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Introduction

The legacy of LHC Run 1:

Don’t give up yet: best candidate to protect 
weak scale is still low-energy SUSY

A 125 GeV Higgs, no new physics

Still room for light sparticles: 
explore non-minimal models

For heavy SUSY indirect tests important: 
explore non-minimal sflavor structures



Minimal Gauge MediationGauge Mediation

〈Z〉 = M + F θ2

SUSY
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BREAKING
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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
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Very predictive  (5 parameters)

Higgs mass problematic 

Solves SUSY Flavor Problem (MFV)

(small A-terms) 
mg̃ � 3TeVneed



• large radiative 

• large boundary 

• new tree-level

At

At

∆m2
h

heavy gluino & squarks

new couplings messenger - Q,U,Hu

D-terms, F-terms, mixing }

NMSSM

How to increase Higgs mass?

The Higgs mass in Gauge Mediation
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The Higgs mass in Gauge Mediation

How to increase Higgs mass?

• large radiative 

• large boundary 

• new tree-level

At

At

∆m2
h

heavy gluino & squarks

new couplings messenger - Q,U,Hu

D-terms, F-terms, mixing }

NMSSM
Part II

Part I



Part I: Messenger-Matter couplings

messengers have same quantum number as  Higgs 

Wyuk = y
u
ijQiUjHu ∆Wyuk = λu

ij
QiUjΦ

5
Hu

get new contributions to A-terms and soft masses

∆m2
Q(U) ∼

Λ2

256π4

�
λUλ

†
U − g23

�
λUλ

†
UAt ∼

Λ

16π2
λUλ

†
UyU

need to take care of flavor structure: λU �= O(1)ij

...but plausible since also yU �= O(1)ij



Flavored Gauge Mediation

∆W = λijQiUjΦ
5
Hu

λij ∼ yuijλij = c yuij

controlled by same 
underlying flavor model 

Shadmi & Szabo ’11Evans, Ibe, Yanagida ’11

only flavor pheno different: FGM gives non-MFV sflavor

2 possibilities to relate new couplings to up-Yukawas

aligned to Yukawas 
through explicit mixing 

(MFV)

In both cases SUSY spectrum controlled by single 
new parameter        and easily in LHC reachλu

33

(“Flavored Gauge Mediation”)

Abdullah, Galon, Shadmi, Shirman ’12



light 1st gen  
squarks & 

gluinos

light stops light sleptons: g-2
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Sflavor Structure in U(1) Flavor Model
Calibbi, Paradisi, RZ, ’13

Estimate couplings in terms of masses 
and mixings through FN charges

X X†

ΦHu

ΦHd

Q†
i Qj

ΦHu

Uk�qi+uk �qj+uk

Loop origin gives CKM suppression of flavor violation

(yU )ij = xij�
qi+uj (λU )ij = yij�

qi+uj

}
O(1)

�
m̃2

Q

�
ij
∼ (λU )ik (λU )

∗
jk ∼ �qi+qj+2u3 ∼ Vi3V

∗
j3y
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Comparison 

SUSY Partial Compositeness

Gravity Mediation + U(1)

∼
�
λUλ

†
U

�
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∗
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2
t
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∗
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Flavored GM + U(1)
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MFV PC U(1) FGMU,D +U(1) FGMU +U(1)
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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

Flavor violation similar to SUSY Partial 
Compositeness (dominantly in LR sector)  



The Higgs mass in Gauge Mediation
How to increase Higgs mass?

• large radiative 

• large boundary 

• new tree-level

At

At

∆m2
h

heavy gluino & squarks

new couplings messenger - Q,U,Hu

D-terms, F-terms, mixing }

NMSSM
Part II

Part I



Part II: Raise tree-level Higgs with mixing

�
m2

h m2
hs

m2
hs m2

s

� m2
h > m2

s
m2

h2
≈ m2

h +
m4

hs

m2
h

mixing angles constrained by LEP and LHC 

Badziak, Olechowski, Pokorski ’13 

can realize in NMSSM ∆W = λSHuHd +
κ

3
S
3

mh1 ≈ 94GeV cos θ ≈ 0.88

maximal contribution to Higgs mass for 



Can one realize this scenario in Gauge Mediation?

