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Abstract: We show a calculable example of stable supersymmetry (SUSY) breaking mod-

els with O(10) eV gravitino mass based on the combination of D-term gauge mediation and

U(1)′ mediation. A potential problem of the negative mass squared for the SUSY standard

model (SSM) sfermions in the D-term gauge mediation is solved by the contribution from

the U(1)′ mediation. On the other hand, the splitting between the SSM gauginos and

sfermions in the U(1)′ mediation is circumvented by the contributions from the D-term

gauge mediation. Since the U(1)′ mediation does not introduce any new SUSY vacua, we

achieve a completely stable model under thermal effects. Our model, therefore, has no

cosmological difficulty.
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1. Introduction

One definite prediction of the low energy supersymmetry (SUSY) breaking is the existence

of the gravitino. Known as “gravitino problem”, however, the gravitino mass shows a quite

severe constraint from the cosmology unless we introduce a sophisticated modification of

the cosmological scenario [1 – 7]. For example, if the gravitino is unstable with long life-

time, we have to face its potential disturbance on the big bang nucleosysnthesis through its

decay. If the gravitino is stable, on the other hand, we have to face the over-closure of the

universe from its thermal production. A study of the dark matter [8] suggests that when

the gravitino contributes to the total matter density of the universe as a warm dark matter

with the existence of an independently assumed cold dark matter, the gravitino mass m3/2

is bounded above as m3/2
<
∼ 16 eV.

The search of the SUSY breaking mediation scenario that realizes m3/2
<
∼ 16 eV is,

therefore, of cosmological significance (see e.g. [9 – 14] for some attempts in this direction).

In our recent paper [15], we proposed a strongly coupled D-term gauge mediation, where

the very light gravitino mass of order 10 eV is naturally realized. A potential problem

of the scenario is that we could not compute the signature of the mass squared for the

SUSY standard model (SSM) sfermions, and in the perturbative regime, the D-term gauge

mediation predicts tachyonic mass squared [16, 15]. While there is no theoretical evidence

for or against negative mass squared for the SSM sfermions in the strongly coupled D-

term gauge mediation scenario, it would be certainly better to show a recipe to remedy

this potential problem. In this paper, we provide this recipe by introducing an extra

ingredient.

The extra ingredient we add is U(1)′ mediation [17]. We gauge a global U(1)′ symmetry

of the SSM sector, and the U(1)′ gaugino acquires soft mass due to the F -term vacuum

expectation value (VEV) in the hidden sector. In this scenario, the SSM sfermions obtain

soft mass squared at the one-loop order while the SSM gauginos obtain soft mass at the
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two-loop order. Thus, the minimal U(1)′ mediation has its own problem of the splitting

SUSY spectrum [17].

Our strategy is to combine the contributions of the D-term gauge mediation and the

contributions of the U(1)′ mediation. Each contributions solve the weakness of the other

scenario complementarily. In addition, since both the D-term gauge mediation and the

U(1)′ mediation do not introduce any unwanted SUSY preserving vacua in the global

SUSY limit, our model is completely stable under the thermal effects. In this way, we

realize a new class of SUSY breaking mediation scenarios with O(10) eV gravitino mass,

which is free from any cosmological difficulties.

Our construction is based on the field theory analysis, but it also has a natural em-

bedding in the string theory. As a final appetizer, we would like to taste a flavor of such

a possibility here. Indeed, the string theory has all the ingredients needed for the D-term

gauge mediation and the U(1)′ mediation. The D-term SUSY breaking and its mediation

can be easily embedded in the string theory as discussed in [15], and an important fact is

that any D-term SUSY breaking requires the F-term SUSY breaking in the string theory,

which will be crucial for the U(1)′ mediation. The ingredient for the U(1)′ mediation can

also be found in the string theory [18 – 20] because the global symmetry will always be

gauged in the string theory. We will briefly sketch how stringy setup combines these two

mediation scenarios. The detailed construction including the moduli stabilization will be

investigated elsewhere.

The menu of the paper is as follows. In section 2, we present our scheme to combine

the D-term gauge mediation and the U(1)′ mediation in a completely calculable regime.

