSiTXP/VYiMqKUOdV1mH4MyfvEhaJzXnvHZ2e1qtXxVxlMgBOSTHxCEXpE5uSIM0CSMT8kxeyZvxZLwY78bHrHXJKGYq5A+Mzx/6cpWl</latexit>

Z

<latexit sha1_base64="Wc8qIzoWDsZAaXJ1rZoWkvq7e34=">AAACJHicbZC7SgNBFIZnvRtv8dLZDAbBQsKuuGopWmipYqKYXcLs5GwyZPbCzFkxLvsuVoI+i51Y2Pgedk5iCo3+MPDzn9vwBakUGm373Robn5icmp6ZLc3NLywulZdX6jrJFIcaT2SirgOmQYoYaihQwnWqgEWBhKuge9yvX92C0iKJL7GXgh+xdixCwRmaqFle8xDucLAnTzOV6iK/KZrlil21B6J/jTM0FTLUWbP86bUSnkUQI5dM64Zjp+jnTKHgEoqSl2lIGe+yNjSMjVkE2s8HVwu6aZIWDRNlXox0kP6cyFmkdS8KTGfEsKNHa/3wv1ojw/DAz0WcZggx/z4UZpJiQvsoaEso4Ch7xjCuhPkr5R2mGEcDrOS1IDRQf6G5ODkqcmf3YJu67jbdcd2iZFg5o2T+mvpO1dmruue7lcOjIbUZsk42yBZxyD45JKfkjNQIJ/fkgTyRZ+vRerFerbfv1jFrOLNKfsn6+AItU6RT</latexit>

Z
<latexit sha1_base64="PU5vXc4lchysiWlLgi60Ei4cnv4=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy6cVnBPqANZTK5bYdOHszcSEvIr7hxoYhbf8Sdf+M0zUJbD1w4nHPv3LnHiwVXaNvfRmltfWNzq7xd2dnd2z8wD6ttFSWSQYtFIpJdjyoQPIQWchTQjSXQwBPQ8SZ3c7/zBFLxKHzEWQxuQEchH3JGUUsDs9pHmGL+TirBz9JuNjBrdt3OYa0SpyA1UqA5ML/6fsSSAEJkgirVc+wY3ZRK5ExAVuknCmLKJnQEPU1DGoBy03xnZp1qxbeGkdQVopWrvydSGig1CzzdGVAcq2VvLv7n9RIc3rgpD+MEIWSLRcNEWBhZ8yAsn0tgKGaaUCa5/qvFxlRShjquig7BWT55lbTP685V/fLhota4LeIok2NyQs6IQ65Jg9yTJmkRRqbkmbySNyMzXox342PRWjKKmSPyB8bnDyV2lSw=</latexit>

X

<latexit sha1_base64="PU5vXc4lchysiWlLgi60Ei4cnv4=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy6cVnBPqANZTK5bYdOHszcSEvIr7hxoYhbf8Sdf+M0zUJbD1w4nHPv3LnHiwVXaNvfRmltfWNzq7xd2dnd2z8wD6ttFSWSQYtFIpJdjyoQPIQWchTQjSXQwBPQ8SZ3c7/zBFLxKHzEWQxuQEchH3JGUUsDs9pHmGL+TirBz9JuNjBrdt3OYa0SpyA1UqA5ML/6fsSSAEJkgirVc+wY3ZRK5ExAVuknCmLKJnQEPU1DGoBy03xnZp1qxbeGkdQVopWrvydSGig1CzzdGVAcq2VvLv7n9RIc3rgpD+MEIWSLRcNEWBhZ8yAsn0tgKGaaUCa5/qvFxlRShjquig7BWT55lbTP685V/fLhota4LeIok2NyQs6IQ65Jg9yTJmkRRqbkmbySNyMzXox342PRWjKKmSPyB8bnDyV2lSw=</latexit>

X
<latexit sha1_base64="Wc8qIzoWDsZAaXJ1rZoWkvq7e34=">AAACJHicbZC7SgNBFIZnvRtv8dLZDAbBQsKuuGopWmipYqKYXcLs5GwyZPbCzFkxLvsuVoI+i51Y2Pgedk5iCo3+MPDzn9vwBakUGm373Robn5icmp6ZLc3NLywulZdX6jrJFIcaT2SirgOmQYoYaihQwnWqgEWBhKuge9yvX92C0iKJL7GXgh+xdixCwRmaqFle8xDucLAnTzOV6iK/KZrlil21B6J/jTM0FTLUWbP86bUSnkUQI5dM64Zjp+jnTKHgEoqSl2lIGe+yNjSMjVkE2s8HVwu6aZIWDRNlXox0kP6cyFmkdS8KTGfEsKNHa/3wv1ojw/DAz0WcZggx/z4UZpJiQvsoaEso4Ch7xjCuhPkr5R2mGEcDrOS1IDRQf6G5ODkqcmf3YJu67jbdcd2iZFg5o2T+mvpO1dmruue7lcOjIbUZsk42yBZxyD45JKfkjNQIJ/fkgTyRZ+vRerFerbfv1jFrOLNKfsn6+AItU6RT</latexit>

