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We present a general phenomenological framework for dialing between gravity mediation, gauge

mediation, and anomaly mediation. The approach is motivated from recent developments in moduli

stabilization, which suggest that gravity mediated terms can be effectively loop suppressed and thus

comparable to gauge and anomaly mediated terms. The gauginos exhibit a mirage unification behavior at a

‘‘deflected’’ scale, and gluinos are often the lightest colored sparticles. The approach provides a rich

setting in which to explore generalized supersymmetry breaking at the CERN Large Hadron Collider.
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High energy physics is currently at the dawn of a new
era, in which the Large Hadron Collider (LHC) will test
many ideas for physics beyond the standard model (SM).
Of these ideas, softly broken supersymmetry (see [1] for
reviews) is a strong contender for new TeV scale physics.
The phenomenology of such theories, including the mini-
mal supersymmetric standard model (MSSM), depends
crucially on the superpartner mass spectrum, which is
governed by the soft supersymmetry breaking sector.

In constructing models of supersymmetry breaking, it
has long been understood that viable scenarios are most
easily obtained if spontaneous supersymmetry breaking
occurs in a hidden sector and is communicated to the
visible sector by ‘‘mediator’’ fields via loop-suppressed
or nonrenormalizable interactions. The model-dependent
hidden sector dynamics can be represented by supersym-
metry breaking order parameters, the vacuum expectation
values of the auxiliary components (‘‘F terms’’ or ‘‘D
terms’’) of the mediators. The visible sector supersymme-
try breaking scale is given by the order parameter divided
by the mediation scale (up to loop factors). Standard cases
are gravity mediation [2], gauge mediation [3], and anom-
aly mediation [4]. It is often assumed that one mediation
mechanism dominates, usually to address a given phe-
nomenological problem of the MSSM.

In this Letter, we develop a general framework for dial-
ing continuously between these three different scenarios of
supersymmetry breaking (gravity/moduli, gauge, and
anomaly mediation), focusing on the fully mixed case,
when all three types contribute comparably to the soft
masses. By taking the correct limit, any single mediation
mechanism, or combination of any two, can be recovered.
Indeed, a single mediation mechanism is often not domi-
nant. This occurs in the class of string models with stabi-
lized moduli proposed by Kachru, Kallosh, Linde, and
Trivedi (KKLT) [5]. In the KKLT scenario, the moduli
mediated terms are suppressed by 1= lnðMP=m3=2Þ (MP is

the reduced Planck mass and m3=2 is the gravitino mass)

[6]. Phenomenological models based on the KKLT con-

struction thus have comparable gravity mediated and
anomaly mediated soft terms, solving the negative slepton
mass problem of anomaly mediation. This mixed scenario
is known as ‘‘mirage mediation,’’ and it has been studied
extensively [7–9].
We show here that it is natural in mirage mediated

models to have comparable contributions to visible sector
supersymmetry breaking from gauge mediation. For ex-
ample, a given string model usually contains light vector-
like exotics as well as moduli, leading to gauge-mediated
contributions once local supersymmetry is broken. This
leads to what we call ‘‘deflected mirage mediation,’’ in
which gravity-moduli, gauge, and anomaly mediation all
play important roles in supersymmetry breaking. The
gauge mediation contribution introduces threshold effects
that deflect the renormalization group flow of the soft
masses, which also solve the negative slepton mass prob-
lem of anomaly mediation (this aspect is similar to de-
flected anomaly mediation [10]). While this framework is
applicable to other contexts than the fully mixed case of
deflected mirage mediation, the richest and most novel
phenomenology occurs in the fully mixed limit.
Let us explicitly demonstrate that in a broad class of

effective supergravity models (which might be realizable
in string theory) the contributions to the supersymmetry
breaking terms from gravity mediation, gauge mediation,
and anomaly mediation are comparable. For supergravity
models with a modulus field T as the mediator, the grav-
itino mass is m3=2 � FT=MP, while the observable sector

supersymmetry breaking scale msoft is

mðgravÞ
soft � FT

T þ �T
: (1)

