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 SUSY and GGM Overview

 Most  ``conservative” and most expansive set of 
possibilities that are theoretically motivated

 Collider signatures of GGM: Searching for 
generic NLSPs

 Bino, Wino, Higgsino Searches

 Delayed NLSPs

 Early LHC discoveries



 The world around us is not supersymmetric

 What we really are interested in measuring is 
how SUSY is broken, parameterized by 

soft SUSY breaking parameters: 

 Given by some theory that mediates SUSY to 
us
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 Gravity Mediation or Gauge Mediation
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Gravity

Flavor problems
Ad hoc
DM candidate

Gauge

Flavor works great
Calculable
DM not as simple



 Gives solution for flavor problem of MSSM
Allows for calculable models of both SUSY 
breaking and its mediation
 Allows for models of DSB as an explanation
of the TeV scale naturally (Witten)
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W = X©~©+ : : :

hXi =M + µ2F

MSSMMessengers
Hidden 
sector

Messenger spectrum is not supersymmetric
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Colored sparticles typically are the heaviest, followed by weak, then hypercharge
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Gravitino

The old LSP is now the NLSP and always decays to the gravitino!
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• NO FCNCs
•Gravitino LSP
• +MET!! (bino or stau NLSP)
• Colored stuff heaviest, followed by SU(2), then 
U(1)

•Fixed ratio of masses
•Relations between gaugino/sfermion masses

• problem
• Small A-terms
• Overly predictive in some sense!
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 Have we missed weakly coupled models?

 How do we calculate in strongly coupled models?

 Is the phenomenology always diphoton + MET?

 General Gauge Mediation (PM, N. Seiberg, D.Shih)
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lim®r ! 0
Hidden sector and MSSM decouple

From this point of view:
• Hidden sector can be weakly or strongly coupled
• Can include messengers or NOT!
• Can have other exotics under MSSM gauge groups
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Gaugino masses are now tree level in MSSM



6 Numbers
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 General Gauge Mediation

 Still solve FCNC problem

 3 complex independent parameters for 
gaugino masses

 3 parameters for characterizing sfermion
masses

 Small A terms

 Gravitino LSP

 Encompasses ALL models



 Most searches for GMSB focused on diphoton + 
MET

 Phenomenology dictated primarily by three 
things
 Overall production cross section

 Identity of NLSP

 Prompt or delayed decays

 What are the bounds on Gauge Mediation with 
this new understanding?  What are the 
discovery possibilities?  What are the 
interesting channels?



 Colored NLSP, straightforward strong bounds

 Slepton NLSP, small production at a hadron
collider (well studied in case of staus)
 See recent work by Ruderman and Shih (1009.1665)

 Neutralino and Chargino NLSPs, robust, 
relatively unstudied, and the Tevatron can say 
a lot about this case and the LHC can see it 
easily…



 Can be a combination of Bino, Wino, and 
Higgsino

 Can focus on a minimal module

 This sets the cross section unambiguously, 
however there is the possibility for a larger 
cross section by including colored sparticles
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Decay modes and partial widths



 Bino NLSP

 Decays to photons at least 76% of the time

 Wino NLSP

 Mix of Z and photon decays

 Co-NLSP so you also have chargino decays to 
W+gravitino

 Higgsino NLSP

 3 regions, Z-rich, Higgs rich, or mixed case



Viable range for SUSY breaking scale in GMSB

Macroscopic decays for values larger than about 100 TeV



Colored sparticles
not as important at
Tevatron for GMSB

Unless you assume colored particles the Tevatron still is very useful!



There are still discovery channels at the Tevatron



 Have the exact same story as before but now you 
can have displaced Z,h, and photon decays (again 
only photon case has been studied in detail)

 Golden signals and first inverse fb discoveries at 
the LHC
 Depends on the production cross section but GGM has no 

prejudice against light colored superpartners



 Harder to search for than prompt, strongly 
depends where it decays, how do you find it, 
how do you trigger on it, etc…







Can also reconstruct the event kinematics 
completely without having to rely on other 

measurements not in the first inv fb though…



 Gauge Mediation has a much larger variety of 
phenomena than previously envisioned

 Prompt signature with final states not studied 
in much detail and can be amazing…

 Higgses in every SUSY event!

 Delayed signatures just as probably and just as 
interesting as more ``exotic” models

 Can give additional information about the scale of 
SUSY breaking


