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CMS (COMPACT MUON SOLENOID) EXPERIMENT AT THE LHC

CMS

LHC (Large Hadron Collider)

• CMS experiment has performed excellently 
during LHC Run-2 (2015-18)
➡ Large dataset collected in proton-proton collisions 

at 13 TeV centre of mass energy

➡ CMS has recorded ~150 fb-1 of data 

➡ Several analyses completed based on this dataset 

CMS detector
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SEARCH FOR NEW PHENOMENA IN LEPTONIC FINAL STATES

• In this talk : selected recent CMS results on searches 
for new phenomena in leptonic final states

➡ Leptons : electrons, muons, tau leptons
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• In this talk : selected recent CMS results on searches 
for new phenomena in leptonic final states

➡ Leptons : electrons, muons, tau leptons
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• Wide range of BSM models probed with leptons
➡ Heavy gauge bosons  
➡ Large Extra Dimensions
➡ Extended Higgs sector
➡ Dark Matter
➡ Compactness
➡ And many more
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• Wide range of BSM models probed with leptons
➡ Heavy gauge bosons  
➡ Large Extra Dimensions
➡ Extended Higgs sector
➡ Dark Matter
➡ Compactness
➡ And many more

• More about CMS BSM searches in other talks
➡ Supersymmetry : Ashraf Mohammed, Soham Bhattacharya, Sezen Sekmen
➡ Other Final states: Ben Francis, Justin Williams, Julie Hogan, Dimitrios Karasavvas, Alexander Froehlich, Christian 

Herrera, Ben Kliminster, Marina Vit, Dennis Roy
➡ Complete overview of CMS results: http://cms.web.cern.ch/news/cms-physics-results

http://cms.web.cern.ch/news/cms-physics-results
http://cms.web.cern.ch/news/cms-physics-results
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SEARCH FOR HEAVY RESONANCES DECAYING TO 2 LEPTONS 

CMS-PAS-EXO-19-019

• Search targeting high mass resonances decaying to 
two muons or two electrons

https://cds.cern.ch/record/2684757
https://cds.cern.ch/record/2684757
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Total MC (NR)• Search strategy:

➡ Run-2 dataset used : 140 fb-1

➡ Select high mass di-electron, di-muon events
➡ Search for resonances over SM background in di-lepton 

invariant mass spectrum

https://cds.cern.ch/record/2684757
https://cds.cern.ch/record/2684757
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• Search results: 
➡ No significant excess found
➡ Exclusion limits set: 5.15 TeV (4.56 TeV) for high mass Z’ boson 

wrt Sequential Standard Model (superstring inspired model)

https://cds.cern.ch/record/2684757
https://cds.cern.ch/record/2684757
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SEARCH FOR LOW MASS RESONANCES DECAYING TO 2 MUONS
Phys. Rev. Lett. 124 (2020) 131802

• Search for a low mass resonance decaying to a 
pair of muons 
➡ Search in 11.5-75 and 110-200 GeV mass ranges

http://dx.doi.org/10.1103/PhysRevLett.124.131802
http://dx.doi.org/10.1103/PhysRevLett.124.131802
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• Search strategy:

➡ Mix of the standard and a special scouting dataset 
used

➡ In 11.5-45.0 GeV range, search uses 96.6 fb-1 of data 
collected using dedicated set of high rate dimuon 
triggers with low thresholds

➡ Reduced amount of information stored for that dataset
➡ Remaining search used full Run-2 dataset of 137 fb-1

➡ Spectrum of invariant mass of di-muon system 
scanned for signal

http://dx.doi.org/10.1103/PhysRevLett.124.131802
http://dx.doi.org/10.1103/PhysRevLett.124.131802
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• Result :
➡ The data are found to be consistent with the 

background prediction, exclusion limits are set
➡ Strongest constraints on kinetic mixing coefficient of 

dark photon with mass > 11.5 GeV

• Search for a low mass resonance decaying to a 
pair of muons 
➡ Search in 11.5-75 and 110-200 GeV mass ranges
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http://dx.doi.org/10.1103/PhysRevLett.124.131802
http://dx.doi.org/10.1103/PhysRevLett.124.131802
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• Search for new physics in events with three or 
more electrons or muons

• BSM signals probed : 
➡ Type-III seesaw heavy fermions : non-resonant 

excesses in the tails of the transverse mass
➡ Production of light scalar or pseudoscalar boson with a 

pair of top quarks : resonance in dilepton mass spectra

6

SEARCH IN MULTI-LEPTON FINAL STATES 
JHEP 03 (2020) 051

http://dx.doi.org/10.1007/JHEP03(2020)051
http://dx.doi.org/10.1007/JHEP03(2020)051
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SEARCH IN MULTI-LEPTON FINAL STATES 
JHEP 03 (2020) 051
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Signal selection regions