Z

<latexit sha1_base64="R5LVdczuYyZf136Q91X43pvmkYE="></latexit>

Z†

<latexit sha1_base64="rd1kp2H3XJPZ2rr8anxn/8dYazM=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAiuSiK+lkU3LivYB7ahTKY37dDJg5kbsYT4K25cKOLWD3Hn3zhNs9DWAxcO59w7d+7xYsEV2va3sbS8srq2Xtoob25t7+yae/stFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sbXU7/9AFLxKLzDSQxuQIch9zmjqKW+WekhPGL+TuqJBLL0PuubVbtm57AWiVOQKinQ6JtfvUHEkgBCZIIq1XXsGN2USuRMQFbuJQpiysZ0CF1NQxqActN8aWYdaWVg+ZHUFaKVq78nUhooNQk83RlQHKl5byr+53UT9C/dlIdxghCy2SI/ERZG1jQJa8AlMBQTTSiTXP/VYiMqKUOdV1mH4MyfvEhaJzXnvHZ2e1qtXxVxlMgBOSTHxCEXpE5uSIM0CSMT8kxeyZvxZLwY78bHrHXJKGYq5A+Mzx/6cpWl</latexit>

Z

<latexit sha1_base64="0IHqlPmo1SU35R4lYivxCoULzwo=">AAACBHicbVC5TsNAEF1zhnAZKNNYREhUkY24yggayiCRQ8QhWq8nySrrQ7tjRGS5oOFXaChAiJaPoONv2CQuIOFJIz29N7Oz87xYcIW2/W0sLC4tr6wW1orrG5tb2+bObkNFiWRQZ5GIZMujCgQPoY4cBbRiCTTwBDS94eXYb96DVDwKb3AUQyeg/ZD3OKOopa5ZchEecPJO6okEsvT2zvVpvw8y65plu2JPYM0TJydlkqPWNb9cP2JJACEyQZVqO3aMnZRK5ExAVnQTBTFlQ9qHtqYhDUB10snyzDrQim/1IqkrRGui/p5IaaDUKPB0Z0BxoGa9sfif106wd95JeRgnCCGbLuolwsLIGidi+VwCQzHShDLJ9V8tNqCSMtS5FXUIzuzJ86RxVHFOKyfXx+XqRR5HgZTIPjkkDjkjVXJFaqROGHkkz+SVvBlPxovxbnxMWxeMfGaP/IHx+QMyQZkZ</latexit>

Z†

<latexit sha1_base64="KnGtbuGiPGFIrA1Os6MsokPr9l0="></latexit>

X†

<latexit sha1_base64="6S5TsF/+zeFSj1wUVKkBpcQ5G54=">AAACJHicbZC7SgNBFIZnvRtv8dLZDAbBQsKuuJoyaKFlFKOBJITZydlkyOyFmbNiXPZdrAR9FjuxsPE97JxcCk38YeDnP7fh82IpNNr2pzUzOze/sLi0nFtZXVvfyG9u3eooURyqPJKRqnlMgxQhVFGghFqsgAWehDuvdz6o392D0iIKb7AfQzNgnVD4gjM0USu/00B4wOGeNE5UrLO0lrXyBbtoD0WnjTM2BTJWpZX/brQjngQQIpdM67pjx9hMmULBJWS5RqIhZrzHOlA3NmQB6GY6vJrRfZO0qR8p80Kkw/T3RMoCrfuBZzoDhl09WRuE/9XqCfqlZirCOEEI+eiQn0iKER2goG2hgKPsG8O4EuavlHeZYhwNsFyjDb6B+gfN9cVZljrHpUPquof0yHWznGHlTJKZNrdHReek6F4dF8pnY2pLZJfskQPikFNSJpekQqqEk0fyRF7Iq/VsvVnv1seodcYaz2yTP7K+fgAp+6RR</latexit>

