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Outline
2

• How and why ATLAS and CMS have used reconstructed 
electrons, muons, taus and photons to search for SUSY 
with RunI LHC data
• Results refer to 8 TeV data, ~20 fb-1

• Most of the time the results are presented in the context 
of the simplified models:
• only the targeted production and decay schemes are 

examined, with all non-participating BSM particles assumed to 
be too heavy to be relevant

• Results are presented in the context 
of the simplified models (SMs) 
framework
• only the targeted production and decay 

schemes are examined, with all non-
participating BSM particles assumed to be 
too heavy to be relevant

• the experimental limits are therefore shown as 
a function of particle masses given a 
particular sequence of particle production 
and decay
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Why light leptons?
3

• Leptonic SUSY searches vs Hadronic SUSY searches
• less signal acceptance due to lower branching fractions 
• less SM background
• may lead to a more precise reconstruction of the final state 
• most sensitive in compressed scenarios 

• lower trigger thresholds 
• final state with low missing energy, too SM like for hadronic searches

• most sensitive when searching for EWKinos production                         
(many leptons due to the decay via sleptons/W/Z/H)

• Experimental Signatures (focusing on ≥ 2 leptons)
• 2 same-sign leptons, e or µ (SS di-leptons) + jets + ETmiss

• 2 opposite-sign same-flavour e or µ (OSSF di-leptons) + jets + ETmiss

• >= 3 leptons, e or µ (multi-leptons) + jets + ETmiss

• which will be critical in trying to shed light on a potential excess
• good signatures for natural susy (light stop) scenarios
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motivation/history

2 Jul 15, 2013marc dünser

• same-sign dileptons are an attractive signature of potential new physics

-> generically for gluino-gluino production with gluino -> qq+chargino

-> in addition with b-tag requirements interesting for 3rd generation SUSY

• paper published in JHEP on 10.5 fb-1 of 8 TeV already. since then:

-> double the dataset

-> added 0- and 1-b-tag regions - increased #SR for sensitivity

-> added low-pT leptons to gain sensitivity for models with off-shell W’s

• interpretations in many SMS

-> also limits on RPV, same-sign top, four-top production
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Figure 4: Diagrams for the six SUSY models considered (A1, A2, B1, B2, C1, and RPV).

The signal regions used to set limits on the new physics models explored in this paper are given288

in Table 9.289

The number of events that are expected to satisfy the selection for a given signal model is ob-290

tained from MC simulation. The uncertainties for the event yields are computed as described291

in Section 6. For a given signal region, the different sources of uncertainties in the signal ac-292

ceptance are considered to be uncorrelated, with correlations across signal regions taken into293

account. The uncertainties in the total background across the signal regions are considered to294

be fully correlated.295

First, we present limits on the parameter spaces of various R-parity-conserving simplified296

SUSY models [33]. The exclusion contours are obtained with the gluino or bottom-squark pair297

production cross sections at the NLO+NLL (i.e. next-to-leading-logarithm) accuracy that are298

calculated in the limit where other sparticles are heavy enough to be decoupled [34–39]. The299

production of SUSY particles and the decay chains under consideration are shown schemati-300

cally in Fig. 4.301

Scenarios A1 and A2 represent models of gluino pair production resulting in the ttttec0
1 ec0

1 final302

state, where ec0
1 is the lightest neutralino [33, 40–43]. In model A1, the gluino undergoes a three-303

body decay eg ! ttec0
1 mediated by an off-shell top squark. In model A2, the gluino decays to304

a top quark and a top anti-squark, with the on-shell anti-squark further decaying into a top305

anti-quark and a neutralino. Both of these models produce four on-shell W bosons and four306

SS di-leptons: motivations
4

Strong Production (some SMS in R-parity-conserving scenario)

For EWK Production: see dedicated talk

2W, 0 b-tags

4W, 2 b-tags

Decreasing leptons pT, jets pT, ETmiss with decreasing Δm(sparticle-Χ10)
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• Gluino is its own antiparticle, same probability to decay in a final state with either a 
+charged or -charged lepton

• Prompt and isolated ss di-lepton events are produced only through very rare SM 
processes: tt+W, tt+Z, tt+H, same-sign WW production

