
SUSY searches with ATLAS
(focusing on R-parity conservation)

Marie-H l ne Genest (LMU Munich)é è
GDR Terascale, Marseille, 13.10.2011



2

Typical signature

• Pair of gluinos/squarks produced by strong interactions

• Their decays give high-pT jets and charginos/neutralinos

• Charginos/neutralinos decays can give leptons and the decay chain stops when 
the LSP is produced (R-parity conserving scenarios)

• The pair of stable LSP produced escapes the detector undetected leading to 
high transverse missing energy

multi-Jets + n leptons + ET
miss

Standard Model backgrounds (tt, W+jets, Z+jets, QCD jets and dibosons)
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Data accumulated in 2011
• Excellent LHC performance

• Very good detector efficiency:
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ATLAS SUSY search results
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Discussed today

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

+ some preliminary results
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Some useful variables
• ∆φ(jets,E

T
miss) 

- Cutting on Δφ eliminates events in which Et
miss   is closely                    

  related to one of the leading jets (QCD)

• Effective mass meff   (scalar sum of sel. jets & leptons p
T
 and E

T
miss)

- peaks at a value which is correlated with the mass of the 
pair of SUSY particles produced in the pp interaction

•  The transverse mass m
T

- useful to remove BG in which a W decays leptonically
 

jet

ET
miss

Δφ
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The 0-lepton channel
Select events with jets, missing transverse momentum and no lepton (veto e/µ)

arXiV:1109.6572 
submitted to PLB 
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Defining the signal regions
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Defining the signal regions

Trigger requirements

Reject the QCD BG

Optimize for SUSY
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Main backgrounds

Z+jets: νν decay
W+jets: τν decay or missed e/µ
Top pair production: τ decay of a W
QCD multijets

- Evaluate each BG in a control region (5 CRs x 5 SRs)

- Extrapolate from the CR to the SR with a transfer factor

- Profile likelihood fit (correlated systematic uncertainties and CR 
cross-contamination)
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Z+jets BG

Two control regions are used:
- γ + jets, where the photon is added the the E

T
miss

- Z(→ll)+jets, where the leptons are removed (→ E
T

miss)
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W+jets and top BG

- Select 1-lepton events with 30 < m
T
 < 100 GeV

- Split the top from W by asking for no b-tagged jet (W) or at least one 
b-tagged jet (top)

- Treat the lepton as a jet (for MET calculations, Meff, jet cuts...)

W CR Top CR

JES, JER, MC stat uncert.

MC normalized to 
luminosity
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QCD BG

Data-driven background estimation:
- Reverse and tighten the cut: Δφ(jet, E

T
miss)

min
 < 0.2

- Transfer factor computed using pseudo-events obtained by 
smearing low-E

T
miss events with the jet response function
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Results

95% CL limits on cross section · acceptance · efficiency:
22 fb, 25 fb, 429 fb, 27 fb and 17 fb
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Exclusion plot

2010

2010

 → equal mass squarks and gluinos are excluded 
below 950 GeV

→ gluino and squark masses below 700 GeV and
875 GeV are excluded (for squark or gluino 
masses below 2 TeV)

→ limit at 1075 GeV for equal mass squarks and 
gluinos
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The 1-lepton channel
Select events with jets, missing transverse momentum and exactly one lepton (e/µ)

arXiV:1109.6606
Submitted to PRD

   µ
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Defining the signal region

gluino/squark cascade decay 
with intermediate steps

The isolated one-lepton requirement suppresses 
QCD multijet and allows a lepton-based trigger

Reduce the QCD BG further

Suppresses W+jets and tt

Optimize for SUSY

- Exactly one lepton (e/µ) with pT>20 GeV
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Main backgrounds: W+jets and tt 


From data

 
From MC

W control region: no b-jet

Top control region: ≥ 1 b-jet

Method cross-checked with additional control regions
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QCD BG
Evaluated using the 'matrix method' which plays on the difference in isolation 

between the leptons in QCD events with respect to signal leptons

- Loose control sample with isolation criteria relaxed with respect to 
the tight SUSY selections
- Define two categories: QCD leptons (Q) and non-QCD leptons (Q)
− ε is the probability that a loose lepton is also tight

The quantities in red are measured: solve the equations and extract 
the number of QCD events
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Results
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Exclusion plot

Exclude mgluino = Msquark < 875 GeV

Limits also provided for simplified models: 1-step gluino (squark) 
decay and x= ¼, ½ , ¾  where x= m

±
−m

0
/ m 

squark,gluino
−m

0


Color coding: Cross section limit, 
Full line: Obs. Excl. limit for 100% BR to assumed decay mode
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   Quickly, more summer results

Multijets
ArXiV:1110.2299, submitted to JHEP

On the arXiv since yesterday!
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   Quickly, more summer results

Di-photon searches
Signal region:
- ≥ 2 photons with E

T 
> 25 GeV

- E
T

miss > 125 GeV

Preliminary results
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   Quickly, more summer results

b-jet with 1 lepton

A.Tua

ATLAS-CONF-2011-130

http://cdsweb.cern.ch/record/1383833
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   Quickly, more summer results

b-jet with no lepton
ATLAS-CONF-2011-098

http://cdsweb.cern.ch/record/1369212
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Summary and outlook
• More results than I could show today!

         

● Cover more topologies
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Backup slides



27

Object identification

• Jets (anti-Kt, R=0.4): p
T
>20 GeV, |η|<2.5

– Reject events compatible with noise or cosmics

– Remove if ∆R(jet,electron)<0.2

• Electrons: p
T
>20 GeV, |η|<2.47, Sum p

T
 of tracks (∆R<0.2) < 0.1p

T

– Remove if ∆R(jet,electron)<0.4

• Muons: p
T
>20 GeV, |η|<2.4, Sum p

T
 of tracks (∆R<0.2) < 1.8 GeV

– Remove if ∆R(jet,muon)<0.4

• Missing transverse momentum (E
T

miss): 

– sum over the transverse momentum of all jets (up to |η|<4.9), 
electrons, muons and all calorimeter clusters not associated to 
such objects

φ: azimuthal angle around 
    the beam pipe
η= -ln tan(θ/2) where θ is 
     the polar angle
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Limit setting

From S. Pataraia
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0-lepton control regions
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1-lepton: simplified models

x = ¼ 

x = ½  

x = ¾  
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1-lepton: systematics
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How to use the data

• For each signal region 
and analysis channel, the 
efficiency x acceptance is 
provided

→ validate your setup

→ interpret the data in 
your model
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