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Stat. Mech (D=2) & Quantum MB (D=1+1)

<latexit sha1_base64="d3DPdw+sixcfwNFpfbQ9IhK54x4="></latexit>
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Ising Model D=2

<latexit sha1_base64="CqUIuFC4KemcvOSwHkbLf9Pt/K0="></latexit>

h⊥/J →
<latexit sha1_base64="zJOfiLeKH2NrmjulkvQZ2zwvWN4=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVzWpgi6LbsRVBfuAJoTJdNIMnWSGmYlSQsFfceNCEbd+hzv/xmmbhbYeuHA4517uvScUjCrtON9WaWl5ZXWtvF7Z2Nza3rF399qKZxKTFuaMy26IFGE0JS1NNSNdIQlKQkY64fB64nceiFSUp/d6JIifoEFKI4qRNlJgH8SBJ4gUp7fQk3QQayQlfwzsqlNzpoCLxC1IFRRoBvaX1+c4S0iqMUNK9VxHaD9HUlPMyLjiZYoIhIdoQHqGpighys+n54/hsVH6MOLSVKrhVP09kaNEqVESms4E6VjNexPxP6+X6ejSz2kqMk1SPFsUZQxqDidZwD6VBGs2MgRhSc2tEMdIIqxNYhUTgjv/8iJp12vuWa1+d15tXBVxlMEhOAInwAUXoAFuQBO0AAY5eAav4M16sl6sd+tj1lqyipl98AfW5w8gtJWZ</latexit>

spontaneous symmetry breaking (1920s)
duality (1940s)

critical phenomena/RG (1960-70s)
conformal field theory (1970-80s)

<latexit sha1_base64="d3DPdw+sixcfwNFpfbQ9IhK54x4="></latexit>

H = −

X

i

(

Jσ̂
z

i
σ̂
z

i+1 + h?σ̂
x

i
+ hkσ̂

z

i

)



Quantum Magnetism
Quantum Materials

Advanced Probes

Theoretical

Numerical

pyrochlores, spinels, perovskites … 
rare earths, transition metals… 

oxides, chalcogenides …
vdW… 

topological quantum spin liquid
quantum spin ice

quantum criticality (1+1, 2+1)
critical points and critical phases

neutrons
THz

transport
resonant inelastic X-ray

Matrix-product/tensors/density matrix RG
quantum Monte Carlo

series expansions 
exact diagonalization

L = Ψ̄jγ
µ(∂µ + iaµ)Ψj +

1

8πe2
fµνf

µν

<latexit sha1_base64="XIIYitjE7ntP+WLsxqhjKldKZvA="></latexit>
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The Quantum Material

CoNb2O6
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Co2+
<latexit sha1_base64="87p1X73CBtfAtoUUDZTBnsOvFCQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTd9aDHYi8eK9gPadeSTdM2NNksSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8acaeO6305ubX1jcyu/XdjZ3ds/KB4eNbVMFKENIrlU7RBryllEG4YZTtuxoliEnLbCcW3mt56o0kxG92YS00DgYcQGjGBjpYeaLD+m/sW03CuW3Io7B1olXkZKkKHeK351+5IkgkaGcKx1x3NjE6RYGUY4nRa6iaYxJmM8pB1LIyyoDtL5wVN0ZpU+GkhlKzJorv6eSLHQeiJC2ymwGellbyb+53USM7gOUhbFiaERWSwaJBwZiWbfoz5TlBg+sQQTxeytiIywwsTYjAo2BG/55VXS9CveZcW/80vVmyyOPJzAKZyDB1dQhVuoQwMICHiGV3hzlPPivDsfi9ack80cwx84nz9yAo+D</latexit>
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<latexit sha1_base64="ZrWlcaCZwLfU7gLu6a8ZAsrm08A=">AAAB8HicbVBNSwMxEJ31s9avqkcvwVYQhLJbET0WvXiSCvZD2rVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdb2dpeWV1bT23kd/c2t7ZLeztN3SUKELrJOKRagVYU84krRtmOG3FimIRcNoMhtcTv/lElWaRvDejmPoC9yULGcHGSg+3QekxPT8dl7qFolt2p0CLxMtIETLUuoWvTi8iiaDSEI61bntubPwUK8MIp+N8J9E0xmSI+7RtqcSCaj+dHjxGx1bpoTBStqRBU/X3RIqF1iMR2E6BzUDPexPxP6+dmPDST5mME0MlmS0KE45MhCbfox5TlBg+sgQTxeytiAywwsTYjPI2BG/+5UXSqJS9s3LlrlKsXmVx5OAQjuAEPLiAKtxADepAQMAzvMKbo5wX5935mLUuOdnMAfyB8/kDc4yPhA==</latexit>

O2−
<latexit sha1_base64="BoWNJebX01J1w1gLmoabzlw/nAU=">AAAB73icbVC7TsNAEFyHVwivACXNiQSJhsg2BZQRNHQEiTykxETnyzk55Xw2d2ekyPJP0FCAEC2/Q8ffcElcQMJIK41mdrW748ecKW3b31ZhZXVtfaO4Wdra3tndK+8ftFSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj6+nfvuJSsUica8nMfVCPBQsYARrI3Vuqw+pe5ZV++WKXbNnQMvEyUkFcjT65a/eICJJSIUmHCvVdexYeymWmhFOs1IvUTTGZIyHtGuowCFVXjq7N0MnRhmgIJKmhEYz9fdEikOlJqFvOkOsR2rRm4r/ed1EB5deykScaCrIfFGQcKQjNH0eDZikRPOJIZhIZm5FZIQlJtpEVDIhOIsvL5OWW3POa+6dW6lf5XEU4QiO4RQcuIA63EADmkCAwzO8wpv1aL1Y79bHvLVg5TOH8AfW5w+3CY8Y</latexit>

Space Group: Pbcn (Orthorhombic)
“Mott Insulator”
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O2−
<latexit sha1_base64="BoWNJebX01J1w1gLmoabzlw/nAU=">AAAB73icbVC7TsNAEFyHVwivACXNiQSJhsg2BZQRNHQEiTykxETnyzk55Xw2d2ekyPJP0FCAEC2/Q8ffcElcQMJIK41mdrW748ecKW3b31ZhZXVtfaO4Wdra3tndK+8ftFSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj6+nfvuJSsUica8nMfVCPBQsYARrI3Vuqw+pe5ZV++WKXbNnQMvEyUkFcjT65a/eICJJSIUmHCvVdexYeymWmhFOs1IvUTTGZIyHtGuowCFVXjq7N0MnRhmgIJKmhEYz9fdEikOlJqFvOkOsR2rRm4r/ed1EB5deykScaCrIfFGQcKQjNH0eDZikRPOJIZhIZm5FZIQlJtpEVDIhOIsvL5OWW3POa+6dW6lf5XEU4QiO4RQcuIA63EADmkCAwzO8wpv1aL1Y79bHvLVg5TOH8AfW5w+3CY8Y</latexit>

Co2+ =[Ar]3d7
<latexit sha1_base64="rxP1P6/UsJvDtC6JeP8dnjySAWg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gIglCSdFE3QrUblxXsA9K0TCaTdujkwcxEKKHgr7hxoYhbv8Odf+O0zUJbD1w4nHMv997jJYwKaZrfWmFtfWNzq7hd2tnd2z/QD4/aIk45Ji0cs5h3PSQIoxFpSSoZ6SacoNBjpOONGzO/80i4oHH0ICcJcUM0jGhAMZJKGugnjdjoZ/bl1IDXzg13q77RrxkDvWxWzDngKrFyUgY5mgP9q+fHOA1JJDFDQjiWmUg3Q1xSzMi01EsFSRAeoyFxFI1QSISbzc+fwnOl+DCIuapIwrn6eyJDoRCT0FOdIZIjsezNxP88J5XBlZvRKEklifBiUZAyKGM4ywL6lBMs2UQRhDlVt0I8QhxhqRIrqRCs5ZdXSduuWNWKfW+X67d5HEVwCs7ABbBADdTBHWiCFsAgA8/gFbxpT9qL9q59LFoLWj5zDP5A+/wBwBGTaA==</latexit>

Nb5+=[Kr]
<latexit sha1_base64="ZTGo0RnLS+lM45kWcjVsQEHSLLY=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkInoRil4EQSrYD0jTstlu26WbTdjdKCX0f3jxoIhX/4s3/43bNgdtfTDweG+GmXl+xJnStv1tZZaWV1bXsuu5jc2t7Z387l5dhbEktEZCHsqmjxXlTNCaZprTZiQpDnxOG/7weuI3HqlULBQPehRRL8B9wXqMYG2k9p1fbCdnJ+PipXsrvU6+YJfsKdAicVJSgBTVTv6r1Q1JHFChCcdKuY4daS/BUjPC6TjXihWNMBniPnUNFTigykumV4/RkVG6qBdKU0Kjqfp7IsGBUqPAN50B1gM1703E/zw31r0LL2EiijUVZLaoF3OkQzSJAHWZpETzkSGYSGZuRWSAJSbaBJUzITjzLy+SernknJbK9+VC5SqNIwsHcAjH4MA5VOAGqlADAhKe4RXerCfrxXq3PmatGSud2Yc/sD5/AM7MkWg=</latexit>

O2−=[Ne]
<latexit sha1_base64="DtOFBBvDOCvtkdDVwxbQm/gw3Do=">AAAB9HicbVBNS8NAEN34WetX1aOXxVbwYkniQS9C0YsnrWA/II1ls522SzebuLsplNDf4cWDIl79Md78N27bHLT1wcDjvRlm5gUxZ0rb9re1tLyyurae28hvbm3v7Bb29usqSiSFGo14JJsBUcCZgJpmmkMzlkDCgEMjGFxP/MYQpGKReNCjGPyQ9ATrMkq0kfy70mPqno5Ll94t+O1C0S7bU+BF4mSkiDJU24WvVieiSQhCU06U8hw71n5KpGaUwzjfShTEhA5IDzxDBQlB+en06DE+NkoHdyNpSmg8VX9PpCRUahQGpjMkuq/mvYn4n+clunvhp0zEiQZBZ4u6Ccc6wpMEcIdJoJqPDCFUMnMrpn0iCdUmp7wJwZl/eZHU3bJzVnbv3WLlKosjhw7RETpBDjpHFXSDqqiGKHpCz+gVvVlD68V6tz5mrUtWNnOA/sD6/AEBNZDy</latexit>

Co2+
<latexit sha1_base64="87p1X73CBtfAtoUUDZTBnsOvFCQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTd9aDHYi8eK9gPadeSTdM2NNksSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8acaeO6305ubX1jcyu/XdjZ3ds/KB4eNbVMFKENIrlU7RBryllEG4YZTtuxoliEnLbCcW3mt56o0kxG92YS00DgYcQGjGBjpYeaLD+m/sW03CuW3Io7B1olXkZKkKHeK351+5IkgkaGcKx1x3NjE6RYGUY4nRa6iaYxJmM8pB1LIyyoDtL5wVN0ZpU+GkhlKzJorv6eSLHQeiJC2ymwGellbyb+53USM7gOUhbFiaERWSwaJBwZiWbfoz5TlBg+sQQTxeytiIywwsTYjAo2BG/55VXS9CveZcW/80vVmyyOPJzAKZyDB1dQhVuoQwMICHiGV3hzlPPivDsfi9ack80cwx84nz9yAo+D</latexit>

Liu, Khalliulin (2018)

The Quantum Material
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<latexit sha1_base64="I97znOPCJOrthG+VvMKNJaUtZGA=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSkw7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jpp16reVbXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBxAuM5w==</latexit>

b
<latexit sha1_base64="QopyTEL1N/OPj0PvairIolS9db8=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSMxiUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qtWavUb/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxY+M6A==</latexit>

c
<latexit sha1_base64="0jIMiY3Xg6FeHydWT6UzrJgEy0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJuuXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHx7OM6w==</latexit>

CoNb2O6
<latexit sha1_base64="LutMf3sMbwbnUUF5YtFUZknVd94=">AAAB9HicbVDLSsNAFJ3UV62vqks3g43gqiQR1GWxG1dawT6gDWEynbRDJzNxZlIood/hxoUibv0Yd/6N0zYLbT1w4XDOvdx7T5gwqrTjfFuFtfWNza3idmlnd2//oHx41FIilZg0sWBCdkKkCKOcNDXVjHQSSVAcMtIOR/WZ3x4Tqajgj3qSED9GA04jipE2kl8Xd6EdePa9HVzaQbniVJ054Cpxc1IBORpB+avXFziNCdeYIaW6rpNoP0NSU8zItNRLFUkQHqEB6RrKUUyUn82PnsIzo/RhJKQpruFc/T2RoVipSRyazhjpoVr2ZuJ/XjfV0bWfUZ6kmnC8WBSlDGoBZwnAPpUEazYxBGFJza0QD5FEWJucSiYEd/nlVdLyqu5F1XvwKrWbPI4iOAGn4By44ArUwC1ogCbA4Ak8g1fwZo2tF+vd+li0Fqx85hj8gfX5AytckGU=</latexit>

Co-O
<latexit sha1_base64="hm9uJqwv1lCBn+5s6CezKZbDtE8=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBC8GHbjQY/BXLwZwTwgWcLsZDYZMo9lZlYIS37BiwdFvPpD3vwbJ8keNLGgoajqprsrSjgz1ve/vbX1jc2t7cJOcXdv/+CwdHTcMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj+sxvP1FtmJKPdpLQUOChZDEj2M6kurq875fKfsWfA62SICdlyNHol756A0VSQaUlHBvTDfzEhhnWlhFOp8VeamiCyRgPaddRiQU1YTa/dYrOnTJAsdKupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+CbMmExSSyVZLIpTjqxCs8fRgGlKLJ84golm7lZERlhjYl08RRdCsPzyKmlVK8FVpfpQLddu8zgKcApncAEBXEMN7qABTSAwgmd4hTdPeC/eu/exaF3z8pkT+APv8wdrY43S</latexit>

exchange paths on chain

The Quantum Material



Experimental Observations 

Easy-axis magnet (TN =2.95 K)
Ferromagnet along chains
Moments lie in a-c plane

Bb= 5.5 T “transverse field”

 C. Heid et al., J. Magn. Magn. Mater. 151, 123 (1995). S. Kobayashi et al., Phys. Rev. B 60, 3331 (1999). 

I. Maartense, I. Yaeger, B. M. Wanklyn, Solid State  Commun. 21, 93 (1977). 

R. Coldea et al Science (2010)

Transverse Field Ising Chain?