In both anomaly and gauge mediation, the interactions
between the mediators and the SM fields are loop sup-
pressed. For anomaly mediation, the mediator is the super-
gravity conformal compensator field C, and the gravitino
mass is of the order m3=2 � FC=C. The mediator X of

gauge mediation is a SM singlet which couples to mes-
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senger fields; the gravitino mass is�FX=MP. In each case,
the visible sector soft terms are

mðanomÞ
soft � 1

16�2

FC

C
; m

ðgaugeÞ
soft � 1

16�2

FX

X
: (2)

To see why these scales are of similar sizes in deflected
mirage mediation, recall the mirage unification scenario
motivated from KKLT. The effective supergravity theory
for T is given by the Kähler potential K ¼ K0 � 3 lnðT þ
�TÞ and superpotentialW ¼ W0 �Ae�aT , (A�M3

P, a is
a numerical factor due to gaugino condensation, and K0,
W0 stabilize other moduli), and the uplifting potential
Vuplift � ðT þ �TÞ�np . T is stabilized to aT ’ lnMP=m3=2 �
4�2 [5,6], such that

FT

T þ �T
’ 1

aT
m3=2 � 1

4�2

FC

C
: (3)

Let us now consider the presence of X and theN messenger
pairs �1;2. The Kähler potential for X (with modular

weight nX) is ðT þ �TÞ�nXX �X. To see heuristically that
FX=X � FC=C in a broad class of models, recall that in
supergravity, the F term of X (neglecting mixing) is

FX ’ �eK=2KX �XD �X
�W ¼ �eK=2KX �Xð@ �X

�W þ ð@ �XKÞ �WÞ;
(4)

where KX �X is the inverse Kähler metric. If X has no bare
superpotential mass term (in a given string model, X would
be a massless string mode) but has self-couplings at higher
order, then @ �X

�W ¼ 0 at the minimum, and

FX ’ �eK=2KX �Xð@ �XKÞ �W
¼ �ðeK=2 �WÞðT þ �TÞnX ðT þ �TÞ�nXX ¼ �m3=2X; (5)

such that

FX

X
’ �FC

C
: (6)

Equation (6) holds for @ �X
�W � ð@ �XKÞ �W, and for a general

class of Kähler potentials K ¼ fðXXyÞ. We have found
that for a general superpotential with high scale �:

W ¼ W0 �Ae�aT þ Xn

�n�3
þ �X�1�2; (7)

keeping only OðX2n�2Þ, Oðm3=2X
nÞ, and Oðm2

3=2X
2Þ terms

(dropping subleading terms of order X=MP, X=�, or
1= lnðMP=m3=2Þ), FX=X is given by (details will be given

in a forthcoming publication [11]):

FX

X
’ � 2

n� 1

FC

C
: (8)

Despite the presence of T, the result is identical to that of
deflected anomaly mediation [10]; it is obtained even if the
Kähler potential of T is not of the precise ‘‘no-scale’’ form
but instead is�p lnðT þ �TÞ. Furthermore, this result holds
for a generic Kähler potential for X as long as hXi � MP.

The relative negative sign between FX=X and FC=C can
change if X appears in the superpotential with a negative
power due to strong dynamics.
The effective tree-level supergravity theory of the ob-

servable sector has the gauge kinetic function fa ¼ T, the

matter field Kähler potentialKobs ¼ ðT þ �TÞ�ni�i
��i (ni is

the modular weight of the MSSM field �i), and the super-
potential Wobs ¼ y0ijk�i�j�k (y0ijk are (unnormalized)

Yukawas, assumed to be independent of X and T. We
assume bare superpotential mass parameters are absent
but otherwise do not address the � problem; instead, �
and B are replaced by mZ and tan� after electroweak
symmetry breaking. The theory includes N vectorlike
messenger pairs which lie in complete SUð5Þ multiplets,
to maintain gauge coupling unification.
The MSSM soft supersymmetry breaking terms at the

high scaleMG � 2� 1016 GeV and the threshold effects at
the messenger scale Mmess ¼ hXi are (here Mþ

mess, M
�
mess

denote scales just above and below Mmess):
(i) Gaugino masses:

MaðMGÞ ¼ FT

T þ �T
þ g20

16�2
b0a

FC

C
(9)

MaðM�
messÞ ¼ MaðMþ

messÞ þ �Ma; (10)

in which

�Ma ¼ �N
g2aðMmessÞ
16�2

�
FC

C
þ FX

X

�
: (11)

g0 is the unified gauge coupling at MG, and the b0a are the
gauge coupling beta function coefficients. Our convention
is b0a < 0 for asymptotically free theories.
(ii) Trilinear scalar couplings:

Aijk ¼ Ai þ Aj þ Ak; (12)

in which

AiðMGÞ ¼ ð1� niÞ FT

T þ �T
� �i

16�2

FC

C
; (13)

�i ¼ 2
P

ag
2
acað�iÞ �

P
lmjyilmj2=2 (yijk are normalized

Yukawas and ca is the quadratic Casimir). There are no
messenger-induced threshold effects for the trilinears.
(iii) Soft scalar mass-squared parameters:

m2
i ðMGÞ ¼ ð1�niÞ

��������
FT

Tþ �T

��������
2� �0i

32�2

�
FT

Tþ �T

F
�C

�C
þH:c:

�

� _�0
i

ð16�2Þ2
��������
FC

C

��������
2

(14)

m2
i ðM�

messÞ ¼ m2
i ðMþ

messÞ þ �m2
i (15)

in which

�m2
i ¼

X
a

2caN
g4aðMmessÞ
ð16�2Þ2

��������
FX

X
þ FC

C

��������
2

: (16)

In the above, _�i ¼ 2
P

ag
4
abacað�iÞ �

P
lmjyilmj2byilm ,
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�i ¼ 4
P

ag
2
acað�iÞ �

P
lmjyilmj2ð3� ni � nl � nmÞ. The

primed quantities include the messenger contributions,
while the unprimed quantities take on MSSM values.

The anomaly and gauge-mediated terms can be ex-

pressed in terms of m0 � mðgravÞ
soft (see Eq. (1)). As in [7],

we define �m by FC=C ¼ �m lnðMP=m3=2Þm0 (�m � � in

mirage mediation), and �g by FX=X ¼ �gF
C=C. The

standard KKLT model is recovered for �m ¼ 1 and N ¼
0. For �m, �g of order 1, the gravity, anomaly, and gauge

mediation terms are all comparable. The supersymmetric
flavor problem can be alleviated with universal modular
weights, though if the gluinos and top squarks are light, the
FCNC constraints must be reassessed. The supersymmetric
CP problem is present if the phases of the F terms result in
irremovable relative phases in the soft terms. In mirage
mediation, the F terms can be taken to be real without loss
of generality [7]; whether this holds in deflected mirage
mediation depends on the stabilization mechanism for X.
Here we assume real F terms and defer a detailed study of
CP violation to future work.

In describing the patterns of soft terms, we consider the
‘‘deflected mirage’’ case, where all mediation mechanism
contributions are roughly the same size. To show the types
of effects which can appear, we take the fiducial case �m ¼
1. The gauge piece enters through the threshold effects at
the messenger scale, which can shift the gaugino masses up
or down; the phenomenologically more interesting case
occurs when the gaugino masses are lowered. The gaugino
masses still unify at a mirage scale. By dialing the relative
sizes of the terms in Eq. (11), the gaugino mirage unifica-
tion scale can be easily tuned to a desired value (in contrast
to the standard KKLT scenario) as in deflected anomaly
mediation [12]. Lowering the gaugino mass through these
threshold effects can also lead to quasiconformal renor-
malization group running of the soft scalar masses, as
shown in Fig. 1.

In Fig. 1 and Table I, we show the renormalization group
evolution and mass spectrum for our sample point A, in
which m0 ¼ 2 TeV, N ¼ 3, tan� ¼ 10, sgnð�Þ ¼ þ1,
ni ¼ 1 for the Higgs doublets and ni ¼ 1=2 for all other
fields, �g ¼ 1 (FC=C ¼ FX=X � 65 TeV), and Mmess ¼
1012 GeV. The gaugino mirage scale is

Mmirage ¼ MG

�
m3=2

MP

�
�m�=2

; (17)

in which

� ¼ 1þ 2Ng2
0

16�2 ln
MGUT

Mmess

1� �m�gNg2
0

16�2 lnMP

m3=2

: (18)

