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Introduction/Motivation

TeV scale softly broken supersymmetry 
(SUSY) has many benefits:

(i) Hierarchy problem

(ii) Gauge coupling unification

(iii) Higgs sector/radiative EW breaking

(iv) Dark matter candidate

SUSY

Most well-motivated+robust framework for physics beyond SM.
Definitive tests of the TeV scale SUSY hypothesis at the LHC!

Depends in detail on SUSY breaking sector.

etc....



SUSY flavor/CP problems:

relevant parameters105→ ∼ 20

gaugino masses: 

also

trilinears (3rd gen):

1st, 2nd gen scalars:M1,2,3

At,b,τ 3rd gen: m2
Q3,u3,d3,L3,e3

m2
Q,u,d,L,e

assume (can be relaxed carefully)

b ≡ Bµ

Fortunately, most are not likely to be important...

minimal flavor violation, no nonzero SUSY CP phases

The Soft SUSY Breaking Sector

Many parameters:  105 in the MSSM

µ,



Option 2.  Build models.

3 masses, 1 ratio, 1 sign

“Supersymmetry Without Prejudice”

C. Berger et al.  0812.0980

Option1. Study this set (or certain regions) explicitly.

Prototype:  mSUGRA/CMSSM

Example:

Beyond mSUGRA:  seek minimal models 

Bottom-up: solve problems of MSSM
Top-down: connections to underlying theory

(ideally both!)

This talk: a particular model framework (DMM)

Many examples...



Observable 
sector (SM)

Hidden sector
(SUSY broken)

hey, SUSY’s 
broken

Hidden sector paradigm:   

cool.

standard mediation mechanisms: 
gravity,  gauge,  anomaly/“bulk”

Building SUSY Models

order parameter of SUSY breaking

Φ
FΦ



Mediators side-by-side
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Gravity: Gauge: Anomaly:

mSUSY ∼
1

16π2

FC

C

m3/2 ∼
FC

C

m3/2 ∼
FX

MPl
m3/2 ∼

F

MPl

mSUSY ∼
1

16π2

FX

X
mSUSY ∼

F

MPl

Solves:
mu/Bmu problem* flavor problem flavor problem*



mirage mediation (MM), deflected mirage mediation (DMM)

Alternative approach:
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“mixed” scenarios:  2 or 3 mediation mechanisms comparable

Standard model-building approach:

solve problems of the MSSM (flavor/CP, mu/Bmu, etc.)

Examples:

typically only 1 mediation mechanism dominates 

purely top-down

Motivation:

recent progress in 
moduli stabilization 

in string theory
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Motivated by KKLT scenario (Type IIB string theory) Kachru, Kallosh, 
Linde,  Trivedi ’03 

Hidden sector
(SUSY broken)

Observable 
sector (SM)

T,C

A mixed modulus-gravity/anomaly mediation model!

FT

T + T̄
∼ 1

log(MPl/m3/2)
FC

C
∼ 1

4π2

FC

C

stabilization of  T (Kahler) modulus

Choi et al. ’05, Endo et al. ’05,...
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Why  “mirage”?

Apparent unification of soft terms at “mirage scale”
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Choi et al. , ’05,... 

anomaly/grav effective ratio

αm = 1 αm = 1

αm = 1 αm = 2
(KKLT) (TeV mirage)



Deflected Mirage Mediation (DMM)
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Hidden sector
(SUSY broken)

Observable 
sector (SM)

T,C

X stabilization of  T,X moduli

X, messengers (generic): can give comparable gauge-mediated terms

m(grav)
soft ∼ m(anom)

soft ∼ m(gauge)
soft

L.E., I.-W. Kim, P. Ouyang, K. Zurek, 0804.0592, 0806.2330

A mixed modulus-gravity/anomaly/gauge mediation model!

WX ∼ Xn + XΨΨ

FX

X
∼ − 2

n− 1
FC

C
n ≥ 3 or n < 0

,Ψ,Ψ



FT

T + T̄
= m0

FC

C
= αm log(MPl/m3/2)m0

FX

X
= αg

FC

C

modular weights
(usually fix these)

MSSM MSSM

MG

+Ψ, Ψ̄

MmessMZ = 〈X〉

(N pairs)

The Parameters of Deflected Mirage Mediation

2 mass scales, 3 ratios (discrete/cont?), 1+ discrete, 1 sign

overall scale:

ratio: anomaly/grav

ratio: gauge/anomaly

Idea: can “dial” b/w scenarios with αm, αg

tanβ, signµ, {ni}



Mmirage = MG

(
m3/2

MP

)αmρ/2

ρ =
1 + 2Ng2

0
16π2 ln MGUT

Mmess

1− αmαgNg2
0

16π2 ln MP
m3/2

Why  “deflected mirage”?

