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Outline
• Combination of electroweak SUSY searches


• Search for SUSY with 1 photon, jets, and 


• Search for Stealth SUSY with 2 photons and jets


• Low mass dimuons with scouting


• Search for inelastic dark matter


• Search for dark matter in W+W- events with 


• Search for long-lived heavy neutral leptons decaying to jet + e/μ/τ


• Search for  in final states with electrons or muons


• Search for  with lepton+jets

pmiss
T

pmiss
T

W′￼→ tb

b* → tW
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All are NEW CMS results 
using the full Run 2 dataset


Delving deep, scouting 
wide, and climbing high!




Combination of electroweak SUSY searches
• Targets electroweak production of charginos and neutralinos, as well as sleptons for compressed and 

non-compressed mass spectra. Several new interpretations compared to earlier results. 


• Combines 6 searches using the full LHC Run 2 data set:  
 

• Hadronic WX analysis is new addition to the combination,  
improving the sensitivity in the non-compressed region


• 2/3L soft was updated for the combination to include a  
parametric signal extraction which improves the sensitivity  
to compressed mass spectra


•  binning optimized per  signal hypothesis 
to exploit kinematic end point
mll Δm( χ̃0

2, χ̃0
1)

SUS-21-008

Leptonic
“2/3L soft” 

2 or 3 e(μ), including OS SF pair, 
5(3.5)< lepton pT < 30 GeV


Targeting compressed spectra

“≥ 3l” 
2 SS e/μ, or ≥3 leptons (up to 2 τhad)  

Leading lepton pT > 30 GeV

“2l on-Z/non-resonant” 
2 e(μ) OS SF, 

Either on- or off-shell Z

(Semi) 
Hadronic

“1l 2b” - WH  
1 e(μ), H→bb tag


Targeting compressed spectra

“4b” - HH 
No leptons 

2 tagged Higgs bosons (H→bb)

“Hadr. WX” 
Fully hadronic final state; 

≥2 jets (AK8), and 2-6 jets (AK4)

OS/SS = opposite/same sign (charge) 
SF = same flavor
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pmiss
T

OS SF leptons

3rd leptonISR jet

https://cds.cern.ch/record/2853345


Combination of electroweak SUSY searches

Results for wino-like  &  (with bino-like )  χ̃±

1 χ̃0
2 χ̃0

1

2/3L soft and ≥3L analyses are complementary

• orthogonal lepton  ranges


• Different selections (e.g. 2/3L soft requires )


Combination closes the gap! 

pT
pmiss

T

7Results for higgsino-like  &  (with bino-like ) in backup χ̃±
1 χ̃0

2,3 χ̃0
1

Addition of the hadronic WX search improves sensitivity 
to higher  and  masses in the uncompressed regionχ̃±

1 χ̃0
2

Zooming in on the 
compressed region

Mild excess observed around  = 30 and 40 GeV, 
stemming from both analyses

Δm



Combination of electroweak SUSY searches

Results for sleptons & quasi-degenerate higgsinos in GMSB

8

Uncompressed region 
covered by the 2-lepton 
non-resonant analysis

NEW: 2/3l soft analysis 
provides sensitivity to 
the compressed region 
(  replaced by )mll MT2

Sleptons (e/μ)

Higgsino triplet ( ) with small : results in 
effective  production, with  


4b (HH) analysis most sensitive for large 

χ̃0
2, χ̃±

1 , χ̃0
1 Δm

χ̃0
1 χ̃0

1 χ̃0
1 → G̃ + H/Z

ℬ( χ̃0
1 → HG̃)

GMSB higgsinos

2/3L soft

Combined

Sleptons excluded 
up to 215 (235) GeV 
at =5 GeVΔm



Search for SUSY with 1 photon, jets, and pmiss
T

• Electroweak and strong production of neutralinos and charginos with fully 
hadronic final states and at least one photon from  decays (GMSB)


• Select ≥ 1 photon, ≥ 2 jets, 0 leptons, and  > 300 GeV 
Require  > 300 GeV (scalar  sum of ɣ + jets)


• 2 categories with/without tagged W/Z/H boson, binned in  and 


• Main backgrounds: ɣ+jets and Wɣ+jets, ttɣ+jets... (“lost leptons”) 
Data-driven estimations; ABCD-method or transfer factors

χ̃0
1 → γG̃

pmiss
T

ST pT

pmiss
T Njets

+ other models!

