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Introduction
Standard Model (SM) is like our old car, we 
like it but we also know that it has problems..
The Supersymmetry is one of the most 
promising extensions  

unification of coupling constants 
at GUT scale

The Hierarchy Problem: 
Additional particle content stabilises 
Higgs mass
Dark Matter: 
If R-parity is a conserved quantity, 
lightest SUSY particle (LSP) is stable
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General BSM talk was 
given by B.Heninemann
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SUSY searches @ CMS

Dedicated third-generation squark searches at 
CMS will be covered by Marketa Jansova

General perspective of leptonic and hadronic 
SUSY searches at CMS will be covered by 

Ignacio Suárez Andrés

Scope of this talk

1 pb

1 pb

Largest cross section
Large hadronic activity
sensitivity at TeV scale 

Small cross section
distinct leptonic signature
sensitivity at TeV scale is 
achieved at  13 TeV 
using 35.9 fb data-1



Interpretation:  
simplified SUSY models 
(limited sparticle content)
Several models considered 
for a given analysis
Results can be interpreted 
independent of the model 
Inputs for reinterpretations 
are provided, e.g., results in 
fewer ("aggregated") signal 
regions
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0 lepton
4b jets

≥1 photon 
ET/
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Focus: electroweak SUSY production

CMS-SUS-16-043 CMS-SUS-16-048
2 opposite sign
≥1 jets , 0b jets
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(GMSB)

other result :CMS-SUS-16-034

http://cds.cern.ch/record/2256648?ln=en
http://cds.cern.ch/record/2256754?ln=en
http://cds.cern.ch/record/2256434?ln=en
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=SUS-16-043-pas-v4.pdf
http://cds.cern.ch/record/2256640?ln=en
http://cds.cern.ch/record/2257293?ln=en


0-lepton

5

CMS-SUS-16-044

HH production searches with H   bb

Target signature
ET > 150 GeV
4 or 5 jets
lepton veto
3/4 most b-like jets

> need high b-tagging efficiency 
> deep learning b-tagging

4 ET bins [150-200-300-450)
2 b jets : Control Regions

/

production and decay: ~ degenerate Higgsinos 
gauge mediated supersymmetry breaking
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NEW

mG̃ = 1GeV
SR

main background is tt+Jets

 
Baseline :

100 GeV <                                            ≤ 140 GeV
�m = min(|mH1 �mH2 |) < 40GeV

< m >= (mH1 +mH2)/2
�Rmax = max(�RH1 ,�RH1)≤ 2.2 ( against ttbar )

( finding 2 same mass particles )
( Higgs mass 

window )

/

CR CR

NSR
(3/4)b = NCR

(3/4)b x

(NSR
2b /NCR

2b )

(NSR
2b /NCR

2b )

ABCD method:
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CMS-SUS-16-044
RESULTS
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Observed
68% expected
95% expected

95% CL upper limits

Preliminary CMS  (13 TeV)-135.9 fb

soft + XG~G~ hh→soft + X1
0χ∼1

0χ∼ →  j

±

0,χ∼i
±0,χ∼ →pp 

 = 1 GeVG~, m
1
0χ∼ m≈ 

1
±χ∼ m≈ 

2
0χ∼m

Observations consistent 
with SM expectations 

Higgsino masses excluded
 in [225,770] GeV range

( using a simplified model in 
the context of gauge 

mediated supersymmetry 
breaking )

HH production searches with H   bb



0-lepton

7

CMS-SUS-16-046
1 photon with pT > 180 GeV

no veto to additional photons
ET > 300 / 100 (SR/CR) GeV
mT > 300 / 100 (SR/CR) GeV
counting experiment in 4 bins of 

/

γ + ET search/

�̃±
1

�̃0
1

W±

G̃

G̃

�

Ev
en

ts
 / 

bi
n

100

200

300 data )γV(+
+jetsγ )γ(+tt
γ→e diboson

TChiWG T5Wg
systσ

 (13 TeV)-135.9 fb PreliminaryCMS

 (GeV)γ

TS
600 800 1000 1200 1400 1600

ra
tio

0.5
1

1.5

totσ systσ

 (GeV)NLSPm
400 600 800 100095

%
 C

L 
up

pe
r l

im
it 

/ c
ro

ss
 s

ec
tio

n 
(p

b)
   

3−10

2−10

1−10

exp. σ 1 ± σ 2 ±

obs. limit
cross section σ 1 ±

, 1
±χ∼1

0χ∼→pp 
G~±/Wγ → 1±0/χ∼

 (13 TeV)-135.9 fb PreliminaryCMS

No evidence of new physics

NLSP masses excluded below 750 GeV

( using a simplified model in the 
context of gauge mediated 
supersymmetry breaking )
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CMS-SUS-16-043

