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SU(N) physics

I Generalization of SU(2) spin physics

I SU(4): 4 colors for each particle

I 2 fermions per site: irrep 6

|AB〉 − |BA〉
|AC〉 − |CA〉
|AD〉 − |DA〉
|BC〉 − |CB〉
|BD〉 − |DB〉
|CD〉 − |DC〉


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Previously in Benasque

I constructed generalized RVB QSL for this system

I probed Z2 topological order

I our goal: �nd a Hamiltonian that stabilizes it

4



Nearest neighbor Hamiltonian

fusion rule: 6⊗ 6 = 1⊕ 15⊕ 20

H(θ) = cos θS · S+
sin θ

4
(S · S)2

θ = 0 : H = S · S
θ = arctan(2/3) : 1↔ 15

θ = π/4 : 6⊗ 6 = 15⊕ 21,AFM

θ = π/2 : 6⊗ 6 = 1⊕ 35,FM

θ = −3π/4 : 6⊗ 6 = 15⊕ 21,FM

θ = −π/2 : 6⊗ 6 = 1⊕ 35,AFM

Heisenberg

SU(6) 66

SU(6) 66

SU(6) 66

SU(6) 66

arctan(2/3)
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Previous work

Ferromagnet

Dimer

C-breaking

?

Heisenberg 

point

Biquadratic model
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C-breaking phase?

I SU(2): C is π-rotation

I SU(4): non-trivial C, 4↔ 4

I 6 is self-conjugate

exact ground state 1D for
θ = arctan(2/3)

Apply C on B-sites: translation invariant MPS for translation
breaking wavefunction!
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ED results
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N = 12 sites, PBC

FM transition at SU(6) points θ = π/2,−3π/4
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SU(N) symmetric tensors

I Choose physical space S and
virtual space V

I impose S and V to be SU(N)
representations

I S has to appear in V ⊗4

I also impose C4v symmetry

I describe QSL phases

Ex: RVB tensor
S = 1/2

V = 1/2⊕ 0

A↑[↑, 0, 0, 0] = 1

A↓[↓, 0, 0, 0] = 1

Mambrini et al., PRB 94 (2016)
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PEPS Ansätze

A = T0 + a1T1 + a2T2 + ia3T3

A = X31 + αX13 + iβj31Y
j
31 + iβj13Y

j
13
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SU(4) & SU(6) symmetric PEPS

Principle: identify SU(4) and SU(6) irreps
→ T0 is SU(6) 6− 6-symmetric

I SU(4): transaltion invariant, self-conjugate 6 = 6
∗

I SU(6): staggered 6− 6

I restrain to W1: virtual leg permutation (S4) invariant

I SU(6) 66 requires D=43
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TN algorithm

I use CTMRG to converge environment

I implement ZN
2 symmetry to speed-up

I optimize coe�cients with �nite di�erence gradient

I extrapolate corner dimension χ→∞
I compare with DMRG and ED

Nishino and Okunishi, JPSP 65 (1996)
Orús and Vidal, PRB 80 (2009)
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Energies
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Energies θ ∼ −0.7π
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Energies θ ∼ 0.18π
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ED θ ∼ 0.18π
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Phase diagram

I θ ∼ 0: AFM

I θ ∼ 0.18π: C-breaking (?)

I ∼ 0.18π < θ < π/2: 6-sites
plaquette

I π/2 < θ < 5π/4: FM

I −5π/4 < θ < θAF :
quantum disordered,
dimer/QSL

Ferromagnet
Néel
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(C-breaking)
<latexit sha1_base64="3lHpXTdhv9rEnEXGB+4OuZ9xYN4=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFqAvLTEV0WezGZQX7gHYomTRtQzOZIckIZagbf8WNC0Xc+hfu/BvT6Sy09UDgcM49ucnxI86UdpxvK7eyura+kd8sbG3v7O7Z+wdNFcaS0AYJeSjbPlaUM0EbmmlO25GkOPA5bfnj2sxvPVCpWCju9SSiXoCHgg0YwdpIPfuom96RSNqfolLt3DfhMRPDs55ddMpOCrRM3IwUIUO9Z391+yGJAyo04VipjutE2kuw1IxwOi10Y0UjTMZ4SDuGChxQ5SXp9ik6NUofDUJpjtAoVX8nEhwoNQl8MxlgPVKL3kz8z+vEenDtJUxEsaaCzBcNYo50iGZ1oD6TlGg+MQQTycxbERlhiYk2pRVMCe7il5dJs1J2L8qXd5Vi9SarIw/HcAIlcOEKqnALdWgAgUd4hld4s56sF+vd+piP5qwscwh/YH3+AMYllnI=</latexit>

