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https://cern70.cern/ 

CERN 70th 
Anniversary 

in 2024

● LHC is the worldʼs most powerful discovery machine
○ Aiming to find hints of BSM physics through direct searches and 

precise measurements

● Physics program at LHC driven by  
○ BSM Theories : Explaining fundamental mysteries in universe

⇒ Hierarchy problem, Unification, Dark matter, neutrino 
mass,  Matter-antimatter asymmetry … 

○ Experimental measurements :
⇒ 𝜇 g-2, B-anomalies, DM detection, cosmological 
constraints, neutrino oscillation  etc…

○ Exotic detector signatures : 
⇒ Very high-pT/boosted particles,  Long-lived particles …

● Advancements in analysis techniques
○ Trigger, Reconstruction, ID algorithm play a vital role in SIG vs. BG
○ Improving techniques (ML) to explore more exotic world

■ Enabling to test unconventional  signature, more sensitivity

https://cern70.cern/


LHC & HL-LHC timeline
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hilumilhc 

Run 3 (2022-2025)   
expected to yield 
tot. of ~260 fb-1 
⇒ Total Run1+2+3   
450 fb-1 

we are here!

CMS Luminositypileup

Run 1
~30 fb-1

Dataset Run 3
delivered ~110 fb-1

recorded ~100 fb-1

Lu
m

in
os

ity

  2010    2011     2012                                  2015  2016     2017  2018                                                    2022  2023   2024

     Dataset Run 2
     delivered ~160 fb-1

CMS recorded ~152 fb-1

https://hilumilhc.web.cern.ch/sites/default/files/HL-LHC_Janvier2022.pdf
https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults
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Overview of this talk
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● Only a small subset of most recent results will be showing.
○ Search for new Bosons/interactions
○ Search for Dark Sector
○ Search for new Fermions (HNL,VLQ)
○ Search for Long-Lived Particles
○ BSM Prospects for the HL-LHC 

Run 3 @ 13.6 TeV
2022-2025
~70 fb-1 recorded

ParticleNet 
[1902.08570] [1902.09914]

Run-2

Run-3

● Improvement of Analysis techniques 
○ Novel data-taking paradigm, Trigger strategies
○ Improvement on ID Tagging using ML

           Recent CMS Review articles
                all submitted to Phys. Rept. 
🏆2405.13778 : Dark Sector searches
🏆2405.17605 : Searches for VLQs,  VLLs, and HNLs
🏆2403.16926 : Heavy resonances with Higgs
🏆2403.16134 : Data Scouting and Parking technique 

https://arxiv.org/pdf/1902.08570.pdf
https://arxiv.org/abs/1902.09914
https://arxiv.org/abs/2405.13778
https://arxiv.org/abs/2405.17605
https://arxiv.org/abs/2403.16926
https://arxiv.org/abs/2403.16134
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Search for New Resonances at CMS
BS
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BSM Signatures

  x-axis : Mass Exclusions (Observed Limit)
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(EXO , B2G , SUSY public result) 
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A, H++, H+

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS


New Resonance Search in Merged γγ pair
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Run 3 @ 13.6 TeV
2022-2025
~70 fb-1 recorded
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arxiv:2405.00834

𝛤

𝛤

● Search for X, 𝜙 scalars in the extended Higgs Sector 
○ X →𝜙𝜙 kinematically allowed for m(𝜙) < 2m(bb/cc)
○ Highly boosted 𝜙 for m(X) >> m(𝜙) ⇒ merged diphoton 𝛤(= γγ)

● Analysis strategy:
○ Exploiting CNN to classify events with two 𝛤 clusters
○ Data binned in slices of αreco = m(𝛤)/M(𝛤𝛤)  = [0.5% ~ 2.5%].
○ Search for excess in data M(𝛤𝛤)

(=
 α

re
co

)

● Background estimation
○ parametrized fit of falling 

M(𝛤𝛤) in data

● Result
Largest excess at m(X) = 720 GeV,        
α = 0.7% (m(𝜙) ~ 5 GeV) 
⇒  local (global) significance of 
       3.57σ ( 1.07σ )