Domain-Wall Excitations
<latexit sha1_base64="CqUIuFC4KemcvOSwHkbLf9Pt/K0="></latexit>

ferromagnet

topological experiment

<latexit sha1_base64="d3DPdw+sixcfwNFpfbQ9IhK54x4="></latexit>

H = −

X

i
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i
σ̂
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+ hkσ̂
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)

domain wall feel linear potential
<latexit sha1_base64="QwfleQItFkx+xZbzBl6GHry8f5I=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JIUY9FLx4r2A9oQthsJ+3SzSbubsQS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MOVMacf5tkpr6xubW+Xtys7u3v6BfVjtqCSTFNo04YnshUQBZwLammkOvVQCiUMO3XB8M/O7jyAVS8S9nqTgx2QoWMQo0UYK7Ooo8FIiCefAsSfgATuBXXPqzhx4lbgFqaECrcD+8gYJzWIQmnKiVN91Uu3nRGpGOUwrXqYgJXRMhtA3VJAYlJ/Pb5/iU6MMcJRIU0Ljufp7IiexUpM4NJ0x0SO17M3E/7x+pqMrP2cizTQIulgUZRzrBM+CwAMmgWo+MYRQycytmI5MElSbuComBHf55VXSOa+7F/XGXaPWvC7iKKNjdILOkIsuURPdohZqI4qe0DN6RW/W1Hqx3q2PRWvJKmaO0B9Ynz81sZPo</latexit>

hk 6= 0

<latexit sha1_base64="rJasgFqWQ7x479FgyHRwzDYxYi8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuBPUiBL14jGAekCzL7KQ3GTL7YGZWiCFf4sWDIl79FG/+jZNkD5pY0FBUddPdFaSCK+0431ZhbX1jc6u4XdrZ3dsv2weHLZVkkmGTJSKRnYAqFDzGpuZaYCeVSKNAYDsY3c789iNKxZP4QY9T9CI6iHnIGdVG8u3y0O+lVFIhUJBr4vh2xak6c5BV4uakAjkavv3V6ycsizDWTFCluq6Tam9CpeZM4LTUyxSmlI3oALuGxjRC5U3mh0/JqVH6JEykqViTufp7YkIjpcZRYDojqodq2ZuJ/3ndTIdX3oTHaaYxZotFYSaITsgsBdLnEpkWY0Mok9zcStjQxMC0yapkQnCXX14lrfOqe1Gt3dcq9Zs8jiIcwwmcgQuXUIc7aEATGGTwDK/wZj1ZL9a79bFoLVj5zBH8gfX5A5lKkmc=</latexit>

hk = 0 domain walls move freely



Neutron spectra

H = −
1

m
∂
2

x
+ α|x|

<latexit sha1_base64="NWha6c6uOT+pFP6clVpSXtEdqos=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSAKYtiNgjZC0CZlBPOA7BruTmaTIbMPZmYlYZNPsPFXbCwUsbW082+cJFto9MCFwzn3ztx73IgzqUzzy8gsLC4tr2RXc2vrG5tb+e2dugxjQWiNhDwUTRck5SygNcUUp81IUPBdThtu/3riN+6pkCwMbtUwoo4P3YB5jIDSUjt/WLk8sT0BJLHGiT+2IxCKAb8rtQf4GNvAox6MBiPczhfMojkF/kuslBRQimo7/2l3QhL7NFCEg5Qty4yUk0yeJ5yOc3YsaQSkD13a0jQAn0onmR40xgda6WAvFLoChafqz4kEfCmHvqs7fVA9Oe9NxP+8Vqy8CydhQRQrGpDZR17MsQrxJB3cYYISxYeaABFM74pJD3Q8SmeY0yFY8yf/JfVS0Totlm7OCuWrNI4s2kP76AhZ6ByVUQVVUQ0R9ICe0At6NR6NZ+PNeJ+1Zox0Zhf9gvHxDdynnHo=</latexit>

…

 

R. Coldea et al Science (2010)

A. B. Zamolodchikov, (1989) 

m2

m1

=
1 +

√

5

2
<latexit sha1_base64="NXOI73r7XnuYLoYHK2whWtvr3Mw=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6UgCCWJim6EohuXFewDmhAm00k7dDKJMxOhhHyBG3/FjQtF3Lp25984bbPQ1gP3cjjnXmbuCRJGpbKsb6O0tLyyulZer2xsbm3vmLt7bRmnApMWjlksugGShFFOWooqRrqJICgKGOkEo+uJ33kgQtKY36lxQrwIDTgNKUZKS75Zc0OBcBb5Tq6bnV/CmWAfu/JeqOwszzMn982qVbemgIvELkgVFGj65pfbj3EaEa4wQ1L2bCtRXoaEopiRvOKmkiQIj9CA9DTlKCLSy6bn5LCmlT4MY6GLKzhVf29kKJJyHAV6MkJqKOe9ifif10tVeOFllCepIhzPHgpTBlUMJ9nAPhUEKzbWBGFB9V8hHiIdh9IJVnQI9vzJi6Tt1O2TunN7Wm1cFXGUwQE4BEfABuegAW5AE7QABo/gGbyCN+PJeDHejY/ZaMkodvbBHxifPyNGnCo=</latexit>

How are these pictures connected?

2-p bound states

critical point



THz absorption: linear response
Nature Physics (2021)

C. M. Morris et al PRL (2014)



THz absorption
Nature Physics (2021)

C. M. Morris et al PRL (2014)



Evolution in transverse field

Nature Physics (2021)



Evolution in transverse field

Does not look at all like TFIM!
-Domain wall dispersion at zero field

-Non-monotonic gap
-Three features

Nature Physics (2021)
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Bond Dependent Interactions?

Na2IrO3
<latexit sha1_base64="xNx0tXD7WeebmfakHTVWbVfL9PE=">AAAB9HicbVC7TsNAEFyHVwivACXNiRiJKrKdAsoIGmggSOQhJZZ1vpyTU84P7s6RIivfQUMBQrR8DB1/wyVxAQkjrTSa2dXujp9wJpVlfRuFtfWNza3idmlnd2//oHx41JJxKghtkpjHouNjSTmLaFMxxWknERSHPqdtf3Q989tjKiSLo0c1Sagb4kHEAkaw0pJ7h03PMW/FvenVTK9csarWHGiV2DmpQI6GV/7q9WOShjRShGMpu7aVKDfDQjHC6bTUSyVNMBnhAe1qGuGQSjebHz1FZ1rpoyAWuiKF5urviQyHUk5CX3eGWA3lsjcT//O6qQou3YxFSapoRBaLgpQjFaNZAqjPBCWKTzTBRDB9KyJDLDBROqeSDsFefnmVtJyqXas6D06lfpXHUYQTOIVzsOEC6nADDWgCgSd4hld4M8bGi/FufCxaC0Y+cwx/YHz+ADH7kGo=</latexit>

RuCl3
<latexit sha1_base64="sT16J0NY+OwY3x17x4YhlvjXXFc=">AAAB73icbVA9TwJBEJ3FL8Qv1NJmI5hYkTsotCTSWKKRjwQuZG/Zgw17e+fungm58CdsLDTG1r9j579xgSsUfMkkL+/NZGaeHwuujeN8o9zG5tb2Tn63sLd/cHhUPD5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMefNOZ+54kpzSP5YKYx80IykjzglBgrde+ThigPauVBseRUnAXwOnEzUoIMzUHxqz+MaBIyaaggWvdcJzZeSpThVLBZoZ9oFhM6ISPWs1SSkGkvXdw7wxdWGeIgUrakwQv190RKQq2noW87Q2LGetWbi/95vcQE117KZZwYJulyUZAIbCI8fx4PuWLUiKklhCpub8V0TBShxkZUsCG4qy+vk3a14tYq1btqqX6TxZGHMziHS3DhCupwC01oAQUBz/AKb+gRvaB39LFszaFs5hT+AH3+AL5Bjxw=</latexit>

Jackeli & Khalliulin PRL (2009)
Liu & Khalliulin; Sano, Kato, Motome (2018)

CoNb2O6
<latexit sha1_base64="LutMf3sMbwbnUUF5YtFUZknVd94=">AAAB9HicbVDLSsNAFJ3UV62vqks3g43gqiQR1GWxG1dawT6gDWEynbRDJzNxZlIood/hxoUibv0Yd/6N0zYLbT1w4XDOvdx7T5gwqrTjfFuFtfWNza3idmlnd2//oHx41FIilZg0sWBCdkKkCKOcNDXVjHQSSVAcMtIOR/WZ3x4Tqajgj3qSED9GA04jipE2kl8Xd6EdePa9HVzaQbniVJ054Cpxc1IBORpB+avXFziNCdeYIaW6rpNoP0NSU8zItNRLFUkQHqEB6RrKUUyUn82PnsIzo/RhJKQpruFc/T2RoVipSRyazhjpoVr2ZuJ/XjfV0bWfUZ6kmnC8WBSlDGoBZwnAPpUEazYxBGFJza0QD5FEWJucSiYEd/nlVdLyqu5F1XvwKrWbPI4iOAGn4By44ArUwC1ogCbA4Ak8g1fwZo2tF+vd+li0Fqx85hj8gfX5AytckGU=</latexit>



Crystal Structure of Chain

a
<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>

b
<latexit sha1_base64="YJjhR7RY5hyNtVLBH/MerrmOQ7I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPxi+M6g==</latexit>

c
<latexit sha1_base64="0jIMiY3Xg6FeHydWT6UzrJgEy0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJuuXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHx7OM6w==</latexit>

Co
2+

<latexit sha1_base64="iCW5PKijOeSw+6TdOwsibKPxDqg=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuFfRY7MVjBfsB7VqyadqGZpM1yRbKsr/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMCyLOtHHdbye3tr6xuZXfLuzs7u0fFA+PmlrGitAGkVyqdoA15UzQhmGG03akKA4DTlvBuDbzWxOqNJPiwUwj6od4KNiAEWys5CddFaKaTB+TykXaK5bcsjsHWiVeRkqQod4rfnX7ksQhFYZwrHXHcyPjJ1gZRjhNC91Y0wiTMR7SjqUCh1T7yfzoFJ1ZpY8GUtkSBs3V3xMJDrWehoHtDLEZ6WVvJv7ndWIzuPETJqLYUEEWiwYxR0aiWQKozxQlhk8twUQxeysiI6wwMTangg3BW355lTQrZe+yXLm/KlVvszjycAKncA4eXEMV7qAODSDwBM/wCm/OxHlx3p2PRWvOyWaO4Q+czx8xm5G4</latexit>

O
2−

<latexit sha1_base64="o2hjJ6ggFVKcb9DfHGy4Wv0vwBE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBi2W3CnosevFmBfsB3bVk07QNTbJLkhXKsn/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMC2POtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdUKsKWeSNg0znHZiRbEIOW2H45up336iSrNIPphJTAOBh5INGMHGSn7qK4Husse0dpb1yhW36s6AlomXkwrkaPTKX34/Iomg0hCOte56bmyCFCvDCKdZyU80jTEZ4yHtWiqxoDpIZzdn6MQqfTSIlC1p0Ez9PZFiofVEhLZTYDPSi95U/M/rJmZwFaRMxomhkswXDRKOTISmAaA+U5QYPrEEE8XsrYiMsMLE2JhKNgRv8eVl0qpVvfNq7f6iUr/O4yjCERzDKXhwCXW4hQY0gUAMz/AKb07ivDjvzse8teDkM4fwB87nD3UlkU0=</latexit>

