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Abstract

We discuss the possibility of finding scenarios within type IIB string theory compactified on
Calabi-Yau orientifolds with fluxes for realizing gauge mediated supersymmetry breaking. We find
that while in principle such scenarios are not ruled out, in practice it is hard to get acceptable
constructions, since typically, supersymmetry breaking cannot be separated from the stabilization
of the light modulus.
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1 Introduction

Gauge mediated supersymmetry breaking (GMSB) (for a review see [1]) is usually discussed in the
context of global supersymmetry (SUSY) breaking. However when global SUSY is (spontaneously)
broken a cosmological constant (CC) is generated at the same order as the supersymmetry breaking.
It is only within the supergravity (SUGRA) context that one has the possibility of fine tuning the
CC to zero. Thus any discussion of GMSB must necessarily be embedded within a supergravity
context. It is then natural to ask whether such a SUGRA embedding can be justified/realized from
string theory. In particular we would like to ask whether the small parameters in GMSB models
(in effect mass scales which are highly suppressed relative to the Planck scale) can find a natural
explanation in string theory. Within the global context such small mass scales have been justified
by dynamical generation of a small scale in an asymptotically free gauge theory (in the so-called
retrofitted models [2]). However this leaves the question of what fixes the relevant gauge coupling
at the high scale, open. In string theory the gauge coupling (just like all other parameters) is a
modulus which needs to be fixed by the dynamics of the model. Also typically the high scale in
these models is necessarily well below the Planck scale. This too needs to be identified (in the
string theory context) as either the mass of the lightest Kaluza-Klein state or the lightest modulus.
In this note we explore these possibilities.

There is a large variety of GMSB models in the literature. What we will do here is to consider
the simplest set up which exhibits all the essential features of these models. The issues that we are
interested in here will be common to all GMSB models so there is no loss of generality in focusing
on this simple set up. As we said before most discussions of these models are in the context of
global SUSY. The embedding of such models within SUGRA was fist discussed by Kitano [3] who
took the Kähler potential 1.

K = XX̄ − (XX̄)2

Λ2
+ f f̄ + f̃

¯̃
f +KMSSM , (1)

and the superpotential
W = c+ µ2X + λXff̃ +WMSSM . (2)

The non-renormalizable second term in K arises from integrating out states at some high scale
Λ. X is a gauge neutral chiral superfield which is responsible for SUSY breaking. The superfields
f, f̃ are to be identified as the messengers of GMSB and are charged under the gauge group. The
model has a true minimum (i.e. with no tachyons or flat directions) with the fields taking values

X0 =
√
3Λ2

6
, f = f̃ = 0 , provided that Λ4 > 12µ2

λ
and the CC is tuned to zero i.e.

µ2 ≃
√
3c =

√
3m3/2. (3)

Using the standard mass formula for scalar masses in SUGRA the mass matrices may be evaluated.
The scalar messengers have squared masses

λ2Λ4

12
± λµ2, (4)

while the scalar partner of the Goldstino (sGoldstino) has a mass mX ≃ 2µ2/Λ [4]. Finally, the
SUSY breaking is characterized by

FX ≃ µ2 =
√
3m3/2, (5)

1We put MP = 1 in this work unless otherwise indicated.
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so that the relevant mass parameter determining soft terms in GMSB is (restoring MP for clarity)

m ∼ α

4π

FX

X
≃ α

4π

M2
P

Λ2
6m3/2. (6)

This simple model illustrates the general requirements of GMSB. Note that gravity mediated
SUSY breaking is always present and gives m ∼ m3/2. So in order to have GMSB dominance we
need to enhance its contribution relative to the the gravity mediated one i.e.

α

4π

M2
p

Λ2
≫ 1.

However we need to take Λ to be even smaller if the corresponding gravity mediated model has
FCNC. Thus we probably need the RHS of the above inequality to be a factor of 102 or so. Thus
we need (assuming α/4π ∼ 10−2), Λ < 10−2MP . In fact, additional phenomenological constraints
(which are usually imposed in the GMSB literature) suggest that we need to take a value which is
much smaller.

