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Outline of this talk

● High mass Resonances
○ Dijet and pair of dijet searche (Run2 + Run3)

○ W’ → lepton+MET (Run3)

○ Spin 1 X → Diboson (VV/VH) and full Combination https://arxiv.org/abs/2601.12583 

○ Single VLQ B’ → tW

○ tt + X (tt) 13 TeV + 13.6 TeV ( X mass 50-4000 GeV) CMS-PAS-B2G-25-005

○ Spin 0 X → HH/HY

○ Neutral CP-odd A → ZX

● Low mass Resonances
○ X → Dijet (X Mass in 600-1800 GeV) 2510.21641 dijet_summary atlas dijet summary 

○ X →Dimuon (X Mass in 1-200 GeV) darkboson_summary CMS-EXO-23-005, CMS-EXO-24-016 

https://cds.cern.ch/record/2935659/files/DP2025_025.pdf 

○ X →Dielectron/Diphoton (X Mass in 0.1-200 GeV) CMS-DP-2026-001

○ X →Ditau (X Mass in 20-60 GeV) CMS-PAS-EXO-24-012

○ Higgs →A A → Ditau/Dimuon (A Mass in 4-12 GeV) (CMS-PAS-SUS-23-005)

○ η→μ+μ−e+e- (Run3)  CMS-PAS-BPH-24-001 
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Exotica results Preliminary Publications
B2G results  Preliminary Publications

● CMS Resonance search landscape
From high-mass energy-frontier searches to low-mass trigger-frontier searches

● High-mass resonance searches
Jets, leptons, MET, and diboson final states

● Boosted and merged cascade decays
 Dedicated reconstruction for collimated leptons and photons, jets

● Low-mass resonance searches
 Scouting, high-rate streams, and specialized triggers

● Summary and outlook
 Run 3 and future sensitivity improvements

https://arxiv.org/abs/2601.12583
https://arxiv.org/abs/2510.21641
https://cms-summary-searches.docs.cern.ch/dijet_summary/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-041/
https://cms-summary-searches.docs.cern.ch/darkboson_summary/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-23-005/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-016/index.html
https://cds.cern.ch/record/2935659/files/DP2025_025.pdf
https://cds.cern.ch/record/2951848
https://cds.cern.ch/record/2931236
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-005/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-24-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G/index.html
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CMS resonance searches: Final state vs resonance mass map

33Jeongeun Lee (SNU) 2026 PHENO: Search for New Resonances with CMS 3

VV/VH

Low-mass trigger frontier Boosted/merged
object regime

High-mass frontier

link link 

CMS searches cover both the multi-TeV energy frontier and trigger-limited low-mass regimes.

link link

link 

link 

link 

link

link

link

link link

CMS searches cover both the multi-TeV energy frontier and 

trigger-limited low-mass regimes.

https://arxiv.org/abs/2510.21641
http://dx.doi.org/10.1103/PhysRevD.100.112007
http://link
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-25-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-24-038/index.html
https://cds.cern.ch/record/2957051
https://arxiv.org/abs/2601.12583
https://arxiv.org/abs/2604.14236
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-022/index.html
https://doi.org/10.1007/JHEP12%282023%29070
https://cds.cern.ch/record/2951848/files/
https://cds.cern.ch/record/2931236
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-005/index.html


Run3 (2024)

4

High-mass hadronic cascades: resolved 4-jet resonances
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Y→XX→(jj)(jj) 

Diquark model

2507.17884                           CMS-PAS-EXO-25-004 

Run2

3.9σ local (1.6σ global)
Best-fit: m

4j
 = 8.6 TeV, m

jj
 = 2 TeV

➔ Pair-produced dijet resonances in a four-jet cascade topology

 Push CMS sensitivity to the multi-TeV scale by reconstructing 

resonant structures in both the 4-jet mass and paired-dijet masses 

8.6 TeV

https://arxiv.org/abs/1810.09429
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-24-038/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-25-004/index.html
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High-mass clean leptonic channel : W’  → lν search
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➔ Search for W′ → lν, (l = e, μ) using the high-m
T
 tail

➔ No significant deviation from the SM expectation

➔ SSM W’ mass excluded up to ~6 TeV in Run 3

➔ Model-independent interpretation

➔ Improved Run 3 sensitivity 

Higher center-of-mass energy √s 

Lower trigger threshold for e-channel

Run3 (2022+2023) Model independent limit

CMS-PAS_EXO-24-021 

SSM W’ limit

A practical tool for 
reinterpretation

https://cds.cern.ch/record/2957051
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A combined interpretation of High-mass spin-1 resonances 
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Global CMS sensitivity

to spin-1 resonances  
➔ Combination of 16 CMS searches for spin-1 resonances

➔ Covers V’ decays to leptons, quarks, and bosons

➔ Complementary sensitivity across coupling scenarios

2601.12583 

Interpretation in the Heavy Vector Triplet framework

Sensitivity depends on fermionic and bosonic couplings

https://arxiv.org/abs/2601.12583
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Spin-1 combination: mass reach and coupling interpretation
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Coupling g
H
, g

F
 scan

2601.12583 

Broad mass scan
The combination constraints not only the V’ mass, but also the coupling structure of the new vector states.