X

<latexit sha1_base64="OSTiF774FNU3JprsTXarLDZ1GIM="></latexit>

H = �
X

v

<latexit sha1_base64="QsEEWJY59kc3XBlo5b2QYYl5kww="></latexit>

�
X

p

<latexit sha1_base64="QsEEWJY59kc3XBlo5b2QYYl5kww="></latexit>

�
X

p

<latexit sha1_base64="QsEEWJY59kc3XBlo5b2QYYl5kww="></latexit>

�
X

p

<latexit sha1_base64="KnGtbuGiPGFIrA1Os6MsokPr9l0="></latexit>

X†

<latexit sha1_base64="KnGtbuGiPGFIrA1Os6MsokPr9l0="></latexit>

X†
<latexit sha1_base64="6S5TsF/+zeFSj1wUVKkBpcQ5G54=">AAACJHicbZC7SgNBFIZnvRtv8dLZDAbBQsKuuJoyaKFlFKOBJITZydlkyOyFmbNiXPZdrAR9FjuxsPE97JxcCk38YeDnP7fh82IpNNr2pzUzOze/sLi0nFtZXVvfyG9u3eooURyqPJKRqnlMgxQhVFGghFqsgAWehDuvdz6o392D0iIKb7AfQzNgnVD4gjM0USu/00B4wOGeNE5UrLO0lrXyBbtoD0WnjTM2BTJWpZX/brQjngQQIpdM67pjx9hMmULBJWS5RqIhZrzHOlA3NmQB6GY6vJrRfZO0qR8p80Kkw/T3RMoCrfuBZzoDhl09WRuE/9XqCfqlZirCOEEI+eiQn0iKER2goG2hgKPsG8O4EuavlHeZYhwNsFyjDb6B+gfN9cVZljrHpUPquof0yHWznGHlTJKZNrdHReek6F4dF8pnY2pLZJfskQPikFNSJpekQqqEk0fyRF7Iq/VsvVnv1seodcYaz2yTP7K+fgAp+6RR</latexit>

X

<latexit sha1_base64="PU5vXc4lchysiWlLgi60Ei4cnv4=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy6cVnBPqANZTK5bYdOHszcSEvIr7hxoYhbf8Sdf+M0zUJbD1w4nHPv3LnHiwVXaNvfRmltfWNzq7xd2dnd2z8wD6ttFSWSQYtFIpJdjyoQPIQWchTQjSXQwBPQ8SZ3c7/zBFLxKHzEWQxuQEchH3JGUUsDs9pHmGL+TirBz9JuNjBrdt3OYa0SpyA1UqA5ML/6fsSSAEJkgirVc+wY3ZRK5ExAVuknCmLKJnQEPU1DGoBy03xnZp1qxbeGkdQVopWrvydSGig1CzzdGVAcq2VvLv7n9RIc3rgpD+MEIWSLRcNEWBhZ8yAsn0tgKGaaUCa5/qvFxlRShjquig7BWT55lbTP685V/fLhota4LeIok2NyQs6IQ65Jg9yTJmkRRqbkmbySNyMzXox342PRWjKKmSPyB8bnDyV2lSw=</latexit>

X <latexit sha1_base64="PU5vXc4lchysiWlLgi60Ei4cnv4=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy6cVnBPqANZTK5bYdOHszcSEvIr7hxoYhbf8Sdf+M0zUJbD1w4nHPv3LnHiwVXaNvfRmltfWNzq7xd2dnd2z8wD6ttFSWSQYtFIpJdjyoQPIQWchTQjSXQwBPQ8SZ3c7/zBFLxKHzEWQxuQEchH3JGUUsDs9pHmGL+TirBz9JuNjBrdt3OYa0SpyA1UqA5ML/6fsSSAEJkgirVc+wY3ZRK5ExAVuknCmLKJnQEPU1DGoBy03xnZp1qxbeGkdQVopWrvydSGig1CzzdGVAcq2VvLv7n9RIc3rgpD+MEIWSLRcNEWBhZ8yAsn0tgKGaaUCa5/qvFxlRShjquig7BWT55lbTP685V/fLhota4LeIok2NyQs6IQ65Jg9yTJmkRRqbkmbySNyMzXox342PRWjKKmSPyB8bnDyV2lSw=</latexit>

X

<latexit sha1_base64="QUru9WnOQehQX1H06Garh8eTrQA=">AAACA3icbVDLSsNAFJ3UV62vqjvdBIvgqiTia1l047KCfUBTy2Rykw6dPJi5EUsouPFX3LhQxK0/4c6/cdpmoa0HLhzOuXfu3OMmgiu0rG+jsLC4tLxSXC2trW9sbpW3d5oqTiWDBotFLNsuVSB4BA3kKKCdSKChK6DlDq7GfusepOJxdIvDBLohDSLuc0ZRS73ynoPwgJN3MgneKGvfOR4NApCjXrliVa0JzHli56RCctR75S/Hi1kaQoRMUKU6tpVgN6MSORMwKjmpgoSyAQ2go2lEQ1DdbLJ7ZB5qxTP9WOqK0JyovycyGio1DF3dGVLsq1lvLP7ndVL0L7oZj5IUIWLTRX4qTIzNcSCmxyUwFENNKJNc/9VkfSopQx1bSYdgz548T5rHVfusenpzUqld5nEUyT45IEfEJuekRq5JnTQII4/kmbySN+PJeDHejY9pa8HIZ3bJHxifP1mumKA=</latexit>

