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Why Is large-N volume independen

¥ Can potentially save computational resources of solving large
The EguchilKawali equivalence

Why adjoint fermions

¥ Provides a workable Eguchi!lKawal equivalence®oviuniUnsaliva'e

_ < _ _ . Corrigan!Ramond,
¥ Equivalent to OorientifoldO large!N QCDarmonitshifmaniveneziano.

Sannino et al.
¥ depending on Nf and quark mass, becomes interesting and physically relevant thec

Why weak coupling

¥ Prepare for nonperturbative study of large!N QCD + Wilson adjoints on small volum
#together with S. Sharpe, see SteveOs talk$

¥ Some confusions in the literature.
#later on in my talk$




What Is the Eguchi-Kawal equivalel

Given SU#N$ gauge theory on &nxLixL2xL3 lattice, debned b’ g°N,am, ay, . ..

Then If:

¥ Zn center symmetry is intact.

at N=00 Wilson loops, Hadron spectra,
G condensates, etc.
are independent ofLo,1,2,3

Talk by

This talk: fate of &. At weak coupling, for non-perturbative ! Steve Sharpe




What Is the Eguchi-Kawal equivalel

Given SU#N$ gauge theory on &nxLixL2xL3 lattice, debned b’ g°N,am, ay, . ..

Not OacademicO
Then if: requirements:

breakdown of EK equivalence by

formation of a baryon crystal
BB, PRD,0811.4141, 0901.4035

¥ Translation symmetry is intact
¥ Zn center symmetry is intact.

¥ large!N factorization holds. QEK model
BB+Sharpe 2008

at N=00 Wilson loops, Hadron spectra,
G condensates, etc.
are independent ofLo,1,2,3

Talk by

This talk: fate of &. At weak coupling, for non-perturbative ! Steve Sharpe




1B Weak coupling analysisik3= 00,Lo=1

Flelds
Uu:O ()?,XO = 1) I

U,=1 23(X, X0 =1) =U,=1 23(X)

periodic boundary

l I — — | <
- (x7 L0 1) — - K * conditions in O0O direct

Action:

Gauge: Wilson  g*N

1 apna=1/8 : ch
- : | appa=1/8 : chiral quarks
Fermions: Wilson, ° 8 4+ 2amyg Kappa=0 :infinitely massive quark

Weak coupling expansior |
| @b —1ab et (] g () + ..

‘N1l O .
J U =1+ iAL(K) + ...




1B Weak coupling analysisik3= 00,Lo=1
Get familiar form

| rrdp~P37U 0‘" _2”|a| 1 b+ (. : 2)a b 2
V()= > log @ +4sin | 2Ng log f#+sin27131 12 4+ mZ (1, p)

akb
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3 Lo 13
¥ =4 sin’p/2°5 p = sin® p; @ 9 b*  mw = amg + 2 sin®(p/2) + sin?((6* — 6°)/2)

=1 2=1

Calculate V/(9) potential for di"erent] ¢ correspondingtd’y Zn — O Zn ! 2>

=1

Cg,hirai
quarks
K : 1/ 8

These are
/ good news:

|
Inbnite mass works !
YM model
#original EK
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kappa = 1/(8+2am




1. Comparison to other weak-coupling calculai

Kovtun et al. O07 Lattice calculation Bedaque et al. 008

4D YM + 4D YM + Think about Lo=1 as

massless adjoints + Wilson adjoints 3D theory debned

. at kappad/8 + . .
continuum - on spatial continuum
and L=1

ZN ZN Z|\| | ZZ

Useful to understand the reason for the di"erence




V. Comparison to other weak-coupling calcula

Bedaque et a(focus on gauge dynamics fir

. 1 5
2N gone—ste = / dz [ STr S feTr Y D!
Sgauge = - Re ZTr (UX. Uxsij Ugs i Uy ) 7 > B Z i

i<j €[1,3]
i< s ! OC

I 1 SU(N)

VAV T (674
_1b¥

| a
log a’p® + 4sin® - 5

62

_ 3 n ) 2 n ab .
! + ' |tI‘ classical | + ... s classical — €

: mali Bernard&Appelquist 80, Longhitano 80,
l P

IS non:renor all“zable Banks&Ukawa 84, GasserlLeutwyler O84,

need counterlterms... Arkani'Hamed!Cohen!Georgi "01, Pisarski “06,

g Sone! site




V. Comparison to other weak-coupling calcula

What does this teach us

: S : Neuberger,
¥ Continuum limit in space with Lo=1 #or for anyD > 2L0 ,,nuplished 601 $-

¥ need counterlterms > helwow EnergyConstants #EC $.