Embedding into GMSB

(besides predictivity motivated by µ-Bµ problem of GMSB) 

µ ∼ a
Λ

16π2MSSM + GM:

NMSSM + GM:

Bµ ∼ a
Λ2

16π2
∼ 16π2µ2

...not in minimal Gauge Mediation 
because  singlet soft terms too small 

de Gouvea, Friedland, Murayama ’13
Dine, Nelson ’93

µ ∼ �S� ∼ msoft Bµ ∼ �FS� ∼ m2
soft ∼ µ2



The DGS Model

Simplest Model: Minimal GM with two pairs of 
messengers and direct couplings to singlet 

LUPM:15-002
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We revisit a simple model that combines minimal gauge mediation and the next-to-minimal

supersymmetric standard model. We show that one can obtain a 125 GeV Standard Model-like

Higgs boson with stops as light as 1.1 TeV, thanks to the mixing of the Higgs with a singlet state

at O(90 − 100) GeV. Sparticle searches at the LHC may come with additional b−jets or taus and

may involve displaced vertices. The sparticle production cross-section at the 13 TeV LHC can be

O(10− 100) fb, leading to great prospects for discovery in the early phase of LHC Run II.

I. INTRODUCTION

The discovery of a Higgs-like scalar particle with mass

close to 125 GeV [1] has considerable impact on super-

symmetric (SUSY) model building. In its simplest re-

alization, the Minimal Supersymmetric Standard Model

(MSSM), the tree-level Higgs mass is bounded from

above by the Z-boson mass, which implies that large

radiative corrections of the order of the tree-level mass

are needed [2]. This motivates extensions of the mini-

mal model with new tree-level contributions to the Higgs

mass. A possible source of enhancement of the tree-

level Higgs mass is mixing with an additional neutral

state that is lighter than the SM-like Higgs. This situa-

tion can be realized in the Next-to-MSSM (NMSSM) [3].

Analyses of the generic NMSSM parameter space have al-

ready demonstrated that this possibility is viable [4, 5].

Here instead we want to study this scenario in a simple

and predictive framework of SUSY breaking, gauge me-

diation [6], which solves elegantly SUSY CP and flavor

problems.

Indeed the combination of the NMSSM and gauge me-

diation is particularly motivated, as the NMSSM pro-

vides a simple solution to the notorious µ−Bµ problem [7]

of gauge mediation. Yet it is very difficult to realize this

scenario with minimal gauge mediation (MGM), as the

NMSSM soft terms are too small [8]. These problems

can however be cured by adding direct couplings of the

singlet to messengers, at the cost of a single new param-

eter. A viable model of this kind has been proposed by

Delgado, Giudice and Slavich (DGS) in Ref. [9]. How-

ever, the authors of Ref. [9] concluded that in this model

sparticles cannot be lighter than in MGM.

In this letter we re-analyze the DGS model and identify

new viable regions in the parameter space where singlet-

Higgs mixing is small enough to pass experimental con-

straints, but large enough to give substantial contribu-

tions to the tree-level Higgs mass. This model can there-

fore rely on smaller contributions from stop loops, thus

reducing the overall scale of sparticle masses. Interest-

ingly, squarks and gluinos can be light enough to be dis-

covered in the early stage of the LHC run II, in contrast

to MGM, where a 125 GeV Higgs mass requires colored

sparticles beyond the reach of the LHC (even for very

high luminosity) [10]. Moreover, we find that the light

singlet-like scalar can easily explain the 2σ excess around

98 GeV observed in the LEP Higgs searches [11, 12]. The

realization of this scenario, with maximal contribution to

the tree-level Higgs mass from mixing, fixes almost all

of the model parameters. A single parameter remains

free and controls the details of the phenomenology. The

lightest supersymmetric particle (LSP) is the gravitino

and the next-to-LSP (NLSP) is the singlino, a setup that

leads to new signatures at collider experiments. The

underlying model might therefore serve as a representa-

tive for a whole class of signatures that motivate suitable

SUSY search strategies.