✓X
<latexit sha1_base64="OzUkI/5F85RVNCR3ZCZDmaQUxBU=">AAAB73icbVA9SwNBEN3zM8avqGBjcxgEq3CniJYhNpYJmOQgOcLeZi5Zsrd37s4J4cifsLFQxNbCf+EvsLPxt7j5KDTxwcDjvRlm5gWJ4Bod58taWl5ZXVvPbeQ3t7Z3dgt7+w0dp4pBncUiVl5ANQguoY4cBXiJAhoFAprB4HrsN+9BaR7LWxwm4Ee0J3nIGUUjeW3sA9KO1ykUnZIzgb1I3Bkplg9r3/y98lHtFD7b3ZilEUhkgmrdcp0E/Ywq5EzAKN9ONSSUDWgPWoZKGoH2s8m9I/vEKF07jJUpifZE/T2R0UjrYRSYzohiX897Y/E/r5VieOVnXCYpgmTTRWEqbIzt8fN2lytgKIaGUKa4udVmfaooQxNR3oTgzr+8SBpnJfe8dFEzaVTIFDlyRI7JKXHJJSmTG1IldcKIIA/kiTxbd9aj9WK9TluXrNnMAfkD6+0H6W+Tlw==</latexit>

✓⇤
<latexit sha1_base64="ur52AMjSmw2zVxdlUaL2o3ws7Os=">AAAB73icbZDJSgNBEIZ74hbHLerRS2MQxEOYUUQvYtCLxwhmgWQMPZ1K0qRnsbtGCENewosHRQRPPol3L+Lb2FkOmvhDw8f/V9FV5cdSaHScbyszN7+wuJRdtldW19Y3cptbFR0likOZRzJSNZ9pkCKEMgqUUIsVsMCXUPV7l8O8eg9Kiyi8wX4MXsA6oWgLztBYtQZ2AdntQTOXdwrOSHQW3Ankzz/ss/jtyy41c5+NVsSTAELkkmldd50YvZQpFFzCwG4kGmLGe6wDdYMhC0B76WjeAd0zTou2I2VeiHTk/u5IWaB1P/BNZcCwq6ezoflfVk+wfeqlIowThJCPP2onkmJEh8vTllDAUfYNMK6EmZXyLlOMozmRbY7gTq88C5XDgntUOL528sULMlaW7JBdsk9cckKK5IqUSJlwIskDeSLP1p31aL1Yr+PSjDXp2SZ/ZL3/ACMgkwg=</latexit>

6-site plaquette
<latexit sha1_base64="VxqXij7Ujwk36QPB8xTpDi+lhGQ=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAg2ht2IjzJoYxnBPCBZwuzkxgyZfThzVwhLWht/xcZCEVv/wM6/cbLZQhMPDBzOua85fiyFRsf5thYWl5ZXVgtrxfWNza1te2e3oaNEcajzSEaq5TMNUoRQR4ESWrECFvgSmv7wauI3H0BpEYW3OIrBC9hdKPqCMzRS16adbEZqZAiRjenZsRYINJbsPgFE6Nolp+xkoPPEzUmJ5Kh17a9OL+JJYMZxybRuu06MXsoUCi5hXOwkGmLGh2Zh29CQBaC9NLtiTA+N0qP9SJkXIs3U3x0pC7QeBb6pDBgO9Kw3Ef/z2gn2L7xUhHGCEPLpon4iKUZ0EgvtCQUc5cgQxpUwt1I+YIpxNOEVTQju7JfnSaNSdk/KpzeVUvUyj6NA9skBOSIuOSdVck1qpE44eSTP5JW8WU/Wi/VufUxLF6y8Z4/8gfX5A9hsmm0=</latexit>

