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Abstract

We investigate three classes of supersymmetric models which can be ob-
tained by breaking the chiral SU(2k+3) gauge theories with one antisymmet-
ric tensor and 2k-1 antifundamentals, down to SU(2k+3-N) x SU(N), N<3.
For N=3, the chiral SU(2k) x SU(3) theories break supersymmetry by the
quantum deformations of the moduli spaces in the weak SU(3) gauge cou-
pling limit. For N=2, in addition to the field content of the conventional
SU(2k+1) × SU(2) models, this model has 2k-1 SU(2) doublets and one sin-
glet field. The supersymmetry can also be broken once appropriate Yukawa
couplings are added in the superpotential. For N=1, it is the well known
model discussed in the literature.

Submitted to Physics Letters B

*Work supported by Department of Energy contract DE-AC03-76SF00515.



1 Introduction

Supersymmetry is considered as a leading candidate for resolving the
gauge hierarchy problem. It could provide explanations why the electroweak
scale is much smaller than the Planck scale if supersymmetry is dynamically
broken within a few orders of magnitude of the weak scale. Supersymmetric
gauge theories also have the merit of providing some helpful aspects [6] to
the understanding of the non-supersymmetric gauge theories.

There are models of dynamical supersymmetry breaking. Many of them
posses flat directions in field spaces in which the energies vanish classically.
The non-perturbative gauge dynamics then lead to SUSY breaking by gen-
erating a non-perturbative superpotential which lifts the classical moduli
spaces. On the other hand, the gauge dynamics could lead to degenerate of
the quantum moduli space rather than generations of the non-perturbative
superpotential in some SUSY theories. Recent report by Intriligator and
Thomas [2] observed that supersymmetry can also be broken by the defor-
mation of the quantum moduli space. This occurs if the quantum deformed
constraint is inconsistent with a stationary superpotential.

In this paper we discuss the low-energy effective theories with the heavy
degrees of freedom being integrated out at the strong gauge scale. The low-
energy theory is described by the Kahler potential, the superpotential and
the gauge coupling function with the later two homomorphic to the chiral
fields. The holomorphicity of the superpotential combined with the global
symmetries then can be used to determine the exact effective superpotential
[6]. If one is only interested to know that supersymmetry is broken then
the knowledge of the Kahler potential is not necessary provided that the
Kahler potential is non-singular. The Kahler potential is necessary only in
calculating the vacuum energy and the spectrum [5].

The SU(2k+3) theory is well known to break supersymmetry once appro-
priate mass terms are added to the superpotential [1]. It has a zero Witten
index [7]. This motivates that if the SU(2k+3) theory undergoes symmetry
breaking, the resulting SU(2k+3-N) x SU(N) theory has a zero Witten index
too. This makes the SU(2k+3-N) x SU(N) theory a good candidate for Super-
symmetry breaking. In the following sections, we will discuss those theories
of N<3  in the limit where the SU(N) coupling is much weaker at the scale
at which SU(2k) get strong. For N~4 and 2k+3-N > N, the effective super-
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potential does not approach zero at large field strengths, the flat directions
are not lifted quantum mechanically thus SUSY is generically preserved.

This paper is organized as follows. In section two, we discuss the re-
sulting SU(2k+1) x SU(2) gauge theory with global U(I )Y symmetry. This
SU(2k+1) × SU(2) model differs to the conventional SU(2k+1) × SU(2) model
given by M. Dine and his colleagues [3] in two aspects. Firstly, it possesses
more SU(2) doublets and one extra singlet field. Secondly, it needs no U( 1 )R

symmetry to break SUSY. For 1< 2 2, there is no accidental U(l)~ global
symmetry in this model. For K=1, it becomes the conventional SU(3) × SU(2)
theory except for a extra singlet field S.

In section three we investigate the SU(2k) x SU(3) models. Under the
weak SU(3) gauge coupling assumption, the SU(2k) gauge dynamics de-
formed the quantum moduli space instead of generating a non-perturbative
term in the effective superpotential. There are extra SU(3) triplets in this
model as compared to the pure SU(2k) gauge model [1]. It will be shown
that these triplets play crucial roles in breaking supersymmetry.

In section four we discuss the resulting SU(2k+2) × U(1) model. This
model is already well know in the literature [1] with SUSY being dynamically
broken. We give a brief summary of the published result in this section.

We conclude the results in section five.