First time!
Unconventional signature

Two 
overlapping 

γγ

Merged

Merged

0.03 - 
1.06 fb

𝛤

𝛤

Largest excess
3.57σ local

https://arxiv.org/abs/2405.00834


New Resonance Search in W γ
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Run 3 @ 13.6 TeV
2022-2025
~70 fb-1 recorded
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●  New charged X boson (MX = 0.3 - 2 TeV) → Wγ in leptonically (eν, µν) 
○ Complements previous Wγ analysis in hadronic ( CMS PLB  & ATLAS JHEP )

● Analysis strategy:
○ Kinematic cut : 0.4mT < pT

γ < 0.55mT , |ηγ| < 1.44, Z veto, b-veto
○ Bump Hunt over the mT(lνγ) spectrum
○ Background Fit on mT in data

● By combining Wγ both qqʼγ + lνγ channels :   
○ Largest local significance 3.1σ , 1.7σ  reduced to 2.5σ for broad signal-width scenario

arxiv:2406.05737
Recent result

Combined Limit
qqʼγ + lνγ 

2.5σ
(local) 

https://www.sciencedirect.com/science/article/pii/S0370269322000223?via%3Dihub
https://link.springer.com/article/10.1007/JHEP07(2023)125
https://arxiv.org/abs/2406.05737


Theoretical
      Framework

Most recent !

Rich Dark Sector Searches at CMS 
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Covered Mmed range from ~1 GeV up to O TeV 
Coupling reach up to 10-5

DM_summary_plots
Public DM Results : CMS , ATLAS , LHCb 

CMS Dark sector review 
(2405.13778) 

Hidden Valleys:
Unconventional signature

2HDM+a

many more ..

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#DM_summary_plots
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/DM.html
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome#Papers_Conference_notes_Public_n
https://cds.cern.ch/record/2854869
https://arxiv.org/abs/2405.13778


Dark Shower : Emerging Jets
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Muon detector                     HCAL   ECAL       Tracker           

JHEP05(2015)059 

● Unique DM-targeted signatures → Probing dark 
QCD within HV model →  Dark showers

● Tracks start near the edge of the tracker, in the 
ECAL and HCAL, and even in the muon stations.

long-lived ? → Emerging jet
Prompt decay → SUEPs
stable? → Semi-visible jets

https://link.springer.com/article/10.1007/JHEP05(2015)059


Emerging Jets in Tracker
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Run 3 @ 13.6 TeV
2022-2025
~70 fb-1 recorded
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arxiv:2403.01556● This search examines a dark QCD sector (dark quark Qdark) that couples to the SM 
through scalar mediator Xdark 

● Dark quarks hadronizes into a long-lived dark pion (πdark) 

⇒ Emerging jets (multiple displaced vertices)

● Two signal dark sector model
○ Unflavored scenario        :  Qdark couples to d quark (generic)
○ Flavor-aligned scenario :  Qdark couples to d-type quarks (specific)
○ Free parameters : m(Xdark), m(πdark), and cτ(πdark)

● Event selection in Cut Based  vs. GNN(ParticleNet) method

New

New

https://arxiv.org/pdf/2403.01556


arxiv:2402.01898

dark 
QCD

dark 
QCD

Emerging Jets in Muon detector
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● Complementary to track-based search
● Experiment Signature: Muon detector shower (MDS)

○ Large cluster of hits (>130 hits) in the muon system with no jets or tracks
● Excellent background suppression from shielding material

⇒ Unique signature due to the presence of steel in the CMS muon system
● Upper limits on the BR, cross-section  were set for various LLP M and  cτ

Nhit : Main discriminator 

Ψ

https://arxiv.org/abs/2402.01898


Emerging Jets summary plots in Run-2
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Emerging_Jet_Summary_Plot 

● The most stringent limits to date & first limit on the flavor-aligned scenario.
● Unflavored model  :  m(ɸ = Xdark) excluded at 1950 GeV at cτ(πdark) ~ 10 mm.
● Flavor-aligned model :  m(ɸ = Xdark) excluded at 1850 GeV at cτ(πdark) ~ 500 mm.