II. THE DGS MODEL

The field content of the DGS model (see Ref. [9]

for details) consists of the NMSSM fields (the MSSM

fields plus a gauge singlet S), in addition to two copies

of messengers in 5+ 5̄ of SU(5), denoted by Φi, Φ̄i,

i = 1, 2 with SU(2) doublet and SU(3) triplet compo-

nents ΦD
i , Φ̄D

i ,ΦT
i , Φ̄

T
i , i = 1, 2. Supersymmetry break-

ing is parametrized by a non-dynamical background field

X = M +Fθ2. Apart from the Yukawa interactions, the

superpotential is given by the NMSSM part, the spurion-

messenger couplings and the singlet-messenger couplings,

W = WNMSSM +WGM +WDGS, where

WNMSSM = λSHuHd +
κ

3
S
3
, (1)

WGM = X

�

i=1,2

�
κD
i Φ̄D

i ΦD
i + κT

i Φ̄
T
i Φ

T
i

�
, (2)

WDGS = S
�
ξDΦ̄D

1 ΦD
2 + ξT Φ̄

T
1 Φ

T
2

�
. (3)
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ξD(MGUT) = ξT (MGUT) ≡ ξ

Delgado, Giudice, Slavich ’07

Aλ ∼ Aκ ∼ m̃ ξ2 m̃2
S ∼ m̃2 ξ2

�
ξ2 + κ2 + g2

�

m̃ ≡ 1/(16π2)F/M ≈ mg̃/2

4 parameters: 
[correct EWSB fixes    ]κ

λ, m̃, ξ, M



Figure 1

excluded by perturbativity of κ, for which we use the condition κ2 < 4π below the GUT scale.

Note that here is the main difference to DGS, which find that the dominant perturbativity

constraint comes from yt and therefore tanβ. Indeed their excluded region follows the tanβ
contours, while here it follows the κ(MGUT) contours. This difference is probably due to

the fact that in contrast to them we use two-loop RGEs which is likely to make a sizeable

difference in this region of the parameter space where couplings are large. We found that for

different values of Λ, M and mtop the perturbativity constraint forbidding large values of λ
and ξU comes either from yt or κ, i.e. it follows either a straight line as in Fig. 1 or a curved

tanβ contour as in the original DGS plot.

The most interesting regions for phenomenology are the blue regions where the lightest

CP-even Higgs mass is sizable (although not consistent with 125 GeV for this value of Λ). Let
us discuss these regions following DGS and using the approximate relations of the previous

section:

• Region I: small λ, small ξU :

In this region one has z ≈ − 16g23
225ξ2U

� −1 and therefore w ≈
√
8g3

15ξU
� 1. This implies

that the second term in Eq. (5) dominates λ2/κ2, so that
λ
κ ∼ tanβ ∼ 1√

8g3ξU
� 1.

Indeed one can see from the plot that in this region with very low ξU , tanβ is large and

depends only on ξU . Although κ is very small, λ cannot be too large in order to prevent

the appearance of a vacuum with lower energy, see Eq. (7). This gives approximately

λ � ξU , again in good agreement with the exact numerical result. The Higgs spectrum

depends on the smallness of ξU . Since it directly controls the A-terms, for ξU → 0 one

has Aλ, Aκ → 0 (up to small running effects) and therefore the singlet like CP-odd and

CP-even states become very light. In this region the 125 GeV Higgs can therefore be

both SM-like (h) or singlet-like (S). We will discuss this interesting case in more details