Although we cannot achieve O(10) eV gravitino mass in this perturbative regime, we see

how the difficulty of the each model is solved by the contributions of the other mediation.

In section 3, we show a new class of the mediation scenario with O(10) eV gravitino mass

by combining the non-perturbative D-term gauge mediation and the U(1)′ mediation. The

thermal stability of the model is also investigated. In section 4, we give some discussions of

our model, and in particular, we sketch the realization of our scenario in the string theory.

In the appendix, we give a possible origin of the U(1)′ gaugino mass from the U(1)′ gauge

mediation.

2. Perturbative model with calculability

We first present a new class of SUSY breaking mediation scenario based on the combination

of the D-term gauge mediation [15] and the U(1)′ mediation [17] in a perturbative regime.

The individual phenomenological difficulties of the D-term gauge mediation and the U(1)′

mediation are solved complementarily. Furthermore, the model is completely calculable

once we specify a dynamical SUSY breaking mechanism in the hidden sector.

Our assumption in the hidden sector is quite simple. We assume that the SUSY is

broken both by F-term VEV 〈FS〉 for a certain chiral superfield S = 〈S〉 + θ2〈FS〉 and by

U(1)D D-term VEV 〈D〉 (e.g. by constant or field dependent effective Fayet-Iliopoulos (FI)

D-term). The coexistence of the F-term SUSY breaking and the D-term SUSY breaking

is crucial in the following, and we just point out that in the supergravity, the existence of
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the F-term SUSY breaking is necessary for the existence of the D-term SUSY breaking.1

The SUSY breaking is presumably induced by a strong dynamics of the hidden sector, and

accordingly we naturally set 〈FS〉 ∼ 〈D〉 ∼ Λ2
S , where ΛS is a typical dynamical scale of

the hidden sector.2

The SUSY breaking effects in part are mediated as D-term gauge mediation by the

messenger f and f̄ which are charged under the U(1)D and the standard model (GUT)

group. For definiteness, we assume that f transforms as 5 under the GUT group with

U(1)D charge +1 and f̄ transforms as 5̄ under the GUT group with U(1)D charge −1.

The messengers have supersymmetric mass M from a superpotential Wmess = Mff̄ . The

leading two-loop contribution to the soft mass squared for SSM sfermions mi was computed

to be [16, 15]

m2
i = −

7

9

g4
GUT

(16π2)2
D4

M6
= −

7

9

g4
GUT

(16π2)2
Λ8

S

M6
. (2.1)

As discussed in the introduction, this contribution alone leads to a difficulty of negative

sfermion mass squared. Furthermore, there is no direct generation of soft mass for SSM

gauginos from the (minimal) D-term gauge mediation scenario considered here.

In our scenario, we also introduce the U(1)′ mediation recently studied in [17]. We

gauge a U(1) global symmetry of the SSM, which will be denoted by U(1)′. It can be

non-anomalous (i.e. U(1)′ ≡ U(1)B−L) as well as anomalous. The U(1)′ will be broken

at the scale MZ′ by the vacuum expectation value of U(1)′ charged fields or by the four-

dimensional Green-Schwarz mechanism.3 We couple the SUSY breaking singlet chiral

superfield S to the U(1)′ gauge kinetic term as
∫

d2θ
S

m
W αWα + h.c. , (2.2)

which will induce the non-supersymmetric U(1)′ gaugino mass FS
m ∼

Λ2

S
m . We have assumed

here and continue to assume hereafter MZ′ ≪
Λ2

S
m so that the supersymmetric mass for the

U(1)′ vector multiplet may be neglected. This assumption also suppresses the contribution

of the U(1)′ D-term to the soft mass squared for SSM sfermions, which we will neglect in the

following. We also neglect all the other non-renormalizable operators possibly suppressed

only by (1/m)2 (see the appendix for a further discussion on this point).

