
Valya Khoze

(IPPP Durham University)

Supersymmetry overview

from theoretical models to applications at the LHC

IPPP Steering Committee / Durham May 5th 2011



1. Supersymmetry@IPPP overview

-Valya Khoze

2. Impact of the LHC data on SUSY   

models                      -Matt Dolan

3. Beyond the Standard Model at the low     

energy frontier           -Joerg Jaeckel

BSM Presentations:



From models to LHC (and back)@IPPP

Theory 

Model@

>>TeV

Phenomenology

Model @

~TeV

Predictions 

for exp.:

signal + 

background

Monte Carlo

Comparison 

with exp.

SoftSUSY Herwig++

Sherpa

PDFs

Rivet



From models to LHC (and back)@IPPP

Theory 

Model@

>>TeV

Phenomenology

Model @

~TeV

Predictions 

for exp.:

signal + 

background

Monte Carlo

Comparison 

with exp.

Abel, Brummer, Dolan,

Jaeckel, Khoze

Boehm, Feldmann, Franco,

Pascoli, Lopez-Pavon, Schmidt

Duhr, Grellscheid, Glover, Hoeth, 

Valery Khoze, Luisoni, Krauss,  

Alan Martin, Maitre, Pilkington, Re,

Richardson, Signer, 

Spannowsky, Zapp

SoftSUSY Herwig++

Sherpa

PDFs

Rivet



Steve Abel, James Barnard,   Felix Brummer,

Matt Dolan, Callum Durnford, David Grellscheid, 

Joerg Jaeckel, Valya Khoze,  Luis Matos, 

Peter Richardson, Chris Wymant

IPPP academic staff

RA’s

students

2011: Collaboration unique to (and relying upon the existence of) IPPP 

– synergy of in-house expertise in SUSY-theory, SUSY-phenomenology  

and Monte Carlo event generation and analysis.

Future plans: further extension and wider collaborations incorporating 

flavour model building, dark matter, Higgs, string pheno, neutrinos.

SUSY part - Main Contributors



QCD and Electroweak physics (including higher order calculations, 

Higgs physics and top physics)

Parton Distributions (MSTW)

Monte Carlo event generators development and uses

(Herwig and Sherpa)

Scattering amplitudes: on-shell methods and applications

Flavour physics

Neutrino physics

Dark matter and Cosmology

Duality in gauge theory and string theory, non-perturbative dynamics

String phenomenology

Beyond SUSY and BSM topics (covered today) research expertise 

@IPPP includes:



1. Why supersymmetry

2. SUSY-breaking and mediation models 

3. General gauge mediation (GGM)

4. Gauge Mediation and 

other SUSY models at LHC @ 7 TeV

Plan of the Talk



Why Supersymmetry

SUSY continues to be the most compelling candidate for

the theoretical framework describing particle physics

beyond the Standard Model. –Why?

1. SUSY (even when softly broken) removes quadratic 

divergencies previously occurring in the scalar masses.

→ improves consistency of the theory,

helps with the hierarchy problem

2.   SUSY improves the unification of the Standard Model  

gauge couplings

→ Grand Unification 



Why Supersymmetry
continued…

3.  Supersymmetry breaking triggers electroweak symmetry 

breaking in the Standard Model by generating a 

negative mass-squared term for the Higgs Hu

→ goes towards explaining electroweak symmetry breaking

4.   Supersymmetry with conserved R-parity can explain 

Dark Matter – neutralino LSPs in gravity mediation; 

gravitino LSPs in gauge mediation...

→ Dark Matter and Cosmology applications



Why Supersymmetry
and finally…

5. Supersymmetry is already required in string theory

(a UV-complete underlying description unifying with

quantum gravity)

→ if SUSY of string theory is not broken at high    

scales, supersymmetry is not a new addition.



SUSY-breaking and mediation

• Supersymmetry must be a broken symmetry – no 

superpartners found so far, clearly mass degeneracy is 

broken by at least ~100 GeV - 1 TeV effects.

• Supersymmetry is then a spontaneously broken 

symmetry, but this cannot be phenomenologically

realised within just the Standard Model sector.

