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1. Introduction

Super Yang-Mills & (SYM) [E holomorphic 2% 3> TULVA,

{ N =1 SYM: superpotential

N =2 SYM: prepotential

Holomorphy [Z&k>T,. o DEIRILF—TOHRLFHIEINS,
(I Z IX. Seiberg & Witten [2&5 N=2 SYM D EZHHELE)

LI F Tl BT JL¥— effective superpotential &z %,



Dijkgraaf-Vafa relation

[Dijkgraaf-Vafa '02]

WefF(S) — N%Ffree(s)
Val ~
/ AN

effective superpotential

/
N =1, U(N) super Yang-Mills
+
Wtree(cb)

n+1
4 Wiree(®P) = Z %Tﬂbk

k=1
g, k
Wmatrix(M) = Z — TrM

N .

matrix model with the
action: —éWmatrix(M)

planar free energy

N

glueball superfield

— 1
S e —WTru(N)WQWa



N =1, U(N) SYM +@

is considered as | N =2, U(N) SYM + Wiree(P)

matter content [£[E]ILC

[ N =2 Seiberg-Witten curve
[Cachazo-Intriligator-Vafa, Cachazo-Vafa]
N=20%FH <
fermionic shift symmetry
[Cachazo-Douglas-Seiberg-Witten]

N etc.



— M superpotential (& explicitly (£ LLIZL softly)[TE I TR EZTN=1120E S,

:

o BXIIEDWBNA B RN THOMIGEEICIZAAEILHH?

e Dijkgraaf-Vafa B%R X (EHEEZ M7

%)
Weff(S) — N%Ffree(s)

?77?



2. BFEMICHEMNT- N=2 Bx#EZHED V=2, UN) F—IERE#
N = 1 superspace formalism [hep-th/0409060, 0503113]
N = 2 harmonic superspace formalism [hep-th/0510255]

by Fujiwara, ltoyama and Sakaguchi

LL T Tl& N=1 superspace formalism T. N=2 UN) ¥ —1E R AL
95

{ U(N) vector superfield Ve = (A2, \9)
U(N) adjoint chiral superfield Pt = (¢, %)

gauge index: «=0,1,...,N2 -1

overall U(1)



U(N) 77— FEZ RO — RIS ERIL. LTOENNES,

prepotential
> Kaehler term /
Sy = — /d4wd49Tr (d) advaf(cb)) 4 he.,
odb
» gauge Kkinetic term
Sgauge = —/d4 d20 T, (PIWW? + hec.,
» superpotential function of &

Sy = / P 2d20TIW () + hc.,



Discrete R T LT AETHSI_ELTEKRT HE

RI)\?E<22>—><_¢:Q>7

generalized gauge coupling 7.»(®) %5 superpotential (&

O2F(P)
OdapPpb’

OF (D)
o0

Tp(P) = W(d) =ed® +m

» Fayet-lliopoulos D-term

Sp = / d*zd*9evO

e,m,&: real parame@ Fl &%




FOT N=2 BxFpEZEFFoT=1ERIE

S = / d*zd*o [;Tr (chfleéUE (@) _ h.c.) + §VO]

o
. 02
4 2 1 8 F(q)) b 0 8.7:((1))
+ [ d*wd? (—48¢aa¢bwaw +e@® +m= o5t )+ hee

(X, prepotential ZEL T D KSI2E5,

n—+1
F@)= Y Ik _Troktl
S (k4 1)!

10




Scalar potential

» o0 F OF(d)\"
V = g b <§Dan + 525601,5(9 _I_ 8CL <€¢O + m 8qgcq)b)> 8b* <e¢o + " 8§§8b)> )

e <((M802;-"¢0>:_(e+i§)

CDEHEICEY AD5—15 ¢ OEZEHRFEARZTY ., F— TRt

UNY = T[UN)
1=1
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JIIILEAVDBRHEBRODEZTOHIEIX

(SATY) = (8 <’\a\2‘”a>> =0

(AN = (6 (Aa _ ‘ba>> = —2im(ny — 1)

V2 \
Nambu-Goldstone fermion !
Mass spectrum

n
® N =1 massless [[U(;) vector multiplets: V@ = (A%, A79)
i=1

¢ N =1 massive J[[U(L;) adjoint chiral multiplets: do = (g2, \T9)
i=1

€ N =1 massive vector multiplets corresponding to broken generators
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Comment

