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Abstract. We study N = 1 supersymmetric U(N) gauge theory coupled to an adjoint scalar superfield
with a cubic superpotential containing a multi trace term. We show that the field theory results can
be reproduced from a matrix model whose potential is given in terms of a linearized potential obtained
from the gauge theory superpotential by adding some auxiliary non-dynamical field. Once we get the
effective action from this matrix model we could integrate out the auxiliary field getting the correct field

theory results.

1 Introduction

Recently it has been proposed [1] that the exact super-
potential and gauge coupling for a wide class of NV = 1
supersymmetric gauge theories can be obtained using per-
turbative computations in a related matrix model. Given
an A =1 SYM theory the potential of the corresponding
matrix model is given in terms of the gauge theory super-
potential. Even more interestingly, the non-perturbative
results of the gauge theory can be obtained from just planar
diagrams of the matrix model without taking any large NV
limit on the gauge theory side. This conjecture is based on
earlier works [2-6] and has recently been verified perturba-
tively using the superspace formalism [7] or anomalies [8,9].
Further developments can be found in [10-14].

To fix our notation, let us consider N’ = 1 U(N) su-
persymmetric gauge theory coupled to a chiral superfield,
¢, in the adjoint representation with the following super-
potential:

(1)

k=1

for some n. To get a supersymmetric vacuum one needs to
impose D- and F-term conditions. Taking ¢ to be diagonal
would satisfy the D-term and for the F-term we need to
set W'(¢) = 0. This equation, in general, has n distinct
roots a; and thus W’(z) = gn41[[—,(z — a;). Therefore
by taking ¢ to have eigenvalues a; with multiplicity N;,
the gauge symmetry U(N) is broken down to [}, U(N;)
with > | N; = N.

If the roots a; are all distinct, the chiral superfields
are all massive and can then be integrated out getting an
effective action for the low-energy theory. The chiral part of
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the low-energy effective Lagrangian may be written as [9]

Leg :/d29 Weg+c.c., Weg = f(Sk,gk)+ZTijwaiW?v

i,

. (2)
where Sj = 7# Tr Wo, W and wq; = 4% Tr W,,; with
Wi being the gauge superfields of U(N;) gauge group.

The main point in the Dijkgraaf-Vafa proposal is that
the chiral part of the effective action can be given by a
holomorphic function Fg(S), such that

n
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Now what is left to be determined is the function Fq. In fact
it is the goal of the Dijkgraaf—Vafa proposal to identify Fg
as the free energy of an auxiliary non-supersymmetric ma-
trix model whose potential is the same function W which is
the superpotential of the four dimensional supersymmetric
gauge theory. The matrix model free energy is given by

/D(be(*;jw(@) ,

where ¢ is an M x M matrix belonging to U(M). For
the model we are considering one needs to take ¢ in such
a way that the U(M) symmetry is also broken down to
[T, U(M;) with " | M; = M. Moreover one should
also identify S; = gsM;. Taking the large M limit one can
compute Fy order by order using only planar diagrams in
the matrix model perturbation theory. Now the prescrip-
tion [7] is that, for example, the Ith instanton contribution
to the effective action can be reproduced from a pertur-
bative contribution with [ loops in the auxiliary matrix
model. In fact, having the matrix model free energy the
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effective superpotential is obtained:

- OF ,
Weff = Z (Nlas? — QTCITQS¢> s (5)
=1

where 7¢ is the bare coupling of the theory.

By now there are a huge number of papers devoted to
this proposal where only superpotentials with single trace
operators have been studied. Recently a superpotential
containing multi trace operators has also been considered
in [15] where the authors showed that taking naively W
with multi trace as the potential of the matrix model would
lead to an ¢ncorrect matrix model. By “incorrect” they
mean that one cannot reproduce the corresponding gauge
theory results, though the obtained matrix model could
be an auxiliary matrix model of some gauge theory which,
of course, is not what we started with. More precisely
it has been shown that although the diagrams surviving
the large M limit of the matrix model with a multi trace
potential are exactly the graphs that contribute to the
effective action of the field theory with the multi trace
tree level superpotential, one cannot compute the effective
séufperpotential of the field theory by taking a derivative

0

° This problem can, of course, be solved [15] using the lin-
earized superpotential in the matrix model. In fact, starting
with a multi trace operator in the superpotential one can
linearize it using some non-dynamical background fields
A;. Then the potential would contain only single trace op-
erators with A; dependent coefficients. Once we find Weg
from the matrix model, we can integrate out the A; fields
getting the correct gauge theory result.

