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From models to LHC: The plan
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Pure GGM
A general 

but manageable Model



Pure General Gauge Mediation

• Want to construct simple but theoretically 
well motivated setup to study 
phenomenology of gauge mediation
– Few parameter
– Capturing essential features of a large class 

of models

• Construct Gauge Mediation Version of 
CMSSM!



Pure General Gauge Mediation

• In general gauge mediation we have



Pure General Gauge Mediation

• In general gauge mediation we have

Assume unification and unsplit multiplets



Pure General Gauge Mediation

• In general gauge mediation we have

But keep ΛG≠ ΛS as 
predicted in many explicit models



Pure General Gauge Mediation

We have a simple setup with three
parameters, ΛG, ΛS, Mmess



What about a-terms?

• Soft terms include:

Are predicted in GGM to be small at Mmess



The (soft)Higgs sector and Bμ

@Mmess



The (soft)Higgs sector and Bμ

@Mmess

Need Higgs vev, i.e. m2
u<0 

Bμ needed to give vev to Hd
(and masses to down-type particles)???



The (soft)Higgs sector and Bμ

@MEW

Bμ≠ 0 generated by RG evolution to MEW

Bμ typically remains small Large tanβ



What about μ?

• SUSY Higgs term:

Not necessarily connected to SUSY   
breaking
Determine from EW symmetry breaking
Accept finetuning



Pre LHC
Phenomenology



The pure GGM parameter space

Mmess=1010 GeV Mmess=1014 GeV



Large(ish) tanβ

Mmess=1010 GeV



NLSP



Low Energy Fits



Low Energy Fits

Best fit point in stau-NLSP region!



A Plot for Graham ;-): Finetuning

Sizeable but manageable finetuning.



LHC
First Data

p p



What kind of Signal?

Gluino decay modes

Jets
+

Missing Energy



A word about the NLSP

• Pure GGM requires high messenger scale
(to generate sufficient tanβ) 

NLSP stable on collider scales



CMS + ATLAS
Have searched for jets + missing energy

CMSATLAS



CMS + ATLAS
Have searched for jets + missing energy

CMSATLAS

Interpretation in CMSSM!



Focus on ATLAS search

• Interpret the ATLAS results 
for jets plus missing energy 
in terms of pure GGM (and more)



What is measured?
Maximal cross section after cuts are applied

designed for
heavy



What are cuts good for?

Count only events
In this region
Mostly signal

Not background!!!

Background (e.g. Z->νν)

Signal (SUSY event with χ1
0 leaving)



From models to LHC
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ATLAS constraints on pure GGM

Mmess
=1014 GeV



Everything combined…

Big chunk of new
parameter space excluded!
LHC probes new untested region!



Comparing different models 
in the squark-gluino mass plane

Mmess
=1010 GeV



Comparing different models 
in the squark-gluino mass plane

Mmess
=1010 GeV

Bigger mass reach for simplified model: 
neutralino mass assumed to vanish “ a bit too simple”



Comparing different models 
in the squark-gluino mass plane

Mmess
=1010 GeV

Tongue shaped 
region:

-NLSP.
No missing    
energy



For Comparison: 
Another look at the CMSSM

m0-m1/2 region above
mapped onto
Kite-shaped region



For Comparison: 
Another look at the CMSSM

ATLAS exclusion
contour



Benchmark points

Standard sets of 
benchmark points:
Red excluded
Green still viable



Compare with pure GGM

Similar reach in the 
squark-gluino 
mass plane

But very different 
where      NLSP



General features
All models “live” in
wedge shaped region

This is an RG effect:
Gaugino masses
Contribute to running
Scalar masses

Note different 
opening angles
arising from lower
Mmess in GGM!

Benchmarks also in
”Wedge”



Conclusions

• Pure GGM provides a simple but 
manageable gauge mediation analog of 
the CMMSM

• The LHC constraints interpreted in terms 
of pure GGM 

• Tested standard benchmark points 
• High scale models “live” in wedge-shaped 

region 
only part of parameter space populated



The Future
• Add Bμ

arbitrary tanβ
suggests non-universal 
Higgs masses

• Split ΛI

More general NLSP pheno!

• More general models...

Importantly all tools available!
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