
 Search for supersymmetry with τ 
leptons in the CMS experiment

I. Bobovnikov, A. Kalogeropoulos,
I. Melzer-Pellmann, A. Raspereza, A.

Canepa, O. Colegrove, B. Schneider   

LHC discussion on SUSY, November 19, 2018



LHC discussion on SUSY, 19.11.18 2Ilya Bobovnikov

Introduction

LSP co-annihilation with light stau could bring the neutralino relic density
to the observed value

SUSY can explain ~3σ deviation of muon g – 2 
from SM prediction → light electroweak sector

Likelihood analysis of experimental constraints   
predicts light staus arXiv:1710.11091v2

LEP results

LEP put strong
limits on slepton

masses

LHC SUSY Cross Section

Small slepton cross section makes
analysis challenging! 



LHC discussion on SUSY, 19.11.18 3Ilya Bobovnikov

Models and topologies

Experimental signature
- Missing transverse energy depends on the model parameters

- Small number of jets and no b-tagged jets

Direct production Indirect production

Covered by SUS-17-002
μτ

h
, eτ

h
, eμ

Covered by SUS-17-003
τ

h
τ

h



LHC discussion on SUSY, 19.11.18 4Ilya Bobovnikov

Search variables

E
Tmiss

 – missing transverse energy

M
T2

 – “stransverse” mass

Sum M
T  

D
ζ
 – Discriminant used in legacy Higgs searches
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Search strategy μτ
h
, eτ

h
, eμ

Selection (36 /fb of Run 2 2016 data)

Opposite charge pair of  identified isolated leptons
No additional leptons
only 0 or 1 jet and no jets originating from bottom quarks

SUS-17-002SUS-17-002

Background estimation
Z+jets and top pair production: corrected shape is taken from MC

        and normalization from orthogonal CRs
Jets misidentified as τh: shape is estimated from CR and transfer
factor is calculated as a ratio of yields in orthogonal CRs  
Other rare backgrounds taken from simulation

μτ
h
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Interpretation μτ
h
, eτ

h
, eμ

No significant deviation in any signal region
Exclude N2 and C1 decaying through staus below 560 GeV 
for ~ massless LSP
Direct stau production not yet excluded due to low cross section 
For left-handed stau of around 90 GeV and a massless LSP we exclude 1.5 times the
expected SUSY cross-section

SUS-17-002SUS-17-002

For cut based approach 132 search bins are defined with kinematic variables
 
and jet multiplicity. 

For chargino-neutralino (C1N2) interpretation  

CMS-PAS-SUS-17-002, https://cds.cern.ch/record/2297162
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Search strategy τ
h
τ

h

Selection (36 /fb of Run 2 2016 data)
Opposite charge pair of  identified hadronically decaying
taus
No additional leptons
no jets originating from bottom quarks

SUS-17-002SUS-17-003

Background estimation
Z+jets: Check DY mass and pT spectrum in dimuon CR and correct the simulation for any
discrepancies
QCD, W+Jets: Background if jet fakes tau - fake rate derived in the same sign data events
and parameterized as function of pT and decay mode
Other rare backgrounds taken from simulation
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Interpretation τ
h
τ

h

No significant deviation in any signal region
Direct stau production not yet excluded due to low cross section 
For left-handed stau of around 150 GeV and a massless LSP we exclude 1.5 times the
expected SUSY cross-section

SUS-17-002SUS-17-003

SR:

  low mass high mass

CMS-PAS-SUS-17-003, https://cds.cern.ch/record/2273395 
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Combination τ
h
τ

h 
and μτ

h
, eτ

h
, eμ 

For direct stau production we use three different stau
“chiral states”: 

– a purely left-handed stau

– a purely right-handed stau

– maximal mixing between the right- and left-handed
eigenstates

Direct stau production not yet excluded due to low
cross section with 2016 data
  Accepted by JHEP (arXiv 1807.02048)
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Combination τ
h
τ

h 
and μτ

h
, eτ

h
, eμ 

Stau mass is an average value between the mass of the
parent sparticles and LSP. 

For chargino pair production equal branching fractions are
assumed for each of the two possible chargino decay
chains.

For chargino-neutralino production we set chargino mass
to be equal to neutralino mass.