It is the aim of this article to further study a superpo-
tential with multi trace operators. In particular we would
like to see whether the results of [15] can also be applied
to the cases where the gauge group is broken too. We note
that in [15] the authors have only considered the theory
with a quadratic multi trace superpotential for a situation
where the gauge symmetry remains unbroken. In fact, the
main result of this paper is to show that the procedure
works in the case with broken gauge symmetry as well.

For our purpose we shall study A/ = 1 U(N) SYM
theory coupled to an adjoint scalar superfield with the
cubic superpotential given by!

Wiree = éTr (¢°) + % mTr (¢%) + A Tr(¢)

5 9TH(O) Tr (67) (6)

We will see that, using the linearized form of the super-
potential, one can reproduce the gauge theory results for
the cases with and without gauge symmetry breaking.
The organization of this paper is as follows. In Sect. 2
we will review N = 1 U(N) SYM theory with cubic single
trace superpotential. In Sect. 3 we will study the same the-
ory with a multi trace term added to the superpotential.

V' N = 1 supersymmetric U(N) gauge theory with cubic
single trace superpotential has been extensively studied, for
example, in [16-20]
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Regarding the fact that this model can be thought of as a
deformation of N/ = 2 theory we will find the effective su-
perpotential using the factorization of the Seiberg—Witten
curve. In Sect. 4 we will reproduce the same field theory re-
sults using the linearized superpotential. In Sect. 5 we will
see how the corresponding matrix model can be treated.
The last section is devoted to our conclusions.

2 Single trace superpotential

In this section we shall review the N’ = 1 supersymmetric
U(N) gauge theory coupled to an adjoint scalar hyper-
multiplet with cubic superpotential containing only single
trace operators,

1 1
Wiree = 3 Tr (¢°) + 5mTr (0°) + AT () . (7)
Taking ¢ diagonal one just needs to set W/ (¢) = 0 to get
the supersymmetric vacuum, and therefore the derivative
of the superpotential can be recast to

m2 —4\.
(8)

In general we can take ¢ to have eigenvalues a; or as
with multiplicity N7 and Ns, respectively. This will break
gauge symmetry to U(Ny) x U(Ny) with Ny + Ny = N.
Of course as a special case one can, for example, take
Ny = 0, which corresponds to the supersymmetric vacuum
without gauge symmetry breaking. In the following we shall
consider both cases.

Wi(zx)=(z—a1)(z—a2), aip= LS 1

2

2.1 Unbroken gauge symmetry

In this subsection we will review how the exact superpoten-
tial can be obtained for the case where the gauge symmetry
is not broken, using the factorization of the Seiberg—Witten
curve. In fact, the model we are interested in can be ob-
tained from N = 2 supersymmetric U(N) gauge theory
perturbed by a general tree level superpotential given by

n+1 1
Wtree = Z %gk Tr (¢k) . (9)
k=1

A generic point in the moduli space of the U(N) N = 2
theory will be lifted by adding such a superpotential. The
points which are not lifted are precisely those where at
least N — n mutually local monopoles become massless.
These considerations are equivalent to the requirement that
the corresponding Seiberg—Witten curve has the factoriza-
tion [3]

Py, u) — 42N = B} (2)Fou(a),  (10)
where Py (z,u) is an order N polynomial in z with coeffi-
cients determined by the VEVs of uy. A is an ultraviolet
cut-off, H and F are order N — n and 2n polynomials in
x, respectively.
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The N —n double roots place N —n conditions on the
original variables uj. We can parameterize all the (uy) by
n independent variables o;. In other words, the a; then
correspond to massless fields in the low-energy effective
theory. If we know the exact effective action for these fields,
to find the vacua, we simply minimize Seg. Furthermore,
substituting (ug) back into the effective action gives the
action for the vacua.