Nature Physics (2021)

zig-zag chain
cannot have a uniform Ising axes

⌧
n̂

≡ ~⌧ · n̂
<latexit sha1_base64="F/xk1h8A3XWEt8geplgsvXRJdEI=">AAACEnicbVA9SwNBEN3zM8avqKXNYhC0CXdR0DJoYxnBfEAuhr3NJFmyt3fuzgXCkd9g41+xsVDE1srOf+Pmo9DEBwOP92aYmRfEUhh03W9naXlldW09s5Hd3Nre2c3t7VdNlGgOFR7JSNcDZkAKBRUUKKEea2BhIKEW9K/Hfm0A2ohI3eEwhmbIukp0BGdopVbu1EeW3Kd+jyFVIx8eEjHwB8DpWKc+b0dIp2Yrl3cL7gR0kXgzkiczlFu5L78d8SQEhVwyYxqeG2MzZRoFlzDK+omBmPE+60LDUsVCMM108tKIHlulTTuRtqWQTtTfEykLjRmGge0MGfbMvDcW//MaCXYum6lQcYKg+HRRJ5EUIzrOh7aFBo5yaAnjWthbKe8xzTjaFLM2BG/+5UVSLRa8s0Lx9jxfuprFkSGH5IicEI9ckBK5IWVSIZw8kmfySt6cJ+fFeXc+pq1LzmzmgPyB8/kDJnSdvw==</latexit>

HIsing = τ
n̂
i τ

n̂
j

<latexit sha1_base64="DSEd9Gs76nDYwI0s6CbydvAJac0=">AAACFnicbVDLSgMxFM3UV62vUZdugkVwY5mpgm6Eopu6q2Af0KlDJk3b2ExmSO4IZehXuPFX3LhQxK24829MHwvbeuDCyTn3kntPEAuuwXF+rMzS8srqWnY9t7G5tb1j7+7VdJQoyqo0EpFqBEQzwSWrAgfBGrFiJAwEqwf965Fff2RK80jewSBmrZB0Je9wSsBIvn1S9lNPhfhGc9kdXnpAkvvU6xHAcuhzPPt+8O28U3DGwIvEnZI8mqLi299eO6JJyCRQQbRuuk4MrZQo4FSwYc5LNIsJ7ZMuaxoqSch0Kx2fNcRHRmnjTqRMScBj9e9ESkKtB2FgOkMCPT3vjcT/vGYCnYtWymWcAJN08lEnERgiPMoIt7liFMTAEEIVN7ti2iOKUDBJ5kwI7vzJi6RWLLinheLtWb50NY0jiw7QITpGLjpHJVRGFVRFFD2hF/SG3q1n69X6sD4nrRlrOrOPZmB9/QKE6p+Z</latexit>

Ising axes must alternate along chain!



Twisted Kitaev model

a
<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>

b
<latexit sha1_base64="YJjhR7RY5hyNtVLBH/MerrmOQ7I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPxi+M6g==</latexit>

c
<latexit sha1_base64="0jIMiY3Xg6FeHydWT6UzrJgEy0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJuuXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHx7OM6w==</latexit>

Co
2+

<latexit sha1_base64="iCW5PKijOeSw+6TdOwsibKPxDqg=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuFfRY7MVjBfsB7VqyadqGZpM1yRbKsr/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMCyLOtHHdbye3tr6xuZXfLuzs7u0fFA+PmlrGitAGkVyqdoA15UzQhmGG03akKA4DTlvBuDbzWxOqNJPiwUwj6od4KNiAEWys5CddFaKaTB+TykXaK5bcsjsHWiVeRkqQod4rfnX7ksQhFYZwrHXHcyPjJ1gZRjhNC91Y0wiTMR7SjqUCh1T7yfzoFJ1ZpY8GUtkSBs3V3xMJDrWehoHtDLEZ6WVvJv7ndWIzuPETJqLYUEEWiwYxR0aiWQKozxQlhk8twUQxeysiI6wwMTangg3BW355lTQrZe+yXLm/KlVvszjycAKncA4eXEMV7qAODSDwBM/wCm/OxHlx3p2PRWvOyWaO4Q+czx8xm5G4</latexit>

O
2−

<latexit sha1_base64="o2hjJ6ggFVKcb9DfHGy4Wv0vwBE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBi2W3CnosevFmBfsB3bVk07QNTbJLkhXKsn/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMC2POtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdUKsKWeSNg0znHZiRbEIOW2H45up336iSrNIPphJTAOBh5INGMHGSn7qK4Husse0dpb1yhW36s6AlomXkwrkaPTKX34/Iomg0hCOte56bmyCFCvDCKdZyU80jTEZ4yHtWiqxoDpIZzdn6MQqfTSIlC1p0Ez9PZFiofVEhLZTYDPSi95U/M/rJmZwFaRMxomhkswXDRKOTISmAaA+U5QYPrEEE8XsrYiMsMLE2JhKNgRv8eVl0qpVvfNq7f6iUr/O4yjCERzDKXhwCXW4hQY0gUAMz/AKb07ivDjvzse8teDkM4fwB87nD3UlkU0=</latexit>
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⌘

<latexit sha1_base64="Dw+kO4RXO3idh7pCUGaUMFDXWHk="></latexit>

Space group “Pbcn”  fixes all Ising axes once one is known!
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C
b

2
<latexit sha1_base64="bheMWzbla0wajFfS3yQH/f+eFwI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMdiLx4r2FpoYtlsp+3SzSbsboQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1KNgktsGW4EdhKFNAoFPoTjxsx/eEKleSzvzSTBIKJDyQecUWMlP/MZFaQx7dUew1654lbdOcgq8XJSgRzNXvnL78csjVAaJqjWXc9NTJBRZTgTOC35qcaEsjEdYtdSSSPUQTa/eUrOrNIng1jZkobM1d8TGY20nkSh7YyoGellbyb+53VTM7gOMi6T1KBki0WDVBATk1kApM8VMiMmllCmuL2VsBFVlBkbU8mG4C2/vEratap3Ua3dXVbqN3kcRTiBUzgHD66gDrfQhBYwSOAZXuHNSZ0X5935WLQWnHzmGP7A+fwBRXORLg==</latexit>

e.g. (passing through Co site)

θ
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

c
<latexit sha1_base64="0jIMiY3Xg6FeHydWT6UzrJgEy0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJuuXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHx7OM6w==</latexit>

a
<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>

b, x̂
<latexit sha1_base64="zbkIFWcOEGJJL50WfIxDbQv7rAk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxgnlIEsLsZDYZMrO7zPSKYclXePGgiFc/x5t/4yTZgyYWNBRV3XR3+bEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSLZ8aLkXI6yhQ8lasOVW+5E1/dDP1m49cGxGF9ziOeVfRQSgCwSha6cE/I50hRfLUK5bcsjsDWSZeRkqQodYrfnX6EUsUD5FJakzbc2PsplSjYJJPCp3E8JiyER3wtqUhVdx009nBE3JilT4JIm0rRDJTf0+kVBkzVr7tVBSHZtGbiv957QSDq24qwjhBHrL5oiCRBCMy/Z70heYM5dgSyrSwtxI2pJoytBkVbAje4svLpFEpe+flyt1FqXqdxZGHIziGU/DgEqpwCzWoAwMFz/AKb452Xpx352PemnOymUP4A+fzB73hj7c=</latexit>

ẑ
<latexit sha1_base64="LyiDf8Y98eNeu/j+BcGzEBwv2eo=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM12067dZMPuRKih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeJ7HCfcj+ggFqFgFK3U7A4pkqdeqexW3BnIMvFyUoYc9V7pq9tXLI14jExSYzqem6CfUY2CST4pdlPDE8pGdMA7lsY04sbPZtdOyKlV+iRU2laMZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jMRJynymM0XhakkqMj0ddIXmjOUY0so08LeStiQasrQBlS0IXiLLy+TZrXinVeqdxfl2nUeRwGO4QTOwINLqMEt1KEBDB7gGV7hzVHOi/PufMxbV5x85gj+wPn8AUVOju0=</latexit>

n̂1
<latexit sha1_base64="+Yf/L0cS+kZLL1nAEvPTqL/gK2Y=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTm9Ekai+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAg4Rle4c15dF6cd+dj0Vpw8plj+APn8wdb+I+F</latexit>

n̂2
<latexit sha1_base64="X7Scs+P9cQ2CfLAzOIuVkwRKS2w=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTm9Ekah+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn83ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzJ4nA6E5QzmxhDIt7K2EjaimDG1EJRuCt/zyKmnVqt5FtXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w9dfI+G</latexit>

φ
<latexit sha1_base64="U7EeqmYiKeTo/r/N2HofpG7Xero=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOuk26t5VvfHQrLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEU1o5D</latexit>

“twisted Kitaev model”



Twisted Kitaev: Ground State
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<latexit sha1_base64="Dw+kO4RXO3idh7pCUGaUMFDXWHk="></latexit>

θ
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

c
<latexit sha1_base64="0jIMiY3Xg6FeHydWT6UzrJgEy0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJuuXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHx7OM6w==</latexit>

a
<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>

b, x̂
<latexit sha1_base64="zbkIFWcOEGJJL50WfIxDbQv7rAk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxgnlIEsLsZDYZMrO7zPSKYclXePGgiFc/x5t/4yTZgyYWNBRV3XR3+bEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSLZ8aLkXI6yhQ8lasOVW+5E1/dDP1m49cGxGF9ziOeVfRQSgCwSha6cE/I50hRfLUK5bcsjsDWSZeRkqQodYrfnX6EUsUD5FJakzbc2PsplSjYJJPCp3E8JiyER3wtqUhVdx009nBE3JilT4JIm0rRDJTf0+kVBkzVr7tVBSHZtGbiv957QSDq24qwjhBHrL5oiCRBCMy/Z70heYM5dgSyrSwtxI2pJoytBkVbAje4svLpFEpe+flyt1FqXqdxZGHIziGU/DgEqpwCzWoAwMFz/AKb452Xpx352PemnOymUP4A+fzB73hj7c=</latexit>

ẑ
<latexit sha1_base64="LyiDf8Y98eNeu/j+BcGzEBwv2eo=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM12067dZMPuRKih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeJ7HCfcj+ggFqFgFK3U7A4pkqdeqexW3BnIMvFyUoYc9V7pq9tXLI14jExSYzqem6CfUY2CST4pdlPDE8pGdMA7lsY04sbPZtdOyKlV+iRU2laMZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jMRJynymM0XhakkqMj0ddIXmjOUY0so08LeStiQasrQBlS0IXiLLy+TZrXinVeqdxfl2nUeRwGO4QTOwINLqMEt1KEBDB7gGV7hzVHOi/PufMxbV5x85gj+wPn8AUVOju0=</latexit>

n̂1
<latexit sha1_base64="+Yf/L0cS+kZLL1nAEvPTqL/gK2Y=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTm9Ekai+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAg4Rle4c15dF6cd+dj0Vpw8plj+APn8wdb+I+F</latexit>

n̂2
<latexit sha1_base64="X7Scs+P9cQ2CfLAzOIuVkwRKS2w=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTm9Ekah+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn83ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzJ4nA6E5QzmxhDIt7K2EjaimDG1EJRuCt/zyKmnVqt5FtXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w9dfI+G</latexit>

φ
<latexit sha1_base64="U7EeqmYiKeTo/r/N2HofpG7Xero=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOuk26t5VvfHQrLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEU1o5D</latexit>

θ
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

b, x̂
<latexit sha1_base64="zbkIFWcOEGJJL50WfIxDbQv7rAk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxgnlIEsLsZDYZMrO7zPSKYclXePGgiFc/x5t/4yTZgyYWNBRV3XR3+bEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSLZ8aLkXI6yhQ8lasOVW+5E1/dDP1m49cGxGF9ziOeVfRQSgCwSha6cE/I50hRfLUK5bcsjsDWSZeRkqQodYrfnX6EUsUD5FJakzbc2PsplSjYJJPCp3E8JiyER3wtqUhVdx009nBE3JilT4JIm0rRDJTf0+kVBkzVr7tVBSHZtGbiv957QSDq24qwjhBHrL5oiCRBCMy/Z70heYM5dgSyrSwtxI2pJoytBkVbAje4svLpFEpe+flyt1FqXqdxZGHIziGU/DgEqpwCzWoAwMFz/AKb452Xpx352PemnOymUP4A+fzB73hj7c=</latexit>

ẑ
<latexit sha1_base64="LyiDf8Y98eNeu/j+BcGzEBwv2eo=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM12067dZMPuRKih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeJ7HCfcj+ggFqFgFK3U7A4pkqdeqexW3BnIMvFyUoYc9V7pq9tXLI14jExSYzqem6CfUY2CST4pdlPDE8pGdMA7lsY04sbPZtdOyKlV+iRU2laMZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jMRJynymM0XhakkqMj0ddIXmjOUY0so08LeStiQasrQBlS0IXiLLy+TZrXinVeqdxfl2nUeRwGO4QTOwINLqMEt1KEBDB7gGV7hzVHOi/PufMxbV5x85gj+wPn8AUVOju0=</latexit> n̂1