Run2

beyond the assumption of fermion universality 
(g

lep
 = g

H
 = 0) 

Limit on g
1st 2nd quark

 , g 
3rd quark

 (backup) 

Representative V’ mass exclusions:
➔ Weakly coupled A model : M(V′) below ~5.5 TeV
➔ Strongly coupled B model: M(V′) below ~4.8 TeV
➔ VBF production C model  : M(V′) below ~2.0 TeV 

https://arxiv.org/abs/2601.12583
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Boosted cascade decays: collimated four-leptons 
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● Light bosons → merged dileptons, novel reconstruction. 

X → YY / ZY → 4 leptons Search (CMS)
- New resonances (X up to 2 TeV) with highly boosted, collimated 4 leptons.

- Events with 4 e/μ  (X up to 2 TeV / Y from 0.4 GeV)

- Exploiting Novel merged-electron reconstruction & ID

-  Backgrounds from mis-identified leptons estimated from data

- Total 9 signal regions covering a wide boost range & fit of MX(4l) 

Results: 

95% CL limits on σxBR set in 

the range (X=0.25 –2 TeV       

Y > 0.4 GeV)

Constraints set on 

light/boosted resonances.

- Max local (global) is 
2.37σ (1.85σ) 

2604.14236 

Run2

Light intermediate bosons can produce highly collimated dileptons, 

extending resonance searches to boosted four-lepton topologies.

➔ Targets X masses up to 2 TeV and Y masses down to sub-GeV

➔ Uses dedicated merged-electron reconstruction & identification

➔ Total 9 signal regions cover different boost regimes

➔ No significant excess     
is found.

➔ largest deviation:
 2.37σ (local), 

1.85σ (global)
at M

X
= 550 GeV

     M
Y
= 0.8 GeV. 

https://arxiv.org/abs/2604.14236
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Boosted cascade decays: merged diphotons objects
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➔ CNN-based image recognition identifies merged 2γ objects

➔ Neural-network regression estimates the merged-object mass (m𝛤)

➔ Provides the most sensitive LHC constraints for this merged-2γ topology

𝛤

𝛤

Merged

Merged

Two 
overlapping 

γγ𝛤

𝛤

X→ɸɸ → 𝛤𝛤 , where 𝛤 = merged γγ

(m
X
≫mɸ)

PRL134(2025)041801

Run2
➔ No significant 

excess is found.
➔ largest deviation:
 3.57σ (local), 

1.07σ (global)
at M

X
≈ 720 GeV

     M𝜙≈ 5 GeV. 
 

https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-022/index.html
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Why low-mass resonance searches are challenging?
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● trigger thresholds, bandwidth, collimated objects, scouting/parking. 

At low mass, 
sensitivity is often 
limited not by 
luminosity, but 
by trigger thresholds, 
data rates, and object 
reconstruction. 

Why hard? CMS strategies
➔ Softer leptons, photons, and jets
➔ Large SM rates require high trigger thresholds
➔ Bandwidth limits full event storage
➔ Boosted light states produce merged objects  

scouting vs standard trigger efficiency plot 

Phys. Rept. 1115 (2025) 678 

➔ Low-threshold dedicated triggers
➔ Scouting: reduced HLT-level event content
➔ Parking: delayed offline reconstruction
➔ Specialized merged-object reconstruction   

https://arxiv.org/abs/2403.16134
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Scouting vs standard trigger efficiency Low-mass dijet resonances with scouting

Run3 (2022)

Low-mass frontier: lowering thresholds with scouting
Scouting reduces the stored event content, enabling lower trigger thresholds & access to lighter resonances.

Run2
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     Low-mass dimuon frontier: scouting 
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● dimuon scouting + ditau high-rate stream + H→aa→μμττ. 