In general the factorization problem is hard to solve, but
for the confining vacuum where all N — 1 monopoles have
condensed, there is a general solution given by Chebyshev
polynomials.? In our case, we have the solution

N[p/2]
up) = — Y C204 NP2,
P p “2q

p

q=0

Cn= (Z) B p!(nni Pt

where z = {4 We note, however, that the above proce-
dure is not the best one for comparison with the matrix
model result because there is no gluino condensate, S. To
compare the results, we need to “integrate in” [22] the
glueball superfield as in [17].

In the model we are considering the exact superpoten-
tial is found to be

(11)

Wexact = <U3> + m(’LL2> + )\<U1> , (12)
where
(u1) = Nz, (ug) = g (2 +247),
(uz) = g (2° +64%z) (13)

One can now “integrate in” the glueball superfield, S, get-
ting the effective superpotential as follows:

= - (1 (5) 1)

2N 52
3 A3

(14)

S 52 S3
<3+16A3 + 140 35 +512A9> ,

which is the exact effective action up to 5 instantons. Here
A =+v/m?2 — 4\

Using the Dijkgraaf-Vafa proposal one will be able to
reproduce this result using a non-supersymmetric matrix
model with the potential given by (7). Since we are inter-
ested in the case where the gauge symmetry is not broken
one considers the expansion around a classical solution as
the following:

(15)

and therefore the potential of the matrix model reads

¢ =a1lyxm + ¢,

W(p) = Wi(ay) + éTr (¢*) + % ATr (¢7)

2 This was worked out first by Douglas and Shenker [21]

(16)
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where A = a1 — as. Here ¢ is an M x M matrix belonging
to the U(M) group. One can now write the Feynman rules
and thereby evaluate the matrix model free energy order
by order using (4). Here we shall take a limit in which M
is large and keep the 't Hooft coupling S = g, M fixed, and
thus only planar diagrams would contribute. In this limit
the free energy is found to be [16]

1 S A
2 93 S S?
5 (1+4A3 2A6+...> (17)

up to 4 loops. Using this expression the exact superpoten-
tial is given by (see also [3])

chact =—-NS (log (Ai2> - 1)

2N S? S S?
3 A3 A +140A6

(18)

).

which is in exact agreement with the field theory compu-
tation (14). As we see, the Ith loop contribution to the
matrix model free energy is the same as the [ instantons
contribution to the effective action.

<3+16

2.2 Broken gauge symmetry

In this subsection we shall review the case where the gauge
symmetry is broken to two parts. In other words we consider
a matrix model where the U(M) group is broken down to
U(M;) x U(Mz). To get such a matrix model we take

b= (a11M1x1v11 0 > i <<P11 s012> ,

0 a1 1, My P21 p22)

here My 4+ My = M. Moreover we will consider the large

My and M limit while keeping S = gsM; and Sy = gs M

fixed. The free energy of the corresponding matrix model
around this vacuum, up to 4 loops, is given by [16]

Fo(S1,S) ——7251 < )

A
+(Sl =+ 52)2 log (AB)

(19)

+3 (257 — 155795 + 155155 — 253)
1
+316 (851 — 918755 + 1775755 — 915155 — 855)
+349 (5655 — 8715155 + 26365555 — 26365755

+ 8715155 — 5655) . (20)

Having the matrix model free energy the effective super-
potential for the case where the gauge symmetry is broken
as U(N) — U(Ny) x U(N3) can be found using (5).
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This effective superpotential should be compared with
that obtained from a gauge theory computation. The gauge
theory result may be found using the factorization of the
Seiberg-Witten curve, though, in general, the factorization
procedure is difficult to do. Nevertheless for a special case
this can easily be worked out. For example consider the
SYM theory with gauge group U(3N) broken down to
U(2N) x U(N). Actually the analysis of this theory is
equivalent to SYM theory with gauge group U(3) broken
down to U(2) x U(1) where the effective superpotential
turned out to be [23] (see also [26])

Weog = us + mus + Aug + 243 (21)

Of course this is not a suitable form for comparison with
the matrix model result. Actually to compare these two
results one can, for example, integrate out the S; and S
fields from the effective superpotential obtained from the
matrix model. Doing so, one can see that the matrix model
reproduces the correct result (21) order by order [3].

