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A possible load map

Meurice-Sakai-Unmuth—Yockey,Rev.Mod.Phys.94(2022)025005

V 1&&% 75\ b %ﬁﬁ/\ II. LATTICE FIELD THEORY

A. The Kogut sequence: From Ising to QCD

V tbﬁmiﬂ@ E EE E ﬁ j :E —\\} l/ In the early 1970s, QCD appeared to be a strong candidate
W ﬁB E E fE= ‘: E E for a theory of strong interact.ions involving quarks .and

gluons. However, the perturbative methods that provided
satisfactory ways to handle the electroweak interactions of
_ N _ leptons failed to explain confinement, mass gaps, and chiral
V H% E Fﬁﬁ 3>k7'5 T’D\ Cl: U4>/A_'7'E @ j%'él“ —6‘ 0) symmetry breaking. A nonperturbative definition of QCD was
= ~ = needed. In 1974, Wilson proposed (Wilson, 1974) a lattice
WWE’\J fd\TN E-I-g % Kogut sequence formulation of QCD where the SU(3) local symmetry is exact.
—_ As this four-dimensional model is fairly difficult to handle
‘(— }ﬁ 2 T%T \'\ < numerically, a certain number of research groups started
considering simpler lattice models in lower dimensions and
then increased symmetry and dimensionality. This led to a
sequence of models, sometimes called the “Kogut ladder,” that
appears in the reviews of Kogut (1979, 1983) and was later
addressed with small modifications by Polyakov (1987) and
Itzykson and Drouffe (1991).
The sequence is approximately the following:
(1) D =2 Ising model
(2) D = 3 Ising model and its gauge dual
(3) D =2 0O(2) spin and Abelian Higgs models
(4) D = 2 fermions and the Schwinger model
(5) D =3 and 4U(1) gauge theory
(6) D = 3 and 4 non-Abelian gauge theories
(7) D = 4 lattice fermions
8) D=4QCD

Cf. Talk by &% X A
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v TRG Cf. Talks by AR S A, EHES A, FILS A, KRS A, BESA, RASA

- DB, BRRESOTNRERZELHNICHENT S
* 3ARTTR RO LSAVWLNTWATNFE

EEEHBEOEA{ERRE Cf. Talk by #8E S A
v TTN, PEPS Cf. Talks by RE S A, KARS A, LA S A, BHSA

- TTN, PEPSTRE S hicEEREZEE{ELLTWL
AV TFDTIN—TEFHBCTINIC K ZERTTURTESD)FTENEDH SNTWS

v Gauged Gaussian PEPS (GGPEPS) + Variational MC
- PERDFONMMEZEE U CPEPSKRRZBA L, ZORALAZFHLTVMCYT %
- ERENT— Y EHEDEAEARE
- KAV ZERLELEI—AYNRDTIL—TICL D BHNBHARIED ShTWDS
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From Ising to SU(2) Yang-Mills
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Xie-Chen-Qin-Zhu-Yang-Xiang, PRB86(2012)045139

v D<16DHTCERAEANPBRO TRERSAEEINTWS
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Three-state Pottst®EE (TRQG)

Wang-Xie-Chen-Normand-Xiang,Chin.Phys.Lett.31(2014)070503, G.Jha,arXiv:2201.01789[hep-lat]

v EERREBOMERES R > T—REGEBRZRE
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Cf. BRZE~DHLIE: Bloch-Lohmayer-Schweiss-Unmuth—Yockey,PoS,LATTICE2021(2022)062
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R B (TRG)

SA-Kuramashi-Yoshimura, PRD104(2021)034507

v SR TEREEBXKIER Clsingt® R (L85 (Isingt&B Dfinite-A generalization)
v AN T —5FHEGauss KB ETREEUL
v 1=40TCAFPIRILF—EBILZFTE L, Ising universality Z 52
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Cf. ATRG: Adachi-Okubo-Todo,PRB102(2020)054432
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AREFZEEOQER (TRG)

