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AA-stacking

0 twist angle

no topology



<latexit sha1_base64="cddQCKZiySMa3eVrYHGT6zb+gsg=">AAAB+XicdZDLSgMxFIYz9VbrrerSTbAIrobM0Np2V3TjRqjQ2kJnKJk0bUOTyZBkhDL0Ndy40KW49U3c+TamF0FFDyR8/P855OSPEs60QejDya2tb2xu5bcLO7t7+wfFw6M7LVNFaJtILlU3wppyFtO2YYbTbqIoFhGnnWhyNfc791RpJuOWmSY0FHgUsyEj2FgpyAIl4I1s0Vnf7xdLyEU15PtVaKFertQrFso1Cz70XLSoElhVs198DwaSpILGhnCsdc9DiQkzrAwjnM4KQappgskEj2jPYowF1WG22HkGz6wygEOp7IkNXKjfJzIstJ6KyHYKbMb6tzcX//J6qRnWwozFSWpoTJYPDVMOjYTzAOCAKUoMn1rARDG7KyRjrDAxNqaCDeHrp/B/CHzXu3DthZDr35ZLjctVKHlwAk7BOfBAFTTANWiCNiAgAQ/gCTw7qfPovDivy9acs5o5Bj/KefsEh8KS3A==</latexit>

MoTe2
<latexit sha1_base64="haFCEp/L8BPNykZZtbtUUOd7AOo=">AAAB+XicdZDLSgMxFIYz9VbrrerSTbAIrsZ0aG27K7pxWdHaQmcomTTThiaZIckIZehruHGhS3Hrm7jzbUwvgooeSPj4/3PIyR8mnGmD0IeTW1ldW9/Ibxa2tnd294r7B3c6ThWhbRLzWHVDrClnkrYNM5x2E0WxCDnthOPLmd+5p0qzWN6aSUIDgYeSRYxgYyX/LPOVgJ0bOu17/WIJuaiOPK8GLTQq1UbVQqVuwYNlF82rBJbV6hff/UFMUkGlIRxr3SujxAQZVoYRTqcFP9U0wWSMh7RnUWJBdZDNd57CE6sMYBQre6SBc/X7RIaF1hMR2k6BzUj/9mbiX14vNVE9yJhMUkMlWTwUpRyaGM4CgAOmKDF8YgETxeyukIywwsTYmAo2hK+fwv/B99zyuWsvhFzvulJqXixDyYMjcAxOQRnUQBNcgRZoAwIS8ACewLOTOo/Oi/O6aM05y5lD8KOct08xAZKl</latexit>

/WSe2

AB-stacking

<latexit sha1_base64="Agso7WocDyF6Xse4aJJurip6pOU=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2ZobbsrunEjtGBtoR1KJr3TxmYeJBmhDP0CNy50KW79Hnf+jelDUNEDCYdz7uXee/xEcKUJ+bBWVtfWNzZzW/ntnd29/cLB4a2KU8mgxWIRy45PFQgeQUtzLaCTSKChL6Dtjy9nfvsepOJxdKMnCXghHUY84IxqIzWv+4UisUmVuG4FG1IrlWtlQ0pVQ1zs2GSOIlqi0S+89wYxS0OINBNUqa5DEu1lVGrOBEzzvVRBQtmYDqFraERDUF42X3SKT40ywEEszYs0nqvfOzIaKjUJfVMZUj1Sv72Z+JfXTXVQ9TIeJamGiC0GBanAOsazq/GAS2BaTAyhTHKzK2YjKinTJpu8CeHrUvw/6bm2c26bjxDbbZaK9YtlKDl0jE7QGXJQBdXRFWqgFmII0AN6Qs/WnfVovVivi9IVa9lzhH7AevsEnVqOYg==</latexit>

M

<latexit sha1_base64="Agso7WocDyF6Xse4aJJurip6pOU=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2ZobbsrunEjtGBtoR1KJr3TxmYeJBmhDP0CNy50KW79Hnf+jelDUNEDCYdz7uXee/xEcKUJ+bBWVtfWNzZzW/ntnd29/cLB4a2KU8mgxWIRy45PFQgeQUtzLaCTSKChL6Dtjy9nfvsepOJxdKMnCXghHUY84IxqIzWv+4UisUmVuG4FG1IrlWtlQ0pVQ1zs2GSOIlqi0S+89wYxS0OINBNUqa5DEu1lVGrOBEzzvVRBQtmYDqFraERDUF42X3SKT40ywEEszYs0nqvfOzIaKjUJfVMZUj1Sv72Z+JfXTXVQ9TIeJamGiC0GBanAOsazq/GAS2BaTAyhTHKzK2YjKinTJpu8CeHrUvw/6bm2c26bjxDbbZaK9YtlKDl0jE7QGXJQBdXRFWqgFmII0AN6Qs/WnfVovVivi9IVa9lzhH7AevsEnVqOYg==</latexit>

M <latexit sha1_base64="y2RgHGA7vDmg3taVmfp+Vu+ow7c=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjJDa9td0Y3LKq0ttEPJpHfa0MyDJCOUoX/gxoUuxa2/486/MX0IKnog4XDOvdx7j58IrjQhH1ZubX1jcyu/XdjZ3ds/KB4e3ak4lQzaLBax7PpUgeARtDXXArqJBBr6Ajr+5Grud+5BKh5HLT1NwAvpKOIBZ1Qb6bYFg2KJ2KRGXLeKDamXK/WKIeWaIS52bLJACa3QHBTf+8OYpSFEmgmqVM8hifYyKjVnAmaFfqogoWxCR9AzNKIhKC9bbDrDZ0YZ4iCW5kUaL9TvHRkNlZqGvqkMqR6r395c/MvrpTqoeRmPklRDxJaDglRgHeP52XjIJTAtpoZQJrnZFbMxlZRpE07BhPB1Kf6f9F3bubDNR4jt3pRLjctVKHl0gk7ROXJQFTXQNWqiNmIoQA/oCT1bE+vRerFel6U5a9VzjH7AevsEaN+O2A==</latexit>

Te

<latexit sha1_base64="syU8cgcnOKz3AsqHqC0DOW1Eopk=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgasgMrW13RTcu66O20A4lk2ba0MyDJCOUoX/gxoUuxa2/486/MX0IKnog4XDOvdx7j58IrjTGH1ZuZXVtfSO/Wdja3tndK+4f3Kk4lZS1aCxi2fGJYoJHrKW5FqyTSEZCX7C2P76Y+e17JhWPo1s9SZgXkmHEA06JNtL1DesXS9jGNey6VWRIvVypVwwp1wxxkWPjOUqwRLNffO8NYpqGLNJUEKW6Dk60lxGpORVsWuiliiWEjsmQdQ2NSMiUl803naITowxQEEvzIo3m6veOjIRKTULfVIZEj9Rvbyb+5XVTHdS8jEdJqllEF4OCVCAdo9nZaMAlo1pMDCFUcrMroiMiCdUmnIIJ4etS9D/pubZzZpsPY9u9Kpca58tQ8nAEx3AKDlShAZfQhBZQCOABnuDZGluP1ov1uijNWcueQ/gB6+0TZ1SO1w==</latexit>

Se

triangular moir\’e superlattice

<latexit sha1_base64="pWE9+Aesx2+2cypm/TH9/Kknp5Q=">AAAB+nicdVBLSwMxGMzWV62vqkcvwSJ4WrJLa9uDUPTiRahgbaG7lGw224Zms2uSLZTS3+HFgx7Fq7/Em//G9CGo6EDCMDMf+TJBypnSCH1YuZXVtfWN/GZha3tnd6+4f3CnkkwS2iIJT2QnwIpyJmhLM81pJ5UUxwGn7WB4OfPbIyoVS8StHqfUj3FfsIgRrI3ke9xEQ9y7Pq+IuFcsIRvVkOtWoSH1cqVeMaRcM8SFjo3mKIElmr3iuxcmJIup0IRjpboOSrU/wVIzwum04GWKppgMcZ92DRU4psqfzJeewhOjhDBKpDlCw7n6fWKCY6XGcWCSMdYD9dubiX953UxHNX/CRJppKsjioSjjUCdw1gAMmaRE87EhmEhmdoVkgCUm2vRUMCV8/RT+TzzXds5scyFkuzflUuNiWUoeHIFjcAocUAUNcAWaoAUIuAcP4Ak8WyPr0XqxXhfRnLWcOQQ/YL19AkA6k0M=</latexit>

�M = 5nm

<latexit sha1_base64="hr1s1bInwx6hZbl9pn4QMU2u1NY="></latexit>

nM = 5⇥ 1012cm�2

<latexit sha1_base64="lHSMjjdpxElohxanQ4dWYi8GC5I=">AAACAnicdVDLSgMxFM3UV62vapdugkVwNaRDa9uFUHTjRqhgbaEzDJk004ZmMkOSEcpQf8WNC12KW7/CnX9j+hBU9EAuh3Pu5d6cIOFMaYQ+rNzK6tr6Rn6zsLW9s7tX3D+4VXEqCe2QmMeyF2BFORO0o5nmtJdIiqOA024wvpj53TsqFYvFjZ4k1IvwULCQEayN5BdLrkjP3FBikgmfTk25mvrFMrJRAzlOHRrSrNaaNUOqDUMcWLHRHGWwRNsvvruDmKQRFZpwrFS/ghLtZVhqRjidFtxU0QSTMR7SvqECR1R52fz4KTw2ygCGsTRPaDhXv09kOFJqEgWmM8J6pH57M/Evr5/qsOFlTCSppoIsFoUphzqGsyTggElKNJ8Ygolk5lZIRtgkoU1eBRPC10/h/8R17MqpbQpCtnNdLbfOl6HkwSE4AiegAuqgBS5BG3QAARPwAJ7As3VvPVov1uuiNWctZ0rgB6y3T1LWlqo=</latexit>

⌫ =
ne

nM



<latexit sha1_base64="5sks1u6TjMWd6h/uF6zTNvV+SOw=">AAAB/nicdZDLSgMxFIYz9VbrpaMu3QSL4GpIh9a2u6Ibl1WsLXSGkknTNjSTGZKMOA59EjcudClufQ53vo3pRVDRAwkf/38OOfmDmDOlEfqwciura+sb+c3C1vbObtHe279RUSIJbZOIR7IbYEU5E7Stmea0G0uKw4DTTjA5n/mdWyoVi8S1TmPqh3gk2JARrI3Ut4tX/cyTIbxLp56gEPXtEnJQHbluDRpoVKqNqoFK3YALyw6aVwksq9W3371BRJKQCk04VqpXRrH2Myw1I5xOC16iaIzJBI9oz6DAIVV+Nl98Co+NMoDDSJojNJyr3ycyHCqVhoHpDLEeq9/eTPzL6yV6WPczJuJEU0EWDw0TDnUEZynAAZOUaJ4awEQysyskYywx0Sarggnh66fwf/Bcp3zqmAshx72slJpny1Dy4BAcgRNQBjXQBBegBdqAgAQ8gCfwbN1bj9aL9bpozVnLmQPwo6y3TzJ5lEY=</latexit>

Rxy 6= 0

<latexit sha1_base64="I1jYQ06N7pLZ7/MjA2ARwoKmY1o=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgasgMrW0XQqkblxWtFtqhZNJMG5p5kGSEMvQT3LjQpbj1c9z5N6YPQUUPJBzOuZd77/ETwZXG+MPKrayurW/kNwtb2zu7e8X9g1sVp5KyNo1FLDs+UUzwiLU114J1EslI6At2548vZv7dPZOKx9GNniTMC8kw4gGnRBvpunmO+8UStnENu24VGVIvV+oVQ8o1Q1zk2HiOEizR6hffe4OYpiGLNBVEqa6DE+1lRGpOBZsWeqliCaFjMmRdQyMSMuVl81Wn6MQoAxTE0rxIo7n6vSMjoVKT0DeVIdEj9dubiX953VQHNS/jUZJqFtHFoCAVSMdodjcacMmoFhNDCJXc7IroiEhCtUmnYEL4uhT9T3qu7ZzZ5sPYdq/KpUZzGUoejuAYTsGBKjTgElrQBgpDeIAneLaE9Wi9WK+L0py17DmEH7DePgF+1I7Y</latexit>

B = 0
<latexit sha1_base64="PaYUFajUi2W089k8pcU9S74JEe0=">AAAB9nicdVDLTgIxFO3gC/GFunTTSExcTToTENihblhCIoJhJqRTOtDQzkzajgmZ8BVuXOjSuPVb3Pk3loeJGj1Jm5Nz7s299wQJZ0oj9GHl1tY3Nrfy24Wd3b39g+Lh0a2KU0loh8Q8lr0AK8pZRDuaaU57iaRYBJx2g8n13O/eU6lYHN3oaUJ9gUcRCxnB2kh3mScFbF82Z4NiCdmohly3Cg2plyv1iiHlmiEudGy0QAms0BoU371hTFJBI004VqrvoET7GZaaEU5nBS9VNMFkgke0b2iEBVV+tlh4Bs+MMoRhLM2LNFyo3zsyLJSaisBUCqzH6rc3F//y+qkOa37GoiTVNCLLQWHKoY7h/Ho4ZJISzaeGYCKZ2RWSMZaYaJNRwYTwdSn8n3iu7VzY5kPIdtvlUuNqFUoenIBTcA4cUAUN0AQt0AEECPAAnsCzJa1H68V6XZbmrFXPMfgB6+0TP2KRkg==</latexit>

QAH

is this just 
Haldane physics?