2. SU(2K+1) × SU(2)

In this section we consider the SU(2k+3) gauge theory with one antisym-
metric tensor and 2k-1 antifundamentals breaking down to SU(2k+1) × SU(2).
The resulting model contains one antisymmetric tensor field (A~@) -z, one
fundamental Q:(2k + 1, 2)_l+(z~+l)1z,  2k-1 antifundamentals 
2k-1 doublets L;(1, 2)-(2 ~+1)12 and one singlet field S(1, 1 )z~+l. The num-
bers on the lower right of parentheses represent charges of the U( 1 )Y flavor
symmetry. For k=1, except for the additional singlet field S, it is the well
known SU(3) × SU(2) model that has been investigated in the literatures and
found to break SUSY either by the dynamically generated superpotential in
the limit As >> A2 or by the quantum deformation of the moduli space in
the limit A2 >> As. For Kz2,  it has more SU(2) doublets and one additional
singlet field S than the conventional model [3]. For simplicity, we consider
only theories where the SU(2) gauge coupling is weak at the scale at which
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the SU(2k+1) gets strong. The SU(2k+1)×SU(2) gauge invariant operators
are given by

where the dot multiplication are defined as Al; “ Illj = &abkf,8 lkf~ and the
SU(2k+1) invariant operators are defined by

For A’ ~ 2, the SU(2) moduli spaces are not modified quantum mechan-
ically. The SU(2k+1) × SU(2) invariant operators are subject to the con-
straints which follow from Bose statistics.

If we perturb the superpotential only by renormalizable operators at ~i <
1, the most general superpotential should be
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(4)

This implies that

(5)

L2j vanishes. From the constraint eq. (1.4), we have

for all i, j and k. (6)

Eq. (6) implies that either Pi = 0 or

(7)

where nk are multiplier fields. For the case that all Pi are vanished, from
the constraint
multiplier 1~

wk cannot be

eq. (1. 1) it is easy to see that Nik should be wk times some

(8)

zero for all k otherwise the effective superpotential will blow
up. Since eq.(8) satisfies the constraints (1.2), (1.3), (1.4) and (1.7) and
leaves with two equivalent constraints (1.5) and (1.6)

(9)

We can then add a constraint term Wcon to the superpotential via a Lagrange
multiplier Lil ...iz~_~ and the effective superpotential becomes

(10)
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To see how SUSY is broken, let’s consider the third term of the eq.(10).
Suppose that SUSY is preserved, we must have ~ji Wj = 0. Since
be zero for all i, then if ~~~ is a rank-(2k-1) matrix, the equation
can not be satisfied. Therefore SUSY is broken if all P; = 0.

Next we consider the situation that Ni~ = nkpi  and not all Pi equal to
zero. From the constraint (1. 1) and eq. (7), we know that

This follow the implications of all other constraints (1.2) to (1.7). By adding
the constraint (11) to Wef ~, we get

(12)

Similarly, the stabilization of Wefj leads to the constraint A!fPi = 0 that
cannot be satisfied if the Yukawa coupling matrix A$J is of rank-(2k-1).

From the discussion above, we see that the singlet field S plays a crucial
role in this SUSY breaking model. It enforces Lij to be zero thus reduces
the number of effective constraints to be one then leads to the breaking of
supersymmetry if the Yukawa coupling matrix A: is presumed a rank-(2k-1)
matrix.

For the case K=1, it becomes the well known SU(3) × SU(2) model except
for an additional singlet field S. However, the U( 1 )Y charge of S hinders the
interaction between S and other fields. If only renormalizable terms can be
added to the superpotential, this model has the same effective superpotential
as that of [2,3] and thus break SUSY through the dynamically generated non-
perturbative term in the limit A3 >> A2 or through the deformation of the
quantum moduli space in the limit Az >> As.

3. SU(2K) × SU(3)
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Recently, Intriligator and Thomas [2] observed that SUSY can also be bro-
ken by the deformation of the quantum moduli space in the SU(3) × SU(2)
model in the limit A2 >> A3. This can be generalized to SU(2k) × SU(3) the-
ory. This model contains one antisymmetric tensor A.o,  one quark Q: (2k, 3),
2k-1 antiquark Q~(2k, 1), one SU(3) triplet ~.(1, 3) with U(l)Y charge ~ and
2k-1 SU(3) triplets ~ia(l, 3) with U(l)Y  charge ~. The SU(2k) invariant
operators are defined by

where a= 1 “..3, a= 1.”.  2kandi,  j = lc”.2k  —l. The D-flat directions
can be parameterized by the following gauge invariant chiral polynomials:

where the dot multiplication are defined as ~a “ ik?j “ ~k = &ab~~,:  ~} ~~.
These gauge invariant chiral polynomials are not all independent but subject
to classical constraints. In the limit where the SU(3) gauge coupling is weak
at the scale A2k, the non-perturbative SU(2k) gauge dynamics deforms the
quantum moduli space[1] rather than generates an effective superpotential
term.