4W, 4 b-tags
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SS di-leptons: analysis strategy
5

• Require the two ss leptons (e/µ) down to pT >10 GeV (|η|< 2.5/2.4) in order to extend the 
sensitivity in the compressed scenarios with off-shell W 

• Require the leptons to pass tight IP and Isolation criteria to reject tt and W events with 2nd 

same-sign lepton from B decay or hadron mis-identification
• Cut&count events in grid of signal region based on Njets, Nb-jets, HT (scalar sum of jets pT),ETmiss

• jets pT > 40 GeV,|η|< 2.4

• Backgrounds from events with non-prompt leptons (data-driven), from rare SM processes 
(simulation), events with charge mis-identified leptons (data driven)

PSI"–"2"October"2014"B."Mangano" 29"

same-sign dilepton 

G  Cut"&"count"events"in"grid"of"signal"region"based"on"""
HT,"MET,"#"jets,"and"#"bGjets"

Search'strategy'(conPnued)'

from CMS. arXiv:1311.6736
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Figure 3: Summary plots showing the predicted background from each source and observed
event yields as a function of the SRs in the low-pT (high-pT) analysis on left (right).

8 Limits on models of new physics and on rare SM processes280

Given the lack of a significant excess over the expected SM background, the results of the search281

are used to derive limits on the parameters of various models of new physics and to derive lim-282

its on the cross sections of rare SM processes. The 95% confidence level (CL) upper limits on283

the signal yields are calculated using the LHC-type CLs method [30–32]. Lognormal nuisance284

parameters are used for the signal (Table 6) and background estimate (Tables 7 and 8) uncer-285

tainties. For each model considered, limits are obtained by performing a statistical combination286

of the most sensitive signal regions.287

SS di-leptons + b
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≥ 3 leptons + bjets
6

• All of the previous models with b-jets in the final state also allow more than 2 light 
leptons, with or without an on-Z l+l- combination

• Objects: isolated and prompt e/µ pT >10 GeV |η|< 2.4/2.5, jets pT > 30 GeV|η|< 2.4
• if a pair of OSSF leptons has 50<m(l+l-)<100 GeV: onZ event. If not: offZ event 

• Cut&count events in grid of signal region based on Njets, Nb-jets, HT, ETmiss

from CMS. PAS-SUS-13-008

5

lenge of the analysis is to determine whether or not our understanding of the SM can account
for these observed yields.
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Figure 4: Distribution of events after the baseline event selection in data in the Emiss
T vs. HT

plane for On-Z (left) and Off-Z (right) categories. The requirement Emiss
T > 50 GeV has not

been applied to illustrate the background population at low Emiss
T .

To improve the sensitivity to signal events, the sample obtained with the baseline event selec-
tion is divided into multiple search regions (SR), defined using an additional set of kinematic
variables: the number of jets, the number of b-quark jets, Emiss

T , and HT. The set of the kinematic
variables as well as the boundaries defining each search region were chosen and optimized
with the simulation to have the best discovery potential. For the signal models of interest, high
(b-quark) jet multiplicity and high-HT and Emiss

T regions are expected to provide the best sen-
sitivity. Table 1 defines a set of search regions in terms of the requirements for each of these
variables. There are a total of 60 search regions, 30 each for On-Z and Off-Z, specified by the
different combinations of requirements listed in Table 1. For the On-Z sample with Nb-jets=1,
there are 12 possible regions based on the remaining kinematic variables. For Nb-jets �3, the
SM background is negligible, so the two Njets bins are combined.

Table 1: Binning defining the baseline selection and the search regions (SR) of the analysis. All
the combinations of these requirements are used to create the 60 SR. For Nb-jets � 3 no extra jet
multiplicity binning is added.