arxiv:2403.01556
arxiv:2402.01898

Flavor-aligned modelUnflavored model

m(πdark) = 10 
GeV

m(πdark) = 10 GeV

New model

Track-based

Muon Detector 
Shower-based

New

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#Emerging_Jet_Summary_Plot
https://arxiv.org/pdf/2403.01556
https://arxiv.org/abs/2402.01898


Soft Unclustered Energy Patterns (SUEPs)
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ISR jet

SUEPs 
candidate  jet

If TD and mφ = 3 GeV
mS  excluded from 
200 to 2000 GeV

New

diffuse energy pattern

● New type of unconventional signature in dark QCD : 
○ Heavy S decays into many light dark mesons ⇒  Diffuse energy pattern
○ Challenging to detect : High multiplicity, Spherically distributed low-pT Tracks

● In HV model, the most interesting case appear at large ʻt Hooft coupling 
scenario : large angle emission + number of particles produced.

○ Focus on boosted scenario : mediator S recoils against ISR jet ⇒ dijet system

𝜙 promptly decay 
to SM particles

ISR jet

SUEPs

arxiv:2403.05311 

https://arxiv.org/abs/2403.05311


    14       

New Fermions Searches at CMS

JeongEun Lee (SNU), 10 July 2024                      Recent updates of BSM searches at CMS and future prospects at HL-LHC

Heavy Neutral Lepton 
(HNL) Signatures

Multilepton

Dilepton + Jets

Displaced HNL

Fully Hadronic

VBF

1GeV               10 GeV                100 GeV                                             10 TeV

(EXO , B2G , SUSY public result) 

  x-axis : Mass Exclusions (Observed Limit)

Very Heavy Lepton Signatures
Excited 
quark/lepton

Vector Like 
Lepton (VLL)

100 GeV                               1 TeV                                   10 TeV

CMS Review of New Fermion  
2405.17605

Vector Like Quark
(VLQ) Signatures

Single
prod.
T(qb)

B(qt/qb)

X(qt)

Pair
prod.
BB & TT

                                0.8 TeV  1 TeV              1.5 TeV

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://arxiv.org/abs/2405.17605


Heavy Neutral Lepton Search in Run-2
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2405.17605 : Review of searches for vector-like quarks, vector-like leptons, and heavy neutral leptons at the CMS experiment

HNL_Summary_Plot 

HNL in the Type-I seesaw model

New

New

New

New

HNL lifetime (τ) depends on the mass (mN) and mixing matrix (|VlN|)

https://arxiv.org/abs/2405.17605
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#Heavy_Neutral_Lepton_Summary_AN1


Heavy Neutral Lepton Search in Run-2
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Prompt lepton +
displaced vertices/jets Same-sign lepton/jet pair

displaced dilepton

New
B-parking dataset

(1010 bb events)
displaced vertices 

+ π meson

      New
Prompt 3 leptons 

ββ0ν process with VBF 
same-sign lepton pair

HNL_Summary_Plot 

New

New

New

New

2405.17605 : Review of searches for vector-like quarks, vector-like leptons, and heavy neutral leptons at the CMS experiment

HNL in the Type-I seesaw model

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#Heavy_Neutral_Lepton_Summary_AN1
https://arxiv.org/abs/2405.17605


Low mass HNL in B-meson Decay

17JeongEun Lee (SNU), 10 July 2024                      Recent updates of BSM searches at CMS and future prospects at HL-LHC     17       

● Experimental signature : Displaced l (e, µ)  and π± tracks 
● Use special B-parked data in 2018 ⇒ recorded  O(10B) bb events
● Event Categorized with lepton flavor, m(l π±), tracker info
● Utilize parametric Neural Network (pNN) to enhance sensitivity 
● Collider best limits on |VN|2 at 1 < mN < 1.7 GeV  to date.

