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Partial breaking of N=2 supersymmetry

[Antoniadis-Partouche-Taylor]

[Itoyama-Fujiwara-Sakaguchi]

U(N) gauge model in which N'=2 supersymmetry is broken to A'=1
spontaneously has some interesting properties.

The remarkable one is that the model includes N=1, U(N) super
Yang-Mills with tree level superpotential as a particular limit;
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Motivation

a large Fl parameters limit
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U(N) gauge model with N =1, U(N) super Yang-Mills
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N = 2 supersymmetry Wiree(P)

low energy low energy
Weer(S) = NEF (S)+ Wesr(S) = NiFfree(S)
eff EYS free @4 98
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[Dijkgraaf-Vafa]
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The model

The (bare) Lagrangian [Fujiwara-ltoyama-Sakaguchi]

The Lagrangian of U(N) gauge model with spontaneously
broken N=2 supersymmetry is
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We choose the prepotential as Ve vector superfield

n+1 P2 chiral superfield
gk k+1
F(d) = —= __Trod _ 2
k:;)(k+1)! a_C%,l,...,N —1

(degree n+2) overall U(1)



The model

Spontaneous breaking of N=2 susy

eThe gauge symmetry breaking: U(N) — ﬁ U(N;)

=1

e The Nambu-Goldstone fermion is in the overall U(1) vector part:
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e The mass spectrum
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([ AN=1massless 1] U;) vector multiplet

i=1
m
N=1 massive || U(IV;) adjoint chiral multiplet
i=1
N=1 massive vector multiplets corresponding to broken generators
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The model

Large Fl parameters limit

Let us take the limit: (e,m,&) = A(e/,m,¢'), N — .
(with g, = mg,; fixed for k > 2)
n+1

9k 91 _
F(d) = g::o 0t 1)!Trd>k+1 = goTro + 5Trd>2 + oA D

® n this limit the model reduces to N=1 U(N) SYM with Wiree(®P) .

_el + ’lg’
m/

+ /dQQW(CD) + he.,

[ — Ly = Im[ (2 / FoTrdetdV o 4 / d29TrWW)}

€ The overall U(1) part (the Nambu-Goldstone fermion) is decoupled.
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Deformation of DV relation

Effective superpotential

e \We consider the effective superpotential by integrating out
massive modes ¢ and .

e We treat W (or V) as the background field.

The result is represented by S = - TrgnW Wa

6472

e \We assume large Fl parameters and see the difference between
our model and N=1, U(N) SYM, in the leading 1/m order.



Deformation of DV relation

Our result

e \We assume large Fl parameters and see the difference between
our model and N=1, U(N) SYM, in the leading 1/m order.

Summary of our result: £ -loop contribution to W (S)

w9+ 0o((1/m)?)

vertex
/

W) OFYNE) lentigs [OFVNEY 5
Wert (5) = N5 32 58 Jm

NG = < N T

order 1/m terms
(leading difference)

The leading order
terms which also
exist in DV case

cf.) Dijkgraaf-Vafa relation: W (S) = N%Ffree(S)
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We
[

Deformation of DV relation

Diagrammatical computation 1

firstly integrate out ® and consider the perturbation theory with ¢.
e propagator | A(p,n) = /O = dse—s(P2+m'+%adw"“"ra—wéV<W)
e vertices \
1st type..... m%Trde, fork=3...n+1 new terms !
2nd type..... —— Zo k’:’Tr(de waok—1-8)  for k=4...n+1
' —i02F (D)
L= {d*— apwb 4 .
( / 4 acbaacbbw HSE )

The new terms do contribute to the effective superpotential !
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Deformation of DV relation

Diagrammatical computation 2

> 2-loop example insertions of W

d*py d*po
(2m)* (2m)4
A(p1,m1)A(p2, ™) A(—p1 — p2, —71 — T2)

d2’ﬂ'1d2’ﬂ'2

— / dsydspdsze™ (%)™ (3NS2_igh(S 5;)53)

_ 1
(S = = TrynyWWa)
Kilp, ) = /OOO dse—s(pQ-l—m'—l—%adWa?ra) oSIGEWW

S 8 2
(e_ﬁadw Ta =1 — %adw%a + %(adw%a)Q)
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Deformation of DV relation

3

f\ln maoathnaAd
| CALIV O TI1I1IGCULIITIVUWUA

(generalized Konishi anomaly)

Let us define the generating functions of the one-point functions:

1 Tr <W""W - > T(z) =Tr < 1 >
, z) = .
472 Y — z— P

R(z) = —

In terms of these, the effective superpotential is

16724
(k—1)!

Wesp _
gy,

m ] dz2"T(2)+ / dzz"1R(2),

R(z) and T(z) satisfy the following equations:
R(:)2 = W(RE) + 59(2),
PR()T(2) = W'()T(z)+ %c(z)—l—167r2i.7-""’(z)R(z)—|—%E(z),

which follow from the generalized Konishi anomaly equations.
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Conclusion

We have shown that Dijkgraaf-Vafa relation is deformed by
spontaneously broken N=2 supersymmetry by two method:

e the diagrammatical computation

(0 2,7 (0
wO(s) = Nc‘?}“aS(S’)_l&i id3 (a}" (3))
go oS

S
2+ Wil +0((1/m)?)

m

e the argument based on the generalized Konishi anomaly.
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N=2 supersymmetry

R transformation act on L:
RL(OR™ T = L(-¢)

1st susy transformation: (39 £(¢) =0

This is ordinary N=1 susy transformation.

2nd sysy transformation: §(2€)£(¢) =0

The definition of §(29 is §(28) = rs(L.-OR-1

Thus, 292

(Ré(la—E)R—l) (Rﬁ(—g)R—l)
R(60L(-¢)) R?
0
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