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Why Supersymmetry?
• Mathematical beauty / Ingredients 

to the String Theory

• Grand Unification 

• Solution to hierarchy problem / 
Stabilization of Higgs mass 

• Provides a dark matter candidate               
← if R-parity is conserved

Hideki Okawa

Standard Model SUSY Particles

Will present results of supersymmetry searches using events with leptons 
with the ATLAS detector at the LHC (2011 data)

• R-parity conserving cases: ≥2-lepton searches for direct gaugino processes; 
interpreted with simplified models & pMSSM

• R-parity violating (RPV) cases: Stau-LSP, e-μ resonance/continuum from a tau 
sneutrino/stop, 1-lepton search for bilinear RPV in mSUGRA 

In this talk

Phenomenology 2012, May 5-7, 2012
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7  = 7 TeVs     ATLAS Online Luminosity
LHC Delivered

ATLAS Recorded

-1Total Delivered: 5.61 fb
-1Total Recorded: 5.25 fb

LHC & ATLAS

ATLAS detector

• Precision tracking inner detectors (ID)

• Electromagnetic (EM) & hadronic 
calorimeters

• Muon spectrometer (MS) w/ toroidal 
magnetic field

• Trigger systems (Level-1,2 & Event Filter)

• Forward detectors for luminosity 
measurement

Large Hadron Collider (LHC)

• pp collisions at √s=7 TeV in 2011

• Peak luminosity of 3.65×1033 cm-2s-1

• Total delivered lumi. 5.61 fb-1 (93.5% recorded in ATLAS) 



• Electrons: Reconstructed from energy deposit in the EM calorimeter & an 
associated ID track. pT cut at 10 GeV or higher. An isolation cut is further applied.  

• Muons: Reconstructed by combining ID and MS tracks. pT cut at 10 GeV or 
higher in the analyses shown in this talk. Isolation cuts are further applied.
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Leptons & Fake Estimation

Phenomenology 2012, May 5-7, 2012

To be estimated      From data          

• Fake leptons: e,μʼs 
originating from heavy flavor 
jets or photon conversion

Nij: number of 
events w/ lepton i,j

T: “tight” selection                                               
L: “loose” selection                                                

R: real lepton                
F: fake lepton

• Count events with “tight” leptons (dominated by real leptons) & 
“loose” leptons (dominated by fakes)

• Solve the linear equations for NRR, NRF, NFR, NFF

r : 1-lepton real efficiency = “loose” real lepton passing “tight” selection 
f : 1-lepton fake rate = “loose” fake lepton passing “tight” selection 

Data-driven Estimation of Fakes (Matrix Method)



Direct Gaugino Searches
~ R-parity Conserved ~
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Focus of this work

From the the 2-lepton 1.04fb−1 support note
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Direct Gaugino Production

• Weak-gauginos could be accessible at the LHC due to naturalness

• Among wino-like gaugino pair-productions,           has the largest 
cross sections →  sensitivity in same-sign 2 & 3-lepton channels

• Winos emit leptons when they decay to:

• Slepton+lepton (when slepton is light): BR(→lep) would be close to 1

• W/Z(*)+LSP : BR(→lep) is small. Not promising for a few fb-1 of data

From Prospino

Weakino-Pair (Mode C)
l±

• χ1
± - χ1

-/+ pair production 

• 4 mass parameters : χ1
±, χ2

0, slepton and 
LSP

• Must be m(χ1
±) > m(χ2

0) to have trilepton 
signature

• Maximum of 6 leptons in the final states

χ̃±1

χ̃∓1

Preliminary proposal of mass grids

Z∗

Mχ2 = [ Mχ1± - 50, Mχ1± - 100] (for Mχ2 - Mlsp ≥ 50) 

Mχ2 - Mlsp = 15, 25, 50, 70, 80, 90, 100, 150, 200, 250, 300, 400, 500 GeV for no-slepton intermediate case

Mχ2 - Mlsp = 30, 50, 70, 100, 150, 200, 250, 300, 400, 500 GeV with slepton intermediate case

Mχ1± = [ 100, 150, 200, 250, 300, 350, 400, 500 ] GeV

6ATLAS SUSY Etmiss MeetingMay 26, 2011

Weakino-Pair (Mode D)
l±

• χ2
0 - χ2

0 pair production 

• 4 mass parameters : χ1
±, χ2

0, slepton 
and LSP

• Maximum of 4 leptons in the final statesχ̃0
2

χ̃0
2

Z∗

Mχ1± = [ 100, 150, 200, 250, 300, 350, 400, 500 ] GeV

Mχ2 = [ Mχ1± , Mχ1± ± 50, Mχ1± ± 100] (for Mχ2 - Mlsp ≥ 50) 

min(Mχ1±, Mχ2) - Mlsp = 15, 25, 50, 70, 80, 90, 100, 150, 200, 250, 300, 400, 500 GeV for no-slepton 
intermediate case
min(Mχ1±, Mχ2) - Mlsp = 30, 50, 70, 100, 150, 200, 250, 300, 400, 500 GeV with slepton intermediate case

Soft lepton region

W/Z on-shell/off-shell 
boundary

7ATLAS SUSY Etmiss MeetingMay 26, 2011

Weakino-Pair (Mode A)
l±

T.Tait et al.’s proposal at lhcnewphysics.org

χ̃0
2

χ̃±1

4

W±∗

• χ1
± - χ2

0 pair production 

• 4 mass parameters : χ1
±, χ2

0, slepton and LSP

• Mass splittings between χ1± and χ20 (0, ±50 GeV, 
±100 GeV)

• Maximum of 3 or 5 leptons in the final states

Mχ1± = [ 100, 150, 200, 250, 300, 350, 400, 500 ] GeV

Mχ2 = [ Mχ1± , Mχ1± ± 50, Mχ1± ± 100] (for Mχ2 - Mlsp ≥ 50) 

min(Mχ1±, Mχ2) - Mlsp = 15, 25, 50, 70, 80, 90, 100, 150, 200, 250, 300, 400, 500 GeV for no-slepton 
intermediate case
min(Mχ1±, Mχ2) - Mlsp = 30, 50, 70, 100, 150, 200, 250, 300, 400, 500 GeV with slepton intermediate case

Soft lepton region

W/Z on-shell/off-shell 
boundary

ATLAS SUSY Etmiss MeetingMay 26, 2011

Z/γ∗

χ̃±1 χ̃0
2



7

Ev
en

ts
 / 

20
 G

eV

-110

1

10

210

310

410

ATLAS

 = 7 TeV)sData 2011 ( 
SM Background
Fake Leptons
Z+jets
Drell-Yan
Diboson

-1L dt ~ 1.04 fb di-lepton [SS]

Ev
en

ts
 / 

20
 G

eV

-110

1

10

210

310

410

 [GeV]miss
TE

0 50 100 150 200 250

D
at

a/
M

C

0
1
2
3

 [GeV]miss
TE

0 50 100 150 200 250

D
at

a/
M

C

0
1
2
3

>260

SS 2-Lepton Search (1 fb-1)

Main systematics: luminosity, cross section, jet energy 
scale/resolution, lepton energy scale/resolution 

• Fake BG: One or two fake leptons from heavy-flavor & fake electrons from 
photon-conversions. Estimated using a data-driven method (Matrix Method)

• Charge flip: Electrons only ( e-hard→e-soft γhard →e-soft e-soft e+hard ). Mainly from tt. MC-
based estimation, but correction for charge flip ratio is extracted from data.

