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On July 4th 2012 reported both 
experiments reported ~5σ effects

Habemus novum Boson
Phys.Lett. B716 (2012) 1-29
Phys.Lett. B716 (2012) 30-61
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Let’s address the Big Elephant in the room
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ATLAS, Phys.Lett.B 710 (2012) 49-66

125 GeV Criterion 750 GeV
YES Multiple final states NO
YES Indirect evidence NO
YES Theoretical motivation and explanation ?

The 750 GeV excess had several red flags from inception
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The 152 GeV 
Candidate
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The Timeline

2015
Run 1 excesses
Motivating asymm.
Diboson final states 

2016
Simplified di-boson model 
predicting multi-lepton excesses
Eur.Phys.J.C 76 (2016) 10, 580

2017/2018
Multi-lepton anomalies in Run 1
Prediction of mS=150±5 GeV
in association with leptons/jets/MET
J.Phys.G 45 (2018) 11, 115003

2019
Multi-lepton anomalies
verified in Run 2 
 JHEP 10 (2019) 157

2021
First narrow excess at 151.5±1 
GeV with jets/leptons/MET 
reaching 3.9𝛔
Phys.Rev.D 108 (2023) 11, 115031

2025
Narrow excess at 

152±1 GeV with 5.3𝛔
with leptons/jets/MET

2503.16245

In 2026, continue to accumulate excesses at 152±1 GeV and 
exploring Triplet Y=0 leading to triboson excesses

Nature Rev.Phys. 6 (2024) 5, 294-309 
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Anatomy of the multi-lepton anomalies (2024)

Final state Characteristic Dominant SM 
process Significance

l+l- + jets, b-jets
mll<100 GeV, 

dominated by 0b-
jet and 1b-jet

tt+Wt >5σ

l+l- + full-jet veto mll<100 GeV WW ~3σ

l±l± & l±l±l + b-
jets Moderate HT

ttW, 4t, 
ttZ/tWZ >3σ

l±l± & l±l±l et al., 
no b-jets

In association 
with h Wh, WWW 4.2σ 

Z(àl+l-)+l pTZ<100 GeV ZW >3σ

Di-lepton invariant mass in MLA predict a scalar with a mass 
150±5 GeV (J.Phys. G45 (2018) no.11, 115003, see also 
Phys.Rev.D 108 (2023) 11, 115031 and arXiv:2306.17209) in association 
with leptons and jets.

Nature Rev.Phys. (2024), https://www.nature.com/articles/s42254-024-00703-6
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The 152 GeV 
Candidate

Prediction from the multi-lepton anomalies.
The di-lepton invariant mass is sensitive to the mass of S.
Assuming SàWWàllνν:

𝒎𝑺 = 𝟏𝟓𝟎 ± 𝟓	𝑮𝒆𝑽

J.Phys. G45 (2018) no.11, 115003



Procedure
(avoiding “cherry picking”)
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𝑆 152 → 𝛾𝛾

ℎ, 𝑆 ∗→ 𝑏𝑏, 𝜏𝜏,𝑊𝑊 ∗

Procedure to choose final state: di-photon in association with b-jets, 
𝜏-had, leptons (e/𝜇) and jets

Di-photons

Source of b-jet, 𝜏-had, leptons, jets

In Eur.Phys.J.C 76 (2016) 10, 580 also considered SàMET 
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Analysis of publicly 
available 𝛾𝛾, Z𝛾 spectra 
in associated production 
gives an excess at 
mS=151.5 GeV.

Fiducial yields 
consistent with HàSS* 
hypothesis with mH=270 
GeV, which is used for 
the extraction of 
significance.

Excess not seen in 
SàZZà4l
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Result is obtained with public results from the LHC experiments.
Using a simplified model and two degrees of freedom to include 
the decay of SàMET (as in Eur.Phys.J.C 76 (2016) 10, 580) and 
residual LEE, global significance goes to 3.9𝜎 at 151.5 GeV.
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CMS-PAS-HIG-19-014
New excesses @151.5 GeV that appeared after the first 
combination (see above) in topologies consistent with 
associated production:

Bin for associated 
production VH, ttH, 
where excess is seen 
with di-photons.