αg > 0 αg < 0large thresholds
(nonpert. stab.)

small thresholds
(pert. stab.)

Mmess = 1012 GeV,αm = 1,αg = 1, N = 3, tanβ = 10, µ > 0



Mmess = 1012 GeV,αm = 1,αg = 1, N = 3, tanβ = 10, µ > 0

Large thresholds scenario: Mass Spectrum

compressed gaugino sector due to TeV mirage unification



Varying the messenger scale...

Mmess = 105 GeV,αm = 1,αg = 1, N = 3, tanβ = 10, µ > 0

wino LSP scenario...



Mmess = 1012 GeV,αm = 1,αg = −0.5, N = 3, tanβ = 10, µ > 0

Small threshold scenario... αg < 0



Mmess = 1012 GeV,αm = 1,αg = −0.5, N = 3, tanβ = 10, µ > 0

Small threshold scenario: Mass Spectrum

Depends in detail on (deflected) mirage scale!



DMM Collider Phenomenology

Model Point σsusy (pb) Trigger Eff. Multijet 1 Lepton OS Dilepton Trilepton
Line A

A2 1× 10−3 98.8% 7794 3846 687 213
A3 5× 10−3 99.1% 8238 3741 360 105
A4 0.02 98.4% 6171 5976 823 252
A5 0.21 73.8% 1447 31 3 2

Line B
B1 0.38 98.4% 4339 4031 1486 447
B2 1.54 96.8% 3155 3441 379 75
B3 5.56 88.0% 2409 182 0 0

Line C
C1 0.25 98.9% 8798 3784 398 90
C2 0.59 98.6% 7932 3588 310 68
C3 1.45 98.0% 5591 3718 499 102
C4 3.80 96.1% 2931 3577 353 76
C5 11.71 90.2% 2785 871 12 2

Line D
D1 12.7 95.9% 2680 2728 654 145
D2 27.0 94.0% 2274 2195 309 48
D3 61.1 91.0% 1328 1278 132 16
D4 152.0 84.6% 759 660 34 2
D5 459.7 67.2% 365 109 4 1

Table 3: Gross LHC Features for Model Lines of Table 1. More caption. All mass values are given

in units of GeV.

increased by relaxing this constraint, but only at the expense of including more of the
(already sizable) Standard Model background.

In addition to being a discovery mode, the multijet channel has also been suggested as a
tool for crudely measuring the overall mass scale of the superpartners. More specifically, the
peak in the distribution of the variable Meff , defined by the sum of the missing transverse
energy and the transverse momenta of the four hardest jets in the event

Meff = "ET +
4∑

i=1

pjeti
T , (4.2)

is known to track the mass of the lowest-lying colored superpartner, most often the gluino [10].
This continues to be the case in the deflected mirage model. In Figure 2 we show the distri-
bution in Meff as defined by (4.2) for line A and three values along line C. The diminishment
of the signal for the point A5 is directly related to the decreased missing energy in this
case. For the other points in the two lines the total number of events remains roughly
constant, with the peak in the distribution at a value roughly given by Mpeak

eff # 1.2×mg̃.
Events involving high pT jets and isolated leptons with missing transverse energy can

also be excellent discovery modes for supersymmetry [11, 12, 13]. The final three columns of

– 5 –

Parameter Set αg Value
αm M0 Mmess -1.0 -0.5 0 0.5 1.0

Line A 1 2 TeV 1012 GeV τ̃ LSP ! ! ! !!
Line B 1 1 TeV 108 GeV ! !! ! g̃ LSP g̃ LSP
Line C 0.771 0.8 TeV 1012 GeV ! ! ! ! !
Line D 0.755 0.4 TeV 1012 GeV ! ! ! ! !