<latexit sha1_base64="uPRbspfcCSIUBwDOMAm6v5gP+z8=">AAACAnicdVC7TsMwFHV4lvIKdGSxqJCYIqeklLGChbEgSis1UeS4TmvVech2UKuo/AoLA4yIla9g429w2yABgiPdq6Nz7pWvT5ByJhVCH8bS8srq2nppo7y5tb2za+7t38okE4S2ScIT0Q2wpJzFtK2Y4rSbCoqjgNNOMLqY+Z07KiRL4hs1SakX4UHMQkaw0pJvVq793BURHI+nLk5TkYwh8s0qsmzHqTUaEFloDk3qqH7iONAulCoo0PLNd7efkCyisSIcS9mzUaq8HAvFCKfTsptJmmIywgPa0zTGEZVePj9+Co+00odhInTFCs7V7xs5jqScRIGejLAayt/eTPzL62UqPPNyFqeZojFZPBRmHKoEzpKAfSYoUXyiCSaC6VshGWKBidJ5lXUIXz+F/xO3Ztmnlm4IWbUrp9o8L0IpgQNwCI6BDRqgCS5BC7QBARPwAJ7As3FvPBovxutidMkodirgB4y3T2bRlg8=</latexit>

Rxx ⇡ 0



Haldane model

QHE without Landau levels

topology without net magnetic field!



<latexit sha1_base64="nbdddN9niiFkXyuA6kguOC/Ufz4="></latexit>

h0(k) = �2t0 cos [
3X

i=1

cos(k · vi)],

hx(k) = �t[
3X

i=1

cos(k · ei)],

hy(k) = �t[
3X

i=1

sin(k · ei)],

hz(k) = M � 2t0 sin [
3X

i=1

sin(k · vi)],

<latexit sha1_base64="kvrI2jwy6wsXLdgmeRqzb6ZTXrM="></latexit>

"±,k = h0(k)±
q
h2
x(k) + h2

y(k) + h2
z(k)

Semenoff mass



<latexit sha1_base64="wVG1eJwIeNq+/vVw2ZovyzbQZag="></latexit>

�0 = 3
p
3
��t0 sin 

��

<latexit sha1_base64="jAqrF72Zxje84AcBQeY0NSDrUmw=">AAACBnicdVDLSgMxFM3UV62vqksRgkVQkCEz1j4WQlEXLivYVmhLyaSphiaZIckIZejKjb/ixoUibv0Gd/6N6UNQ0QMXDufcy733BBFn2iD04aRmZufmF9KLmaXlldW17PpGXYexIrRGQh6qqwBrypmkNcMMp1eRolgEnDaC/unIb9xSpVkoL80gom2BryXrMYKNlTrZ7dYZ5QYfJy0loGByuOdPlA468Pc72Rxyfa9YPipC5KJyoeSPSBF5hyUfei4aIwemqHay761uSGJBpSEca930UGTaCVaGEU6HmVasaYRJH1/TpqUSC6rbyfiNIdy1Shf2QmVLGjhWv08kWGg9EIHtFNjc6N/eSPzLa8amV2onTEaxoZJMFvViDk0IR5nALlOUGD6wBBPF7K2Q3GCFibHJZWwIX5/C/0ndd72Cm7/I5yon0zjSYAvsgD3ggSKogHNQBTVAwB14AE/g2bl3Hp0X53XSmnKmM5vgB5y3T6XZl/o=</latexit>

� = min(2�0, 2)
<latexit sha1_base64="RhVze9yQW1W8h1l54jVlyZRdYlw=">AAAB6XicdVDLSsNAFJ34rPVVdelmsAiuwiTWpt0V3bisYh/QhjKZTtqhk0mYmQgl9A/cuFDErX/kzr9x0lZQ0QMXDufcy733BAlnSiP0Ya2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWd3qaUD/CI8FCRrA20m1/NiiVke06Xv3Cg8hG9WrNzYmHnPOaCx0bzVEGSzQHpff+MCZpRIUmHCvVc1Ci/QxLzQins2I/VTTBZIJHtGeowBFVfja/dAZPjTKEYSxNCQ3n6veJDEdKTaPAdEZYj9VvLxf/8nqpDmt+xkSSairIYlGYcqhjmL8Nh0xSovnUEEwkM7dCMsYSE23CKZoQvj6F/5O2aztVu3JTKTcul3EUwDE4AWfAAR5ogGvQBC1AQAgewBN4tibWo/VivS5aV6zlzBH4AevtExtZjcQ=</latexit>

}

<latexit sha1_base64="jxJTsH15QDC4OmnVCsyFVUW+Q4I=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXQ6bWTrsQit24rGgf0A4lk2ba0ExmSDJCGfoJblwo4tYvcuffmGkrqOiBC4dz7uXee/yYM6UR+rBWVtfWNzZzW/ntnd29/cLBYVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/qSR+Z17KhWLxJ2extQL8UiwgBGsjXTbuESDQhHZJcetXbgQ2ahWqZYy4iLnvFqCjo3mKIIlmoPCe38YkSSkQhOOleo5KNZeiqVmhNNZvp8oGmMywSPaM1TgkCovnZ86g6dGGcIgkqaEhnP1+0SKQ6WmoW86Q6zH6reXiX95vUQHVS9lIk40FWSxKEg41BHM/oZDJinRfGoIJpKZWyEZY4mJNunkTQhfn8L/SbtkOxW7fFMu1q+WceTAMTgBZ8ABLqiDa9AELUDACDyAJ/BscevRerFeF60r1nLmCPyA9fYJAoKNpQ==</latexit>

C = 0

topologically 
trivial

<latexit sha1_base64="dszxjbyGx6Wheltu+tol0vx7WG0=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ2asnXYjRV24ESrYB3SGkkkzbWjmQZIRStvfcONCEbf+jDv/xkxbQUUPXDiccy/33uMnnEmF0IextLyyurae28hvbm3v7Bb29psyTgWhDRLzWLR9LClnEW0opjhtJ4Li0Oe05Q8vM791T4VkcXSnRgn1QtyPWMAIVlpyJzeTc/eKcoW7qFsoItO2nOqZA5GJquWKnREHWacVG1ommqEIFqh3C+9uLyZpSCNFOJayY6FEeWMsFCOcTvNuKmmCyRD3aUfTCIdUeuPZzVN4rJUeDGKhK1Jwpn6fGONQylHo684Qq4H87WXiX14nVUHFG7MoSRWNyHxRkHKoYpgFAHtMUKL4SBNMBNO3QjLAAhOlY8rrEL4+hf+Tpm1aZbN0WyrWLhZx5MAhOAInwAIOqIFrUAcNQEACHsATeDZS49F4MV7nrUvGYuYA/IDx9gnyDZGn</latexit>

|M | > �0

<latexit sha1_base64="nRciE+S8+yKAkKE5e16q07d5x/4=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJj7bQLodiNywr2Ae1QMmnahmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPXDiccy/33hPEnCmN0IeVW1vf2NzKbxd2dvf2D4qHR20VJZLQFol4JLsBVpQzQVuaaU67saQ4DDjtBNNG5nfuqVQsEnd6FlM/xGPBRoxgbaRO46ofh9AdFEvIdh2vdulBZKNapepmxEPORdWFjo0WKIEVmoPie38YkSSkQhOOleo5KNZ+iqVmhNN5oZ8oGmMyxWPaM1TgkCo/XZw7h2dGGcJRJE0JDRfq94kUh0rNwsB0hlhP1G8vE//yeokeVf2UiTjRVJDlolHCoY5g9jscMkmJ5jNDMJHM3ArJBEtMtEmoYEL4+hT+T9qu7VTs8m25VL9exZEHJ+AUnAMHeKAObkATtAABU/AAnsCzFVuP1ov1umzNWauZY/AD1tsnqfKPKA==</latexit>

C = ±2

topologically 
non-trivial

<latexit sha1_base64="yvMQ4XfiHoQGEYLb/Z1gNAL/Os4=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ2asnRZcFHXhRqhgH9AZSibNtKGZB0lGKG1/w40LRdz6M+78GzNtBRU9cOFwzr3ce4+fcCYVQh/G0vLK6tp6biO/ubW9s1vY22/KOBWENkjMY9H2saScRbShmOK0nQiKQ5/Tlj+8zPzWPRWSxdGdGiXUC3E/YgEjWGnJndxMzt0ryhXuom6hiEzbcqpnDkQmqpYrdkYcZJ1WbGiZaIYiWKDeLby7vZikIY0U4VjKjoUS5Y2xUIxwOs27qaQJJkPcpx1NIxxS6Y1nN0/hsVZ6MIiFrkjBmfp9YoxDKUehrztDrAbyt5eJf3mdVAUVb8yiJFU0IvNFQcqhimEWAOwxQYniI00wEUzfCskAC0yUjimvQ/j6FP5PmrZplc3SbalYu1jEkQOH4AicAAs4oAauQR00AAEJeABP4NlIjUfjxXidty4Zi5kD8APG2yfu9ZGl</latexit>

|M | < �0

<latexit sha1_base64="N2MIsEpQkvdyzDLGTsl1HL9lGMc=">AAAB63icdVDLSgMxFM34rPVVdekmWARBGGbG2mkXQrEblxXsA9qhZNK0DU0yQ5IRytBfcONCEbf+kDv/xkxbQUUPXDiccy/33hPGjCrtOB/Wyura+sZmbiu/vbO7t184OGypKJGYNHHEItkJkSKMCtLUVDPSiSVBPGSkHU7qmd++J1LRSNzpaUwCjkaCDilGOpPqV+dev1B0bM/1q5c+dGynWq54GfEd96LiQdd25iiCJRr9wntvEOGEE6ExQ0p1XSfWQYqkppiRWb6XKBIjPEEj0jVUIE5UkM5vncFTowzgMJKmhIZz9ftEirhSUx6aTo70WP32MvEvr5voYSVIqYgTTQReLBomDOoIZo/DAZUEazY1BGFJza0Qj5FEWJt48iaEr0/h/6Tl2W7ZLt2WirXrZRw5cAxOwBlwgQ9q4AY0QBNgMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19AmxJjdw=</latexit>

C = +2

<latexit sha1_base64="PY972gs+hb7g6DCI3jkTK8m1HkY=">AAAB63icdVDLSgMxFM34rPVVdekmWAQ3DjNj7bQLodiNywr2Ae1QMmnahiaZIckIZegvuHGhiFt/yJ1/Y6atoKIHLhzOuZd77wljRpV2nA9rZXVtfWMzt5Xf3tnd2y8cHLZUlEhMmjhikeyESBFGBWlqqhnpxJIgHjLSDif1zG/fE6loJO70NCYBRyNBhxQjnUn1q3OvXyg6tuf61UsfOrZTLVe8jPiOe1HxoGs7cxTBEo1+4b03iHDCidCYIaW6rhPrIEVSU8zILN9LFIkRnqAR6RoqECcqSOe3zuCpUQZwGElTQsO5+n0iRVypKQ9NJ0d6rH57mfiX1030sBKkVMSJJgIvFg0TBnUEs8fhgEqCNZsagrCk5laIx0girE08eRPC16fwf9LybLdsl25Lxdr1Mo4cOAYn4Ay4wAc1cAMaoAkwGIMH8ASeLW49Wi/W66J1xVrOHIEfsN4+AW9Tjd4=</latexit>