X†

<latexit sha1_base64="QUru9WnOQehQX1H06Garh8eTrQA=">AAACA3icbVDLSsNAFJ3UV62vqjvdBIvgqiTia1l047KCfUBTy2Rykw6dPJi5EUsouPFX3LhQxK0/4c6/cdpmoa0HLhzOuXfu3OMmgiu0rG+jsLC4tLxSXC2trW9sbpW3d5oqTiWDBotFLNsuVSB4BA3kKKCdSKChK6DlDq7GfusepOJxdIvDBLohDSLuc0ZRS73ynoPwgJN3MgneKGvfOR4NApCjXrliVa0JzHli56RCctR75S/Hi1kaQoRMUKU6tpVgN6MSORMwKjmpgoSyAQ2go2lEQ1DdbLJ7ZB5qxTP9WOqK0JyovycyGio1DF3dGVLsq1lvLP7ndVL0L7oZj5IUIWLTRX4qTIzNcSCmxyUwFENNKJNc/9VkfSopQx1bSYdgz548T5rHVfusenpzUqld5nEUyT45IEfEJuekRq5JnTQII4/kmbySN+PJeDHejY9pa8HIZ3bJHxifP1mumKA=</latexit>

X†
<latexit sha1_base64="rd1kp2H3XJPZ2rr8anxn/8dYazM=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAiuSiK+lkU3LivYB7ahTKY37dDJg5kbsYT4K25cKOLWD3Hn3zhNs9DWAxcO59w7d+7xYsEV2va3sbS8srq2Xtoob25t7+yae/stFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sbXU7/9AFLxKLzDSQxuQIch9zmjqKW+WekhPGL+TuqJBLL0PuubVbtm57AWiVOQKinQ6JtfvUHEkgBCZIIq1XXsGN2USuRMQFbuJQpiysZ0CF1NQxqActN8aWYdaWVg+ZHUFaKVq78nUhooNQk83RlQHKl5byr+53UT9C/dlIdxghCy2SI/ERZG1jQJa8AlMBQTTSiTXP/VYiMqKUOdV1mH4MyfvEhaJzXnvHZ2e1qtXxVxlMgBOSTHxCEXpE5uSIM0CSMT8kxeyZvxZLwY78bHrHXJKGYq5A+Mzx/6cpWl</latexit>

Z

<latexit sha1_base64="0IHqlPmo1SU35R4lYivxCoULzwo=">AAACBHicbVC5TsNAEF1zhnAZKNNYREhUkY24yggayiCRQ8QhWq8nySrrQ7tjRGS5oOFXaChAiJaPoONv2CQuIOFJIz29N7Oz87xYcIW2/W0sLC4tr6wW1orrG5tb2+bObkNFiWRQZ5GIZMujCgQPoY4cBbRiCTTwBDS94eXYb96DVDwKb3AUQyeg/ZD3OKOopa5ZchEecPJO6okEsvT2zvVpvw8y65plu2JPYM0TJydlkqPWNb9cP2JJACEyQZVqO3aMnZRK5ExAVnQTBTFlQ9qHtqYhDUB10snyzDrQim/1IqkrRGui/p5IaaDUKPB0Z0BxoGa9sfif106wd95JeRgnCCGbLuolwsLIGidi+VwCQzHShDLJ9V8tNqCSMtS5FXUIzuzJ86RxVHFOKyfXx+XqRR5HgZTIPjkkDjkjVXJFaqROGHkkz+SVvBlPxovxbnxMWxeMfGaP/IHx+QMyQZkZ</latexit>

Z†
<latexit sha1_base64="rd1kp2H3XJPZ2rr8anxn/8dYazM=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAiuSiK+lkU3LivYB7ahTKY37dDJg5kbsYT4K25cKOLWD3Hn3zhNs9DWAxcO59w7d+7xYsEV2va3sbS8srq2Xtoob25t7+yae/stFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sbXU7/9AFLxKLzDSQxuQIch9zmjqKW+WekhPGL+TuqJBLL0PuubVbtm57AWiVOQKinQ6JtfvUHEkgBCZIIq1XXsGN2USuRMQFbuJQpiysZ0CF1NQxqActN8aWYdaWVg+ZHUFaKVq78nUhooNQk83RlQHKl5byr+53UT9C/dlIdxghCy2SI/ERZG1jQJa8AlMBQTTSiTXP/VYiMqKUOdV1mH4MyfvEhaJzXnvHZ2e1qtXxVxlMgBOSTHxCEXpE5uSIM0CSMT8kxeyZvxZLwY78bHrHXJKGYq5A+Mzx/6cpWl</latexit>

