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  SUSY is a concept that adds additional symmetry to SM

  SUSY is key element in many Standard Model extensions 

  If SUSY realized around 1 TeV scale: 

 stabilize Higgs mass 

 gauge unification

 Dark Matter candidate

 SUSY has to be a broken symmetry
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 Minimal Supersymmetric Extension to the Standard Model: MSSM

 only one symmetry operation

 minimal in its particle content

 one SUSY partner for each SM particle

 two Higgs doublets
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  mSUGRA/cMSSM

  gauge coupling unification

  unification of gaugino masses

  universal scalar masses

  universal triliniar coupling

  5 parameters: tan β, M1/2, M0, A0, sign(µ)

  phenomenological MSSM (pMSSM)

  no new source of CP-violation

  NFNC

  first and second generation universality

  19 parameters

  simplified MSSM

  eective models with minimal particle content

  parametrized directly in terms of sparticle masses

  complementary to pMSSM
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  Electrons and muons are well-reconstructed and isolated wrt surrounding           

tracks (Δ∆R≤0.2).

  Electrons within 0.2≤Δ∆R≤0.4 of jets and muons within Δ∆R≤0.4 are                

considered jets. 

  MET: negative vector sum of all objects (jets, electrons, muons, soft energy deposits)

  jet reconstruction

  topological clusters 

  jet definition via anti-kT,                                                                                                

corrected for pileup

seed:
>4sigma above
noise level
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  direct production of gluinos/scalar-quarks

  assume R-parity conservation

  consider full hadronic final states only
veto events with reconstructed electron/muons

definition of signal regions

definition of background control regions

effective mass

MET

use likelihood f it to estimate bkg in SR
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 R-parity: R=(-1)3(B-L)+2S

 R-parity conservation

 leads to stable LSP 

 However, this is merely an auxiliary assumption.

 Proton decay constraints simultanous violation of lepton and baryon number.

 MET signatures might be the wrong place to search for SUSY. 
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  final state: 4L + MET

    define signal regions:
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SUSY

N=1

MSSM NMSSM

pMSSM

(T. Rizzo, SLAC Summer Institute, 2012)

CMSSM

SUSY is not just one theory.
It’s rather a concept with a 
multitude of possible 
manifestations!
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 Two years of LHC data taking brought huge amount of new SUSY results.

 No indication of supersymmetric partners of SM particles found.

 However, only small part of possible SUSY phase space has been explored.

  Standard scenarios are probably hard to sustain.

  But tests of more realistic (and more complicated) scenarios are on the way 

  ...and new analysis methods are investigated.

  Use the shut-down to finalize first round of analyses and explore analysis 

strategies for when LHC turns back on. 

  SUSY is still the best candidate for solving crucial SM shortcomings

   ... and is far from being ruled out
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D. Denisov:



  Due to 125 GeV  Higgs, SUSY particles are multi-TeV and not yet probed directly.

  Phase space for SUSY is strongly constrained by direct and indirect searches. 

  Input from other studies, like CDM searches, are important to take into 

consideration.

  It’s important to continue both indirect and direct searches, especially with 13 TeV 

energy.
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 inner detector with silicon pixel detector, silicon microstrip detector, and 

transition radiation tracker 

 inside a 2T solenoid 

 electromagnetic and hadronic calorimeters extend to |η|<4.9

 muon spectrometer within toroidal magnetic system |η|<2.7
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  peak luminosity: 7.7 x 1033 cm-2s-1

  90% of delivered collisions used in analyses

  pile-up above design value

  challenge for trigger, computing, object ID, ...
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 eective mass: scalar sum of transverse momenta

  transverse mass: 

...
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Gluino-mediated stop production Direct sbottom production

 lightest SUSY particles: gluinos, neutralinos

 gluinos decay into ttbar+χ0 via oshell stop

 only sbottom pair production is relevant

 sbottom decays only into t+χ±
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Gluino-mediated stop production Direct sbottom production

 lightest SUSY particles: gluinos, neutralinos

 gluinos decay into ttbar+χ0 via oshell stop

 only sbottom pair production is relevant

 sbottom decays only into t+χ±

MET signature
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 counting experiment, requiring events with

