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Leptonic signatures lead to a good background suppression and accurate prediction

Several CMS SUSY single lepton and opposite-sign (OS) dilepton results published recently
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Leptonic signatures lead to a good background suppression and accurate prediction

Several CMS SUSY single lepton and opposite-sign (OS) dilepton results published recently

Cover only 13 TeV results and those not covered by other talks



Leptonic final states in SUSY
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Single lepton events from
W-boson decays

OS dilepton signatures from
Z-boson or sleptons
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Analyses covered in this talk
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Common features
Targeting strong SUSY production and R-parity conservation

Searching for SUSY in events with one or two leptons (electrons or muons),
missing transverse energy (Emiss

T ), and jets

Background mainly estimated from data

Common observables
Electrons: pT >20 (25) GeV and |η| < 2.5 (2.4)

Muons: pT >20 (25) GeV and |η| < 2.4

NJets : Anti-kt R=0.4 clustered jets with pT >30 (35) GeV and |η| < 2.4

b-Jets: Jets identified with the CSV algorithm

Particle Flow Emiss
T

HT: Scalar sum of the pT of all jets



Single lepton search with ∆Φ

Search for supersymmetry in events with one lepton in proton-proton
collisions at

√
s=13 TeV with the CMS experiment

(CMS-PAS-SUS-15-006)



Background estimation
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Additional observables

LT = lepton pT + Emiss
T

∆Φ between lepton and W-boson candidate

Main backgrounds

Leptonic W decay (t̄t and W+jets):
Estimated from low ∆Φ control region (CR)

QCD: Completely suppressed by ∆Φ cut
Contribution to CR estimated from loosely
isolated electrons in multi-lepton sample

Background estimation method

NSR
MB = κ

NSR
SB

NCR
SB −NCR

QCD est.
NCR
MB

κ: MC correction factor to account for
differences in (b-) jet multiplicity between
side band (SB) and main band (MB)



Results: b-tagged
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Results: No b-tags
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No deviation from the prediction observed



Interpretation
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Gluino masses up to 1.575 (1.4) TeV excluded

Limits on gluino mass in g̃ → tt̄χ̃0
1 improved

by about 200 GeV compared to 8 TeV analysis

Both limits very similar to fully hadronic CMS
search (CMS-SUS-15-002)



Single lepton search with large jets

Search for supersymmetry in pp collisions at
√
s=13 TeV in the

single-lepton final state using the sum of masses of large radius jets

(CMS-PAS-SUS-15-007)



Background estimation
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Sub-binning R2 and R4

22

• Low MJ region only has low and high MET bins. Integrating over other variables to better 
constrain R(mT) using R1 and R3. Introduces correlations across bins, but this is tolerable. 

• R2 and R4 also binned in Njets and Nb to take advantage of high (b-)jet multiplicity of signal 

• ABCD constraint requires NR4/NR2 ratio match corresponding NR3/NR1 ratio

Nb=1, 
Nb=2, 
Nb≥3

Nb=1, 
Nb≥2

Nb=1, 
Nb=2, 
Nb≥3

Nb=1, 
Nb≥2

R1: 2 bins MET: 
200-400, 400+

R3: 2 bins
MET: 200-400, 

400+
R4: 10 bins

R2: 10 bins
(same as R4)

6≤Njets≤8 Njets≥9

MET

400

200MJ

m
T

250 400

140

0

Additional observables

mT =
√

2p`TE
miss
T (1− cos(∆φ(`,Emiss

T ))

MJ : Scalar sum of the masses of all large jets
(standard jets clustered within a R=1.2 cone)

Background estimation

NR4 = κNR3
NR1

NR2

κ: MC corrections for small correlations between MJ

and mT and the binning in (b-)jets

Additional prediction by global fit:
Simultaneous fit of total background and MC signal
on data and MC



Results
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[CMS-PAS-SUS-15-007]

Again no deviation from the prediction observed



Interpretation
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72 8 Exclusion Limits
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Figure 76: Feynman diagram for the T1tttt simplified model.

8 Exclusion Limits879

Because a large excess was not observed in the signal region, exclusion limits can be set on880

various signal models. For limit setting, the Higgs Combined Limit package [29] with tag881

V02-02-03 is used in CMSSW 5 2 5. Text files in LandS format that specify the relevant back-882

grounds, signal yields, and uncertainties are the input for this tool. The final limits are set using883

a modified-frequentist CLs method with a one-sided profile likelihood test statistic. The limit884

setting takes the 3 ET/ signal regions for both Nb = 2 and Nb � 3, for a total of 6 signal regions,885

into account simultaneously in a global fit to determine a 95% Confidence Level (C.L.) upper886

limit on the cross section.887

Limits are set in the context of a simplified model [30–33]. The particular model used here is888

called T1tttt, and is exclusively gluino pair production. Figure 76 shows the Feynman diagram889

for T1tttt. In T1tttt, the gluino and LSP are the only relevant SUSY particles. In this model, each890

gluino decays to a top anti-top pair and the LSP. A further description of this simplified model891

can be found in [34]. The MadGraph T1tttt scan is used here.892

Additional simplified models used for interpretation, T5tttt and T1t1t, are described in Appen-893

dices J and K, respectively. Each of these models is exclusively gluino pair production and has894

the same final state at T1tttt, but unlike in T1tttt, the gluinos decay through an intermediate895

mass stop quark.896

The gluino-gluino pair-production cross sections used for setting exclusion limits are produced897

using calculations which include the re-summation of soft gluon emission at next-to-leading898

logarithmic accuracy, matched to next-to-leading order (NLO) SUSY-QCD [35]. The theoretical899

uncertainty on the cross sections is due to scale variation and the parton distribution functions.900