Z

<latexit sha1_base64="0IHqlPmo1SU35R4lYivxCoULzwo=">AAACBHicbVC5TsNAEF1zhnAZKNNYREhUkY24yggayiCRQ8QhWq8nySrrQ7tjRGS5oOFXaChAiJaPoONv2CQuIOFJIz29N7Oz87xYcIW2/W0sLC4tr6wW1orrG5tb2+bObkNFiWRQZ5GIZMujCgQPoY4cBbRiCTTwBDS94eXYb96DVDwKb3AUQyeg/ZD3OKOopa5ZchEecPJO6okEsvT2zvVpvw8y65plu2JPYM0TJydlkqPWNb9cP2JJACEyQZVqO3aMnZRK5ExAVnQTBTFlQ9qHtqYhDUB10snyzDrQim/1IqkrRGui/p5IaaDUKPB0Z0BxoGa9sfif106wd95JeRgnCCGbLuolwsLIGidi+VwCQzHShDLJ9V8tNqCSMtS5FXUIzuzJ86RxVHFOKyfXx+XqRR5HgZTIPjkkDjkjVXJFaqROGHkkz+SVvBlPxovxbnxMWxeMfGaP/IHx+QMyQZkZ</latexit>

Z†

<latexit sha1_base64="KnGtbuGiPGFIrA1Os6MsokPr9l0="></latexit>

X†

v
<latexit sha1_base64="Ydqw4+P2ynqfXeaHWFLzGXQtdO8=">AAAB9HicbVDJSgNBEO1xjXGLevTSGARBGGbE7Rj04jGCWSAZQk+nJmnSs9hdEwxDvsOLB0W8+jHe/Bs7yRw08UHB470qqur5iRQaHefbWlpeWV1bL2wUN7e2d3ZLe/t1HaeKQ43HMlZNn2mQIoIaCpTQTBSw0JfQ8Ae3E78xBKVFHD3gKAEvZL1IBIIzNJJ3StsIT5j1bW6PO6WyYztT0EXi5qRMclQ7pa92N+ZpCBFyybRuuU6CXsYUCi5hXGynGhLGB6wHLUMjFoL2sunRY3pslC4NYmUqQjpVf09kLNR6FPqmM2TY1/PeRPzPa6UYXHuZiJIUIeKzRUEqKcZ0kgDtCgUc5cgQxpUwt1LeZ4pxNDkVTQju/MuLpH5mu5f2xf15uXKTx1Egh+SInBCXXJEKuSNVUiOcPJJn8krerKH1Yr1bH7PWJSufOSB/YH3+AOuukZE=</latexit>

+h.c.
<latexit sha1_base64="+B2JawZYXDljC4qTPFznEtl62ko=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgJWFXfB2DXjxGMA9MljA76SRDZmeXmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJIPZhyjH9KB5H3OqLHSY7mjk7CbYnnSLZbcijsDWSZeRkqQodYtfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nV08ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9H3S4wqZEWNLKFPc3krYkCrKjA2pYEPwFl9eJo2zindZubg/L1VvsjjycATHcAoeXEEV7qAGdWAg4Rle4c3Rzovz7nzMW3NONnMIf+B8/gBKR5Cv</latexit>

�
X

e�

<latexit sha1_base64="5pHpfg+uEBU8OPbA4CSI/7r/H+0=">AAAB/3icbVC7TsMwFHXKq5RXAImFxaJCYoAqQbzGChbGItGH1ESR4zqtVduJbAepCh34FRYGEGLlN9j4G5w2A7Qc+0pH59wrX58wYVRpx/m2SguLS8sr5dXK2vrG5pa9vdNScSoxaeKYxbITIkUYFaSpqWakk0iCeMhIOxze5H77gUhFY3GvRwnxOeoLGlGMtJECe+/EUykPMgK94+nNzziwq07NmQDOE7cgVVCgEdhfXi/GKSdCY4aU6rpOov0MSU0xI+OKlyqSIDxEfdI1VCBOlJ9N9h/DQ6P0YBRLU0LDifp7IkNcqREPTSdHeqBmvVz8z+umOrryMyqSVBOBpw9FKYM6hnkYsEclwZqNDEFYUrMrxAMkEdYmsooJwZ398jxpndbci9r53Vm1fl3EUQb74AAcARdcgjq4BQ3QBBg8gmfwCt6sJ+vFerc+pq0lq5jZBX9gff4ADNGUMw==</latexit>

�
X

e

<latexit sha1_base64="kAOHoSrSMHVbZ++KHNO86WvdaiE="></latexit>

Z2
<latexit sha1_base64="kAOHoSrSMHVbZ++KHNO86WvdaiE="></latexit>

Z2

<latexit sha1_base64="UkbPK+Fxac4zq2n+8mhLBqls4DE=">AAAB/XicbVDJSgNBEO1xjXGLy81LYxA8hZngdgx68RjBLJDE0NOpJE16FrprxDgM/ooXD4p49T+8+Td2JnPQxAcFj/equrqeG0qh0ba/rYXFpeWV1dxafn1jc2u7sLNb10GkONR4IAPVdJkGKXyooUAJzVAB81wJDXd0NfEb96C0CPxbHIfQ8djAF33BGRqpW9hvIzxg+k6soJfEzbty0i0U7ZKdgs4TJyNFkqHaLXy1ewGPPPCRS6Z1y7FD7MRMoeASknw70hAyPmIDaBnqMw90J063JvTIKD3aD5QpH2mq/p6Imaf12HNNp8dwqGe9ifif14qwf9GJhR9GCD6fLupHkmJAJ1HQnlDAUY4NYVwJ81fKh0wxjiawvAnBmT15ntTLJeesdHpzUqxcZnHkyAE5JMfEIeekQq5JldQIJ4/kmbySN+vJerHerY9p64KVzeyRP7A+fwBZi5XQ</latexit>