¥ means treating theory as ai"ective Field T heory #FT $, and at onel!looj

: 2 5 2 Amusing: these are
V! V) + bt ! cassical |7+ b2 [t ! Gassica #Unsal and Ya"e$C

Diml!reg hides this andimplicitly setsbi=b2=0— h,2>0 fixes 4A— Z2breaking




V. Comparison to other weak-coupling calculat

In any case,
¥ EFT point of view not necessary :
Large-N reduction defined at fix lattice cutoff

But,

¥ ZN-realization may depend on lattice action ...

¥ Results | got cannot be anticipated in advance (from Kovtun




V. Conclusions and future prosp

Weak coupling with L1,2,300, Lo=1

¥ Large!N volume reduction works for YM+Wilson adjoints fermions.

Even for very heavy quarks which is YM #fér 0.04  $.

¥ Perturbation theory on small(Lo=1) leads to a UV!sensitive free energy.

Do weakicoupling before MC with a di"erent type of fermion !

This Is exciting :
Eguchi!lKawali bnally works  at weak coupling
start extracting physics of QCD"Adj# ?

pretty cool... @




Weak coupling analysis2 k4= 00

Begin with unreduced system. 1=00. /
X1

2N
Sgauge: RGZTF (UXIUX+|] UX+]|U,j)

<J

2N
_|_!_ Re Z Tr (Ux,i Ux + } 0Ux+0 | UX,O)

i /
Sp = 19Dy, ! /
/

(DW)xy — 6339 L R Z {(1 + VZ) U:g;z(saz Y — i (1 | ) Ufjéaz y—l—z}

—R (1+70)U O5xy 9+(1 _WO)UX Oéxy+9

Recall kappa = 1/(8+2ajnsokappa=1/8is chiral pointkappa=0is infinite mass




Weak coupling analysis2 k4= 00

Begin with unreduced system 1=1.

2N
Sgauge = e Re ZTr (Ux’i Ux+ij U ji Uy )

1<J

2N _ ! m
t+=—Re Tr Ugi!yyilUfi!]

SF — 'gDW|

/

D),y =day! £ [A+7) UG, , 5+ (11 w)UTTs, ]

L1 (1+ ") Q5 ey + (1! ") QF #y

Recall kappa = 1/(8+2ajnsokappa=1/8is chiral pointkappa=0is infinite mass




Weak coupling analysis2k4= 00

Begin with unreduced system 1=1.

2N
Sgauge — _Re ZTY (UXI U)(+|J UX+]I U ,] )

<J

T7

2N _ ¢
+=—Re Tr Ug!xuUf!]

SF — 'ngl

L@+ ) Dty H (1L o) Y Hy

Recall kappa = 1/(8+2ajnsokappa=1/8is chiral pointkappa=0Is infinite mass




. Weak coupling analysis2 k4= 00,L1=1.

Results for anisotropic lattice:

Nf=1
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Recall:
kappa = 1/(8+2am

kappa = 1/8 is chiral point
kappa =0 is infinite quark mas

These are good news:

Reduction works for in th
generous neighborhood |
chiral point.

(at weak coupling ...)




[1]. How reduction worl

What is the value of the one!loop potential at the ZN invariant g.s.

#for simplicity focus
on gluon contributions

1T w3 7V

dp

o log p? + 4sin?

Exactly the result of theL1=00 systen

This Oembedding of space!time in color spaceO underlies volume!reduc

perturbation theory: Bhanot!Heller'Neuberger, Gross!Kitazawa, Parisi!Zhang 8
beyond perturbation theory? e.g. the soluble 1+1 caggion!Thies 01, BB 08.




V. Comparison to other weak-coupling calcula

Bedaque et a(focus on gauge dynamics fir
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V. Comparison to other weak-coupling calcula

Bedaque et a(focus on gauge dynamics fir
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V(0) Is a sum over bubbles, say for Lt=° 0@ (1)
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o) ¥ D=3,Lt =00 #Kovtun et al.fio problem.
. ' .
IS hon:renormaflzable ... ¥ D=4, Lt >3 #Arkani'Hamed et al.$i0 problem.
need counter!terms... L
¥ D=3,Lt =1 #current casedV sensitivities.
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