ATLAS, arXiv:2301.10486

Excesses appear in corners 
of the phase-space predicted 
by the naive Hà SS* model 
with S being SM Higgs-like. In 
addition, seem to see S in 
association with MET and, 
possibly, with an extra photon

𝛾𝛾 + 𝑙	(𝑏 − 𝑣𝑒𝑡𝑜) 𝛾𝛾 + 4𝑗

𝑍𝛾 + 2𝑗

𝛾𝛾 + 𝑙 + 𝑏

ATLAS-CONF-2024-005

ATLAS, arXiv:2301.10486
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𝛾𝛾 + 𝜏 𝛾𝛾 + 2(𝜏, ℓ)

Single and double tau are combined assuming HàSS*

https://cds.cern.ch/record/2894145/files/ATLAS-CONF-2024-005.pdf

ATLAS-CONF-2024-005

ATLAS-CONF-2024-005
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SM Higgs hypothesis alone. alone 
is having difficulty describing the 
ll+MET transverse mass spectra, 
giving room to other Higgs-like 
signals, including S(151).

S.Bhattacharya, G.Coloretti, A.Crivellin, B.M.
Phys.Rev.D 108 (2023) 3, 035026

ATLAS+CMS
𝑯 → 𝑾𝑾 → ℓ𝝂ℓ𝝂

Currently, interpreting the broad excess in 
terms of HàS+MET, which appears to be the 
leading final state in excess described above
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Current status of the combination, based on the Fischer 
method with 5 n.d.o.f  yields largest global significance of a 
narrow structure beyond the SM at the LHC

S.Battacharya, et al. 2503.16245
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Further 
Confirmation of the 
152 GeV Candidate
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Radiative Signature, mℓℓ𝜸	 spectrum 
CMS, JHEP 04 (2026) 086 
https://arxiv.org/abs/2511.01995
New excess compatible with multi-
lepton anomalies in	ℓℓ𝛾+b-jets
consistent with 150 GeV candidate

New measurement by CMS of the 
inclusive and differential 
measurements of the 𝑡𝑡𝛾	cross-
section. Excess at low mℓℓ𝛾 
compatible with the excesses in 
the mℓℓ spectra in events with 
ℓℓ	with b-jet in 𝑡𝑡 cross-section 
measurement (see above)

https://arxiv.org/abs/2511.01995
https://arxiv.org/abs/2511.01995
https://arxiv.org/abs/2511.01995
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Radiative Signature, mℓℓ𝜸	 spectrum (cont.)

https://arxiv.org/pdf/2606.24801, to 
appear in PRD

Consistent with radiative correction 
of S(152) GeV candidate

“Toponium” 
subtracted

https://arxiv.org/pdf/2606.24801
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The 152 GeV candidate in Run 3 data, S+2j
ATLAS, https://arxiv.org/pdf/2603.20087 

Study by ATLAS of the production 
of di-photons in association with 
di-jets in VBF topologies.

https://arxiv.org/pdf/2603.20087
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The 152 GeV candidate in Run 3 data, S+2j (Cont.)
2HDM+S
(N2HDM)

Triplet (Y=0)

The BSM production mechanisms are distinct from SM VBF.
Expect small signal in VBF tight, but larger signal in medium and 
loose bins, which is what we see.
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The 95 GeV 
Candidate
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LEP, Phys. Lett. B 565 (2003) 61–75 

Some tantalizing results around 96 GeV from LEP and CMS, not contradicted 
by ATLAS. Interesting to see what the full Run 2 data set has to say. Further 
motivates asymmetric searches HàSS’…

CMS PAS HIG-20-002 
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CMS, arXiv:2208.02717 Dedicated search for scalar decaying into 
tau pairs. CMS observes a local (global) 
excess of 3.1 (2.7)𝜎 at ~100 GeV.