FIZ#MDe,m, & — 0 DIBREZZDHE

D%, Dijkgraaf-Vafa G EICK>TEZON-ER L, BREMIZHENT-E
XIFEEEDBRED—DODEBRELTHELNS,

Z D F. Nambu-Goldstone fermion (& decouple 95,
[K. Fujiwara '006]
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3. Dijkgraaf-Vafa B D EH

[H. l[toyama and K. M. arXiv:0704.1060 [hep-th]]

BExE-o1-15 ¢ 28 oL THLN S effective superpotential Z3K &
B:

exp [i/d4x(d29Weff + h.c. + d*0(nonchiral terms)] = /chDcBeiS,

W (or V) & 535 L LT, effective superpotential ZZNDETEEERT,

)y Werr(S),  S=—m o TryyW*Wa
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Holomorphy [Z&Y) . effective superpotential [ anti-holomorphic coupling
KFLEL, KDoTL gp=0for k>3 &95&

—i [~ fqyOF (P s P
= /d4xd40?zTr [cbeadv% . (§1¢ _I_ 9§2¢2)€adv¢ + /d4xd20m292Trcb2
n+1 g . n—|—1 k—1
+/d4 d29Tr m E k_IT - Z Z _(W(D W(Dk: 1-— 3)]
k=2 """ k 28—0
o DI DL,
n—I—l -n—|—1k; 1
o /d4ajd20Tr Z E _Z Z Z _(ch W(Dk: 1-— 3)]
k= 23—0

—I-/d4a:d29Tr[ (mgy)? >T2V2P + . ]

32mgQ
V higher order in 1/m
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®2XNDIE (V2V2d = 16(019yd — 3adW*Dd))

1 1

Propagator

A(p, 71') = /OOO dSe_S(p2+ml+%adwaﬂ'a—iggWW)

¢ HEFERIE

%Trcbk for k=3,...,n+1

- k—1

2N Eweswak17%)  for k=4,...,n+1

4 = k!
Ss=
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Dijkgraaf-Vafa [C&->TEZoNT-BEDIFE

.prOpaqatOF A(p, 7_(_) — /OO dse_s(pQ_I_m/_i_%adWaﬂ_a)
0
S (67 2
(e_iadw To =1 — iadwo‘wa + S(adwawa)2>
evertices 2 8
Ik 1 gk for k=3,...,n+1
k!
2-loop diagram (8 = — L _Tr, W Wa, w* = LTt W)
6472 U(N) o, W sx ' TU(N)
d*py d*p;
(2n) (277)4d27T1d2772A(p1, 1) A(p2, m2) A(—p1 — p2, =71 — 72)

— / ds1dspdsze” 250 (3N S? 4 65w we}

S ]

X 1 insertion of W
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¢-loop diagrams TI&

(+1 /
( 11 /dsf;) e~ (L sM L (g 4 1)NSE 4+ 000+ 1) Twwa}
=1

Werr 125892 f—loop DE5 W(S) 1%

82

0
Wi (8) = N FO(s) + ( 552

55 ]:(E)(S)> wwq

D FOW) IZTHERMSLETETES, (Dikgraaf-Vafa D)

FOS) = Frlo(S)
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BEMICEN-ERTEZEROERDEE

00 5 1 .
A(p,m) = /g dse—s(P M +5adWma)  siga VW

2-loop diagram

d*py d*p>
(2m)4 (2m)4
A(p1,m1)A(p2, 7)) A(—p1 — po, —T1 — 72)

d271'1 d27r2

— / dsydspdsze” (2™ BN S? 4 65w wa—igh (Y 5;)5°}

& m
) _ oF®) 5250 a 1672imgs oF ) E 5
Weff_N 55 + 552 W Wa oo 55 m—l—...—l—(’)((l/m) )
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4. Conclusion

o BEMICHENT N=2 BT EZFDOUN) T —IRE D effective
superpotential Z5t & L 1=,

o effective superpotential (& B FEHIIZIEN =B IREICK>TEES

Z TS,
0 _ oF)  §2Fb) o 167722'mg3 oFWD\ s
w — N o Z o
eff S T 952 Y mgo S m+

o Dijkgraaf-Vafa OB RIZBHEMICHENTI-BXFEICL-> T, EoS
ndEhhmnotz,
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Future works

e N =2 Seiberg-Witten curve

e relation to superstring theory

¢ D-brane realization of the model considered above
¢ geometric transition

¢ flux induced superpotential

e include fundamental hypermultiplets
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