• Dibosons (WZ, W±W±+jets): MC-based. WW, WZ, ZZ cross sections are 
already measured at the LHC & consistent with the theoretical expectation.

Phenomenology 2012, May 5-7, 2012

Signal region (SR): Same-sign 2-lepton (e,μ), mll>12 GeV, ETmiss>100 GeV

Phys. Lett. B 709 (2012) 137

Hideki Okawa

Background (BG)

Same Sign [SS-SR1] e±e± e±µ± µ±µ±

Fake 3.5 ± 1.6 14.4 ± 4.4 9.2 ± 3.3
Charge Flip 0.73 ± 0.08 1.1 ± 0.14 negligible
Dibosons 0.79 ± 0.27 1.7 ± 0.5 1.1 ± 0.22
Standard Model 5.0 ± 1.6 17.2 ± 4.4 10.3 ± 3.3
Cosmic Rays < 10−3 < 10−3 < 10−3
Observed 6 14 5

Table 1:

1

Observed no excess in each channel

http://www.sciencedirect.com/science/article/pii/S0370269312001177
http://www.sciencedirect.com/science/article/pii/S0370269312001177


Hideki Okawa

• Used CLs method for the limit setting. Visible cross section (σvisible) upper limit = 14.8 fb.

• Exclusion contour at 95% CL assuming MSSM for the production cross section. Colors 
represent model-independent observed cross section (σobs) upper limits at 95% CL.  

• The first direct gaugino search in leptonic final states at the LHC
8
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Direct Gaugino Simplifed Models

Phenomenology 2012, May 5-7, 2012

Phys. Lett. B 709 (2012) 137

χ̃±
1

l̃±, ν̃
ν, l

χ̃0
1

l±, ν

χ̃0
2

l̃±

l∓ χ̃0
1

l±, ν

Process

BR(χ̃±1 → l̃±ν) = BR(χ̃±1 → l±ν̃) = 50%
BR(χ̃0

2 → l̃±l∓) = 100%

χ̃±1 χ̃0
2

cf.) ATLAS search in 
diphoton channel  
Phys.Lett. B 710 (2012) 519

http://www.sciencedirect.com/science/article/pii/S0370269312001177
http://www.sciencedirect.com/science/article/pii/S0370269312001177
http://www.sciencedirect.com/science/article/pii/S0370269312001955
http://www.sciencedirect.com/science/article/pii/S0370269312001955
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3-Lepton Search (2 fb-1)
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• Diboson & tt+V BG estimated with MC

• Reducible BG corresponds to events 
coming from fake leptons

3

which is a valid assumption in 99% of the cases, based on
MC studies. The number of observed events with one or
two fakes is then extracted from a system of linear equa-
tions linking the number of events with two additional
signal or tagged candidates to the number of events with
two additional candidates that are either real or fake.
The coefficients of the linear equations are functions of
the real lepton identification efficiencies and of the fake
object misidentification probabilities. The identification
efficiency is measured in data using lepton candidates
from Z → !! decays.
Misidentification probabilities for each fake type

(heavy flavor, conversion) and for each reducible back-
ground process are obtained using simulated events with
one signal and two tagged leptons. These misidentifica-
tion probabilities are then corrected using the ratio (fake
scale factor) of the misidentification probability in data
and that in MC simulation obtained in dedicated control
samples. For heavy flavor fakes, the correction factor is
measured in bb̄ events, while for conversion fakes it is de-
termined in a sample of photons radiated from a muon
in Z → µµ decays. A weighted average misidentication
probability is then calculated by weighting the corrected
type- and process-dependent misidentification probabili-
ties according to the process cross-section.
An additional source of background is due to events

with two signal leptons and one virtual photon converting
into two muons, one with pT above 10GeV. The contri-
bution from events in which both muons from the virtual
photons have pT above 10GeV is negligible due to the re-
quirement on the dilepton pair invariant mass. For events
with only one muon above threshold, an upper limit of
0.5± 0.5 in SR1 and of 0.7± 0.7 in SR2 is obtained from
data as follows. The number of observed events with ex-
actly two signal leptons and Emiss

T > 50GeV is rescaled
by the probability that any of the signal leptons could
have radiated the converted photon. This probability is
measured in events with Emiss

T < 50GeV as the ratio of
number of events with three signal muons with trilep-
ton invariant mass within 10GeV of the nominal Z bo-
son mass to the number of events with two signal muons
having the dilepton mass in the same mass window.
The background predictions have been validated in a

region dominated by Z(∗)+jets production (VR1: three
signal leptons, 30<Emiss

T < 50GeV) and in one domi-
nated by top pair-production (VR2: three signal lep-
tons, SFOS lepton pairs vetoed, Emiss

T > 50GeV). The
data and predictions are in agreement within the quoted
statistical and systematic uncertainties as shown in Ta-
ble I.
Several sources of systematic uncertainty are consid-

ered in the signal regions. The systematic uncertain-
ties affecting the MC based estimates (irreducible back-
ground yield, misidentification probabilities, signal yield)
include the theoretical cross section uncertainty due
to scale and PDFs, the acceptance uncertainty due to

PDFs, jet energy scale, jet energy resolution, lepton en-
ergy scale, lepton energy resolution, lepton efficiency, b-
tagging efficiency, event quality selection, and the uncer-
tainty on the luminosity. In SR1, the total uncertainty
on the irreducible background is 17%. This includes the
uncertainty on the acceptance due to PDFs (14%), that
on the theoretical cross section due to scale and PDFs
(7%), and that from the limited number of simulated
events (10%), while all the remaining uncertainties on
the irreducible background in this signal region range
between 0.5-5%. The total uncertainty on the reducible
background is 29%. This includes an uncertainty on the
object misidentification probability of 10-30% from the
sources listed above. The uncertainty from the depen-
dence of the misidentification probability on Emiss

T (0.4–
17%) and the uncertainty on the fake scale factors (10–
50%) are also included in the total, together with the
uncertainty from the limited number of data events with
three tagged leptons, of which at least one is a signal lep-
ton. The total uncertainties on the signal cross-section
range between 10-15%. These include uncertainties due
to the renormalization and factorization scale, αS , and
PDFs. The maximum uncertainty obtained from either
the CTEQ6.6 or the MSTW [51] PDF set is used. In SR2, the
values of systematic uncertainties are similar to those ob-
tained in SR1. The only exceptions are the uncertainty
from the limited number of simulated events (4%) and
the uncertainty on the reducible background (52%). In
all of the above, the value used for the uncertainty on the
luminosity is 3.7%.
The numbers of observed events and the prediction for

SM backgrounds in SR1 and SR2 are reported in Ta-
ble I. The probability that the background fluctuates
to the observed number of events or higher is calcu-
lated in the frequentist approach and found to be 19%
in SR1 and 6% in SR2. The distributions of the Emiss

T
in the two signal regions are presented in Fig. 1. The
yield in SR1 for one of the simplified model scenarios
(mχ̃±

1

,mχ̃0

2
,m"̃L

,mχ̃0

1
=250, 250, 175, 100GeV) is also

shown for illustration purposes.

TABLE I. Expected numbers of events from SM backgrounds
(Bkg.) and observed numbers of events in data, for 2.06 fb−1,
in control regions VR1 and VR2, and in signal regions SR1
and SR2. Both statistical and systematic uncertainties are
included.

