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Large Hadron Collider (LHC)
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ÅThe only operating collider at the energy frontier. Hosted at CERN in Geneva, Switzerland.

Åp-p collisions at 7/8 TeV (Run 1: 4.8/20.3 fb-1), 13 TeV (Run 2: 140 fb-1), 13.6 GeV (Run 3: 

targeting 350 fb-1). Four large-scale detectors at the collision points.

ÅProviding a unique microscopic probe with a mystic link to the history of the Universe.

ALICE

CMS

ATLAS
LHCb

LHC

SPS



ATLAS Detector

Hideki OKAWA CAP 2025 & 19th TeV Workshop 3

ÅOne of the two general-purpose 

detectors at the LHC along with 

CMS. 

ÅSignificant upgrade (Phase -I) completed during Long Shutdown 2 in 2019 -2022: New 

Small Wheel muon chambers, new muon RPC, LAr calorimeter front-end electronics, TDAQ 



ATLAS China
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Å273 / 5971 ATLAS members (4.5%), 112 / 2846 ATLAS physics authors (3.8%), 

72 PhD students (6.2%).  

Å3 independent institutes: IHEP, USTC, 

Tsinghua

Å3 clusters: Nanjing + Sun Yat-Sen, SJTU 

+ TDLI, Shandong + Zhengzhou + Nankai

Å1 technical associate: SINANO, CAS



A Discovery & Precision Machine
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ÅLHC will continue to search 

at the energy frontier.

ÅIn parallel, with its 

unprecedented large 

statistics, we are beginning 

to enter a new precision 

era.

ÅLHC is a Higgs boson 

factory, a top-quark factory, 

with accessibility to rare 

production & decays.



Higgs, Top & Stability of the Universe
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ÅHiggs boson mass is already measured at per -mille level.

ÅLatest semi -leptonic boosted analysis provides the most 

precise measurement from a single channel: 172.95 0.53 GeV.

ÅThe current LHC measurements point to the boundary of meta-

stability/stability, if no BSM. 

A. Andreassen , W. Frost , M. 

Schwartz  PRD 97, 056006 (2018)

Phys. Rep. 1116 (2025) 4 - 56
Alan Stonebraker

Phys. Lett. B 867 (2025) 139608

https://www.sciencedirect.com/science/article/pii/S037015732400382X
https://www.sciencedirect.com/science/article/pii/S037015732400382X
https://www.sciencedirect.com/science/article/pii/S037015732400382X
https://www.sciencedirect.com/science/article/pii/S0370269325003697
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ÅHiggs boson self-coupling will tell us about the Higgs potential shape.

ÅIt is sensitive to various BSM, and has important connections to 

the electroweak phase transition & gravitational waves.

Shaping the Higgs Potential

Nathaniel Craig

P Huang, AJ Long, LT Wang, PRD 94 (2016) 075008

See also talks by Baihong Zhou & Shu Li

https://doi.org/10.1103/PhysRevD.94.075008


Hideki OKAWA CAP 2025 & 19th TeV Workshop 8

ÅTransformers improves the c - & light - jet rejection by 
several factors from previous versions .

ÅTransformer -based b -jet tagging (GN2) alone brings 20% 
improvement to HHĄbbɔɔanalysis .

ÅSignal strength for di-Higgs production: µHH = 0.9+1.4
-1.1 [obs] 

(1.0+1.3
-1.0 [exp])

ÅHiggs self -coupling: -1.7 < əɚ< 6.6 [obs ] (-1.8 < əɚ< 6.9 [exp])

Di-Higgs Searches with Transformers
arXiv:2505.19689 , accepted by Nat. Commun.

arXiv:2507.03495

https://arxiv.org/abs/2505.19689
https://arxiv.org/abs/2507.03495
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ÅHiggs boson is a promising portal to new physics. Its sign could show up 

as exotic decays, enhancement of rare decays and/or as an existence 

of additional Higgs bosons and/or other high mass resonances . 

ÅSearches for rare decays can be performed via:

1. Inclusive model -independent search Ą measure the Higgs boson decays width

2. Exclusive channel -by-channel searches

Higgs as a Portal to New Physics
Phys. Rep. 1116 (2025) 184

Haifeng Liôs talk for HĄµµ

https://doi.org/10.1016/j.physrep.2024.09.002


Evidence of Off -Shell Higgs Boson 
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ÅDecay width is a model-independent probe for BSM, but SM Higgs boson decay width 

(ũH=4.1 MeV) is well below the GeV -level detector resolution .

ÅHowever, the off -shell contribution is highly sensitive to the decay width, allowing us to 

constrain it by a few orders of magnitude.

ÅEvidence of the off-shell Higgs boson production is obtained both by ATLAS & CMS. 

Phys. Lett. B 846 (2023) 138223

https://authors.elsevier.com/sd/article/S0370269323005579


Off-Shell Higgs Boson + NSBI
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ÅIn neural simulation-based inference (NSBI), the NN output is 
directly used for the statistical treatment Ą no information 
loss from 1D dimensional reduction & histogram binning

ÅIt can also handle parametrized signals & complicated 
signal/BG interference.

ÅNotable improvement from the traditional histogram -
based method:  3.3ůĄ 3.7ů(combined with llvv )

Rep. Prog. Phys. 88 (2025) 057803

Aishik Ghosh

Neural Simulation -based 

Inference (NSBI)

4l+llvv

ũH < 9.7 MeV @ 95%CL

https://iopscience.iop.org/article/10.1088/1361-6633/adcd9a


BSM Rare Decays to Low -Mass Scalars
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Phys. Rev. D 112 (2025) 072005Jet tagging with DeXTer

ÅHiggs BSM decays through low mass (pseudo-)scalars often lead to highly collimated signatures.