Let us discuss these phenomenological constraints. We need m ∼ 100GeV− 1TeV, in order to
‘solve’ the hierarchy problem. The above considerations would then suggest that we could have a
value of m3/2 ∼ 1GeV. However such values would entail a cosmological modulus problem and so
in the literature the upper bound on the gravitino mass is often taken to be m3/2 . 1keV. This
implies

Λ . 10−5MP . (7)

In more general models of the hidden sector the situation can be even more severe. As observed
in [5],

msoft =
α

4π

FX

Λγ
, (8)

where γ = 2 for the Kitano model (order four correction to the Kähler potential balanced by a
gravitational correction), γ = 1 if R-symmetry becomes spontaneously broken due to radiative
corrections in a globally supersymmetric model and γ = 4/3 if the R-symmetry breaking is caused
by an order six correction to a Kähler potential balanced by a gravitational correction. Assuming
a 1 keV gravitino, γ = 1 results in Λ . 10−10MP and γ = 4/3 in Λ . 10−7.5MP . For the sake of
concretness we are going to assume the conservative value γ = 2.

The question we will address in the rest of the paper is, can we integrate out in a supersymmetric
way all string theory moduli to produce an effective theory with the scale of the lightest particle
that is integrated out having a mass Λ ∼ 10−5MP .

2 KKLT model

The simplest possibility is to integrate out the moduli/dilaton in type IIB in a KKLT [6] like
situation i.e. with a SUSY AdS minimum, and then tune the model of the previous section to
uplift the CC. In particular this means that the gravitino mass (CC) at the KKLT stage should
be comparable to the final gravitino mass i.e. m3/2 ∼ 10−24.

K = −3 ln(T + T̄ )− k(U, Ū)− ln(S + S̄), (9)

W = A(U) + SB(U) + Ce−aT , (10)
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with U = {Ua, a = 1, . . . , h12}. The first two terms in W are generated by internal fluxes while
the third is a non-perturbative (NP) contribution. The KKLT minimum preserves SUSY - all the
moduli are determined by the equations

DSW = DaW = DTW = 0. (11)

Denoting by Wflux the value of the first two terms in (10) we have, from the last equation above

aCe−aT =
Wflux

T + T̄
,

and

m3/2 ∼
W0

(T + T̄ )3/2
∼ (T + T̄ )−1/2aCe−aT .

In these equations T is the value of this modulus at the minimum.
As we pointed out before, in order to avoid additional fine tuning, we must take this to be at

least as small as the final gravitino mass after uplift and SUSY breaking from the Polonyi type
models of the previous section - i.e. we need the LHS of the above relation to be ∼ 10−24.

On the other hand the mass of the Kähler modulus is

mT ∼
√
TaCe−aT ,

so that
mT

m3/2

∼ T. (12)

The minimal requirement for getting Kitano models from this string construction is to have mT &

Λ ∼ 10−5. Given the phenomenological bound m3/2 < 10−24, this gives a value T & 1019. However

this would give a string scale (note that the volume of the CY is ∼ 1/T 3/2) mstring ∼ 1/
√
T 3/2 ∼

10−14. But this is much less than Λ so that the model is inconsistent. Note that even with
m3/2 ∼ 1GeV = 10−18MP we would get mT & Λ ∼ 10−2 (see para after (7)) which will give
T ∼ 10−20 and hence mstring ∼ 10−15 ≪ Λ.

3 KKLT racetrack model in IIB

The situation is considerably improved when we consider racetrack models within the KKLT
context. The model is defined by

K = −3 ln(T + T̄ )− k(U, Ū)− ln(S + S̄), (13)

W = A(U) + SB(U) +
∑

Cie
−aiT , (14)

with U = {Ua, a = 1, . . . , h12}. Assume Ci are constants i.e. ignore threshold effects. Obviously
we need at least two NP terms. For condensing SU(N) groups ai = 2π/Ni.