Selection VR1 VR2 SR1 SR2

tt̄W (∗)/Z(∗) 1.4±1.1 0.7±0.6 0.4±0.3 2.7±2.1

ZZ(∗) 6.7±1.5 0.03±0.04 0.7±0.2 3.4±0.8

WZ(∗) 61±11 0.4±0.2 11±2 58±11

Reducible Bkg. 56±35 14±9 14±4 7.5±3.9

Total Bkg. 125±37 15±9 26±5 72±12

Data 122 12 32 95
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TABLE I. Expected numbers of events from SM backgrounds
(Bkg.) and observed numbers of events in data, for 2.06 fb−1,
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and SR2. Both statistical and systematic uncertainties are
included.

Selection VR1 VR2 SR1 SR2
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• Contributions from fake leptons are estimated using the 4×4 Matrix Method. 
Leading lepton is always assumed to be real (confirmed with MC studies).

• Photon conversions to muon pair (l→lγ*→lμμ) from data-driven estimation

• Rescale number of events with exactly 2 muons by probability of a muon radiating a 
converted photon producing two muons. Probability is extracted from data. 

SR1 (Z-veto): 3-lepton (e,μ), ETmiss>50 GeV, SFOS lep |mll - mZ | > 10 GeV, no b-jets 
SR2 (Z-enrich): 3-lepton (e,μ), ETmiss>50 GeV, SFOS lep |mll - mZ | < 10 GeV

SR1 SR2

arXiv:1204.5638 (2012)

Observed no excess
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3-Lepton Interpretation
(Simplified Models)

Phenomenology 2012, May 5-7, 2012

• Used CLs. SR1 used for the interpretation. σvisible upper limit = 9.9 fb.

• Exclusion contours at 95% CL. Colors represent σobs upper limits at 95% CL.

• The exclusion limits are significantly extended from the SS 2-lepton search.
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BR(χ̃±1 → l̃±ν) = BR(χ̃±1 → l±ν̃) = 50%

BR(χ̃0
2 → l̃±l∓) = BR(χ̃0

2 → ν̃ν) = 50%

Processχ̃±1 χ̃0
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3-Lepton Interpretation
(pMSSM)

• Chosen M1 leads to large splittings between       and 

•        is excluded up to ~200 GeV in pMSSM 

arXiv:1204.5638 (2012)

χ̃±1 χ̃0
1

χ̃±1



R-Parity Violation
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• Large constraints on the parameters (λijk, λ′ijk, λ′′ijk, κi) from 
previous experiments and the stability of protons

• LSP is unstable → Dark matter could be axion or axino 

• RPV-specific phenomenology

• Single sparticle production/exchange → e.g.) e-μ resonance/continuum

• Unstable LSP → It could be anything; will show the stau-LSP case (w/ 
multilepton signature) in this talk

• Leptonic channels are highly effective for RPV searches                  
→ non-zero λijk and/or λ′ijk

Phenomenology 2012, May 5-7, 2012

WRPV = λijkLiLjĒk + λ�
ijkLiQjD̄k + κiLiH2 + λ��

ijkŪiD̄jD̄k

Lepton Number Violation Baryon Number Violation

R-Parity Violation

i, j, k: fermion generations (=1-3)
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4-Lepton Searches (2 fb-1)

Phenomenology 2012, May 5-7, 2012
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Table 3: Number of events in SR1 and SR2 for MC simulation and 2.06 fb−1 of 2011 data. SM back-

ground expectations listed in this table have been estimated using MC simulation. The uncertainties

quoted for the “All” column are inclusive and not the summed uncertainties of the different flavour

combinations. Where MC samples yield zero events, the uncertainty is quoted based on the integrated

luminosity of the MC sample (see text).
SR1 All eeee eeeµ eeµµ eµµµ µµµµ

tt̄ 0.17±0.14 0.011±0.042 0.027±0.042 0.09±0.06 0.05±0.07 0±0.018

Single t 0±0.04 0±0.04 0±0.04 0±0.04 0±0.04 0±0.04

tt̄V 0.48±0.21 0.072±0.037 0.12±0.06 0.14±0.07 0.08±0.04 0.059±0.032

ZZ 0.44±0.19 0.14±0.08 0.016±0.012 0.21±0.12 0.047±0.032 0.025±0.045

WZ 0.25±0.10 0.015±0.022 0.07±0.04 0.050±0.032 0.11±0.06 0±0.011

WW 0±0.015 0±0.015 0±0.015 0±0.015 0±0.015 0±0.015

Zγ 0±0.5 0±0.5 0±0.5 0±0.5 0±0.5 0±0.5

Z+(u, d, s jets) 0.33±0.67 0.33±0.67 0±0.29 0±0.29 0±0.29 0±0.29

Z+(c, b jets) 0.024±0.035 0±0.17 0±0.17 0±0.17 0.024±0.035 0±0.17

Drell-Yan 0±0.05 0±0.05 0±0.017 0±0.017 0±0.016 0±0.017

Σ SM 1.7±0.9 0.6±0.8 0.24±0.57 0.5±0.6 0.32±0.55 0.08±0.57

Data 4 0 1 2 0 1

SR2 All eeee eeeµ eeµµ eµµµ µµµµ

tt̄ 0.13±0.11 0±0.018 0.027±0.042 0.05±0.04 0.05±0.07 0±0.018

Single t 0±0.04 0±0.04 0±0.04 0±0.04 0±0.04 0±0.04

tt̄V 0.07±0.04 0.007±0.007 0.024±0.017 0.022±0.021 0.011±0.008 0.005±0.005

ZZ 0.019±0.020 0.008±0.011 0±0.012 0.010±0.018 0±0.012 0±0.012

WZ 0.09±0.05 0±0.020 0.0021±0.0024 0.050±0.032 0.039±0.028 0±0.011

WW 0±0.015 0±0.015 0±0.015 0±0.015 0±0.015 0±0.015

Zγ 0±0.5 0±0.5 0±0.5 0±0.5 0±0.5 0±0.5

Z+(u, d, s jets) 0.33±0.67 0.33±0.67 0±0.29 0±0.29 0±0.29 0±0.29

Z+(c, b jets) 0.024±0.035 0±0.17 0±0.17 0±0.17 0.024±0.035 0±0.17

Drell-Yan 0±0.05 0±0.05 0±0.017 0±0.017 0±0.016 0±0.017

Σ SM 0.7±0.8 0.35±0.83 0.05±0.57 0.13±0.57 0.12±0.55 0.005±0.567

Data 0 0 0 0 0 0
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Table 3: Number of events in SR1 and SR2 for MC simulation and 2.06 fb−1 of 2011 data. SM back-

ground expectations listed in this table have been estimated using MC simulation. The uncertainties

quoted for the “All” column are inclusive and not the summed uncertainties of the different flavour

combinations. Where MC samples yield zero events, the uncertainty is quoted based on the integrated