C = �2

half-filling or             
<latexit sha1_base64="laoEGL81EwpUFcNPbe1o6fiP9mE=">AAAB8nicdVDLSgMxFL3js9ZX1aWbYBFcDenQ2nYhFN24rODYQqeUTJppQzOZIckIpfQb3LjQpbj1a9z5N6YPQUUPJBzOuZd77wlTwbXB+MNZWV1b39jMbeW3d3b39gsHh3c6yRRlPk1Eotoh0UxwyXzDjWDtVDESh4K1wtHVzG/dM6V5Im/NOGXdmAwkjzglxkp+ILMLr1coYhfXsOdVkSX1cqVesaRcs8RDJRfPUYQlmr3Ce9BPaBYzaaggWndKODXdCVGGU8Gm+SDTLCV0RAasY6kkMdPdyXzZKTq1Sh9FibJPGjRXv3dMSKz1OA5tZUzMUP/2ZuJfXiczUa074TLNDJN0MSjKBDIJml2O+lwxasTYEkIVt7siOiSKUGPzydsQvi5F/5PAc0vnrv0wdr2bcrFxuQwlB8dwAmdQgio04Bqa4AMFDg/wBM+OdB6dF+d1UbriLHuO4Aect09UZo/r</latexit>

⌫ = 2

AA-TMD AB-TMD



<latexit sha1_base64="yVHkIrbIbhyFg4naUuGUn1Xsb8o="></latexit>

C1 =
1

2⇡

Z
@[xAy]d

2k

<latexit sha1_base64="RrSiZ0W9F+Ir7ijbilm3/IqPdK8="></latexit>

Ai = �i
X

occupied

hk,↵|@ki |k,↵i

<latexit sha1_base64="H4JYvN0b61kIGxUh2rI6taz5uFU=">AAAB9XicdVDLTgIxFO3gC/GFunTTSExcTToTENgR2bjERISEIaRTLtDQ6Yxtx4QQfsKNC10at/6LO//G8jBRoydpc3LOvbn3njARXBtCPpzM2vrG5lZ2O7ezu7d/kD88utVxqhg0WSxi1Q6pBsElNA03AtqJAhqFAlrhuD73W/egNI/ljZkk0I3oUPIBZ9RYqV3veYEETHr5AnFJhfh+GVtSLZaqJUuKFUt87LlkgQJaodHLvwf9mKURSMME1brjkcR0p1QZzgTMckGqIaFsTIfQsVTSCHR3uth3hs+s0seDWNknDV6o3zumNNJ6EoW2MqJmpH97c/Evr5OaQaU75TJJDUi2HDRIBTYxnh+P+1wBM2JiCWWK210xG1FFmbER5WwIX5fi/0ngu96Faz9CXP+6WKhdrkLJohN0is6Rh8qohq5QAzURQwI9oCf07Nw5j86L87oszTirnmP0A87bJ8SAkK0=</latexit>

C1 6= 0

A_i is singular

flux through 2-torus



Experiment
<latexit sha1_base64="mSXsg1jzQOL7NqJ+2sZ2lMo6rDk=">AAAB8nicdVDLSgMxFL3js9ZX1aWbYBFcDZmhte1CKLpxWcGxhU4pmTRtQzOZIckIpfQb3LjQpbj1a9z5N6YPQUUPJBzOuZd774lSwbXB+MNZWV1b39jMbeW3d3b39gsHh3c6yRRlAU1EoloR0UxwyQLDjWCtVDESR4I1o9HVzG/eM6V5Im/NOGWdmAwk73NKjJWCUGYXXrdQxC6uYt+vIEtqpXKtbEmpaomPPBfPUYQlGt3Ce9hLaBYzaaggWrc9nJrOhCjDqWDTfJhplhI6IgPWtlSSmOnOZL7sFJ1apYf6ibJPGjRXv3dMSKz1OI5sZUzMUP/2ZuJfXjsz/WpnwmWaGSbpYlA/E8gkaHY56nHFqBFjSwhV3O6K6JAoQo3NJ29D+LoU/U9C3/XOXfth7Po3pWL9chlKDo7hBM7AgwrU4RoaEAAFDg/wBM+OdB6dF+d1UbriLHuO4Aect09S3I/q</latexit>

⌫ = 1

QSH effect



QAH

<latexit sha1_base64="laoEGL81EwpUFcNPbe1o6fiP9mE=">AAAB8nicdVDLSgMxFL3js9ZX1aWbYBFcDenQ2nYhFN24rODYQqeUTJppQzOZIckIpfQb3LjQpbj1a9z5N6YPQUUPJBzOuZd77wlTwbXB+MNZWV1b39jMbeW3d3b39gsHh3c6yRRlPk1Eotoh0UxwyXzDjWDtVDESh4K1wtHVzG/dM6V5Im/NOGXdmAwkjzglxkp+ILMLr1coYhfXsOdVkSX1cqVesaRcs8RDJRfPUYQlmr3Ce9BPaBYzaaggWndKODXdCVGGU8Gm+SDTLCV0RAasY6kkMdPdyXzZKTq1Sh9FibJPGjRXv3dMSKz1OA5tZUzMUP/2ZuJfXiczUa074TLNDJN0MSjKBDIJml2O+lwxasTYEkIVt7siOiSKUGPzydsQvi5F/5PAc0vnrv0wdr2bcrFxuQwlB8dwAmdQgio04Bqa4AMFDg/wBM+OdB6dF+d1UbriLHuO4Aect09UZo/r</latexit>

⌫ = 2
<latexit sha1_base64="mSXsg1jzQOL7NqJ+2sZ2lMo6rDk=">AAAB8nicdVDLSgMxFL3js9ZX1aWbYBFcDZmhte1CKLpxWcGxhU4pmTRtQzOZIckIpfQb3LjQpbj1a9z5N6YPQUUPJBzOuZd774lSwbXB+MNZWV1b39jMbeW3d3b39gsHh3c6yRRlAU1EoloR0UxwyQLDjWCtVDESR4I1o9HVzG/eM6V5Im/NOGWdmAwk73NKjJWCUGYXXrdQxC6uYt+vIEtqpXKtbEmpaomPPBfPUYQlGt3Ce9hLaBYzaaggWrc9nJrOhCjDqWDTfJhplhI6IgPWtlSSmOnOZL7sFJ1apYf6ibJPGjRXv3dMSKz1OI5sZUzMUP/2ZuJfXjsz/WpnwmWaGSbpYlA/E8gkaHY56nHFqBFjSwhV3O6K6JAoQo3NJ29D+LoU/U9C3/XOXfth7Po3pWL9chlKDo7hBM7AgwrU4RoaEAAFDg/wBM+OdB6dF+d1UbriLHuO4Aect09S3I/q</latexit>

⌫ = 1

<latexit sha1_base64="chyiZtoufqA0I/7ubSfukSc3SKE=">AAAB+HicbVBNSwMxEM36WetX1aOXYBE8lWwR9VjUg8cK1hZ2S8mm0zY0m12SWaGU/gwvHvQoXv0p3vw3pu0etPVBwuO9GWbmRamSFhn79lZW19Y3Ngtbxe2d3b390sHho00yI6AhEpWYVsQtKKmhgRIVtFIDPI4UNKPhzdRvPoGxMtEPOEqhHfO+lj0pODopCG9BIQ81UNYplVmFzUCXiZ+TMslR75S+wm4ishg0CsWtDXyWYnvMDUqhYFIMMwspF0Peh8BRzWOw7fFs5Qk9dUqX9hLjnkY6U393jHls7SiOXGXMcWAXvan4nxdk2Ltqj6VOMwQt5oN6maKY0On9tCsNCFQjR7gw0u1KxYAbLtClVHQh+IsnL5OwWvEvKu5jrFK9Py/XrvNQCuSYnJAz4pNLUiN3pE4aRJCEPJNX8uah9+K9ex/z0hUv7zkif+B9/gAAwZHr</latexit>

� 6= 0
<latexit sha1_base64="9Z3Zm/zN9qJT/0//d8+IO8emkuM=">AAAB9HicdVBNSwMxEJ31s9avqkcvwSJ4WrJ1az0We/FYwdpCdynZNG1Ds9klyQql9Ed48aBH8eqP8ea/MW1XUNEHCY/3ZpiZF6WCa4Pxh7Oyura+sVnYKm7v7O7tlw4O73SSKcpaNBGJ6kREM8ElaxluBOukipE4EqwdjRtzv33PlOaJvDWTlIUxGUo+4JQYK7UbPS+QDPdKZex6vl+p1RB28QKWVHH13PeRlytlyNHsld6DfkKzmElDBdG66+HUhFOiDKeCzYpBpllK6JgMWddSSWKmw+li3Rk6tUofDRJlnzRooX7vmJJY60kc2cqYmJH+7c3Fv7xuZgaX4ZTLNDNM0uWgQSaQSdD8dtTnilEjJpYQqrjdFdERUYQam1DRhvB1KfqfBBXXu3Dth7FbufHL9as8lAIcwwmcgQc1qMM1NKEFFMbwAE/w7KTOo/PivC5LV5y85wh+wHn7BDZVkF4=</latexit>

C1 6= 0
<latexit sha1_base64="+COGiwpQD/nGilooo926M+0sMH8=">AAAB8nicdVBNSwMxEJ2tX7V+VT16CRbB05KtW+tFKPbisYK1hXYp2TRtQ7PZJckKpfQ3ePGgR/Hqr/HmvzFtV1DRBwmP92aYmRcmgmuD8YeTW1ldW9/Ibxa2tnd294r7B3c6ThVlTRqLWLVDopngkjUNN4K1E8VIFArWCsf1ud+6Z0rzWN6aScKCiAwlH3BKjJWa9Z53iXvFEnY93y9Xqwi7eAFLKrhy5vvIy5QSZGj0iu/dfkzTiElDBdG64+HEBFOiDKeCzQrdVLOE0DEZso6lkkRMB9PFsjN0YpU+GsTKPmnQQv3eMSWR1pMotJURMSP925uLf3md1AwugimXSWqYpMtBg1QgE6P55ajPFaNGTCwhVHG7K6Ijogg1Np+CDeHrUvQ/6ZZd79y1H8Zu+cYv1a6yUPJwBMdwCh5UoQbX0IAmUODwAE/w7Ejn0XlxXpelOSfrOYQfcN4+AXQfj1g=</latexit>

C1 = 0



not just Haldane  
non-interacting physics

strain, effective gauge fields, 
HF valleys contribute 

equally

arxiv-2208.07452



<latexit sha1_base64="4atb5MZ+3osPv43gCdiHYyeYfJM=">AAAB/HicdVDLSgMxFM3UV62vapdugkVwNWZKX8tiNy4r2Ad0SsmkmTY0kxmSjDAM9VfcuFDErR/izr8x01ZQ0QMXDufcy733eBFnSiP0YeU2Nre2d/K7hb39g8Oj4vFJT4WxJLRLQh7KgYcV5UzQrmaa00EkKQ48TvvevJ35/TsqFQvFrU4iOgrwVDCfEayNNC6W2mPnMnVlAFXExMIVFKJxsYxsx6k3qw5ENmo2Ks2M1Gqo3qhAx0ZLlMEanXHx3Z2EJA6o0IRjpYYOivQoxVIzwumi4MaKRpjM8ZQODRU4oGqULo9fwHOjTKAfSlNCw6X6fSLFgVJJ4JnOAOuZ+u1l4l/eMNZ+c5QyEcWaCrJa5Mcc6hBmScAJk5RonhiCiWTmVkhmWGKiTV4FE8LXp/B/0qvYTt2u3lTLrat1HHlwCs7ABXBAA7TANeiALiAgAQ/gCTxb99aj9WK9rlpz1nqmBH7AevsE10+USA==</latexit>

C1/spin 6= 0



QSH+ QAH 
in same sample

beyond Haldane and 
KM/BHZ models

are interactions important?