• Need for a separate SUSY-breaking sector where 

h Fi  0 are generated.



SUSY-breaking and mediation

• Thus, SUSY is dynamically broken in a Hidden Sector of 

the full theory and the effects of this SUSY-breaking are 

mediated to the Visible Sector (MSSM) by some flavour-

blind interactions.

• Soft SUSY-breaking terms in the MSSM arise as a result 

of this mediation. They can be computed from the 

underlying theory / mediation mechanism (if known).

Hidden 

SUSY-breaking

sector

SUSY SM sector

(MSSM)

Flavour-blind

Interactions

(messengers)



SUSY-breaking and mediation
Two main mediation scenarios:

• Gravity mediation: SUSY-breaking is communicated to 

the MSSM only via gravity-strength interactions        

Mmessenger=MP

• Gauge mediation: Messengers are ordinary matter fields 

coupled to the Hidden sector and to the SM gauge fields. 

SM gauge interactions are responsible for the generation 

of soft terms in MSSM. Mmessenger is a free scale.

Also:

• Extra-dimensional mediation: Gaugino mediation and 

Anomaly mediation scenarios.



Gravity mediation and CMSSM
Supersymmetry breaking in MSSM arises from Plank suppressed terms 

in the supergravity effective lagrangian



Gravity mediation and CMSSM
This simple model is the Constrained MSSM (CMSSM);     

its soft terms are

It is important to stress that inspite of its universal appeal, the CMSSM is 

not derived from any theory, it is an assumption within Gravity mediation.

E.G., Gravity mediation in general leads to unsuppressed flavour violation

which needs to be explained; in the CMSSM it is set to zero by hand.



CMS

One of our main goals - apply the LHC results and data to SUSY models beyond the 

CMSSM:

General Gauge Mediation

large set of previously proposed benchmark points

(and even CMSSM again)

CMSSM exclusion plots from CMS and ATLAS
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Gauge mediation

Hidden sector susy SM sector

messengers

Messenger fields are coupled to the SUSY-breaking sector and to the SM 

sector. Importantly, in the SM sector they are coupled only to the gauge 

multiplets, not to the matter fields. => Pure gauge mediation.

Gauge mediation manifestly does not give raise to new flavour changing 

processes since SM gauge interactions are flavour blind.

LSP of gauge mediation is gravitino. Contrary to gravity mediation the lightest 

neutralino will always ultimately decay into gravitino and cannot be a dark matter 

candidate. However this does not rule out a possibility of gravitino dark matter.



Gauge mediation

• Gaugino masses are generated by:

• Scalar mass squared are generated by:

← messenger loop

← messenger loop



Gauge mediation



Gauge mediation



Gauge mediation



If supersymmetry is discovered, and if (in remote future) all squark and slepton

masses of the first two generations will be measured, depending on the accuracy

of these measurements, one can in principle reconstruct the running S parameters

and check if Unification and Gauge Mediation take place.

This is a criterium independent of the unification of gauge couplings.



Pure General Gauge Mediation



Pure GGM Phenomenology: B and mu
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Pure GGM: finding the Parameter Space 



Pure GGM: B and tan(beta) at low energies



Pure GGM: NLSP and NNLSP



Example of gluino decay cascades for a characteristic point with a relatively light   

gluino (and neutralino NLSP).



Pure GGM: experimental constraints





ATLAS Constraints on pGGM parameter space
Dolan-Grellscheid-Jaeckel-VVK-Richardson 1104.0585

Left panel is the parameter space @ Mmess=1014 GeV before the LHC data. Stop mass 

contours (500 GeV and 1 TeV) are dotted lines and solid lines are gluinos (500 GeV

and 1 TeV) . NLSP is neutralino above the diagonal and stau below.

Right panel shows 95% exclusion contour in red derived from ATLAS data. Colour scale

shows the expected number of signal events normalised to the exclusion limit, i.e. 1.
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Left panel is the parameter space @ Mmess=1010 GeV before the LHC data.

Right panel shows 95% exclusion contour in red derived from ATLAS data. Colour scale

shows the expected number of signal events normalised to the exclusion limit, i.e. 1.