luminosity of the MC sample (see text).
SR1 All eeee eeeµ eeµµ eµµµ µµµµ

tt̄ 0.17±0.14 0.011±0.042 0.027±0.042 0.09±0.06 0.05±0.07 0±0.018

Single t 0±0.04 0±0.04 0±0.04 0±0.04 0±0.04 0±0.04

tt̄V 0.48±0.21 0.072±0.037 0.12±0.06 0.14±0.07 0.08±0.04 0.059±0.032

ZZ 0.44±0.19 0.14±0.08 0.016±0.012 0.21±0.12 0.047±0.032 0.025±0.045

WZ 0.25±0.10 0.015±0.022 0.07±0.04 0.050±0.032 0.11±0.06 0±0.011

WW 0±0.015 0±0.015 0±0.015 0±0.015 0±0.015 0±0.015

Zγ 0±0.5 0±0.5 0±0.5 0±0.5 0±0.5 0±0.5

Z+(u, d, s jets) 0.33±0.67 0.33±0.67 0±0.29 0±0.29 0±0.29 0±0.29

Z+(c, b jets) 0.024±0.035 0±0.17 0±0.17 0±0.17 0.024±0.035 0±0.17

Drell-Yan 0±0.05 0±0.05 0±0.017 0±0.017 0±0.016 0±0.017

Σ SM 1.7±0.9 0.6±0.8 0.24±0.57 0.5±0.6 0.32±0.55 0.08±0.57

Data 4 0 1 2 0 1

SR2 All eeee eeeµ eeµµ eµµµ µµµµ

tt̄ 0.13±0.11 0±0.018 0.027±0.042 0.05±0.04 0.05±0.07 0±0.018

Single t 0±0.04 0±0.04 0±0.04 0±0.04 0±0.04 0±0.04

tt̄V 0.07±0.04 0.007±0.007 0.024±0.017 0.022±0.021 0.011±0.008 0.005±0.005

ZZ 0.019±0.020 0.008±0.011 0±0.012 0.010±0.018 0±0.012 0±0.012

WZ 0.09±0.05 0±0.020 0.0021±0.0024 0.050±0.032 0.039±0.028 0±0.011

WW 0±0.015 0±0.015 0±0.015 0±0.015 0±0.015 0±0.015

Zγ 0±0.5 0±0.5 0±0.5 0±0.5 0±0.5 0±0.5

Z+(u, d, s jets) 0.33±0.67 0.33±0.67 0±0.29 0±0.29 0±0.29 0±0.29

Z+(c, b jets) 0.024±0.035 0±0.17 0±0.17 0±0.17 0.024±0.035 0±0.17

Drell-Yan 0±0.05 0±0.05 0±0.017 0±0.017 0±0.016 0±0.017

Σ SM 0.7±0.8 0.35±0.83 0.05±0.57 0.13±0.57 0.12±0.55 0.005±0.567

Data 0 0 0 0 0 0
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SR1 SR2

• BG was estimated using the MC, except for 
the photon conversion BG (Zγ*→llγ*) 
estimated from data. BG was validated 
using the tt-rich & low ETmiss ZZ-rich control 
regions in data (see extra slides)

No significant deviation is seen for each flavor 
final state (detailed tables in the extra slides)

SR1: ≥4 isolated leptons (e,μ). ETmiss>50 GeV.         
SR2: SR1 cuts + SFOS lep |mll - mZ | > 10 GeV

χ̃
0
1

∗

ẽ
± ∗
R

τ̃
−
1

(−)

ν µ (
(−)

ν e)

e
±(µ±)

e
∓

τ
−

λ121

4l+2τ+ETmiss from 2 RPV staus

http://www.sciencedirect.com/science/article/pii/S0370269312001177
http://www.sciencedirect.com/science/article/pii/S0370269312001177
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RPV Interpretation (≥4-lep)

Phenomenology 2012, May 5-7, 2012
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• The most dominant process in SR highly depends on m1/2 & tanβ (see extra slides) 

• m1/2 < 800 GeV excluded for tanβ<40 → mgluino~1.77 TeV for m0=0, A0=0, tanβ<40

• The first RPV search w/ stau LSP at the LHC

• Stau-LSP scenario in mSUGRA/
CMSSM + RPV

• 6 parameters: m0, m1/2, A0, tanβ, 
sign(μ), λ121

• RPV coupling (λ121=0.032): small 
enough that sparticle pair 
productions dominate, but large 
enough to have promptly 
decaying stau LSPs

using 
SR2

ATLAS-CONF-2012-001, ATLAS-CONF-2012-035 (2012)

http://www.sciencedirect.com/science/article/pii/S0370269312001177
http://www.sciencedirect.com/science/article/pii/S0370269312001177
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Search for t-channel RPV stop

e-μ Continuum (2 fb-1)

Phenomenology 2012, May 5-7, 2012

• Real prompt leptons: (Diboson, Z/γ*→ττ, 
tt, single top) estimated with MC

• Fake lepton(s): W/Z+jets, multijets were 
estimated with data-driven method (Matrix 
Method). MC was used for W/Z+γ.
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+µ
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’

231
’

SR: Opposite-sign e+μ, e,μ pT>25 GeV, jet veto (pT>30 GeV, |η|<2.5), 
meμ>100 GeV, Δϕeμ>3.0 rad, ETmiss<25 GeV

BG

 E
ve

nt
s 

/ 5
0 

G
eV

1

10

210

 E
ve

nt
s 

/ 5
0 

G
eV

1

10

210
= 95 GeV)

t~
Signal (m
Total Background
Top

  * Z/
Fake Background
Diboson

ATLAS

-1 Ldt = 2.1 fb

 [GeV]µe m
0 100 200 300 400 500 600D

at
a 

/ S
M

0

1

2

arXiv:1205.0725 (2012)

The ATLAS Collaboration: Search for Lepton Flavour Violation in the eµ Continuum 3

ATLAS detector [33]. To improve the agreement between
data and simulation, selection efficiencies are measured
in both data and simulation, and correction factors are
applied to the simulation. Furthermore, the simulation is
tuned to reproduce the calorimeter energy and the muon
momentum scale and resolution. Top production is gener-
ated with mc@nlo [34] for tt̄ and single top, the Drell-Yan
process is generated with pythia [35], and the diboson
processes are generated with herwig [36]. The W/Z + γ
background comes from the W (→ µν)γ and Z(→ µµ)γ
processes, which is estimated using events generated with
madgraph [37]. The simulation samples are normalized
to cross sections with higher-order corrections applied.

The t̃ signal samples are produced with the pythia

event generator [35] with |λ′
131λ

′
231| = |λ′

132λ
′
232| = 0.05

and the value of mt̃ is varied from 95 GeV, which is the
most stringent limit from previous experiments [38], to
1000 GeV. The central CTEQ6L1 [39] parton distribution
function (PDF) set is used. The LO cross section is 580 fb
for mt̃ = 95 GeV and 0.33 fb for mt̃ = 1000 GeV.

5 Data Analysis

The production ofW/Z+jets and multijets can give rise to
backgrounds due to jets misidentified as leptons or non-
prompt leptons from heavy-quark decays in jets. These
sources are referred to as fake background and are esti-
mated from data. A looser lepton quality selection (called
‘loose’ lepton here) is defined for each lepton type in addi-
tion to the default tight quality selection. For loose muons,
both the calorimeter and the track isolation requirements
are removed. For loose electrons, the ‘loose’ electron iden-
tification criteria as defined in Ref. [28] are used and the
isolation requirements are also removed. The fake back-
ground is determined by weighting the events in the loose
lepton sample by the likelihood that the event came from
processes with at least one misidentified or non-prompt
lepton. These weights are obtained by solving a 4× 4 ma-
trix equation, constructed from the ET- or pT-dependent
probabilities for a prompt or fake/non-prompt lepton that
passes the loose lepton requirement to also pass the tight
lepton requirement. More details about the 4 × 4 matrix
method are given in Ref. [7].

The middle column of Table 1 gives the number of
events in the data and the estimated background contribu-
tions with their total uncertainties after the event preselec-
tion. A total of 5387 eµ candidates are observed with 5300
± 400 events expected from SM processes. The number of
expected signal events is shown for mt̃ = 95, 250, 500,
and 1000 GeV, assuming |λ′

131λ
′
231| = |λ′

132λ
′
232| = 0.05.