6

DGS Parameter Space

MSSM 
limit

NMSSM 
limit

MSSM - 
mixing 

Only 3 regions with sizable Higgs mass
m2

h = M2
Z cos2 2β + λ2v2 sin2 2β +m2

h,mix +m2
h,loop

bounded by         (perturbativity up            )M2
Z MGUT



These approximate results are useful to understand the main features of the exact nu-

merical analysis. In Fig. 2 we show a zoom in the low λ, ξU region on a log-log scale. For

the red(blue) points the SM-like state is h2(h1) and m̃ = 3.8TeV. For this value we get

ξ0U = 0.007, in good qualitative agreement with the border between blue and red points.

Moreover one can see that in the h = h2 region λ is much smaller than ξU . Instead in the

blue region λ is closer to ξU .

Figure 2

3.4 Particle Spectrum and Collider Phenomenology

We now discuss the typical particle spectra one finds in the different regions. Let’s start with
the case that the SM-like Higgs is the lightest CP-even scalar. In all regions one needs large

messenger scales and large m̃ to get sizable SUSY contribution to the tree-level Higgs mass.

Since this mass is lowest in region I and largest in region region III, the SUSY masses follow

this hierarchy. In all regions the SUSY particles are very heavy, for example the gluino is of

the order of 3 TeV in region III, of the the order of 4 TeV in region II and 5 TeV in region

III.

More interesting is the part of region I where the SM-like Higgs is the next-to-lightest

CP-even scalar, since in this case its tree-level mass can be enhanced. In this region λ and

ξU (and κ) are very small, and one can choose m̃ to be as small as possible. The messenger

scale is quite free, and mainly determines the gravitino phenomenology. Both cases of very

large and very small M are interesting, and we collect the spectra of these two cases in tables

8

The Push-Up Region

hSM ≈ h2 hSM ≈ h1

“...even in these regions the lightest Higgs mass is not larger 
than the maximal value attainable in the usual GMSB.“

MSSM + mixing region exists but hard to find  

Delgado, Giudice, Slavich ’07



Maximize tree-level Higgs 
contribution from mixing

Higgs mass still drives lower bounds on sparticles, 
but can be close to direct exclusion bounds

Allanach, Badziak, Hugonie, RZ ’15 

Look for maximal singlet-Higgs mixing

mh1 ≈ 94GeV cos θ ≈ 0.88

mh2 ≈ 125GeV

determines 3/4 parameters, 
only messenger scale free

}
∼ 10−2 ∼ 1TeV

Mλ, ξ m̃}
(determines gravitino phenomenology)
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FIG. 1: (Upper panel) SM-like Higgs mass vs. gluino mass

and (Lower panel) singlet-like Higgs mass vs. lightest stop

mass. The various model points are distinguished by the

Higgs-singlet mixing angle θ, which decreases from top to

bottom as specified in the upper panel. For the same SM-

like Higgs mass a larger mixing angle allows for much lighter

gluinos. The lightest stop masses are obtained for a singlet-

like Higgs around 94 GeV.

sum rule [15]:

m2
S̃
≈ m2

h1
+

1

3
m2

a1
, (11)

which implies that the singlino mass is about 100

GeV. Since in MGM the LSP is the gravitino and the

typical scale of the NLSP is the bino mass M1 ≈
420GeV (m̃/TeV), it is clear that here the singlino

strongly dominates the composition of the NLSP. This

is a distinguishing feature of this model.

