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Summary
Theory : 4d N=1 supersymmetric gauge theory

Method: localization with new choice of SUSY generator

We exactly compute
gaugino condensation (Tr (A))) in confining phase

Apply to: nonperturbative proof of Dijkgraaf-Vafa conjecture

Motivation Localization
. . . . o For SUSY theory,
Analytic computations in QFT are important, and difficult take [6=a SUSY generator
- — t
But, for SUSY field theory, we can ! I'= f(5)‘) A

two major techniques: (A is a fermion)

Then, we found

1. Holomorphy {

Simple, But, Indirect 81 bosonic = f(f”\)*f”\ >0

o 82 I(¢) =0
2. Localization < g
Direct and Systematic, Let us consider a correlator:
But, had not been applied to theory in confining phase Z(8) = fDae*SW*“f’Wo.(q;)---oﬂ,((,-s)
L . 3S(6) =0
Apply localization technique to where we me{ 50(‘ 1 o
“dynamical object”(gaugino condensation) n(9) =
in Confining phase ! This is independet with ¢!
,:igt) _ /Dwd‘(If"‘“‘””“‘”‘”@(@)'»-On(c-‘b))

What is done in this work -0
Taking ¢ — oo, Z(0) = Z(t = o0)

In this limit,

Holomorphy Localization path-integral localized on 61(¢g) =0

. ' . . Z(0) = Dé
N=2 SUSY | Seiberg-Witten curve Nekrasov partition function © Larldle pt
(E_S([b“) % (1-loop de‘rerminém‘r])

N=1 SUSY Seiberg, ADS This work!

Exactly computable!




4D N = 1SUSY gauge theory on R® x S}_—g

A . vector SU(2) x SU(2)(= Spin(4))
m .
A : chiral spinor SA

. . . %(60,,,;\ — Eam ),
Fields (in Vector multiplet) X . anti— chiral spinor R S
= 50 €l'mn — €L,

D : auxilaryﬁeld SUSY Sy = %E”’HFFH,,,—FD,

adjoint representations of gauge group GG

Y i m Y i m
In Euclidian space, € and € are independent 0D = —5eo" Dn) = 58" DA
SUSY invariant Lagrangian: L, = Tr | — (- FpnF™ + D? + %™ DA ) + i |, 7= 2 4 2T
grangtan: Ly =45 gm0 H T IACTEmA e s B TE 0 T

For Localization, adding 61 = /d4:c5V where V = (5)\)T)\ + (6)_\)7/_\ with a choice of €, €

Localization with ¢ # 0, €+ 0 (known choice)
(NN ~ (FE FT™ 4 D?)(ele) Vbosnic = Frun F™ + D?
(55\)T55\ ~ (Fz F~™" 4 DQ)(ETE) saddle point is trivial: Fy,, = D =10

1 8
Ly+t6V ~ (@ +t)(F? + D*) +i FF

0
162
Weak coupling in ¢ — 00 and No gauge couling dependence. This gives superconformal index
Localization with ¢ =0, (€ +# 0) (NEW choice)
V|=F, F~™ +D? = %anFm” + %anﬁm” + D?, saddle point is instanton: F, =D =0

mn

1 _ .
Ly +18V ~ (5 + )(F? 4+ D?) + (i—— + )FF — iéFF at saddle point

1672
Weak coupling in t — oo , gauge couling dependent. Usual instanton analysis becomes exact!
Moreover, Tr (f(A)) is an "observable” in localization, because 6\ = 0

Gaugino condensation (Tr (A)\)) computation

We need precisly 2 fermion zero modes for nonzero (Tr (AX)) D4 e

1/N fractional instantons (=T-dual of BPS monopoles) | T
Usual 1-loop comutations around these give ‘ :

2 " E :
the correct exact result ! <rlIZ—Az> = A%w where w" =1 for G = SU(N) Brane picture (SU(3) case)
T

e} : AP =P ! exp 2mit ()
This is R independent MEm TP TN
Localization for theory on R*? Localization for theory on S*?
Theory DOESN'T become weak in ¢t — oo We can NOT take ¢ — oo

General 4d N =1 gauge theories (including chiral multiplets)
Kinetic terms for chiral multiplets can be arbitrary large. Now gauge coupling can be weak also.
Thus, we can integrate out them perturbatively! semi-classical monopole computations
Therefore, we can compute the correlators of observables(chiral ring) always in weak coupling

a Nonperturbative proof of Dijkgraff-Vafa conjecture Marvelous Proof Which This Margin Is Too Narrow To Contain)
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