○ Outperform previous  Belle (LHCb ) results by a factor of 2 (10)
arxiv:2403.04584 

 cτ ~O(1m)
New

Exclusive µ mixing scenario

New

Sterile-Neutrino.org

https://www.arxiv.org/abs/2403.04584
https://www.hep.ucl.ac.uk/~pbolton/


HNL with prompt 3 leptons
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arxiv:
2403.00100 

New

First limit       

       for τN 

New

● Search for HNL with short lifetimes & various MN (10 GeV – 1.5 TeV)
● Final state leptons : e, µ, and τ (eee, µµµ, µµe, eeµ, eeτ,  µµτ, and eµτ)
● Event selection:

○ Multiple event categorization and ML-based BDT discriminants 
● Upper limits on mixing matrix for HNL mass [10 GeV - 1.5 TeV]
● First limits on exclusive τ neutrino coupling mN > W mass at LHC

https://arxiv.org/abs/2403.00100


Combined limits for VLQ Search at CMS
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Combined limit on σ(pp → bqT) Single T

Comb. limit on σ(pp → TT/BB) Comb. limit on the coupling for single T/B● A complete overview of final states is 
provided together with their 
complementarity and partial combination 
in benchmark scenario

○ Singlet : Br(W) 50% & Br(Z/H) 25%

● Statistical combination pushes sensitivity!
CMS Heavy Fermion review 
( 2405.17605 )

comb. comb.

comb.

https://arxiv.org/abs/2405.17605
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LLPs to displaced jet pair in Run-3
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= b, u, τh

CMS-PAS-EXO-23-013 

*CMS-DP-2023-043 

140 fb-1 at 13 TeV

34.7 fb-1 at 13.6 TeV

LLP

LLP

● With 2022 data at 13.6 TeV,  Search for LLP to displaced jet
● To enhance sensitivity, novel displaced-jet trigger* + reconstruction + 

Graph-NN LLP taggers (displaced/prompt GNN) were developed.
○ Outperforming (x10) full Run2 result with fraction of Run3 data 
○ First limit on (tracker-based) displaced τh channel at LHC

● The best limits to date are set on H→SS with MS > 16 GeV with cτ 
smaller than 103 mm. 

H→SS→τh τh H→SS→bb

(M LLP < mH/2)

New
Run3

http://cds.cern.ch/record/2893044
http://cds.cern.ch/record/2865844?ln=en


HL-LHC: The CMS Detector Upgrade
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Gustaaf's Talk on Monday
CMS-TDR-016 

CMS-TDR-020 

CMS-TDR-014 

CMS-TDR-019 

CMS-TDR-015 

CMS-TDR-023 

Level-1 : CMS-TDR-021 
DAQ&HLT : CMS-TDR-022 

https://agenda.linearcollider.org/event/10134/contributions/54214/
https://cds.cern.ch/record/2283189
https://cds.cern.ch/record/2667167
https://cds.cern.ch/record/2272264
https://cds.cern.ch/record/2293646
https://cds.cern.ch/record/2283187
https://cds.cern.ch/record/2759074/
https://cds.cern.ch/record/2714892
https://cds.cern.ch/record/2759072


HL-LHC BSM Physics Studies at CMS
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● Dedicated studies to explore the full potential of the HL-LHC and upgraded detectors 
○ Continue and improve current searches to extend sensitivity
○ Design new searches exploiting the new detector improvements
○ Develop new analysis strategies to access scenarios with lower x-sections and acceptance to open 

new search channels
Snowmass White Paper         HL-LHC Yellow Report (2018) ● Model specific explorations

○ SUSY
○ Leptoquark
○ 4 top quarks in 2HDM+a
○ Leptophobic Zʼ
○ Seesaw model

● More general explorations
○ Compositeness
○ New gauge bosons 
○ Long-lived particle

● Dark matter at colliders
○ Mono-X (X=jet,γ,t,Z, VBF ..)
○ Dark photon 

Target : 
HL-LHC at 14 TeV, 3000 fb-1

http://cds.cern.ch/record/2806962?ln=en
https://arxiv.org/abs/1902.10229


BSM Searches at HL-LHC
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Many more in Snowmass White Paper , sys

Probing Higher Masses Probing Lower couplings

Phase-2 standalone 
Phase-2 DSA

Physics Benefics from Precision timing

DM search
    Mono-Z 

LQ→bτ

LLP
Dark photons γD 
→ displaced muon pair

HH→bbγγ
signal eff LLP 

mass
recon.