SUS-21-009
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No excess observed

https://cds.cern.ch/record/2852844


Search for Stealth SUSY with 2 photons and jets
Stealth SUSY: MSSM + light hidden sector containing  
singlino  and singlet S, with gravitino LSP  
→ naturally produces low  signatures

Search looks for gluino and squark production with decays  
through the neutralino: 

Selection: 


• 2 photons and ≥ 2 jets 

• No requirement on 

•  > 1300 GeV (scalar  sum of all objects)


Signal extraction based on  and binned in jet multiplicity  
(4, 5, or ≥6 jets)

Main background: multijet events with  
2 photons from the initial scattering

Data-driven background estimation using 
the  shape in events with low  

•  shape is ~invariant at high 

•  shape modeled using Adaptive  

Gaussian Kernel estimation

S̃
pmiss

T

χ̃0
1 → γS̃, S̃ → SG̃, S → gg

pmiss
T

ST pT

ST

ST Njets
ST ST
ST

p

p

g̃

g̃

χ̃
0
1 S̃ S

χ̃
0
1 S̃ S

q q γ G̃ g

g

q q γ G̃
g

g

p

p

q̃

q̃

χ̃
0
1 S̃ S

χ̃
0
1 S̃ S

q γ G̃ g

g

q γ G̃
g

g

SUS-19-001
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Exclude gluinos & 
squarks with masses 
up to 2.15 & 1.85 TeV


 

Strongest limits to date 

for these models!
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https://cds.cern.ch/record/2852182


Low mass dimuons with scouting
• Use data scouting to extend reach to lower mass dimuon resonances 

• Mass range: 1.1-2.6 GeV and 4.2-7.9 GeV, excluding region of J/ψ, ψ’ and Υ(1S)

• Motivated by e.g. dark photons ZD with kinetic mixing ε or 2HDM with extra scalar

• Analysis assumes narrow resonance coming from the primary vertex


• Scouting trigger

• Dedicated trigger stream storing reduced event information (4–8 kB/event instead 

of 1MB) at higher rate (2kHz instead of 0.45kHz for standard dimuon triggers)

• Trigger selection: 2 muons with pT > 3 GeV; efficieny highest at low DR


• Offline analysis:

• 2 muons with  > 4 GeV, |η|<1.9

• Optimized muon identification for low masses using two BDTs

• Fit to dimuon invariant mass spectrum in discrete mass windows of  

5x experimental resolution (1.5%)

pT
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EXO-21-005
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 Trained SelectionψJ/

CMSPreliminary  (13 TeV)-1Scouting Triggers, 96.6 fb

J/ψ  ψ’ Y

Largest excess at 2.41 GeV, 

local: 3.24σ, global: 1.27σ

side note: 3.1σ LHCb 
excess at 2.42 GeV

High  selectionpT

https://cds.cern.ch/record/2851121?ln=en


Search for inelastic dark matter
• First search for inelastic DM at a hadron collider 

• ≥2 DM states  &  + dark photon A’ with kinetic mixing with SM hypercharge (ε)


• Search targeting small 

• Large production cross section, small selection efficiency


• Signature:  collimated with 2 displaced muons 


• Signal regions defined by number of displaced  
muons matched with standard muons