✓AF
<latexit sha1_base64="ONZOA9+lLr04KtbT8G7XVQq8kic=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5L4QJdVQVxWsA9oQphMJ+3QySTM3Ag19EvcuFDErZ/izr9x2mah1QMXDufcy733hKngGhznyyotLa+srpXXKxubW9tVe2e3rZNMUdaiiUhUNySaCS5ZCzgI1k0VI3EoWCccXU/9zgNTmifyHsYp82MykDzilICRArvqwZABCXJPxfjyZhLYNafuzID/ErcgNVSgGdifXj+hWcwkUEG07rlOCn5OFHAq2KTiZZqlhI7IgPUMlSRm2s9nh0/woVH6OEqUKQl4pv6cyEms9TgOTWdMYKgXvan4n9fLILrwcy7TDJik80VRJjAkeJoC7nPFKIixIYQqbm7FdEgUoWCyqpgQ3MWX/5L2cd09qZ/dndYaV0UcZbSPDtARctE5aqBb1EQtRFGGntALerUerWfrzXqft5asYmYP/YL18Q1w+JLz</latexit>
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Conclusion
I use ED, PEPS and DMRG to investigate two SU(4)

fermions NN Hamiltonian
I symmetric PEPS give excellent variational energies with

very few parameters
I expect QSL phase for θ ∼ −0.7π ( 6= SU(2))

Ferromagnet
Néel

�3⇡/4
<latexit sha1_base64="Rr6XcmD1qCJVRckwBLje12RbsaY=">AAAB7nicbVBNSwMxEJ2tX7V+tOrRS7AIXqy7bUGPRS8eK9gPaJeSTbNtaDYbkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL5CcaeO6305uY3Nreye/W9jbPzgslo6O2zpOFKEtEvNYdQOsKWeCtgwznHalojgKOO0Ek7u533miSrNYPJqppH6ER4KFjGBjpc5lrS/ZVX1QKrsVdwG0TryMlCFDc1D66g9jkkRUGMKx1j3PlcZPsTKMcDor9BNNJSYTPKI9SwWOqPbTxbkzdG6VIQpjZUsYtFB/T6Q40noaBbYzwmasV725+J/XS0x446dMyMRQQZaLwoQjE6P572jIFCWGTy3BRDF7KyJjrDAxNqGCDcFbfXmdtKsVr1apPtTLjdssjjycwhlcgAfX0IB7aEILCEzgGV7hzZHOi/PufCxbc042cwJ/4Hz+ABEHjrw=</latexit>

SU(6) 66̄
<latexit sha1_base64="lHoH0NaODDptOaXpYz+fLo4wpTc=">AAACEHicbVC7TsMwFHV4lvIKMLJYVIiyRElBhbGChbEI0lZqospxndaq40S2g1RF/QQWfoWFAYRYGdn4G9w0A7Qc6UpH59xr33uChFGpbPvbWFpeWV1bL22UN7e2d3bNvf2WjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB0PfXbD0RIGvN7NU6IH6EBpyHFSGmpZ554+RtZwFIyuXOr9VPoDeWIJtC2ajiCsO4FSMB6z6zYlp0DLhKnIBVQoNkzv7x+jNOIcIUZkrLr2InyMyQUxYxMyl4qSYLwCA1IV1OOIiL9LF9mAo+10odhLHRxBXP190SGIinHUaA7I6SGct6biv953VSFl35GeZIqwvHsozBlUMVwmg7sU0GwYmNNEBZU7wrxEAmElc6wrENw5k9eJK2a5ZxZtdvzSuOqiKMEDsERqAIHXIAGuAFN4AIMHsEzeAVvxpPxYrwbH7PWJaOYOQB/YHz+AIvVmvc=</latexit>

⇡/2
<latexit sha1_base64="jsj3HSpbFmPUFL2bZ9xpEvyfLSU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU02qoMeiF48VTFtoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0N/NbT6g0T+SjGacYxHQgecQZNVbyuym/qPXKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYluggmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+SZq3qXVZrD1eV+m0eRxFO4BTOwYNrqMM9NMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPMImORg==</latexit>

?

QD1

QD3

(b)

QD2

�⇡/2
<latexit sha1_base64="9PQKulQZKx4ih3pcPSQ+wq0njmI=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi3V3FfRY9OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwoQzbVz32ymsrK6tbxQ3S1vbO7t75f2DppapIrRBJJeqHWJNORO0YZjhtJ0oiuOQ01Y4up36rSeqNJPiwYwTGsR4IFjECDZWap51E3bu98oVt+rOgJaJl5MK5Kj3yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6DjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvL5OmX/Uuqv79ZaV2k8dRhCM4hlPw4ApqcAd1aACBR3iGV3hzpPPivDsf89aCk88cwh84nz+aio59</latexit>