Variable Baseline Search Regions
Sign/Flavor 3 e/µ On-Z Off-Z
Nb-jets � 1 1 2 � 3
Njets � 2 2–3 � 4
HT (GeV) � 60 60–200 � 200
Emiss

T (GeV) � 50 50–100 100–200 � 200

Monte Carlo (MC) simulations are used for studies of the properties of signal and SM back-
ground processes. The SM samples (i.e. WZ, ttW, ttZ, ttH, tb̄Z and others) are produced at
the parton level with the MADGRAPH 5 v1.1.0 [27] event generator using the CTEQ 6L1 [28]
parton distribution functions. Parton showering and hadronization are carried out with the
PYTHIA 6.424 [29] program. The detector response is modeled with the GEANT4 [30] program,

Extended acceptance in more
compressed region due to lower thresholds
(trigger and offline selection)

8 5 Results
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Figure 6: Observed data events and predicted SM background as a function of number of jets,
Emiss

T , HT, and number of b-jets are shown for events that (a) do not contain or (b) contain
an opposite-sign-same-flavor pair that is a Z boson candidate. The last bin in the histograms
includes overflow events. The shaded bands correspond to the estimated uncertainties on the
background which are calculated on the per bin basis.
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OS di-leptons: motivations

7

• SUSY decay chains can lead to opposite sign same flavor 
leptons in the final state
• decays involving an on-shell Z boson will produce an excess 

on the Z peak invariant mass: Z + ETmiss + jets search
• off-shell Z boson or slepton decays will lead to a characteristic 

“edge” shape in the m(l+l-) spectrum: “edge” search

The Edge: ApprovalP. Martinez/ETH Zurich 5

Opposite sign same flavor leptons

➢ SUSY decay chains can lead to opposite sign same flavor leptons in the final state 

➢ Decays involving an on-shell Z boson will produce an excess on the Z peak invariant mass

➢ Z + MET + jets search with 7 TeV: PLB 716, 260-284

➢ Off-shell Z boson or slepton decays will lead to a characteristic “edge” shape

➢ Edge search with 7 TeV: PLB 718, 815-840

The Edge: ApprovalP. Martinez/ETH Zurich 5
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The Edge: ApprovalP. Martinez/ETH Zurich 7

Analysis overview

➢ The analysis targets signatures with 2 opposite sign, same flavor leptons, jets, and MET 

➢ It is divided in two sub-searches according to the granularity in jet multiplicity and MET

➢ “Edge search” (SUS-12-009 like):

➢ Cut & count for 3 regions: low mass, on-Z, and high mass (dilepton invariant mass)

➢ Fitting for the whole mass range (dilepton invariant mass)

➢ “Extended on-Z search” → higher sensitivity in the Z peak region using more granularity

➢ Cut & count in the Z peak region with different Jet/MET selections  

➢ In all cases background prediction methods are the same (as in SUS-12-009)

b 
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n

~

For EWK Production: see dedicated talk

GMSB, LSP = gravitino

on-Z off-Z off-Z

• OS di-lepton signature also used for exclusive stop searches in difficult regions (mstop-
mΧ10)~mtop with Z/H in the cascade, and (mstop-mΧ10)<mW with soft leptons, motivated by 
Naturalness arguments: see dedicated talks on 3rd generation, and compressed spectra

Strong Production (some SMS in R-parity-conserving scenario)

‘fixed-edge’ ‘slepton-edge’
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OS di-leptons “edge” analysis strategy
8

• Selection: e±e∓ or µ±µ∓ with m(l+l-)> 20 GeV, isolated leptons pT >20 GeV                                               
(Njets ≥ 2 and ETmiss > 150) or (Njets ≥ 3 and ETmiss > 100),  jets pT > 40 GeV

• Strategy: 
• A. Symultaneously fitting the signal and bkg hypotheses (DY, same-flavour symmetric bkg like tt)    

to data in the 20 < m(l+l-) < 300 GeV range

• B. Direct comparison of event counts in regions: 20 < m(l+l-) < 70 GeV, 81 < m(l+l-) < 101 GeV,     
20 < m(l+l-) < 70 GeV. Background yields from control regions.

Excess (2.6 σ) in low-mass region, 
interpreted as a potential signal excess 
with an edge located at 78.7±1.4 GeV 
(2.4 σ) by the fit.

from CMS. arXiv:1502.06031 

In the off-Z search of the other 
experiment there’s no excess.               
Similar kinematic requirements.