Figure 2 shows the comparison between data and the ex-
pected SM background for the dilepton invariant mass
(meµ), their azimuthal opening angle (∆φeµ), Emiss

T and
the number of jets. A good description of the data by the
expected SM background is observed.

To increase the signal purity, the preselected events are
required to have zero jets, meµ > 100 GeV, ∆φeµ > 3.0
rad and Emiss

T < 25 GeV. This selection was optimized
using the signal sample with mt̃ = 95 GeV which is the

Table 1. Number of events observed in data, the estimated
backgrounds, and expected number of signal events, assuming
|λ′

131λ
′
231| = |λ′

132λ
′
232| = 0.05, with their combined systematic

and statistical uncertainties for the preselected sample and the
final selected sample. The number of signal and background
events has been rounded.

Process Preselection Final selection
WW 640 ± 50 23.4 ± 3.3

Z/γ∗ → ττ 1210 ± 110 10 ± 4
Fake Background 290 ± 40 9.6 ± 1.9

WZ 36 ± 4 0.76 ± 0.31
tt̄ 2800 ± 400 0.25 ± 0.17

Single top 270 ± 40 0.22 ± 0.20
W/Z + γ 20 ± 7 0.04 ± 0.04

ZZ 4.0 ± 0.4 0.042 ± 0.028
Total background 5300 ± 400 44 ± 6

Data 5387 39
Signal (mt̃ = 95 GeV) 240 ± 15 67 ± 5
Signal (mt̃ = 250 GeV) 23.7 ± 1.4 9.3 ± 0.6
Signal (mt̃ = 500 GeV) 3.05 ± 0.18 1.28 ± 0.08
Signal (mt̃ = 1000 GeV) 0.305 ± 0.018 0.124 ± 0.008

most demanding in terms of signal-to-background ratio
when setting limits. After applying the full selection, 39
events are observed with 44 ± 6 SM events expected. A
breakdown of the SM background composition is given in
the last column of Table 1. In order of importance, the
dominant contributions stem from WW , τ -pair and fake
background. The meµ distribution of the selected events
is shown in Fig. 3.

Systematic uncertainties on the SM background esti-
mation arise from uncertainties in the estimation of the
fake background (15%), the integrated luminosity (3.7%),
and lepton trigger, reconstruction and identification effi-
ciencies (1–2%). Uncertainties from lepton energy/momentum
scale and resolution (0.5–1%), Emiss

T modelling (12%), and
jet energy scale and resolution [40] (3.6%) are also in-
cluded. The SM background uncertainty in the shape of
the meµ distribution used to extract the signal is esti-
mated by comparing the default WW distribution gener-
ated with herwig [36] to those obtained with alpgen [41]
(interfaced with jimmy [42]) and sherpa [43]. A 13%
uncertainty is assigned. The uncertainties on the tt̄ and
single-top cross sections are 10% [44] and 9% [45], re-
spectively. The theoretical uncertainties assigned to the
W/Z + γ, Z/γ∗ → ττ , WW , WZ, and ZZ cross sections
are 10%, 5%, 7%, 7%, and 5% respectively; these arise
from the choice of PDFs, the factorization and renormal-
ization scale dependence, and αs variations.

6 Limit Setting

Since no excess is observed in data, the meµ distribution
in Figure 3, with a single bin for meµ > 400 GeV to re-
duce sensitivity to statistical fluctuations, is used to set
limits on the production cross section of eµ pairs through

Observed no excess



17Hideki Okawa

For |λ′131 λ231| = |λ′132 λ232| = 0.05, 
stop mass of ~ 200 GeV is excluded

RPV     Interpretation

Phenomenology 2012, May 5-7, 2012

Exclusion on PDF-weighted sum of 
couplings 
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• Invariant mass of e,μ (meμ) is used to set limits on the production cross 
section of stops.

• Used a modified frequentist approach w/ a binned log-likelihood ratio

arXiv:1205.0725 (2012)



• Presented the results of supersymmetry searches with leptons 
with the ATLAS detector using 1-2 fb-1 of 2011 data.

• No excess was observed, so the results were interpreted with 
various approaches 

• R-parity conserving cases: direct gaugino production in 2 & 3-lepton channels 
with simplified models & pMSSM

• R-parity violating cases: stau LSP in ≥4-lep, e-μ resonances (see extra slides), 
e-μ continuum, binear RPV mSUGRA with 1-lepton (see extra slides)

• Analyses with ~5 fb-1 of 2011 data coming soon, covering a 
wider range of SUSY scenarios

• 2012 data analyses at √s=8 TeV will follow. Stay tuned!
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Summary

Phenomenology 2012, May 5-7, 2012



Backups



• Electrons: reconstructed from 
energy deposit in the 
electromagnetic (EM) calorimeter & 
an associated inner detector (ID) 
track

• Muons: reconstructed by 
combining ID and muon 
spectrometer (MS) tracks

• Jets: Reconstructed from 
calorimeter clusters using anti-kt 
algorithm with a radius parameter of 
0.4

20Hideki Okawa

Object Reconstruction

Phenomenology 2012, May 5-7, 2012

• Missing ET (ETmiss): Reconstructed from the transverse momenta of the 
electron & muon candidates, all jets which are not electron candidates, and all 
calorimeter clusters with |η|<4.5 not associated to electrons/muons/jets.  



• 2-lepton channel (1 fb-1): 

• Electron ET > 20 GeV, |η|<2.47. pT-sum of tracks above 1 GeV within 
ΔR<0.2 is required to be less than 10% of electron ET.

• Muon pT > 10 GeV, |η|<2.4. pT-sum of tracks within ΔR<0.2 is required to be 
less than 1.8 GeV. Impact parameter |z0|<1 mm, transverse impact 
parameter |d0|<0.2 mm.

• Leading lepton pT>25 GeV (20 GeV) if it is an electron (muon).

• 3-lepton channel (2 fb-1): 

• Electron ET > 10 GeV, |η|<2.47. pT-sum of tracks above 1 GeV within 
ΔR<0.2 is required to be less than 10% of electron ET.

• Muon pT > 10 GeV, |η|<2.4. pT-sum of tracks within ΔR<0.2 is required to be 
less than 1.8 GeV. Transverse impact parameter |d0|<0.2 mm.

• Leading lepton pT>25 GeV (20 GeV) if it is an electron (muon).

21Hideki Okawa

Lepton Definitions

Phenomenology 2012, May 5-7, 2012



• ≥4-lepton channel (2 fb-1): 

• Electron ET > 10 GeV, |η|<2.47 (but ET > 15 GeV for 1.37<|η|<1.52). pT-sum 
of tracks above 1 GeV within ΔR<0.2 is required to be less than 10% of 
electron ET.

• Muon pT > 10 GeV, |η|<2.4. pT-sum of tracks within ΔR<0.2 is required to be 
less than 1.8 GeV. Total transverse energy in the calorimeter within ΔR<0.3 
is required to be less than 4 GeV. Impact parameter |z0|<1 mm, transverse 
impact parameter |d0|<0.2 mm.

• Leading lepton pT>25 GeV (20 GeV) if it is an electron (muon).

• eμ-continuum (2 fb-1): 

• Electron ET > 25 GeV, |η|<2.47 & muon pT > 25 GeV, |η|<2.4. 

• pT-sum of tracks above 1 GeV within ΔR<0.2 is required to be less than 
10% of ET or pT. Total transverse energy in the calorimeter within ΔR<0.2 is 
required to be less than 15% of ET or pT.