Due to the mass difference in the U(1)′ vector multiplet, SSM sfermions acquire one-

loop mass squared as [17]

m2
i ∼

g2
Z′

16π2

(

FS

m

)2

Q2
i log

(

ΛSm

FS

)

=
g2
Z′

16π2

(

Λ2
S

m

)2

Q2
i log

(

m

ΛS

)

, (2.3)

where gZ′ is the coupling constant for the U(1)′ and Qi is the U(1)′ charge of the SSM field

that will be assumed to be O(1). The flavor changing neutral current problem is avoided

1This is due to the supergravity relation:
P

i δφ†
i

F i

W
= D, where δφi is the variation under the U(1)D

gauge symmetry [21].
2A concrete field theory realization of the dynamical generation of the D-term together with F-term

SUSY breaking can be found in [22]. String theory idea to fix the D-term as well as the F-term has been

studied in [23, 24].
3These extra contributions will cancel the anomaly of U(1)′ if any.
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when U(1)′ is flavor blind like U(1)B−L. Furthermore, the SSM gaugino acquires two-loop

mass as [17]

m1/2 ∼
g2
Z′g2

GUT

(16π2)2

(

FS

m

)

log

(

ΛSm

FS

)

=
g2
Z′g2

GUT

(16π2)2

(

Λ2
S

m

)

log

(

m

ΛS

)

. (2.4)

As discussed in the introduction, the U(1)′ mediation itself leads to a splitting SUSY

spectrum: m1/2 ∼
gZ′g2

GUT

(16π2)3/2
mi and we have to abandon the SUSY solution of the hierarchy

problem, at least partially.

Our proposal is that we can remedy these individual problems complementarily by

combining the D-term gauge mediation and the U(1)′ mediation. The combined contribu-

tions from (2.1) and (2.3) to the mass squared for SSM sfermions are

m2
i = −

7

9

g4
GUT

(16π2)2
Λ8

S

M6
+

g2
Z′

16π2

(

Λ2
S

m

)2

Q2
i log

(

m

ΛS

)

, (2.5)

and the combined mass for SSM gaugino is

m1/2 = 0 +
g2
Z′g2

GUT

(16π2)2

(

Λ2
S

m

)

log

(

m

ΛS

)

. (2.6)

Now, because of the negative mass squared contribution from the D-term gauge mediation,

one can balance the first term and the second term in (2.5) so that mi ∼ m1/2.
4

While precise cancellation requires a tuning of Qi, the rough cancellan yields a condi-

tion

g2
Z′

16π2

Λ4
S

m2
∼

g4
GUT

(16π2)

Λ8
S

M6
, (2.7)

or

Λ2
S

m
∼ 10−1 Λ4

S

M3
, (2.8)

where we have assumed gZ′ ∼ gGUT. If we demand that the SSM gaugino mass is m1/2 ∼

103 GeV, we have to set
Λ2

S
m ∼ 107 GeV. It is then possible to obtain mi ∼ 103 GeV by the

cancellation discussed above.

Let us investigate the gravitino mass m3/2 ∼
Λ2

S
Mpl

∼ 107
(

m
Mpl

)

GeV of the model.5 The

largest m would be m ∼ Mpl, and it would lead to M3/2 ∼ 107 GeV.6 A possible range of

m is bounded by m > ΛS , and the smallest possible choice m ∼ ΛS ∼ 107 GeV leads to the

4Actually, this is quite a technical tuning because of the different renormalization group running of the

gauge coupling constant of the SSM gauge group below the GUT scale. We have to tune Qi judiciously,

depending on the SSM gauge group quantum number, so that the cancellation occurs for each SSM sfermion.

Such unnatural tuning will be avoided in the next section, where the non-perturbative D-term gauge

mediation is considered.
5We set Mpl = 2.4× 1018 GeV as (reduced) Planck mass.
6In such a scenario, however, the effects of the gravity mediation, in general, dominate over the effects

considered here, so a sequestering mechanism to suppress the gravity mediation (and even the anomaly

mediation) is needed.
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smallest gravitino mass for the current scenario: m3/2 ∼ 100 keV. In this typical parameter

region, gravitino is the lightest supersymmetric particle (LSP) and the constraint from the

cosmology is quite severe [1, 8]. The situation will be improved in the next section where

we study the non-perturbative D-term gauge mediation.

Before going into the construction of the combined non-perturbative D-term gauge

mediation and U(1)′ mediation, we have several comments on the perturbative model

studied in this section. Actually, there are many different ways to solve the negative SSM

sfermion mass squared problem once we allow F-term SUSY breaking in the hidden sector.