The limit setting procedure needs as input the signal acceptance times efficiency in each signal901

bin. Figures 77, 78, and 79 show the acceptance times efficiency in the T1tttt MLSP vs. Mg̃ plane902

for Njet � 6, Nb = 2 and HT > 500, HT > 750, and HT > 1000 GeV selections, respectively.903

Figures 80, 81, and 82 show the same but with a logarithmic z-axis scale. Figures 83, 84, and 85904

show the acceptance times efficiency in the T1tttt MLSP vs. Mg̃ plane for Njet � 6, Nb � 3 and905

HT > 500, HT > 750, and HT > 1000 GeV selections, respectively. Figures 86, 87, and 88 show906

the same but with a logarithmic z-axis scale. For each HT selection, each of the three ET/ signal907

bins is shown separately.908

Limits very similar to previous single
lepton analysis (CMS-PAS-SUS-15-006)
→ complementary method

Limits on gluino mass improved by about
200 GeV compared to 8 TeV results



Opposite-sign dilepton search

Search for new physics in final states with two opposite-sign same-flavor
leptons, jets and Emiss

T in pp collisions at
√
s=13 TeV

(CMS-PAS-SUS-15-011)



Analysis concept
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4]Searched signatures

Resonant contribution on the Z peak

Edge-like feature in invariant dilepton mass (m``)
outside the Z peak

In both cases deviations were observed at 8 TeV
by either ATLAS or CMS

Flavor symmetric backgrounds (FS)

tt̄, WW, Z→ ττ

Same number of SF and OF events

Correction factor RSF/OF to account for
reconstruction, ID, and trigger efficiencies

Estimated from data

Non flavor symmetric backgrounds

On-Z contributions without neutrinos estimated
with Emiss

T -template method from γ+jets sample

Rare processes with genuine Emiss
T (neutrinos)

from MC (WZ,ZZ,t̄tZ)



Edge search results
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8 TeV: 2.6 σ excess observed at low m``
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On-Z: Results
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ATLAS observed a 3 σ at 8 TeV (29 events observed,
10.6±3.2 expected)

CMS did not cover this signal region at 8 TeV

CMS does not confirm this excess with 13 TeV data,
while ATLAS observed again 2.2 σ [ATLAS-CONF-2015-082]



Summary
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Single lepton searches (CMS-PAS-SUS-15-006 and CMS-PAS-SUS-15-007)

Searches for SUSY in final state with single lepton, (b-)jets and Emiss
T

No deviation from the background expectations found

Both searches have a similar sensitivity and exclude gluino masses up to
1.575 TeV

Opposite-sign dilepton search (CMS-PAS-SUS-15-011)

8 TeV:
CMS observed a 2.6 σ excess at low m`` [JHEP 04 (2015) 124]
ATLAS did not confirm this observed a 3.0 σ excess on the Z peak
[Eur. Phys. J. C75 (2015) 318]

13 TeV:
CMS could confirm neither of these deviations
ATLAS again observed a 2.2 σ excess on the Z peak
[ATLAS-CONF-2015-082]

2016 data taking just started and the increased lumi should help to settle the
matter



Backup
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Single lepton with ∆Φ: Result table b-tagged
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[CMS-PAS-SUS-15-006]



Single lepton with ∆Φ: Result table no b-tags
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[CMS-PAS-SUS-15-006]



OS dilepton: FS background estimation methods

Christian Schomakers (RWTH Aachen) CMS SUSY single and dilepton May 9, 2016 22 / 18

Control region method
RSF/OF measured in control region

Verified on MC to check that the method
works and take uncertainty on MC as
systematic uncertainty

Events around the Z peak (70-110 GeV)
are not taken into account

1 2 3 4 Njets

150

100

50

Emiss
T [GeV]

Drell-Yan Region

Control

Signal Region

Factorization method

RSF/OF= 1
2RT

(
rµe+ 1

rµe

)
RT =

√
ε
trig
ee ε

trig
µµ

ε
trig
eµ

: Trigger efficiency factor

rµe =
√

nµµ

nee
: Ratio of muon to electron efficiencies, measured in Drell-Yan control region



OS dilepton: Non FS background prediction
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T -template method

Emiss
T in Z+jets events mainly from jet mismeasurements

Use γ+jets events to estimate the Emiss
T shape

Photon pT reweighted to match Z pT
Prediction normalized in Z+jets dominated region
(Emiss

T <50 GeV)

Extrapolation to off Z regions
Use correction factor Rout/in to extrapolate to off Z
regions:

Rout/in=
Noff-ZSF −RSF/OFNoff-ZOF

Non-Z
SF

−RSF/OFNon-Z
OF

Measured in Drell-Yan control region

25% uncertainty assigned



OS dilepton: Edge signal and control regions
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Emiss
T -NJets selection

Emiss
T > 150 GeV & NJets ≥ 2 or

Emiss
T > 100 GeV & NJets ≥ 3

|η| selections
Central: both leptons |η| < 1.4

Forward: at least one |η| > 1.6

m`` selections
5 m`` regions

b-jet selections
0 or ≥1 b-tagged jets

⇒ 20 exclusive signal regions
+ 10 inclusive regions
(no b-tag selection)



OS dilepton: Edge result table
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[CMS-PAS-SUS-15-011]



OS dilepton: Edge result plots
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Reasonable agreement in all signal region

8 TeV excess in the low mass region has not reappeared
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Slepton model

Simplified Model based on sbottom pair production, b̃ → b + χ̃02
Decay either via Z or slepton (50% branching fraction)

Produce edges at the mass difference between the neutralinos

Mass of the χ̃01 fixed at 100 GeV, slepton mass in between the neutralino masses

 [GeV]
b
~m

400 500 600 700 800 900

 [G
eV

]
0 2χ∼

 m

200

300

400

500

600

700

800

900

 [p
b]

σ
95

%
 C

L 
up

pe
r 

lim
it 

on
 

1−10

1
 (13 TeV)-12.3 fbCMSPreliminary

exp.σ 1 ±Expected limit, 

theoryσ 1 ±Observed limit, 

); NLO+NLL exclusion0

1
χ∼

+ m
0

2
χ∼

 = 0.5(m
l
~m

= 100 GeV0

1
χ∼

l; m
0

1
χ∼→l

~
, 

0

1
χ∼l/Zl

~
→0

2
χ∼b, 

0

2
χ∼→b

~
, b

~
b
~

→pp

[C
M
S
-P
A
S
-S
U
S
-1
6-
00
4]

P1

P2

˜b

˜b∗

χ̃0
2

χ̃0
2

Z(∗)

˜l

b
f

f

χ̃0
1

χ̃0
1

ℓ−

ℓ+
b



OS dilepton: Edge 8 TeV counting results

Christian Schomakers (RWTH Aachen) CMS SUSY single and dilepton May 9, 2016 29 / 18

 [GeV]llm
50 100 150 200 250 300

E
ve

nt
s 

/ 5
 G

eV

0

20

40

60

80

100

120

140

160

180

200
CMS  (8 TeV)-119.4 fb

Central leptons

Data

Background

DY (from data)

 Stat.⊕Sys. 

 [GeV]llm
50 100 150 200 250 300

D
at

a/
B

gn
d

0

1

2  [GeV]llm
50 100 150 200 250 300

E
ve

nt
s 

/ 5
 G

eV

0

20

40

60

80

100

CMS  (8 TeV)-119.4 fb

Forward leptons

Data

Background

DY (from data)

 Stat.⊕Sys. 

 [GeV]llm
50 100 150 200 250 300

D
at

a/
B

gn
d

0

1

2

[J
H
E
P
04

(2
01
5)

12
4]

low mass on-Z high mass
central forward central forward central forward

Observed [SF] 860 163 487 170 818 368
Flav. Sym. [OF] 722±27±29 155±13±10 355±19±14 131±12±8 768±28±31 430±22±27

Drell-Yan 8.2±2.6 2.5±1.0 116±21 42±9 2.5±0.8 1.1±0.4
Total Estimates 730±40 158±16 471±32 173±17 771±42 431±35
Obs. - Est. 130+48

−49 5+20
−20 16+37

−38 -3+20
−21 47+49

−50 -62+37
−39

Significance [σ] 2.6 0.3 0.4 <0.1 0.9 <0.1
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ATLAS CMS

 [GeV]llm
50 100 150 200 250 300

E
ve

nt
s 

/ 5
 G

eV

0

20

40

60

80

100

120

140

160

180

200
CMS  (8 TeV)-119.4 fb

Central leptons

Data

Background

DY (from data)

 Stat.⊕Sys. 

 [GeV]llm
50 100 150 200 250 300

D
at

a/
B

gn
d

0

1

2

[Eur. Phys. J. C75 (2015) 318]

[J
H
E
P
04

(2
01
5)

12
4]

ATLAS did not confirm the excess, but reported a 3 σ excess on the Z peak
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[CMS-PAS-SUS-15-011]
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ATLAS expects 10.4±2.4 events and observes 21 (2.2 σ excess)
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"ATLAS-like" signal region in CMS search was designed to be similar to
the 8 TeV ATLAS region where the excess was observed
Some differences remain:

Lepton pT cuts 25(10-14) GeV for 8 TeV ATLAS and 20(20) GeV in CMS
Lepton ID and isolation requirements not completely identical

These differences might change the event yield slightly but should not
eliminate a significant signal contribution
At 13 TeV, lepton thresholds of the ATLAS search were increased to
50(25) GeV
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