Approach B used to set upper limits
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OS di-leptons on-Z: analysis strategy
9

from ATLAS. arXiv:1503.03290 

• Selection: e±e∓ or µ±µ∓ with 81< m(l+l-) < 101 GeV, isolated leptons pT >25,14-10 GeV                                   
Njets ≥ 2, (jets pT > 35 GeV), HT (scalar sum of jets and leptons pT) > 600 GeV,                       
ETmiss > 225 GeV, Δφ(j1,2,ETmiss)< 0.4

• Strategy: Direct comparison of event counts. Background predictions from control regions 
(same-flavour symmetric bkgs, WW, ZZ)

In the on-Z search of the other 
experiment there’s no excess.               
But very different kinematic 
requirements.

µ+µ-

dilepton mass
e+e-

dilepton mass

µ+µ- 

ETmiss
e+e-

ETmiss

Excess of events (3σ) mainly driven 
by the electron channel



C. Botta (CERN)

gluino mass [GeV]
600 800 1000 1200 1400 1600

LS
P 

m
as

s 
[G

eV
]

0

100

200

300

400

500

600

700

800

900

m(gluino) - 
m(LSP) =

 2 
m(to

p)

ICHEP 2014
 = 8 TeVs

CMS Preliminary
1
0
χ∼ t t →g~ production,  g~-g~

-1) 19.5 fbT+HTESUS-13-012 0-lep (
-1SUS-14-011 0+1+2-lep (razor) 19.3 fb
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-1SUS-13-013 2-lep (SS+b) 19.5 fb
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Observed
SUSY
theoryσObserved -1 

Expected

Leptonic searches interpretation
10

SS di-leptons and Trilepton

• Given the lack of significant excesses wrt the expected SM backgrounds, the results 
of the searches are used to derive limits on the parameters of various SMs

• few examples of these interpretations from CMS

12 8 Limits on models of new physics and on rare SM processes
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Figure 4: Diagrams for the six SUSY models considered (A1, A2, B1, B2, C1, and RPV).

The signal regions used to set limits on the new physics models explored in this paper are given288

in Table 9.289

The number of events that are expected to satisfy the selection for a given signal model is ob-290

tained from MC simulation. The uncertainties for the event yields are computed as described291

in Section 6. For a given signal region, the different sources of uncertainties in the signal ac-292

ceptance are considered to be uncorrelated, with correlations across signal regions taken into293

account. The uncertainties in the total background across the signal regions are considered to294

be fully correlated.295

First, we present limits on the parameter spaces of various R-parity-conserving simplified296

SUSY models [33]. The exclusion contours are obtained with the gluino or bottom-squark pair297

production cross sections at the NLO+NLL (i.e. next-to-leading-logarithm) accuracy that are298

calculated in the limit where other sparticles are heavy enough to be decoupled [34–39]. The299

production of SUSY particles and the decay chains under consideration are shown schemati-300

cally in Fig. 4.301

Scenarios A1 and A2 represent models of gluino pair production resulting in the ttttec0
1 ec0

1 final302

state, where ec0
1 is the lightest neutralino [33, 40–43]. In model A1, the gluino undergoes a three-303

body decay eg ! ttec0
1 mediated by an off-shell top squark. In model A2, the gluino decays to304

a top quark and a top anti-squark, with the on-shell anti-squark further decaying into a top305

anti-quark and a neutralino. Both of these models produce four on-shell W bosons and four306
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Leptonic searches interpretation (2)
11

• Given the lack of significant excess wrt the expected SM backgrounds, the results of 
the searches are used to derive limits on the parameters of various SMs

• few examples of these interpretations from CMS

OS “onZ” GMSBfixed edge slepton edge
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Figure 1: Event diagrams for the (left) “fixed-edge”, and (right) “slepton-edge” scenarios, with
eb a bottom squark, ec0

2 the second lightest neutralino, ec0
1 a massive neutralino LSP, and è an

electron- or muon-type slepton. For the slepton-edge scenario, the Z boson can be either on- or
off-shell, while for the fixed-edge scenario it is off-shell.
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Figure 2: Event diagram for the “GMSB” scenario, with eg a gluino, ec0
1 the lightest neutralino,

and eG a massless gravitino LSP.