22Hideki Okawa

Lepton Definitions

Phenomenology 2012, May 5-7, 2012



• 1-lepton channel (1 fb-1): 

• Electron ET > 25 GeV, |η|<2.47. pT-sum of tracks above 1 GeV within 
ΔR<0.2 is required to be less than 10% of electron ET. Looser electron 
definition with ET > 20 GeV was considered for vetoing the second leading 
electron. 

• Muon pT > 20 GeV, |η|<2.4. pT-sum of tracks within ΔR<0.2 is required to be 
less than 1.8 GeV. Impact parameter |z0|<5 mm, transverse impact 
parameter |d0|<2 mm. Muons without isolation condition with pT > 10 GeV 
are considered for vetoing the second leading muon. 

• eμ-resonance (1 fb-1): 

• Electron ET > 25 GeV, |η|<2.47. Total transverse energy in the calorimeter 
within ΔR<0.4 is required to be less than 10 GeV.

• Muon pT > 25 GeV, |η|<2.4. pT-sum of tracks within ΔR<0.4 is required to be 
less than 10 GeV.

23Hideki Okawa

Lepton Definitions

Phenomenology 2012, May 5-7, 2012



 Backups for 
Direct Gaugino Searches
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Direct Gaugino Simplifed Models
Acceptance & Efficiency

Phenomenology 2012, May 5-7, 2012

Phys. Lett. B 709 (2012) 137
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3-Lepton Search (2 fb-1)

arXiv:1204.5638 (2012)
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3-Lepton Search (2 fb-1)

arXiv:1204.5638 (2012)
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 Backups for 
R-parity Violation



Bilinear RPV search (1 fb-1)
Phys.Rev. D85 (2012) 012006

• 1-muon tight 4-jet signal region 
(4JT) in the ATLAS 1-lepton search 
is used for bilinear RPV search

• Main BG: W+jets, tt
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• BG is estimated using data-driven 
technique 

• W & Top control regions are 
considered for the BG estimation 
(next slide)

1-Lepton Channel (1 fb-1)

Hideki Okawa

http://prd.aps.org/abstract/PRD/v85/i1/e012006
http://prd.aps.org/abstract/PRD/v85/i1/e012006
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Bilinear RPV search (1 fb-1)
Phys.Rev. D85 (2012) 012006
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1-Lepton Search (1 fb-1)

• W+jets Control Regions (WR): The same lepton & jet 
requirements as the signal regions. 30 GeV<ETmiss<80 GeV, 
40 GeV<mT<80 GeV. No b-tagged jets for the 3 or 4 leading 
ones. 

• Top Control Regions (TR): The same requirements as 
WR except for the b-tag conditions. At least one b-tagged 
jet in the 3 or 4 leading jets.

W+jets Control Region in 4JT Top Control Region in 4JT

Cj
iR→SR = NSR

MC,j

NiR
MC,j

Transfer Factor

N=number of events 
iR=WR or TR       
j=W+jets or Top

NSR
pred,j =

�

i=W,T

(N iR
data × Cj

iR→SR)

BG Prediction

likelihood ratio test statistic [59], !ðsÞ ¼
$2ðlnLðnjs; ^̂b; ^̂!Þ $ lnLðnjŝ; b̂; !̂ÞÞ, where ŝ, b̂ and !̂

maximize the likelihood function and ^̂b and ^̂! maximize
the likelihood for a given choice of s. In the fit, s and ŝ
are constrained to be non-negative. The resulting
95% confidence level (CL) limits are shown in
Table IV as observed and expected upper limits on the
number of non-SM events in the signal regions, as well
as upper limits on the visible cross section (which equals
the limit on the observed number of signal events di-
vided by the integrated luminosity).

Limits within the MSUGRA/CMSSM framework are
derived from a second fit to signal and control regions,
in ‘‘exclusion mode.’’ This fit mode tests for a specific
new physics model, 3 to 10, the limits are to a good
approximation independent of tan!. For higher values
of tan!, up to tan! ¼ 40, the effect on the limits
depends on m0 and m1=2; for regions in the

ðm0; m1=2Þ plane with m~q % m~g, mass limits deteriorate

by up to 10%.
The results for the interpretation in terms of the simpli-

fied models are shown in Fig. 8. Again, the selection

TABLE III. Fit results for the electron (top part) and muon (bottom part) channels in the loose 4-jet (4JL) and tight 4-jet (4JT) signal
regions. The results are obtained from the control regions using the ‘‘discovery fit’’ (see text for details). Nominal MC expectations
(normalized to MC cross sections) are given between parentheses for comparison.

Electron channel 4JL Signal region 4JT Signal region Top region W region

Observed events 41 9 1382 1872

Fitted top events 38& 15 (34) 4:5& 2:6 (4.1) 1258& 44 (1138) 391& 14 (354)
Fitted W=Z events 9:5& 7:5 (9.2) 3:5& 2:2 (3.4) 88& 21 (86) 1242& 89 (1202)
Fitted multijet events 0:90þ0:54

$0:37 0:00þ0:02
$0:00 35& 13 239& 78

Fitted sum of background events 48& 18 8:0& 3:7 1382& 37 1872& 43

Muon channel 4JL Signal region 4JT Signal region Top region W region

Observed events 50 7 1448 1623

Fitted top events 39& 13 (36) 4:7& 2:2 (4.3) 1319& 45 (1231) 382& 13 (357)
Fitted W=Z events 14:1& 8:5 (14.2) 1:4& 1:1 (1.4) 91& 19 (92) 1169& 46 (1185)
Fitted multijet events 0:0þ0:0

$0:0 0:0þ0:6
$0:0 38& 10 71& 16

Fitted sum of background events 53& 16 6:0& 2:7 1448& 38 1623& 40

TABLE II. Fit results for the electron (top part) and muon (bottom part) channels in the loose 3-jet (3JL) and tight 3-jet (3JT) signal
regions. The results are obtained from the control regions using the ‘‘discovery fit’’ (see text for details). Nominal MC expectations
(normalized to MC cross sections) are given between parentheses for comparison.

Observed events 71 14 162 565

Fitted top events 56& 20 (51) 7:6& 3:0 (6.8) 125& 16 (112) 64& 8 (58)
Fitted W=Z events 35& 20 (34) 10:5& 6:5 (10.1) 30:1& 9:1 (29.3) 425& 36 (413)
Fitted multijet events 6:0þ2:3

$1:4 0:46þ0:37
$0:22 7:2& 2:6 76& 24

Fitted sum of background events 97& 30 18:5& 7:4 162& 13 565& 24

Muon channel 3JL Signal region 3JT Signal region Top region W region

Observed events 58 11 166 413

Fitted top events 47& 16 (38) 8:9& 3:2 (7.3) 142& 14 (115) 70& 7 (57)
Fitted W=Z events 16:6& 9:4 (20.1) 5:0& 3:2 (61) 19:0& 4:8 (232) 322& 23 (393)
Fitted multijet events 0:0þ0:0

$0:0 0:0þ0:6
$0:0 5:4& 2:2 21:6& 5:7

Fitted sum of background events 64& 19 13:9& 4:3 166& 13 413& 20
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likelihood ratio test statistic [59], !ðsÞ ¼
$2ðlnLðnjs; ^̂b; ^̂!Þ $ lnLðnjŝ; b̂; !̂ÞÞ, where ŝ, b̂ and !̂

maximize the likelihood function and ^̂b and ^̂! maximize
the likelihood for a given choice of s. In the fit, s and ŝ
are constrained to be non-negative. The resulting
95% confidence level (CL) limits are shown in
Table IV as observed and expected upper limits on the
number of non-SM events in the signal regions, as well
as upper limits on the visible cross section (which equals
the limit on the observed number of signal events di-
vided by the integrated luminosity).