• Search strategy:
➡ Run-2 dataset used : 137 fb-1

➡ Events with 3 or more leptons selected
➡ Events classified to different signal regions based on 

lepton flavour, charge and invariant mass
➡ SM background estimated using simulation and data 

driven methods

http://dx.doi.org/10.1007/JHEP03(2020)051
http://dx.doi.org/10.1007/JHEP03(2020)051
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• Search strategy:
➡ Run-2 dataset used : 137 fb-1

➡ Events with 3 or more leptons selected
➡ Events classified to different signal regions based on 

lepton flavour, charge and invariant mass
➡ SM background estimated using simulation and data 

driven methods
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Type-III seesaw, flavor democratic scenario

CMS Preliminary  (13 TeV)-1137 fb
Limits for Type3 Seesaw

• Results:  No significant excess, exclusion limits set 
➡ Heavy fermions of the type-III seesaw model : 880 GeV
➡ New scalar (pseudoscalar) bosons :  coupling of 0.003 

(0.03) and 0.04 (0.03) excluded for masses ranges of 
15-75 GeV and 108-340 GeV.

http://dx.doi.org/10.1007/JHEP03(2020)051
http://dx.doi.org/10.1007/JHEP03(2020)051
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SEARCH FOR DARK MATTER IN EVENTS WITH Z BOSONS
CMS-PAS-EXO-19-003 
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Example signal (2HDM)• Search for dark matter candidate particles performed using events with 
a Z boson candidate decaying to two leptons

https://cds.cern.ch/record/2719581
https://cds.cern.ch/record/2719581
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Example signal (2HDM)• Search for dark matter candidate particles performed using events with 
a Z boson candidate decaying to two leptons
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• Search strategy:
➡ Run-2 dataset used : 137 fb-1

➡ Select di-muon, di-electron events with di-lepton invariant mass consistent with Z 
boson, and high traverse momentum of the Z against missing transverse momentum

➡ Estimation of background from combination of simulation and data control regions

Signal selection regions

https://cds.cern.ch/record/2719581
https://cds.cern.ch/record/2719581
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SEARCH FOR DARK MATTER IN EVENTS WITH Z BOSONS
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Example signal (2HDM)• Search for dark matter candidate particles performed using events with 
a Z boson candidate decaying to two leptons

Limits set
Model Parameter Observed Expected

DM - vector mmed 870 GeV 870 GeV
gc = 1

gq = 0.25
DM - axial-vector mmed 800 GeV 800 GeV

gc = 1
gq = 0.25

DM - scalar sobs/stheo 1.8 1.5
gc = 1
gq = 1

DM - pseudoscalar sobs/stheo 1.8 1.4
gc = 1
gq = 1

2HDM+a ma 330 GeV 440 GeV
sin(q) = 0.35

mH = mA = 1 TeV
2HDM+a mH 1200 GeV 1200 GeV

sin(q) = 0.35
ma = 100 GeV

Invisible Higgs B(h ! invisible) 0.29 0.25
ADD MD 2.8-2.9 TeV 2.6-2.7 TeV

n =2–7
Unparticles s 0.26 pb 0.24 pb

Scaling dimension dU=1.5

• Results: 
➡ No evidence of BSM physics found
➡ Exclusion limits set in terms of simplified dark matter models, invisible decays of SM-like 

Higgs boson, two-Higgs double model, large extra dimensions and models with unparticles
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• Search strategy:
➡ Run-2 dataset used : 137 fb-1

➡ Select di-muon, di-electron events with di-lepton invariant mass consistent with Z 
boson, and high traverse momentum of the Z against missing transverse momentum

➡ Estimation of background from combination of simulation and data control regions

Signal selection regions

https://cds.cern.ch/record/2719581
https://cds.cern.ch/record/2719581
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• Search for excited leptons (from compactness models) decaying via a contact 
interaction to final states of two electrons or two muons and two resolved jets

8

SEARCH FOR EXCITED LEPTONS
JHEP 05 (2020) 052

Excited lepton production and 
decay via contact interaction

Poster by Kerstin Hoepfner

http://dx.doi.org/10.1007/JHEP05(2020)052
http://dx.doi.org/10.1007/JHEP05(2020)052
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interaction to final states of two electrons or two muons and two resolved jets
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Signal selection regions

• Search strategy:
➡ 2017, 2018 dataset used : 77.4 fb-1

➡ Di-muon and di-electron events with 2 jets selected
➡ Background estimate using simulation
➡ Search for signal in 4 object invariant mass distribution 

Poster by Kerstin Hoepfner
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• Search strategy:
➡ 2017, 2018 dataset used : 77.4 fb-1

➡ Di-muon and di-electron events with 2 jets selected
➡ Background estimate using simulation
➡ Search for signal in 4 object invariant mass distribution 