Let us look for SUSY Minkowski minima: ∂W = W = 0.

∂SW = B(U) = 0, ∂TW = −
∑

i

aiCie
−aiT = 0 (15)

∂aW = Aa(U) +Ba(U)S = 0 (16)
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First and last equations are h21 + 1 relations determining Ua = Ua
0 , S = S0. In the simplest case

where we have just two NP terms the second equation gives

e
2π

N2−N1

N1N2
T0 = −N2

N1

C1

C2
(17)

With any solution of these equations for the moduli/dilaton, fluxes may be chosen such that
W (T0, U0, S0) = 0.

Given a large number of 3-cycles, and the large number of choices of fluxes through them, one
expects that the fine tuning of W to zero is compatible with having the masses of the Ua, moduli
and of axio-dilaton S being very large - close to the string scale say. The lightest modulus would
as usual be T since it gets its mass from the NP terms,

m2
TKT T̄ |0 = eK |∂2

TW |2KT T̄ |0M2
P ∼ 1

T0 + T̄0

|M2
P

∑

i

(
2π

N
)2e−2πT0/N |2. (18)

In the last relation we have estimated the size of the Kähler potential terms from U, S to be of
O(1). Note that KT T̄ = 3/(T + T̄ )2. The following results are simple consequences of this set up:

• The KK scale is MKK ∼ MP/ℜT0 and the consistency of the whole framework requires that
this mass be greater than mT . This implies that

mT ∼ (T0 + T̄0)
1/2|

∑

i

(

2π

Ni

)2

e−2πT0/Ni |MP <
MP

(T0 + T̄0)
. (19)

Now the phenomenology of GMSB requires (7). If we identify Λ with the KK mass this
requires T0 & 105.

• If we identify Λ with the lower mass mT clearly we need a value of T which is parametrically
larger than the Planck scale. This implies that we need large values of N1, N2 so that from
(17) we have (taking N2 > N1)

τ0 ∼
N2

2π
, (20)

where τ0 is the real part of T at the minimum. This gives

mT ∼ (2π/N2)
3/2MP ∼ MP/τ

3/2
0 . (21)

Identifying this with Λ . 10−5MP gives, τ0 & 3 × 103. This however requires very large
gauge groups

N1, N2 & 104. (22)

These are rather large values, but in certain F-theory constructions [7] such large groups have in
fact been obtained, though it is not clear to us how common they are in the landscape of IIB
orientifold compactifications (or the corresponding F-theory constructions).

Note that the estimate in (20) and hence (22) were made under the assumption that any
difference in the ratio of the pre-factors C1/C2 from unity should disappear for large ranks, i.e.
|C1

C2
|−1 . O(1/N) since the only difference between them comes from the O(1) difference between

the ranks. The explicit dependence on the rank (which is governed by the number of D7 branes
wrapping the four cycle) calculated in [8] certainly satisfies this. If however for some reason there
are large threshold effects which make C1/C2 significantly larger than 1 then these estimates would
be changed. In this case we would have τ0 ∼ N2

2π
, so that N1, N2 ∼ O(10). It is an interesting

problem to propose a source of such large threshold corrections in the string theoretic context.
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4 LVS models

A natural way of getting a large volume (which seems to be needed to explain Λ . 10−5MP ) is to
consider LVS models [9]. These need at least two Kähler moduli with one of them being a blow-up
modulus. The simplest example has the CY volume being of the form

V = τ
3/2
b − τ 3/2s .

