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How many of you are using AI to 
write papers / solve problems / 

conduct research / think for you?



Hopefully

100%



How long until you’re 
replaced? 



How do you make yourself 
useful as to not be replaced? 



Agentic science is the new hot topic
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On the pursuit of physics automation

A lot of you have seen this paper… 

Talk is based directly off of it: https://arxiv.org/abs/2603.20179 
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https://arxiv.org/abs/2603.20179


https://jfc-mit.github.io/ 

Take away message: This is not hard, we don’t have some secret sauce 
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https://jfc-mit.github.io/


How good is it? 
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Reactions 
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The pot is warming up: 
people who don’t adapt will 
be left behind  

US HEP PI’s already feeling 
the effects:



My Crib

L3OPAL

ALEPH

DELPHI

LEP

THE 

SUSPECTS



LHC

THE 

SUSPECTS



How a HEP Analysis Goes
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I’d like 
to do an 
analysis

Legacy Code

Analysis 
Framework

Office 
Feedback

Update 
Framework 

Subgroup 
Feedback 

Convener 
Feedback

Update 
Analysis 

Update 
Framework 2-3 years

Data

Congrats!
Collaboration 

Review 

Go back!

1 year

Result & 
Publication! 

1 year



AutoSciDACT
How do we automate scientific discovery? 
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https://arxiv.org/abs/2510.21935 
Samuel Bright-Thonney et al. 

https://arxiv.org/abs/2510.21935


Split-N-Fit

15

https://neurips.cc/virtual/2025/loc/san-diego/122964 
https://ml4physicalsciences.github.io/2025/files/NeurIPS_ML4PS_2025_347.pdf 

• Automate event selection using differentiable NN 

• Instead of training a classifier and only later doing the 
physics fit, they merge the two into one end-to-end 
optimization 

Andrzej Novak et al. 

https://neurips.cc/virtual/2025/loc/san-diego/122964
https://ml4physicalsciences.github.io/2025/files/NeurIPS_ML4PS_2025_347.pdf


The Automation Landscape
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You can do something clever: 

Or you can do something slop: 

Is slop really the answer? 

Split-N-Fit

https://neurips.cc/virtual/2025/loc/san-diego/122964

https://arxiv.org/abs/2510.21935

https://neurips.cc/virtual/2025/loc/san-diego/122964
https://arxiv.org/abs/2510.21935


Are We Really That Different?
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Attention asks: what should I focus on right now? 

Memory asks: what from the past should I bring forward right now?

at = f(xt, Attn(xt, mt))
•  = action at time t

•  = current input or situation

•  = memory/state

•  = the part of memory your 
attention brings into focus

•  = decision process

at

xt

mt

Attn(xt, mt)

f

at = f(xt, Attn(xt, mt), gt)
•  = action at time t

•  = current input or situation

•  = memory/state

•  = the part of memory your 
attention brings into focus

•  = goals, drives, or mood

•  = decision process

at

xt

mt

Attn(xt, mt)

gt

f

LLM Humanity

What you do now is a function of what is happening now, 
conditioned on your past memories,  how your attention 

retrieves them, and what you currently want*

*maybe I don’t know what I’m talking about I’m not a neuroscientist 

xt+1 = xt + at



LLMs Can Approximate Us (Maybe)
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≈



First Attempt: Hadronic Z-Line Shape
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Have Claude set a project structure up… 

Does an 
analysis? 



Not Half Bad
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Data/MC Post Selection

Selection Efficiency

Detailed Background Estimation

Systematic Uncertainties 

Statistical Method - Fit Model 



Not Half Bad
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Fitting Plan Blinding Procedure

Profile Scans

Expected Sensitivity

Fit to Data

Fit Results & Comparison



Not Half Bad
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Fitting Plan Blinding Procedure

Profile Scans

Expected Sensitivity

Fit to Data

Fit Results & Comparison
Phil’s Take: 

Level of 1st Year 



Problems to Solve
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Context Rot 

Worse Performance / Laziness

Data Leakage

“The distribution 
demonstrates excellent 
calorimetric performance 
of the ALEPH detector, 
with data and MC 
agreeing within 2%”

Bad Physics Intuition? 



Problems to Solve
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Context Rot 

Worse Performance / Laziness

Data Leakage

“The distribution 
demonstrates excellent 
calorimetric performance 
of the ALEPH detector, 
with data and MC 
agreeing within 2%”

Bad Physics Intuition? 

Longer Windows & 

Context Management 
Novel Analyses

Better Spec/

Harness? 