The low energy gaugino mass ratios (see, e.g., [9]) are
M1:M2:M3 � 1:1:1:2. The scalar masses are deflected
from mirage unification, as shown in Fig. 1. If Mmess is
sufficiently high, then the light generation scalars can
exhibit near-mirage unification below Mmess. Yukawa ef-
fects further spoil the mirage behavior for the third gen-

eration. If the gaugino mirage unification scale is of order a
TeV, a mixed B-ino–W-ino [13] lightest supersymmetric
partner (LSP) results, which in this case results in an
experimentally allowed dark matter relic abundance (the
gaugino mass difference is small and the Higgsinos are
heavy due to the large � term, which is needed for elec-
troweak symmetry breaking).
In Fig. 2 and Table I, we show sample point B, in which

�m ¼ 1, �g ¼ �1=2, m0 ¼ 1 TeV, Mmess ¼ 108 GeV,

and the other parameters as in point A. The messenger
scale is now below the standard mirage unification scale of
�1010 GeV. The low energy gaugino mass ratios are
�1:1:1:2. The spectrum is relatively compressed, with
light sleptons and a light stop; these features are also
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FIG. 1 (color online). The renormalization group evolution of
the gaugino masses (top panel) and the soft scalar masses
(bottom panel) of the first generation for point A, in which

Mmess ¼ 1012 GeV. For the scalar masses, Mfi � m2
fi=

ffiffiffiffiffiffiffiffiffiffiffi
jm2

fij
q

.

TABLE I. The MSSM particle mass spectrum for points A and
B. All masses are in GeV.

Point A Point B

h 117 H, A 1529 h 116 H, A 865

~g 1170 H� 1531 ~g 1130 H� 869

	0
1 1003 	0

2 1015 	0
1 608 	0

2 683

	0
3 1374 	0

4 1380 	0
3 818 	0

4 844

	�
1 1011 	�

2 1369 	�
1 682 	�

2 835

~uL 1965 ~uR 1890 ~uL 1164 ~uR 1140

~dL 1974 ~dR 1888 ~dL 1172 ~dR 1148

~eL 1587 ~eR 1470 ~eL 783 ~eR 709

~�L 1587 ~�R 1470 ~�L 783 ~�R 709
~t1 1420 ~t2 1791 ~t1 860 ~t2 1113

~b1 1769 ~b2 1872 ~b1 1059 ~b2 1141

~
1 1459 ~
2 1583 ~
1 702 ~
2 782
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present in gauge messenger models [14]. In this case, the
lighter stau is the next-to-lightest superpartner (NLSP).
Lighter gluinos and top squarks thus appear naturally in
this mixed limit, such that the LHC phenomenology will
focus on gluino and top squark production (see [11]).

Another limit is to switch off anomaly mediation and
consider comparable gauge and gravity mediated terms
(�m ! 0,�g ! 1,�m�g finite). This results in a stretched

low energy spectrum with lighter gauginos than scalars,
such that the LHC phenomenology is dominated solely by
gluino production. For further details, see [11].

Mirage mediation with a TeV mirage scale is known to
ameliorate the little hierarchy problem [8]. Here it is easy
to obtain a TeV gaugino mirage unification scale, but the
fine-tuning is not significantly reduced, as the scalars do
not unify at this scale and no new A terms (needed for
Higgs mass corrections [15]) are present.

In conclusion, we have provided a method for dialing
continuously between gravity, gauge, and anomaly medi-
ated supersymmetry breaking. Motivated by the KKLT
framework for moduli stabilization, we showed that com-
parable gauge-mediated terms can also be present in a
broad class of models. This deflected mirage mediation
scenario exhibits rich features, including light gauginos
and light top squarks. Our method can be used as a general
framework for studying the collider and cosmological
implications of TeV scale supersymmetry. As the LHC
era nears, it is of particular importance to extend studies
of low energy supersymmetry beyond standard scenarios in
which a single mediation mechanism dominates.

This work is supported by the U.S. Department of
Energy grant DE-FG-02-95ER40896. P. O. is also sup-
ported by the NSF Career Grant PHY-0348093 and a
Cottrell Grant. We thank K. Choi, D. Demir, G. Kane,
and G. Shiu for helpful comments.
Note added.—In the final stages of preparing this Let-

ter, a similar scenario was presented in [16] emphasizing
the cosmological moduli problem and the �=B� problem.
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FIG. 2. The renormalization group evolution of the gaugino
masses (top panel) and the first generation soft scalar masses
(bottom panel) for Point B, in which Mmess ¼ 108 GeV.
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