X2
<latexit sha1_base64="UkbPK+Fxac4zq2n+8mhLBqls4DE=">AAAB/XicbVDJSgNBEO1xjXGLy81LYxA8hZngdgx68RjBLJDE0NOpJE16FrprxDgM/ooXD4p49T+8+Td2JnPQxAcFj/equrqeG0qh0ba/rYXFpeWV1dxafn1jc2u7sLNb10GkONR4IAPVdJkGKXyooUAJzVAB81wJDXd0NfEb96C0CPxbHIfQ8djAF33BGRqpW9hvIzxg+k6soJfEzbty0i0U7ZKdgs4TJyNFkqHaLXy1ewGPPPCRS6Z1y7FD7MRMoeASknw70hAyPmIDaBnqMw90J063JvTIKD3aD5QpH2mq/p6Imaf12HNNp8dwqGe9ifif14qwf9GJhR9GCD6fLupHkmJAJ1HQnlDAUY4NYVwJ81fKh0wxjiawvAnBmT15ntTLJeesdHpzUqxcZnHkyAE5JMfEIeekQq5JldQIJ4/kmbySN+vJerHerY9p64KVzeyRP7A+fwBZi5XQ</latexit>

X2

Bulk

Boundary
Violates vertex terms and
plaquette terms

<latexit sha1_base64="6S5TsF/+zeFSj1wUVKkBpcQ5G54=">AAACJHicbZC7SgNBFIZnvRtv8dLZDAbBQsKuuJoyaKFlFKOBJITZydlkyOyFmbNiXPZdrAR9FjuxsPE97JxcCk38YeDnP7fh82IpNNr2pzUzOze/sLi0nFtZXVvfyG9u3eooURyqPJKRqnlMgxQhVFGghFqsgAWehDuvdz6o392D0iIKb7AfQzNgnVD4gjM0USu/00B4wOGeNE5UrLO0lrXyBbtoD0WnjTM2BTJWpZX/brQjngQQIpdM67pjx9hMmULBJWS5RqIhZrzHOlA3NmQB6GY6vJrRfZO0qR8p80Kkw/T3RMoCrfuBZzoDhl09WRuE/9XqCfqlZirCOEEI+eiQn0iKER2goG2hgKPsG8O4EuavlHeZYhwNsFyjDb6B+gfN9cVZljrHpUPquof0yHWznGHlTJKZNrdHReek6F4dF8pnY2pLZJfskQPikFNSJpekQqqEk0fyRF7Iq/VsvVnv1seodcYaz2yTP7K+fgAp+6RR</latexit>

X

<latexit sha1_base64="PU5vXc4lchysiWlLgi60Ei4cnv4=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy6cVnBPqANZTK5bYdOHszcSEvIr7hxoYhbf8Sdf+M0zUJbD1w4nHPv3LnHiwVXaNvfRmltfWNzq7xd2dnd2z8wD6ttFSWSQYtFIpJdjyoQPIQWchTQjSXQwBPQ8SZ3c7/zBFLxKHzEWQxuQEchH3JGUUsDs9pHmGL+TirBz9JuNjBrdt3OYa0SpyA1UqA5ML/6fsSSAEJkgirVc+wY3ZRK5ExAVuknCmLKJnQEPU1DGoBy03xnZp1qxbeGkdQVopWrvydSGig1CzzdGVAcq2VvLv7n9RIc3rgpD+MEIWSLRcNEWBhZ8yAsn0tgKGaaUCa5/qvFxlRShjquig7BWT55lbTP685V/fLhota4LeIok2NyQs6IQ65Jg9yTJmkRRqbkmbySNyMzXox342PRWjKKmSPyB8bnDyV2lSw=</latexit>

X

<latexit sha1_base64="rd1kp2H3XJPZ2rr8anxn/8dYazM=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAiuSiK+lkU3LivYB7ahTKY37dDJg5kbsYT4K25cKOLWD3Hn3zhNs9DWAxcO59w7d+7xYsEV2va3sbS8srq2Xtoob25t7+yae/stFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sbXU7/9AFLxKLzDSQxuQIch9zmjqKW+WekhPGL+TuqJBLL0PuubVbtm57AWiVOQKinQ6JtfvUHEkgBCZIIq1XXsGN2USuRMQFbuJQpiysZ0CF1NQxqActN8aWYdaWVg+ZHUFaKVq78nUhooNQk83RlQHKl5byr+53UT9C/dlIdxghCy2SI/ERZG1jQJa8AlMBQTTSiTXP/VYiMqKUOdV1mH4MyfvEhaJzXnvHZ2e1qtXxVxlMgBOSTHxCEXpE5uSIM0CSMT8kxeyZvxZLwY78bHrHXJKGYq5A+Mzx/6cpWl</latexit>