(fixed-edge, slepton-edge, GMSB), the Z boson decays according to its SM branching frac-89

tions. To reduce computational requirements, the detector response is simulated using the90

CMS fast simulation [15]. Differences in the lepton reconstruction and identification efficien-91

cies between the fast and a “full” simulation, where the full simulation is based on process-92

ing through the GEANT4 [16] programs, are corrected using scale factors. The expected signal93

event rates are normalized to cross sections calculated at the next-to-leading order (NLO) in the94

strong coupling constant, including the resummation of soft gluon emission at next-to-leading-95

logarithmic (NLO+NLL) accuracy [17–22].96

4 Event selection, reconstruction, and search strategy97

We select events with an oppositely charged lepton pair (e+e�, e±µ⌥, or µ+µ�). The leptons are98

required to have pT > 20 GeV and |h| < 2.4, where h is the pseudorapidity [1]. In events with99

more than two selected leptons, we choose the two oppositely charged leptons with highest pT.100

The background estimation techniques employed in this analysis rely, in part, on a symmetry101

between lepton pairs with the same flavor compared to those with opposite flavor (OF), where102

OF refers to e±µ⌥ combinations. It is therefore desirable that the reconstruction efficiencies of103

electrons [23] and muons [24] be as similar as possible. For this reason, we exclude leptons104

in the intervals 1.4 < |h| < 1.6 between the barrel and endcap regions of the detector [1],105
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electron- or muon-type slepton. For the slepton-edge scenario, the Z boson can be either on- or
off-shell, while for the fixed-edge scenario it is off-shell.

P1

P2

g̃

g̃

χ̃0
1

χ̃0
1

q
q

G̃

Z

Z

˜G

q
q

Figure 2: Event diagram for the “GMSB” scenario, with eg a gluino, ec0
1 the lightest neutralino,

and eG a massless gravitino LSP.

(fixed-edge, slepton-edge, GMSB), the Z boson decays according to its SM branching frac-89
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event rates are normalized to cross sections calculated at the next-to-leading order (NLO) in the94

strong coupling constant, including the resummation of soft gluon emission at next-to-leading-95

logarithmic (NLO+NLL) accuracy [17–22].96

4 Event selection, reconstruction, and search strategy97

We select events with an oppositely charged lepton pair (e+e�, e±µ⌥, or µ+µ�). The leptons are98

required to have pT > 20 GeV and |h| < 2.4, where h is the pseudorapidity [1]. In events with99

more than two selected leptons, we choose the two oppositely charged leptons with highest pT.100

The background estimation techniques employed in this analysis rely, in part, on a symmetry101

between lepton pairs with the same flavor compared to those with opposite flavor (OF), where102

OF refers to e±µ⌥ combinations. It is therefore desirable that the reconstruction efficiencies of103

electrons [23] and muons [24] be as similar as possible. For this reason, we exclude leptons104

in the intervals 1.4 < |h| < 1.6 between the barrel and endcap regions of the detector [1],105
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4 Event selection, reconstruction, and search strategy97

We select events with an oppositely charged lepton pair (e+e�, e±µ⌥, or µ+µ�). The leptons are98

required to have pT > 20 GeV and |h| < 2.4, where h is the pseudorapidity [1]. In events with99

more than two selected leptons, we choose the two oppositely charged leptons with highest pT.100

The background estimation techniques employed in this analysis rely, in part, on a symmetry101

between lepton pairs with the same flavor compared to those with opposite flavor (OF), where102
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C. Botta (CERN)

• Motivated in generalized models of gauge mediated SB (GGM)
• the decay of SUSY spartners proceed through the NLSP→ G(LSP) + SM particle, with high 

probability being a ɣ
• NLSP usually admixture of any of the SUSY partners of the EWK gauge and Higgs boson states. 

Three scenarios:
• NLSP purely bino-like: NLSP → G + ɣ
• NLSP admixture of bino and higgsino:                                                                                       

significant contribution from                                                                                                                                
NLSP → G + h(→bb) or NLSP → G + Z(→jj)

• NLSP degenerate triplet of wino-cases:                                                                                     
significant contribution from                                                                                                                                      
NLSP (charged components)→ G + W(→lv)

• Experimental Signatures:
• 2 high energetic, isolated photons + jets + ETmiss

• 1 high energetic isolated photon + 1 b-jet + jets + ETmiss

• 1 high energetic isolated photon + 1 isolated lepton (e,µ) + jets + ETmiss

• 1 high energetic isolated photon + multiple jets + ETmiss

Why photons?
12
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Figure 1: Typical production and decay-chain processes for the gluino-production (left) and
electroweak-production (right) instances of the GGM model for which the NLSP is a bino-like neut-
ralino.

