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Overview

• Modification of GMSB with new messenger-
matter couplings controlled by same flavor 
dynamics as Yukuwas 

• Due to large A-terms, one can easily 
accommodate 125 GeV Higgs for light and 
predictive SUSY spectrum 

• New sources of flavor violation depending on 
underlying flavor model, but built-in suppression 
of LL&RR, so that main source LR



The Status of Gauge Mediation

• Gauge Mediation elegant and predictive

• In minimal GM difficult to get large Higgs mass 
(A-terms are small)

• Need to go beyond minimal GM for large A-terms
see talk by D. Shih
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Generating large A-terms in GM

• Need direct messenger-MSSM couplings 

Evans, Ibe, Yanagida ’11,’12 Craig, Knapen, Shih, Zhao ’12

Albeid, Babu ’12 Byakti, Ray ’13 Evans, Shih ’13

...

• Also new contributions to sfermion masses

QUΦ5

UΦ5 Φ5

HuΦ10Φ10

∆W ={
(usually forbidden by discrete symmetry)

...

need to take care of flavor structure!

new couplings 
suppressed as Yukawas

new couplings 
proportional to Yukawas OR

Jelinski ’13



Flavored GM Shadmi, Szabo ’11

∆W = λU

ij
QiUjΦHu + λD

ij
QiDjΦHd

• Take         messengers with positive R-parity5,5

• Assume that couplings are controlled by same 
underlying flavor dynamics as Yukawas
 (flavor symmetries, partial compositeness...)

• Simplest scenario: flavor only from matter fields

Φ,Φ ∼ Hu, Hd λU,D ∼ yU,D

 e.g. not charged under flavor symmetry



The Setup

ΦHu ΦT ΦHd ΦT Hu Hd X Q,U,D,E, L

U(1) 1 0 −1 0 1 1 0 −1/2

Table 1: U(1) charge assignment.

be ultra-heavy. Here we want to require that messenger doublets and triplets have the same

mass (coming from the spurion coupling), but they have different couplings to the matter

fields as a result of a different U(1) charge assignment. Still, an SU(5) compatible charge

assignment does not cause principal problems (note that there is no new source of proton

decay since only one Higgs triplet couples to light fields), and will be discussed elsewhere.

In summary our setup consists of the superpotential

W = (yU )ijQiUjHu + (yD)ijQiDjHd + (yE)ijLiEjHd

+X
�
ΦTΦT + ΦHdΦHu

�
+ (λU )ijQiUjΦHu , (9)

together with the assumption that the new parameters λU are of the same order as the Yukawa

couplings

(λU )ij ∼ (yU )ij . (10)

The superpotential is the most general one consistent with the charge assignment in Table

1 upon redefiniton of ΦHu and Hu. Apart from the new parameters λU we have the usual

parameters of minimal Gauge Mediation, that is Λ ≡ F/M , the messenger scale M and tanβ.

Throughout this paper we will consider only the case of one pair of messengers, although it

is straightforward to generalize this setup to more pairs.

3 High-energy Spectrum

We now calculate the SUSY spectrum at the messenger scale. Apart from the usual contri-

butions in Eqs. (2), (3) the presence of the messenger-matter couplings in Eq. (9) generates

new contributions to A-terms and sfermion masses that can be obtained from the general

formulae in Ref. [14] that are based on the method described in Ref. [36].

In contrast to the minimal setup A-terms arise at 1-loop and are given at the messenger

scale by

AU = − Λ

16π2

�
λUλ

†
U
yU + 2 yUλ

†
U
λU

�
(11)

AD = − Λ

16π2
λUλ

†
U
yD (12)

AE = 0, (13)

where all couplings are evaluated at the messenger scale.

Sfermion masses receive new contributions at 1-loop and 2-loop. The 1-loop contributions

are suppressed by higher powers of x ≡ Λ/M , and thus are relevant only for very low messenger

5

W = (yU )ijQiUjHu + (yD)ijQiDjHd + (yE)ijLiEjHd

+X
�
ΦTΦT + ΦHdΦHu

�
+ (λU )ijQiUjΦHu

λU
ij ∼ yUij only relevant for SUSY spectrum

• Messengers and Higgs distinguished 
by symmetry that forbids mu-term

H chiral           ! vector-like

• Final setup

λU
33

e.g.