Event classification scheme
𝑯 → 𝝉𝝉
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SM Higgs hypothesis alone. alone 
is having difficulty describing the 
ll+MET transverse mass spectra, 
giving room to other Higgs-like 
signals. Compatibility with other 
signals under study.

S.Bhattacharya, G.Coloretti, A.Crivellin, B.M.
Phys.Rev.D 108 (2023) 3, 035026

ATLAS+CMS

𝑯 → 𝑾𝑾 → ℓ𝝂ℓ𝝂
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With recent results reported by the ATLAS experiment the 
significance of a narrow resonance at 95 GeV has reached 3.8σ 
global significance.

S.Battacharya, et al. arXiv:2306.17209
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𝑆 152 → 𝑊𝑊

𝑆′ 95 → 𝑏𝑏

Potential contributor to multi-lepton anomalies at the LHC

Source of leptons

Source of b-jets, etc…
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Criterion 125 GeV 750 GeV 95 GeV 152 GeV
Multiple final states YES No YES YES
Indirect evidence YES No ? YES

Theoretical motivation and 
explanation 

YES ? YES YES

The 750 GeV experience taught us that a large local 
significance is not sufficient. The situation at 95 and 152 
GeV is qualitatively different. We have excesses appearing 
in different final states and experimental datasets. 

More importantly, in the case of 152 GeV, the mass range 
was predicted from the multilepton anomalies before the 
narrow excess was identified.



33

Agentic AI for 
Particle Physics
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Agentic AI in Particle Physics: Selected References

Journal publications and arXiv preprints; presentations, proposals and proceedings excluded
Publications

1. Li et al., “AI agents, language, deep learning, and the next revolution in science,” Front. Phys. 21, 096401 (2026).
2. Nilsson et al., “MCP agents in PanDA,” JINST 21, C07030 (2026).
3. Hellert et al., “Agentic artificial intelligence for multistage physics experiments at a large-scale user facility particle 
accelerator,” Phys. Rev. Research 8, L012017 (2026).

arXiv Preprints
1. He et al., “Dr.Sai: An agentic AI for real-world physics 
analysis at BESIII,” arXiv:2604.22541 (2026).
2. Jiao et al., “HepScript: A Dual-Use DSL for Human-AI 
Collaborative Data Analysis Workflows in HEP,” 
arXiv:2605.01423 (2026).
3. Lugato et al., “Archi: Agentic Operations at the CMS 
Experiment,” arXiv:2606.04755 (2026).
4. Gendreau-Distler et al., “Automating High Energy Physics 
Data Analysis with LLM-Powered Agents,” arXiv:2512.07785 
(2025).
5. Moreno et al., “AI Agents Can Already Autonomously 
Perform Experimental High Energy Physics,” 
arXiv:2603.20179 (2026).

6. Badea et al., “Agentic AI–Physicist Collaboration in 
Experimental Particle Physics,” arXiv:2603.05735 (2026).
7. Hill and Ryoo, “GRACE: an Agentic AI for Particle Physics 
Experiment Design and Simulation,” arXiv:2602.15039 (2026).
8. Menzo et al., “HEPTAPOD: Orchestrating High Energy 
Physics Workflows Towards Autonomous Agency,” 
arXiv:2512.15867 (2025).
9. Qiu et al., “An End-to-end Architecture for Collider Physics 
and Beyond,” arXiv:2603.14553 (2026).
10. Menzo et al., “Agentic Diagrammatica: Towards 
Autonomous Symbolic Computation in HEP,” arXiv:2603.26990 
(2026).

Selected sources current to September 2026



https://journal.hep.com.cn/fop/EN/10.15302/frontphys.2026.096401



Old paradigm: Manual, tool-based analysis where 
humans configure and manage each stage of the data 
pipeline, an increasingly unsustainable model as 
scientific data and complexity expand.