SU(6) 66̄
<latexit sha1_base64="lHoH0NaODDptOaXpYz+fLo4wpTc=">AAACEHicbVC7TsMwFHV4lvIKMLJYVIiyRElBhbGChbEI0lZqospxndaq40S2g1RF/QQWfoWFAYRYGdn4G9w0A7Qc6UpH59xr33uChFGpbPvbWFpeWV1bL22UN7e2d3bNvf2WjFOBiYtjFotOgCRhlBNXUcVIJxEERQEj7WB0PfXbD0RIGvN7NU6IH6EBpyHFSGmpZ554+RtZwFIyuXOr9VPoDeWIJtC2ajiCsO4FSMB6z6zYlp0DLhKnIBVQoNkzv7x+jNOIcIUZkrLr2InyMyQUxYxMyl4qSYLwCA1IV1OOIiL9LF9mAo+10odhLHRxBXP190SGIinHUaA7I6SGct6biv953VSFl35GeZIqwvHsozBlUMVwmg7sU0GwYmNNEBZU7wrxEAmElc6wrENw5k9eJK2a5ZxZtdvzSuOqiKMEDsERqAIHXIAGuAFN4AIMHsEzeAVvxpPxYrwbH7PWJaOYOQB/YHz+AIvVmvc=</latexit>

SU(6) 66
<latexit sha1_base64="l0oJYDM6sNZmUJDWFYvisrbEc2g=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqSyRElBhbGChbEI0lZqospx3NaqnUS2g1RFnVn4FRYGEGLlC9j4G9w0A7Qc6UpH59xr33uChFGpbPvbWFpeWV1bL22UN7e2d3bNvf2WjFOBiYtjFotOgCRhNCKuooqRTiII4gEj7WB0PfXbD0RIGkf3apwQn6NBRPsUI6Wlnnnk5W9kgoSTO7daP4XeUI5oAm2rhjmE9XrPrNiWnQMuEqcgFVCg2TO/vDDGKSeRwgxJ2XXsRPkZEopiRiZlL5UkQXiEBqSraYQ4kX6WrzGBJ1oJYT8WuiIFc/X3RIa4lGMe6E6O1FDOe1PxP6+bqv6ln9EoSRWJ8OyjfsqgiuE0FxhSQbBiY00QFlTvCvEQCYSVTq+sQ3DmT14krZrlnFm12/NK46qIowQOwTGoAgdcgAa4AU3gAgwewTN4BW/Gk/FivBsfs9Ylo5g5AH9gfP4ALMSYnQ==</latexit>

Dimer order

SU(6) 66
<latexit sha1_base64="l0oJYDM6sNZmUJDWFYvisrbEc2g=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqSyRElBhbGChbEI0lZqospx3NaqnUS2g1RFnVn4FRYGEGLlC9j4G9w0A7Qc6UpH59xr33uChFGpbPvbWFpeWV1bL22UN7e2d3bNvf2WjFOBiYtjFotOgCRhNCKuooqRTiII4gEj7WB0PfXbD0RIGkf3apwQn6NBRPsUI6Wlnnnk5W9kgoSTO7daP4XeUI5oAm2rhjmE9XrPrNiWnQMuEqcgFVCg2TO/vDDGKSeRwgxJ2XXsRPkZEopiRiZlL5UkQXiEBqSraYQ4kX6WrzGBJ1oJYT8WuiIFc/X3RIa4lGMe6E6O1FDOe1PxP6+bqv6ln9EoSRWJ8OyjfsqgiuE0FxhSQbBiY00QFlTvCvEQCYSVTq+sQ3DmT14krZrlnFm12/NK46qIowQOwTGoAgdcgAa4AU3gAgwewTN4BW/Gk/FivBsfs9Ylo5g5AH9gfP4ALMSYnQ==</latexit>

PEPS W1
<latexit sha1_base64="7Dn6W0V9B/h9pMyNRevZMzUVo+I=">AAACB3icbVDJSgNBEO1xjXGLehSkMQiewowLegyK4DGiWSAJoadTkzTpWeiuEcMwNy/+ihcPinj1F7z5N3aSOWjig4LHe1XdVc+NpNBo29/W3PzC4tJybiW/ura+sVnY2q7pMFYcqjyUoWq4TIMUAVRRoIRGpID5roS6O7gc+fV7UFqEwR0OI2j7rBcIT3CGRuoU9lrjNxJXxpDSFsIDJpWryi2lKa13nE6haJfsMegscTJSJBkqncJXqxvy2IcAuWRaNx07wnbCFAouIc23Yg0R4wPWg6ahAfNBt5PxDik9MEqXeqEyFSAdq78nEuZrPfRd0+kz7OtpbyT+5zVj9M7biQiiGCHgk4+8WFIM6SgU2hUKOMqhIYwrYXalvM8U42iiy5sQnOmTZ0ntqOQcl05vTorliyyOHNkl++SQOOSMlMk1qZAq4eSRPJNX8mY9WS/Wu/UxaZ2zspkd8gfW5w/xdpix</latexit>

