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 Introduction to supersymmetry
 SUSY searches in ATLAS
◦ 0-lepton + missing transverse energy (w/wo b-tag)
◦ 1-lepton/2-lepton + missing transverse energy 
◦ 2 photon + missing transverse energy

 Searches for R-parity violating SUSY
◦ Medium-lived particles with displaced vertex
◦ eμ resonance 

 Conclusion
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 Unanswered questions in Standard Model (SM)
◦ Why 3 generations?
◦ Matter-antimatter asymmetry
◦ What determines the masses and mixing parameters of SM?
◦ What is dark matter?

 Supersymmetry (SUSY) as an extension of the Standard 
Model (SM)
◦ SUSY provides an elegant solution to the hierarchy problem by 

introducing a super-partner to every SM particle (fermion – boson)
◦ Provides a dark matter candidate
◦ Unification of gauge couplings

 If SUSY is accessible, new particles are expected to be 
produced copiously at the LHC
◦ Production of gluinos and squarks and their decays
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Characteristic SUSY production and decay
• In R-parity is conserved, SUSY particles 

are produced in pairs and the lightest 
SUSY particle (LSP) becomes stable
• R=(-1)3(B-L)+2s

• No direct observation of SUSY particles, 
but only SM particles are reconstructed 
directly
• No mass peaks

• LSP escapes the detector undetected 
producing a missing transverse energy 
(ET

miss)
• Evidence of SUSY is done by 

establishing an excess of events in some 
region of phase space
• Crucial to understand the 

contribution from SM processes
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Inner Detector
• Pixel (pixel detector)
• SCT (silicon strip detector)
• TRT (transition radiation tracker)

Muon spectrometer 
• MDT, CSC : precise momentum measurement
• RPC, TGC : trigger chambers

Calorimeter
• LAr : EM calorimeter
• Tile: Fe/Scintillator tile

Magnet system
• 2 T solenoid
• 0.5 T toroid



Channel Signature Integrated lumi.
0-leptons+jets+ET

miss ≥2-4 jets, large ET
miss, meff 1.04 fb-1

1-leptons+jets+ET
miss ≥3 jets, e or μ, large ET

miss, meff 165 pb-1

2-leptons+ET
miss Exactly 2 leptons, large ET

miss 35 pb-1

0-leptons+bjets+ET
miss ≥3 jets, large ET

miss, meff 0.83 fb-1

Diphoton+ET
miss γγ+ET

miss+X 36 pb-1

eμ resonance eμ+X 0.87 fb-1

Medium-lived particle μ+displaced vertex 35 pb-1

miss
T

n

i

i
Teff Epm 

1
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• Interpretation of search results in the context of
• mSUGRA/CMSSM model

• M0, M1/2, A0, tanβ, sgn(μ)
• Simplified model
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Five signal regions are defined to 
maximize sensitivities for various 
production mechanisms

Background sources
W+jets Leptons reconstructed as jets

Z/γ+jets γ/leptons as jets, Z+jetsνν+jets
Top Hadronic tau decay

QCD Mis-measurement of jets or ν from 
heavy flavor decay

All backgroud estimations are 
data-driven

NEW L=1.04 fb-1
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≥2 jets ≥3 jets ≥4 jets
meff>500 GeV

≥4 jets
meff>1000 GeV

≥4 jets
high mass

Total 
expected

62.3±4.3±9.2 55.0±3.8±7.3 984±39±145 33.4±2.9±6.3 13.2±1.9±2.6

Data 58 59 1118 40 18

Limit on fiducial
cross section

22 (fb) 25 (fb) 429 (fb) 27 (fb) 17 (fb)

No excess was observed

NEW L=1.04 fb-1
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1
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-1<0, 2 fbμ=5, β, tanq~,g~CDF 
Theoretically excluded

 observed 95% C.L. limitsCL
 median expected limitsCL

exp. limit 68%, 99% CL
Reference point
2010 data PCL 95% C.L. limit
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~~  qg mm