This is closely connected to the main virtue of this

scenario, the large contribution to the tree-level Higgs

mass from singlet-Higgs mixing. This requires smaller

radiative corrections from stop loops, and in turn much

lighter sparticle masses than in MGM. Through these

corrections the observed Higgs mass of 125 GeV essen-

tially fixes the overall scale of the sparticle spectrum m̃,

up to an estimated theoretical uncertainty of 3 GeV in

the prediction of mh2 . We find that mh2 = 125 GeV is

compatible with a gluino mass of 2.1 TeV (1.4 TeV if

the theoretical uncertainty of 3 GeV for the Higgs mass

is taken into account). Squarks of the first two gener-

ations have approximately the same mass as the gluino

and should be within the reach of the LHC Run II. Stop

masses can be as light as 1.7 (1.1) TeV, which should be

compared with the lower bound on stop masses of about

8 (3) TeV in MGM [10]. In Fig. 1 we show the values of

Higgs, gluino and stop masses for several model points

separated by the singlet-Higgs mixing angle θ. Note

that cos
2 θ is roughly of the size of effective Higgs sig-

nal strengths Ri = (σ × BR)i/(σ × BR)
SM
i , which are

substantially reduced in this scenario. Nevertheless all

shown points are compatible with LEP and LHC con-

straints on the Higgs sector.

Having fixed (ξ,λ, m̃) by the set of physical Higgs pa-

rameters (mh1 ,mh2 , θ), the only free parameter left is

the messenger scale M . This parameter controls the low-

energy spectrum in several ways. First of all, increasing

M leads to larger values of At at the EW scale, which (as

in MGM) is purely radiatively generated and therefore

grows with the length of the RG running. In turn, this

enhances the stop-mixing contribution to the Higgs mass,

and therefore larger M leads to lighter stops and hence

smaller m̃ for the same value of mh2 . Also, the value of

M essentially determines the nature of the next-to-NLSP

(NNLSP). For small M � 10
8
GeV the (mostly right-

handed) stau is the NNLSP (with selectron and smuon

being co-NNLSP), because the soft mass mẼ is smaller

than M1 at the messenger scale. For M � 10
9
GeV (re-

quiring gluino masses below 2.5 TeV) the RG effects are
strong enough to raise mẼ above M1 and the bino-like

neutralino becomes the NNLSP. In the transition region

10
8
GeV � M � 10

9
GeV the NNLSP can be either stau

or bino, depending on the other parameters. The mes-

senger scale M controls the gravitino mass according to:

m3/2 = 38 eV

�
m̃

TeV

��
M

106 GeV

�
. (12)

The simultaneous presence of gravitino LSP and singlino

NLSP leads to a novel phenomenology quite different
both from MGM models and from typical NMSSM sce-

narios.

IV. LHC PHENOMENOLOGY

In our scenario decay chains of every supersymmetric

particle produced at the LHC end up in a singlino-like

neutralino Ñ1. Since the singlet couples very weakly,

these decays always proceed through the NNLSP or co-

NNLSP. The singlino subsequently decays to the grav-

itino and the singlet-like pseudoscalar a1, which in turn

predominantly decays to b-quarks:

Ñ1 → a1G̃ → bbG̃ . (13)
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FIG. 1: (Upper panel) SM-like Higgs mass vs. gluino mass

and (Lower panel) singlet-like Higgs mass vs. lightest stop

mass. The various model points are distinguished by the

Higgs-singlet mixing angle θ, which decreases from top to

bottom as specified in the upper panel. For the same SM-

like Higgs mass a larger mixing angle allows for much lighter

gluinos. The lightest stop masses are obtained for a singlet-

like Higgs around 94 GeV.

sum rule [15]:

m2
S̃
≈ m2

h1
+

1

3
m2

a1
, (11)

which implies that the singlino mass is about 100

GeV. Since in MGM the LSP is the gravitino and the

typical scale of the NLSP is the bino mass M1 ≈
420GeV (m̃/TeV), it is clear that here the singlino

strongly dominates the composition of the NLSP. This

is a distinguishing feature of this model.