A new paradigm: Human–AI collaboration via 
domain-specific languages enables automation of 
traditional analysis while preserving transparency 
and human oversight.

Dr. Sai stands at the core of this transformation



Agentic AI Scientific Discovery System 



Operations and Maintenance: The Intelligent Co-Pilot

q The Manpower Challenge:  HL-LHC Phase-II upgrades place immense long-
term pressure on collaboration groups, with experts stretched thin across 
maintenance and analysis duties.

q Cognitive-Heavy Workflows:  Experts currently spend vast amounts of time on 
control room software, monitoring panels, and detector recovery procedures.

q Dr.Sai’s Role:  Acts as an Intelligent Co-pilot rather than a replacement for 
human experts — augmenting capability, not replacing judgment.

q Formalized Knowledge:  Transforms operational expertise and manuals into 
structured, executable workflows that can be automated and reproduced 
consistently.

q Human-AI Collaboration:  Automates repetitive tasks while assisting humans in 
real-time reasoning and decision-making during critical operations.

q Core Value:  Ensures the traceability and reproducibility of all operational 
decision processes — essential for scientific rigor.



Intelligent Data Quality Monitoring (DQM)

The Challenge Dr.Sai Enhancement

q The Critical Filter:  DQM is a vital shift 
task ensuring recorded data meets 
rigorous standards required for physics 
analysis.

q Traditional Bottleneck:  Relies heavily 
on manual histogram checks and multi-
subsystem assessments — slow, error-
prone, and fatiguing.

q Alert Fatigue:  High false-positive rates 
from simple threshold alarms lead to 
experts ignoring or delaying critical 
interventions.

q Formalized Indicators:  Converts 
monitoring metrics into machine-
readable objects within automated 
workflows.

q Smart Recognition:  Utilizes rule-based 
and ML methods to identify significant 
deviations and rare anomalies 
automatically.

q Decision Support:  Assists shifters in 
determining if human intervention is 
necessary, reducing alert fatigue 
significantly.

q Outcome:  Increases inspection 
efficiency, reduces human workload, and 
standardizes anomaly identification 
across all shifts.



Physics Analysis: Multi-Agent Collaboration

Agent Architecture

Planner Agent

Task decomposition
and workflow orchestration

Coder Agent

Automated code generation
and job submission

Reflector Agent

Optimization, improvement,
and introspection

q Complexity and Scale:  Physics analysis involves PB-scale data, distributed computing, 
and strict requirements for traceability and reproducibility across global 
collaborations.

q Grid Computing Diagnosis:  Dr.Sai identifies logic errors, site-level failures, and 
memory overflows to automatically trigger job resubmissions without human 
intervention.

q End-to-End Automation:  The Workflow Manager + Multi-Agent design enables 
seamless automation from raw data ingestion to final physics results.
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Showcase: Environmental sensing at CERN
Environmental spikes and alerts 
handled by Agentic AI
Use several models, such as Kimi, 
Claude and others.

Agent constrained to a limited 
number of queries and tasks



Industry Relations and Technology Transfer

q Transferable Core Technologies:  Dr.Sai’s 
formalized knowledge workflows, multi-agent 
task decomposition, and DQM anomaly 
detection are domain-agnostic and directly 
applicable wherever large-scale data quality 
and operational automation matter.

Partnership Pathways

Joint R&D with AI and tech companies
Licensing the Dr.Sai workflow engine
Spin-off ventures targeting smart factory ops
Government funding for dual-use AI infra



Outlook and Conclusions
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qStrong signs of new bosons are emerging in LHC data

q The 152 GeV candidate is now solidly above 5σ with Run 2 data
§ Confirmation with Run 3 data underway
- First hint available in Run 3 with 𝛾𝛾𝑗𝑗 final state

q Run 3 data will be decisive to establish 95 GeV candidate signal

qThis may be the first clear step beyond the Standard Model 
Higgs sector

qAgentic AI is becoming essential for data-intensive science

q It will transform how we operate instruments, analyze data, and 
make discoveries.


