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Introduction: Leptonic Analyses with CMS

> Leptons: Many SUSY models, including the cMSSM, predict a
significant cross-section for events containing leptons, while the largest
fraction of SM background at LHC gets strongly reduced by requiring
isolated leptons.

> Jets: As in SM, SUSY cross-section in proton-proton collisions is
dominated by colored particle production. These particles decay
hadronically leading to events with many energetic jets.

> Missing Transverse Energy (MET): Assuming R-parity conservation
— SUSY particles produced in pairs and decay chains end with the

stable Lightest SUSY Particle (LSP).
To explain Dark Matter — LSP interacts only weekly — escapes

unobserved from the detector.

et /ut e /“ et /ut

Ve/Vy
ZO
i T/ 0 et /pt X1
Slngle lepton Two opposite-sign leptons
Francesco COSTANZA | Leptonic SUSY analyses at DESY | 08/12/2011 | Page 2




1 Lepton + b-tagging: Motivation

> There are good reasons to believe that (the lighter) stop and sbottom
squark are significantly lighter than the 1° and 2" generation squarks.

> In scenarios with light gluinos”® (m;, m_;3<mg<mq) the gluino
predominantly decays into ¢ ¢ and/or 55 pairs

Assuming R-Parity conservation, the gluino decay chain is expected
to end in at least 2 b-jets and MET.
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* G.L. Kane et al. Top Channel for Early SUSY Discovery at the LHC. Jan. 2011

T. Gregoire et al. Toptet. 2011. (arXiv:1101.1294)
R. Essig et al. Heavy Flavor Simplified Models at the LHC (arXiv:1110.6443)
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Analysis Strategy and Event Selection

> Event selection based on 71 lepton + MET search with few changes to
optimize for b-rich SUSY models.

* Hadronic activity: H,=Y_ p,>350GeV

Jets

= Four jets (akb) each with E_> 40 GeV

= several b-tags: # of b-jets =0, 1, 2, 3 or more

> Currently using medium working point of Track
Counting High Efficiency (TCHE) algorithm*.

= Exactly one isolated electron or muon with p.>20GeV
= MET > 60 GeV

* CMS Collaboration, “Performance of the b-jet identification in CMS”, CMS-PAS-BTV-11-001
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Number of Events / 50 Ge¥

Results for 4.2 fb: H.
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Results for 4.2 fb'’: MET and Jet Multiplicity
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Background Estimation

> Factorization method (also called ABCD method) is used:
> Hypothesis: H, and Y ,,.,=MET/+\ H , are not strongly correlated
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Factorization Method
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1 Muon + 1 b-jet

Background determination using HT and MET Significance
1blm_AllCuts

sample N(A) N(B) N(C) N (D) N(D)pred
Total SM MC | 1129.93 + 21.10 | 157.57 + 10.05 | 553.70 + 16.32 | 77.11 + 5.69 | 77.21 + 5.62
Data 1160.00 &+ 34.06 | 144.00 &+ 12.00 | 538.00 + 23.19 | 71.00 + 8.43 | 66.79 + 6.57
LM3 18.61 + 3.01 23.55 + 3.37 60.05 + 5.46 73.69 + 6.04 | 75.98 + 17.79
LMS 1.96 + 0.87 10.13 + 1.88 9.13 + 1.72 26.87 + 3.02 | 47.27 + 24.44
LM9 15.62 + 2.76 13.30 &+ 2.50 20.67 + 3.11 11.95 + 2.37 | 17.60 £ 5.26
LM13 15.87 + 2.73 20.51 + 3.16 86.59 + 6.37 60.57 + 5.31 | 111.87 + 27.14
1 Electron + 2 b-jets
Background determination using HT and MET Significance
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-
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Systematics Uncertainties and Limit Setting

> The sources of systematic uncertainties under study are:

= Correlation between HT and YMET:
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= B-tagging efficiency (dominant one)

= Jet Energy scale

= PDF
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Dilepton Opposite-Sign Same-Flavor: Motivation and Idea

> In SUSY models, opposite-sign lepton (OS) pairs predominantly
originate from the same decay chain.

> The invariant dilepton mass reflects the topology of the decay chain:
= Two consecutive two-body decays lead to an edge in the mass spectrum;
= Z° boson form a peak.

> The main background in this channel is leptonically decaying ¢ ¢, where
no such structure appears in the di-lepton mass spectrum.

> Approximation: M ,,~+2|7||7,|(1—cos6,,)
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Dilepton OS SF: Motivation and Idea

> Assumption: in ¢ 7 events |7,||7,| and (1—cos8,,) are uncorrelated.

> Template for the background can be created by taking |7,||7,|and
(1—cos0,,) from two different events.

Work in progress Work in progress
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Dilepton OS SF: Event Selection

> At least two OS, isolated same flavor leptons
pr 1>20GeV and p, ,>10GeV

> Veto against low mass resonances: M,,  >10GelV

> At lest 2 jets with p,>30GeVand H,>100GelV

Work in progress
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Dilepton OS SF: Interpretation

> To compare the two distributions a Kolmogorow-Smirnov-Test is
performed: p,,,,=68 % Work in progress
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> Two different searches for SUSY with leptons in the final states were
presented:

= No deviation from the SM was found

Outlook:
> Single lepton

= Study of systematic uncertainties
= Limit setting in cMSSM and for simplified models
> Di-lepton Opposite-Sign Same Flavor

= Implement a likelihood ratio statistical tests to compare mixed and
true distributions
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Backup
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Results for 4.2 fb’: Missing Transverse Energy

Work in progress Work in progress Work in progress
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Results for 4.2 fb': Jet Multiplicity
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b-tagging Efficiency and Mistag Rate

CMS Collaboration, “Performance of the b-jet identification in CMS”,
CMS-PAS-BTV-11-001
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