1 lepton
2b jets
ET/
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1 �̃
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0
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lv

Data follows the SM background
Chargino masses excluded 

[250,500] window for massless 
neutralinos

Main backgrounds
(2l top) controlled 

in data

≥ 150 GeV

≥ 170 GeV

key variables
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CMS-SUS-16-048
Chargino-neutralino
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≥ 1 jet, b jet veto
MET > 125 GeV
𝐻T > 100 GeV
0.6 ≤ MET/𝐻T ≤ 1.4 
𝑚(ll) < 50
𝑚𝜏𝜏 veto [0,160] GeV 
MT(lx, MET), x = 1, 2 < 70

Baseline Selection 

tt(2l) CR region

SR Bins
Data driven estimation:	
“fake-rate” method 
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CMS-SUS-16-048
RESULTS

Dominant 
backgrounds 
predicted with 
Data 

No significant 
excess 
observed

chargino/neutralino masses 
excluded up to 230 GeV for a mass 

difference 20 GeV

ONLY LEP experiments 
constrained this region so far

125 <ET < 200 200 <ET < 250

250 < ET/

/ /

Chargino-neutralino



multi-leptons
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CMS-SUS-16-039

(many) lepton final states
158 regions : 

many models , wide 
SUSY mass space
  Two leptons same-sign
  Three or more leptons  

three light-flavor leptons 
(electrons or muons).  
two light-flavor leptons 
and a τh.  
one light-flavor lepton 
and two τh.  
at least four light-flavor 
leptons and no τh.  
at least three light-flavor 
leptons and one τh.  
at least two light-flavor 
leptons and two τh. 

Further divide in (ET , MT(l, ET), 
pT(ll), MT2(l,l))

A,B
C,D,
E,F

G,H,
I,J,K

WZ:
especially dominant in final states with three leptons
shape estimated from Monte Carlo 
residual nonprompt background:
nonprompt lepton = misidentified leptons and leptons 
from heavy-flavor jets
rare standard model backgrounds
processes that produce hard, central and isolated 
signal-like leptons
estimate from Monte Carlo
charge mis-identification of electrons 
(negligible for muons)
relevant only in 2lss and 2lss+tau events
estimate from Monte Carlo
validated in data
leptons from photon conversions
radiated photon undergoes asymmetric conversion

Background  prediction 

/ /

Chargino-neutralino



multi-leptons
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CMS-SUS-16-039
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(many) lepton final states
158 regions : 

many models , wide 
SUSY mass space

Two leptons same-sign
  Three or more leptons  

#light-flavor leptons , #τh

exclusion limits are 
set for 12 different 
SMS
Dominant 
backgrounds 
predicted with Data 
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Chargino-neutralino
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NLO-NLL excl.theoryσ 1 ±Observed 
experimentσ 1 ±Expected 

chargino masses excluded up to 
1150 GeV

Chargino-neutralino
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Summary
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Electroweak-ino searches 
@ CMS with  13 TeV Data 
are presented

various ..
production modes
mass ranges
final states

No significant excess indicating 
presence of physics beyond the 

Standard Model has been observed …TeV range limits



15

“Things are only impossible until they're not! “
                                   Jean-Luc Picard
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topness
boosted W and top taggers
jet substructure
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~
Standard objects

isolated light, tau leptons
jets, b-tagged jets
missing energy (ET / MHT)/

Kinematic variables

                                        
> endpoint at m(parent)
       reconstructed Higgs 
mass
      ET + gamma pT

Composite (boosted objects)

Hadronic / total energy

     (scalar sum of (jet) pTs)
         (sum of jet & lepton pTs, ET)
     (sum of all particle pTs)

/

Event kinematics

hemispheres
razor / super-razor
recursive jigsaw reconstruction 

SUSY TOOLKIT

mT (lepton,ET )/

mH

HT

mEff

ET

S�
T

/



Electroweak production
R-parity conserving

Usually leptonic searches
chargino pair
chargino-neutralino
neutralino-neutralino

R-parity violating
chargino pair decays 4 lepton via L# 
violating coupling λ
gauge-mediated SUSY breaking
neutralino-neutralino decays higgs 
+ goldstino
chargino-neutralino decays γ
+gravitino

Strong production
R-parity conserving

Usually hadronic searches
gluino, squark, sbottom pair

R-parity violating
Gluino-induced Z/γ+gravitino

gauge-mediated SUSY breaking
Usually no ET in final state

gluino pair decays to d/b
squark pair decays t/b

/

20

SUSY searches @ CMS
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Background prediction  
ABCD using <m>
2 b-tagged jets
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1 photon with pT > 180 GeV
ET > 300 / 100 (SR/CR) GeV
mT > 300 / 100 (SR/CR) GeV
counting experiment in 4 bins of *

/

CR : exclude SR
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Systematics
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