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Introduction

Supersymmetry

Symmetry between fermions and bosons

Requires the introduction of new particles
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Unification of gauge-
coupling strengths

Are there any new particles at the TeV scale?
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Introduction

Searches for Supersymmetry at CMS
Generic

I Signature-based rather than model-based
Broad

I Many different signatures covered
Robust

I Data-based methods
I Complementary methods
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More details at

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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Introduction

Outline

1 SUSY Searches by the UHH Group
Jets + /HT

τ + Jets + /HT

γ + Jets + /ET

2 Conclusions from the CMS Searches
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SUSY Searches by the UHH Group Jets + /HT (Accepted by PRL, arXiv:1207.1898)

Jets + /HT Analysis

Signature motivated by R-parity conserving SUSY
I Several high-pT jets and large missing transverse momentum
I No light leptons

High sensitivity to squark and gluino production

Dominant SM Backgrounds

tt̄ and W /Z+jets: /HT from ν

QCD: /HT from mismeasurements

Sensitive variables

HT =
∑
jets

|~pT|

/HT =
∣∣−∑

jets

~pT
∣∣

Bins in HT, /HT

I Sensitivity to different
parameter points
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SUSY Searches by the UHH Group Jets + /HT (Accepted by PRL, arXiv:1207.1898)

Results: Observed and Predicted Number of Events
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Observed number of events in 4.98 fb−1 of
√
s = 7 TeV data

consistent with SM expectation
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SUSY Searches by the UHH Group Jets + /HT (Accepted by PRL, arXiv:1207.1898)

QCD-Background Prediction: Rebalance-and-Smear

/HT from jet-pT mismeasurements

Challenging to predict
I Understanding of QCD effects
I Understanding of jet-pT resolution

Multijet Data “Parton Level” “Detector Level”

Total relative precision of ≈ 70%
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SUSY Searches by the UHH Group Jets + /HT (Accepted by PRL, arXiv:1207.1898)

CMSSM Limits from 4.98 fb−1 of
√
s = 7 TeV Data
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Among the most sensitive analyses

Lower limit of ≈ 1.3 TeV for mq̃ = mg̃
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SUSY Searches by the UHH Group τ + Jets + /HT (CMS-PAS-SUS-12-004)

τ + Jets + /HT Analysis

LSP DM: relic-density constraints
on cross sections

I Annihilation χ̃0χ̃0 → f f̄
I Co-annihilation χ̃0 f̃ → f γ

CMSSM: mτ̃ ≈ mχ̃0 at small m0

I Large co-annihilation cross section

Looking for final states with
τ leptons + jets + /HT

Di-τ : typically ≥ 2τ produced

Single τ : low pT, low ID efficiency Dominant SM Backgrounds

Real τ : W+jets, tt̄
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SUSY Searches by the UHH Group τ + Jets + /HT (CMS-PAS-SUS-12-004)

CMSSM Limits from 4.98 fb−1 of
√
s = 7 TeV Data

Nτ = 1
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Best sensitivity in
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Nτ ≥ 2
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Sensitivity also at larger m0

Lower limit of mg̃ = 1.15 TeV for m0 < 400 GeV
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SUSY Searches by the UHH Group γ + Jets + /ET (CMS-PAS-SUS-12-018)

γ + Jets + /ET Analysis

General Gauge Mediation
(GGM) Models

I SUSY breaking through
gauge interactions

LSP: gravitino

NLSP: χ̃0 = B̃0 + W̃ 3 + H̃0

I χ̃0 → γ + G̃
I χ̃0 → Z + G̃
I χ̃0 → h + G̃

γ can be well reconstructed

Signature: ≥ 1γ + jets + /ET

Dominant SM Backgrounds

QCD: γ+jet, fake γ

W /Z + γ: ISR / FSR
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SUSY Searches by the UHH Group γ + Jets + /ET (CMS-PAS-SUS-12-018)

GGM Limits from 4.04 fb−1 of
√
s = 8 TeV Data

Bino-Like NLSP
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Lower limits on squark and gluino masses
I Bino-like: ≈ 1.1 TeV
I Wino-like: ≈ 800 GeV
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Conclusions from the CMS Searches

Outline

1 SUSY Searches by the UHH Group
Jets + /HT

τ + Jets + /HT

γ + Jets + /ET

2 Conclusions from the CMS Searches
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Conclusions from the CMS Searches

Model-Independent Representation of Search Results

“Simplified Model Spectra”

Allows reinterpretation in more specific models
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I Few generic new particles
I Cross section
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Conclusions from the CMS Searches

Conclusions from the CMS Searches

Squarks and gluinos
excluded up to ≈ 1 TeV

Simple SUSY models
lose naturalness

But searches less
sensitive to 3rd
generation squarks

Light? Natural SUSY?
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Searches for SUSY with light 3rd-generation squarks
I Dedicated 3rd-generation searches
I Reinterpretation of existing limits
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Summary & Outlook

Summary & Outlook

CMS performs a broad variety of searches for SUSY-motivated new
physics

I Strong participation by University of Hamburg group

So far, no sign of any new physics

But developed sophisticated analysis techniques, gained detailed
understanding of SM backgrounds

Well equipped for searches for more specific SUSY models e. g. with
light 3rd-generation squarks

Targeting question of natural SUSY

Analysis of 8 TeV data in full swing — more results expected soon
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Backup

Backup
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Backup The CMS Experiment
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Backup Jets + /HT (Accepted by PRL, arXiv:1207.1898)

Rebalance-And-Smear Validation
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Increased statistical precision by
bootstrap method

Closure within 30 – 50%

Dominant systematic uncert.
I Intrinsic bias
I Jet-pT resolution
I Pile-up

10 – 50% in regions with sizable
QCD bkg.

Total uncertainty 65 – 75%
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Backup τ + Jets + /HT Leptons (CMS-PAS SUS-12-004)

Matthias Schröder (matthias.schroeder@desy.de) LEXI Workshop, DESY, October 11, 2012 20 / 16



Backup τ + Jets + /HT Leptons (CMS-PAS SUS-12-004)

Background From Real τ (Nτ = 1)

Constitutes & 80%, mostly W → τν+jets

Prediction from µ+jets control sample using lepton universality

1 Exactly one isolated muon

2 Event weight

P(µ not from τ)

εIDµ · εisoµ
·εIDτ ·B(τ → had)

3 pT(µ) smeared according to
τ -pT response template

4 Recalculation of HT and /HT

Total relative precision of 13%  [GeV]50
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Backup τ + Jets + /HT Leptons (CMS-PAS SUS-12-004)
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Backup τ + Jets + /HT Leptons (CMS-PAS SUS-12-004)
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Backup γ + Jets + /ET (CMS-PAS-12-018)
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Backup γ + Jets + /ET (CMS-PAS-12-018)

Event Selection

≥ 1γ with pT > 80 GeV

≥ 2 jets with pT > 30 GeV

HT > 450 GeV (HT from all jets with pT > 40 GeV)

/ET > 100 GeV
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Backup γ + Jets + /ET (CMS-PAS-12-018)

Standard Model Backgrounds
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Backup γ + Jets + /ET (CMS-PAS-12-018)

QCD Background

/ET from jet-pT mismeasurements
I Direct γ+jet production
I QCD-multijets, one jet misidentified as γ

Prediction from control sample (‘γjet’)
I Inverted γ-isolation criterion

Weights for different pT(γ)
spectra in control and signal
sample

From signal-depleted region
/ET < 100 GeV

Total relative precision of
13 – 50%
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