This is closely connected to the main virtue of this

scenario, the large contribution to the tree-level Higgs

mass from singlet-Higgs mixing. This requires smaller

radiative corrections from stop loops, and in turn much

lighter sparticle masses than in MGM. Through these

corrections the observed Higgs mass of 125 GeV essen-

tially fixes the overall scale of the sparticle spectrum m̃,

up to an estimated theoretical uncertainty of 3 GeV in

the prediction of mh2 . We find that mh2 = 125 GeV is

compatible with a gluino mass of 2.1 TeV (1.4 TeV if

the theoretical uncertainty of 3 GeV for the Higgs mass

is taken into account). Squarks of the first two gener-

ations have approximately the same mass as the gluino

and should be within the reach of the LHC Run II. Stop

masses can be as light as 1.7 (1.1) TeV, which should be

compared with the lower bound on stop masses of about

8 (3) TeV in MGM [10]. In Fig. 1 we show the values of

Higgs, gluino and stop masses for several model points

separated by the singlet-Higgs mixing angle θ. Note

that cos
2 θ is roughly of the size of effective Higgs sig-

nal strengths Ri = (σ × BR)i/(σ × BR)
SM
i , which are

substantially reduced in this scenario. Nevertheless all

shown points are compatible with LEP and LHC con-

straints on the Higgs sector.

Having fixed (ξ,λ, m̃) by the set of physical Higgs pa-

rameters (mh1 ,mh2 , θ), the only free parameter left is

the messenger scale M . This parameter controls the low-

energy spectrum in several ways. First of all, increasing

M leads to larger values of At at the EW scale, which (as

in MGM) is purely radiatively generated and therefore

grows with the length of the RG running. In turn, this

enhances the stop-mixing contribution to the Higgs mass,

and therefore larger M leads to lighter stops and hence

smaller m̃ for the same value of mh2 . Also, the value of

M essentially determines the nature of the next-to-NLSP

(NNLSP). For small M � 10
8
GeV the (mostly right-

handed) stau is the NNLSP (with selectron and smuon

being co-NNLSP), because the soft mass mẼ is smaller

than M1 at the messenger scale. For M � 10
9
GeV (re-

quiring gluino masses below 2.5 TeV) the RG effects are
strong enough to raise mẼ above M1 and the bino-like

neutralino becomes the NNLSP. In the transition region

10
8
GeV � M � 10

9
GeV the NNLSP can be either stau

or bino, depending on the other parameters. The mes-

senger scale M controls the gravitino mass according to:

m3/2 = 38 eV

�
m̃

TeV

��
M

106 GeV

�
. (12)

The simultaneous presence of gravitino LSP and singlino

NLSP leads to a novel phenomenology quite different
both from MGM models and from typical NMSSM sce-

narios.

IV. LHC PHENOMENOLOGY

In our scenario decay chains of every supersymmetric

particle produced at the LHC end up in a singlino-like

neutralino Ñ1. Since the singlet couples very weakly,

these decays always proceed through the NNLSP or co-

NNLSP. The singlino subsequently decays to the grav-

itino and the singlet-like pseudoscalar a1, which in turn

predominantly decays to b-quarks:

Ñ1 → a1G̃ → bbG̃ . (13)

Allows for 1.4 
TeV Gluinos

and 1.1 TeV stops

large Higgs-
singlet mixing

small Higgs-
singlet mixing
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IV. LHC PHENOMENOLOGY

In our scenario decay chains of every supersymmetric

particle produced at the LHC end up in a singlino-like

neutralino Ñ1. Since the singlet couples very weakly,

these decays always proceed through the NNLSP or co-

NNLSP. The singlino subsequently decays to the grav-

itino and the singlet-like pseudoscalar a1, which in turn

predominantly decays to b-quarks:

Ñ1 → a1G̃ → bbG̃ . (13)

The decay length of the neutralino (in its rest frame) is

approximately given by

cτÑ1
≈ 2.5 cm

�
100GeV

MÑ1

�5 �
M

106 GeV

�2 � m̃

TeV

�2

.