Table 1: Input parameters for benchmark lines. More caption. Points marked with the double

check-mark were studied in Ref. [5].

threshold correction to their soft masses scales as g4
1(Mmess). As a result the lightest stau

will have a roughly constant mass across the entire model line. There is therefore typically
some value of αg < 0 such that even the lightest neutralino is pushed to a mass above that
of the lightest stau. This occurred for the case αg = −1.0 in model line A. All other points
gave a reasonable spectrum and proper electroweak symmetry breaking at the low-energy
scale.1

The collider phenomenology of these models is dictated first and foremost by the overall
mass scale of the superpartners – particularly those which carry SU(3) quantum numbers.
The masses of these states vary dramatically with αg. The mass of the gluino and lightest
stop are listed in the first two columns of Table 2. Model lines C and D were chosen to
produce very light squarks and gluinos – resulting in a much more favorable scenario for the
LHC. it should be noted, however, that the results of Section SEC imply that satisfying
the WMAP relic density requirement and the LEP bound on the lightest CP-even Higgs
mass tends to imply a much larger mass scale for these states.2 Model lines A - C all involve
a mass for the lightest Higgs state which satisfies mh ≥ 113 GeV over all αg values. For
the case of line D, however, we have mh ≤ 112 GeV along the model line. Nevertheless we
will retain this model line for our subsequent analysis as the signatures are representative
of a large class of models in deflected mirage mediation.

As has been pointed out recently [1], once event rates are normalized to the overall mass
scale of the colored superpartners the next most important factor determining the inclusive
signatures for a model at the LHC is the hierarchy of low-lying superpartner masses. This
is particularly true for leptonic signatures produced through the production and decay of
light neutralino and chargino states. A comprehensive examination of the possible hierarchy
patterns in the deflected mirage mediation model in the manner of Refs. [2, 3] is beyond
the scope of the present study and will be presented elsewhere [CITE US]. Here we will
simply list the value of the lightest neutralino mass, the lightest slepton mass (generally a
scalar tau), and the mass difference between the lightest chargino and lightest neutralino
which we denote as

∆+ ≡ mχ̃±1
−mχ̃0

1
. (4.1)

1Could probably also refer back to some of the results from the scanning section on the issue of non-

neutralino LSPs.
2I have not computed the relic density for these points – but I don’t expect them to hit the WMAP value.

We can discuss how to play that off.

– 2 –
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Figure 1: Missing Transverse Energy Distribution for Model Lines A and D. More caption.

Table 3 list the number of events involving one, two and three isolated leptons (respectively)
satisfying p!

T ≥ 20 GeV. Each of these signatures requires two or more jets satisfying
pjet

T ≥ 50 GeV and "ET ≥ 200 GeV. The dilepton signature involves precisely two leptons
of opposite sign, though they can be of any flavor (note again that lepton here implies e or
µ).

Two features can be seen in the leptonic data of Table 3. The broader feature is the
general reduction in leptonic activity as the value of αg is increased along each line. The
reduction is most severe for the multi-lepton signals when the mass gap between χ0

2 or χ±1

– 6 –

First study: effects of gauge mediation.

multijets

Can be dramatic!

B. Altunkaynak, L.E., I.-W. Kim, B. Nelson, Y. Rao, 1001.5261



DMM Collider Phenomenology

 Landscape of lightest 4 non-SM particle masses

Current study (in progress):

comparison with: mSUGRA
“SUSY without Prejudice”

D. Feldman, Z. Liu, P. Nath ’07, ’08

C. Berger, J. Gainer, J.Hewett, T. Rizzo ’08

Scan of 24.75M DMM models:

1 ≤ N ≤ 5
104 GeV ≤Mmess ≤ 1016 GeV

50 GeV ≤ m0 ≤ 2 TeV

0 ≤ αm ≤ 2
−1 ≤ αg ≤ 2
1 ≤ tanβ ≤ 60

B. Altunkaynak, L.E., I.-W. Kim, B. Nelson, Y. Rao, in preparation

(variety of cuts)



Feldman, Liu, Nath ’07

Compare: mSUGRA patterns (FLN)

(WMAP3)



DMM Results (preliminary)

+ updated mass bounds, indirect bounds

(WMAP upper)
(WMAP7)

mSP3
mSP4
mSP2

mSP2

mSP3
mSP3
mSP2

mSP2

mSP6

mSP6

mSP6

mSP7
mSP7

mh > 110 GeV

0.0997 < Ωχh2 < 0.1221

mSP3

Ωχh2 < 0.1210

mSP1

mSP1

mSP2
mSP2

mSP7
mSP2

mSP10 mSP4
mSP8

mSP4
mSP4



Summary and Outlook
• SUSY model building: important for testing TeV-scale SUSY 

hypothesis in LHC era

• Theory-motivated “mixed” scenarios: typically do not solve low 
energy problems of MSSM, but allow for means to “dial” between  
known scenarios and yield distinctive low energy spectra 

• Deflected mirage mediation: string-motivated mixed gravity-
gauge-anomaly mediation model

• Current study: “landscape” of DMM models, comparison w/
mSUGRA and “SUSY without Prejudice” studies.  Still need to 
characterize dark matter-allowed regions fully.

• Stay tuned!