<latexit sha1_base64="+Yf/L0cS+kZLL1nAEvPTqL/gK2Y=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTm9Ekai+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAg4Rle4c15dF6cd+dj0Vpw8plj+APn8wdb+I+F</latexit>

n̂2
<latexit sha1_base64="X7Scs+P9cQ2CfLAzOIuVkwRKS2w=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTm9Ekah+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn83ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzJ4nA6E5QzmxhDIt7K2EjaimDG1EJRuCt/zyKmnVqt5FtXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w9dfI+G</latexit>

(Ising symmetry)

a
<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>

b
<latexit sha1_base64="YJjhR7RY5hyNtVLBH/MerrmOQ7I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPxi+M6g==</latexit>

c
<latexit sha1_base64="0jIMiY3Xg6FeHydWT6UzrJgEy0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJuuXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHx7OM6w==</latexit>

Co
2+

<latexit sha1_base64="iCW5PKijOeSw+6TdOwsibKPxDqg=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuFfRY7MVjBfsB7VqyadqGZpM1yRbKsr/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMCyLOtHHdbye3tr6xuZXfLuzs7u0fFA+PmlrGitAGkVyqdoA15UzQhmGG03akKA4DTlvBuDbzWxOqNJPiwUwj6od4KNiAEWys5CddFaKaTB+TykXaK5bcsjsHWiVeRkqQod4rfnX7ksQhFYZwrHXHcyPjJ1gZRjhNC91Y0wiTMR7SjqUCh1T7yfzoFJ1ZpY8GUtkSBs3V3xMJDrWehoHtDLEZ6WVvJv7ndWIzuPETJqLYUEEWiwYxR0aiWQKozxQlhk8twUQxeysiI6wwMTangg3BW355lTQrZe+yXLm/KlVvszjycAKncA4eXEMV7qAODSDwBM/wCm/OxHlx3p2PRWvOyWaO4Q+czx8xm5G4</latexit>

O
2−

<latexit sha1_base64="o2hjJ6ggFVKcb9DfHGy4Wv0vwBE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBi2W3CnosevFmBfsB3bVk07QNTbJLkhXKsn/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMC2POtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdUKsKWeSNg0znHZiRbEIOW2H45up336iSrNIPphJTAOBh5INGMHGSn7qK4Husse0dpb1yhW36s6AlomXkwrkaPTKX34/Iomg0hCOte56bmyCFCvDCKdZyU80jTEZ4yHtWiqxoDpIZzdn6MQqfTSIlC1p0Ez9PZFiofVEhLZTYDPSi95U/M/rJmZwFaRMxomhkswXDRKOTISmAaA+U5QYPrEEE8XsrYiMsMLE2JhKNgRv8eVl0qpVvfNq7f6iUr/O4yjCERzDKXhwCXW4hQY0gUAMz/AKb07ivDjvzse8teDkM4fwB87nD3UlkU0=</latexit>

uniform polarization in a-c plane.
z-polarization breaks     .      
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C
b

2
<latexit sha1_base64="bheMWzbla0wajFfS3yQH/f+eFwI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMdiLx4r2FpoYtlsp+3SzSbsboQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1KNgktsGW4EdhKFNAoFPoTjxsx/eEKleSzvzSTBIKJDyQecUWMlP/MZFaQx7dUew1654lbdOcgq8XJSgRzNXvnL78csjVAaJqjWXc9NTJBRZTgTOC35qcaEsjEdYtdSSSPUQTa/eUrOrNIng1jZkobM1d8TGY20nkSh7YyoGellbyb+53VTM7gOMi6T1KBki0WDVBATk1kApM8VMiMmllCmuL2VsBFVlBkbU8mG4C2/vEratap3Ua3dXVbqN3kcRTiBUzgHD66gDrfQhBYwSOAZXuHNSZ0X5935WLQWnHzmGP7A+fwBRXORLg==</latexit>

C
b

2
<latexit sha1_base64="bheMWzbla0wajFfS3yQH/f+eFwI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMdiLx4r2FpoYtlsp+3SzSbsboQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1KNgktsGW4EdhKFNAoFPoTjxsx/eEKleSzvzSTBIKJDyQecUWMlP/MZFaQx7dUew1654lbdOcgq8XJSgRzNXvnL78csjVAaJqjWXc9NTJBRZTgTOC35qcaEsjEdYtdSSSPUQTa/eUrOrNIng1jZkobM1d8TGY20nkSh7YyoGellbyb+53VTM7gOMi6T1KBki0WDVBATk1kApM8VMiMmllCmuL2VsBFVlBkbU8mG4C2/vEratap3Ua3dXVbqN3kcRTiBUzgHD66gDrfQhBYwSOAZXuHNSZ0X5935WLQWnHzmGP7A+fwBRXORLg==</latexit>



Twisted Kitaev: Excitations
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<latexit sha1_base64="Dw+kO4RXO3idh7pCUGaUMFDXWHk="></latexit>

θ
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

c
<latexit sha1_base64="0jIMiY3Xg6FeHydWT6UzrJgEy0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJuuXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHx7OM6w==</latexit>

a
<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>

b, x̂
<latexit sha1_base64="zbkIFWcOEGJJL50WfIxDbQv7rAk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxgnlIEsLsZDYZMrO7zPSKYclXePGgiFc/x5t/4yTZgyYWNBRV3XR3+bEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSLZ8aLkXI6yhQ8lasOVW+5E1/dDP1m49cGxGF9ziOeVfRQSgCwSha6cE/I50hRfLUK5bcsjsDWSZeRkqQodYrfnX6EUsUD5FJakzbc2PsplSjYJJPCp3E8JiyER3wtqUhVdx009nBE3JilT4JIm0rRDJTf0+kVBkzVr7tVBSHZtGbiv957QSDq24qwjhBHrL5oiCRBCMy/Z70heYM5dgSyrSwtxI2pJoytBkVbAje4svLpFEpe+flyt1FqXqdxZGHIziGU/DgEqpwCzWoAwMFz/AKb452Xpx352PemnOymUP4A+fzB73hj7c=</latexit>

ẑ
<latexit sha1_base64="LyiDf8Y98eNeu/j+BcGzEBwv2eo=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM12067dZMPuRKih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeJ7HCfcj+ggFqFgFK3U7A4pkqdeqexW3BnIMvFyUoYc9V7pq9tXLI14jExSYzqem6CfUY2CST4pdlPDE8pGdMA7lsY04sbPZtdOyKlV+iRU2laMZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jMRJynymM0XhakkqMj0ddIXmjOUY0so08LeStiQasrQBlS0IXiLLy+TZrXinVeqdxfl2nUeRwGO4QTOwINLqMEt1KEBDB7gGV7hzVHOi/PufMxbV5x85gj+wPn8AUVOju0=</latexit>

n̂1
<latexit sha1_base64="+Yf/L0cS+kZLL1nAEvPTqL/gK2Y=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTm9Ekai+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAg4Rle4c15dF6cd+dj0Vpw8plj+APn8wdb+I+F</latexit>

n̂2
<latexit sha1_base64="X7Scs+P9cQ2CfLAzOIuVkwRKS2w=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTm9Ekah+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn83ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzJ4nA6E5QzmxhDIt7K2EjaimDG1EJRuCt/zyKmnVqt5FtXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w9dfI+G</latexit>

φ
<latexit sha1_base64="U7EeqmYiKeTo/r/N2HofpG7Xero=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOuk26t5VvfHQrLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEU1o5D</latexit>
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<latexit sha1_base64="6CGb7ghIcB2e0RpMsB+PUSkiHVM="></latexit>
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cf. Fava, Coldea, Parameswaran (2020)



Twisted Kitaev: Excitations
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<latexit sha1_base64="Dw+kO4RXO3idh7pCUGaUMFDXWHk="></latexit>
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<latexit sha1_base64="6CGb7ghIcB2e0RpMsB+PUSkiHVM="></latexit>

cf. Fava, Coldea, Parameswaran (2020)
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<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

c
<latexit sha1_base64="0jIMiY3Xg6FeHydWT6UzrJgEy0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJuuXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHx7OM6w==</latexit>

a
<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>

b, x̂
<latexit sha1_base64="zbkIFWcOEGJJL50WfIxDbQv7rAk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxgnlIEsLsZDYZMrO7zPSKYclXePGgiFc/x5t/4yTZgyYWNBRV3XR3+bEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSLZ8aLkXI6yhQ8lasOVW+5E1/dDP1m49cGxGF9ziOeVfRQSgCwSha6cE/I50hRfLUK5bcsjsDWSZeRkqQodYrfnX6EUsUD5FJakzbc2PsplSjYJJPCp3E8JiyER3wtqUhVdx009nBE3JilT4JIm0rRDJTf0+kVBkzVr7tVBSHZtGbiv957QSDq24qwjhBHrL5oiCRBCMy/Z70heYM5dgSyrSwtxI2pJoytBkVbAje4svLpFEpe+flyt1FqXqdxZGHIziGU/DgEqpwCzWoAwMFz/AKb452Xpx352PemnOymUP4A+fzB73hj7c=</latexit>

ẑ
<latexit sha1_base64="LyiDf8Y98eNeu/j+BcGzEBwv2eo=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM12067dZMPuRKih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeJ7HCfcj+ggFqFgFK3U7A4pkqdeqexW3BnIMvFyUoYc9V7pq9tXLI14jExSYzqem6CfUY2CST4pdlPDE8pGdMA7lsY04sbPZtdOyKlV+iRU2laMZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jMRJynymM0XhakkqMj0ddIXmjOUY0so08LeStiQasrQBlS0IXiLLy+TZrXinVeqdxfl2nUeRwGO4QTOwINLqMEt1KEBDB7gGV7hzVHOi/PufMxbV5x85gj+wPn8AUVOju0=</latexit>

n̂1
<latexit sha1_base64="+Yf/L0cS+kZLL1nAEvPTqL/gK2Y=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTm9Ekai+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAg4Rle4c15dF6cd+dj0Vpw8plj+APn8wdb+I+F</latexit>

n̂2
<latexit sha1_base64="X7Scs+P9cQ2CfLAzOIuVkwRKS2w=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTm9Ekah+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn83ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzJ4nA6E5QzmxhDIt7K2EjaimDG1EJRuCt/zyKmnVqt5FtXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w9dfI+G</latexit>

φ
<latexit sha1_base64="U7EeqmYiKeTo/r/N2HofpG7Xero=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOuk26t5VvfHQrLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEU1o5D</latexit>
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Twisted Kitaev: Deg Pert theory
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<latexit sha1_base64="ijGONigboX2Qh3UVwCAsfkYs4Cc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQkmqoMeiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4dzrlcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0qxWvItK9f6yXLvJ4yjAMZzAGXhwBTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP+ImjO4=</latexit>

−1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>
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<latexit sha1_base64="ijGONigboX2Qh3UVwCAsfkYs4Cc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQkmqoMeiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4dzrlcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0qxWvItK9f6yXLvJ4yjAMZzAGXhwBTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP+ImjO4=</latexit>

−1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>
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<latexit sha1_base64="d9L5ubt0KIOm4rqoBcj6aCND2jM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHcWJIq6LLoxmUF+4Amhsl00g6dScI8pCHUX3HjQhG3fog7/8Zpm4W2HrhwOOde7r0nTBmVynG+rZXVtfWNzdJWeXtnd2/fPjhsy0QLTFo4YYnohkgSRmPSUlQx0k0FQTxkpBOObqZ+55EISZP4XmUp8TkaxDSiGCkjBXblbBiMoSc1D6inkH4YBzSwq07NmQEuE7cgVVCgGdhfXj/BmpNYYYak7LlOqvwcCUUxI5OypyVJER6hAekZGiNOpJ/Pjp/AE6P0YZQIU7GCM/X3RI64lBkPTSdHaigXvan4n9fTKrrycxqnWpEYzxdFmkGVwGkSsE8FwYplhiAsqLkV4iESCCuTV9mE4C6+vEza9Zp7XqvfXVQb10UcJXAEjsEpcMElaIBb0AQtgEEGnsEreLOerBfr3fqYt65YxUwF/IH1+QOMqJS2</latexit>
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<latexit sha1_base64="ijGONigboX2Qh3UVwCAsfkYs4Cc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQkmqoMeiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4dzrlcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0qxWvItK9f6yXLvJ4yjAMZzAGXhwBTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP+ImjO4=</latexit>

+1
<latexit sha1_base64="ijGONigboX2Qh3UVwCAsfkYs4Cc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQkmqoMeiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4dzrlcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0qxWvItK9f6yXLvJ4yjAMZzAGXhwBTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP+ImjO4=</latexit>

Twisted Kitaev: Deg Pert theory
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<latexit sha1_base64="ijGONigboX2Qh3UVwCAsfkYs4Cc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQkmqoMeiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4dzrlcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0qxWvItK9f6yXLvJ4yjAMZzAGXhwBTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP+ImjO4=</latexit>