High-energy Spectrum

• Non-zero squark A-terms

Throughout this paper we will consider only the case of one pair of messengers, although it

is straightforward to generalize this setup to more pairs.

3 High-energy Spectrum

We now calculate the SUSY spectrum at the messenger scale. Apart from the usual contri-

butions in Eqs. (2), (3) the presence of the messenger-matter couplings in Eq. (8) generates

new contributions to A-terms and sfermion masses that can be calculated using the method

described in Ref. [27]. In contrast to the minimal setup A-terms arise at 1-loop and are given

at the messenger scale by

AU = − Λ

16π2

�
λUλ

†
UyU + 2 yUλ

†
UλU

�
(10)

AD = − Λ

16π2
λUλ

†
UyD (11)

AE = 0, (12)

where all couplings are evaluated at the messenger scale.

Sfermion masses receive new contributions at 1-loop and 2-loop. The 1-loop contributions

are suppressed by higher powers of x ≡ Λ/M , and thus are relevant only for very low messenger

scales. They are given by []

∆m̃2
Q,1−loop = − Λ2

96π2
x2h(x)λUλ

†
U (13)

∆m̃2
U,1−loop = − Λ2

48π2
x2h(x)λ†

UλU , (14)

with the loop function

h(x) = 3
(x− 2) log(1− x)− (2 + x) log(1 + x)

x4
= 1 +

4x2

5
+O

�
x4

�
. (15)
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Evans, Shih ’13

• Negative 1-loop squark masses (for low messenger scales)

• New contribs to 2-loop squark and soft Higgs masses 
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Low-energy Spectrum λU
33 ≡ λU
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Low-energy Spectrum 
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Low-energy Spectrum 

light 1st gen  
squarks & 

gluinos

light stops light LH smuon: g-2 
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Sflavor Structure

which drastically reduces this ambiguity. As we will see, sizable effects arise only through δuLR
and δuRR, the latter being strongly suppressed. Such a structure is precisely what one needs

in order to account for direct CP violation in charm decays in the context of SUSY. Indeed

one can easily generate a sizable CP asymmetry given a suitable Yukawa structure. Before

presenting the numerical analysis we discuss the general structure of flavor-violating effects.

5.1 General Flavor Structure

From the expressions for soft terms in Eqs. (11)-(22) one can see that the flavor structure of

the new contributions takes the form

AU ∼ λUλ
†
UyU + yUλ

†
UλU , AD ∼ λUλ

†
UyD, (29)

∆m̃2
Q ∼ λUλ

†
U , ∆m̃2

U ∼ λ†
UλU , ∆m̃2

D ∼ y†DλUλ
†
UyD. (30)

Because of the particular loop structure the A-terms and the RH down masses are partially

aligned to Yukawa matrices, so they will be suppressed by light Yukawas in the mass basis.

If we go to this basis where Yukawas are diagonalized by bi-unitary transformations

(V U
L )

†yUV
U
R = ydiagU (V D

L )
†yDV

D
R = ydiagD , (31)

the new couplings transform as

(V U
L )

†λUV
U
R = λ̂U . (32)

The matrices λ̂U can always be calculated given the structure of Yukawa matrices. In the

special case where Yukawas (and therefore λU ) are hierarchical, that is yij ≤ yi�j for i� > i and

yij ≤ yij� for j� > j, the bi-unitary transformations do not change the hierarchical structure

of λU but only the O (1) coefficients. In the hierarchical case the relation in Eq. (10) therefore

remains valid also in the mass basis, that is

λ̂U ∼ λU ∼ yU . (33)

In the fermion mass basis we then obtain for the parametric dependence of flavor violating

mass insertions

(δuLL)ij ∼ (λU )i3(λ
∗
U )j3, (δdLL)ij ∼ V ∗

3iV3j , (34)

(δuRR)ij ∼ (λ∗
U )3i(λU )3j , (δdRR)ij ∼ yDi yDj V ∗

3iV3j , (35)

(δuLR)ij ∼ (λU )i3(λ
∗
U )j3y

U
j + (λ∗

U )3i(λU )3jy
U
i , (36)

(δdLR)ij ∼ V ∗
3iV3jy

D
j , (37)

where we assumed hierarchical Yukawas (so that λ̂U ∼ λU ) and omitted factors (λU )33 ∼ yt.