Bloch-G.Jha-Lohmayer-Meister, PRD104(2021)094517

v HOTRG, Triad RG, MCO#ERZHE. HHEIE* v+ 57 ¥ — B CHEIL
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Cf. Triad RG: Kadoh-Nakayama,arXiv:1912.02414[hep-lat]
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SA-G.Jha-Unmuth—Yockey,Lattice2023, SA-G.Jha-Unmuth—Yockey, in progress

v 0(4) HeisenbergiR®! & ZE{fli ¢, massless 2-flavor QCD & [d] U universality ¢ % FIBEME

v BbIic g 2R —Y Y I@BITHh SERFRIERE, 6% R E L, MCJE & Dconsistency % FER2
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Cf. Critical exponents by MC simulation: Kanaya-Kana,PRD51(1995)2404
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Kuramashi-Yoshimura,JHEP08(2019)023

v (d+1)RFTSUN), Z & F 7 —VEBROEREBEHGR FIRTZ,AEVEREF U
universality classiC’ % & FEE N TS (Svetitsky-Yaffe FT78)

v Temporal7 —YVEEHREAEZ EICHEN LU T2RITTOTNICE ET DinTrG < 160
v 2R TtlsingfR B & consistent’RERFEEa, v 1 N, = _ C(N) -
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7,7 — Y - Higgst®E (TRG)

SA-Kuramashi, JHEP05(2022)102

v BCOIHED S BITHIIC D> T Bconfinement-HiggsfHER AR & consistent
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vV 35037 -JBORMICDOVWTRUL LFRRRE |¥) =X Y(Q)I6) 2EZ 3

v Gauged Gaussian PEPSTIFERE 7 /LA VEHEZE>TP(@ZBRA LTV

¥(G) = (| [T, @, [T, U (D) [T, A(x) |2y)
vV 51 M EDAHIT VYV ILAKX), YV EORET Y Y, idRB 7 T ILS AV OER - 4R

HEFCT525.
B¥FIC, A(x) = exp[T,-jajb}L]@Gaussian'(“'—:r_-i_%
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Emonts-Bafiuls-Cirac-Zohar,PRD102(2020)074501
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€1

Cf. Zohar-Burrello,New.J.Phys.18(2016)043008, Zohar-Cirac,PRD97(2018)034510
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Emonts-Bafiuls-Cirac-Zohar,PRD102(2020)074501

v GGPEPSICED < MC:t&E
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I8 — VB GPEPS)

Robina-Baiiuls-Cirac,PRL126(2021)050401

v iPEPSIC & BE5TE TR FORBETCORUAY - JEFAUCAHHEHERAINRESINLTWS

Simple update
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Cf. BRBEAFERICED <MCEE
ie. BER{LEShIcREAR

Bazavov-Berg-Dubey, NPB802(2008)421

g2 =0.92217(2)
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QED (GGPEPS)

Bender-Emonts-Cirac, PRR5(2023)043128

v U)7—YBHEZ—YEAIEE T, GGPEPSICED < MCEtE = X1

v Deconfined U(1) spin liquidi@H 5 AFMAEN DHER = & RE

MC
Xu-Zhang-Assaad-Xu-Meng,PRX9(2019)021022
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Cf. TRGIC & 32U T — BB DEE: Unmuth—Yockey,PRD99(2019)074502
Cf. TTNIC & 351 E: Felser-Silvi-Collura-Montangero,PRX10(2020)041040
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S = [% Yn,u>v ReTr (1 —

Kuwahara-Tsuchiya, PTEP2022(2022)093B02
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FSU(2)Yang-Mills¥E5g (TTN)

Cataldi-Magnifico-Silvi-Montangero,arXiv:2307.09396[hep-lat]
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From Ising to QED
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Isingi®& (TRG)

SA-Kuramashi-Yamashita-Yoshimura, PRD100(2019)054510

v R X/ F— BREEEREDOMEREZHEL THEBR L HEBRYMZRE
v BIERRREZE—REBZRKR. MCEICLZEBR & DM ICtensionh¥d %
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SA-Kuramashi-Yoshimura,PRD104(2021)034507

v BEELIEBAIREE ClsinglRB [C /25 (IsingRE! Dfinite-A generalization)
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Cf. Latest MC study: Lundow-Markstrém,NPB933(2023)116256
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BFR B (TRG)

SA-Kadoh-Kuramashi-Yamashita-Yoshimura,JHEP09(2020)177
vV BRANT—BEZP =re? ERE L, 2BEH D GaussKIEE%Z £ > TBEEUL
v ERE - FEREEMRIC45E DSilver Blaze lRRHER I TWS
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- HiggstZE! (TRG)

SA-Kuramashi, JHEP05(2022)102
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SA-Kuramashi, JHEP10(2023)077
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“a single simulation for the maximum size that we reached, an 8 X8X8 lattice, can last up to five
weeks until final convergence, depending on the different regimes of the model and the control
parameters of the algorithms”
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