<latexit sha1_base64="laoEGL81EwpUFcNPbe1o6fiP9mE=">AAAB8nicdVDLSgMxFL3js9ZX1aWbYBFcDenQ2nYhFN24rODYQqeUTJppQzOZIckIpfQb3LjQpbj1a9z5N6YPQUUPJBzOuZd77wlTwbXB+MNZWV1b39jMbeW3d3b39gsHh3c6yRRlPk1Eotoh0UxwyXzDjWDtVDESh4K1wtHVzG/dM6V5Im/NOGXdmAwkjzglxkp+ILMLr1coYhfXsOdVkSX1cqVesaRcs8RDJRfPUYQlmr3Ce9BPaBYzaaggWndKODXdCVGGU8Gm+SDTLCV0RAasY6kkMdPdyXzZKTq1Sh9FibJPGjRXv3dMSKz1OA5tZUzMUP/2ZuJfXiczUa074TLNDJN0MSjKBDIJml2O+lwxasTYEkIVt7siOiSKUGPzydsQvi5F/5PAc0vnrv0wdr2bcrFxuQwlB8dwAmdQgio04Bqa4AMFDg/wBM+OdB6dF+d1UbriLHuO4Aect09UZo/r</latexit>

⌫ = 2
<latexit sha1_base64="mSXsg1jzQOL7NqJ+2sZ2lMo6rDk=">AAAB8nicdVDLSgMxFL3js9ZX1aWbYBFcDZmhte1CKLpxWcGxhU4pmTRtQzOZIckIpfQb3LjQpbj1a9z5N6YPQUUPJBzOuZd774lSwbXB+MNZWV1b39jMbeW3d3b39gsHh3c6yRRlAU1EoloR0UxwyQLDjWCtVDESR4I1o9HVzG/eM6V5Im/NOGWdmAwk73NKjJWCUGYXXrdQxC6uYt+vIEtqpXKtbEmpaomPPBfPUYQlGt3Ce9hLaBYzaaggWrc9nJrOhCjDqWDTfJhplhI6IgPWtlSSmOnOZL7sFJ1apYf6ibJPGjRXv3dMSKz1OI5sZUzMUP/2ZuJfXjsz/WpnwmWaGSbpYlA/E8gkaHY56nHFqBFjSwhV3O6K6JAoQo3NJ29D+LoU/U9C3/XOXfth7Po3pWL9chlKDo7hBM7AgwrU4RoaEAAFDg/wBM+OdB6dF+d1UbriLHuO4Aect09S3I/q</latexit>

⌫ = 1

<latexit sha1_base64="chyiZtoufqA0I/7ubSfukSc3SKE=">AAAB+HicbVBNSwMxEM36WetX1aOXYBE8lWwR9VjUg8cK1hZ2S8mm0zY0m12SWaGU/gwvHvQoXv0p3vw3pu0etPVBwuO9GWbmRamSFhn79lZW19Y3Ngtbxe2d3b390sHho00yI6AhEpWYVsQtKKmhgRIVtFIDPI4UNKPhzdRvPoGxMtEPOEqhHfO+lj0pODopCG9BIQ81UNYplVmFzUCXiZ+TMslR75S+wm4ishg0CsWtDXyWYnvMDUqhYFIMMwspF0Peh8BRzWOw7fFs5Qk9dUqX9hLjnkY6U393jHls7SiOXGXMcWAXvan4nxdk2Ltqj6VOMwQt5oN6maKY0On9tCsNCFQjR7gw0u1KxYAbLtClVHQh+IsnL5OwWvEvKu5jrFK9Py/XrvNQCuSYnJAz4pNLUiN3pE4aRJCEPJNX8uah9+K9ex/z0hUv7zkif+B9/gAAwZHr</latexit>

� 6= 0
<latexit sha1_base64="9Z3Zm/zN9qJT/0//d8+IO8emkuM=">AAAB9HicdVBNSwMxEJ31s9avqkcvwSJ4WrJ1az0We/FYwdpCdynZNG1Ds9klyQql9Ed48aBH8eqP8ea/MW1XUNEHCY/3ZpiZF6WCa4Pxh7Oyura+sVnYKm7v7O7tlw4O73SSKcpaNBGJ6kREM8ElaxluBOukipE4EqwdjRtzv33PlOaJvDWTlIUxGUo+4JQYK7UbPS+QDPdKZex6vl+p1RB28QKWVHH13PeRlytlyNHsld6DfkKzmElDBdG66+HUhFOiDKeCzYpBpllK6JgMWddSSWKmw+li3Rk6tUofDRJlnzRooX7vmJJY60kc2cqYmJH+7c3Fv7xuZgaX4ZTLNDNM0uWgQSaQSdD8dtTnilEjJpYQqrjdFdERUYQam1DRhvB1KfqfBBXXu3Dth7FbufHL9as8lAIcwwmcgQc1qMM1NKEFFMbwAE/w7KTOo/PivC5LV5y85wh+wHn7BDZVkF4=</latexit>

C1 6= 0
<latexit sha1_base64="+COGiwpQD/nGilooo926M+0sMH8=">AAAB8nicdVBNSwMxEJ2tX7V+VT16CRbB05KtW+tFKPbisYK1hXYp2TRtQ7PZJckKpfQ3ePGgR/Hqr/HmvzFtV1DRBwmP92aYmRcmgmuD8YeTW1ldW9/Ibxa2tnd294r7B3c6ThVlTRqLWLVDopngkjUNN4K1E8VIFArWCsf1ud+6Z0rzWN6aScKCiAwlH3BKjJWa9Z53iXvFEnY93y9Xqwi7eAFLKrhy5vvIy5QSZGj0iu/dfkzTiElDBdG64+HEBFOiDKeCzQrdVLOE0DEZso6lkkRMB9PFsjN0YpU+GsTKPmnQQv3eMSWR1pMotJURMSP925uLf3md1AwugimXSWqYpMtBg1QgE6P55ajPFaNGTCwhVHG7K6Ijogg1Np+CDeHrUvQ/6ZZd79y1H8Zu+cYv1a6yUPJwBMdwCh5UoQbX0IAmUODwAE/w7Ejn0XlxXpelOSfrOYQfcN4+AXQfj1g=</latexit>

C1 = 0

to explain





Topology + Strong Correlations?

Are Exact Statements Possible?



yes



why is 1/4-filling important?

+ interactions
<latexit sha1_base64="HNiT/bMTknpyoTX7Q9HlhtDM8tg="></latexit>

Ek(") 6= Ek("#)

only singly occupied state  
can cross the chemical potential

edge state with bulk gap

<latexit sha1_base64="6CGw/I8T6G7baaAg1VRlAfC+Nho=">AAACAXicdVDLSgMxFM3UV62vWpdugkVwNU2mL7srunFZwVqhHUomzbShmQdJRi1Df8WNC12KW//CnX9j+hBU9MC9HM65l9wcLxZcaYQ+rMzK6tr6RnYzt7W9s7uX3y9cqyiRlLVpJCJ54xHFBA9ZW3Mt2E0sGQk8wTre+Hzmd26ZVDwKr/QkZm5AhiH3OSXaSP18AZecnuTDkSZSRncQlyr9fBHZuFxxMIKGoAYu1w2p1hrVGoLYRnMUwRKtfv69N4hoErBQU0GU6mIUazclUnMq2DTXSxSLCR2TIesaGpKAKTed3z6Fx0YZQD+SpkIN5+r3jZQESk0Cz0wGRI/Ub28m/uV1E+2fuikP40SzkC4e8hMBdQRnQcABl4xqMTGEUMnNrZCOiCRUm7hyJoSvn8L/Sc+xcc02DSHbuawUm2fLULLgEByBE4BBHTTBBWiBNqDgHjyAJ/BsTa1H68V6XYxmrOXOAfgB6+0TRkiUxw==</latexit>

1/2 ! 1/4



topology

k-space

interactions

real space



how should they be 
combined?
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Fermi liquids

<latexit sha1_base64="QYQp7Kuvmy45klFqUteVs8ESfQo=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadnVPG9BLx4jmhhIljA7mU2GzMwuM7NCCPkELx4U8eoXefNvnDwEFS1oKKq66e4KE8608bwPJ7Oyura+kd3MbW3v7O7l9w9aOk4VoU0S81i1Q6wpZ5I2DTOcthNFsQg5vQtHlzP/7p4qzWJ5a8YJDQQeSBYxgo2Vbroi7eULnuvVauVqEVly7te8iiWVUsmKyHe9OQqwRKOXf+/2Y5IKKg3hWOuO7yUmmGBlGOF0muummiaYjPCAdiyVWFAdTOanTtGJVfooipUtadBc/T4xwULrsQhtp8BmqH97M/Evr5OaqBpMmExSQyVZLIpSjkyMZn+jPlOUGD62BBPF7K2IDLHCxNh0cjaEr0/R/6R15vplt3hdLNQvlnFk4QiO4RR8qEAdrqABTSAwgAd4gmeHO4/Oi/O6aM04y5lD+AHn7RPj6I46</latexit>µ

<latexit sha1_base64="QYQp7Kuvmy45klFqUteVs8ESfQo=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadnVPG9BLx4jmhhIljA7mU2GzMwuM7NCCPkELx4U8eoXefNvnDwEFS1oKKq66e4KE8608bwPJ7Oyura+kd3MbW3v7O7l9w9aOk4VoU0S81i1Q6wpZ5I2DTOcthNFsQg5vQtHlzP/7p4qzWJ5a8YJDQQeSBYxgo2Vbroi7eULnuvVauVqEVly7te8iiWVUsmKyHe9OQqwRKOXf+/2Y5IKKg3hWOuO7yUmmGBlGOF0muummiaYjPCAdiyVWFAdTOanTtGJVfooipUtadBc/T4xwULrsQhtp8BmqH97M/Evr5OaqBpMmExSQyVZLIpSjkyMZn+jPlOUGD62BBPF7K2IDLHCxNh0cjaEr0/R/6R15vplt3hdLNQvlnFk4QiO4RR8qEAdrqABTSAwgAd4gmeHO4/Oi/O6aM04y5lD+AHn7RPj6I46</latexit>µ

Is single 
occupancy below 
chemical potential 

possible?

<latexit sha1_base64="P+1JpmTnwEGrDAOKfRvxUKMZ48U=">AAAB6XicdVDJSgNBEK2JW4xLoh69NAbB0zCjWW9BLx6jmAWSIfR0epImPT1Dd48QhvyBFw+KePWPvPk3dhZBRR8UPN6roqqeH3OmtON8WJm19Y3Nrex2bmd3bz9fODhsqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXM39zj2VikXiTk9j6oV4JFjACNZGuu2ng0LRsZ16vVIrIUMu3LpTNaRaLhsRubazQBFWaA4K7/1hRJKQCk04VqrnOrH2Uiw1I5zOcv1E0RiTCR7RnqECh1R56eLSGTo1yhAFkTQlNFqo3ydSHCo1DX3TGWI9Vr+9ufiX10t0UPNSJuJEU0GWi4KEIx2h+dtoyCQlmk8NwUQycysiYywx0SacnAnh61P0P2mf227FLt2Uio3LVRxZOIYTOAMXqtCAa2hCCwgE8ABP8GxNrEfrxXpdtmas1cwR/ID19gkiHY3J</latexit>

{

with time-reversal 
symmetry in tact?

NFL

doubly 
occupied

 p-h symmetry



21

 p-h 
asymmetry

<latexit sha1_base64="sbSVjNoi2Vt0rix2Fprd/+VILP8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKbHssevHYgq2FNpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYW9/Y3Cpul3Z29/YPyodHXRWnktAOiXksewFWlDNBO5ppTnuJpDgKOL0NplcL//aeSsVicaNnCfUjPBYsZARrI7WTYbni2K7r1jwPObazhCH1asO7cJCbKxXI0RqW3wejmKQRFZpwrFTfdRLtZ1hqRjidlwapogkmUzymfUMFjqjys+Whc3RmlBEKY2lKaLRUv09kOFJqFgWmM8J6on57C/Evr5/qsOFnTCSppoKsFoUpRzpGi6/RiElKNJ8Zgolk5lZEJlhiok02JRPC16fof9Kt2m7N9tpepXmZx1GEEziFc3ChDk24hhZ0gACFB3iCZ+vOerRerNdVa8HKZ47hB6y3TxsBjSg=</latexit>p
<latexit sha1_base64="JuRtbLqrtmUH+DBLAus2dAGXlPs=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hKbHssevHYgq2FNpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYW9/Y3Cpul3Z29/YPyodHXRWnktAOiXksewFWlDNBO5ppTnuJpDgKOL0NplcL//aeSsVicaNnCfUjPBYsZARrI7Unw3LFsV3XrXkecmxnCUPq1YZ34SA3VyqQozUsvw9GMUkjKjThWKm+6yTaz7DUjHA6Lw1SRRNMpnhM+4YKHFHlZ8tD5+jMKCMUxtKU0Gipfp/IcKTULApMZ4T1RP32FuJfXj/VYcPPmEhSTQVZLQpTjnSMFl+jEZOUaD4zBBPJzK2ITLDERJtsSiaEr0/R/6Rbtd2a7bW9SvMyj6MIJ3AK5+BCHZpwDS3oAAEKD/AEz9ad9Wi9WK+r1oKVzxzDD1hvnw7hjSA=</latexit>

h

<latexit sha1_base64="NHkPO9SFAigfpfNzeZnurXVnhkA=">AAACB3icdVDLSsNAFJ34rPUVdSnIYBEEISQhtl2WduPOivYBbQmTyaQdOnkwMxFK6M6Nv+LGhSJu/QV3/o3TNoKKHrhwOOde7r3HSxgV0jQ/tKXlldW19cJGcXNre2dX39tvizjlmLRwzGLe9ZAgjEakJalkpJtwgkKPkY43bsz8zi3hgsbRjZwkZBCiYUQDipFUkqsf9XkI69S1r7lrN1Ajde1LN6ue9X3CJJq6esk0LMsqOw40DXMORSp21Tk3oZUrJZCj6ervfT/GaUgiiRkSomeZiRxkiEuKGZkW+6kgCcJjNCQ9RSMUEjHI5n9M4YlSfBjEXFUk4Vz9PpGhUIhJ6KnOEMmR+O3NxL+8XiqD6iCjUZJKEuHFoiBlUMZwFgr0KSdYsokiCHOqboV4hDjCUkVXVCF8fQr/J23bsMqGc+WUavU8jgI4BMfgFFigAmrgAjRBC2BwBx7AE3jW7rVH7UV7XbQuafnMAfgB7e0TQzqYVA==</latexit>

Bi2Sr2CaCu2O8+�
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single 
occupancy

particle-hole  
asymmetry

<latexit sha1_base64="c+rINwGf9aGdPub+SZv3Tdti2r8=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0lqbePJohePLdgPaEPZbCft2s0m7G6EUvoLvHhQxKs/yZv/xm0bQUUfDDzem2Fmnh9zprRtf1iZldW19Y3sZm5re2d3L79/0FJRIik0acQj2fGJAs4ENDXTHDqxBBL6HNr++Hrut+9BKhaJWz2JwQvJULCAUaKN1Ljs5wt20XZd16liQxYwpHJ2XrooYSdVCihFvZ9/7w0imoQgNOVEqa5jx9qbEqkZ5TDL9RIFMaFjMoSuoYKEoLzp4tAZPjHKAAeRNCU0XqjfJ6YkVGoS+qYzJHqkfntz8S+vm+jA9aZMxIkGQZeLgoRjHeH513jAJFDNJ4YQKpm5FdMRkYRqk03OhPD1Kf6ftEpFp1IsN8qF2lUaRxYdoWN0ihxURTV0g+qoiSgC9ICe0LN1Zz1aL9brsjVjpTOH6Aest0/oT40H</latexit>

?