3 Multi trace superpotential

In this section we will study N' = 1 U(N) SYM theory cou-
pled to an adjoint scalar superfield with a superpotential
containing a multi trace operator

Winee = 3 T (6%) + 5 m T (¢2) + ATr (9)

1

+59Tr (¢) Tr (¢°) . (22)
To get the supersymmetric vacuum one needs to impose F-
and D-terms conditions. Taking a diagonal ¢ would satisfy
the D-term condition and for the F-term we need to solve
W{iee(@) = 0. This equation has two solutions, by 2, and
therefore in general ¢ can be taken to have eigenvalues b;
with multiplicity N;. This will break the gauge symmetry
down to U(N7) x U(Nz) with Ny + Ny = N.

To find the eigenvalues b; we note that the adjoint scalar
has been taken as ¢ = diag(b11n, x Ny, 21N, x N, ), and thus
the superpotential is given by

1
3
+A (Niby + Nabo)

Wiree = (]Vlbzl3 + N2b§)) + % (Nlb% + szg)

+% (N1b1 + Naba) (N1b7 + Nobj) (23)

and therefore the F-term condition reads

A+ mby + b2 +%(N1b§ + Nab2) + gy (N1by + Naby) =0,

A+ mby + b2 +% (N1b2 + Nyb2)+ gba(Niby + Noby) = 0.

(24)
One can now solve these equations to find b; and by. The
solution is

1+Ng 1+Ng >

by = (25)
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with by satisfying

b2+ by +A =0, (26)
where
- (14 2Ny 4+ NiNag?)m
(1 + (Nl + Ng)g) (3 + N1N2g2) — 1 ’
- 2\ (1 + Nyg)? 2N

(14 (N1 + N2)g) (34 NiNag?) — 1

Thus in general one can write W’ (x) = (x — b1) (x — ba).

3.1 Unbroken gauge symmetry

By making use of the fact that this model can be obtained
from a deformation of A" = 2 U(N) SYM theory by adding
the superpotential (22), the effective superpotential can
be obtained from the factorization of the Seiberg—Witten
curve. In fact, since the gauge symmetry is not broken the
factorization, for the confining vacuum where all N — 1
monopoles have condensed, can be obtained using Cheby-
shev polynomials. Indeed the solution is the same as (11).
Therefore the effective superpotential reads

Wexact = N()\+2A2 +gNA2)Z+ ﬂ

+E (1—1—39N>z3.

(22 + 2/12)

3 2 (28)

Setting B := A? one can integrate in the glueball field S
as follows. First we find B in terms of S from the equation

aWexac
NS = B=—22% — NB(m+ 2z + gNz) ,

9B (29)

which can be interpreted as the Konishi anomaly [9,24].3
Then we find 2z by solving

8Wexact
0 =
0z

(30)

39N
:N((1+g2>z2+mz+/\+23+gNB) .

The effective action for the glueball superfield S can be
written as

B N
Weff(S,g,A) = fSlog </12) + Wexact(Sa g) (31)

To write the effective superpotential explicitly let us,
for simplicity, set A = 0. In this case one finds the following
solutions for z and B in power series of S up to order O(S°):

S (24+¢gN)2S?  (10+TgN)(2+ gN)3S3
B=_—+ 1 + 7
m m 2m
3 This might also be related to the non-perturbative relation
studied in, for example, [25]
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(32 + 469N + 17g2N?) (2 + gN)*S*
+ mlO
N (1848 + 4044gN + 3018g2 N2 + 769¢°N3)

8m13

x(2+ gN)5S5
_ (24+gN)*S*  (6+5gN)(2+gN)*S?
a m2 2mb

(16 + 169N + 11g2N?) (2 + gN)3S3

m8
5(6 +5gN) (28 + 44gN + 19¢g>N?) (2 4+ gN)*5*
8m11
(3072 4+ 97689 N + 1194092 N2+ 6654¢° N3+ 1427¢g* N*)

4m14

x(2+ gN)>S°. (32)

Plugging these solutions into (31) one gets the effective
superpotential as follows:

2q2
o= s (1 () 1) - ML

2ms3
N(4+3gN)(2+gN)3S3
3mb
N (140 + 212gN + 83¢g2N?) (2 + gN)*5*
24m9
N (128 +292gN + 228¢g2N? + 61g°N*?)
4m12

x (24 gN)>S°.