Here yU,Di denotes the i-th diagonal Yukawa coupling and V the CKM matrix. Notice that

there are no new effects in the slepton sector.
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possibly sizable

CKM suppression

light Yukawa suppression

[(λU )i3 � Vi3]

(δuLR)ij ∼ (λU )i3(λU )3j

which drastically reduces this ambiguity. As we will see, sizable effects arise only through δuLR
and δuRR, the latter being strongly suppressed. Such a structure is precisely what one needs

in order to account for direct CP violation in charm decays in the context of SUSY. Indeed

one can easily generate a sizable CP asymmetry given a suitable Yukawa structure. Before

presenting the numerical analysis we discuss the general structure of flavor-violating effects.
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From the expressions for soft terms in Eqs. (11)-(22) one can see that the flavor structure of
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D
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special case where Yukawas (and therefore λU ) are hierarchical, that is yij ≤ yi�j for i� > i and

yij ≤ yij� for j� > j, the bi-unitary transformations do not change the hierarchical structure

of λU but only the O (1) coefficients. In the hierarchical case the relation in Eq. (10) therefore

remains valid also in the mass basis, that is

λ̂U ∼ λU ∼ yU . (33)

In the fermion mass basis we then obtain for the parametric dependence of flavor violating

mass insertions

(δuLL)ij ∼ (λU )i3(λ
∗
U )j3, (δdLL)ij ∼ V ∗

3iV3j , (34)

(δuRR)ij ∼ (λ∗
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there are no new effects in the slepton sector.

12

additional CKM suppressionpossibly sizable



Flavor constraints 

(δDXX)12 9.2× 10
−2

[Re] 1.2× 10
−2

[Im]

�δD12� 1.9× 10
−3

[Re] 2.6× 10
−4

[Im]

(δDLR)12 5.6× 10
−3

[Re] 4.0× 10
−5

[Im]

(δUXX)12 1.0× 10
−1

[Re] 6.0× 10
−2

[Im]

�δU12� 6.2× 10
−3

[Re] 4.0× 10
−3

[Im]

(δULR)12 1.6× 10
−2

[Re] 1.6× 10
−2

[Im]

(δDXX)13 2.8× 10
−1

[Re] 6.0× 10
−1

[Im]

�δD13� 4.2× 10
−2

[Re] 1.8× 10
−2

[Im]

(δDLR)13 6.6× 10
−2

[Re] 1.5× 10
−1

[Im]

(δDLR)11 2.0× 10
−6

(δULR)11 4.0× 10
−6

(δELL)12 2.8× 10
−3

[5.7× 10
−4

]

(δERR)12 2.3× 10
−2

[4.6× 10
−3

]

�δE12� 1.8× 10
−3

[3.8× 10
−4

]

(δELR)12 1.7× 10
−5

[3.4× 10
−6

]

Table 1: Bounds on flavour-violating mass-insertions. Here �δfij� ≡
�

(δfLL)ij(δ
f
RR)ij and

X = L,R. Values in [ ] denote expected future bounds. See the text for details.