PU 60 w timing
PU 200 w timing
PU200 w/o timing

http://cds.cern.ch/record/2806962?ln=en
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHELHCCommonSystematics


● The expected upper limits for resonant HH production for the HL-LHC scenario 
○ Range from about 50 fb at a resonance mass of 300 GeV to nearly 0.01 fb for M > 3 TeV.

 

● The exclusions in terms of tan β in the hMSSM and M125 h,EFT scenarios for HL-LHC scenario
○  Expanded by almost a factor of 2 compared to the Run 2 data (138/fb) set.

● More projections can be found in CMS review ( 2403.16926 : Heavy resonances with h)

Projection for X →HH search at HL-LHC
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Projection in  Benchmark: hMSSM 

Systematic Scenarios:
con. S1 : same sys. as Run-2
opt .S2 : theo. uncert are halved
                   expr. uncert from YR18 

Discovery potential for X →HH

improved by up to x10 
compared to  full Run2

expanded by x2

https://arxiv.org/abs/2403.16926
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHELHCCommonSystematics


Projection for HNL at HL-LHC
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EPJC82(2022)858

2311.18033 

Inner detector                              Muon spectrometer● Highly boosted LL HNLs via a  B−L Zʼ boson 
● HL-LHC can be sensitive to small mixing 

|VµN|>10−6 with the Nevt reaching O(10)

    Prompt Decays (PD)                 Displaced Vertices (DV)           Long-lived particle (LLP)
              cτ < 1 mm                                O(1) mm < cτ < O(1) m                              O(1) m < cτ

HL-LHC 14 TeV 3/ab

LLP DV

PR

y = Yukawa 
coupling to SM h

● HNL from Higgs bosons (h → Nν, N → νff) ⇒ Using Yukawa coupling to h
● This new decay mode contributes to total 𝛤h

https://arxiv.org/abs/2203.06114
https://arxiv.org/pdf/2311.18033


Summary

26JeongEun Lee (SNU), 10 July 2024                      Recent updates of BSM searches at CMS and future prospects at HL-LHC     26       

● Large number of BSM scenarios and signatures explored with Run-2 & Run-3 data.
○ Sensitivity significantly improved with new reconstruction & analysis techniques.
○ Several new models/unconventional signatures explored for the first time !
○ Actively advancing LLP lifetime frontier by using CMS detectors in new ways. 

● No clear evidence has been found yet, but significantly extended our exclusion range. 
Continue with more data to come!

● HL-LHC to yield the largest pp dataset so far ⇒ Rich physics program 
○ Sensitivity to BSM searches to be much advanced
○ hope to see many new ideas to be born and realized in near future.

● Please Stay Tuned!     Thank you for your attention 



Backup
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Prospected evolution of integrated 
luminosity in the HL-LHC

13.6 TeV ,

LS3                                      LS4



Data Parking & Scouting Run-3
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Run 3 @ 13.6 TeV
2022-2025
~70 fb-1 recorded

🏆2403.16134 

pt(e) > 12 GeV
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https://arxiv.org/abs/2403.16134


Soft Unclustered Energy Patterns (SUEP)
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● Trigger & HT: 
○ PFHT900 (2016), PHT1050 (2017, 2018) 
○ HT > 1200 GeV (offline) 

● Lepton Veto: 
○ Orthogonality to associated production (W/Z) 
○ No leptons with pT > 25. 

● Track Selection: 
○ packedPFCandidates matched to tracks + lost tracks 
○ Track cleaning:

● SUEP candidate definition: 
○ Used Fastjet to cluster our selected tracks to form clusters with anti-kt 

algorithm with dR = 1.5. 
○ SUEP-ISR system defined to be two highest pT clusters. 
○ SUEP candidate defined as cluster with most constituents of the two. 