Z=
=
=

<latexit sha1_base64="NNhp4HiCDIt6HWe1guuCXXVMPqg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4eWNAQ==</latexit>s <latexit sha1_base64="NNhp4HiCDIt6HWe1guuCXXVMPqg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4eWNAQ==</latexit>s



Which phases admit a stabilizer state?
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TrivialGapped boundaries
Abelian, chiral

Non-Abelian
<latexit sha1_base64="wAGINE93b0jrCLht99XfgUNnjFM=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7ArEj0GvXiMYB6QXcPsZDYZMjuzzMwKYQ34K148KOLV7/Dm3zh5HDSxoKGo6qa7K0o508bzvp2l5ZXVtfXCRnFza3tn193bb2iZKULrRHKpWhHWlDNB64YZTlupojiJOG1Gg+ux33ygSjMp7swwpWGCe4LFjGBjpY57+Ojd54E0LKEaiVGgsOhx2nFLXtmbAC0Sf0ZKMEOt434FXUmyhApDONa67XupCXOsDCOcjopBpmmKyQD3aNtSge26MJ+cP0InVumiWCpbwqCJ+nsix4nWwySynQk2fT3vjcX/vHZm4sswZyLNDBVkuijOODISjbNAXaYoMXxoCSaK2VsR6WOFibGJFW0I/vzLi6RxVvYr5crteal6NYujAEdwDKfgwwVU4QZqUAcCOTzDK7w5T86L8+58TFuXnNnMAfyB8/kDfymV2g==</latexit>

|0⌦ni

Trivial phase:Any computational basis statePhases with non-Abelian anyons:Cannot reproduce non-deterministic fusionAbelian theories with gapped boundaries:Use composite-dimensional qudits!
Abelian, ungappable boundaries, non-chiral:Use continuous variables!
Abelian, ungappable boundaries, chiral:Boundaries of 3D! Abelian, ungappable boundaries, non-chiral



Mixed states
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Quantum 7, 1137arXiv:2405.02390



Anyon theories of mixed states
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Quasi-(2+1)D lattice model

2.
(3+1)D lattice model

1. 3.
*Or add fully depolarizing noise

<latexit sha1_base64="75q59Ir/CrJ8pZbnKm+P350/T4A=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXVjcsK9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt4CBYL9GMxKFg3XByl/vdJ6YNV/IRpgkLYjKSPOKUgJX8fkxgTInIbmaDas2tu3PgVeIVpIYKtAbVr/5Q0TRmEqggxviem0CQEQ2cCjar9FPDEkInZMR8SyWJmQmyeeQZPrPKEEdK2ycBz9XfGxmJjZnGoZ3MI5plLxf/8/wUousg4zJJgUm6+ChKBQaF8/vxkGtGQUwtIVRzmxXTMdGEgm2pYkvwlk9eJZ2LuteoNx4ua83boo4yOkGn6Bx56Ao10T1qoTaiSKFn9IreHHBenHfnYzFacoqdY/QHzucPc+CRYg==</latexit>

A
<latexit sha1_base64="IpD8Bb4o0v1qFW8pkAduSYT8Ur0=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyyCq5KIVJdVNy4r2Ac0oUym03boZCbMTIQSs/BX3LhQxK2/4c6/cdJmoa0HBg7n3Ms9c8KYUaVd99taWl5ZXVsvbZQ3t7Z3du29/ZYSicSkiQUTshMiRRjlpKmpZqQTS4KikJF2OL7J/fYDkYoKfq8nMQkiNOR0QDHSRurZh74wdr6d+hHSI4xYepVlPbviVt0pnEXiFaQCBRo9+8vvC5xEhGvMkFJdz411kCKpKWYkK/uJIjHCYzQkXUM5iogK0mn+zDkxSt8ZCGke185U/b2RokipSRSayTyjmvdy8T+vm+jBZZBSHieacDw7NEiYo4WTl+H0qSRYs4khCEtqsjp4hCTC2lRWNiV4819eJK2zqler1u7OK/Xroo4SHMExnIIHF1CHW2hAEzA8wjO8wpv1ZL1Y79bHbHTJKnYO4A+szx/00Ja5</latexit>