−1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>
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<latexit sha1_base64="ijGONigboX2Qh3UVwCAsfkYs4Cc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQkmqoMeiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4dzrlcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0qxWvItK9f6yXLvJ4yjAMZzAGXhwBTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP+ImjO4=</latexit>

Su-Schrieffer-Heeger

Twisted Kitaev: Deg Pert theory



E
1
→

<latexit sha1_base64="bVmQYBtmwufj0k8Rpp6ZwTS8eTc=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCp7JbBT0WRfBYwX5AuyzZNNuGZpMlySq19Jd48aCIV3+KN/+NabsHbX0w8Hhvhpl5UcqZNp737aysrq1vbBa2its7u3sld/+gqWWmCG0QyaVqR1hTzgRtGGY4baeK4iTitBUNr6d+64EqzaS4N6OUBgnuCxYzgo2VQrd0E/qoq1h/YLBS8jF0y17FmwEtEz8nZchRD92vbk+SLKHCEI617vheaoIxVoYRTifFbqZpiskQ92nHUoETqoPx7PAJOrFKD8VS2RIGzdTfE2OcaD1KItuZYDPQi95U/M/rZCa+DMZMpJmhgswXxRlHRqJpCqjHFCWGjyzBRDF7KyIDrDAxNquiDcFffHmZNKsV/6xSvTsv167yOApwBMdwCj5cQA1uoQ4NIJDBM7zCm/PkvDjvzse8dcXJZw7hD5zPH09wkt8=</latexit>

k
<latexit sha1_base64="S3l8nnBLDerjgmOsR9KRP3N3+lk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f09OM8w==</latexit>

−

π

c
<latexit sha1_base64="zwAcyKqlSuDMZrjANihrrBx4C18=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWpgh6LXjxWsB/QxLLZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zQHbX0w8Hhvhpl5fsyZ0rb9bZVWVtfWN8qbla3tnd296v5BR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Gbmdx+pVCwS93oaUy/EI8ECRrA20sOZG0hMUjdmWUqyQbVm1+0caJk4BalBgdag+uUOI5KEVGjCsVJ9x461l2KpGeE0q7iJojEmEzyifUMFDqny0vzqDJ0YZYiCSJoSGuXq74kUh0pNQ990hliP1aI3E//z+okOrryUiTjRVJD5oiDhSEdoFgEaMkmJ5lNDMJHM3IrIGJsctAmqYkJwFl9eJp1G3TmvN+4uas3rIo4yHMExnIIDl9CEW2hBGwhIeIZXeLOerBfr3fqYt5asYuYQ/sD6/AHOupK3</latexit>

π

c
<latexit sha1_base64="DhknZE893XwrJaWeEkVfkAhPfSg=">AAAB9HicbVBNS8NAEJ31s9avqkcvi0XwVJIq6LHoxWMF+wFNKJvtpl262cTdTaGE/A4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnG+0dr6xubWdmmnvLu3f3BYOTpu6zhVlLVoLGLVDYhmgkvWMtwI1k0UI1EgWCcY3838zoQpzWP5aKYJ8yMylDzklBgr+V6oCM28hOcZzfuVqlNz5sCrxC1IFQo0+5UvbxDTNGLSUEG07rlOYvyMKMOpYHnZSzVLCB2TIetZKknEtJ/Nj87xuVUGOIyVLWnwXP09kZFI62kU2M6ImJFe9mbif14vNeGNn3GZpIZJulgUpgKbGM8SwAOuGDViagmhittbMR0Rm4OxOZVtCO7yy6ukXa+5l7X6w1W1cVvEUYJTOIMLcOEaGnAPTWgBhSd4hld4QxP0gt7Rx6J1DRUzJ/AH6PMHY0GSgA==</latexit>

Nature Physics (2021)

hx →
<latexit sha1_base64="pYIvOc6ltwPfXZw1jqRoQm3n6O8=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMeiF48V7Ae0IWy2m2bpZhN2J2oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZekAquwXG+rZXVtfWNzdJWeXtnd69i7x+0dZIpylo0EYnqBkQzwSVrAQfBuqliJA4E6wSj66nfuWdK80TewThlXkyGkoecEjCSb1ci/xH3FR9GQJRKHny76tScGfAycQtSRQWavv3VHyQ0i5kEKojWPddJwcuJAk4Fm5T7mWYpoSMyZD1DJYmZ9vLZ4RN8YpQBDhNlSgKeqb8nchJrPY4D0xkTiPSiNxX/83oZhJdezmWaAZN0vijMBIYET1PAA64YBTE2hFDFza2YRkQRCiarsgnBXXx5mbTrNfesVr89rzauijhK6Agdo1PkogvUQDeoiVqIogw9o1f0Zj1ZL9a79TFvXbGKmUP0B9bnD/VWk0k=</latexit>

Hd = −

X

n

h

(hx + (−1)nK sin(2θ)) (d†
n
dn+1 + d

†
n+1dn))

i

<latexit sha1_base64="KNci+BJE4W5ffYEJwFFO7+u3SfY="></latexit>

Two-bands. Su-Schrieffer-Heeger model!

Twisted Kitaev: Deg Pert theory



Two-bands. Su-Schrieffer-Heeger model!
E

2
(k

=
0
)
→

<latexit sha1_base64="zQhZaRc1/ls1O9A++gdUFVcYeTs=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5JUQTdCUQSXFewD2hAm00k7dDIJMzdKLcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON/WwuLS8spqbi2/vrG5tW3v7NZ1nCrKajQWsWoGRDPBJasBB8GaiWIkCgRrBP2rsd+4Z0rzWN7BIGFeRLqSh5wSMJJv71/7ZVzsXzjHbcW7PSBKxQ++XXBKzgR4nrgZKaAMVd/+andimkZMAhVE65brJOANiQJOBRvl26lmCaF90mUtQyWJmPaGk+tH+MgoHRzGypQEPFF/TwxJpPUgCkxnRKCnZ72x+J/XSiE894ZcJikwSaeLwlRgiPE4CtzhilEQA0MIVdzcimmPKELBBJY3IbizL8+TernknpTKt6eFymUWRw4doENURC46QxV0g6qohih6RM/oFb1ZT9aL9W59TFsXrGxmD/2B9fkD4Q2UOw==</latexit>

hx →
<latexit sha1_base64="pYIvOc6ltwPfXZw1jqRoQm3n6O8=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMeiF48V7Ae0IWy2m2bpZhN2J2oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZekAquwXG+rZXVtfWNzdJWeXtnd69i7x+0dZIpylo0EYnqBkQzwSVrAQfBuqliJA4E6wSj66nfuWdK80TewThlXkyGkoecEjCSb1ci/xH3FR9GQJRKHny76tScGfAycQtSRQWavv3VHyQ0i5kEKojWPddJwcuJAk4Fm5T7mWYpoSMyZD1DJYmZ9vLZ4RN8YpQBDhNlSgKeqb8nchJrPY4D0xkTiPSiNxX/83oZhJdezmWaAZN0vijMBIYET1PAA64YBTE2hFDFza2YRkQRCiarsgnBXXx5mbTrNfesVr89rzauijhK6Agdo1PkogvUQDeoiVqIogw9o1f0Zj1ZL9a79TFvXbGKmUP0B9bnD/VWk0k=</latexit>

E
1
→

<latexit sha1_base64="bVmQYBtmwufj0k8Rpp6ZwTS8eTc=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCp7JbBT0WRfBYwX5AuyzZNNuGZpMlySq19Jd48aCIV3+KN/+NabsHbX0w8Hhvhpl5UcqZNp737aysrq1vbBa2its7u3sld/+gqWWmCG0QyaVqR1hTzgRtGGY4baeK4iTitBUNr6d+64EqzaS4N6OUBgnuCxYzgo2VQrd0E/qoq1h/YLBS8jF0y17FmwEtEz8nZchRD92vbk+SLKHCEI617vheaoIxVoYRTifFbqZpiskQ92nHUoETqoPx7PAJOrFKD8VS2RIGzdTfE2OcaD1KItuZYDPQi95U/M/rZCa+DMZMpJmhgswXxRlHRqJpCqjHFCWGjyzBRDF7KyIDrDAxNquiDcFffHmZNKsV/6xSvTsv167yOApwBMdwCj5cQA1uoQ4NIJDBM7zCm/PkvDjvzse8dcXJZw7hD5zPH09wkt8=</latexit>

k
<latexit sha1_base64="S3l8nnBLDerjgmOsR9KRP3N3+lk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f09OM8w==</latexit>

−

π

c
<latexit sha1_base64="zwAcyKqlSuDMZrjANihrrBx4C18=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWpgh6LXjxWsB/QxLLZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zQHbX0w8Hhvhpl5fsyZ0rb9bZVWVtfWN8qbla3tnd296v5BR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Gbmdx+pVCwS93oaUy/EI8ECRrA20sOZG0hMUjdmWUqyQbVm1+0caJk4BalBgdag+uUOI5KEVGjCsVJ9x461l2KpGeE0q7iJojEmEzyifUMFDqny0vzqDJ0YZYiCSJoSGuXq74kUh0pNQ990hliP1aI3E//z+okOrryUiTjRVJD5oiDhSEdoFgEaMkmJ5lNDMJHM3IrIGJsctAmqYkJwFl9eJp1G3TmvN+4uas3rIo4yHMExnIIDl9CEW2hBGwhIeIZXeLOerBfr3fqYt5asYuYQ/sD6/AHOupK3</latexit>

π

c
<latexit sha1_base64="DhknZE893XwrJaWeEkVfkAhPfSg=">AAAB9HicbVBNS8NAEJ31s9avqkcvi0XwVJIq6LHoxWMF+wFNKJvtpl262cTdTaGE/A4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnG+0dr6xubWdmmnvLu3f3BYOTpu6zhVlLVoLGLVDYhmgkvWMtwI1k0UI1EgWCcY3838zoQpzWP5aKYJ8yMylDzklBgr+V6oCM28hOcZzfuVqlNz5sCrxC1IFQo0+5UvbxDTNGLSUEG07rlOYvyMKMOpYHnZSzVLCB2TIetZKknEtJ/Nj87xuVUGOIyVLWnwXP09kZFI62kU2M6ImJFe9mbif14vNeGNn3GZpIZJulgUpgKbGM8SwAOuGDViagmhittbMR0Rm4OxOZVtCO7yy6ukXa+5l7X6w1W1cVvEUYJTOIMLcOEaGnAPTWgBhSd4hld4QxP0gt7Rx6J1DRUzJ/AH6PMHY0GSgA==</latexit>

Nature Physics (2021)

Hd = −

X

n

h

(hx + (−1)nK sin(2θ)) (d†
n
dn+1 + d

†
n+1dn))

i

<latexit sha1_base64="KNci+BJE4W5ffYEJwFFO7+u3SfY="></latexit>

Twisted Kitaev: Deg Pert theory



Two-bands. Su-Schrieffer-Heeger model!
E

2
(k

=
0
)
→

<latexit sha1_base64="zQhZaRc1/ls1O9A++gdUFVcYeTs=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5JUQTdCUQSXFewD2hAm00k7dDIJMzdKLcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON/WwuLS8spqbi2/vrG5tW3v7NZ1nCrKajQWsWoGRDPBJasBB8GaiWIkCgRrBP2rsd+4Z0rzWN7BIGFeRLqSh5wSMJJv71/7ZVzsXzjHbcW7PSBKxQ++XXBKzgR4nrgZKaAMVd/+andimkZMAhVE65brJOANiQJOBRvl26lmCaF90mUtQyWJmPaGk+tH+MgoHRzGypQEPFF/TwxJpPUgCkxnRKCnZ72x+J/XSiE894ZcJikwSaeLwlRgiPE4CtzhilEQA0MIVdzcimmPKELBBJY3IbizL8+TernknpTKt6eFymUWRw4doENURC46QxV0g6qohih6RM/oFb1ZT9aL9W59TFsXrGxmD/2B9fkD4Q2UOw==</latexit>

hx →
<latexit sha1_base64="pYIvOc6ltwPfXZw1jqRoQm3n6O8=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMeiF48V7Ae0IWy2m2bpZhN2J2oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZekAquwXG+rZXVtfWNzdJWeXtnd69i7x+0dZIpylo0EYnqBkQzwSVrAQfBuqliJA4E6wSj66nfuWdK80TewThlXkyGkoecEjCSb1ci/xH3FR9GQJRKHny76tScGfAycQtSRQWavv3VHyQ0i5kEKojWPddJwcuJAk4Fm5T7mWYpoSMyZD1DJYmZ9vLZ4RN8YpQBDhNlSgKeqb8nchJrPY4D0xkTiPSiNxX/83oZhJdezmWaAZN0vijMBIYET1PAA64YBTE2hFDFza2YRkQRCiarsgnBXXx5mbTrNfesVr89rzauijhK6Agdo1PkogvUQDeoiVqIogw9o1f0Zj1ZL9a79TFvXbGKmUP0B9bnD/VWk0k=</latexit>