PEPS T1
<latexit sha1_base64="MbzGO8CP3CWhgr/xMNrF2U5TGPQ=">AAACCHicbVDJSgNBEO2JW4xb1KMHG4PgKcy4oMegCB4jZoMkhJ5OJWnS0zN014hhyNGLv+LFgyJe/QRv/o2d5aCJDwoe71V1Vz0/ksKg6347qYXFpeWV9GpmbX1jcyu7vVMxYaw5lHkoQ13zmQEpFJRRoIRapIEFvoSq378a+dV70EaEqoSDCJoB6yrREZyhlVrZ/cb4jaSrAdSQNhAeMCleF+8oHdJSy2tlc27eHYPOE29KcmSKYiv71WiHPA5AIZfMmLrnRthMmEbBJQwzjdhAxHifdaFuqWIBmGYyXmJID63Spp1Q21JIx+rviYQFxgwC33YGDHtm1huJ/3n1GDsXzUSoKEZQfPJRJ5YUQzpKhbaFBo5yYAnjWthdKe8xzTja7DI2BG/25HlSOc57J/mz29Nc4XIaR5rskQNyRDxyTgrkhhRJmXDySJ7JK3lznpwX5935mLSmnOnMLvkD5/MHvcOZIQ==</latexit>

PEPS X31
<latexit sha1_base64="1F+pJzvCLRpzf82+fQ/SUmjTLZA=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4CjMu6DEogseIZoFMCD2dStKkZ6G7RgzDXL34K148KOLVP/Dm39hJ5qCJDwoe71V1Vz0vkkKjbX9buYXFpeWV/GphbX1jc6u4vVPXYaw41HgoQ9X0mAYpAqihQAnNSAHzPQkNb3g59hv3oLQIgzscRdD2WT8QPcEZGqlTpO7kjURBN6UuwgMm1avqLaUpbXaSYyftFEt22Z6AzhMnIyWSodopfrndkMc+BMgl07rl2BG2E6ZQcAlpwY01RIwPWR9ahgbMB91OJluk9MAoXdoLlakA6UT9PZEwX+uR75lOn+FAz3pj8T+vFWPvvJ2IIIoRAj79qBdLiiEdx0K7QgFHOTKEcSXMrpQPmGIcTXgFE4Ize/I8qR+VnePy6c1JqXKRxZEne2SfHBKHnJEKuSZVUiOcPJJn8krerCfrxXq3PqatOSub2SV/YH3+AHIBmYQ=</latexit>

(C-breaking)
<latexit sha1_base64="3lHpXTdhv9rEnEXGB+4OuZ9xYN4=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFqAvLTEV0WezGZQX7gHYomTRtQzOZIckIZagbf8WNC0Xc+hfu/BvT6Sy09UDgcM49ucnxI86UdpxvK7eyura+kd8sbG3v7O7Z+wdNFcaS0AYJeSjbPlaUM0EbmmlO25GkOPA5bfnj2sxvPVCpWCju9SSiXoCHgg0YwdpIPfuom96RSNqfolLt3DfhMRPDs55ddMpOCrRM3IwUIUO9Z391+yGJAyo04VipjutE2kuw1IxwOi10Y0UjTMZ4SDuGChxQ5SXp9ik6NUofDUJpjtAoVX8nEhwoNQl8MxlgPVKL3kz8z+vEenDtJUxEsaaCzBcNYo50iGZ1oD6TlGg+MQQTycxbERlhiYk2pRVMCe7il5dJs1J2L8qXd5Vi9SarIw/HcAIlcOEKqnALdWgAgUd4hld4s56sF+vd+piP5qwscwh/YH3+AMYllnI=</latexit>