Smarter model? Ensembles  



JFC: Just Furnish Context
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Phase 3: Selection

Phase 2: Exploration

Autonomous HEP analysis framework

Physics objective
"Measure Z lineshape"

Orchestrator agent
Delegates, never executes

Sequential phases — each gated by an output + review

Phase 1: Strategy

Executor subagent
Event selection · corrections

Phase 4 — inference

Human gate

Analysis code
Reproducible

Workflow is auditable + reproducible

Phase / executor Review + output Human gate Literature retrieval Outputs

Executor subagent
Technique selection · systematic plan

SciTreeRAG
Literature retrieval

4a Expected

Executor subagent
4b Partial Unblinding

Executor subagent
4c Full Unblinding

Executor subagent

Review

Self-Review

Review

Review Review Review

Executor subagent
Data quality · variable ranking

Draft AN Draft ANDraft AN

Analysis 
Agents 

lead-analyst, data-
explorer, detector-
specialist, theory-
scout, signal-lead, 

background-estimator, 

Reviewer agents 
physics-reviewer, 
critical-reviewer, 

constructive-reviewer, 
plot-validator, bibtex-
validator, arbiter and 

investigator

Literature 
Retrieval 

SciTreeRAG1: Indexes a 
corpus of published LEP 
(ALEPH, DELPHI) papers, 

to build contextual 
retrievals. 

arXiv MCP: Query 
published arXiv papers, 
with answers to prompted 

questions. 
INSPIRE-HEP/HEPData: 
queries for recent 
measurements and 

Blinding Protocol 
1. Background model 

validated 
2. Systematic 

uncertainties evaluated 
and fit stable. 

3. Expected results 
physically sensible 

4. Signal injection tests 
confirm fit recovers 
injected signals,  

5. 10% partial unblinding 
shows no unexpected 
pathologies 

6. All agent review cycles 
resolved (arbiter PASS) 

7. Human gate: APPROVE, 
ITERATE, HALT 

8. Full Unblinding: full 
statistical fit on the 
complete dataset

1https://arxiv.org/abs/2509.06855 

Phases (# 
Reviews) 

Phase 1 — Strategy (4) 
Phase 2 — Exploration (1) 
Phase 3 — Selection and 

Background Modeling 
Phase 4a — Expected 

Results (4) 
Phase 4b — Partial 
Unblinding (4) 

https://arxiv.org/pdf/2603.20179 

https://arxiv.org/abs/2509.06855
https://arxiv.org/pdf/2603.20179


├── agents                                                                                                                                                        
│   ├── arbiter.md                                                                                                                                                
│   ├── bibtex_validator.md                                                                                                                                       
│   ├── constructive_reviewer.md                                                                                                                                  
│   ├── critical_reviewer.md                                                                                                                                      
│   ├── executor.md                                                                                                                                               
│   ├── fixer.md                                                                                                                                                  
│   ├── investigator.md                                                                                                                                           
│   ├── note_writer.md                                                                                                                                            
│   ├── physics_reviewer.md                                                                                                                                       
│   ├── plot_validator.md   

Spec & Prompting 
• “Spec” is created by repeatedly injecting physics analysis expert knowledge 

• Models are smart enough to figure out most things, just need structure. 

├── conventions                                                                                                                                                         
│   ├── extraction.md                                                                                                                                                   
│   ├── lint_plots.py                                                                                                                                                   
│   ├── postprocess_tex.py                                                                                                                                              
│   ├── preamble.tex                                                                                                                                                    
│   ├── README.md                                                                                                                                                       
│   ├── search.md                                                                                                                                                       
│   ├── TEMPLATE.md                                                                                                                                                     
│   └── unfolding.md  

Accumulated domain 
knowledge 

├── methodology                                                                                                                                                         
│   ├── 01-principles.md                                                                                                                                                
│   ├── 02-inputs.md                                                                                                                                                    
│   ├── 03a-orchestration.md                                                                                                                                            
│   ├── 03-phases.md                                                                                                                                                    
│   ├── 04-blinding.md                                                                                                                                                  
│   ├── 05-artifacts.md                                                                                                                                                 
│   ├── 06-review.md                                                                                                                                                    
│   ├── 07-tools.md                                                                                                                                                     
│   ├── 09-multichannel.md                                                                                                                                              
│   ├── 11-coding.md                                                                                                                                                    
│   ├── 12-downscoping.md                                                                                                                                               
│   ├── analysis-note.md                                                                                                                                                
│   ├── appendix-automation.md                                                                                                                                          
│   ├── appendix-checklist.md                                                                                                                                           
│   ├── appendix-dependencies.md                                                                                                                                        
│   ├── appendix-heuristics.md                                                                                                                                          
│   ├── appendix-integration.md                                                                                                                                         
│   ├── appendix-plotting.md                                                                                                                                            
│   ├── appendix-prompts.md                                                                                                                                             
│   ├── appendix-sessions.md                                                                                                                                            
│   └── README.md 