(14)

Since M cannot be much below 10
6
GeV, it is clear from

the above formula that the singlino NLSP (with mass

about 100 GeV) always travels macroscopic distance be-

fore it decays. For large M the singlino decays well out-

side the detector so it is stable from the collider point

of view. However, for M ∼ 10
6 − 10

7
GeV the singlino

may decay in the detector after traveling some distance

from the interaction point leading to a displaced vertex.

Since the value of M also decides about the nature of

the NNLSP, it can be used to define three regions with

distinct LHC phenomenology, which we briefly discuss in

the remainder of this letter. A more detailed analysis of

LHC phenomenology and discovery prospects will be the

subject of a future publication.

In Table I we collect several characteristic benchmark

points. Points P1 and P4 represent the lightest SUSY

spectra we have found, for very low and very large mes-

senger scales, respectively. Since the Higgs mass errors

are pushed to the limits, we consider these points merely

as limiting cases, although not necessarily unrealistic.

Note in particular that P4 is not obviously ruled out by

standard SUSY searches for jets + missing ET , since the

additional decay of the would-be-LSP bino to singlino re-

duces efficiency compared to the CMSSM [18, 19]. The

other points are representatives for the three characteris-

tic regions discussed below, and P3 is in addition cho-

sen to fit the LEP excess. Note that all points have

quite large singlet-Higgs mixing, leading to reduced effec-
tive Higgs couplings. Points with smaller mixing and/or

larger Higgs masses can be obtained by increasing the

overall SUSY scale m̃.

In all regions sparticles can be very light, so that huge

parts of the parameter space are in the reach of LHC Run

II. As can be seen from Table I the total strong produc-

tion cross-section (dominated by q̃q̃ and q̃g̃) isO(10−100)

fb, as computed with PROSPINO [20]. LHC Run II is ex-

pected to deliver O(10) fb
−1

of integrated luminosity in

2015, which results in O(100− 1000) potentially discov-

erable events. The total EW production cross-section at

the 13 TeV LHC (computed with Pythia 8.2 [21]) is

P1 P2 P3 P4 P5

m̃ 7.5 · 102 8.7 · 102 9.3 · 102 5.9 · 102 9.3 · 102

M 1.4 · 106 2.8 · 106 3.3 · 107 8.3 · 1014 3.4 · 1014

λ 1.0 · 10−2
9.3 · 10−3

6.7 · 10−3
9.2 · 10−3

6.9 · 10−3

ξ 1.2 · 10−2
1.1 · 10−2

1.3 · 10−2
3.2 · 10−2

2.0 · 10−2

tanβ 25 28 24 26 21

mh1 92 93 98 94 94

mh2 122.1 123.4 122.9 122.1 125.0

ma1 26 26 28 40 32

mÑ1
101 102 106 104 104

mÑ2
322 377 400 251 379

mẽ1 303 358 406 449 676

mτ̃1 284 333 376 432 637

mg̃ 1.73 1.98 2.09 1.37 2.06

mũR 1.79 2.06 2.15 1.36 2.07

mt̃1
1.64 1.87 1.90 1.06 1.63

cτÑ1
6.4 · 10−2

0.34 48 1.9 · 1016 6.0 · 1015

σ13TeV
q̃q̃ 9.35 2.99 1.98 59.7 2.63

σ13TeV
q̃g̃ 11.9 3.30 2.01 91.1 2.48

σ13TeV
strong 25.2 7.28 4.58 190 5.95

σ8TeV
strong 0.51 0.07 0.03 10.1 0.05

σ13TeV
EW 27 12 7.5 6.7 5.6

σ8TeV
EW 5.5 2.1 1.2 1.3 0.7

TABLE I: List of benchmark points. All masses are in GeV

except colored sparticle masses in TeV, the neutralino decay

length cτÑ1
in m and cross-sections in fb. All points have

reduced effective Higgs couplings, with Higgs signal strenghts

about 0.75, as a result of a Higgs-singlet mixing angle with

cos θ ≈ 0.88.