Figure 2: Typical production and decay-chain processes for the gluino-production instance of the GGM
model for which the NLSP is a higgsino-bino neutralino admixture. For the model with µ < 0 (left),
the final step of the cascade (the �̃0

1 decay) would have a probability of order 50% of producing a Higgs
boson rather than a photon or Z boson; for the model with µ > 0 (right), the �̃0

1 decay would have
a probability of order 50% of producing a Z boson rather than a photon. For both of these models,
production can also proceed directly through the �̃0

1 state.
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on ��min(�, Emiss
T ) and ��min(jet, Emiss

T ) are considered for each SR. For the SR�jH signal region of the365

photon+j analysis, rejecting events with jets misidentified as photons by placing a requirement on366

��min(jet, �) is found to improve the sensitivity of the analysis.367

To exploit the high energy scale associated with SUSY production at masses close to the expected368

limit of sensitivity of the various SRs, several SRs place minimum requirements on one of the two total-369

transverse-energy observables HT or me↵ . As an illustration, Figure 4 (left) shows the me↵ distribution370

of selected diphoton events as well as that expected from several SM sources and from characteristic371

strong-production points of the bino-like NLSP GGM model. For electrons from W-boson decay that372

get mis-reconstructed as photons, the transverse mass M�,E
miss
T

T of the photon-Emiss
T system will tend373

to be less than that of the W boson; because of this, the photon+b analysis is found to benefit from374

a minimum requirement on M�,E
miss
T

T . The SR�bL analysis also benefits from a requirement that the375

invariant mass Mbb of the system formed by the two most energetic b-jets be close to the Higgs mass.376

A minimum requirement on the transverse mass Ml,Emiss
T

T of the lepton-Emiss
T system is similarly found377

to be e↵ective in rejecting backgrounds from W-boson and semi-leptonic tt̄ decay for the photon+`378

analysis. A further requirement that the electron-photon system invariant mass not be close to the Z379

boson mass helps to reject Z-boson backgrounds to the photon+` analysis. A requirement that SR�bL380

signal events have no identified charged leptons helps to reduce the background from semileptonic381

tt̄ events, while a requirement that SR�jH signal events have R4
T < 0.85 helps reduce the background382

from SM events, which tend to have fewer and softer jets than signal events; as an illustration, see383

Figure 4 (right). Finally, a requirement that the total transverse energy from jets with pT > 40 GeV384

(Hjets
T ) be less than 100 GeV helps reduce the backgrounds to SR�`e/µ due to top quark production.385

A summary of the selection requirements specific to each of the diphoton SRs is presented in386

Table 2, to SR�bL , SR�bL , SR�jL and SR�jH in Table 3, and to the two photon+` SRs in Table 4. After387

all selection requirements, the number of events remaining in the various signal regions are 0 (SR��S�L,388

SR��S�H) , 5 (SR��W�L), 1 (SR��W�H), 12 (SR�bL ), 2 (SR�bH , SR�jL , SR�jH ), 16 (SR�`e ) and 10 (SR�`µ ).389

Table 2: Enumeration of the requirements defining the four SRs developed for the diphoton signature
search.

Signal Region SR��S�L SR��S�H SR��W�L SR��W�H

No. photons (ET GeV) > 1 (> 75) > 1 (> 75) > 1 (> 75) > 1 (> 75)
Emiss

T (GeV) > 150 > 250 > 150 > 200
HT(me↵) (GeV) (> 1800) (> 1500) > 600 > 400
��min(jet, Emiss

T ) (No. leading jets) > 0.5 (2) > 0.5 (2) > 0.5 (2) > 0.5 (2)
��min(�, Emiss

T ) – > 0.5 – > 0.5

29th June 2015 – 17:04 11

SUSY searches with photons
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from ATLAS. arXiv:1507.05493 