A

<latexit sha1_base64="75q59Ir/CrJ8pZbnKm+P350/T4A=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXVjcsK9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt4CBYL9GMxKFg3XByl/vdJ6YNV/IRpgkLYjKSPOKUgJX8fkxgTInIbmaDas2tu3PgVeIVpIYKtAbVr/5Q0TRmEqggxviem0CQEQ2cCjar9FPDEkInZMR8SyWJmQmyeeQZPrPKEEdK2ycBz9XfGxmJjZnGoZ3MI5plLxf/8/wUousg4zJJgUm6+ChKBQaF8/vxkGtGQUwtIVRzmxXTMdGEgm2pYkvwlk9eJZ2LuteoNx4ua83boo4yOkGn6Bx56Ao10T1qoTaiSKFn9IreHHBenHfnYzFacoqdY/QHzucPc+CRYg==</latexit>

A
<latexit sha1_base64="IpD8Bb4o0v1qFW8pkAduSYT8Ur0=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyyCq5KIVJdVNy4r2Ac0oUym03boZCbMTIQSs/BX3LhQxK2/4c6/cdJmoa0HBg7n3Ms9c8KYUaVd99taWl5ZXVsvbZQ3t7Z3du29/ZYSicSkiQUTshMiRRjlpKmpZqQTS4KikJF2OL7J/fYDkYoKfq8nMQkiNOR0QDHSRurZh74wdr6d+hHSI4xYepVlPbviVt0pnEXiFaQCBRo9+8vvC5xEhGvMkFJdz411kCKpKWYkK/uJIjHCYzQkXUM5iogK0mn+zDkxSt8ZCGke185U/b2RokipSRSayTyjmvdy8T+vm+jBZZBSHieacDw7NEiYo4WTl+H0qSRYs4khCEtqsjp4hCTC2lRWNiV4819eJK2zqler1u7OK/Xroo4SHMExnIIHF1CHW2hAEzA8wjO8wpv1ZL1Y79bHbHTJKnYO4A+szx/00Ja5</latexit>

A

<latexit sha1_base64="75q59Ir/CrJ8pZbnKm+P350/T4A=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXVjcsK9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt4CBYL9GMxKFg3XByl/vdJ6YNV/IRpgkLYjKSPOKUgJX8fkxgTInIbmaDas2tu3PgVeIVpIYKtAbVr/5Q0TRmEqggxviem0CQEQ2cCjar9FPDEkInZMR8SyWJmQmyeeQZPrPKEEdK2ycBz9XfGxmJjZnGoZ3MI5plLxf/8/wUousg4zJJgUm6+ChKBQaF8/vxkGtGQUwtIVRzmxXTMdGEgm2pYkvwlk9eJZ2LuteoNx4ua83boo4yOkGn6Bx56Ao10T1qoTaiSKFn9IreHHBenHfnYzFacoqdY/QHzucPc+CRYg==</latexit>

A

Trace out bottom surface
Captures all Abelian anyon theories!

R. Sohal, A. Prem 2024; TDE, M. Cheng 2024



Which phases admit a stabilizer state?
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TrivialGapped boundaries
Abelian, chiral

Non-Abelian
<latexit sha1_base64="wAGINE93b0jrCLht99XfgUNnjFM=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7ArEj0GvXiMYB6QXcPsZDYZMjuzzMwKYQ34K148KOLV7/Dm3zh5HDSxoKGo6qa7K0o508bzvp2l5ZXVtfXCRnFza3tn193bb2iZKULrRHKpWhHWlDNB64YZTlupojiJOG1Gg+ux33ygSjMp7swwpWGCe4LFjGBjpY57+Ojd54E0LKEaiVGgsOhx2nFLXtmbAC0Sf0ZKMEOt434FXUmyhApDONa67XupCXOsDCOcjopBpmmKyQD3aNtSge26MJ+cP0InVumiWCpbwqCJ+nsix4nWwySynQk2fT3vjcX/vHZm4sswZyLNDBVkuijOODISjbNAXaYoMXxoCSaK2VsR6WOFibGJFW0I/vzLi6RxVvYr5crteal6NYujAEdwDKfgwwVU4QZqUAcCOTzDK7w5T86L8+58TFuXnNnMAfyB8/kDfymV2g==</latexit>

|0⌦ni

Trivial phase:Any computational basis statePhases with non-Abelian anyons:Cannot reproduce non-deterministic fusionAbelian theories with gapped boundaries:Use composite-dimensional qudits!
Use continuous variables!
Boundaries of 3D or mixed states! Abelian, ungappable boundaries, non-chiral

Abelian, ungappable boundaries, non-chiral:
Abelian, ungappable boundaries, chiral:



Open questions
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Quantifying non-stabilizernessin non-Abelian theories
Relation to difficulty of preparation or universality?

Stabilizer models without gapped boundaries on qudits? Abelian anyon theories on qubits as a source of magic?
Quantify the minimum non-stabilizerness?

Symmetry-enforced magic in 1D systems with SSB? Stabilizer representations of 3D quantum phases of matter?

(3+1)D lattice model

Current folklore: not possible for commuting projector Hamiltonians

Fusion-category symmetries enforce magic?

S=
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