Here τb,s govern the size of the large 4-cycle and the blown-up four cycle respectively. When the
potential in minimized we get

e−aτs ≃ 3

4

W0

aAV
√
τs

(

1− 3

4aτs

)

, (23)

τ 3/2s ≃ ξ̂

2
(1 +

1

2aτs
). (24)

Here

ξ̂ = − 1

g
3/2
string

χζ(3)/2(2π)3 (25)

where χ is the Euler character of the manifold and ζ is the Riemann zeta function. Noting that
m3/2 ∼ W/V the first equation gives

aτs ∼ | lnm3/2| (26)

The LVS solution breaks SUSY, hence in order to be compatible with GMSB we have to tune the
gravitino mass to be at or below the GMSB favored value m3/2 . 1KeV = 10−24MP . So from (26)

we need aτs ∼ 102 which implies (given that a ∼ O(2π) at most) from (24) that ξ̂ ∼ O(10) and
hence from (25) we need CY orientifolds of large Euler character (χ ∼ 5000). While there are no
known barriers to having such large Euler characters, the largest found so far have values that are
around an order of magnitude smaller.

In any case in this type of scenario the light modulus has a mass m ∼ m3/2/
√
V which is

obviously below the messenger scale and hence cannot be integrated out to give the type of action
(like the Kitano model) that GMSB needs.

5 Retrofitted models

The model of supersymmetry breaking in (1)(2) has three parameters that are highly suppressed
relative to the Planck scale. In the previous section we identified Λ ∼ 10−5 as the scale set by
the lowest modulus mass which is integrated out. The other two parameters c, µ2 have to be fine
tuned against each other to get zero CC after SUSY breaking, and they have to be extremely tiny
in order to get a 1 keV (or even 1GeV) gravitino mass. This means that we need

µ2 ≃
√
3c =

√
3m3/2 ∼ O(10−24). (27)

How does such a small parameter arise. In retrofitted models [2] this is related to a dynamically
generated scale as in QCD. In the context of SUSY QCD this may be identified with gaugino
condensation. So we effectively have

µ2 = Σ3 = Λ3 exp

(

−3

b

8π2

g2(Λ)

)

. (28)
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Here Σ is the dynamically generated scale, Λ is the UV scale of the effective theory that we
identified in the previous section, g(Λ) is the coupling at that scale of some gauge group, and b is
the corresponding one-loop beta-function coefficient (for example b = 3N for pure SU(N) Yang-
Mills). Even for very small gauge groups with say N = 2 this requires a gauge coupling constant

at the UV scale to be quite small α = g2

4π
∼ 0.06 to satisfy the estimate (27).

In string theory however this coupling constant is actually a field. As we discussed in the
previous section it is most naturally identified with the modulus T . Then we might try to identify
the supersymmetrty breaking sector (Polonyi field) with the open string moduli (for simplicity
represented by a single field X here), that describe the location of the stack of D3 branes relative
to the stack of D7 branes which wrap the four cycle in the CY space, and generate the NP term in
(14). Following Baumann et al [8] (in particular its adaptation to our situation in [10]) we should
modify this term to read

∑

A(1− X

σ
)1/Nie

− 2π

Ni
T
, (29)

where σ represents the location of the D7 stack in the internal space. The natural scale at which to
make the identification the guage coupling α = T , would be the Planck scale. In this case clearly
we cannot produce the small number that is necessary to satisfy (27) since the exponential factor
is fixed by the racetrack to be exp{−O(1)}. Even if this identification is made at the cut off scale
Λ, where we would have α(Λ) = T and A = Λ3, the exponential factor would still need to produce
a factor of around 10−9 relative to Λ3 (see (28)) to get a gravitino at the keV scale. This is clearly
not possible.

The alternative is to couple X to the theory on a stack of D3 branes. Perhaps this field can
be considered as a modulus describing the location of this stack relative to the standard model
stack which is located at some singularity. Assuming a condensing gauge group on the stack of
D3 branes, and that the corresponding gauge coupling at some high scale, which we again take to
be Λ, is S the dilaton, we have α(Λ) = S. Unlike in the case discussed above we do not know of a
string construction that accomplishes this. Nevertheless let us ask whether a term such as

Λ3Xe−
2π

N
S (30)

can account for the µ2X term in the Polonyi model. To get the appropriate suppression (with
Λ = 10−5) seems to require S = ∂UA

∂UB
∼ 5− 10 with low values of N . On the other hand the mass

of the dilaton is given by

mS ∼
√
s
|∂UB|
τ
3/2
0

.

