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발표자
프레젠테이션 노트
This talk is in some sense a complimentary talk to Ohta-san‘s talk. 
I’ll talk about an original idea behind his talk. 


Simple 2D SUSY gauge theory on a square lattice

(Sugino model) Sugino 2003
Continuum theory
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발표자
프레젠테이션 노트
・N=(2,2)理論に集中
・格子構造上にSUSY gauge theoryを乗せる方法をレビュー


specific transformation
Transformation by ¢ = (0,0,0, —€)’: § = ieQ)

(QA, =Ny, QA= iD,d, A

QP =n, Qn=[2,9,
L Qx=Y. Qv =[], Qe=0.

Q is nilpotent up to gauge transformation

action in Q—exact form

1 1 _ _
S = @ /dQZCQTT(Z?][(I), S| 4 x (Y — 20F5) — i/\#DHQ)

idea Manifestly Q-invariant!

Can we put this Q-invariant action on lattice

with keeping Q-symmetry? .
YES ! - Sugino model
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Geometrical structure of Sugino model
Au(@), QAu() = B(2)Up(@) — Up(2)®(z + i) N
=n(z), Qn(z)=[2(z), ®(z)], = B

QU( ) =
QP (x)
Qx(z) =Y (z), QY(z)=[®(z),x(z)], QP(z)=

e

B(x) n(z
® ®
Uu(z) & Au(fc)
Y(z) X(.CU)

\ 4

Can we extend it to a general lattice (simplicial complex)?
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N=(2,2) Topological SYM on
Discretized Riemann Surface Misumi-Ohta-S.M. 2014

cf) Ohta-san’s talk
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Fields on the discretized surface

o (f = s : representative point)

/Action
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facts

e The action becomes 2D N=(2,2) Supersymmetric Yang-Mills theory on a Riemann
surface in the continuum limit.

 There remains the U(1) symmetry,

d — e P, e 2P, A, > A
‘ a ’ . 4 Ly
n—e n, A, —=eYA, x—e "X

 An appropriate continuum limit reproduces the continuum action.

e Because of the Q-symmetry and the U(1) symmetry, there is no relevant operator
which breaks other symmetries in the continuum limit.



One result: Partition function using localization

Misumi-Ohta-S.M. 2014
Kamata-Misumi-Ohta-S.M. 2016

z=N [ . T] 6 ;)"

1< g
e It reproduces the partition function of the continuum theory.

|t depends only on the topology of the network.

 Independent of the detail of the discretization.



U(1); anomaly

D — 2P, P e P, A, — A,
n — e_mn, Ay — ei“)\u, X — e_io‘x
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Anomaly—phase—quench method

vev in the continuum theory

——— U(1) charge: (NQ_l)Xh
O) = L DBDF @ e 5657 = . DB OPf(D) e S
Z Z
q q

naive phase quench

- U(1) charge: ZERO NOT A GOOD
()¢ = Ziq f DB O(Pf(D))e APPROXIMATION
Observation
philosophy of the phase gquench Pf(D) — ’Pf(D) |€wA+w
We can (or could) ignore the artificial phase 1. U(l)R phase HA

coming from the discretization

2. lattice artifact )
We should ignore only ©
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Compensator

Kamata-Misumi-Ohta-S.M. 2016

A : an operator with
QA — 0 anomaly-phase-quench method

- [Al = =(N? = 1)x» (0)7 = (0€4)7 = - [ DBOIPF(D))e"
- A= |Ale 4

trace type Ne N2 - determinant type .
I — (1 AR 1 & NZ-1
Ay = — (—Tr(tI:- ) ) Ay = — Det®, )™ 2nc Xk
r NS’ SZ:; Nc 8 det NIE" SZ:;( )
lzykson-Zuber type 4
1 N ) T . _ N Eflm
AIE — ﬂ_ﬁ ; (Eﬁ (Z‘I'nrg{I}UE@tjp(I}U,{ + AIAI(UE@HP{E]UIT + Iti’n::u:gl[ﬁ})))
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A result of numerical simulation
In anomaly—phase—quench method

Kamata-Misumi-Ohta-S.M. 2016
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Interesting topological observable in the continuum theory:

Ocont. = /dQQZ‘tI‘ {¢(37)F12($) + )\1(;13))\2 (x)\’i’:tten o

QOcont. =0, O # Q|gauge invariant op.|

<6t0cont.+tfd2$tr¢($)2>SYM - /dlueSSYM—I—tfdQCUtT{Cb(CI?)Fm($)+¢(5E)2+>\1(413))\2(5’3)}

~ /dAefdetr(éFé)

= Y (dim R e A% = Zopyy |
R

Is there a corresponding operator on the lattice?



No-Go Theorem

There is no Q-closed operator whose continuum limit is

tr (pF12 + A A2)

under the conditions

1. Q2 — 0o

2. The fermion part is made of the link variables U, and a bilinear of the link fermions A,

essence of the proof

* The fermion part is expressed as
O = Zaktr(A1U2~~Ak~-~Un)

k=2
* In order that the O(A3)-terms in QO; cancel with each other, O; must takes the form,

Op =tr (MQUz---Up)) =tr{Q(U1) Q(Uz---Up)}

* The corresponding Q-vanishing operator is uniquely determined as

O = Q%U’{MQ(UQ - Up) = QUL)Us - - Uy }

which is Q-exact.



(may—be incorrect) idea

observation

The operator of the continuum theory can be expressed in Q-exact form:

1
/dZ:Btr (¢pF12 + A o) >~ = /d2$Qt1“ (e"” A, D, o)
2 NOT gauge invariant

In lattice theory, it is easy to make Q-exact operators but it is hard
to make non-trivial gauge NON-invariant operator.

If there is a lattice counterpart, it will be Q-exact but very non-trivial.

Idea
V..(z) : non-dynamical link variable

U
0y = tr(Q*(Uy@)Vale + D)Vi (& +2) U (a)f / U V

~ Ui(@)Va (e + QA (Vi (x +2) U (a)))
— tr (E“VAMDV¢+81A1 — (92142) under V,Lb _ eiaBH7 B —




Future works

* There would be a possibility to avoid the No-Go theorem.
e Reformulation in terms of graph theory

* Including matter multiplets

e Embed into matrix?

e Quantum gravity?
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