Fermi liquids

conserved currents

4 objects

SO(4)
proper  

rotations
improper 
rotations

Anderson 
Haldane 

2000

3 citations
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Improper Rotations

<latexit sha1_base64="9Sn1keT81C/cjB9LFMZVnQC7tPk="></latexit>0

BBB@

cp" + c†p"
i(cp" � c†p")

cp# + c†p#
i(cp# � c†p#)

1

CCCA

Majorana basis

<latexit sha1_base64="DGywPSbvIyYFO5bYIKt/sbZwkfM="></latexit>0

BB@

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 �1

1

CCA

<latexit sha1_base64="uhIVa4Hnwg9wNmfvLcqB5rBpzyM="></latexit>0

BB@

cp"
c†p"
cp#
c†p#

1

CCA

<latexit sha1_base64="9Sn1keT81C/cjB9LFMZVnQC7tPk="></latexit>0

BBB@

cp" + c†p"
i(cp" � c†p")

cp# + c†p#
i(cp# � c†p#)

1

CCCA

<latexit sha1_base64="mz1rSuYlFj2lkjt8fiOCZr7sMSk="></latexit>

cp# ! c†p#

p-h transformation



Fermi  
Surface

H = 0

Z2

at Fermi 
surface 

only
np# ! np#

<latexit sha1_base64="SjiJL2WruoVzra7Nn+9fIHkLpPI=">AAACEXicdZDLSsNAFIYn9VbrLerSzWARurEktdR2V3TjsoK9QBPCZDpth04mYWailNBXcOOruHGhiFt37nwbp2kEK3pg4OP/z+HM+f2IUaks69PIrayurW/kNwtb2zu7e+b+QUeGscCkjUMWip6PJGGUk7aiipFeJAgKfEa6/uRy7ndviZA05DdqGhE3QCNOhxQjpSXPLHEviZw4QkKEdzNH0NFYpQzt0yXLM4tW2arXzhoW1JCWhlqlYVtVaGdKEWTV8swPZxDiOCBcYYak7NtWpNwECUUxI7OCE0sSITxBI9LXyFFApJukF83giVYGcBgK/biCqfpzIkGBlNPA150BUmP525uLf3n9WA3rbkJ5FCvC8WLRMGZQhXAeDxxQQbBiUw0IC6r/CvEYCYSVDrGgQ/i+FP4PnUrZrpWr19Vi8yKLIw+OwDEoARucgya4Ai3QBhjcg0fwDF6MB+PJeDXeFq05I5s5BEtlvH8BtOee2Q==</latexit>

np" ! 1� np"
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How to destroy Fermi liquids?

Z2

odd 
under Z2

scaling dimension

New fixed point!

Hatsugai-Kohmoto or 
Baskaran model

relevant 
interaction

Hubbard 
not  

necessary!



General HK Model

Solvable Mott transition:U>W

Gk�(i!n ! z) =
1� hnk�̄i
z � ⇠k

+
hnk�̄i

z � (⇠k + U)

lower Hubbard band upper Hubbard band

X

k

(⇠k(nk" + nk#) + Unk"nk#)

zeros

<latexit sha1_base64="3YmtZOzr9SfiwxnABVo5P7ULix0=">AAACAXicdVDLSgNBEJyNrxhfUS+Cl8EgeDHsxpjEW9CLxwjmAdkQZie9yZDZ2WVmVohLvPgrXjwo4tW/8ObfOHkIKlrQUFR1093lRZwpbdsfVmphcWl5Jb2aWVvf2NzKbu80VBhLCnUa8lC2PKKAMwF1zTSHViSBBB6Hpje8mPjNG5CKheJajyLoBKQvmM8o0UbqZvdcAdj1JaGJM05uj90wgD7pDsfdbM7O25VKxSljQ6YwpHRyWjgrYGeu5NActW723e2FNA5AaMqJUm3HjnQnIVIzymGccWMFEaFD0oe2oYIEoDrJ9IMxPjRKD/uhNCU0nqrfJxISKDUKPNMZED1Qv72J+JfXjrVf6SRMRLEGQWeL/JhjHeJJHLjHJFDNR4YQKpm5FdMBMXFoE1rGhPD1Kf6fNAp5p5QvXhVz1fN5HGm0jw7QEXJQGVXRJaqhOqLoDj2gJ/Rs3VuP1ov1OmtNWfOZXfQD1tsnvhiXHQ==</latexit>

6= 1

z � !k

<latexit sha1_base64="yXrNj+5occwthN7vgeFAH8Qz37I="></latexit>

[Ûint(k), T̂ ] = 0



SWT

counting charges

zeros   particles6=

single 
occupancy



invariants

<latexit sha1_base64="/qyPBNwf5N8BSBfd4nO/JeWS5rw="></latexit>

N1 = Tr

Z 1

�1

d!

2⇡
G�1@!G =

X

n

sgn(✏n)�
X

s

sgn(rs)

zerospoles

<latexit sha1_base64="VONp62toqd3KZ3gGmK/W0sgEvwQ="></latexit>

N3 =
"↵��
6

Tr

Z 1

�1
d!

Z

BZ
d2kG�1@↵GG�1@�GG�1@�G

poles

zeros



<latexit sha1_base64="xJ/rhTROE3r0Bp0kJjr+GNchfQg=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GpI+7a7YjcsK1hY6Q8mkmTY0kxmTjFBKf8KNC12KW//FnX9j+hBU9EDC4Zx7ufeeIBFcG4Q+nMza+sbmVnY7t7O7t3+QPzy61XGqKGvTWMSqGxDNBJesbbgRrJsoRqJAsE4wbs79zj1TmsfyxkwS5kdkKHnIKTFW6jb72JMMon6+gFxcKhcxgpagOi7VLKlU65UqgthFCxTACq1+/t0bxDSNmDRUEK17GCXGnxJlOBVslvNSzRJCx2TIepZKEjHtTxf7zuCZVQYwjJV90sCF+r1jSiKtJ1FgKyNiRvq3Nxf/8nqpCS/8KZdJapiky0FhKqCJ4fx4OOCKUSMmlhCquN0V0hFRhBobUc6G8HUp/J94RRdXXfsh5Bavy4XG5SqULDgBp+AcYFADDXAFWqANKBDgATyBZ+fOeXRenNdlacZZ9RyDH3DePgGm8JCZ</latexit>

C1 6= 0
<latexit sha1_base64="xJ/rhTROE3r0Bp0kJjr+GNchfQg=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GpI+7a7YjcsK1hY6Q8mkmTY0kxmTjFBKf8KNC12KW//FnX9j+hBU9EDC4Zx7ufeeIBFcG4Q+nMza+sbmVnY7t7O7t3+QPzy61XGqKGvTWMSqGxDNBJesbbgRrJsoRqJAsE4wbs79zj1TmsfyxkwS5kdkKHnIKTFW6jb72JMMon6+gFxcKhcxgpagOi7VLKlU65UqgthFCxTACq1+/t0bxDSNmDRUEK17GCXGnxJlOBVslvNSzRJCx2TIepZKEjHtTxf7zuCZVQYwjJV90sCF+r1jSiKtJ1FgKyNiRvq3Nxf/8nqpCS/8KZdJapiky0FhKqCJ4fx4OOCKUSMmlhCquN0V0hFRhBobUc6G8HUp/J94RRdXXfsh5Bavy4XG5SqULDgBp+AcYFADDXAFWqANKBDgATyBZ+fOeXRenNdlacZZ9RyDH3DePgGm8JCZ</latexit>

C1 6= 0
<latexit sha1_base64="gYc9tROouwhnowV7OyI23JFPkyk=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GpI+7UIoduOygn1AO5RMmraxmcmQZIQy9B/cuNCluPVn3Pk3pg9BRQ8kHM65l3vv8SPBtUHow0mtrW9sbqW3Mzu7e/sH2cOjlpaxoqxJpZCq4xPNBA9Z03AjWCdSjAS+YG1/Up/77XumNJfhrZlGzAvIKORDTomxUqvex5cQ9bM55OJCMY8RtARVcaFiSalcLZURxC5aIAdWaPSz772BpHHAQkMF0bqLUWS8hCjDqWCzTC/WLCJ0Qkasa2lIAqa9ZLHtDJ5ZZQCHUtkXGrhQv3ckJNB6Gvi2MiBmrH97c/Evrxub4YWX8DCKDQvpctAwFtBIOD8dDrhi1IipJYQqbneFdEwUocYGlLEhfF0K/ye9vIvLrv0QcvM3xVztahVKGpyAU3AOMKiAGrgGDdAEFNyBB/AEnh3pPDovzuuyNOWseo7BDzhvn+PEj5M=</latexit>

C1 = 0

same ambiguity

<latexit sha1_base64="0bbwXSZLsZFN7A7HURkXUBml2qI=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GjJ92l3RjSupYG2hLSWT3rahmcyYZIQy9CfcuNCluPVf3Pk3pg9BRQ8kHM65l3vv8SPBtSHkw0mtrK6tb6Q3M1vbO7t72f2DWx3GikGDhSJULZ9qEFxCw3AjoBUpoIEvoOmPL2Z+8x6U5qG8MZMIugEdSj7gjBorta56vCMBk142R1yvUMx7BFtCql6hYkmpXC2VCfZcMkcOLVHvZd87/ZDFAUjDBNW67ZHIdBOqDGcCpplOrCGibEyH0LZU0gB0N5nvO8UnVunjQajskwbP1e8dCQ20ngS+rQyoGenf3kz8y2vHZnDWTbiMYgOSLQYNYoFNiGfH4z5XwIyYWEKZ4nZXzEZUUWZsRBkbwtel+H/Sybte2bUfIW7+upirnS9DSaMjdIxOkYcqqIYuUR01EEMCPaAn9OzcOY/Oi/O6KE05y55D9APO2ycPgpDc</latexit>

Ni 6= 0
<latexit sha1_base64="0bbwXSZLsZFN7A7HURkXUBml2qI=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GjJ92l3RjSupYG2hLSWT3rahmcyYZIQy9CfcuNCluPVf3Pk3pg9BRQ8kHM65l3vv8SPBtSHkw0mtrK6tb6Q3M1vbO7t72f2DWx3GikGDhSJULZ9qEFxCw3AjoBUpoIEvoOmPL2Z+8x6U5qG8MZMIugEdSj7gjBorta56vCMBk142R1yvUMx7BFtCql6hYkmpXC2VCfZcMkcOLVHvZd87/ZDFAUjDBNW67ZHIdBOqDGcCpplOrCGibEyH0LZU0gB0N5nvO8UnVunjQajskwbP1e8dCQ20ngS+rQyoGenf3kz8y2vHZnDWTbiMYgOSLQYNYoFNiGfH4z5XwIyYWEKZ4nZXzEZUUWZsRBkbwtel+H/Sybte2bUfIW7+upirnS9DSaMjdIxOkYcqqIYuUR01EEMCPaAn9OzcOY/Oi/O6KE05y55D9APO2ycPgpDc</latexit>