➔ Dimuon scouting enables μμ resonance searches  in 1 – 200 GeV
➔ Scouting trigger record low-p

T
 muons down to ~3 GeV

➔ Reduced event content extends sensitivity down to 1 GeV scale
➔ Strong constraints on dark photons and other light bosons 

JHEP 12 (2023) 070 

CMS Dark Boson summary plots 

Run2

https://doi.org/10.1007/JHEP12%282023%29070
https://cms-summary-searches.docs.cern.ch/darkboson_summary/
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Low-mass ditau frontier: scouting 
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● dimuon scouting + ditau high-rate stream + H→aa→μμττ. 

➔ Inclusive τ
μ
τ

h
 resonance search with 2022-2023 Scouting data

➔ EM- or hadronic-activity scouting triggers
➔ Key challenge : low-p

T
 τ

h 
 reconstruction ⇒ Scouting HPS, TauNet ID

➔ Open sensitivity to the 20-60 GeV mass range

CMS-PAS-EXO-24-012

• Type-X 2HDM (Leptophilic)

• Run3 data scouting for this search
• Sensitivity improved by “TauNet” energy flow 
neural network to identify genuine τ

h
 decays

• 

No significant excess was found 

New collider constraints on τ
μ
τ

h
 

in this low mass range

Run3 
(2022+2023)

Run 3 scouting data and 
TauNet-based reconstruction open 
sensitivity to low-mass 
\(\tau_h\tau_h\) resonances.

Y-like CR SR

https://cds.cern.ch/record/2931236
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Low-mass EM frontier: soft dielectron & diphoton final state
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● dielectron/diphoton trigger study + diphoton Higgs-like searches. 

➔ New Run 3 EM-pair triggers target 
moderate-E

T
 e/γs (~ 10–15 GeV)

➔ Designed for low-mass and boosted 
dielectron/diphoton topologies

➔ Extends acceptance below standard 
single-object trigger thresholds

CMS DP-2026-001 

dielectron: low m
acceptance

diphoton trigger

R
un

 3
 tr

ig
ge

r f
ro

nt
ie

r diphoton: moderate p
T
(γγ) 

acceptance

Run3 
(2024,2025)

https://cds.cern.ch/record/2951848/files/
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Exotic Higgs low-mass frontier: leptonic/tau channel

CMS-PAS-SUS-23-005 

Open sensitivity to ma 3.6–50 GeV

H → aa → μμ ττ =  (𝜏
h
𝜏

μ
),  (𝜏

h
𝜏

e
), (𝜏

h
𝜏

h
), (𝜏

e
𝜏

μ
)

➔ A light pseudoscalar a → boosted/collimated μμ ττ  pairs
➔ Key challenge : collimated ττ often fails standard τ reconstruction
➔ Dedicated di-τ reconstruction + DNN di-τ taggers recover efficiency 

Run2

Boosted DeepDiTau tagger
to discriminate against 
light and b jets

m
H
 125 GeV–1 TeV

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-005/index.html
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Summary and outlook 
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● CMS resonance searches span a wide range of final states and mass scales, 

from GeV-scale signatures to multi-TeV resonances. 

  

● No significant evidence for new resonances has been observed so far; 

stringent limits are set across many BSM models and final states. 

● With growing Run 3 dataset, including 2025 data, together with improved 

trigger and reconstruction techniques, will further expand the CMS 

resonance search reach. 

High-mass frontierBoosted-object frontierLow-mass frontier 



Backup slides

Resonances

Steven Weinberg and Ben Lee, pictured at Fermilab, had a fruitful collaboration that 
produced an early calculation of the lower bound of heavy neutrinos’ mass. 

Re-remembering 

Benjamin Whisoh Lee, promoter of gauge theories
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BSM Searches at the LHC
● LHC is world’s most powerful discovery machine

○ Hope to find hints of BSM physics and measurements as well

● Program driven by BSM and experimental results
○ Explaining unresolved mysteries in SM

■ Hierarchy problem, Unification, Dark matter, neutrino mass,  

Matter-antimatter asymmetry … 

○ Strong hints from measurements

■ 𝜇 g-2, B-anomalies, direct detection of DM, cosmological 

constraints, neutrino oscillation  …

● Program driven by signatures in detector
○ Trigger and reconstruction algorithm are important

○ Improving techniques (ML) to explore more exotic world

■ Allow us to test new signature, more sensitivity

1818

Physics reports (2025) ATLAS, CMS
Summary plots ATLAS, CMS-1,2,3

B
SM

 s
ce

n
ar

io
s

Signatures

Exc
lu

sio
ns

Exc
lu

sio
ns
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https://www.sciencedirect.com/journal/physics-reports/vol/1116/suppl/C
https://www.sciencedirect.com/journal/physics-reports/vol/1115/suppl/C
https://atlaspo.cern.ch/public/summary_plots/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS#Run_2_Summary_Plots_13_TeV
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G#B2G_Summary_Plots
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG


19

High-mass resolved hadronic resonances 
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Y→XX→(jj)(jj) 

Diquark model

2507.17884 (Run2)

At (m
Y
, m

X
) = (8.6, 2.15) TeV 

⇒ 3.9σ ~ 3.6σ (1.6~1.4σ) in narrow/broad Y

At (m
Y
, m

X
) = (3.6, 1.04) TeV 

⇒ 3.6σ (2.2σ) (only broad Y)

Run2

https://arxiv.org/abs/1810.09429
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-24-038/index.html
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High-mass diboson combination 
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V′ → leptons

V′ → bosons

 HVT model A scenario

 HVT model B scenario

Broad mass scan

● HVT Scenarios

● Model A : gH = −0.56, gF = −0.55, and gV = 1

● Model B : gH = −2.93, gF = 0.15, and gV = 3

● Model C : gH = 1, 3, or 6 and gV = 1, and gF = 0
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High-mass diboson combination 
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Coupling scan
Beyond the assumption of fermion 
universality (gL = gH = 0)  

gH - gF coupling  gq12 - gq3 coupling 

Different coupling to  light and 3rd generation quarks 

2601.12583 

Run2

https://arxiv.org/abs/2601.12583
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High-mass diboson combination 
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Low-mass EM frontier :dielectron/diphoton trigger
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New dedicated low-threshold EM pairs triggers (E
T
 ~ 10–15 GeV) extend CMS sensitivity to light resonances in 

dielectron and diphoton final states. 
CMS DP-2026-001 

Dielectron Trigger efficiency as a function of M(ee) Diphoton Trigger efficiency as a function of p
T
(γγ)

https://cds.cern.ch/record/2951848/files/
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Low-mass dijet resonances with scouting
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● dijet scouting: 0.6–1.8 TeV and 50–300 GeV searches. 

JHEP04(2026)133 PRD100(2019)112007 

https://arxiv.org/abs/2510.21641
http://dx.doi.org/10.1103/PhysRevD.100.112007
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Low-mass leptonic/tau frontier 

CMS-PAS-SUS-23-005 

Challenge: reconstruction of the boosted 𝜏𝜏 
- lepton removal technique
- Boosted DeepDiTau tagger (to discriminate against light 

and b jets)

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-005/index.html
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Exotic Higgs low-mass leptonic/tau frontier 

CMS-PAS-SUS-23-005 

Open sensitivity to 3.6–50 GeV

H → aa → μμ ττ =  (𝜏
h
𝜏

μ
),  (𝜏

h
𝜏

e
), (𝜏

h
𝜏

h
), (𝜏

e
𝜏

μ
)

➔ Light pseudoscalar a → highly boosted/collimated lepton pairs
➔ Key Challenge : collimated ττ often fails standard τ reconstruction
➔ Dedicated di-τ reconstruction + DNN di-τ taggers recover efficiency 

Run2

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-005/index.html
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Boosted cascade decays II: merged diphotons 
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- Dataset and Signatures
- 2016–2018 pp at 13 TeV, ℒ ~ 138 fb -1

- Signal: BSM X→𝝓𝝓→ γγγγ (m
X
  >> m𝜙) in the extended Higgs Sector

Highly boosted 𝝓𝝓 → pairs of fully merged diphoton, 𝜞𝜞
- m

X
 = 300–3000 GeV and α

reco
= m𝜙/m

X
 = 0.5–2.5%

- Probes ALP 𝝓 mass 1.5–75 GeV range

Merged      

      𝜞

Merged      

   𝜞

𝛤=γγ

𝛤=γγ

- Analysis Strategy
- Merged 2γ clusters (𝜞) identified via 

ECAL Energy deposits using CNN

- ALP mass (m𝛤) form by Regression NN

- Discriminator: Di-Cluster mass, m𝛤𝛤=X



Using a single bin counting experiment (M
T

min to infinity).

Limit set on the σ x B and experimental effects (acceptance A x efficiency ε)

This can be used to test new physics model with ℓ+p
T

miss signature

e+μ combined channel
Run2

exclude when

(𝞂BAε)
BSM theory

> (𝞂BAε)
excl

    

 Model Independent limit in Run2

28

W’ Search; Model-independent limit
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Model Independent limit 

➜ Using a single bin ranging from M
T

min to infinity.