One of the easiest possibilities would be to incorporate the F-term gauge mediation by

adding an interaction
∫

d2θSf f̄ . Indeed, such a term alone will serve as an excellent model

of the SUSY breaking mediation, which is well-known as F-term gauge mediation (see

e.g. [25] for a review). The motivation to forbid such interaction here is to avoid typical

emergence of the SUSY preserving vacua after adding
∫

d2θSf f̄ . In the typical parameter

region discussed here, such vacua are far away from the metastable SUSY breaking vacuum

and they are quite irrelevant. However, when we would like to obtain a very light gravitino

mass ∼ O(10) eV as we will achieve in the next section, it will become a problem, especially

in the early universe with high temperature. We will avoid the new emergence of the SUSY

preserving vacua by excluding the F-term gauge mediation. This will be important in the

next section.

In this discussion, the origin of the interaction (2.2) is crucial.7 If it were originated

from the conventional U(1)′ F-term gauge mediation, it would give rise to the same problem

of the thermal destabilization. One interesting observation is that we can introduce an

axionic shift symmetry of the chiral superfield S in the imaginary direction: S → S + ix

with a real number x. The effective SUSY breaking superpotential W = Λ2
SS + S

mW αWα

satisfies this symmetry after integrating over the superspace. Note that we cannot replace

the U(1)′ gauge field with the SU(5) GUT gauge field here. The symmetry could remove

the existence of the SUSY preserving vacua even in the ultra-violet theory. See appendix

for a particular construction. In the string theory, such axionic coupling is indeed natural.

3. Non-perturbative model with O(10) eV gravitino

Having explained our idea to combine the D-term gauge mediation and the U(1)′ me-

diation in the completely calculable perturbative example, we would like to propose a

non-perturbative model with O(10) eV gravitino mass. The model does not have SUSY

preserving vacua, and hence does not possess any instability from the thermal effects in the

early universe unlike the model in [13]. Due to the non-perturbative nature of the strongly

coupled D-term gauge mediation, the precise soft mass parameters will not be computed be-

yond the order estimation, but we emphasize that a possible negative SSM sfermion masses

is guarantied to be avoided in our model unlike the ones discussed in [12, 11, 12, 15, 14].

The strongly coupled D-term gauge mediation proposed in [15] requires an additional

strongly coupled SU(N) gauge symmetry in the hidden sector in addition to the U(1)D D-

term introduced in section 2. The messenger f and f̄ now transforms as N (and N̄) under

7The author would like to thank M. Ibe for the discussion.
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the SU(N) gauge symmetry. The strong dynamics of the SU(N) gauge group leads to two

important consequences: the one is that because of the gaugino condensation of the SU(N)

gauge group, the R symmetry is broken and it is now feasible for the SSM gaugino to ac-

quire soft mass within the D-term gauge mediation; the other is that the strong dynamics

invalidates the perturbative computation of the SSM sfermion mass squared, which leads

to the possibility that the negative mass squared for the SSM sfermions might be avoided.

The latter “hope” is actually unimportant in our model because the U(1)′ mediation au-

tomatically yields positive mass squared. For this purpose, the strongly coupled scale ΛN

for the SU(N) gauge group should be close to the messenger scale M : 32π2Λ3
N ∼ M3.8

We now combine the U(1)′ mediation to the non-perturbative D-term gauge mediation.

Both the non-perturbative D-term gauge mediation and the U(1)′ mediation gives rise to

the soft mass squared for the SSM sfermions:

m2
i = κ

(

g2
GUT

16π2

)2
D4

M6
+

g2
Z′

16π2

(

FS

m

)2

Q2
i log

(

ΛSm

FS

)

= κ1

(

g2
GUT

16π2

)2
Λ8

S

M6
+

g2
Z′

16π2

(

Λ2
S

m

)2

Q2
i log

(

m

ΛS

)

, (3.1)

where κ1 is an uncalculable O(1) constant which could be either negative or positive.