1

D −D

Neutron EDM

Most constraints automatically satisfied for m̃ ∼ 1TeV

mixing

(δuLR)11 ∼ (λU )13(λU )31

(δuRR)12 ∼ (λ∗
U )31(λU )32



Comparison to other Sflavor Models

ΛS

ΛF

E

ΛS

ΛF

E

 e.g. Gravity Mediation + Flavor Model, 
SUSY Partial Compositeness

controlled by flavor dynamics at ΛFδij
SUSY spectrum not very predictive

Flavored Gauge Mediation + Flavor Model

ΛScontrolled by flavor dynamics at δij

SUSY spectrum very predictive
extra suppression FV from loop structure



Comparison: FGM + U(1) model
MFV PC U(1) FGMU,D +U(1) FGMU +U(1)

(δuLL)ij Vi3V ∗
j3y

2
b (�q3)

2Vi3V ∗
j3

Vi3
Vj3

|i≤j Vi3V ∗
j3y

2
t Vi3V ∗

j3y
2
t

(δdLL)ij V ∗
3iV3jy2t (�q3)

2Vi3V ∗
j3

Vi3
Vj3

|i≤j V ∗
3iV3jy2t V ∗

3iV3jy2t

(δuRR)ij yUi y
U
j Vi3V ∗

j3y
2
b

yUi yUj
Vi3V ∗

j3

(�u3 )
2

y2t

yUi Vj3

yUj Vi3
|i≤j

yUi yUj
Vi3V ∗

j3

yUi yUj
Vi3V ∗

j3

(δdRR)ij yDi yDj V ∗
3iV3jy2t

yDi yDj
Vi3V ∗

j3

(�u3 )
2

y2t

yDi Vj3

yDj Vi3
|i≤j

yDi yDj
Vi3V ∗

j3
yDi yDj V ∗

3iV3jy2t

(δuLR)ij yUj Vi3V ∗
j3y

2
b yUj

Vi3
V ∗
j3

yUj
Vi3
V ∗
j3

yUj Vi3V ∗
j3y

2
t +yUi

yUi yUj
Vi3V ∗

j3
yUj Vi3V ∗

j3y
2
t +yUi

yUi yUj
Vi3V ∗

j3

yUj
Vi3
V ∗
j3
y6t yUj

Vi3
V ∗
j3
y6t

(δdLR)ij yDj V ∗
3iV3jy2t yDj

Vi3
V ∗
j3

yDj
Vi3
V ∗
j3

yDj V ∗
3iV3jy2t +yDi

yDi yDj
Vi3V ∗

j3
yDj V ∗

3iV3jy2t

yDj
V ∗
3i

V3j
y4t y

2
b

Table 2: Parametric suppression for mass insertions in various scenarios. The entries in

the U(1) column with i > j are obtained from hermiticity. In the LR rows for FGM we

included the effective mass insertions δeffLR = δLLδLRδRR in the lower entry whenever they can

be dominant over δLR in the upper entry.

compared to FGMU,D which is maximized for a maximal strong couplings gρ ∼ 4π as

the top mass relation implies that gρ�
q
3�

u
3 = 1 with �q,u3 < 1.

LR mixing: PC has the same suppression as U(1) in both the up and down sectors. The

FGMU,D gives also the same suppression in the (effective) LR up-sector, while the LR

down-sector involves an additional y2b . In the case of FGMU there is an additional

suppression in the down sector that becomes as strong as in MFV.

We now analyze the phenomenological implications of the flavor structure of sfermion

masses in low-energy processes. In particular, we will distinguish among ∆F = 2, ∆F = 1,

and ∆F = 0 processes, where in the latter case we refer to flavor conserving transitions like

the EDMs that are still sensitive to flavor effects. Concerning ∆F = 2, 1 transitions, we will

focus only on processes with an underlying s → d or c → u transition as they put the most

stringent bounds to the model in question. The predictions for the most relevant combinations

of MIs are summarized in Table 3.