Limits placed
Search channel Coupling M`⇤ = L, values in TeV Limit on L, in TeV

strength f = f 0 f = � f 0
ee⇤ ! 2e2j f = 1 5.6 (5.6) 5.6 (5.6) 11 (11) for M`⇤ ⇡ 2 TeV

f = 0.1 5.6 (5.6) 5.6 (5.6) 17 (18) for M`⇤ ⇡ 1.5 TeV
f = 0 5.6 (5.6) 5.6 (5.6) 18 (19) for M`⇤ ⇡ 1 TeV

µµ⇤ ! 2µ2j f = 1 5.7 (5.7) 5.7 (5.7) 12 (12) for M`⇤ ⇡ 2 TeV
f = 0.1 5.7 (5.7) 5.7 (5.7) 19 (19) for M`⇤ ⇡ 1.5 TeV
f = 0 5.7 (5.7) 5.7 (5.7) 22 (20) for M`⇤ ⇡ 1 TeV

• Results:  No significant excess, exclusion limits set
➡ Limits on Ml∗ : best limits till date
➡ Limit re-evaluated in terms of the substructure scale Λ

Poster by Kerstin Hoepfner

http://dx.doi.org/10.1007/JHEP05(2020)052
http://dx.doi.org/10.1007/JHEP05(2020)052
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MUSiC : MODEL UNSPECIFIC SEARCH IN CMS
CMS-PAS-EXO-19-008

• General model independent search for deviations from the SM for potential signs of new physics phenomena

• 2016 dataset used : 35.9 fb-1

• MUSiC algorithm classifies events into hundreds of different final states based on event content and scans 
each final state to search for deviations from SM expectation

Poster by Lorenzo Vigilante

https://cds.cern.ch/record/2718811
https://cds.cern.ch/record/2718811
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MUSiC : MODEL UNSPECIFIC SEARCH IN CMS
CMS-PAS-EXO-19-008

• General model independent search for deviations from the SM for potential signs of new physics phenomena

• 2016 dataset used : 35.9 fb-1

• MUSiC algorithm classifies events into hundreds of different final states based on event content and scans 
each final state to search for deviations from SM expectation

Event 
Selection 

Scan
Final States

Find 
New Physics

Object 
Selection 

Event 
Classification

➡ Well reconstructed physics objects (e, μ, ɣ, jets, 
b-jets, missing transverse energy )

➡ Lepton triggered events in data & corresponding 
simulated events of SM processes

➡ Event classes (final states) based on event content 

➡ Identify regions with significant deviation                             
If significant deviation beyond expectation is found, it would 
prompt targeted analysis in the region

➡ Scan kinematic distributions (Invariant Mass, ST, 
MET) for discrepancies between data and SM    

Poster by Lorenzo Vigilante

https://cds.cern.ch/record/2718811
https://cds.cern.ch/record/2718811
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• 498 exclusive event classes and 571 (530) inclusive 
(jet-inclusive) event classes with data scanned
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Region of Interest scan in a particular event class
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• Region of Interest scan : 
➡ Scan kinematic distributions in each event class
➡ Identify region with smallest p-value, after look elsewhere 

effect correction
➡ Compare with expected p-value distribution from SM-only 

hypothesis estimated based on pseudo-experiments

Poster by Lorenzo Vigilante
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• Region of Interest scan : 
➡ Scan kinematic distributions in each event class
➡ Identify region with smallest p-value, after look elsewhere 

effect correction
➡ Compare with expected p-value distribution from SM-only 

hypothesis estimated based on pseudo-experiments
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from SM only simulation

• Results: No significant deviations beyond expectations found

Poster by Lorenzo Vigilante
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MANY OTHER ANALYSES USING RUN-2 DATA

Complete overview of CMS results: http://cms.web.cern.ch/news/cms-physics-results

http://cms.web.cern.ch/news/cms-physics-results
http://cms.web.cern.ch/news/cms-physics-results
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SUMMARY & OUTLOOK

• Wide variety of searches for exotic new phenomena in leptonic final states 
presented here:  high mass resonance searches, low mass searches using 
special datasets, dark matter, excited leptons, model unspecific search …

• Unfortunately no hints of new physics yet.

• Several more analyses are underway using the full Run 2 dataset, expect to 
have updates and new search results soon 

• Preparations for LHC Run 3 are underway, expect to include newer 
approaches to search for exotic signatures of new physics 

• Hopefully something exciting is waiting around the corner!

Thank you!
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ADDITIONAL SLIDES
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SEARCHES : SUSY
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 = 13TeVs
CMS Preliminary

-1L = 12.9 fb -1L = 35.9 fb

LSP m⋅+(1-x)Mother m⋅ = xIntermediatem
For decays with intermediate mass,

0 GeV unless stated otherwise  ≈ 
LSP

 Only a selection of available mass limits. Probe *up to* the quoted mass limit for  m
*Observed limits at 95% C.L. - theory uncertainties not included