✓X
<latexit sha1_base64="OzUkI/5F85RVNCR3ZCZDmaQUxBU=">AAAB73icbVA9SwNBEN3zM8avqGBjcxgEq3CniJYhNpYJmOQgOcLeZi5Zsrd37s4J4cifsLFQxNbCf+EvsLPxt7j5KDTxwcDjvRlm5gWJ4Bod58taWl5ZXVvPbeQ3t7Z3dgt7+w0dp4pBncUiVl5ANQguoY4cBXiJAhoFAprB4HrsN+9BaR7LWxwm4Ee0J3nIGUUjeW3sA9KO1ykUnZIzgb1I3Bkplg9r3/y98lHtFD7b3ZilEUhkgmrdcp0E/Ywq5EzAKN9ONSSUDWgPWoZKGoH2s8m9I/vEKF07jJUpifZE/T2R0UjrYRSYzohiX897Y/E/r5VieOVnXCYpgmTTRWEqbIzt8fN2lytgKIaGUKa4udVmfaooQxNR3oTgzr+8SBpnJfe8dFEzaVTIFDlyRI7JKXHJJSmTG1IldcKIIA/kiTxbd9aj9WK9TluXrNnMAfkD6+0H6W+Tlw==</latexit>

✓⇤
<latexit sha1_base64="ur52AMjSmw2zVxdlUaL2o3ws7Os=">AAAB73icbZDJSgNBEIZ74hbHLerRS2MQxEOYUUQvYtCLxwhmgWQMPZ1K0qRnsbtGCENewosHRQRPPol3L+Lb2FkOmvhDw8f/V9FV5cdSaHScbyszN7+wuJRdtldW19Y3cptbFR0likOZRzJSNZ9pkCKEMgqUUIsVsMCXUPV7l8O8eg9Kiyi8wX4MXsA6oWgLztBYtQZ2AdntQTOXdwrOSHQW3Ankzz/ss/jtyy41c5+NVsSTAELkkmldd50YvZQpFFzCwG4kGmLGe6wDdYMhC0B76WjeAd0zTou2I2VeiHTk/u5IWaB1P/BNZcCwq6ezoflfVk+wfeqlIowThJCPP2onkmJEh8vTllDAUfYNMK6EmZXyLlOMozmRbY7gTq88C5XDgntUOL528sULMlaW7JBdsk9cckKK5IqUSJlwIskDeSLP1p31aL1Yr+PSjDXp2SZ/ZL3/ACMgkwg=</latexit>

6-site plaquette
<latexit sha1_base64="VxqXij7Ujwk36QPB8xTpDi+lhGQ=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAg2ht2IjzJoYxnBPCBZwuzkxgyZfThzVwhLWht/xcZCEVv/wM6/cbLZQhMPDBzOua85fiyFRsf5thYWl5ZXVgtrxfWNza1te2e3oaNEcajzSEaq5TMNUoRQR4ESWrECFvgSmv7wauI3H0BpEYW3OIrBC9hdKPqCMzRS16adbEZqZAiRjenZsRYINJbsPgFE6Nolp+xkoPPEzUmJ5Kh17a9OL+JJYMZxybRuu06MXsoUCi5hXOwkGmLGh2Zh29CQBaC9NLtiTA+N0qP9SJkXIs3U3x0pC7QeBb6pDBgO9Kw3Ef/z2gn2L7xUhHGCEPLpon4iKUZ0EgvtCQUc5cgQxpUwt1I+YIpxNOEVTQju7JfnSaNSdk/KpzeVUvUyj6NA9skBOSIuOSdVck1qpE44eSTP5JW8WU/Wi/VufUxLF6y8Z4/8gfX5A9hsmm0=</latexit>

✓AF
<latexit sha1_base64="ONZOA9+lLr04KtbT8G7XVQq8kic=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5L4QJdVQVxWsA9oQphMJ+3QySTM3Ag19EvcuFDErZ/izr9x2mah1QMXDufcy733hKngGhznyyotLa+srpXXKxubW9tVe2e3rZNMUdaiiUhUNySaCS5ZCzgI1k0VI3EoWCccXU/9zgNTmifyHsYp82MykDzilICRArvqwZABCXJPxfjyZhLYNafuzID/ErcgNVSgGdifXj+hWcwkUEG07rlOCn5OFHAq2KTiZZqlhI7IgPUMlSRm2s9nh0/woVH6OEqUKQl4pv6cyEms9TgOTWdMYKgXvan4n9fLILrwcy7TDJik80VRJjAkeJoC7nPFKIixIYQqbm7FdEgUoWCyqpgQ3MWX/5L2cd09qZ/dndYaV0UcZbSPDtARctE5aqBb1EQtRFGGntALerUerWfrzXqft5asYmYP/YL18Q1w+JLz</latexit>
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W1 scaling
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