● Boosting 
○ Calculate Sphericity (r=1) in boosted frame of the SUEP candidate of 

the tracks corresponding to the candidateʼs cluster.

ISR jet

SUEPs 
candidate  jet

arxiv:2403.05311 
ISR jet

SUEPs jet

https://arxiv.org/abs/2403.05311


Dark Sector Report map
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Nice CMS Review article of     
Dark sector (2405.13778) 

Hidden Valley model

https://arxiv.org/abs/2405.13778


● Heavy Neutral Lepton (HNL) or Heavy Neutrino
○ Potential BSM solutions for neutrino mass 

■ Type-I  Seesaw models : HNL mix with SM ν 
■ Type-III  Seesaw models : SU(2)L triplet  Σ0,Σ+, Σ- heavy leptons
■ Left-Right Symmetry model (LRSM) : WR, Zʼ along with 3 HNR
■ Composite model  

○ If HNL is Majorana neutrino, Lepton Number Violation is possible

HNL, VLQ/L Searches
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?

Pair Prod. (QCD)
Dominant at low M (<TeV) 

Single Prod. (EWK)
Enhance at high M 
but model dependent

  VLL Doublet                   VLL Doublet/Singlet    

?

● Vector-like fermions (VLQ, VLL)
○ VLQs are colored spin ½ fermions ;
○  L/R-handed transform identically under EW symmetry
○ Can mix with SM quarks to regulate Higgs mass

■ Extra dimensions, composite Higgs models etc..

○ VLLs are color singlet counterparts of the VLQs

■ Minimal Model, 4321 Model (UV); Z ,̓ vector LQ



Heavy Neutral Lepton Search in Run-2
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HNL_Summary_Plot 

New

New

HNL in the Type-I seesaw model (Electron Mixing)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#Heavy_Neutral_Lepton_Summary_AN1


VLQ, VLL decay modes
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VLQ

VLL

⇒ In 4321 model
connect with vector V ,̓ LQ

⇒ In minimal model



Vector-Like Lepton Search
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● Vector-like fermions are hypothetical particles whose L and R-handed components transform under conjugate representations of the SM gauge 
symmetries, and hence their masses are independent of the SM Higgs mechanism and are not constrained by ew precision measurements



Search for LLP in Run-3
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LLP Signatures

CMS EXO public results 

RPV SUSY

RPC SUSY

Higgs
+Others

  x-axis : Lifetime cτ Exclusions

          cτ (1 mm            –        10cm             -         10 m             -           1km) 

cτ

Run3
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO


Summary plot for BR(h →LLPs)
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JHEP05(2024)047 
with early Run-3 data

https://arxiv.org/abs/2402.14491


LLPs to displaced μ pair in Run-3
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JHEP05(2024)047 ● Search for LLP decays to displaced vertex of dimuon at 13.6 TeV
● Dark Higgs (HD) mixed with Higgs boson, decay to SM via dark photon (ZD)
● New dedicated trigger for displaced-dimuon
● Two categories based on µ reconstruction:

○ using both tracker & muon spectrometer (TMS)
○ standalone muon spectrometer (STA)

● partial Run-3 (36.6 fb-1 )result competitive with Run-2 (97.6 fb-1 )result
● Run-3 analysis better for length > 100 cm for various ZD  masses (mLLP< mH/2)

RPV SUSY

Lower µ pT (28 → 10 GeV)

with d0 cut to avoid 
beamspot constraint

https://arxiv.org/abs/2402.14491


LLP trigger: displaced j/ μ
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JHEP05(2024)047 

*CMS-DP-2023-043 Run-2 vs. Run-3

https://arxiv.org/abs/2402.14491
http://cds.cern.ch/record/2865844?ln=en


 mH = 60 – 3500 GeV
ATLAS  >200 GeV

Highlights of BSM Higgs Searches at CMS
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CMS-PAS-HIG-20-002
ATLAS-CONF-2023-035

Low mass H→γγ X→HY→γγbb

All results in full Run-2 (138/fb)

 mH = 70 – 110 GeV

H(ɸ)→𝜏𝜏

CMS JHEP07(2023)073

CMS JHEP 05 (2024) 316  
CMS-HIG-20-012 (4b) ongoing.