E
1
→

<latexit sha1_base64="bVmQYBtmwufj0k8Rpp6ZwTS8eTc=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCp7JbBT0WRfBYwX5AuyzZNNuGZpMlySq19Jd48aCIV3+KN/+NabsHbX0w8Hhvhpl5UcqZNp737aysrq1vbBa2its7u3sld/+gqWWmCG0QyaVqR1hTzgRtGGY4baeK4iTitBUNr6d+64EqzaS4N6OUBgnuCxYzgo2VQrd0E/qoq1h/YLBS8jF0y17FmwEtEz8nZchRD92vbk+SLKHCEI617vheaoIxVoYRTifFbqZpiskQ92nHUoETqoPx7PAJOrFKD8VS2RIGzdTfE2OcaD1KItuZYDPQi95U/M/rZCa+DMZMpJmhgswXxRlHRqJpCqjHFCWGjyzBRDF7KyIDrDAxNquiDcFffHmZNKsV/6xSvTsv167yOApwBMdwCj5cQA1uoQ4NIJDBM7zCm/PkvDjvzse8dcXJZw7hD5zPH09wkt8=</latexit>

k
<latexit sha1_base64="S3l8nnBLDerjgmOsR9KRP3N3+lk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f09OM8w==</latexit>

−

π

c
<latexit sha1_base64="zwAcyKqlSuDMZrjANihrrBx4C18=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWpgh6LXjxWsB/QxLLZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zQHbX0w8Hhvhpl5fsyZ0rb9bZVWVtfWN8qbla3tnd296v5BR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Gbmdx+pVCwS93oaUy/EI8ECRrA20sOZG0hMUjdmWUqyQbVm1+0caJk4BalBgdag+uUOI5KEVGjCsVJ9x461l2KpGeE0q7iJojEmEzyifUMFDqny0vzqDJ0YZYiCSJoSGuXq74kUh0pNQ990hliP1aI3E//z+okOrryUiTjRVJD5oiDhSEdoFgEaMkmJ5lNDMJHM3IrIGJsctAmqYkJwFl9eJp1G3TmvN+4uas3rIo4yHMExnIIDl9CEW2hBGwhIeIZXeLOerBfr3fqYt5asYuYQ/sD6/AHOupK3</latexit>

π

c
<latexit sha1_base64="DhknZE893XwrJaWeEkVfkAhPfSg=">AAAB9HicbVBNS8NAEJ31s9avqkcvi0XwVJIq6LHoxWMF+wFNKJvtpl262cTdTaGE/A4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnG+0dr6xubWdmmnvLu3f3BYOTpu6zhVlLVoLGLVDYhmgkvWMtwI1k0UI1EgWCcY3838zoQpzWP5aKYJ8yMylDzklBgr+V6oCM28hOcZzfuVqlNz5sCrxC1IFQo0+5UvbxDTNGLSUEG07rlOYvyMKMOpYHnZSzVLCB2TIetZKknEtJ/Nj87xuVUGOIyVLWnwXP09kZFI62kU2M6ImJFe9mbif14vNeGNn3GZpIZJulgUpgKbGM8SwAOuGDViagmhittbMR0Rm4OxOZVtCO7yy6ukXa+5l7X6w1W1cVvEUYJTOIMLcOEaGnAPTWgBhSd4hld4QxP0gt7Rx6J1DRUzJ/AH6PMHY0GSgA==</latexit>

Nature Physics (2021)

Hd = −

X

n

h

(hx + (−1)nK sin(2θ)) (d†
n
dn+1 + d

†
n+1dn))

i

<latexit sha1_base64="KNci+BJE4W5ffYEJwFFO7+u3SfY="></latexit>

Twisted Kitaev: Deg Pert theory



Twisted Kiraev: DMRG

H = −K
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τ
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i

<latexit sha1_base64="6CGb7ghIcB2e0RpMsB+PUSkiHVM="></latexit>

DMRG: Store        as a “matrix product state”|Ψi
<latexit sha1_base64="LeZkU6m8cA7ZXtejDxBu8y09JyI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAdklzA76U2GzM6uM7OBEPMdXjwo4tWP8ebfOHkcNLGgoajqprsrTAXXxnW/ndza+sbmVn67sLO7t39QPDxq6CRTDOssEYlqhVSj4BLrhhuBrVQhjUOBzXBwO/WbQ1SaJ/LBjFIMYtqTPOKMGisFT35Nc+IrKnsCO8WSW3ZnIKvEW5ASLFDrFL/8bsKyGKVhgmrd9tzUBGOqDGcCJwU/05hSNqA9bFsqaYw6GM+OnpAzq3RJlChb0pCZ+ntiTGOtR3FoO2Nq+nrZm4r/ee3MRNfBmMs0MyjZfFGUCWISMk2AdLlCZsTIEsoUt7cS1qeKMmNzKtgQvOWXV0mjUvYuypX7y1L1ZhFHHk7gFM7Bgyuowh3UoA4MHuEZXuHNGTovzrvzMW/NOYuZY/gD5/MHlEeR+Q==</latexit>

Sαβ(k, ω) =

Z
∞

−∞

dt
X
j

eik.xj−iωthSα
j (t)S

β
0
(0)i

<latexit sha1_base64="Ge1MAlPAGzwvZAHVo22xqNkkGIA="></latexit>

White (1992); Vidal (2003); White & Feiguin (2004); 

Need to go beyond perturbation theory



DMRG: Time Evolution
t
→

<latexit sha1_base64="125dXyU7JHB79r36i57sIyAopsM=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4xkUcCGzI7zMKE2dl1phdDCN/hxYPGePVjvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb2d+c8S1EbF6wHHC/Yj2lQgFo2glH0lHi/4AqdbxU7dYcsvuHGSVeBkpQYZat/jV6cUsjbhCJqkxbc9N0J9QjYJJPi10UsMTyoa0z9uWKhpx40/mR0/JmVV6JIy1LYVkrv6emNDImHEU2M6I4sAsezPxP6+dYnjtT4RKUuSKLRaFqSQYk1kCpCc0ZyjHllCmhb2VsAHVlKHNqWBD8JZfXiWNStm7KFfuL0vVmyyOPJzAKZyDB1dQhTuoQR0YPMIzvMKbM3JenHfnY9Gac7KZY/gD5/MH9SqSOQ==</latexit>

hSx
j (t)S

x
0 i = hΨgs|S

x
j e

−i(H−E0)tS
x
0 |Ψgsi

<latexit sha1_base64="ZmZ+TSi/YBH21h6R9+6gO8dpYNo="></latexit>

100 200 300 400 500
0
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t

h = 0.00

j →
<latexit sha1_base64="7ZG4R91gEnzhTpbmJux/MRD3+Sw=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEw8kV000SPRi0dM5JHAhswOszAyO7vO9GII4Tu8eNAYr36MN//GAfagYCWdVKq6090VJFIYdN1vZ2V1bX1jM7eV397Z3dsvHBzWTZxqxmsslrFuBtRwKRSvoUDJm4nmNAokbwSDm6nfGHJtRKzucZRwP6I9JULBKFrJfyBtLXp9pFrHT51C0S25M5Bl4mWkCBmqncJXuxuzNOIKmaTGtDw3QX9MNQom+STfTg1PKBvQHm9ZqmjEjT+eHT0hp1bpkjDWthSSmfp7YkwjY0ZRYDsjin2z6E3F/7xWiuGVPxYqSZErNl8UppJgTKYJkK7QnKEcWUKZFvZWwvpUU4Y2p7wNwVt8eZnUyyXvvFS+uyhWrrM4cnAMJ3AGHlxCBW6hCjVg8AjP8ApvztB5cd6dj3nripPNHMEfOJ8/5YqSLw==</latexit>



DMRG: Time Evolution

hSx
j (t)S

x
0 i = hΨgs|S

x
j e

−i(H−E0)tS
x
0 |Ψgsi

<latexit sha1_base64="ZmZ+TSi/YBH21h6R9+6gO8dpYNo="></latexit>

t
→

<latexit sha1_base64="125dXyU7JHB79r36i57sIyAopsM=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4xkUcCGzI7zMKE2dl1phdDCN/hxYPGePVjvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb2d+c8S1EbF6wHHC/Yj2lQgFo2glH0lHi/4AqdbxU7dYcsvuHGSVeBkpQYZat/jV6cUsjbhCJqkxbc9N0J9QjYJJPi10UsMTyoa0z9uWKhpx40/mR0/JmVV6JIy1LYVkrv6emNDImHEU2M6I4sAsezPxP6+dYnjtT4RKUuSKLRaFqSQYk1kCpCc0ZyjHllCmhb2VsAHVlKHNqWBD8JZfXiWNStm7KFfuL0vVmyyOPJzAKZyDB1dQhTuoQR0YPMIzvMKbM3JenHfnY9Gac7KZY/gD5/MH9SqSOQ==</latexit>

100 200 300 400 500
0

100

200

t

h = 0.00

j →
<latexit sha1_base64="7ZG4R91gEnzhTpbmJux/MRD3+Sw=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEw8kV000SPRi0dM5JHAhswOszAyO7vO9GII4Tu8eNAYr36MN//GAfagYCWdVKq6090VJFIYdN1vZ2V1bX1jM7eV397Z3dsvHBzWTZxqxmsslrFuBtRwKRSvoUDJm4nmNAokbwSDm6nfGHJtRKzucZRwP6I9JULBKFrJfyBtLXp9pFrHT51C0S25M5Bl4mWkCBmqncJXuxuzNOIKmaTGtDw3QX9MNQom+STfTg1PKBvQHm9ZqmjEjT+eHT0hp1bpkjDWthSSmfp7YkwjY0ZRYDsjin2z6E3F/7xWiuGVPxYqSZErNl8UppJgTKYJkK7QnKEcWUKZFvZWwvpUU4Y2p7wNwVt8eZnUyyXvvFS+uyhWrrM4cnAMJ3AGHlxCBW6hCjVg8AjP8ApvztB5cd6dj3nripPNHMEfOJ8/5YqSLw==</latexit>
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X
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<latexit sha1_base64="Ge1MAlPAGzwvZAHVo22xqNkkGIA="></latexit>



DMRG

Nature Physics (2021)



DMRG

Nature Physics (2021)



DMRG

Nature Physics (2021)

E
2
(k

=
0)

→
<latexit sha1_base64="zQhZaRc1/ls1O9A++gdUFVcYeTs=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5JUQTdCUQSXFewD2hAm00k7dDIJMzdKLcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON/WwuLS8spqbi2/vrG5tW3v7NZ1nCrKajQWsWoGRDPBJasBB8GaiWIkCgRrBP2rsd+4Z0rzWN7BIGFeRLqSh5wSMJJv71/7ZVzsXzjHbcW7PSBKxQ++XXBKzgR4nrgZKaAMVd/+andimkZMAhVE65brJOANiQJOBRvl26lmCaF90mUtQyWJmPaGk+tH+MgoHRzGypQEPFF/TwxJpPUgCkxnRKCnZ72x+J/XSiE894ZcJikwSaeLwlRgiPE4CtzhilEQA0MIVdzcimmPKELBBJY3IbizL8+TernknpTKt6eFymUWRw4doENURC46QxV0g6qohih6RM/oFb1ZT9aL9W59TFsXrGxmD/2B9fkD4Q2UOw==</latexit>

hx →
<latexit sha1_base64="pYIvOc6ltwPfXZw1jqRoQm3n6O8=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMeiF48V7Ae0IWy2m2bpZhN2J2oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZekAquwXG+rZXVtfWNzdJWeXtnd69i7x+0dZIpylo0EYnqBkQzwSVrAQfBuqliJA4E6wSj66nfuWdK80TewThlXkyGkoecEjCSb1ci/xH3FR9GQJRKHny76tScGfAycQtSRQWavv3VHyQ0i5kEKojWPddJwcuJAk4Fm5T7mWYpoSMyZD1DJYmZ9vLZ4RN8YpQBDhNlSgKeqb8nchJrPY4D0xkTiPSiNxX/83oZhJdezmWaAZN0vijMBIYET1PAA64YBTE2hFDFza2YRkQRCiarsgnBXXx5mbTrNfesVr89rzauijhK6Agdo1PkogvUQDeoiVqIogw9o1f0Zj1ZL9a79TFvXbGKmUP0B9bnD/VWk0k=</latexit>



DMRG

Nature Physics (2021)



DMRG

Nature Physics (2021)



K-W duality

E
2
(k

=
0)

