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Physics  Program 
of the experiments at 

Large HadronCollider

Lecture 12
 Supersymmetry: 

– Analyses status of 
2008 and earlier 
results

– 14 TeV energy 
assumed
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Just few words about model

 One of the the theoretically favored candidate for physics beyond SM;
– Protects Higgs mass from quadratically diverging radiative corrections

 Proposed solution postulates the invariace of the theory under a 
symmetry which transforms fermions into bosons and vice-versa

 The SUSY generator commute with SU(2)xU(1)xSU(3) symmetries of 
the SM

 In unbroken SUSY, partners have same quantum numbers and masses. 
But SUSY must be broken, non-observation of such to date! Common 
approach for breaking part in Lagragian is the one which would not 
reintroduce quadratic divergences

 To warrant conservation of leptonic and barionic quantum numbers, a 
new multiplicative quantum number R-parity introduced( +1 for SM 
particles, -1 for SUSY); most models assume R-parity conservation .

– SUSY particles produced in pairs, the lightest one (LSP) stable

– Cosmological arguments suggest LSP must be weakly interacting
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Supersymmetry

To learn more see eg. attached
    S.P. Martin, “A Supersymmetry Primer”, preprint 9709356 (updated 2008) 
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Models of SUSY breaking
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Models of SUSY breaking

Task of the experimental SUSY searches is to go up the chain, 
i.e. measure enough masses and branching ratio to infer 
information on the SUSY breaking mechanism.
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SUSY comes in many flavors
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mSUGRA model
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mSUGRA model
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Benchmark in SUSY parameter space
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Benchmark in SUSY parameter space 
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Models studies extensively by 
ATLAS: mSUGRA case
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Physics opportunities at LHC
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SUSY signatures at a hadronic colliders
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SUSY discovery: basic strategy
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Sparticle cross-section: 
LHC vs Tevatron
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Squarks and gluinos at LHC
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Inclusive signatures for zero 
leptons
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QCD multi-jet
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O lepton analysis: details
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Search analyses: 
      0,1 ,2 leptons+jets
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Inclusive reach in mSUGRA 
parameter space  (14 TeV)
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Inclusive reach in mSUGRA 
parameter space  (14 TeV)
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SUSY mass scale vs Meff



Lectures on LHC physics Elzbieta Richter-Was 24

What kind of SUSY is it?
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General strategy

 Select signatures identifying well defined decay 
chains

 Extract constraints on masses, couplings, spin 
from decay/kinematic rates

 Try to match emerging pattern to template 
models, SUSY or anything else

 Having adjusted template models to 
measurements try to find additional signatures to 
discriminate different options

 Most of the work done on sparticle mass 
measurement.



Lectures on LHC physics Elzbieta Richter-Was 26

Dilepton channel
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Dilepton edge mass measurement
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Lepton + jets combinations
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Dilepton edge mass measurement
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Dilepton edge mass measurement
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Lepton + jets combinations
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Lepton + jets combinations
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Lepton + jets combinations
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Measuring model parameters
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Results for 
SU3 (1fb-1) and SU4(0.5fb-1)
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Fit results for SU3 (1fb-1) 
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Light Higgs in decays of 
neutralino (10fb-1)

Light Higgs in decay of neutralino, enhanced in

some corners of parameter space  SU9
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Gauge mediated supersymmetry 
breaking (GMSB)
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Gauge mediated supersymmetry 
breaking (GMSB)
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Gauge mediated supersymmetry 
breaking (GMSB)
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Gauge mediated supersymmetry 
breaking (GMSB)
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AMSB phenomenology
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Discovery reach for other models
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R-parity violation
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Phenomenology of LSP decays
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Phenomenology of LSP decays
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Phenomenology of LSP decays
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Long live the sparticle
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GMSB: sleptons and neutralinos



Lectures on LHC physics Elzbieta Richter-Was 52

What LHC can(not) tell us about SUSY?
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Next topics

 12.01   - SUSY:
– Status of searches at Tevatron
– Data-driven background estimates (LHC)
– First analyses with data (LHC)

 19.01   - Wrapping up on Data2010:
 SM physics: selected public results 
 Searches: new exclusion limits
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