.

typically comparable to the strong one but is distributed

among many different channels with rather small indi-

vidual cross-sections of order O(1−10) fb. The most fre-

quent EW production channel is χ+
1 χ

0
3 (which are wino-

like states decaying dominantly to staus) with the cross-

section of about one fifth of the total EW cross-section

[28].

A. Low-M Region: M � 10
7
GeV

In this region, represented by benchmarks P1 and

P2 in Table I, the lightest stau is the NNLSP (with

smuon/selectron co-NNLSPs) and therefore the singlino

is produced in association with either tau or leptons.

Since the splitting between sleptons and the singlino is

around 200 GeV or more, one expects high-pT taus or

leptons in the final state, which presumably can be used

to reduce QCD backgrounds considerably. In this region

the singlino decays (via light pseudoscalar) to bb̄ still in-

side the detector. However, identifying these displaced

b-jets might be challenging since they are expected to be

very soft due to the small pseudoscalar mass. We note

[m]

[fb]

µ ∼ 0.75
• reduced Higgs signal 

strengths

• singlino NLSP ~ 100 GeV 
displaced decays/stable

• stau/bino NNLSP ~ 300 GeV

• light pseudoscalar ~ 25 GeV

• singlino essentially decoupled 
SUSY decays through NNLSP



Signals depend on NNLSP nature 
and singlino decay length

LSP

NLSP

NNLSP

colored

G̃

S̃100

300

1000

GeV

B̃ τ̃1/

g̃, q̃

displaced/outside detector



Low-M region: M < 107 GeV

NLSP

NNLSP

colored

G̃

S̃100

300

1000

GeV

τ̃1

displaced + 

g̃, q̃

+ τ/µ/e

µ̃, ẽwith co-NNLSPs

bb

LSP



LSP

NLSP

NNLSP

colored

G̃

S̃100

300

1000

GeV

τ̃1

outside detector

g̃, q̃

Medium-M region: M ~ 107-9 GeV

+ τ



LSP

NLSP

NNLSP

colored

G̃

S̃100

300

1000

GeV

B̃

outside detector

g̃, q̃

Large-M region: M > 109 GeV

+ bb



LHC Phenomenology
Allanach, Badziak, Cottin, Desai, Hugonie, RZ  

in progress

• All benchmarks allowed by run1

• Displaced singlino vertex dramatically reduces sensitivity

• Dedicated DV searches not effective due to 2nd DVs from b-jets

P1 P2 P3 P4 P5
NNLSP stau stau stau bino bino

mg̃ 1.73 1.98 2.09 1.37 2.06
mũR 1.79 2.06 2.15 1.36 2.07
mt̃1 1.64 1.87 1.90 1.06 1.63

σ13TeV
strong [fb] 25 7.3 4.6 190 6.0

σ8TeV
strong[fb] 0.51 0.07 0.03 10.1 0.05
cτÑ1

[m] 6.4 · 10−2 0.34 48 ∼ ∞ ∼ ∞
search multi-� + MET multi-� + MET multi-� + MET jets + MET jets + MET

σ/σexcl
95% 0.08 0.36 0.04 0.93 0.03

1



Summary

• A 125 GeV Higgs in Minimal Gauge Mediation 
requires colored sparticles out of LHC reach: 
motivates extensions of minimal model 

• Flavored messenger matter-couplings generate large 
A-terms: leads to rich (but viable) flavor 
phenomenology that allows to test flavor models

• Minimal model for NMSSM + Gauge Mediation allows 
for light sparticles thanks to Higgs-singlet mixing: very 
predictive framework with new collider signatures from 
displaced singlino decays into b-jets 
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High-energy Soft Terms

• 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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• New contribs to 2-loop squark masses 

∆m2
Q(U) ∼

Λ2

256π4

�
λUλ

†
U − g23

�
λUλ

†
U ∆m2

D ∼ Λ2

256π4
y†DλUλ

†
UyD

(on top of MGM) 

Only 1 new parameter relevant for spectrum



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