• Backgrounds predicted via ABCD method using  
min-  vs. relative isolation or 

χ1 χ2
Δ = mχ2

− mχ1
∈ [0.1 − 0.4]mχ1

pmiss
T

dxy Δϕ(μμ, pmiss
T )

12

EXO-20-010

• No excess observed

• Place constraints on interaction 

strength vs DM mass


• Sensitivity enhanced at  GeV 
because of mixing between A’ and Z 
( ) 

mχ1
= 30

mA′￼
= 3mχ1

Dedicated displaced muon 
reconstruction 

• Using only muon system

• Efficient up to large 

displacements (few meters)

• Require 2 displaced muons 

that form a good vertex

longlived

low , 
low 

pT
ΔR

ISR jet, 
pT > 80 GeV  pmiss

T > 200 GeV

http://cds.cern.ch/record/2851361?ln=en
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Search for dark matter in W+W- events with pmiss
T

• Focuses on a Dark Higgs model including Dark Higgs , , dark matter ;  
assuming  production with decays to  and two DM particles  
(dominant decay for )


• Selection: 1 or 2 leptons, no b-tagged jets


• 2-lepton final state: 2D profiled fit to  and 


• 1-lepton final state: 1D binned fit to the shape of a BDT  
discriminant, trained for signal separation with kinematic  
variables related to the leptons and 

s Z′￼ χ
Z′￼ W+W−

mS > 160 GeV

mT(ℓ2, pmiss
T ) mℓℓ

pmiss
T
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EXO-21-012
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• No excess observed

• Strongest limit for : exclude up to 

 for 
mDM = 200 GeV

mS = 350(160) GeV mZ′￼
= 700(2200) GeV

Leptons required 
to be different 

flavor, to suppress 
DY background 
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Search for long-lived heavy neutral leptons 
decaying to jet + e/μ/τ

• HNL with small masses or couplings are longlived: 
Coupling not restricted to single generation


• Search relies on displaced jet tagger 
• Deep neural network with convolution and dense layers, using domain 

adaptation to reduce effect from differences between data and simulation

• Inputs are both jet-level quantities and jet constituent quantities 

• Multi-class output: jets from q/g, pileup, prompt lepton or photon,  

displaced jet with or without displaced lepton 

• Search categories based on lepton flavor & charge, , and displacement


• Backgrounds estimated via ABCD method in data using  and NN score
ΔR(l2, jet)

mllj*

14

EXO-21-013

Longlived

Trigger on prompt lepton

Displaced jets

cτ ∝
1

|VlN |2 (mN)5

• No excess observed

• Best limit on the coupling 

strength for pure muon 
scenario, excluding values 
of |VμN|2 > 5(4) × 10−7 for 
Dirac (Majorana) HNLs 
with a mass of 10 GeV 

SRCR CR

https://cds.cern.ch/record/2852843


Search for  in leptonic final statesW′￼ → tb
• W’ reconstruction: 

• High  leptonic top quark recontruction using lepton, , and b jet:

• Use  to constrain neutrino 


• pick jet using combo of , , subleading b jet

• W’ candidate = top candidate + leading b jet not already used

• If less than 2 bjets, procedure is applied to full jet collection


• 0b events used as CR; SRs binned based on which jet is b-tagged


• Simultaneous maximum likelihood fit to the  distribution, with backgrounds 
estimated via data sidebands using  and  (AK8 jet closest to W’ jet)

pT pmiss
T

mW pz
mtop ΔR(ℓ, j)

mℓνjj
mtop mSD,AK8
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B2G-20-012

High  b jets pT
p1

T (p2
T) > 300 (150) GeV

High  
isolated e/μ

pT

pmiss
T > 120 GeVMass: 2—6 TeV 

Width: 1—30% 
Chirality: LH, RH, mixed

2b SR0b CR

Good agreement in CR

Observed 2.6σ local (2.0σ global) excess at 
3.8 TeV, for narrow W’ (RH chirality)

https://cds.cern.ch/record/2845019


Search for  with lepton+jetsb* → tW
• Targeting excited b quark, , decaying to top quark + W boson