Limits within the MSUGRA/CMSSM framework are
derived from a second fit to signal and control regions,
in ‘‘exclusion mode.’’ This fit mode tests for a specific
new physics model, 3 to 10, the limits are to a good
approximation independent of tan!. For higher values
of tan!, up to tan! ¼ 40, the effect on the limits
depends on m0 and m1=2; for regions in the

ðm0; m1=2Þ plane with m~q % m~g, mass limits deteriorate

by up to 10%.
The results for the interpretation in terms of the simpli-

fied models are shown in Fig. 8. Again, the selection

TABLE III. Fit results for the electron (top part) and muon (bottom part) channels in the loose 4-jet (4JL) and tight 4-jet (4JT) signal
regions. The results are obtained from the control regions using the ‘‘discovery fit’’ (see text for details). Nominal MC expectations
(normalized to MC cross sections) are given between parentheses for comparison.

Electron channel 4JL Signal region 4JT Signal region Top region W region

Observed events 41 9 1382 1872

Fitted top events 38& 15 (34) 4:5& 2:6 (4.1) 1258& 44 (1138) 391& 14 (354)
Fitted W=Z events 9:5& 7:5 (9.2) 3:5& 2:2 (3.4) 88& 21 (86) 1242& 89 (1202)
Fitted multijet events 0:90þ0:54

$0:37 0:00þ0:02
$0:00 35& 13 239& 78

Fitted sum of background events 48& 18 8:0& 3:7 1382& 37 1872& 43

Muon channel 4JL Signal region 4JT Signal region Top region W region

Observed events 50 7 1448 1623

Fitted top events 39& 13 (36) 4:7& 2:2 (4.3) 1319& 45 (1231) 382& 13 (357)
Fitted W=Z events 14:1& 8:5 (14.2) 1:4& 1:1 (1.4) 91& 19 (92) 1169& 46 (1185)
Fitted multijet events 0:0þ0:0

$0:0 0:0þ0:6
$0:0 38& 10 71& 16

Fitted sum of background events 53& 16 6:0& 2:7 1448& 38 1623& 40

TABLE II. Fit results for the electron (top part) and muon (bottom part) channels in the loose 3-jet (3JL) and tight 3-jet (3JT) signal
regions. The results are obtained from the control regions using the ‘‘discovery fit’’ (see text for details). Nominal MC expectations
(normalized to MC cross sections) are given between parentheses for comparison.

Observed events 71 14 162 565

Fitted top events 56& 20 (51) 7:6& 3:0 (6.8) 125& 16 (112) 64& 8 (58)
Fitted W=Z events 35& 20 (34) 10:5& 6:5 (10.1) 30:1& 9:1 (29.3) 425& 36 (413)
Fitted multijet events 6:0þ2:3

$1:4 0:46þ0:37
$0:22 7:2& 2:6 76& 24

Fitted sum of background events 97& 30 18:5& 7:4 162& 13 565& 24

Muon channel 3JL Signal region 3JT Signal region Top region W region

Observed events 58 11 166 413

Fitted top events 47& 16 (38) 8:9& 3:2 (7.3) 142& 14 (115) 70& 7 (57)
Fitted W=Z events 16:6& 9:4 (20.1) 5:0& 3:2 (61) 19:0& 4:8 (232) 322& 23 (393)
Fitted multijet events 0:0þ0:0

$0:0 0:0þ0:6
$0:0 5:4& 2:2 21:6& 5:7

Fitted sum of background events 64& 19 13:9& 4:3 166& 13 413& 20

SEARCH FOR SUPERSYMMETRY IN FINAL STATES WITH . . . PHYSICAL REVIEW D 85, 012006 (2012)

012006-13

Observed no excess

http://prd.aps.org/abstract/PRD/v85/i1/e012006
http://prd.aps.org/abstract/PRD/v85/i1/e012006
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• The model is not tested for regions where LSPʼs cτ>15 mm (m1/2<~240 GeV)

• When mgluino ~ msquark, masses below 760 GeV is excluded.

bRPV MSUGRA model

• RPV couplings were embedded in 
MSUGRA/CMSSM. 

• bRPV parameters are determined 
under tree-level dominance 
scenario & fit to neutrino 
oscillation data (Y.Grossman,S.Rakshit, 
PRD69, 093002 (2004))

• The neutralino LSPʼs decay to 
electron is highly suppressed 

http://prd.aps.org/abstract/PRD/v85/i1/e012006
http://prd.aps.org/abstract/PRD/v85/i1/e012006
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4-Lepton Control Regions 
(2 fb-1)

Phenomenology 2012, May 5-7, 2012

ATLAS-CONF-2012-001, ATLAS-CONF-2012-035 (2012)

• tt-rich control region: 

• Presence of opposite-flavor opposite-sign lepton pair

• Presence of a b-tagged jet

• Reversing isolation requirements on two of the four leptons

• The same ETmiss cut as the signal regions (50 GeV)

• Low ETmiss ZZ-rich control region:

• Require four leptons

•  ETmiss < 50 GeV

Same Sign [SS-SR1] e±e± e±µ± µ±µ±

Fake 3.5 ± 1.6 14.4 ± 4.4 9.2 ± 3.3
Charge Flip 0.73 ± 0.08 1.1 ± 0.14 negligible
Dibosons 0.79 ± 0.27 1.7 ± 0.5 1.1 ± 0.22
Standard Model 5.0 ± 1.6 17.2 ± 4.4 10.3 ± 3.3
Cosmic Rays < 10−3 < 10−3 < 10−3
Observed 6 14 5

Table 1:

MC Data
tt̄-rich 8.4 ± 0.8 (stat) 8
ZZ-rich 23 ± 5 (stat+sys) 20

Table 2:

1

http://www.sciencedirect.com/science/article/pii/S0370269312001177
http://www.sciencedirect.com/science/article/pii/S0370269312001177
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≥4-lepton SR1 for 
RPV stau-LSP Search

Stau Pair 
Production

Table 3: Number of events in SR1 and SR2 for MC simulation and 2.06 fb−1 of 2011 data. SM back-

ground expectations listed in this table have been estimated using MC simulation. The uncertainties

quoted for the “All” column are inclusive and not the summed uncertainties of the different flavour

combinations. Where MC samples yield zero events, the uncertainty is quoted based on the integrated