Ni 6= 0
<latexit sha1_base64="0bbwXSZLsZFN7A7HURkXUBml2qI=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GjJ92l3RjSupYG2hLSWT3rahmcyYZIQy9CfcuNCluPVf3Pk3pg9BRQ8kHM65l3vv8SPBtSHkw0mtrK6tb6Q3M1vbO7t72f2DWx3GikGDhSJULZ9qEFxCw3AjoBUpoIEvoOmPL2Z+8x6U5qG8MZMIugEdSj7gjBorta56vCMBk142R1yvUMx7BFtCql6hYkmpXC2VCfZcMkcOLVHvZd87/ZDFAUjDBNW67ZHIdBOqDGcCpplOrCGibEyH0LZU0gB0N5nvO8UnVunjQajskwbP1e8dCQ20ngS+rQyoGenf3kz8y2vHZnDWTbiMYgOSLQYNYoFNiGfH4z5XwIyYWEKZ4nZXzEZUUWZsRBkbwtel+H/Sybte2bUfIW7+upirnS9DSaMjdIxOkYcqqIYuUR01EEMCPaAn9OzcOY/Oi/O6KE05y55D9APO2ycPgpDc</latexit>

Ni 6= 0

<latexit sha1_base64="6JcMyWnZRPoSRkAPF4f92Krwmw4="></latexit>

ne =

Z

DetReG(!=0,k)>0

ddk

(2⇡)d
Luttinger count zeros+poles



<latexit sha1_base64="a9ixnGyyJpL2Zj7tRRIZK6kp2m0="></latexit>

H =
X

k,�

⇥
("+,k � µ)n+,k� + ("�,k � µ)n�,k�

⇤

Haldane bands

<latexit sha1_base64="jC7u3bJbLBnHaSB5wBAwcv4LgXI="></latexit>

+U
X

k

(n+,k"n+,k# + n�,k"n�,k#)

Hubbard in momentum space

generalisation <latexit sha1_base64="VxUI9V5mEaROI1ljByJkc27mEAA="></latexit>n+,�k"n±,k#



metal

TI

<latexit sha1_base64="RhVze9yQW1W8h1l54jVlyZRdYlw=">AAAB6XicdVDLSsNAFJ34rPVVdelmsAiuwiTWpt0V3bisYh/QhjKZTtqhk0mYmQgl9A/cuFDErX/kzr9x0lZQ0QMXDufcy733BAlnSiP0Ya2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyVXud+6pVCwWd3qaUD/CI8FCRrA20m1/NiiVke06Xv3Cg8hG9WrNzYmHnPOaCx0bzVEGSzQHpff+MCZpRIUmHCvVc1Ci/QxLzQins2I/VTTBZIJHtGeowBFVfja/dAZPjTKEYSxNCQ3n6veJDEdKTaPAdEZYj9VvLxf/8nqpDmt+xkSSairIYlGYcqhjmL8Nh0xSovnUEEwkM7dCMsYSE23CKZoQvj6F/5O2aztVu3JTKTcul3EUwDE4AWfAAR5ogGvQBC1AQAgewBN4tibWo/VivS5aV6zlzBH4AevtExtZjcQ=</latexit>

} <latexit sha1_base64="WNJ3pMSxMSqThpIiKT6CQLQsrLQ=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4cciMtdMuCsVuXFawD2iHkkkzbWjmQZIRytCPcONCEbd+jzv/xkxbQUUPXDiccy/33uPFnEmF0IeRW1vf2NzKbxd2dvf2D4qHRx0ZJYLQNol4JHoelpSzkLYVU5z2YkFx4HHa9abNzO/eUyFZFN6pWUzdAI9D5jOClZa6zbp1YdXRsFhCpm05tSsHIhPVKlU7Iw6yLqs2tEy0QAms0BoW3wejiCQBDRXhWMq+hWLlplgoRjidFwaJpDEmUzymfU1DHFDppotz5/BMKyPoR0JXqOBC/T6R4kDKWeDpzgCrifztZeJfXj9RftVNWRgnioZkuchPOFQRzH6HIyYoUXymCSaC6VshmWCBidIJFXQIX5/C/0nHNq2KWb4tlxrXqzjy4AScgnNgAQc0wA1ogTYgYAoewBN4NmLj0XgxXpetOWM1cwx+wHj7BM9Xjpk=</latexit>

C = 1� 1 = 0

1/4-filled MI
<latexit sha1_base64="/eE6RbUTj1WbJcJO9+ZgKdXaOVk=">AAACAnicdZBPS8MwGMbT+W/Of9UdvQSH4KmkdWxehKEXjxOcG6xlpFm6haVpSVKhjPlVvHjQo3j1U3jz25htFVT0hYQfz/O+5M0TppwpjdCHVVpZXVvfKG9WtrZ3dvfs/YNblWSS0A5JeCJ7IVaUM0E7mmlOe6mkOA457YaTy7nfvaNSsUTc6DylQYxHgkWMYG2kgV31ORYjTqHw5RLOvYFdQw5qIuTVoYFFGWgit37agG6h1EBR7YH97g8TksVUaMKxUn0XpTqYYqkZ4XRW8TNFU0wmeET7BgWOqQqmi+Vn8NgoQxgl0hyh4UL9PjHFsVJ5HJrOGOux+u3Nxb+8fqajs2DKRJppKsjyoSjjUCdwngQcMkmJ5rkBTCQzu0IyxhITbfKqmBC+fgr/B99z3IZjLoQc77pea10UoZTBITgCJ8AFTdACV6ANOoCAHDyAJ/Bs3VuP1ov1umwtWcVMFfwo6+0TmHKVig==</latexit>

hni = 2
<latexit sha1_base64="InBpK6/oV9fUzTDWauqVx8SKAd4=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4ccjU0roRit24rGBtoR1KJs20oUlmSDJCGfoLblzoUtz6N+78GzPtCCp6IOFwzr3ce08Qc6YNQh9OYWV1bX2juFna2t7Z3SvvH9zpKFGEdkjEI9ULsKacSdoxzHDaixXFIuC0G0xbmd+9p0qzSN6aWUx9gceShYxgk0mty7PqsFxBLmogVK1BSxawpIG82nkderlSATnaw/L7YBSRRFBpCMda9z0UGz/FyjDC6bw0SDSNMZniMe1bKrGg2k8Xu87hiVVGMIyUfdLAhfq9I8VC65kIbKXAZqJ/e5n4l9dPTHjhp0zGiaGSLAeFCYcmgtnhcMQUJYbPLMFEMbsrJBOsMDE2npIN4etS+D8ZVF2v7toPIbd6U6s0r/JQiuAIHINT4IEGaIJr0AYdQMAEPIAn8OwI59F5cV6XpQUn7zkEP+C8fQKme47h</latexit>

C = �2
topological MI 

because Haldane  
gap is preserved

<latexit sha1_base64="/0AuhHcVFT0m/5z6DokK4Sy7CS8=">AAACC3icdZDNSgMxFIUz/tb6N+pSF8EiuHHI1NK6KRS7cVnB2kKnlEwmbUMzmTHJCGXoxo2v4saFLsWtL+DOtzGdVlDRCwkf59xLco8fc6Y0Qh/WwuLS8spqbi2/vrG5tW3v7F6rKJGENknEI9n2saKcCdrUTHPajiXFoc9pyx/Vp37rlkrFInGlxzHthnggWJ8RrI3Usw88jsWAUyg8mUHV9W4SHMB69cTt2QXkoApCxRI0kJWBCnJLp2XozpUCmFejZ797QUSSkApNOFaq46JYd1MsNSOcTvJeomiMyQgPaMegwCFV3TTbYgKPjBLAfiTNERpm6veJFIdKjUPfdIZYD9Vvbyr+5XUS3T/rpkzEiaaCzB7qJxzqCE4jgQGTlGg+NoCJZOavkAyxxESb4PImhK9N4f/gFR237JgLIad4WSrUzueh5MA+OATHwAUVUAMXoAGagIA78ACewLN1bz1aL9brrHXBms/sgR9lvX0CpoCYyA==</latexit>

hni = 1 C = �1
<latexit sha1_base64="D2124Jetb2Qa2Nhtnt4pUo6u4Jk=">AAACCnicdZDNSgMxFIUz9a/Wv1GX3QSL4GrI1NK6KRS7cVnB2kJnKJlM2oZmMmOSEUrpwo2v4saFLsWtT+DOtzGdVlDRCwkf59xLck+QcKY0Qh9WbmV1bX0jv1nY2t7Z3bP3D65VnEpC2yTmsewGWFHOBG1rpjntJpLiKOC0E4ybc79zS6VisbjSk4T6ER4KNmAEayP17aLHsRhyCoUnM6iXvZsUh7BZR327hBxUQ6hcgQayMlBDbuW0Ct2lUgLLavXtdy+MSRpRoQnHSvVclGh/iqVmhNNZwUsVTTAZ4yHtGRQ4osqfZkvM4LFRQjiIpTlCw0z9PjHFkVKTKDCdEdYj9dubi395vVQPzvwpE0mqqSCLhwYphzqG80RgyCQlmk8MYCKZ+SskIywx0Sa3ggnha1P4P3hlx6065kLIKV9WSo3zZSh5UARH4AS4oAYa4AK0QBsQcAcewBN4tu6tR+vFel205qzlzCH4UdbbJzKWmJE=</latexit>

hni = 2 C = 0
<latexit sha1_base64="Veux3Fu5cFwmHrKb/3/4wxJBfVs=">AAACCnicdZDNSgMxFIUz/tb6N+qym2ARXJVMW1o3hWI3LitYW+gMJZOmbWgmMyYZoQxduPFV3LjQpbj1Cdz5NqbTEVT0QsLHOfeS3ONHnCmN0Ie1srq2vrGZ28pv7+zu7dsHh9cqjCWhHRLyUPZ8rChngnY005z2Iklx4HPa9aethd+9pVKxUFzpWUS9AI8FGzGCtZEGdsHlWIw5hcKVKTQq7k2Mh7DVcAZ2EZVQHaFyFRpIy0AdOdVKDTqZUgRZtQf2uzsMSRxQoQnHSvUdFGkvwVIzwuk878aKRphM8Zj2DQocUOUl6RJzeGKUIRyF0hyhYap+n0hwoNQs8E1ngPVE/fYW4l9eP9ajMy9hIoo1FWT50CjmUIdwkQgcMkmJ5jMDmEhm/grJBEtMtMktb0L42hT+D2655NRK5kKoVL6sFpvnWSg5UADH4BQ4oA6a4AK0QQcQcAcewBN4tu6tR+vFel22rljZzBH4UdbbJzWzmJM=</latexit>

hni = 3 C = 1



Haldane-Hubbard model?