(33)

As a check for this expression we note that setting g = 0
we will get the same result as in the single trace case.

3.2 Broken gauge symmetry

In this case, to get a closed form for the effective superpo-
tential we will consider the case where the gauge symmetry
U(3N) is broken down to U(2N) x U(N). Essentially this is
equivalent to the case with U(3) — U(2) x U(1) symmetry
breaking. To find the effective superpotential one can use
the factorization of the Seiberg—Witten curve. The corre-
sponding Seiberg-Witten curve for U(3) theory is given
by [27,28]

y? = (2% — s12° — sox — 83)2 —44°, (34)
and the factorization we are interested in is
(x?’ — 5122 — sox — 33)2 —4A5 = Hi(2)?Fy(z).  (35)
Following [3] one finds
s; = 8§85 42435, 5, (36)

where

$T95 = 2by + by, 8% = —2b1by + b7, 5 =biby.

(37)
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Therefore the effective superpotential reads
chf _ uglass +mu;lass+>\uilass+gu<1:lassu<2:1assi2/13 , (38)
where

class __ g

i S 1
Ui = 2 by, wg™ = 0o, uE™T = S ob

3
(39)

4 Linearized superpotential
4.1 Field theory description

Following [15] one can recast the superpotential to the form
with only single trace operators using auxiliary fields. In our
case we need two fields A; and A, and the superpotential
may be written as

Wiree = % Tr (d)B) + %(m + gAl) Tr (¢2)

+(A + gA2) Tr(¢) — gA1 Az . (40)

Since A; and A5 have no dynamics, one can integrate them
out and refine the multi trace superpotential (22). These
fields can be treated as constant background fields and
therefore the theory can be solved using a single trace su-
perpotential. This will generate an effective superpotential
W:&nglc(Al, As, S) as a function of the A; and the glueball
superfield S. This function is the same as that in the model
without multi trace but with A; dependent couplings.

For example in the case where the gauge group is not
broken the effective superpotential can be read from the
single trace result (12)

Wt (Av, Az) = (ug) +m' (uz) + X (ur) , (41)
where m’ =m + gA;, N = X+ gAs and
N
<U1>:NZ, <U,2>:?(Z2+2A2),
N
(us) = (2% +64%2) . (42)

In the same way as in the previous section one can proceed

to “integrate in” the glueball superfield. To do this one sets

B := A? and uses the equation

oz
0B

to solve for B in terms of S. One can also find z by solving

NS =B = NB(m' + 2z), (43)

6Wsing1e
0= 75"&“ =N +m'z+ N +2B).
z
Now the effective superpotential for the glueball superfield
can be written as

(44)

; B\" .
Web&ngle(Ah AQ, S) = —S log (/12> —‘v—W;I(I;%lte(Al, AQ, S) .
(45)



580

In fact, using the result of the single trace model (14) we get

single S
WEIREe(4) Ay §) = —NS (log ( © A2) - 1) (46)

2N S?
VS <3+16

3 A7 A7

S S? S3

+140—5 +512— | ,

A3 A8 >

where A”? = (m 4 gA1)2 — 4(A + gAy). One should also

add to this the —gA; A5 term, and the final answer for the

superpotential is
Weg (A1, Az, S) = WP (Ay, A, S) — gA1Ag. (47)

To get the final result for the effective superpotential with

multi trace operator we need to integrate out the A; using

their equations of motion

OWS (A1, As, S)

—gAs =0
aAl g 2 ’
OWENEe(A; Ay, S)
£ —gA; =0. 4
94, g4 =0 (48)

These equations can be solved to find the A; in terms of
the glueball superfield, and then plugging back the results
into (47) one can obtain the effective superpotential for
the theory with tree level superpotential (22). This should
reproduce the field theory result of the multi trace super-
potential (33). This can be seen as follows.