 Accepted by JHEP (arXiv: 1807.02048)



LHC discussion on SUSY, 19.11.18 11Ilya Bobovnikov

High Luminosity LHC
stau search

Increase in energy (14 TeV) and tremendous increase in luminosity (3 ab-1) will
dramatically improve sensitivity to light stau SUSY scenarios

FTR-18-010
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Technical details

Selection of oppositely charged tau  

Main backgrounds are jet faking tau from Wjet and genuine hadronic tau
from DY

To imitate full-sim tau reconstruction all PUPPI jets are selected and
matched to generator level taus. Matched jets are multiplied by the tau ID
effciency, unmatched are multiplied by the fake rate

The Delphes simulation of the CMS Phase 2 detector is used  

τ
h
τ

h

lτ
h

We are targeting direct stau production with
 final state with MET and two tau decaying in different channels

FTR-18-010
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Search region variables
distributions are after
baseline selection

Stau signal is scaled
with mass-degenerate
scenario

Other SM corresponds
to QCD , top, diboson
and triboson production
processes 

Search region variables
μτ

h
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Other SM corresponds to diboson and triboson
production processes 

τ
h
τ

h

Search region variables
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Search region definition
FTR-18-010

Search regions
for τ

h
τ

h

Search regions
for lτ

h
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Interpretation

The stau analysis has
sensitivity for discovery
(exclusion) to “Degenerate”
stau production w/ a
massless lsp for stau
masses of 470 (650) GeV

The results are interprepted as a 95% CL upper limit on the
maximally-mixed stau scenario, under the assumption of a

degenerate left and right-handed stau cross-section

FTR-18-010
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Conclusion

Run 2 analysis with 2016 data in leptonic channel has a good
sensitivity to indirect stau production but not yet sensitive to direct
scenario (PAS SUS-17-002)  

Combination with full-hadronic channel  (paper SUS-17-003, arxiv
1807.02048) increases sensitivity and brings it on edge of
exclusion for several low mass stau points

Currently, we are working on improvement of analysis techniques
and combination 2016 with 2017 data

Future is bright: HL-LHC projection shows sensitivity to wide range
of stau/LSP parameters 

Stay tuned!
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Backup
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Likelihood analysis

arXiv:1710.11091
v2
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Search bins 
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Search variables μτ
h
, eτ

h
, eμ

E
Tmiss

 – missing transverse energy

M
T2

 – “stransverse” mass

D
ζ
 – Discriminant used in legacy Higgs searches
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Search bins 
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Taus
Main background for fulhadronic channel

 
 is double jet faking tau

background and for semileptonic channel it is a tau pair production (DY)
and single jet faking tau background

Additional timing detector sensitive to minimum ionizing particles (MIPs) 
between the tracker and the electromagnetic calorimeters improve the
tau charged isolation  performance

Tau ID "Fixed-Strip" algorithm is used
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From Atlas

ATLAS (arxiv:1407.0350)

LHC Run1 results Projection

For direct stau production left-handed, right-handed and degenerate stau production
are Considered
Run 1 analysis from ATLAS excluded degenerate production for a single scenario
(stau mass of 109 GeV and a massless LSP)
No any public increase in sensitivity with 2016 Data
In 2016 a preliminary result for HL-LHC Stau sensitivity was released from ATLAS
(single bin analysis and flat 30% systematic uncertainty)
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Dynamic event weighting

Dynamic event weighting is applied to imitate  
Full-Sim tau reconstruction

Gen-matching is attempted on the only PUPPI jet
in the event
– Successful matching: event is multiplied by tau

efficiency 32% (from Tu POG)

– Unsuccessful matching: event is multiplied by jet to tau
fake rate. Fake rate is provided by Tau POG and
scaled by 1/3 to project MVA improvements  

Dynamic event weighting significantly reduces
event weight and therefore the statistical
uncertainty
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Lepton validation

Muons and electrons were validated in
Drell Yan process decaying
leptonically.

– Muons: good agreement is observed
and  no SF are needed

– Electrons: good agreement is
observed in barrel (no SF). In
endcap SF is used.  



LHC discussion on SUSY, 19.11.18 28Ilya Bobovnikov

Tau ID
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Jet Faking tau bkg
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Search variables μτ
h
, eτ

h
, eμ

E
Tmiss

 – missing transverse energy

M
T2

 – “stransverse” mass

D
ζ
 – Discriminant used in legacy Higgs searches


