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What we know about Standard Model

Electroweak/Strong (Gauge
Boson Self-Interactions)

Gauge Bosons Interact with
Fermions (Leptons & Quarks)

Higgs Yukawa Couplings
(Origin of Masses for Leptons

and Quarks)

EWSB (Origin
of Weak

Boson Mass),
Higgs

Potential
(Higgs Self-
Interactions)

Tons of Keys to deepen understanding of Standard Model → No Key to BSM?
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Remarkably Successful vs Ambitious Curiosities

• Natural EWSB: SUSY, large/warped 
extra dimensions

• Neutrino masses/mixing, flavor 
anomalies: RPV SUSY, …

• Dynamic explanation of EWSB: New 
strong dynamics

• Unification of all forces: magnetic 
monopoles, SUSY DM: ALP, Dark 
Sectors, SUSY, scalar mediators
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Approaching Hidden BSM sectors at LHC: portal matters!
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2022.7.4 Happy birthday Higgs！
Nature 607, 52–59 (2022)
Nature 607, 60-68 (2022)
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Higgs Puzzles inspire the fundamental questions!

Is Higgs Elementary?

Is Higgs Alone?

Is Higgs stablizing our Universe?

How much does Higgs like DM?
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Higgs as a portal to Beyond Standard Model Phenomena
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Higgs BSM probes

Other Classic SM → BSM

Dark Matter

Unconventionals

Futures
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BSM → Higgs

01
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Classic Heavy Resonance searches

IHEP/ZJU

SDU/USTC/IHEP

Z’ Spin-1 heavy resonance searches in ee/µµ decays
Full Run2 (140 fb-1) + Partial Run3 (165 fb-1) combination

JHEP 10 (2026) 006

Scalar Heavy Resonance searches
X→ZZ→4l

arXiv:2607.28334



< 12 >

CMS Review: Heavy Resonance Decay into Higgs

• Searches are discussed for resonances decaying to two Higgs bosons, a Higgs and a 
vector boson, or a Higgs boson and another new resonance: a Run2 Legacy!

Phys. Rept. 1115 (2025) 368

Spin-0 X→HH Spin-2 G→HH

PKU
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Heavy Resonances Search: X/G→HH

CMS-PAS-B2G-24-010

CMS-PAS-B2G-24-011

Resonant Di-Higgs searches up to 3 TeV mass range
w/ both spin-0 and spin-2 hypothesis

IHEP



< 14 >

X→SH/YH searches with extra scalar boson

Phys. Lett. B 877 (2026) 140425

CMS-PAS-B2G-24-019

Explored 1.0 ≤
𝒎𝑿 ≤ 4.0 TeV 
and 0.06 ≤
𝒎𝒀 ≤ 2.8 TeV

Explored 170  ≤ 𝒎𝑿 ≤ 1000 GeV and 15 ≤ 𝒎𝑺 ≤ 500 GeV

NJU IHEP
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Higgs → BSM:

Exotic Higgs Decays
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Exotic Higgs Decay into pseudo-scalars: H → AA → 4e

Phys. Rev. Lett. 136 (2026) 181807

• Search for H→AA w/ A being heavy neutral pseudoscalar
• A→ee leading to highly collimated electron-positron pair. Novel MVA algo. combining tracks and 

calorimeter info to identify distinctive signatures, out from two of such merged electron-positron 
pairs.

• 10–100 MeV survey of light pseudoscalars. Inspiring inputs for ALP searches etc.

PKU
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Exotic Higgs Decay into pseudo-scalars:
H → AA → 4γ

• H → AA → 4γ in semi-
merged topology: one A→γγ 
reconstructed as one photon-
like object, other A→γγ 
reconstructed as two resolved 
photons

• Bridging fully merged analysis 
and fully resolved analysis of 
4γ searches

• Merged mA cannot be built 
from objects directly
• →mass regression GNN 

from ECAL energy-
deposit patterns

arXiv:2601.00183
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Exotic Higgs Decay into pseudo-scalars : 
H➝aa➝4τ

• Two SRs: 2ℓ2τhad and 3ℓ1τhad

• 2ℓ1τhad , ℓ1τhad, 1ℓ2τhad to validate fake
• Simultaneous fit of the yields in the SRs

New J. Phys. 28 (2026) 063801
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Exotic Higgs Decay Summaries

• Many Theory Motivation: 2HDM+S, NMSSM, ALP, dark sectors, EWPT, …

• b/c “A”→everything, opening portal to complete known SM final states

ATL-PHYS-PUB-2025-011
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Higgs BSM probes

Other Classic SM → BSM

Dark Matter

Unconventionals

Futures
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Other SM → BSM
Neutrino → Heavy Majorana

Quarks → LQs, …
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HNL Search: towards beyond 2nd generation

• Heavy Majorana Neutrino searches in
ττ/eτ/µτ final states → probing the
coupling to 3rd generation lepton

• Constrain squared ME 𝑉𝜏𝑁
2 w.r.t. 92 

GeV and 6.5 TeV of Heavy Majorana
Neutrino mass

• Simultaneous constraints on 

( 𝑉𝑒𝑁
2, 𝑉𝜏𝑁

2) and ( 𝑉𝜇𝑁
2

, 𝑉𝜏𝑁
2)

arXiv:2607.27307

USTC/NJU
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LeptoQuark (LQs) searches

JHEP 12 (2025) 180

• Leptoquarks (LQs) represent a prominent 
category of hypothetical heavy states 
predicted by various grand unified theories 
featuring extended gauge groups

• Being colour-charged particles carrying both 
baryon and lepton numbers, naturally 
reflecting the underlying symmetry b/w two 
sectors predicted by unifying theo. and 
inspired by nature.