→
<latexit sha1_base64="zQhZaRc1/ls1O9A++gdUFVcYeTs=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5JUQTdCUQSXFewD2hAm00k7dDIJMzdKLcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON/WwuLS8spqbi2/vrG5tW3v7NZ1nCrKajQWsWoGRDPBJasBB8GaiWIkCgRrBP2rsd+4Z0rzWN7BIGFeRLqSh5wSMJJv71/7ZVzsXzjHbcW7PSBKxQ++XXBKzgR4nrgZKaAMVd/+andimkZMAhVE65brJOANiQJOBRvl26lmCaF90mUtQyWJmPaGk+tH+MgoHRzGypQEPFF/TwxJpPUgCkxnRKCnZ72x+J/XSiE894ZcJikwSaeLwlRgiPE4CtzhilEQA0MIVdzcimmPKELBBJY3IbizL8+TernknpTKt6eFymUWRw4doENURC46QxV0g6qohih6RM/oFb1ZT9aL9W59TFsXrGxmD/2B9fkD4Q2UOw==</latexit>

hx →
<latexit sha1_base64="pYIvOc6ltwPfXZw1jqRoQm3n6O8=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMeiF48V7Ae0IWy2m2bpZhN2J2oN/SVePCji1Z/izX/jts1BWx8MPN6bYWZekAquwXG+rZXVtfWNzdJWeXtnd69i7x+0dZIpylo0EYnqBkQzwSVrAQfBuqliJA4E6wSj66nfuWdK80TewThlXkyGkoecEjCSb1ci/xH3FR9GQJRKHny76tScGfAycQtSRQWavv3VHyQ0i5kEKojWPddJwcuJAk4Fm5T7mWYpoSMyZD1DJYmZ9vLZ4RN8YpQBDhNlSgKeqb8nchJrPY4D0xkTiPSiNxX/83oZhJdezmWaAZN0vijMBIYET1PAA64YBTE2hFDFza2YRkQRCiarsgnBXXx5mbTrNfesVr89rzauijhK6Agdo1PkogvUQDeoiVqIogw9o1f0Zj1ZL9a79TFvXbGKmUP0B9bnD/VWk0k=</latexit>

E
1
→

<latexit sha1_base64="bVmQYBtmwufj0k8Rpp6ZwTS8eTc=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCp7JbBT0WRfBYwX5AuyzZNNuGZpMlySq19Jd48aCIV3+KN/+NabsHbX0w8Hhvhpl5UcqZNp737aysrq1vbBa2its7u3sld/+gqWWmCG0QyaVqR1hTzgRtGGY4baeK4iTitBUNr6d+64EqzaS4N6OUBgnuCxYzgo2VQrd0E/qoq1h/YLBS8jF0y17FmwEtEz8nZchRD92vbk+SLKHCEI617vheaoIxVoYRTifFbqZpiskQ92nHUoETqoPx7PAJOrFKD8VS2RIGzdTfE2OcaD1KItuZYDPQi95U/M/rZCa+DMZMpJmhgswXxRlHRqJpCqjHFCWGjyzBRDF7KyIDrDAxNquiDcFffHmZNKsV/6xSvTsv167yOApwBMdwCj5cQA1uoQ4NIJDBM7zCm/PkvDjvzse8dcXJZw7hD5zPH09wkt8=</latexit>

k
<latexit sha1_base64="S3l8nnBLDerjgmOsR9KRP3N3+lk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f09OM8w==</latexit>

−

π

c
<latexit sha1_base64="zwAcyKqlSuDMZrjANihrrBx4C18=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWpgh6LXjxWsB/QxLLZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zQHbX0w8Hhvhpl5fsyZ0rb9bZVWVtfWN8qbla3tnd296v5BR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Gbmdx+pVCwS93oaUy/EI8ECRrA20sOZG0hMUjdmWUqyQbVm1+0caJk4BalBgdag+uUOI5KEVGjCsVJ9x461l2KpGeE0q7iJojEmEzyifUMFDqny0vzqDJ0YZYiCSJoSGuXq74kUh0pNQ990hliP1aI3E//z+okOrryUiTjRVJD5oiDhSEdoFgEaMkmJ5lNDMJHM3IrIGJsctAmqYkJwFl9eJp1G3TmvN+4uas3rIo4yHMExnIIDl9CEW2hBGwhIeIZXeLOerBfr3fqYt5asYuYQ/sD6/AHOupK3</latexit>

π

c
<latexit sha1_base64="DhknZE893XwrJaWeEkVfkAhPfSg=">AAAB9HicbVBNS8NAEJ31s9avqkcvi0XwVJIq6LHoxWMF+wFNKJvtpl262cTdTaGE/A4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnG+0dr6xubWdmmnvLu3f3BYOTpu6zhVlLVoLGLVDYhmgkvWMtwI1k0UI1EgWCcY3838zoQpzWP5aKYJ8yMylDzklBgr+V6oCM28hOcZzfuVqlNz5sCrxC1IFQo0+5UvbxDTNGLSUEG07rlOYvyMKMOpYHnZSzVLCB2TIetZKknEtJ/Nj87xuVUGOIyVLWnwXP09kZFI62kU2M6ImJFe9mbif14vNeGNn3GZpIZJulgUpgKbGM8SwAOuGDViagmhittbMR0Rm4OxOZVtCO7yy6ukXa+5l7X6w1W1cVvEUYJTOIMLcOEaGnAPTWgBhSd4hld4QxP0gt7Rx6J1DRUzJ/AH6PMHY0GSgA==</latexit>

Transition happens through domain-wall condensation



h⊥/J →
<latexit sha1_base64="zJOfiLeKH2NrmjulkvQZ2zwvWN4=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVzWpgi6LbsRVBfuAJoTJdNIMnWSGmYlSQsFfceNCEbd+hzv/xmmbhbYeuHA4517uvScUjCrtON9WaWl5ZXWtvF7Z2Nza3rF399qKZxKTFuaMy26IFGE0JS1NNSNdIQlKQkY64fB64nceiFSUp/d6JIifoEFKI4qRNlJgH8SBJ4gUp7fQk3QQayQlfwzsqlNzpoCLxC1IFRRoBvaX1+c4S0iqMUNK9VxHaD9HUlPMyLjiZYoIhIdoQHqGpighys+n54/hsVH6MOLSVKrhVP09kaNEqVESms4E6VjNexPxP6+X6ejSz2kqMk1SPFsUZQxqDidZwD6VBGs2MgRhSc2tEMdIIqxNYhUTgjv/8iJp12vuWa1+d15tXBVxlMEhOAInwAUXoAFuQBO0AAY5eAav4M16sl6sd+tj1lqyipl98AfW5w8gtJWZ</latexit>
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i
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z
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x

i

)

<latexit sha1_base64="CqUIuFC4KemcvOSwHkbLf9Pt/K0="></latexit>

“ferromagnet” “trivial”

Kramers-Wannier Duality (1941)



h⊥/J →
<latexit sha1_base64="zJOfiLeKH2NrmjulkvQZ2zwvWN4=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVzWpgi6LbsRVBfuAJoTJdNIMnWSGmYlSQsFfceNCEbd+hzv/xmmbhbYeuHA4517uvScUjCrtON9WaWl5ZXWtvF7Z2Nza3rF399qKZxKTFuaMy26IFGE0JS1NNSNdIQlKQkY64fB64nceiFSUp/d6JIifoEFKI4qRNlJgH8SBJ4gUp7fQk3QQayQlfwzsqlNzpoCLxC1IFRRoBvaX1+c4S0iqMUNK9VxHaD9HUlPMyLjiZYoIhIdoQHqGpighys+n54/hsVH6MOLSVKrhVP09kaNEqVESms4E6VjNexPxP6+X6ejSz2kqMk1SPFsUZQxqDidZwD6VBGs2MgRhSc2tEMdIIqxNYhUTgjv/8iJp12vuWa1+d15tXBVxlMEhOAInwAUXoAFuQBO0AAY5eAav4M16sl6sd+tj1lqyipl98AfW5w8gtJWZ</latexit>

H = −

X

i

(

Jσ̂
z

i
σ̂
z

i+1 + h⊥σ̂
x

i

)

<latexit sha1_base64="CqUIuFC4KemcvOSwHkbLf9Pt/K0="></latexit>

“ferromagnet” “trivial”

Kramers-Wannier Duality (1941)
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<latexit sha1_base64="GQjyfHYL5Cf/1sP5OdX3woHAS/o="></latexit>



Kramers-Wannier Duality (1941)

h⊥/J →
<latexit sha1_base64="zJOfiLeKH2NrmjulkvQZ2zwvWN4=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVzWpgi6LbsRVBfuAJoTJdNIMnWSGmYlSQsFfceNCEbd+hzv/xmmbhbYeuHA4517uvScUjCrtON9WaWl5ZXWtvF7Z2Nza3rF399qKZxKTFuaMy26IFGE0JS1NNSNdIQlKQkY64fB64nceiFSUp/d6JIifoEFKI4qRNlJgH8SBJ4gUp7fQk3QQayQlfwzsqlNzpoCLxC1IFRRoBvaX1+c4S0iqMUNK9VxHaD9HUlPMyLjiZYoIhIdoQHqGpighys+n54/hsVH6MOLSVKrhVP09kaNEqVESms4E6VjNexPxP6+X6ejSz2kqMk1SPFsUZQxqDidZwD6VBGs2MgRhSc2tEMdIIqxNYhUTgjv/8iJp12vuWa1+d15tXBVxlMEhOAInwAUXoAFuQBO0AAY5eAav4M16sl6sd+tj1lqyipl98AfW5w8gtJWZ</latexit>

“ferromagnet” “trivial”

domain wall qp

H(J, h⊥) ↔ H(h⊥, J)
<latexit sha1_base64="oN2rpZtQBt/y8aXhdA4qvzZHbSc=">AAACEnicbVBNS0JBFJ1nX2ZfVss2QxIohLxnQS2lNuLKID9AReaN9+ngvA9m7itE/A1t+ittWhTRtlW7/k2jvkVZBy4czrmXe+9xIyk02vaXlVpZXVvfSG9mtrZ3dvey+wcNHcaKQ52HMlQtl2mQIoA6CpTQihQw35XQdEfXM795B0qLMLjFcQRdnw0C4QnO0Ei9bKGSr54Oe50IVFSgHQkeKjEYIlMqvKeVfGKdVgu9bM4u2nPQv8RJSI4kqPWyn51+yGMfAuSSad127Ai7E6ZQcAnTTCfWEDE+YgNoGxowH3R3Mn9pSk+M0qdeqEwFSOfqz4kJ87Ue+67p9BkO9bI3E//z2jF6l92JCKIYIeCLRV4sKYZ0lg/tCwUc5dgQxpUwt1I+ZIpxNClmTAjO8st/SaNUdM6KpZvzXPkqiSNNjsgxyROHXJAyqZAaqRNOHsgTeSGv1qP1bL1Z74vWlJXMHJJfsD6+AWHynKs=</latexit>

(J/h⊥)c = 1
<latexit sha1_base64="zz4CXKOkbF07QksT41Y6IJdwXNE=">AAACBnicbVDJSgNBEO2JW4xb1KMIjUGIlzgTBb0IQS/iKYJZIBOGnk5N0qRnobtGCCEnL/6KFw+KePUbvPk3dpaDRh8UPN6roqqen0ih0ba/rMzC4tLySnY1t7a+sbmV396p6zhVHGo8lrFq+kyDFBHUUKCEZqKAhb6Eht+/GvuNe1BaxNEdDhJoh6wbiUBwhkby8vuuhABp8ea457kJqMRVottDeuRxeuF4+YJdsiegf4kzIwUyQ9XLf7qdmKchRMgl07rl2Am2h0yh4BJGOTfVkDDeZ11oGRqxEHR7OHljRA+N0qFBrExFSCfqz4khC7UehL7pDBn29Lw3Fv/zWikG5+2hiJIUIeLTRUEqKcZ0nAntCAUc5cAQxpUwt1LeY4pxNMnlTAjO/Mt/Sb1cck5K5dvTQuVyFkeW7JEDUiQOOSMVck2qpEY4eSBP5IW8Wo/Ws/VmvU9bM9ZsZpf8gvXxDfxgl4Y=</latexit>

spin-flip qp



Kramers-Wannier Duality (1941)

h⊥/J →
<latexit sha1_base64="zJOfiLeKH2NrmjulkvQZ2zwvWN4=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVzWpgi6LbsRVBfuAJoTJdNIMnWSGmYlSQsFfceNCEbd+hzv/xmmbhbYeuHA4517uvScUjCrtON9WaWl5ZXWtvF7Z2Nza3rF399qKZxKTFuaMy26IFGE0JS1NNSNdIQlKQkY64fB64nceiFSUp/d6JIifoEFKI4qRNlJgH8SBJ4gUp7fQk3QQayQlfwzsqlNzpoCLxC1IFRRoBvaX1+c4S0iqMUNK9VxHaD9HUlPMyLjiZYoIhIdoQHqGpighys+n54/hsVH6MOLSVKrhVP09kaNEqVESms4E6VjNexPxP6+X6ejSz2kqMk1SPFsUZQxqDidZwD6VBGs2MgRhSc2tEMdIIqxNYhUTgjv/8iJp12vuWa1+d15tXBVxlMEhOAInwAUXoAFuQBO0AAY5eAav4M16sl6sd+tj1lqyipl98AfW5w8gtJWZ</latexit>