This quantum modified constraint can be implemented by adding
to the superpotential via a Lagrange multiplier field L
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where we choose to add two renormalizable operators which preserve the
non-anomalous U( 1 )R global symmetry to W,jj. The classical equations of
motion ~ = 0 forces C’;j~,  Wij W and Uij to be zero, ~ = 0 forces Xij to

be zero, ~ = 0 sets Bi, Dij, Ezj and G’;jk  to zero. Thus there are no flat
directions. For K z 3, the constraint equation (13) forces some Xij to be
nonzero thus spontaneously break the global U( 1 )R symmetry. These two
conditions satisfy the criterion for SUSY breaking [4]:

(l) There is no classical flat direction.

(2) The global U(l)R symmetry is broken spontaneously.

Thus we can conclude that SUSY is broken for A’ ~ 3. For K=2, we discuss
the breaking of SUSY by looking at the ground state energy. The effective
superpotential for K=2 is given by

From eq. (15), we know that part of the scalar potential is

(16)

The quantum constraint forces the non-zero expectation value of AIi. Thus
from the first term of the eq. ( 16) we see that VW is always greater than zero,
therefore SUSY is broken spontaneously.

In this section, we presume an non-anomalous U( 1 )R global symmetry and
add no ~l?F’ term to the superpotential. We also see that the SU(3) triplets
~ is important in breaking SUSY. It will lift the classical flat directions and
generate a term in the scalar potential which turns out to be non-zero due
to the quantum constraint set by SU(2k) gauge dynamics. Without these
extra SU(3) triplets, the model is equivalent the the pure SU(2k) theory
wit h one antisymmetric tensor, one quark and 2k–1 antiquarks and is not
SUSY breaking.
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4. SU(2k+2) × U(1)

This model has been well discussed in the literature [1]. We just give a
brief summary in this section. When the original SU(2k+3) theory breaks
down to SU(2k+2) × U(1), it leaves with one antisymmetric tensor (A~p)-z,
one fundamental Q&(2k+2,  1)2~+1,  2k-1 antifundamentals Q~(2k + 2, 1)1 and
2k-1 singlets S’i (1, l)_(2~+2) in the resulting theory. The U(1) coupling is pre-
sumed to be weak at the scale at which the SU(2) interaction becomes strong.
Under the weak U(1) interaction assumption, the SU(2k+2) gauge dynamics
generates a non-perturbative superpotential as the one in a SU(2k+2) theory.

where

The singlets Si play a crucial role in breaking SUSY. The classical equation
of motion of Si forces Ai and Bij to zeros and thus leads to no flat directions
classically. On the other hand, the accidental non-anomalous U( 1 )R sym-
metry is lifted by the dynamically generated superpotential if the Yukawa
coupling of Bij is a non-degenerate Yukawa matrix. Thus according to the
SUSY breaking criterion in the section two, the SUSY is dynamically broken
in this model.

5. Conclusion

The non-perturbatively generated effective superpotential as well as the
quantum deformation of a moduli space can lead to supersymmetry breaking.
In this paper, we discuss three classes of models which can be constructed by
decomposing a chiral gauge SU(2k+3) theory with one antisymmetric tensor
and 2k-1 antiquarks. The original SU(2k+3) theory is well known to break
SUSY once appropriate mass terms are added to the effective superpotential.
By breaking the SU(2k+3) gauge theory down to the various theories with
gauge groups as subgroups of SU(2k+3), we have the resulting theories with
zero Witten indices thus make them good candidates for dynamically super-
symmetry breaking. The resulting SU(2k+1) × SU(2) models break SUSY
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spontaneously in the weak SU(2) limit for K22 by the non-perturbative su-
perpotential generated by the SU(2k+1) dynamics. For K=1, it becomes the
well known SU(3) × SU(2) model which breaks supersymmetry either by the
non-perturbative superpotential in the A2 >> A3 limit or by the deformation
of the quantum moduli space in the A3 >> A2 limit. The SU(2k) × SU(3)
models are discussed in the weak SU(3) limit in this letter. If the theo-
ries preserve the non-anomalous U( 1 )~ global symmetry thus allow no j~~
terms occur in the effective superpotential then SUSY can be shown to be
broken by the quantum deformations of the moduli spaces. For the resulting
SU(2k+2) × U(1) model, it breaks SUSY by the non-perturbative superpoten-
tial generated by the SU(2k+2) dynamics. The singlets fields S’i play crucial
roles in breaking SUSY. They lead to no flat direction classically and satisfy
one of the two SUSY breaking criterions listed in section two.

In preparation of this letter, we acknowledge that Csaki et al [8] have
worked on the SU(2k) × SU(3) × U(1) model.
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