This is to be compared with the mass mT ∼ 1/τ
3/2
0 (see (21)). Clearly fluxes can be chosen such

that the masses satisfy the consistency condition mS > mT ∼ Λ. If on the other hand (as is more
natural in SUGRA) we identified the high scale at which the boundary value of the coupling is
equal to S as the Planck scale (so effectively replacing the pre-factor Λ3 by 1 in (30)) we would
need (with low values of N) values of S of O(10). Again there does not appear to be any problem
with this.

6 Models with charged moduli - role of D-terms

Finally let us consider a scenario where all but the Kähler modulus have been integrated out close
to the string scale. In this case an interesting class of models corresponds to the situation, when
this modulus is charged under an anomalous U(1) gauge group (equivalently one can say that
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the shift of the modulus has been gauged). Then the expectation is that the modulus becomes
a component of the massive vector multiplet and, indeed, decouples from the light spectrum, see
[11]. This question has been studied for example in the last reference, and more recently in [12]
(in the context of Type I string theory, with a D1-instanton inducing the Polonyi term) and in
[13]. To be more specific, let us consider the superpotential

W = W0 + fXe−T , (31)

invariant under an U(1). For the sake of discussion let us first consider the Kähler potential

K = |X|2 − |X|4
Λ2

+
m2

V

2
(T + T † − V )2, (32)

where mV is the mass of the gauge boson of the U(1). In addition to the F-term scalar potential
one finds also a non-trivial D-term contribution of the form

VD =
1

2

(

(|X|2 − 2
|X|4
Λ2

) +m2
V (T + T †)

)2

. (33)

One finds that the expectation value of X is fixed as in the Kitano model and the D-term fixes the
expectation value of the modulus at < T >= Λ4

24m2

V
(1+3 Λ2

m2
V

)2
[13]. The mass of the real part of T is

2mV while the imaginary part of the modulus is swallowed by the massive gauge boson. Taking mV

of the order of the compactification scale one concludes that the modulus decouples. However, the
resulting expectation value of the modulus depends crucially on the form of its Kähler potential. In
the above example we have assumed a quadratic Kähler potential for the T, which implies a small
expectation value and an unsuppressed effective mass scale multiplying X in the Polonyi term.
Unfortunately, for the Kähler modulus the appropriate form is logarithmic, K = −3 log(T + T †).
This in turn gives ∼ 3

T+T † in the D-term, which implies a run-away vacuum solution for T , since
the term in VD which depends on X must be very small. Large values of < T > suppress very
strongly the effective mass scale in the Polonyi term making the model unrealistic (see also [14]).

7 Conclusions

We have found that (within the well understood context of IIB flux compactifications), simple
models which allow for GMSB like scenario below the lowest modulus mass scale are possible, but
they are rather unlikely in the context of the landscape. In LVS type compactifications [9] the string
theory sector cannot be integrated out since there is a light modulus that is below the messenger
scale. The simplest KKLT type model (i.e. with just one non-perturbative exponential term) will
not work since when the necessary constraints for realizing a GMSB scenario are imposed, we get
a string scale that is below the messenger scale and so is inconsistent. The only possibility (as
far as we can see) is to have an extended KKLT scenario, with more than one NP term, i.e. a
racetrack. In this case we can get the necessary conditions, however the resulting gauge groups
are anomalously large, though it may be possible to obtain them in some F-theory constructions.
Even if that were the case, the simplest possibility for explaining the low value of the Polonyi scale
(i.e. the SUSY breaking scale) does not work, and while we have suggested an alternative it is not
clear that this can actually be realized in string theory. Finally we made some comments about
the possibility of D-term effects and concluded that they will not help if the Kähler potential for
the relevant modulus is of the form that one usually gets in string theory.
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