Phenomenological MSSM (squark-gluino) grids
• Masses from 100 GeV to 2 TeV, m(χ0

1)=0
• Limits unchanged if LSP mass raised to 200 GeV

mSUGRA/CMSSM, A0=0, tanβ=10, μ>0



Pheonomenological MSSM

General simplified model
• Squarks assumed to be heavy
• Gluino-gluino pair production
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NEW L=0.83 fb-1

• Analysis similar to jets+ channel but requires at least one b-jet
• Sensitive to 3rd generation squarks in R-parity conserving scenarios
• Define 4 signal regions to maximize sensitivity
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NEW L=0.83 fb-1

Signal region 3J-A 3J-B 3J-C 3J-D
Total expected 356+103

-92 70+24
-22 79+28

-25 13+5.6
-5.2

Data 361 63 76 12
σ (pb) 95 % C.L. 
upper limit

0.288 0.061 0.078 0.017
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NEW L=165 pb-1

Event selection
• 1 lepton (electron or muon)

• electron pT>25 GeV or muon pT>20 GeV
• Veto second lepton if 

• electron pT>20 GeV or 
• muon pT>10 GeV

• 3 jets (>60, >25, >25 GeV)
• Δφ(jet, ET

miss)> 0.2 for all jets
• ET

miss >125 GeV, ET
miss >0.25*Meff

• Meff>500 GeV
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• No excess observed
• Limit in the context of 

mSUGRA/CMSSM
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L=35 pb-1

• Exactly 2 leptons
• Opposite-sign (OS)/Same-sign (SS)

• ET
miss >100 (for SS), 150 GeV (for OS)

e+e- μ+μ- e+μ- ll (SS)
0.09 pb 0.21 pb 0.22 pb 0.07 pb

Limits on model independent fiducial cross sections 
@95 % C.L.
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ATLAS

• mSUGRA/CMSSM, A0=0, tanβ=3, μ>0
• m(gluino,squark)>450-690 GeV

• Phenomenological MSSM (2 grids)
• “Compressed spectrum”

•  soft final state kinematics
• Light neutralino

•  harder kinematics



2011/7/25LHC physics discussion (Results for EPS) 15

• Interpretation using a generalized 
model of gauge-mediated SUSY 
breaking (GGM) with a bino-like 
lightest neutralino (95 % C.L.)
• σ<0.38 – 0.65 pb
• m(gluino)>560 GeV

• Intepretation using Universal Extra 
Dimension (UED) (95 % C.L.)
• σ<0.18 – 0.23 pb
• 1/R>961 GeV on the UED 

compactification radius
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• In gauge-mediated SUSY breaking 
(GMSB) models, the LSP is the gravitino

• Signature: 2γ + ET
miss +X
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R-parity violating SUSY
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• Heavy stable particles are predicted in a number of theories including SUSY
• Models with stau as the LSP
• R-hadron (long-lived gluinos or squarks after hadronization)
• SUGRA with R-parity violation

R-parity violating interaction Event selection
• Muon pT>45 GeV (also used for the trigger)
• Displaced vertex (DV) using tracks with d0>2 

mm
• DV fit quality : χ2<5
• Fiducial region of  the pixel detector

• |zDV|<300 mm, |rDV|<180 mm
• 3D distance from the primary vertex > 4 mm

• Ntrk,DV≥4
• mDV>10 GeV
• Veto vertices in high density material regions

L=33 pb-1
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• No signal observed
• Set limit on the cross section 

• σ・acceptance・ε<0.09 pb @ 95 % C.L. 
for m(squark)=150 GeV and 100 % branching 
ratio

Distributions of mDV and Ntrk
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NEW L=0.87 fb-1

• Look for particles decaying into opposite-
sign different flavor lepton
• R-parity violating SUSY
• Extra Z’ gauge boson with lepton 

flavor violation
• High mass e-μ pair: clear signal with small 

SM contribution

singletquark  type-nlepton/dow charged :/
superfield double SU(2)rk lepton/qua :/