CMS-HIG-20-016 (di-lep)
CMS-HIG-23-008 (semi-lep) 
will be updated.

H→WW(2l2𝜈)

µµ channel
VBF 

 mH = 115 – 5000 GeV

PLB 793 (2019) 320–347
(CMS 2012+2016)  

 µ𝜏h, e𝜏h, 𝜏h𝜏h, and eµ

ATLAS PRL125(2020)051801

 mX = 300 – 1000 GeV
 mH/Y = 90 – 800 GeV

http://cds.cern.ch/record/2852907?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-035/ATLAS-CONF-2023-035.pdf
https://link.springer.com/article/10.1007/JHEP07(2023)073
https://arxiv.org/abs/2310.01643
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-016/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.051801


Intriguing excess of BSM Higgs
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Low mass H→γγ H→WW(2l2𝜈)

local global σ  

At MH= 650 GeV, 
the largest significance local 
(global) 3.8 (2.6) σ is observed 
in the VBF mode.

H(ɸ)→𝜏𝜏

At MH= 95, 1200 GeV 
the largest significance local 
(global) 2.6 (2.3) σ,  2.8 (2.2) σ 
are observed.

X→HY→γγbb

At MX= 650 GeV and MY= 90 GeV, 
the highest significance local 
(global) 3.8 (2.8) σ is observed.

More data are needed to clarify the origin of these deviations !

CMS : At MH= 95.4 GeV, 
a largest significance local (global) 
2.9 (1.3) σ is observed. 
(ATLAS : at same MH local 1.7σ)



BSM Interpretation of excess
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talk 
● 2HDM+S a good description of the excess : Yukawa types II and IV

in T. Biekötter, Sven.H., G. Weiglein 2306.03889 

corresponding to an excess of 3.1σ
.

https://indico.cern.ch/event/1297350/
https://arxiv.org/abs/2306.03889


Current Constraints- Electron Mixing 
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Sterile-Neutrino.org

Sterile-Neutrino.org

https://www.hep.ucl.ac.uk/~pbolton/
https://www.hep.ucl.ac.uk/~pbolton/


Future projection- Electron Mixing
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Sterile-Neutrino.org

https://www.hep.ucl.ac.uk/~pbolton/


● Leptophobic Zʼ to Charginos in dilepton+MET
○ Leptophobic Zʼ in U(1)ʼ-extended minimal SUSY 

(UMSSM) scenario
○ Low BR (order of percent)                                                   

⇒ would highly benefit from the HL-LHC 
○ With 3ab-1 ⇒ exclude M(Zʼ) up to 4.4 TeV 

HL-LHC BSM Physics Studies at CMS
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● Dark photons γD to displaced muon pair
○ Signal : SM h→ MSSM-like lightest neutralino (n1) pair, 

n1 → dark sector neutralino(nD) + dark photon (γD )
○ Final states:  displaced muon pair + large MET
○ Phase-2 searches are sensitive to higher M(γD) and 

lower values of ϵ, which corresponds to longer 
lifetimes.

Phase-2 standalone 
Phase-2 DSA

Many more studies in Snowmass White Paper 

LNV Higgs decay

http://cds.cern.ch/record/2806962?ln=en


Precision timing for CMS in HL-LHC
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● CMS Phase-2 upgrade aims to achieve High Precision Timing Measurements 
○ In ECAL barrel: new electronics to achieve ~30 ps resolution for photon/electron 
○ In HGCal: design to ~50 ps timing resolution per layer in EM showers, multiple layers can be combined 
○ MIP timing detector (MTD): cover up to |η|<3.0 to time stamp charged particles in the event:  ~30 psec 

timing resolution 
■ LYSO + SiPM layer in the barrel &  Low Gain Avalanche Detector (LGAD) layer in the endcap

LHCC-P-009 

https://cds.cern.ch/record/2296612/files/LHCC-P-009.pdf