• Objects: ɣ with pT >75/125, e/µ pT >20, jets pT >20, leading jets pT >75/140 GeV
• Cut&count events in grid of signal region based on:
• Njets, Nb-jets, Nleptons, Δφ(ɣ,ETmiss), Δφ(jet,ETmiss), Δφ(jet, ɣ),                                   

HT  (scalar sum of pT of selected photons, leptons and jets), HTjets, meff = HT2 + ETmiss,     
RT4 (scalar sum of pT of 4 highest-pT jets divided by HTjets)

Photon + j targeting higgsino-bino model µ > 0, 
low and high NLSP masses

DiPhoton analysis                   
targeting the gluino-bino model 
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Table 3: Enumeration of the requirements defining the four SRs developed for the photon+b and
photon+j signature searches.

Signal Region SR�bL SR�bH SR�jL SR�jH

No. photons (ET GeV) > 0 (> 125) > 0 (> 150) 1 (> 125) 1 (> 300)
Emiss

T (GeV) > 100 > 200 > 200 > 300
HT (GeV) – > 1000 – > 800
No. jets (No. b-jets) 2 � 4 (> 1) > 3 (> 0) > 3a > 1a

No. leptons 0 – 0 0
Mbb (GeV) 75 � 150 – – –

M�,E
miss
T

T (GeV) > 90 > 90 – –
��min(jet, Emiss

T ) (No. leading jets) > 0.3 (2) > 0.3 (4) > 0.4 (2) > 0.4 (2)
R4

T – – < 0.85
��min(jet, �) – – – < 2.0

a For SR�jL and SR�jH , the two leading jets are required to have pT > 100 and pT > 40 GeV, respectively.

Table 4: Enumeration of the requirements defining the two SRs developed for the photon+` signature
search.

Signal Region SR�`e SR�`µ

No. photons (ET GeV) > 0 (> 125) > 0 (> 125)
Emiss

T (GeV) > 120 > 120
Hjets

T (GeV) < 100 < 100
No. leptons > 0 (e) > 0 (µ)
|Me� � MZ | (GeV) (> 15) –

Ml,Emiss
T

T (GeV) > 120 > 120
�R(l, �) > 0.7 > 0.7

29th June 2015 – 17:04 13

Photon + b targeting higgsino-bino model µ < 0, 
low and high NLSP masses

low and high NLSP masses
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SUSY searches with photons (3)
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bino-like NLSP, gluino production 

higgsino-bino like NLSP, µ>0

Given that no significative 
excess with respect to SM 
prediction is found in any 
of the 6 SR described, 
results are interpreted in 
terms of limits on the 
parameters of the 
considered models

higgsino-bino like NLSP, µ<0photon + b (low) 

signal regions for 
wino-NLSP, and 
wino-bino models 
are also defined 
and used in the 
paper to extract 
relative limits

similar searches from CMS in arXiv:1507.02898 
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Taus
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• Naturalness arguments suggest that the lightest third-generation sparticles 
should have masses of a few hundred GeV 

• Light sleptons could play a role in the co-annihilation of neutralinos in the 
early universe
• models with light tau sleptons are consistent with dark matter searches)

• Searches of strong SUSY production with at least one hadronic tau + jets + 
ETmiss performed by ATLAS are particularly sensitive to GMSB models where 
the next-to-lightest SUSY particle is the stau and final states contain between 
two and four tau leptons

from ATLAS. arXiv:1407.0603

• Channels: 1τh + 0 light leptons, ≥ 2τh + 0 light leptons, ≥1τh + 1e, ≥1τh + 1µ
• In a nGM model, a limit on the gluino mass of 1090 GeV independent 

on the stau mass, provided it is the NLSP, is obtained
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Conclusions
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• During LHC RunI ATLAS and CMS have searched for SUSY 
exploiting final states with light leptons, photons and taus 
• why and how was discussed, focusing on searches for strong 

SUSY production (R-parity conserving)
• results from all searches have been used to extract limits on the 

parameters of several simplified models

• ATLAS and CMS are now commissioning electrons, muons, 
photons and taus identification with the first 13 TeV data,        
to be ready to use them to continue the hunt.
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Backup
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