Suppose we have been able to solve (43) and (44) ex-
actly. Then we would have the exact form of z and B as
functions of S, Ay and As:

B:B(Al,A27S), Z:Z(A17A27S). (49)
Plugging these into the effective superpotential (47)
one gets

N
Weg (A1, A2, S) = 3 (2% 4 64%2)

N
+5 (m+g41) (22 4+24%) + (A + gA2)N

B\N
—Slog (/P) — gA1As. (50)
Thus the equations of motion of the A; read
8Weﬂ‘ 0B 8Weﬁ‘ 0z 8Weﬂ
- gA2 = 07
8A1 (9141 aB 3A1 62’
8Weg 0B 8Weff 0z 8Weff
—gA; =0, (51
oA, oA, 9B oAy 02 M =0 BV
which are
gN

0B

S
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0z
+N87(z + (m+gA1)z+ A+ gAs + B) |
1

OB S
O—gNz—gA1+N8A (—B+(m+z+gA1)>

0z
+N—(z + (m+gA1)z+ A+ gAs + B) .
0As

By making use of (43) and (44) we find

(52)

Ay = g (2> +2B), A= (53)
Now one has to plug these solutions into the effective su-
perpotential to get the final result which is, of course, what
we have found in the previous section, (33).

In the case where the gauge group is broken to two
parts we can follow the same procedure. To be specific
we consider U(3) — U(2) x U(1) where we will be able
to write a closed form for the exact superpotential. More
precisely, using the field theory result in the single trace
case the effective superpotential reads

Weg (A1, As) = (A + gA)W ™ + (m + gA '™
3" 247 — g Ay As, (54)
where
Ulilass = 2a] + a}, ul;lass _ a'f N a2'§ ’
s 200 @o 4o (55)

3 T3 T3

with a} , = fm +1 svVm 2 —4). We should now show
that upon 1ntegrat1ng out the auxiliary fields A; and A,
the obtained effective action is the same as that in the field
theory computation with multi trace operator (38). To see
this, we note that

381/j/4iff _y (u/clasb Az)

u ,class 9 sclass aulclass
A4 gA A 3
+<( + gAsz) 8A + (m+gA1) DA, + 94,
aWeff o sclass
a4, I (“ LT Al)
/class au/class au/class
A+ gA A 3
(( + gAz2) 8A + (m +g41) DA, + 94,
=0, (56)
which leads to the following solution for the A;:
Al _ u/ilass ’ A2 _ u/;lass . (57)

From these expressions one can find A; and A, and plug
them into the effective superpotential (54). Doing so we
will get the same result as (38).
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4.2 Matrix model description

In this section we study the matrix model of the gauge
theory with multi trace operators. As it was shown in [15]
naively taking the W including a multi trace operator as
the potential of the corresponding matrix model would
lead to an incorrect result. And in fact we should work
with the linearized form of the superpotential. Therefore
we consider the U(M) matrix model with the following
cubic potential:

Wiree = %Tr (¢°) + %m/ Tr (¢%) + N Tr (¢) — gA1 Az .
(58)
This can be thought of as a matrix model with the single
trace potential while treating the A; as constant back-
ground fields plus a shift of the form —gA;As. For the
single trace part, the potential has two critical points a)

and a} such that

m/

o
a1 p=——7*5

24N
2

(59)
In the case where the gauge symmetry is not broken one
can take the following small fluctuations:

W' (x) =

(z —ay) (z—a3),

(60)

and therefore the potential of the matrix model reads

¢ =alyxm + ¢,

W (p) =W (a)) + éTr (¢*) + %A/ Tr(¢?),  (61)
where A = af — a). We can now write down the Feyn-
man rules and thereby evaluate the free energy order by
order. Here we shall also consider the large M limit while
keeping gsM = S fixed. Thus only planar diagrams would
contribute. Basically using the single trace result as that

in Sect. 2 we find

single S A
s (Al,Ag,s>=—s2log(A +5%0g (4
2 53 S 52
W <1+4A/3 +28A> (62)

up to 4 loops. Using this expression, the exact superpo-
tential is given by

single S
W gl (Al,AQ,S) = _NS (10g (M) - ].)