ÅDeep Sets based neural networks (DeXTer) designed for low pT double b-tagging.

ÅSmall excess seen in HĄa1a2Ą4b search: Global (local) significance of 3.28 (2.57) ůfor (ma1, ma2) 
= (50, 70) GeV.

https://journals.aps.org/prd/abstract/10.1103/mzld-ldlt


More Higgs Bosons?
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ÅHeavy Higgs boson decays to ὸӶὸare dominated for 
low tan ɓin Two Doublet models, but are challenging 
due to large BG & interference.

ÅὸӶὸthreshold region is not considered (see Haifeng 
Liôs talk for the toponium observation)

ÅSmall excess seen around 800 GeV. 

JHEP 08 (2024) 013

https://link.springer.com/article/10.1007/JHEP08(2024)013


Other Heavy Resonance Searches
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ÅDi-Higgs resonance: global (local) excess 2.1ů(3.3ů).

ÅVBF doubly -charged Higgs: global (local) 2.5ů(3.3ů).

ÅScalar extensions (X ĄSH): CMS saw global (local) 

excess of 2.8ů(3.8ů) at (mX, mS)=(650, 90) GeV [JHEP 05 

(2024) 316]. Not seen by ATLAS.

PRL 132 (2024) 231801 JHEP 04 (2024) 026, PLB 860 (2025) 139137
arXiv:2510.02857

Scalar extensions (XĄSH) Di-Higgs resonance VBF doubly-charged Higgs

https://link.aps.org/doi/10.1103/PhysRevLett.132.231801
https://link.springer.com/article/10.1007/JHEP04(2024)026
https://www.sciencedirect.com/science/article/pii/S0370269324006956
https://arxiv.org/abs/2510.02857


Trigger -level Analysis for Dijet
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Phys. Rev. D 112 (2025) 092015

ÅVery challenging to search for resonances decaying 

to quarks.

ÅWe need to perform analysis at the trigger level to 

go below ~1.5 TeV. Ą Need to apply custom jet 

calibration

ÅGlobal (local) excess: 2.2ů(3.4ů) for mZῂ=650 GeV.

https://journals.aps.org/prd/abstract/10.1103/15p2-bkg8


Supersymmetry
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ÅDirect electroweak productions are 

becoming more accessible due to 

large dataset.

ÅSearches for challenging scenarios 

such as compressed mass 

scenarios and long-lived decays 

are also actively performed.

Note that relevant BRs are often 

assumed to be 1 in the simplified models



Compressed Scenarios
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[Electroweakino search]

ÅMild excess of ~2ůobserved.

ÅA similar excess seen for the 

same final state in CMS (PRD 

109 (2024) 112001). 

[Slepton search]

ÅChallenging phase space 

(ñcorridorò region) due to small 

cross section & compressed 

mass sparticle mass hierarchly. 

Events are tagged with ISR jets.

ÅSmall excesses in both e- (µ-) 

channels: local significance 

2.0ů(2.4ů)

JHEP 08 (2025) 053Eur. Phys. J. C 81 (2021) 1118

http://dx.doi.org/10.1103/PhysRevD.109.112001
http://dx.doi.org/10.1103/PhysRevD.109.112001
https://link.springer.com/article/10.1007/JHEP08(2025)053
https://link.springer.com/content/pdf/10.1140/epjc/s10052-021-09749-7.pdf


pMSSM & Dark Matter Searches
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ÅPhenomenological MSSM 

(pMSSM) varies a limited 

set of parameters affecting 

the electroweak sector.

ÅParameter regions are 

excluded based on the 

global likelihood of models 

relevant for explaining the 

DM relic density.

ÅComplementary to direct 

DM detection experiments 

in the O(100) GeV region.

Phys. Rep. 1116 (2025) 261

https://doi.org/10.1016/j.physrep.2024.09.010


Leptoquarks
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ÅLeptoquarks may explain the R(D)/R(D*) 

anomalies seen at the b-factories.

ÅSearches are extensively performed via 

various final states, but no significant sign 

so far.

ÅWe are starting to reach the phase space 
preferred by the R(D)/R(D*) anomaly.

ATL-PHYS-PUB-2025-013

arXiv:2507.03650

lepton -jet signatures

Eur. Phys. J. C 85 (2025) 1335

Multiple b/ Űfinal states

http://cds.cern.ch/record/2927911
http://cds.cern.ch/record/2927911
http://cds.cern.ch/record/2927911
http://cds.cern.ch/record/2927911
http://cds.cern.ch/record/2927911
http://cds.cern.ch/record/2927911
http://cds.cern.ch/record/2927911
http://cds.cern.ch/record/2927911
http://cds.cern.ch/record/2927911
https://arxiv.org/abs/2507.03650
https://doi.org/10.1140/epjc/s10052-025-14748-z


Anomaly Detection
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ÅPossible BSM scenarios are diverse. Simplified Models have been extensively used at 

the LHC to suppress model-dependent biases. 

ÅAI is now providing an alternative/complementary approach to search for new physics.

Phys. Rep. 1116 

(2025) 301

Julia Gonski

Two classes of anomaly detection

ÅWeakly supervised : trained on a reference data

ÅUnsupervised : directly identify rare events