Similarly the SSM gaugino mass acquires contributions both from the non-perturbative

D-term gauge mediation and the U(1)′ mediation:

m1/2 = κ2
g2
GUT

16π2

D4

M7
+

g2
Z′g2

GUT

(16π2)2
FS

m
= κ2

g2
GUT

16π2

Λ8
S

M7
+

g2
Z′g2

GUT

(16π2)2
Λ2

S

m
, (3.2)

where κ2 is another uncalculable O(1) constant.

In order to avoid a splitting SUSY spectrum without resorting fine-tuning of param-

eters in the hidden sector, as we did in the last section, we should take M ∼ ΛS . The

negative mass squared problem for SSM sfermions due to possible negative signature of κ1

can be compensated by the positive mass squared contributions from the U(1)′ mediation

by setting ΛS ∼ 10−1m. The fine-tuning is less necessary than in the model discussed

in section 2 because the SSM gaugino mass from the non-perturbative D-term gauge me-

diation is already comparable to the absolute value of the SSM sfermion mass from the

D-term gauge mediation.

This model allows a wide range of possible SSM soft parameters, but we focus on the

possibility of obtaining very light gravitino. If we demand that the SSM gauginos and

sfermions are around 103 GeV, ΛS should be around 105 GeV. Then, the gravitino mass

m3/2 ∼
Λ2

S
Mpl

is indeed as small as O(10) eV.

The SUSY breaking vacuum considered here is completely stable once we assume that

the dynamical SUSY breaking sector is stable.9 Unlike many F-term gauge mediation

8This might be naturally realized by the strongly coupled conformal dynamics above the messenger scale:

see [12].
9Explicit field theory realization of the stable dynamical SUSY breaking based on the IYIT model with

both F-term and D-term VEV can be found in [22].
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scenarios, the introduction of the messenger does not give rise to the emergence of SUSY

preserving vacua. This is not a problem for high-scale gauge mediation because the po-

tential barrier is high enough to prevent the thermal destabilization. However, in the very

light gravitino scenario we are pursuing, the potential barrier is typically too low to be

compatible with high scale inflation and the subsequent reheating. The absence of the

SUSY preserving vacua is a sufficient condition to avoid the thermal destabilization.

4. Discussion

In this paper, we have proposed a new class of SUSY breaking mediation scenario based on

the combination of the D-term gauge mediation and the U(1)′ mediation. The contributions

of the each sector remedy the original problem of the individual scenario: negative mass

squared for the SSM sfermion and splitting SUSY spectrum respectively. One feature of

the model is that we can realize very light gravitino mass of order 10 eV with no thermal

instability. Almost all known models with this feature are based on the strong dynamics

and the positive mass squared for the SSM sfermion was not guaranteed. The present

model provides a concrete example with assured positive SSM sfermion mass squared. We

would also like to mention that for a particular choice of the gauge group in the hidden

sector, namely N = 5, we have a candidate for a cold dark matter as composite baryon

messengers [26], which solves yet another cosmological difficulty of the usual low scale

gravitino mass scenario. In this way, our model is cosmologically quite appealing.

Our model predicts massive U(1)′ vector multiplets (and possible exotics) at the scale

around (or below) 104 GeV. The mixing between the U(1)′ gauge boson and Z leads to

a lower bound on MZ′ as MZ′
>
∼(0.5 ∼ 1) TeV (see e.g. [27]). A phenomenology of these

U(1)′ multiplets would be interesting.

Our model requires some tuning of the dimensional parameters such as a mass for the

messenger and the dynamical scale of the hidden sector. We note, however, that all the

mass scales of the model: ΛS , M , ΛN , and m are around 105 ∼ 106 GeV in the very light

gravitino mass regime studied in section 3. Thus, there is a possibility that all these mass

scales have a common origin, perhaps due to the hidden conformal dynamics or common

source of the strong dynamics. It would be very interesting to construct explicit realization

of this possibility.