_2N S? S S?
3+1 .
3 A/3 A/3 A/6
Finally the effective superpotential for the multi trace

model can be found by integrating out A; and Ay from
the total superpotential given by

Wet (A1, A, S) = WEPE® (A} Ay, S)

(63)

—gAi Ay,  (64)

This, of course, is the same expression as (47) and thus
would lead to the correct answer. Therefore we might con-
clude that the linearized superpotential would give a cor-
rect matrix model for an A" = 1 gauge theory with a multi
trace operator in the superpotential.
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On the other hand for the case where the gauge group
is broken, we consider the large M U(M) matrix model
and take the small fluctuations as follows:

6= <(l11M1 x My 0 ) n (@11 9012)
0 a2l n, x My @21 22/
with My + My = M. Therefore the gauge symmetry is
broken down to U(M;) x U(Mz). We shall also consider
the large M; and Ms limit while keeping S; = gsM; and
So = gs M5 fixed. Using the single trace result the matrix
model action is found to be

(65)

W:%Aﬁﬂﬁﬁ—ﬂ@@)

1
+§ (Tr (¢71) + Tr (93,))
+A" (Tr (B21C12) — Tr(B12C21))
+ Tr(B21911C12 + Ca19011 B12)

+ TI‘(B12(,022021 + 0119022B21) . (66)

Therefore the matrix model free energy up to 4-loop reads

f(Al,AQ,Sl,SQ _—*ZS 10 (A’3>

A
+(51+ 52)2 log (A’3>

o (257~ 15575, + 155,53 — 253)
+ s (851 91588, +1775753 — 915,57 - 853)
+ Al/g (5657 — 871515, + 26365755 — 26365753
+ 8715155 — 5653) . (67)

Having the explicit expression for the matrix model free en-
ergy with symmetry breaking as U(M) — U(M1)xU(Ma),
one can find the effective superpotential W;&ngle(Ai, Si)
for the gauge theory where the gauge group is broken as
U(N) = U(N;y) x U(N2) by making use of (5). Then the
effective superpotential for the multi trace theory can be
obtained by integrating out the auxiliary fields A; from
Wer (A, Si) = WEDEle(4, S;) —gA Ay (68)
To check the result one might consider the model with
N7 = 2 and Ny = 1 where the field theory result is known.
Doing the same analysis as before one can see that this
does give the correct answer.

5 Conclusions

In this paper we have studied ' = 1 supersymmetric U (N)
gauge theory coupled to an adjoint scalar superfield with
a cubic superpotential containing a multi trace operator.
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Next we have looked for the corresponding matrix model
in the context of the Dijkgraaf—Vafa proposal.

Following [15] we have considered a matrix model whose
potential is given by the linearized form of the superpo-
tential of the corresponding gauge theory using some aux-
iliary fields. In this way the problem can be recast in the
form of the single trace case with, of course, coefficients
which now depend on the auxiliary fields. Using this matrix
model one can find the free energy and thereby the effec-
tive superpotential using the Dijkgraaf—Vafa proposal. At
the end we should integrate out the auxiliary fields finding
the final result of the exact superpotential for the theory
with multi trace in the tree level superpotential. As it was
noticed in [15] it is crucial when the auxiliary fields are
integrated out.

In this paper we have only considered the multi trace
operator with the form Tr(¢) Tr(¢?), while we could have

also considered other multi trace operators like (Tr(¢))*. In
this paper we have studied two different models: one with
gauge symmetry breaking and the other without gauge
symmetry breaking. In both cases we have seen that the
linearized matrix model does give the correct field the-
ory result.

In fact, one of our motivations for doing this project was
to find whether the Dijkgraaf~Vafa proposal can also be
applied to an exceptional group. We note, however, that
the tree level superpotential of a gauge theory with an
exceptional group has usually multi trace operators. For
example N = 1 supersymmetric gauge theory with gauge
group G can be obtained from A/ = 2 G5 SYM theory by
a tree level superpotential given by

1
- — Ty

m
Wtree - 4 16

T (e + 5 (ﬂ (¢°)

3
@)*). o)
So the first step to study these theories is to increase our
knowledge of the physics of multi trace operators. We hope
to address this issue in the future.
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