 MET

 3 or more leptons (e, µ)

 4 or more hadronic jets

 signal events fall in one of six categories                  

(according to the three leading leptons):

  3µ

  1e 2OSµ

  1e 2SSµ

  2OSe 1µ

  2SSe 1µ

  3e

 major background source: ttbar + jets
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 background simulation:

  SHERPA for WW, WZ, ZZ

  MadGraph for ttbarW, ttbarWW, ttbarZ, Wγ, Zγ

  MadGraph for WWW, WWZ, ZZZ

  POWHEG for ttbar

  MC@NLO, ACERMC for single top

  ALPGEN for W+jets, Z+jets

  choice of PDF depends on generator

  CTEQ6L1 in case of MadGraph and ALPGEN

  CT10 in case of POWHEG, MC@NLO, SHERPA

  fragmentation and hadronisation

  ALPGEN and MC@NLO use HERWIG

  MadGraph uses PYTHIA

  SHERPA: internally
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 background simulation:

  SHERPA for WW, WZ, ZZ

  MadGraph for ttbarW, ttbarWW, ttbarZ, Wγ, Zγ

  MadGraph for WWW, WWZ, ZZZ

  POWHEG for ttbar
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  choice of PDF depends on generator

  CTEQ6L1 in case of MadGraph and ALPGEN

  CT10 in case of POWHEG, MC@NLO, SHERPA

  fragmentation and hadronisation

  ALPGEN and MC@NLO use HERWIG

  MadGraph uses PYTHIA

  SHERPA: internally

expected yield: normalised using NLO QCD predictions obtained with MCFM

normalised using NLO  predictions
normalised  NNLO  predictions

normalised using NNLO QCD predictions with FEWZ
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  our search strategies so far:

  look for events with MET and high-pT jets and/or leptons 

  what if the mass dierences between pair produced SUSY particles 

and LSP are small (compressed SUSY)?

  jets and leptons might be too soft for reconstruction

  SM particles manifest as MET

  two scenarios:                                      

  2jet-type:  chargino/neutralino sector                                                                              

is compressed

ISR: entire spectrum is compressed                                                     

tag events with ISR jet

  new analyses are on the way
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  scenario:

  direct production of charginos/neutralinos

  subsequent decay into scalar-taus (BR=100%)

  neutralino LSP

  at least two hadronically decaying taus per event

  models:

  simplified models

  phenomenological MSSM (pMSSM)

  gaugino decay properties depend on M1, M2, tanβ, µ
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  dominant background (75-80%):

  fake taus

  not accurately modeled in MC

  also statistically limited                  

(multi-jet, W+jets)

  estimate bkg with ABCD method:

  3 control regions: A,B,C

  1 signal region: D
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complete 2012 data set

stransverse mass
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simplified models pMSSM

  only low sensitivity to direct production of tau sleptons

  best limit found for M(stau)=140 GeV, M(neutralino)=10 GeV:

  0.17pb (predicted 0.04pb @ NLO)

due to low cross-section
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2010, 7 TeV, 45 pb-1 2012, 8 TeV, 21.7 -12011, 7 TeV, 5.25 -1

Luminosity weighted 
mean number of 
interactions per BX



 define signal region based on

 full physics models

 generalized models

 simplified models

 signal topology then determines SM background

  search variables

  background determination
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 define signal region based on

 full physics models

 generalized models

 simplified models

 signal topology then determines SM background

  search variables

  background determination

described by a minimal set of parameters
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It’s rather a concept with a 
multitude of possible 
manifestations!
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SUSY

N=1

MSSM NMSSM

pMSSM

(T. Rizzo, SLAC Summer Institute, 2012)

CMSSM

SUSY is not just one theory.
It’s rather a concept with a 
multitude of possible 
manifestations!