Hofstadter Spectrum
<latexit sha1_base64="7jEPrnRu/p6zDmEm+HfZ4RA9btw=">AAACEHicdZBNS8MwGMdTX+d8q3r0EhyiIIxW9uZBGHrxOMG9wFpKmqVbWJqWJBVG2Ufw4lfx4kERrx69+W3Mugoq+kDCj///eUievx8zKpVlfRgLi0vLK6uFteL6xubWtrmz25FRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP76c+d1bIiSN+I2axMQN0ZDTgGKktOSZRw5DfMgI5I7I4Fw4gUA4deIRnWa3Z01PpGeWrLLVsM9qFtSQlYZq3bYqVWjnSgnk1fLMd2cQ4SQkXGGGpOzbVqzcFAlFMSPTopNIEiM8RkPS18hRSKSbZgtN4aFWBjCIhD5cwUz9PpGiUMpJ6OvOEKmR/O3NxL+8fqKChptSHieKcDx/KEgYVBGcpQMHVBCs2EQDwoLqv0I8QjoPpTMs6hC+NoX/Q+e0bNfKletKqXmRx1EA++AAHAMb1EETXIEWaAMM7sADeALPxr3xaLwYr/PWBSOf2QM/ynj7BJcEnZg=</latexit>

hni = r
�

�0
+ s

intercept<latexit sha1_base64="+vH2jodJ2XXzSF7+A4toEpOfjrc=">AAAB8HicdVDLSgNBEOyNrxhfUY9eBoPgKexKXt6CuXiMYB6SLGF2MpsMmZ1dZ2YDYclXePGgiFc/x5t/4yRZQUULGoqqbrq7vIgzpW37w8qsrW9sbmW3czu7e/sH+cOjtgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8SWPhd6ZUKhaKWz2LqBvgkWA+I1gb6U726X3MpqgxyBfsol1zLis2MmQJQ8pVxy6VkZMqBUjRHOTf+8OQxAEVmnCsVM+xI+0mWGpGOJ3n+rGiESYTPKI9QwUOqHKT5cFzdGaUIfJDaUpotFS/TyQ4UGoWeKYzwHqsfnsL8S+vF2u/5iZMRLGmgqwW+TFHOkSL79GQSUo0nxmCiWTmVkTGWGKiTUY5E8LXp+h/0r4oOpVi6aZUqF+lcWThBE7hHByoQh2uoQktIBDAAzzBsyWtR+vFel21Zqx05hh+wHr7BMJQkGY=</latexit>

r ⌘ C

spin degeneracy=even Chern numbers



Hubbard-Haldane model

M=1 
topologically trivial

<latexit sha1_base64="fhr0Cpmg8G1ZlsHIovRCPdweVuk=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSaxNu1CKLpxWdG0hTaUyXTSDp08mJkIJfQT3LhQxK1f5M6/cdJWUNEDFw7n3Mu99/gJZ1Ih9GEUVlbX1jeKm6Wt7Z3dvfL+QVvGqSDUJTGPRdfHknIWUVcxxWk3ERSHPqcdf3KV+517KiSLozs1TagX4lHEAkaw0tKte4EG5QoybctpnDsQmahRq9s5cZB1VrehZaI5KmCJ1qD83h/GJA1ppAjHUvYslCgvw0Ixwums1E8lTTCZ4BHtaRrhkEovm586gydaGcIgFroiBefq94kMh1JOQ193hliN5W8vF//yeqkK6l7GoiRVNCKLRUHKoYph/jccMkGJ4lNNMBFM3wrJGAtMlE6npEP4+hT+T9q2adXM6k210rxcxlEER+AYnAILOKAJrkELuICAEXgAT+DZ4Maj8WK8LloLxnLmEPyA8fYJHe6Ntw==</latexit>

U = 0

<latexit sha1_base64="ZY6EzPxBgjVLh7V4AiJw6dlJPOc=">AAAB63icdVBNS8NAEN34WetX1aOXxSJ4CkmsTXsQil48VjBtoQ1ls920S3c3YXcjlNK/4MWDIl79Q978N27aCir6YODx3gwz86KUUaUd58NaWV1b39gsbBW3d3b39ksHhy2VZBKTACcskZ0IKcKoIIGmmpFOKgniESPtaHyd++17IhVNxJ2epCTkaChoTDHSuRRcul6/VHZsz/XrFz50bKderXk58R33vOZB13bmKIMlmv3Se2+Q4IwToTFDSnVdJ9XhFElNMSOzYi9TJEV4jIaka6hAnKhwOr91Bk+NMoBxIk0JDefq94kp4kpNeGQ6OdIj9dvLxb+8bqbjWjilIs00EXixKM4Y1AnMH4cDKgnWbGIIwpKaWyEeIYmwNvEUTQhfn8L/Scuz3apdua2UG1fLOArgGJyAM+ACHzTADWiCAGAwAg/gCTxb3Hq0XqzXReuKtZw5Aj9gvX0CkOWN9A==</latexit>

U = 12

spin correlation

spin susceptibility Chern number
same as in HK



ferromagnetism in 
TMI anti-ferromagnetism



Quantum spin Hall 
Effect

KM/BHZ models



Quantum spin Hall topological Mott 
Insulator

<latexit sha1_base64="4vG6zKFfnvanmivKsz7nzL1VFiQ=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjLTl10IxW5cVnBsoR1KJs20oZnMkGSEMvQb3LjQpbj1a9z5N6YPQUUPJBzOuZd77wkSzpRG6MPKra1vbG7ltws7u3v7B8XDozsVp5JQj8Q8lt0AK8qZoJ5mmtNuIimOAk47waQ19zv3VCoWi1s9Tagf4ZFgISNYG8lrDdSlOyiWkO2UK66DoCGo4ZTrhlRrjWoNQcdGC5TACu1B8b0/jEkaUaEJx0r1HJRoP8NSM8LprNBPFU0wmeAR7RkqcESVny2WncEzowxhGEvzhIYL9XtHhiOlplFgKiOsx+q3Nxf/8nqpDi/8jIkk1VSQ5aAw5VDHcH45HDJJieZTQzCRzOwKyRhLTLTJp2BC+LoU/k/6ru3UbPMhZLs3lVLzahVKHpyAU3AOHFAHTXAN2sADBDDwAJ7AsyWsR+vFel2W5qxVzzH4AevtE/WOj60=</latexit>

Cs = 2
<latexit sha1_base64="mNcLG2c0+sZcknqyoYlgTEVxqGs=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GpI+7UIoduOygmML7VAyaaYNzWSGJCOU0m9w40KX4tavceffmD4EFT2QcDjnXu69J0gE1wahDyeztr6xuZXdzu3s7u0f5A+P7nScKso8GotYdQKimeCSeYYbwTqJYiQKBGsH4+bcb98zpXksb80kYX5EhpKHnBJjJa/Z15e4ny8gF5fKRYygJaiOSzVLKtV6pYogdtECBbBCq59/7w1imkZMGiqI1l2MEuNPiTKcCjbL9VLNEkLHZMi6lkoSMe1PF8vO4JlVBjCMlX3SwIX6vWNKIq0nUWArI2JG+rc3F//yuqkJL/wpl0lqmKTLQWEqoInh/HI44IpRIyaWEKq43RXSEVGEGptPzobwdSn8n/SKLq669kPILd6UC42rVShZcAJOwTnAoAYa4Bq0gAco4OABPIFnRzqPzovzuizNOKueY/ADztsn9ASPrA==</latexit>

Cs = 1
<latexit sha1_base64="0NJJKPOILdvBdEBhRA+TAJVpGaY="></latexit>

C"0 � C#0 = 1� (�1) = 2

<latexit sha1_base64="ruBWnSlTOugFneK2R2a72OMnKGE="></latexit>

C̄" =

PNc

N"=1

⇣
Nc�1
N"�1

⌘

2Nc
C0" = C0"/2



<latexit sha1_base64="gHeBh61EDhp7GrxrwTrQkZevXUc=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJ92oVQdOOygqOFdiiZNNOGJpkhyQhl6C+4caFLcevfuPNvTB+Cih5IOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHtzpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTu/C8eXMv7unSrNY3phJQgOBh5JFjGAzk/xziPrFEnK9SrXsIWgJanqVhiW1erNWR9Bz0RwlsES7X3zvDWKSCioN4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LJRZUB9l81yk8scoARrGyTxo4V793ZFhoPRGhrRTYjPRvbyb+5XVTE50FGZNJaqgki0FRyqGJ4exwOGCKEsMnlmCimN0VkhFWmBgbT8GG8HUp/J/0yq5Xd+2HkFu+rpZaF8tQ8uAIHINT4IEGaIEr0AY+IGAEHsATeHaE8+i8OK+L0pyz7DkEP+C8fQLViI8B</latexit>

U = 0

<latexit sha1_base64="gt6mNKBrxE/HWB+Xe6AxtYlIh2w=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GpI+7UIounFZwdFCO5RMmmlDM5khyQhl6De4caFLcevXuPNvTB+Cih5IOJxzL/feEySCa4PQh5NbWV1b38hvFra2d3b3ivsHtzpOFWUejUWsOgHRTHDJPMONYJ1EMRIFgt0F48uZf3fPlOaxvDGThPkRGUoeckqMlTzvHOJyv1hCLq5UyxhBS1ATVxqW1OrNWh1B7KI5SmCJdr/43hvENI2YNFQQrbsYJcbPiDKcCjYt9FLNEkLHZMi6lkoSMe1n82Wn8MQqAxjGyj5p4Fz93pGRSOtJFNjKiJiR/u3NxL+8bmrCMz/jMkkNk3QxKEwFNDGcXQ4HXDFqxMQSQhW3u0I6IopQY/Mp2BC+LoX/k17ZxXXXfgi55etqqXWxDCUPjsAxOAUYNEALXIE28AAFHDyAJ/DsSOfReXFeF6U5Z9lzCH7AefsESeiPPg==</latexit>

U = 12

QSH: 
C=1

ferromagnetic 
correlations

M=0 
at B=0

BHZ-Hubbard-Hofstadter model





Kane-Mele (KM) 
model



real-space and momentum-space 
Hubbard models agree

1/4-filled Haldane (KM/BHZ) model 
is a topological Mott insulator 

 (QSHMI)



why?

universality



44

Hubbard 
not 

necessary 
(universality 

class)
<latexit sha1_base64="iPCPcV7EIc0Mnyhci1BaxyWxrT8=">AAACBXicdVDLSsNAFJ34rPUVdamLwSK4Con2uSu6cVnBPqANYTKdtEMnkzAzsZTQjRt/xY0LRdz6D+78G6dpBRW9MHDuOfdw5x4/ZlQq2/4wlpZXVtfWcxv5za3tnV1zb78lo0Rg0sQRi0THR5IwyklTUcVIJxYEhT4jbX90OdPbt0RIGvEbNYmJG6IBpwHFSGnKM4+4l9JeEiMhovE0a/rRmM9bzyzYll2rlatFqMG5U7MrGlRKJU1Cx7KzKoBFNTzzXbtxEhKuMENSdh07Vm6KhKKYkWm+l0gSIzxCA9LVkKOQSDfNrpjCE830YRAJ/biCGfvdkaJQykno68kQqaH8rc3Iv7RuooKqm1IeJ4pwPF8UJAyqCM4igX0qCFZsogHCguq/QjxEAmGlg8vrEL4uhf+D1pnllK3idbFQv1jEkQOH4BicAgdUQB1cgQZoAgzuwAN4As/GvfFovBiv89ElY+E5AD/KePsE85aaLg==</latexit>ni"ni#

<latexit sha1_base64="lIrQXHRVJwM9GYIphYoyVQXxfCM=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgKezGmKy3oCAePEQwD0iWMDuZJGPmsczMCmHJP3jxoIhX/8ebf+MkWUFFCxqKqm66u8KIUW1c98PJLC2vrK5l13Mbm1vbO/ndvaaWscKkgSWTqh0iTRgVpGGoYaQdKYJ4yEgrHF/M/NY9UZpKcWsmEQk4Ggo6oBgZKzW7isPL616+4BZd3/e9KrRkDksqJ6elsxL0UqUAUtR7+fduX+KYE2EwQ1p3PDcyQYKUoZiRaa4baxIhPEZD0rFUIE50kMyvncIjq/ThQCpbwsC5+n0iQVzrCQ9tJ0dmpH97M/EvrxObgR8kVESxIQIvFg1iBo2Es9dhnyqCDZtYgrCi9laIR0ghbGxAORvC16fwf9IsFb1KsXxTLtTO0ziy4AAcgmPggSqogStQBw2AwR14AE/g2ZHOo/PivC5aM046sw9+wHn7BDIsjuc=</latexit>

FL

Z2

<latexit sha1_base64="6zeg2XUvB7CYdRxoCoM68Gy8g48=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmY06y3oxWMCZoHJEHo6NUmbnp6hu0cIIV/gxYMiXv0kb/6NnUVQ0QcFj/eqqKoXJJwp7TgfVmZtfWNzK7ud29nd2z/IHx61VZxKCi0a81h2A6KAMwEtzTSHbiKBRAGHTjC+nvude5CKxeJWTxLwIzIULGSUaCM1vX6+4NhOrVauFrEhl27NqRhSKZWMiF3bWaCAVmj08++9QUzTCISmnCjluU6i/SmRmlEOs1wvVZAQOiZD8AwVJALlTxeHzvCZUQY4jKUpofFC/T4xJZFSkygwnRHRI/Xbm4t/eV6qw6o/ZSJJNQi6XBSmHOsYz7/GAyaBaj4xhFDJzK2YjogkVJtsciaEr0/x/6R9Ybtlu9gsFupXqziy6ASdonPkogqqoxvUQC1EEaAH9ISerTvr0XqxXpetGWs1c4x+wHr7BEDejUM=</latexit>

[
<latexit sha1_base64="0/QrkXxTBBRF0IV237cOnsOeXcA=">AAAB63icdVDLSgNBEOz1GeMr6tHLYBC8uOzGPA9C0IvHCOYByRJmJ5NkyMzuMjMrhCW/4MWDIl79IW/+jbNJBBUtaCiquunu8iPOlHacD2tldW19YzOzld3e2d3bzx0ctlQYS0KbJOSh7PhYUc4C2tRMc9qJJMXC57TtT65Tv31PpWJhcKenEfUEHgVsyAjWqeRdnhf6ubxjO7VauVpEhly4NadiSKVUMiJybWeOPCzR6Ofee4OQxIIGmnCsVNd1Iu0lWGpGOJ1le7GiESYTPKJdQwMsqPKS+a0zdGqUARqG0lSg0Vz9PpFgodRU+KZTYD1Wv71U/MvrxnpY9RIWRLGmAVksGsYc6RClj6MBk5RoPjUEE8nMrYiMscREm3iyJoSvT9H/pFWw3bJdvC3m61fLODJwDCdwBi5UoA430IAmEBjDAzzBsyWsR+vFel20rljLmSP4AevtE6DVjf8=</latexit>