“ferromagnet” “trivial”

domain wall qp spin-flip qp

H(J, h⊥) ↔ H(h⊥, J)
<latexit sha1_base64="oN2rpZtQBt/y8aXhdA4qvzZHbSc=">AAACEnicbVBNS0JBFJ1nX2ZfVss2QxIohLxnQS2lNuLKID9AReaN9+ngvA9m7itE/A1t+ittWhTRtlW7/k2jvkVZBy4czrmXe+9xIyk02vaXlVpZXVvfSG9mtrZ3dvey+wcNHcaKQ52HMlQtl2mQIoA6CpTQihQw35XQdEfXM795B0qLMLjFcQRdnw0C4QnO0Ei9bKGSr54Oe50IVFSgHQkeKjEYIlMqvKeVfGKdVgu9bM4u2nPQv8RJSI4kqPWyn51+yGMfAuSSad127Ai7E6ZQcAnTTCfWEDE+YgNoGxowH3R3Mn9pSk+M0qdeqEwFSOfqz4kJ87Ue+67p9BkO9bI3E//z2jF6l92JCKIYIeCLRV4sKYZ0lg/tCwUc5dgQxpUwt1I+ZIpxNClmTAjO8st/SaNUdM6KpZvzXPkqiSNNjsgxyROHXJAyqZAaqRNOHsgTeSGv1qP1bL1Z74vWlJXMHJJfsD6+AWHynKs=</latexit>



h⊥/J →
<latexit sha1_base64="zJOfiLeKH2NrmjulkvQZ2zwvWN4=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVzWpgi6LbsRVBfuAJoTJdNIMnWSGmYlSQsFfceNCEbd+hzv/xmmbhbYeuHA4517uvScUjCrtON9WaWl5ZXWtvF7Z2Nza3rF399qKZxKTFuaMy26IFGE0JS1NNSNdIQlKQkY64fB64nceiFSUp/d6JIifoEFKI4qRNlJgH8SBJ4gUp7fQk3QQayQlfwzsqlNzpoCLxC1IFRRoBvaX1+c4S0iqMUNK9VxHaD9HUlPMyLjiZYoIhIdoQHqGpighys+n54/hsVH6MOLSVKrhVP09kaNEqVESms4E6VjNexPxP6+X6ejSz2kqMk1SPFsUZQxqDidZwD6VBGs2MgRhSc2tEMdIIqxNYhUTgjv/8iJp12vuWa1+d15tXBVxlMEhOAInwAUXoAFuQBO0AAY5eAav4M16sl6sd+tj1lqyipl98AfW5w8gtJWZ</latexit>

domain wall qp spin-flip qp

H(J, h⊥) ↔ H(h⊥, J)
<latexit sha1_base64="oN2rpZtQBt/y8aXhdA4qvzZHbSc=">AAACEnicbVBNS0JBFJ1nX2ZfVss2QxIohLxnQS2lNuLKID9AReaN9+ngvA9m7itE/A1t+ittWhTRtlW7/k2jvkVZBy4czrmXe+9xIyk02vaXlVpZXVvfSG9mtrZ3dvey+wcNHcaKQ52HMlQtl2mQIoA6CpTQihQw35XQdEfXM795B0qLMLjFcQRdnw0C4QnO0Ei9bKGSr54Oe50IVFSgHQkeKjEYIlMqvKeVfGKdVgu9bM4u2nPQv8RJSI4kqPWyn51+yGMfAuSSad127Ai7E6ZQcAnTTCfWEDE+YgNoGxowH3R3Mn9pSk+M0qdeqEwFSOfqz4kJ87Ue+67p9BkO9bI3E//z2jF6l92JCKIYIeCLRV4sKYZ0lg/tCwUc5dgQxpUwt1I+ZIpxNClmTAjO8st/SaNUdM6KpZvzXPkqiSNNjsgxyROHXJAyqZAaqRNOHsgTeSGv1qP1bL1Z74vWlJXMHJJfsD6+AWHynKs=</latexit>

K-W duality

A
−

A+

= 2

<latexit sha1_base64="N3ceu7qxVxgmMn8Pu3KsTyfuTNY=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgFsSRV0I1QdeOygn1AE8JkOmmHTiZhZiKUkF9w46+4caGIW3fu/BsnbRa29cDAmXPu5d57/JhRqSzrx1haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80W3udx6JkDTiD2ocEzdEA04DipHSkmdWnUAgDNPUCZEaYsTgdeadZrP/k+yq7pkVq2ZNABeJXZAKKND0zG+nH+EkJFxhhqTs2Vas3BQJRTEjWdlJJIkRHqEB6WnKUUikm04uyuCxVvowiIR+XMGJ+rcjRaGU49DXlfmect7Lxf+8XqKCSzelPE4U4Xg6KEgYVBHM44F9KghWbKwJwoLqXSEeIh2R0iGWdQj2/MmLpF2v2We1+v15pXFTxFECh+AIVIENLkAD3IEmaAEMnsALeAPvxrPxanwYn9PSJaPoOQAzML5+AbVInOo=</latexit>

∆± ∼ A±|t|
zν

<latexit sha1_base64="KXCW1LS++woMhrGvA3zspF4pmbg=">AAACFHicbVBNS8NAEN3U7/oV9ehlsQiCUJIq6LF+HDwqWFtoYtlst7q4uwm7E6HG/Agv/hUvHhTx6sGb/8ZN24NaHww83pthZl6UCG7A876c0sTk1PTM7Fx5fmFxadldWb0wcaopa9BYxLoVEcMEV6wBHARrJZoRGQnWjG6OCr95y7ThsTqHfsJCSa4U73FKwEoddzs4ZgJIJ0hkYLjEWSAJXFMi8EFeiPge7i+zu0ClOO+4Fa/qDYDHiT8iFTTCacf9DLoxTSVTQAUxpu17CYQZ0cCpYHk5SA1LCL0hV6xtqSKSmTAbPJXjTat0cS/WthTggfpzIiPSmL6MbGdxsvnrFeJ/XjuF3n6YcZWkwBQdLuqlAkOMi4Rwl2tGQfQtIVRzeyum10QTCjbHsg3B//vyOLmoVf2dau1st1I/HMUxi9bRBtpCPtpDdXSCTlEDUfSAntALenUenWfnzXkftpac0cwa+gXn4xsk+J7i</latexit>

∆+
<latexit sha1_base64="o8PmSzjrHUL1LgsdQxtKUvNWv5Q=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMgCGE3CnoM6sFjBPOAZAmzk0kyZHZ2nekVwpKf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6GbqN5+4NiJSDziOuR/SgRJ9wShaqdW55RJp96xbLLlldwayTLyMlCBDrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2pYqG3Pjp7N4JObFKj/QjbUshmam/J1IaGjMOA9sZUhyaRW8q/ue1E+xf+alQcYJcsfmifiIJRmT6POkJzRnKsSWUaWFvJWxINWVoIyrYELzFl5dJo1L2zsuV+4tS9TqLIw9HcAyn4MElVOEOalAHBhKe4RXenEfnxXl3PuatOSebOYQ/cD5/AIHaj54=</latexit>

∆
−

<latexit sha1_base64="+m8BTtgXlISXWRSH/ElOVLu1ubY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT0G9eAxgnlAsoTZySQZMju7zvQKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSrYAaLoXidRQoeSvWnIaB5M1gdDP1m09cGxGpBxzH3A/pQIm+YBSt1Orccom0e9YtltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0du+EnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfav/FSoOEGu2HxRP5EEIzJ9nvSE5gzl2BLKtLC3EjakmjK0ERVsCN7iy8ukUSl75+XK/UWpep3FkYcjOIZT8OASqnAHNagDAwnP8ApvzqPz4rw7H/PWnJPNHMIfOJ8/hOKPoA==</latexit>

Amplitude ratio universal!



∆± ∼ A±|t|
zν

<latexit sha1_base64="KXCW1LS++woMhrGvA3zspF4pmbg=">AAACFHicbVBNS8NAEN3U7/oV9ehlsQiCUJIq6LF+HDwqWFtoYtlst7q4uwm7E6HG/Agv/hUvHhTx6sGb/8ZN24NaHww83pthZl6UCG7A876c0sTk1PTM7Fx5fmFxadldWb0wcaopa9BYxLoVEcMEV6wBHARrJZoRGQnWjG6OCr95y7ThsTqHfsJCSa4U73FKwEoddzs4ZgJIJ0hkYLjEWSAJXFMi8EFeiPge7i+zu0ClOO+4Fa/qDYDHiT8iFTTCacf9DLoxTSVTQAUxpu17CYQZ0cCpYHk5SA1LCL0hV6xtqSKSmTAbPJXjTat0cS/WthTggfpzIiPSmL6MbGdxsvnrFeJ/XjuF3n6YcZWkwBQdLuqlAkOMi4Rwl2tGQfQtIVRzeyum10QTCjbHsg3B//vyOLmoVf2dau1st1I/HMUxi9bRBtpCPtpDdXSCTlEDUfSAntALenUenWfnzXkftpac0cwa+gXn4xsk+J7i</latexit>

t ≡ (Bb −Bc

b
)/Bc

b
<latexit sha1_base64="NlHl/lmEyU90YLH5ral+JG8WZ3c=">AAACAnicbVC7TsMwFHXKq5RXgAmxWFRIZaAkBQnGqiyMRaIPqQ2R4zqtVccJtlOpiioWfoWFAYRY+Qo2/gY3zQAtR7q6R+fcK/seL2JUKsv6NnJLyyura/n1wsbm1vaOubvXlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3vJ76rRERkob8To0j4gSoz6lPMVJacs0D1SUPMR3BUs31Tmv32PVOztLmmkWrbKWAi8TOSBFkqLvmV7cX4jggXGGGpOzYVqScBAlFMSOTQjeWJEJ4iPqkoylHAZFOkp4wgcda6UE/FLq4gqn6eyNBgZTjwNOTAVIDOe9Nxf+8Tqz8KyehPIoV4Xj2kB8zqEI4zQP2qCBYsbEmCAuq/wrxAAmElU6toEOw509eJM1K2T4vV24vitVaFkceHIIjUAI2uARVcAPqoAEweATP4BW8GU/Gi/FufMxGc0a2sw/+wPj8ASdElfs=</latexit>

K-W duality

Nature Physics (2021)



Experiment: 1.9(1)

K-W duality

∆± ∼ A±|t|
zν

<latexit sha1_base64="KXCW1LS++woMhrGvA3zspF4pmbg=">AAACFHicbVBNS8NAEN3U7/oV9ehlsQiCUJIq6LF+HDwqWFtoYtlst7q4uwm7E6HG/Agv/hUvHhTx6sGb/8ZN24NaHww83pthZl6UCG7A876c0sTk1PTM7Fx5fmFxadldWb0wcaopa9BYxLoVEcMEV6wBHARrJZoRGQnWjG6OCr95y7ThsTqHfsJCSa4U73FKwEoddzs4ZgJIJ0hkYLjEWSAJXFMi8EFeiPge7i+zu0ClOO+4Fa/qDYDHiT8iFTTCacf9DLoxTSVTQAUxpu17CYQZ0cCpYHk5SA1LCL0hV6xtqSKSmTAbPJXjTat0cS/WthTggfpzIiPSmL6MbGdxsvnrFeJ/XjuF3n6YcZWkwBQdLuqlAkOMi4Rwl2tGQfQtIVRzeyum10QTCjbHsg3B//vyOLmoVf2dau1st1I/HMUxi9bRBtpCPtpDdXSCTlEDUfSAntALenUenWfnzXkftpac0cwa+gXn4xsk+J7i</latexit>

Nature Physics (2021)

Direct evidence for the Kramers-Wannier duality!



Quantum Magnetism

CoNb2O6
<latexit sha1_base64="LutMf3sMbwbnUUF5YtFUZknVd94=">AAAB9HicbVDLSsNAFJ3UV62vqks3g43gqiQR1GWxG1dawT6gDWEynbRDJzNxZlIood/hxoUibv0Yd/6N0zYLbT1w4XDOvdx7T5gwqrTjfFuFtfWNza3idmlnd2//oHx41FIilZg0sWBCdkKkCKOcNDXVjHQSSVAcMtIOR/WZ3x4Tqajgj3qSED9GA04jipE2kl8Xd6EdePa9HVzaQbniVJ054Cpxc1IBORpB+avXFziNCdeYIaW6rpNoP0NSU8zItNRLFUkQHqEB6RrKUUyUn82PnsIzo/RhJKQpruFc/T2RoVipSRyazhjpoVr2ZuJ/XjfV0bWfUZ6kmnC8WBSlDGoBZwnAPpUEazYxBGFJza0QD5FEWJucSiYEd/nlVdLyqu5F1XvwKrWbPI4iOAGn4By44ArUwC1ogCbA4Ak8g1fwZo2tF+vd+li0Fqx85hj8gfX5AytckGU=</latexit>

Low Field: Domain Walls, SSH model
High Field: KW duality

 
bond-dependent interactions in Co

non-linear response

Nature Physics (2021)

Theory & Exp for fundamental many body models