ATLAS Constraints on pGGM parameter space
Dolan-Grellscheid-Jaeckel-VVK-Richardson 1104.0585

Left panel is the parameter space @ Mmess=108 GeV before the LHC data. 

Right panel shows 95% exclusion contour in red derived from ATLAS data. Colour scale

shows the expected number of signal events normalised to the exclusion limit, i.e. 1.



ATLAS Constraints on pGGM parameter space
Dolan-Grellscheid-Jaeckel-VVK-Richardson 1104.0585
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ATLAS Constraints on pGGM parameter space
Dolan-Grellscheid-Jaeckel-VVK-Richardson 1104.0585

Pure GGM parameter space 

In terms of physical squark and 

gluino masses.

White regions are excluded by ATLAS



CMSSM exclusion contour

on m1/2 - m0 plane

Exclusion contour for a simplified

model on the physical squark-gluino

mass plane

Let us pause and compare with the CMSSM results (ATLAS) 



Our implementation of ATLAS exclusion on 

CMSSM and the standard benchmark points 
Dolan-Grellscheid-Jaeckel-VVK-Richardson 1104.0585

squark-gluino

physical mass 

plane



Implementation of ATLAS exclusion on 

CMSSM and the standard benchmark points 
Dolan-Grellscheid-Jaeckel-VVK-Richardson 1104.0585

Wedge shape of 

the allowed region 

is an RG effect:

gaugino masses 

contribute to running 

of the scalar masses



Implementation of ATLAS exclusion on 

CMSSM and the standard benchmark points 
Dolan-Grellscheid-Jaeckel-VVK-Richardson 1104.0585

This is the ATLAS 

exclusion 

contour



Implementation of ATLAS exclusion on 

CMSSM and the standard benchmark points 
Dolan-Grellscheid-Jaeckel-VVK-Richardson 1104.0585

This is an upper

boundary of the

m1/2-m0 plot



Dolan-Grellscheid-Jaeckel-VVK-Richardson 1104.0585

This is the

exclusion 

contour for a 

simplified model

(1
0,squark, gluino)

Implementation of ATLAS exclusion on 

CMSSM and the standard benchmark points 



Dolan-Grellscheid-Jaeckel-VVK-Richardson 1104.0585

Excluded and 

still allowed 

benchmark 

points

Implementation of ATLAS exclusion on 

CMSSM and the standard benchmark points 



[13] Snowmass

[14] ATLAS

[15] CMS

[12] pure GGM



Implementation of ATLAS constraints on the 

CMSSM overlaid with pGGM and benchmarks
Dolan-Grellscheid-Jaeckel-VVK-Richardson 1104.0585



Implementation of ATLAS constraints on the 

CMSSM overlaid with pGGM and benchmarks
Dolan-Grellscheid-Jaeckel-VVK-Richardson 1104.0585

Opening 

angle of the 

wedge 

is wider 

in Gauge 

mediation 

since its susy-

breaking 

scale is lower

The allowed 

`tongue’ region

corresponds to 

stau-NLSP

region in GGM

not constrained

Jets with missing

ET searches 



1. Why SUSY

2. SUSY Breaking and 

different Mediation scenarios

3. Phenomenology of pure General

Gauge mediation

4. Constraints on Gauge mediation and   

other models from the LHC data.

Summary
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V

K Intriligator, N Seiberg, D Shih JHEP 0604 (2006) 021

ISS picture of meta-stable SUSY breaking

Universe is here

unbroken 
SUSY elsewhere



ISS (Hidden SUSY-Breaking) Sector

Rank Condition: 

Metastable SUSY-breaking
V

Non-pert: 
SUSY vacua



Cosmological Implications

Why did the Universe start from the non-supersymmetric

vacuum in the first place ?

=>  Thermal effects drive the Universe to the 

susy-breaking vacuum even if it starts after inflation in the 

susy-preserving one.

S Abel, C-S Chu, J Jaeckel, V V Khoze JHEP 0701 (2007) 089

S Abel, J Jaeckel, V V Khoze JHEP 0701 (2007) 015

see also       N Craig, P Fox, J Wacker ‘07
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