∆F = 2 processes: the relevant processes here are K0 − K̄0 and D0 − D̄0 mixings. As

it is well known, these processes are mostly sensitive to the combinations of MIs

(δdLL)12(δ
d
RR)12 and (δuLL)12(δ

u
RR)12, respectively. In the U(1) case, it turns out that

(δdLL)12(δ
d
RR)12 ∼ md/ms ≈ 0.05, which requires a very heavy SUSY spectrum given the

24

Despite weak U(1) suppression FGM looks like PC



Summary

• Consider couplings of GM messenger to MSSM 
that are parametrically small as Yukawas

• Leads to large misaligned A-terms

• Large Higgs mass with light, calculable spectrum 

• Flavor pheno non-MFV, depends on flavor model

• LL&RR transitions small, dominant effects from LR 

• Suitable for generating soft terms in Flavor Models 



Backup



The structure of  GMSBGauge Mediation

〈Z〉 = M + F θ2

SUSY

SECTOR W = ZΦΦ
BREAKING

Φ Φ Q, U c, Dc, Ec, L

MESSENGER

SECTOR

OBSERV ABLE

SECTOR
MSSM

INTERACTIONS

GAUGE

Messenger sector charged under SM and couples at tree-level to
SUSY breaking sector
Messengers acquire SUSY breaking masses

M2
ferm = M2 M2

scal = M2 ± F

Soft terms arise from integrating out messengers at loop level

msoft ∼
α

4π
F
M

Robert Ziegler (SISSA) Tree-level Gauge Mediation 12 / 32

complete SU(5) multiplets:
MF = M

N × (5+ 5)

(M2
S)1,2 = M2 ± F

1-loop Gaugino masses

2-loop flavor-universal Sfermion masses

Ma = N
αa

4π
Λ

m̃2
Q = 2NCa

�αa

4π
Λ
�2

Vanishing A-terms Λ ≡ F/M



"ACP in SUSY

• Can be generated in SUSY with 
“misaligned A-terms”

Giudice, Isidori, 
Paradisi ’12

AU
ij ∼ yUij AU

ij ∝ yUijbut

∆ASUSY
CP ∼ 0.6%

Im(δuLR)12
10−3

�
1TeV

m̃

�

• No way in MFV

(δuLR)12 ∼ 10−7



SUSY "ACP in FGM

• Constraints on  #U / yU

EDM

(λU )
∗
31(λU )32 � 6.0× 10−2

�
MS

1TeV

�

(λU )13(λU )31 � 1.7× 10−5

�
MS

1TeV

��
MS

A

�

D −D

• "ACP depends on different combination #U  entries

large !ACP possible for suitable flavor model

(δuLR)
eff
12 ∼ (λU )13(λU )32



"ACP in U(1) Flavor Models

Hiller, Nir ’12

slightly better situation than Gravity Mediation + U(1)

maximal effect  bounded from EDM constraint

(δuLR)12 � 3× 10−4 m̃

TeV

(δuLR)11 � 3× 10−6 m̃

TeV

(δuLR)12 ∼ mc

mu
Vus(δ

u
LR)11

still fine due to order(1) coefficients!

(δuLR)12 � 8× 10−5 m̃

TeV
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A-terms

Q̃

Ũ
Ũ

Hu

FQ

Φ̃D

λU λU yU



1-loop contributions

∆m2
Q,1−loop ∼ − Λ2

16π2

Λ2

M2
λUλ

†
U

∆m2
U,1−loop ∼ − Λ2

16π2

Λ2

M2
λ†
UλU

Tree-level contributions

ΦD ΦT ΦD ΦT Hu Hd X Q,U,D,E, L

U(1) 1 0 −1 0 1 1 0 −1/2

Table 1: U(1) charge assignment.

messenger with the quantum numbers of Hu couples to light fields, that is we consider the

superpotential

∆W = XΦΦ+ (λU )ijQiUjΦD (7)

in addition to the MSSM superpotential. Such a structure can be motivated for example

by considering a U(1) symmetry that enforces a zero eigenvalue of the 2× 2 mass matrix of

Higgs and messenger fields in the symmetry limit. Since the messengers must be vector-like

under this symmetry while the Higgs are chiral, at most one of the messengers can have the

same charge as the corresponding Higgs field, and we simply choose to take equal charges

for ΦD and Hu, as shown in Table 1. We are then free to couple only ΦD to the spurion,

which will make it massive with ΦD. Instead Hu will get a mass term with Hd from the

breaking of the U(1). Since this sector of the theory is quite model-dependent, we simply

assume that a µ-term of the right size is generated and concentrate on the effects of the new

couplings in Eq. (7). We just take into account that the inclusion of a superpotential term