• 1st ATLAS analysis for LQ production 
exploiting lepton+photon PDFs

• LQ sensitivity also from non-resonant 
production to dilepton production via t-
channel (DY)

SDU
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Summary and Overview of Present LQ searches

Most LQ models 
exclude masses 
range of 1.7~2.5 

TeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-015 https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#Leptoquark_summary_plot

LQ pair 
search

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-015
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-015
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-015
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-015
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-015
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-015
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-015
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-015
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-015
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#Leptoquark_summary_plot
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• (Almost) all you 
would like to know 
from ATLAS for 
“Heavy” searches…

Top → Bottom:
• Extra dimensions,
• Heavy gauge bosons,
• Contact interactions 

(CI),
• dark matter (DM),
• leptoquarks (LQ),
• vector-like fermions,
• excited fermions,
• + many other 

scenarios…

ATLAS-PHYS-PUB-2026-004
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CMS EXO summary
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Higgs BSM probes
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Dark Matter
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Exotic Higgs Decays → Dark Photon Search
arXiv:2606.14362 (JHEP Accept)

• Search for Higgs decaying
into dark photon and a
visible SM photon (semi-
visible decays)

• Introduce for 1st time the
ggF production channel,
along with former
explored channels from
ZH and VBF.

• Combine Run2 and partial
Run3 leading to the best
upper limit on H→γγd BR
up to date

TDLI-SJTU/NJU
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Classic ISR and Mediator search portal of Dark Matter at LHC 
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Dark QCD searches via SUEPs

• Dark QCD → Dark Strong Force → Dark 
baryons/mesons

• Emerging phenomena of Semi-visible jets, Emerging 
jets, Dark jets
• Search for Soft Unclustered Energy Patterns 

(SUEPs)
• Pheno: nearly isotropic emission of soft particles, 

high charged-particle multiplicity, Low-pT tracks 
throughout, Absence of conventional jets

• 1st dedicated SUEP research excluding thermalized 
dark showers

arXiv:2403.05311, 2605.20015
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Dark Matter
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All that unconventional…
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Classic: Displayed muons and electrons

• 1st IDM collider 
search with soft 
displaced electrons

• Soft (down to 
1GeV), displaced, 
collimated leptons 
aligned with MET

• exclude regions 
compatible with 
observed relic 
density

CMS-PAS-EXO-24-036

ATLAS: PLB 878 (2026) 140509, CMS-PAS-23-014
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Semi-visible or Anomalous Jets

https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector

Phys. Rev. D 112 (2025) 012021

https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector
https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector
https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector
https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector
https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector
https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector
https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector
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Semi-visible or Anomalous Jets

• Include novel anomaly detection region which isolates unusual events from the 
background without relying on the specific features of the signal model, enhancing 
the analysis potential to discover strange or unexpected new physics

https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector

Phys. Rev. D 112 (2025) 012021

https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector
https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector
https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector
https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector
https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector
https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector
https://atlas.cern/Updates/Briefing/Shedding-Light-Dark-Sector
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Futures:

Anomaly Detections and TLA?
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Anomaly Detection: probing the unknown “untouched stones”
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Roadmap of Machine Learning Evolutions at LHC
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Anomaly Detection in a nutshell
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AD in Multilepton Final States

• Targets high-multiplicity lepton final states due to low SM background rates

• Normalizing Flows – A method of mapping from a prior distribution to a target distribution and 
back through a series of invertible transformations

• Both model dependent and independent approaches explored

Eur. Phys. J. C 86 (2026) 247
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AD in Multilepton Final States Eur. Phys. J. C 86 (2026) 247
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Real-Time Anomaly Detection → Trigger Level Analysis Potential

Training: unsupervised VAE (offline)
 
→ Distillation: BDT regression
• DT training to approximate the neural network score, low FPGA resource cost

→→ Deployment: firmware 
• Implement BDT in VHDL firmware → Run in L1Topological trigger FPGA

Anomaly detection trigger 
maintains resonance 
structure
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Closure Remarks

• Apologize for not being complete, 
sorry for missing many other 
interesting BSM topics

• (SUSY, VLQ, LFV, QBH, …)

• Apologize for having not found 
anything new…
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A Snowmass vision of Future Particle Physics

By definition we keep going/thinking/exploring…
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Lepton Photon 2027 at Shanghai
(2027.8.29~9.3)

Tsung-Dao Lee Institute &

School of Physics and Astronomy

Shanghai Jiao Tong University

https://indico.global/event/19045

https://indico.global/event/19045
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