2
1 :  termLagrangian

DE
QL

DQLELL kjiijkkjiijk  
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410

 = 0.05
312

λ = 0.10, 
311

’
λTheory 

 = 0.01
312

λ = 0.01, 
311

’
λTheory 

Observed Limit

Expected Limit

σ1 ±Expected Limit 

σ2 ±Expected Limit 

ATLAS 2010 limit

-1
 Ldt = 0.87 fb∫
 = 7 TeVs

ATLAS Preliminary
(a)

 [GeV]
τν∼m

100 200 300 400 500 600 700 800 900 1000

’ 31
1

λ
-310

-210

-110

 = 0.07312λ
 = 0.05312λ
 = 0.01312λ
 = 0.07(ATLAS 2010 data)312λ
 = 0.07(D0@Tevatron)312λ

-1
 Ldt = 0.87 fb∫

ATLAS Preliminary
(b)

     eBRpp  ~~

σ≤130 fb for mντ
=100 GeV

≤11 fb for mντ
=1 TeV

Limit on the cross section * BR



Mass scale [TeV]

-110 1 10

S
U

S
Y

μ=0.01) : high-mass e
312

λ=0.01, 
,

311
λRPV (

Stable massive particles : R-hadrons

Stable massive particles : R-hadrons

Stable massive particles : R-hadrons

τ∼GMSB : stable 

T,miss
E + γγGMSB (GGM) + Simpl. model : 

T,missE + 
SF

) : 2-lep OS
0

1
χ∼Pheno-MSSM (light 

T,missE) : 2-lep SS + 
0

1
χ∼Pheno-MSSM (light 

T,missESimplified model : 0-lep + b-jets + 

T,missE) : 0-lep + 
0

1
χ∼Simplified model (light 

T,missE) : 0-lep + 
0

1
χ∼Simplified model (light 

T,missE) : 0-lep + 
0

1
χ∼Simplified model (light 

T,missEMSUGRA/CMSSM : 0-lep + 

 massτν∼440 GeV  (2011) [preliminary]-1=0.87 fbL

 masst
~

309 GeV  (2010) [arXiv:1103.1984]-1=34 pbL

 massb
~

294 GeV  (2010) [arXiv:1103.1984]-1=34 pbL

 massg~562 GeV  (2010) [arXiv:1103.1984]-1=34 pbL

 massτ∼
136 GeV 

 (2010) [arXiv:1106.4495]-1=37 pbL

 massg~560 GeV  (2010) [arXiv:1107.0561]-1=36 pbL

 massq~558 GeV  (2010) [arXiv:1103.6208]-1=35 pbL

 massq~690 GeV  (2010) [arXiv:1103.6214]-1=35 pbL

) < 600 GeV)b
~

(m mass (for g~720 GeV  (2011) [ATLAS-CONF-2011-098]-1=0.83 fbL

 massg~800 GeV  (2011) [preliminary]-1=1.04 fbL

 massq~850 GeV  (2011) [preliminary]-1=1.04 fbL

 massg~ = q~1.075 TeV  (2011) [preliminary]-1=1.04 fbL

 massg~ = q~980 GeV  (2011) [preliminary]-1=1.04 fbL

Only a selection of the available results shown*

-1 = (0.034 - 1.04) fbLdt∫
 = 7 TeVs

ATLAS
Preliminary

ATLAS Searches* - 95% CL Lower Limits (EPS-HEP 2011)
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 Many searches for new physics are being performed in 
ATLAS and already many of them have been published
◦ Concentrated on new results shown at EPS
◦ Some analyses using ~1 fb-1 of data (0-lepton, 0-lepton+bjet, eμ

resonance)
 No excess was observed over SM expectation and derived 

95 % C.L. exclusion limits
◦ 0-lepton + ET

miss channel excludes gluino/squark masses up to ~1 TeV
 Expect to have 3-5 times more data by the end of 2011 and 

even more in 2012
◦ Increase the reach towards higher masses and into other regions in the 

parameter space
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Backup slides
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Mass scale [TeV]

-110 1 10

O
th

er
LQ

Z
’ /

 W
’

C
t. 