luminosity of the MC sample (see text).
SR1 All eeee eeeµ eeµµ eµµµ µµµµ

tt̄ 0.17±0.14 0.011±0.042 0.027±0.042 0.09±0.06 0.05±0.07 0±0.018

Single t 0±0.04 0±0.04 0±0.04 0±0.04 0±0.04 0±0.04

tt̄V 0.48±0.21 0.072±0.037 0.12±0.06 0.14±0.07 0.08±0.04 0.059±0.032

ZZ 0.44±0.19 0.14±0.08 0.016±0.012 0.21±0.12 0.047±0.032 0.025±0.045

WZ 0.25±0.10 0.015±0.022 0.07±0.04 0.050±0.032 0.11±0.06 0±0.011

WW 0±0.015 0±0.015 0±0.015 0±0.015 0±0.015 0±0.015

Zγ 0±0.5 0±0.5 0±0.5 0±0.5 0±0.5 0±0.5

Z+(u, d, s jets) 0.33±0.67 0.33±0.67 0±0.29 0±0.29 0±0.29 0±0.29

Z+(c, b jets) 0.024±0.035 0±0.17 0±0.17 0±0.17 0.024±0.035 0±0.17

Drell-Yan 0±0.05 0±0.05 0±0.017 0±0.017 0±0.016 0±0.017

Σ SM 1.7±0.9 0.6±0.8 0.24±0.57 0.5±0.6 0.32±0.55 0.08±0.57

Data 4 0 1 2 0 1

SR2 All eeee eeeµ eeµµ eµµµ µµµµ

tt̄ 0.13±0.11 0±0.018 0.027±0.042 0.05±0.04 0.05±0.07 0±0.018

Single t 0±0.04 0±0.04 0±0.04 0±0.04 0±0.04 0±0.04

tt̄V 0.07±0.04 0.007±0.007 0.024±0.017 0.022±0.021 0.011±0.008 0.005±0.005

ZZ 0.019±0.020 0.008±0.011 0±0.012 0.010±0.018 0±0.012 0±0.012

WZ 0.09±0.05 0±0.020 0.0021±0.0024 0.050±0.032 0.039±0.028 0±0.011

WW 0±0.015 0±0.015 0±0.015 0±0.015 0±0.015 0±0.015

Zγ 0±0.5 0±0.5 0±0.5 0±0.5 0±0.5 0±0.5

Z+(u, d, s jets) 0.33±0.67 0.33±0.67 0±0.29 0±0.29 0±0.29 0±0.29

Z+(c, b jets) 0.024±0.035 0±0.17 0±0.17 0±0.17 0.024±0.035 0±0.17

Drell-Yan 0±0.05 0±0.05 0±0.017 0±0.017 0±0.016 0±0.017

Σ SM 0.7±0.8 0.35±0.83 0.05±0.57 0.13±0.57 0.12±0.55 0.005±0.567

Data 0 0 0 0 0 0

7

ATLAS-CONF-2012-001, ATLAS-CONF-2012-035 (2012)

No significant deviation is seen for each flavor final state

http://www.sciencedirect.com/science/article/pii/S0370269312001177
http://www.sciencedirect.com/science/article/pii/S0370269312001177
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≥4-lepton SR2 for 
RPV stau-LSP Search

Stau Pair 
Production

Table 3: Number of events in SR1 and SR2 for MC simulation and 2.06 fb−1 of 2011 data. SM back-

ground expectations listed in this table have been estimated using MC simulation. The uncertainties

quoted for the “All” column are inclusive and not the summed uncertainties of the different flavour

combinations. Where MC samples yield zero events, the uncertainty is quoted based on the integrated

luminosity of the MC sample (see text).
SR1 All eeee eeeµ eeµµ eµµµ µµµµ

tt̄ 0.17±0.14 0.011±0.042 0.027±0.042 0.09±0.06 0.05±0.07 0±0.018

Single t 0±0.04 0±0.04 0±0.04 0±0.04 0±0.04 0±0.04

tt̄V 0.48±0.21 0.072±0.037 0.12±0.06 0.14±0.07 0.08±0.04 0.059±0.032

ZZ 0.44±0.19 0.14±0.08 0.016±0.012 0.21±0.12 0.047±0.032 0.025±0.045

WZ 0.25±0.10 0.015±0.022 0.07±0.04 0.050±0.032 0.11±0.06 0±0.011

WW 0±0.015 0±0.015 0±0.015 0±0.015 0±0.015 0±0.015

Zγ 0±0.5 0±0.5 0±0.5 0±0.5 0±0.5 0±0.5

Z+(u, d, s jets) 0.33±0.67 0.33±0.67 0±0.29 0±0.29 0±0.29 0±0.29

Z+(c, b jets) 0.024±0.035 0±0.17 0±0.17 0±0.17 0.024±0.035 0±0.17

Drell-Yan 0±0.05 0±0.05 0±0.017 0±0.017 0±0.016 0±0.017

Σ SM 1.7±0.9 0.6±0.8 0.24±0.57 0.5±0.6 0.32±0.55 0.08±0.57

Data 4 0 1 2 0 1

SR2 All eeee eeeµ eeµµ eµµµ µµµµ

tt̄ 0.13±0.11 0±0.018 0.027±0.042 0.05±0.04 0.05±0.07 0±0.018

Single t 0±0.04 0±0.04 0±0.04 0±0.04 0±0.04 0±0.04

tt̄V 0.07±0.04 0.007±0.007 0.024±0.017 0.022±0.021 0.011±0.008 0.005±0.005

ZZ 0.019±0.020 0.008±0.011 0±0.012 0.010±0.018 0±0.012 0±0.012

WZ 0.09±0.05 0±0.020 0.0021±0.0024 0.050±0.032 0.039±0.028 0±0.011

WW 0±0.015 0±0.015 0±0.015 0±0.015 0±0.015 0±0.015

Zγ 0±0.5 0±0.5 0±0.5 0±0.5 0±0.5 0±0.5

Z+(u, d, s jets) 0.33±0.67 0.33±0.67 0±0.29 0±0.29 0±0.29 0±0.29

Z+(c, b jets) 0.024±0.035 0±0.17 0±0.17 0±0.17 0.024±0.035 0±0.17

Drell-Yan 0±0.05 0±0.05 0±0.017 0±0.017 0±0.016 0±0.017

Σ SM 0.7±0.8 0.35±0.83 0.05±0.57 0.13±0.57 0.12±0.55 0.005±0.567

Data 0 0 0 0 0 0

7

ATLAS-CONF-2012-001, ATLAS-CONF-2012-035 (2012)

No significant deviation is seen for each flavor final state

http://www.sciencedirect.com/science/article/pii/S0370269312001177
http://www.sciencedirect.com/science/article/pii/S0370269312001177
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Relative Contribution
(≥4-lep RPV stau-LSP Search)
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ATLAS-CONF-2012-001, ATLAS-CONF-2012-035 (2012)

http://www.sciencedirect.com/science/article/pii/S0370269312001177
http://www.sciencedirect.com/science/article/pii/S0370269312001177
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e-μ Continuum Plots (2 fb-1)
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• Search for high mass neutral 
particle decaying to two different 
flavor leptons

• Sensitive to RPV tau sneutrinos & 
LPV Z′

• Clean signature & low BG

e-μ Resonance (1 fb-1)

Phenomenology 2012, May 5-7, 2012
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• Real prompt leptons (ttbar, single top, 
Z/γ*→ττ, diboson) estimated with MC

• Fake lepton(s): W/Z+jets, multijets 
were estimated with data-driven 
method (Matrix Method). MC was 
used for W/Z+γ.

Signal region: Opposite-sign e+μ, e,μ pT>25 GeV

BG

Eur.Phys.J.C 71 (2011) 1809

http://www.springerlink.com/content/bk17p55601172288/
http://www.springerlink.com/content/bk17p55601172288/
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• Search region is basically (mstau-3σ, 
mstau+3σ) except for very high mass 
region.

• For λ′311=0.11, λ312=0.07, tau 
sneutrino of 1.45 TeV mass excluded

• For λ′311=0.10, λ312=0.05, tau 
sneutrino of 1.32 TeV mass excluded

RPV      Interpretation

σ=resolution of invariant mass of e-μ

ν̃τ
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• Exclusion at 95% CL on λ′311 as a 
function of tau sneutrino mass

• Significant improvement on the 
limits from D0 & 2010 ATLAS results

Eur.Phys.J.C 71 (2011) 1809

Hideki Okawa Phenomenology 2012, May 5-7, 2012
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