∆W = µHuHd + µ
�ΦDHd with µ ∼ µ

� ∼ m̃ gives a small tree-level correction to m
2
Hd

that is

relevant only for very small messenger scales [7]

∆m
2
Hd,tree

= − µ
�2

M2

Λ2

1− Λ2/M2
. (8)

Note that we consider a scenario in which the messengers doublets and triplets have different

charges. This choice is mainly motivated by following a bottom-up approach, in which we

want to restrict to the simplest possibility that gives rise to a large Higgs mass and non-MFV

flavor structure. It might be related to the fact that also the MSSM Higgs fields exhibit such

an SU(5) breaking structure because in contrast to the Higgs doublets the Higgs triplets must

be ultra-heavy. Here we want to require that messenger doublets and triplets have the same

mass (coming from the spurion coupling), but they have different couplings to the matter

fields as a result of a different U(1) charge assignment. Still, an SU(5) compatible charge

assignment does not cause principal problems (note that there is no new source of proton

decay since only one Higgs triplet couples to light fields), and will be discussed elsewhere.

In summary our setup consists of the superpotential

W = (yU )ijQiUjHu + (yD)ijQiDjHd + (yE)ijLiEjHd

+X
�
ΦTΦT + ΦDΦD

�
+ (λU )ijQiUjΦD, (9)

together with the assumption that the new parameters λU are of the same order as the Yukawa

couplings

(λU )ij ∼ (yU )ij . (10)

5

∆W = µHuHd + µ
�ΦHuHd
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Figure 4: Minimal value of MS as a function of λU in scenario A.

shown in Fig. 4.

Although the µ term, and therefore the fine-tuning is slightly larger than in ordinary

Gauge Mediation, the SUSY particles can be much lighter. Near the minimum at λU ≈ 0.6

the lightest stop can be as light as 200 GeV, which can be particularly relevant for new

effects in the flavor sector as we are going to discuss in the next section. Also larger values

of λU are interesting since they give light first family squarks, light gluinos (relevant for LHC

searches) and light LH sleptons. This latter feature can be particularly relevant for the SUSY

contribution to the anomalous magnetic moment of the muon, ∆aµ ≡ (g − 2)
SUSY
µ /2, as

already pointed out in [6].

As we discussed, LH slepton masses strongly decrease for sizeable values of λU (and can

become smaller than the RH ones). and thus are significantly lighter than in ordinary Gauge

Mediation (where mµ̃L � 1.7 TeV for mh � 122 GeV). Moreover, for sizeable values of λU ,

µ � mµ̃L . In this regime, ∆aµ is dominated by the pure Bino contribution, which is µ-

enhanced, in contrast to the usually dominant µ-suppressed Wino-Higgsino contribtution, as

recently discussed in [11]. In this case, ∆aµ can be roughly approximated by

∆aµ ≈ 1.3× 10
−9

�
tanβ

10

��
500GeV

m̃µR

�2�µ/m̃µL

10

�
. (27)

As a consequence the SUSY contribution to (g − 2)µ can be easily large enough to lower

the tension with the experimental measurements. As an illustration we plot in Fig. 6 ∆aµ
as a function of λU for scenario A with tanβ = 10, again fixing the spectrum such that

mh = 122GeV. As we can see, even for such moderate values of tanβ, ∆aµ can reach values

10

Evans, Ibe, Shirai, Yanagida ’12



Generating mu in the NMSSM

Field (ΦD)1 (ΦD)1 Hu Hd X Q S

U(1) 1 −1 1 1 0 −1/2 −2
Z3 1 −1 1 1 0 1 1

{

Φ�
D

W ∼ XΦD(Hu + ΦD) +QU(Hu + ΦD) + SHd(Hu + ΦD) + S
3

helps to get negative 
µ− term

m2
S