I.
E

xt
ra

 d
im

en
si

on
s

dijetmColor octet scalar : 

dijetmAxigluons : 

dijetmExcited quarks : 

=1 TeV) : SS dileptonΛ, 4-ferm.VMajor. neutr. (

 WtWt (SS dilepton)→
4

d
4

 family : dth4

 WqWq→
4

Q
4

 family : coll. mass in Qth4

jjνμjj, μμ=1) : kin. vars. in βScalar LQ pairs (

jjν=1) : kin. vars. in eejj, eβScalar LQ pairs (

μT,e/mSSM : 

μμee/mSSM : 

μμ
m contact interaction : μμqq

)dijetm(χFqqqq contact interaction : 

ch. part.N=3) : SS dimuon DM/thMADD BH (

jetsN, 
T

pΣ=3) : multijet DM/thMADD BH (

t + XσQBH : High-mass 

)χ(F, dijetmQuantum black hole (QBH) : 

tt
m=4.0 : 

R
g=1.0, 

L
gRS with top couplings 

μμee/m = 0.1 : PlM/kRS with 

γγm = 0.1 : PlM/kRS with 

T,miss
E + γγUED : 

Large ED (ADD) : monojet

Scalar resonance mass1.91 TeV  (2011) [ATLAS-CONF-2011-095]-1=0.81 fbL

Axigluon mass3.21 TeV  (2011) [ATLAS-CONF-2011-095]-1=0.81 fbL

q* mass2.91 TeV  (2011) [ATLAS-CONF-2011-095]-1=0.81 fbL

N mass460 GeV  (2010) [preliminary]-1=34 pbL

 mass4d290 GeV  (2010) [preliminary]-1=34 pbL

 mass4Q
270 GeV 

 (2010) [ATLAS-CONF-2011-022]-1=37 pbL

 gen. LQ massnd2422 GeV  (2010) [arXiv:1104.4481]-1=35 pbL

 gen. LQ massst1376 GeV  (2010) [arXiv:1104.4481]-1=35 pbL

W’ mass2.15 TeV  (2011) [preliminary]-1=1.04 fbL

Z’ mass1.83 TeV  (2011) [preliminary]-1=1.08-1.21 fbL

Λ4.9 TeV  (2010) [arXiv:1104.4398]-1=42 pbL

Λ6.7 TeV  (2010) [arXiv:1103.3864 (Bayesian limit)]-1=36 pbL

=6)δ (DM1.20 TeV  (2010) [ATLAS-CONF-2011-065]-1=31 pbL

=6)δ (DM1.37 TeV  (2010) [ATLAS-CONF-2011-068]-1=35 pbL

DM2.35 TeV  (2010) [ATLAS-CONF-2011-070]-1=33 pbL

=6)δ (DM3.67 TeV  (2010) [arXiv:1103.3864]-1=36 pbL

KK gluon mass650 GeV  (2011) [ATLAS-CONF-2011-087]-1=200 pbL

Graviton mass1.63 TeV  (2011) [preliminary]-1=1.08-1.21 fbL

Graviton mass920 GeV  (2010) [ATLAS-CONF-2011-044]-1=36 pbL

Compact. scale 1/R961 GeV  (2010) [arXiv:1107.0561]-1=36 pbL

=2)δ (DM3.2 TeV  (2011) [ATLAS-CONF-2011-096]-1=1.00 fbL

Only a selection of the available results shown*

-1 = (0.031 - 1.21) fbLdt∫
 = 7 TeVs

ATLAS
Preliminary

ATLAS Searches* - 95% CL Lower Limits (EPS-HEP 2011)
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