Finally, we would like to discuss a possible stringy realization of the model. In [15], we

have proposed a stringy realization of the D-term gauge mediation. The minimal setup of

the hidden sector (in type IIB string theory) is N D5-branes wrapped around the 2-cycle

at the tip of the resolved conifold. The low energy open string spectrum on the D5-branes

gives SU(N) × U(1)D super Yang-Mills theory, and the size of the 2-cycle serves as a FI

term for the U(1)D gauge symmetry. To realize the SSM(-like) sector, we introduce D7-

branes wrapping a holomorphic 4-cycle in the bulk region of the conifold. We assume that

the SSM(-like) theory is realized on the D7-branes. The 5-7 strings can be identified as the

messenger in the D-term gauge mediation, and the separation between the D5-branes and

D7-branes gives supersymmetric mass for the messenger. The matter content is exactly

what we need for the non-perturbative D-term gauge mediation.
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In [15], we assumed the stabilization of the resolution parameter of the conifold (FI

parameter) by focusing on the local geometry. In the full compactification, it will be

stabilized by flux and nonperturbative effects. Although the detailed mechanism of the

moduli stabilization is beyond the scope of this paper, the important point is that the

stabilization of the dynamical FI term requires the F-term SUSY breaking as well.10 This

F-term could couple with the U(1)′ gauge symmetry realized on D7-branes through the

R-R exchange mechanism as has been studied in [20].11

The realization of the D-term SUSY breaking in the string theory has been studied in

various context recently [28, 29]. The explicit construction of the combined D-term gauge

mediation and U(1)′ mediation in such models would be of great interest. We also note

that the extra U(1)′ contribution discussed here has wider applications: it could be used

as a solution to the possible negative SSM sfermion mass squared of the strongly coupled

F-term gauge mediation [11, 12, 14]. The stringy construction of such strongly coupled

F-term gauge mediation would be interesting as well.
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A. Stable U(1)′
gauge mediation

As discussed in the main text, the origin of the interaction (2.2) is crucial to understand

the stability of our model under the thermal effects. In this appendix, we show a possible

microscopic origin of the gaugino mass from the stable U(1)′ gauge mediation. A major

challenge here is how to avoid the emergence of the SUSY preserving vacua. We also

discuss a small subtlety of the effective SSM sfermion mass squared formula used in the

main text.

We assume that the SUSY breaking chiral superfield S in the hidden sector has a shift

symmetry S → S +2iM0x in the imaginary direction (i.e. x ∈ R). We also introduce U(1)′

messenger chiral superfield ϕ and ϕ̄ transforming linearly (say ϕ → e−ixϕ, ϕ̄ → e−ixϕ̄)

under the shift symmetry so that eS/M0ϕϕ̄ is invariant.12 The total superpotential invariant

10See e.g. [23, 24] for some attempts to fix the FI parameter in the metastable SUSY breaking models

realized in the string theory.
11If we realize the SSM sector by using the D5-branes sitting at another tip of the cone inside the total

Calabi-Yau space, the discussion in [20] takes over to our case word by word. One (massive) extra U(1)

gauge group would be identified with U(1)D and the light U(1) gauge group would be identified with U(1)′.

The two-cycles on which the hidden sector D-brane wraps and SSM D-brane wraps should be identical in

cohomology inside the total Calabi-Yau space but be locally distinguished.
12Because of the U(1) anomaly, the possibility of stable GUT messenger is excluded.
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under the shift symmetry (after the superspace integration)13 is

W = Λ2
SS + m0e

S/M0ϕϕ̄ . (A.1)

We set the Kahler potential so that 〈RrS〉 = 0 is the stable vacuum. Importantly, the model

does not have any SUSY vacuum. The stability of the messenger requires FS < M0m0,

which will be satisfied e.g. by taking m0 ∼ Mpl.

The usual gauge mediation formula gives the U(1)′ gaugino mass as

m1/2;Z′ ∼
g2
Z′

16π2

Λ2
S

M0
. (A.2)

Furthermore, the SSM sfermions obtain soft mass squared at the two-loop order as

m2
i ∼

(

g2
Z′

16π2

Λ2
S

M0

)2

. (A.3)

Note that the formula (A.3) is different than (2.3) taken from [17]. The reason is that in

the U(1)′ gauge mediation, in contrast to the scenario discussed in the main text, after

integrating out the messenger, we have an effective Kähler interaction
∫

d4θ
g4

Z′

(16π2)2m2
0

(S +

S†)2ΦSMΦ†
SM in addition to the U(1)′ gaugino mass

∫

d2θ S
mW αWα discussed in the main

text. The contribution (A.3) dominates over (2.3), but they are not considered in [17]

because they did not specify the origin of all these effective non-renormalizable interactions.