Analysis Rulebook   └── templates                                                                                                                                                     
    ├── doc4a_claude.md                                                                                                                                           
    ├── doc4b_claude.md                                                                                                                                           
    ├── doc4c_claude.md                                                                                                                                           
    ├── phase1_claude.md                                                                                                                                          
    ├── phase2_claude.md                                                                                                                                          
    ├── phase3_claude.md                                                                                                                                          
    ├── phase4a_claude.md                                                                                                                                         
    ├── phase4b_claude.md                                                                                                                                         
    ├── phase4c_claude.md                                                                                                                                         
    ├── pixi.toml                                                                                                                                                 
    └── root_claude.md 

Scaffolding blueprints   

Role definitions 

https://arxiv.org/pdf/2603.20179 
https://github.com/jfc-mit/jfc

Provided Toolkits   

https://arxiv.org/pdf/2603.20179
https://github.com/jfc-mit/jfc


# Analysis Title: H→ττ Analysis with CMS Open Data (μτ_h final 
state) 

# You are performing a Higgs boson search in the τ+τ− decay 
channel using CMS Open Data from 2012 at √s = 8 TeV. The final 
state is one muon and one hadronically decaying tau lepton 
(μτ_h). Your goal is to produce distributions of key observables 
— particularly the visible di-tau mass — showing the Higgs 
signal contribution on top of Standard Model backgrounds. This 
loosely follows the official CMS publication (Phys. Lett. B 779 
(2018) 283 and JHEP 05 (2014) 104). To optimize the higgs signal 
selection, do some categorization, in particular add a VBF 
category, be sure to fit all categories simultaneously. In 
addition our dataset is missing the full trigger and tau 
efficiency scale factors, please loosen the tau efficiency 
selection to 10 to 15% to allow for a good good agreement of the 
drell-yan peak. In addition to a basline analysis, we would like 
3 more approaches  that focus on fitting a different final 
observable these include a. perform the analysis fitting an fit 
NN discriminator to find the higgs propagating the systematic 
uncertainties in the fit b. train a NN to regress the direction 
of the genMET and genMET phi in the final state and use this to 
make a combined mass with the visible objects that you use as 
the final analysis, and finally c. fit the mass adding the 
missing energy to the mass distribution. Also, make sure to do a 
tight anti muon veto, and to normalize the W+jets sample from 
data using the high mT region. Finally, make sure you put a 
tight anti-muon veto on the hadronic tau id. Also make sure you 
Z normalization uncertainty is larger than the MC predictions, 
at a level of 10-15% to reflect missing trigger turn on scale 
factors and a larger tau efficiency scale factor   

# Analysis Title: H→ττ Analysis with CMS Open Data (μτ_h 
final state) 

# You are performing a Higgs boson search in the τ+τ− decay 
channel using CMS Open Data from 2012 at √s = 8 TeV. The 
final state is one muon and one hadronically decaying tau 
lepton (μτ_h). Your goal is to produce distributions of key 
observables — particularly the visible di-tau mass — showing 
the Higgs signal contribution on top of Standard Model 
backgrounds.

Bad Prompt (Leave it all to LLM)  Good Prompt (Inject Physics Knowledge)    

• Found that expert input at 
initiation is crucial - LLMs 
struggle with the “higher-
level” tasks 

•  You become the higher-level 
thinker rather than the code 
monkey! 

• “Spec” is created by repeatedly injecting physics analysis expert knowledge 

• Models are smart enough to figure out most things, just need structure. 

Spec & Prompting 
https://arxiv.org/pdf/2603.20179 
https://github.com/jfc-mit/jfc

https://arxiv.org/pdf/2603.20179
https://github.com/jfc-mit/jfc


JFC: Just Furnish Context

All in 1 week! X5 iterations 
~$300 worth of licenses 
  
Better models think longer 
Still <24 hours per analysis

https://arxiv.org/pdf/2603.20179

High Level Scheme

Loops, loops, loops

https://arxiv.org/pdf/2603.20179


E.g.   Open Data AnalysisH → ττ
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e.g. boosted μτh

μ
τh → πππ

NN Discriminators*
Signal 
Injection 
Test 

Topology-Driven Categorization:  1 jet, 3 jet, VBF event topologies* 
3 different methods: , ,  
*Similar strategy to ATLAS 7/8TeV!