] = �2
<latexit sha1_base64="S9sqxZiadEJ0XfG90ctrd76JCM8=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0lqbeOt6MVjFfsBbSib7aZdutmE3Y1QQv+BFw+KePUfefPfuG0jqOiDgcd7M8zM82POlLbtDyu3srq2vpHfLGxt7+zuFfcP2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJ1dzv3NPpWKRuNPTmHohHgkWMIK1kW776aBYssu267pOHRmygCG1s/PKRQU5mVKCDM1B8b0/jEgSUqEJx0r1HDvWXoqlZoTTWaGfKBpjMsEj2jNU4JAqL11cOkMnRhmiIJKmhEYL9ftEikOlpqFvOkOsx+q3Nxf/8nqJDlwvZSJONBVkuShIONIRmr+NhkxSovnUEEwkM7ciMsYSE23CKZgQvj5F/5N2pezUytWbaqlxmcWRhyM4hlNwoA4NuIYmtIBAAA/wBM/WxHq0XqzXZWvOymYO4Qest0/z/o2p</latexit>

{

<latexit sha1_base64="NVTSRzkVca0VnvEfBf8y4Swe4rQ=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GiZ9jruiG1dSwT5gOpRMmmlDM5khyQhl6Ge4caGIW7/GnX9j+hBU9MCFwzn3cu89QcKZ0o7zYeXW1jc2t/LbhZ3dvf2D4uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB5Grud++pVCwWd3qaUD/CI8FCRrA2ktcPJSYZmmU3s0Gx5NgI1ZBbgY7t1C7qrmtIA5VrqAKR7SxQAiu0BsX3/jAmaUSFJhwr5SEn0X6GpWaE01mhnyqaYDLBI+oZKnBElZ8tTp7BM6MMYRhLU0LDhfp9IsORUtMoMJ0R1mP125uLf3leqkPXz5hIUk0FWS4KUw51DOf/wyGTlGg+NQQTycytkIyxSUGblAomhK9P4f+kU7ZR3a7eVkvNy1UceXACTsE5QKABmuAatEAbEBCDB/AEni1tPVov1uuyNWetZo7BD1hvn9G3kaI=</latexit>

1

N

<latexit sha1_base64="7TWe7WutGrEc62RfmRlwbFFUG6E="></latexit>✓
1

s

◆2

/ 1

s

Fermi liquids 
(Haldane, KM, 

BHZ)

topological MI, 
TQSHMI



what does the HK model leave out??

dynamical spectral weight transfer

[Ht, HU ] 6= 0



46

flat-band limit



47

experiments: 
QAH?



48

Experiment: flat-band limit

only left-moving 
state 
QAH

<latexit sha1_base64="B2OAaop+T3+v1Xcrw3lTTSKSfO4=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjK1tC6LbnQjFWwrdIaSSTNtbDIZkoxQhv6DGxe6FLf+jDv/xrQdQUUPJBzOuZd77wkTzrRB6MMpLC2vrK4V10sbm1vbO+XdvY6WqSK0TSSX6jbEmnIW07ZhhtPbRFEsQk674fh85nfvqdJMxjdmktBA4GHMIkawsVLHVwJeXfbLFeSiBkLVGrRkDksayKud1KGXKxWQo9Uvv/sDSVJBY0M41rrnocQEGVaGEU6nJT/VNMFkjIe0Z2mMBdVBNt92Co+sMoCRVPbFBs7V7x0ZFlpPRGgrBTYj/dubiX95vdREp0HG4iQ1NCaLQVHKoZFwdjocMEWJ4RNLMFHM7grJCCtMjA2oZEP4uhT+T/yq69Vd+yHkVq9rleZZHkoRHIBDcAw80ABNcAFaoA0IuAMP4Ak8O9J5dF6c10Vpwcl79sEPOG+fm7KQCA==</latexit>

NI

both Landau 
levels 
QSH

U>W AA/TMD

intermediate 
interaction strength

AB/TMD



49

<latexit sha1_base64="2Oit8Z+wc56oj92QWeNGwO4ReAY=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiSlj+wsunHZgn1AG8pkOmlHJ5MwMxFK6Be4caGIWz/JnX/j9CGo6IELh3Pu5d57goQzpR3nw8qtrW9sbuW3Czu7e/sHxcOjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDu6u5372nUrFY3OhpQv0IjwULGcHaSK2LYbHk2K5b8youcmzHq5e9OalWnVq9jFzbWaAEKzSHxffBKCZpRIUmHCvVd51E+xmWmhFOZ4VBqmiCyR0e076hAkdU+dni0Bk6M8oIhbE0JTRaqN8nMhwpNY0C0xlhPVG/vbn4l9dPdej5GRNJqqkgy0VhypGO0fxrNGKSEs2nhmAimbkVkQmWmGiTTcGE8PUp+p90yrZbsyutSqlxuYojDydwCufgQh0acA1NaAMBCg/wBM/WrfVovVivy9actZo5hh+w3j4B+s+NFA==</latexit>

?



50



51

solution: two copies



52
QAH

<latexit sha1_base64="bkM9iTDKBnwfJ2r71xk4ujsHrtg=">AAAB7nicdVDLSgMxFM34rPVVdekmWAQXMiS1j9kIRTcuK9gHtEPJpJk2NJMZkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feEySCa4PQh7Oyura+sZnbym/v7O7tFw4OWzpOFWVNGotYdQKimeCSNQ03gnUSxUgUCNYOxtczv33PlOaxvDOThPkRGUoeckqMldo9mV7i84t+oYhcjKteGUPkIq9W8makUkHVWgliF81RBEs0+oX33iCmacSkoYJo3cUoMX5GlOFUsGm+l2qWEDomQ9a1VJKIaT+bnzuFp1YZwDBWtqSBc/X7REYirSdRYDsjYkb6tzcT//K6qQk9P+MySQ2TdLEoTAU0MZz9DgdcMWrExBJCFbe3QjoiilBjE8rbEL4+hf+TVsnFVbd8Wy7Wr5Zx5MAxOAFnAIMaqIMb0ABNQMEYPIAn8OwkzqPz4rwuWlec5cwR+AHn7ROanI8d</latexit>

⌫ = 1, 3

QSH
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QH

<latexit sha1_base64="kysQYlpCWVcSysaxywBU4K009nY=">AAAB8nicdVDLSgMxFL3js9ZX1aWbYBEEYciMpXUjFN24rODYQltKJs20oZnMkGSEMvQb3LjQpbj1a9z5N6YPQUUPJBzOuZd77wlTwbXB+MNZWl5ZXVsvbBQ3t7Z3dkt7+3c6yRRlAU1Eoloh0UxwyQLDjWCtVDESh4I1w9HV1G/eM6V5Im/NOGXdmAwkjzglxkqBf+Gder1SGbu4hrFfQZbMYEkNe5WzKvIWShkWaPRK751+QrOYSUMF0brt4dR0c6IMp4JNip1Ms5TQERmwtqWSxEx389myE3RslT6KEmWfNGimfu/ISaz1OA5tZUzMUP/2puJfXjsz0Xk35zLNDJN0PijKBDIJml6O+lwxasTYEkIVt7siOiSKUGPzKdoQvi5F/5OO73pV134Yu/5NpVy/XIRSgEM4ghPwoAZ1uIYGBECBwwM8wbMjnUfnxXmdly45i54D+AHn7RP4qY8I</latexit>

2 = 1 + 1

Summary

QSH

<latexit sha1_base64="ol33KcDutDWT/anVb+Jq6cBI5c8=">AAAB8nicdVBNSwMxEJ31s9avqkcvwSIIQsmuS+tFKHrxWMG1hXYp2TRtQ7PZJckKpfQ3ePGgR/Hqr/HmvzFtV1DRBwmP92aYmRelgmuD8YeztLyyurZe2Chubm3v7Jb29u90kinKApqIRLUiopngkgWGG8FaqWIkjgRrRqOrmd+8Z0rzRN6accrCmAwk73NKjJUC/8I79bqlMq7gGsaejyyZw5Iadv2zKnJzpQw5Gt3Se6eX0Cxm0lBBtG67ODXhhCjDqWDTYifTLCV0RAasbakkMdPhZL7sFB1bpYf6ibJPGjRXv3dMSKz1OI5sZUzMUP/2ZuJfXjsz/fNwwmWaGSbpYlA/E8gkaHY56nHFqBFjSwhV3O6K6JAoQo3Np2hD+LoU/U86XsWtVuyHccW78cv1yzyUAhzCEZyACzWowzU0IAAKHB7gCZ4d6Tw6L87ronTJyXsO4Aect0/+248M</latexit>

4 = 2 + 2

TMI/QSH 
1/4-filling

<latexit sha1_base64="r1kDSYbU3zj+p2QSeDcjkT3O5OA=">AAAB9nicdVDLSgMxFM3UV62vqks3wSIIwpCpQ+tGKLpxWcHaSjuUTJppQ5PMkGSEMvQr3LjQpbj1W9z5N6bTCip6QsLhnHvJvSdMONMGoQ+nsLS8srpWXC9tbG5t75R39251nCpCWyTmseqEWFPOJG0ZZjjtJIpiEXLaDseXM799T5Vmsbwxk4QGAg8lixjBxkp3/rl3kp9+uYJcVEeo6kNLclhSR55/WoPeQqmABZr98ntvEJNUUGkIx1p3PZSYIMPKMMLptNRLNU0wGeMh7VoqsaA6yPKBp/DIKgMYxcpeaWCufu/IsNB6IkJbKbAZ6d/eTPzL66YmOgsyJpPUUEnmH0UphyaGs+3hgClKDJ9YgolidlZIRlhhYmxGJRvC16bwf9Krul7NtQ9CbvXarzQuFqEUwQE4BMfAA3XQAFegCVqAAAEewBN4dpTz6Lw4r/PSgrPo2Qc/4Lx9Aq/tj+o=</latexit>

4 = 1 + 1 + 1 + 1

QAH QSH
<latexit sha1_base64="8K/35jzg/bW1bsmTmw6EhWfHm+c=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSJ4WrK1tJ6k6MVjRdcW2qVk02wbms0uSVYopT/Biwc9ild/jjf/jWm7goo+SHi8N8PMvDAVXBuMP5yl5ZXVtfXCRnFza3tnt7S3f6eTTFHm00Qkqh0SzQSXzDfcCNZOFSNxKFgrHF3O/NY9U5on8taMUxbEZCB5xCkxVrrxz1u9Uhm7uI5xpYosmcOSOvaqpzXk5UoZcjR7pfduP6FZzKShgmjd8XBqgglRhlPBpsVupllK6IgMWMdSSWKmg8l81Sk6tkofRYmyTxo0V793TEis9TgObWVMzFD/9mbiX14nM9FZMOEyzQyTdDEoygQyCZrdjfpcMWrE2BJCFbe7IjokilBj0ynaEL4uRf+TbsX1aq79MHYr19Vy4yIPpQCHcAQn4EEdGnAFTfCBwgAe4AmeHeE8Oi/O66J0ycl7DuAHnLdPkfOO4g==</latexit>

U > W

<latexit sha1_base64="+cYLS99U9UEgE4KTRtGdIfuneYk=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuhpnSxyzbunFZwT6gHUomzbShmWRIMpUy9E/cuFDErX/izr8xfQgqeuDC4Zx7ufeeMGFUadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqMWlhwYTshkgRRjlpaaoZ6SaSoDhkpBNOrhd+Z0qkooLf6VlCghiNOI0oRtpIA9uuN/qSjsYaSSnuYb0+sAuu43kVv+RB13H9atFfkHLZrVSL0HPcJQpgjebAfu8PBU5jwjVmSKme5yY6yJDUFDMyz/dTRRKEJ2hEeoZyFBMVZMvL5/DSKEMYCWmKa7hUv09kKFZqFoemM0Z6rH57C/Evr5fqyA8yypNUE45Xi6KUQS3gIgY4pJJgzWaGICypuRXiMZIIaxNW3oTw9Sn8n7SLjldxSrelQq2xjiMHzsEFuAIeqIIauAFN0AIYTMEDeALPVmY9Wi/W66p1w1rPnIEfsN4+ATCgk2Y=</latexit>

AB ! AA