The subsequent analysis can be done completely in line with the discussion in section 3.

We take M0 ∼ ΛS to realize O(10) eV gravitino mass. The D-term gauge mediation gives

rise to the SSM gaugino mass. A possible negative mass squared for the SSM sfermions

can be offset by (A.3). One phenomenological prediction of this U(1)′ gauge mediation is

that the Z ′ boson is as light as the SUSY particles.
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[19] R. Blumenhagen, B. Körs, D. Lüst and S. Stieberger, Four-dimensional string

compactifications with D-branes, orientifolds and fluxes, Phys. Rept. 445 (2007) 1

[hep-th/0610327].

[20] H. Verlinde, L.-T. Wang, M. Wijnholt and I. Yavin, A higher form (of) mediation,

arXiv:0711.3214.

[21] K. Choi, A. Falkowski, H.P. Nilles and M. Olechowski, Soft supersymmetry breaking in KKLT

flux compactification, Nucl. Phys. B 718 (2005) 113 [hep-th/0503216].

[22] Y. Nakayama, M. Yamazaki and T.T. Yanagida, to appear.

[23] Y. Nakayama, M. Yamazaki and T.T. Yanagida, Moduli stabilization in stringy iss models,

arXiv:0710.0001.

[24] Y. Nakayama and P. Kumar, to appear.

[25] G.F. Giudice and R. Rattazzi, Theories with gauge-mediated supersymmetry breaking, Phys.

Rept. 322 (1999) 419 [hep-ph/9801271].

– 10 –

http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD56%2C1281
http://arxiv.org/abs/hep-ph/9701244
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CQGRD%2C23%2C1875
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CQGRD%2C23%2C1875
http://arxiv.org/abs/astro-ph/0406621
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD71%2C063534
http://arxiv.org/abs/astro-ph/0501562
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD56%2C2886
http://arxiv.org/abs/hep-ph/9705228
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB452%2C274
http://arxiv.org/abs/hep-ph/9901345
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PTPKA%2C114%2C433
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PTPKA%2C114%2C433
http://arxiv.org/abs/hep-ph/0501254
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB649%2C292
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB649%2C292
http://arxiv.org/abs/hep-ph/0703110
http://arxiv.org/abs/0711.0416
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB655%2C58
http://arxiv.org/abs/0705.0865
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB401%2C38
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB401%2C38
http://arxiv.org/abs/hep-ph/9703246
http://arxiv.org/abs/0710.1632
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=ARNUA%2C55%2C71
http://arxiv.org/abs/hep-th/0502005
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRPLC%2C445%2C1
http://arxiv.org/abs/hep-th/0610327
http://arxiv.org/abs/0711.3214
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB718%2C113
http://arxiv.org/abs/hep-th/0503216
http://arxiv.org/abs/0710.0001
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRPLC%2C322%2C419
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRPLC%2C322%2C419
http://arxiv.org/abs/hep-ph/9801271


J
H
E
P
0
2
(
2
0
0
8
)
0
1
3

[26] K. Hamaguchi, S. Shirai and T.T. Yanagida, Composite messenger baryon as a cold dark

matter, Phys. Lett. B 654 (2007) 110 [arXiv:0707.2463].

[27] L.L. Everett, P. Langacker, M. Plumacher and J. Wang, Alternative supersymmetric spectra,

Phys. Lett. B 477 (2000) 233 [hep-ph/0001073].

[28] A. Dymarsky, I.R. Klebanov and N. Seiberg, On the moduli space of the cascading

SU(m + p) × SU(P ) gauge theory, JHEP 01 (2006) 155 [hep-th/0511254].

[29] M. Aganagic and C. Beem, Geometric transitions and d-term SUSY breaking,

arXiv:0711.0385.

– 11 –

http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB654%2C110
http://arxiv.org/abs/0707.2463
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB477%2C233
http://arxiv.org/abs/hep-ph/0001073
http://jhep.sissa.it/stdsearch?paper=01%282006%29155
http://arxiv.org/abs/hep-th/0511254
http://arxiv.org/abs/0711.0385