• Decay becomes dominant for  700 GeV at 40% BF


•  reconstructed from tagged W boson and reconstructed 
top quark (from b, lepton, ) and used as search variable


• 2 signal regions: 

• High-mass:  > 80 GeV and  > 400 GeV 


• Low-mass:  < 80 GeV or  < 400 GeV 


• Backgrounds

• tt̄: constrained via control region

• QCD multijet: estimated via ABCD method 

b*
mb* >

mtW
pmiss

T

pmiss
T pW

T
pmiss

T pW
T
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B2G-21-005

• No excess observed

• Excited b quarks 

excluded up to 2.35, 
2.77, 3.10 TeV for 
LH, RH, vector-like 
scenarios

High  lepton with 
dedicated 2D 

isolation applied

pT

Wide-radius jet 
tagged as W boson 

using N-subjettiness

W and t have 
large pT

Large angle between 
W and bjet 
ΔR > 0.8
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CMS Preliminary March 2023  (13 TeV)-1138 fb

Observed
Expected

 LH
Theory b*

,qqν bl→tW 
 bqq,qq→tW 

ν bqq,l→tW 
 (comb.)ν bqq,qq & bqq,l→tW 

B2G-21-005
JHEP 12 (2021) 106
JHEP 04 (2022) 048
JHEP 04 (2022) 048

https://cds.cern.ch/record/2845019


Conclusion

• CMS continues the exploration of the BSM physics landscape:  
Delving deep, scouting wide, and climbing high


• Analyses are using sophisticated analysis methods, including machine 
learning methods to extract the most from our excellent data

• See also talk by J. Ngadiuba on Machine Learning in CMS


• For more results, please visit our public results web pages!  
And stay tuned for Run 3 results in the future!
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http://cms-results.web.cern.ch/cms-results/public-results/publications/
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Combination of electroweak SUSY searches

Results for higgsino-like  &  (with bino-like )  χ̃±

1 χ̃0
2,3 χ̃0

1
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Search for SUSY with 1 photon, jets, and pTmiss

24

SUS-21-009

100% BF

100% BF

50% BF

50% 
BF

25% 
BF

https://cds.cern.ch/record/2852844


Search for SUSY with 1 photon, jets, and pTmiss
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SUS-21-009

https://cds.cern.ch/record/2852844


Search for SUSY with 1 photon, jets, and pTmiss
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Search for Stealth SUSY with 2 photons and jets
SUS-19-001
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Low mass dimuons with scouting
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EXO-21-005

https://cds.cern.ch/record/2851121?ln=en


Search for inelastic dark matter
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EXO-20-010

http://cds.cern.ch/record/2851361?ln=en


Search for dark matter in W+W- events with pmiss
T
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EXO-21-012

https://cds.cern.ch/record/2851848


Search for dark matter in W+W- events with pmiss
T
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EXO-21-012

https://cds.cern.ch/record/2851848


Search for dark matter in W+W- events with pmiss
T
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EXO-21-012

https://cds.cern.ch/record/2851848


Search for long-lived heavy neutral leptons 
decaying to jet + e/μ/τ

EXO-21-013

https://cds.cern.ch/record/2852843


Search for long-lived heavy neutral leptons 
decaying to jet + e/μ/τ

EXO-21-013

https://cds.cern.ch/record/2852843


Search for long-lived heavy neutral leptons 
decaying to jet + e/μ/τ

EXO-21-013

https://cds.cern.ch/record/2852843


Search for  in leptonic final statesW′￼ → tb
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B2G-20-012

https://cds.cern.ch/record/2845019


Search for  in leptonic final statesW′￼ → tb
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B2G-20-012

Right handedLeft handed

https://cds.cern.ch/record/2845019


Search for  with lepton+jetsb* → tW
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B2G-21-005
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