mvis mcol NN Score

Results

Data/MC Pulls
Chi-squared

https://arxiv.org/pdf/2603.20179

Impacts

https://arxiv.org/pdf/2603.20179


E.g. Lund Jet Plane Measurement @ ALEPH
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First-ever e⁺e⁻ Lund jet plane: 1.3M ALEPH Z→qq̄ events, thrust hemispheres, C/A declustering, 2D 
Bayesian unfolding* 

Clean pure-quark (C_F) reference: no UE / MPI / pileup → soft wide-angle corner is pure QCD + 
hadronization, traces α_s(k_t) running 

New generator benchmark: PYTHIA 8 & Sherpa all 9–18% low; mostly a normalization (k_g ≈ 1.1–1.2), 
Sherpa cluster model worst 

https://arxiv.org/pdf/2603.20179

https://arxiv.org/pdf/2603.20179


How Good is it*? 
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https://arxiv.org/pdf/2603.20179

Not as precise as original analyses. However, able to recover reference analysis 
with uncertainty a majority of the time 

Working on: “benchmark” for more accurate measure for how to score a NN’s 
performance

*Opus 4.8 

https://arxiv.org/pdf/2603.20179


How Good is it? 
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https://arxiv.org/pdf/2603.20179

https://arxiv.org/pdf/2603.20179


Heuristic Progression

33Upgrades

H
um

an
 Q

ua
lit

y 
An

al
ys

is 

Plain 
prompt 

Harness Expert 
Crafted 
Harness

Opus 4.8 Fable 5 Harness  
Re-optimization

Undergrad 

1st Year Grad 
Student 

3rd Year Grad 
Student 

6th Year Grad 
Student

Junior Post Doc
Senior Post Doc



Other Experimental End-to-End  Harnesses
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2512.07785

2604.22541

Host/Planner/Coder/Tester/Calculator/Reflector. 
Conclusion: "the core challenge is no longer reasoning but 
precision of tool-calling."

Supervisor-coder agent + 
Snakemake on ATLAS Open 
Data. 

First LLM-agent-driven 
automated analysis framework 
in HEP.

https://arxiv.org/abs/2512.07785
https://arxiv.org/abs/2604.22541


Pheno End-to-End  Agents
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2601.21015 

2603.14553 

2512.15867 
MadAgents: Agents drive MadGraph 
campaigns from a paper PDF

COLLIDERAGENT: Multi-agent + Magnus 
backend; leptoquark/ALP/EFT scans to 
exclusion limits.

HEPTAPOD: Auditable orchestration layer for BSM 
MC pipelines, human-in-the-loop by design.

https://arxiv.org/abs/2601.21015
https://arxiv.org/abs/2603.14553
https://arxiv.org/abs/2512.15867


Up Next: HEP Agentic Benchmarks
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Simulated Data

Collider Physics Analysis Generator

Analysis Artifacts
Code
Figures
Documentation

Higgs Simulation 
(VH, ttH, ggH, VBF)
Backgrounds 
(ZZ, Z+jets,ttbar,ggZZ)

Physics Parameters
Higgs Signal Strength
Lepton scale
Resolution

Physics Truth

O
ra

cl
e

Evaluation
Comparison to 
reference 
analysis likelihood

Agent LLM
evaluator
json card

Binary flags
Systematic uncertainties 
Goodness-of-fit applied
Calibration applied

Analysis 
datacard

Consistency/
optimization
Saturated goodness-of-fit
Cut ablation (N-1 opt)

Extracted Parameter
Pulls

Aggregated p-value

Analysis Completeness

Analysis Accuracy

• How do we know we can trust the Agentic results? 

• How do you grade an analysis with no ground truth?

An agent asked to reproduce a published result can recall the answer instead of measuring it; sealed 
injected truth in blinded pseudo-data can scores the physics.

Sealed injected 
truth in blinded CMS 
Open Data pseudo-
data (µ, lepton scale, 
resolution; six 
configs)

LLM judge with a rubric 
a human reviewer would 
use (systematics 
coverage vs original 
CMS paper, N-1 cut 
ablation, saturated 
GoF via Combine, 
calibration flag)

H → ZZ* → 4l

Pull for each sealed 
parameter (µ, lepton 
scale, resolution), scored 
as  so it tests both the 
central value and the 
honesty of the quoted 
uncertainty.

Sacc

HEPEXBENCH
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*Opus 4.8

Higgs present, no distortion (s0)

µ = Higgs 
signal 
strength

No Higgs, no distortion (s1: the null test)

Higgs present, 3.5 GeV lepton scale shift (s5)

Distortion = hidden lepton momentum-scale shift and resolution smear injected into the pseudo-data, "low/medium/high" ≈ 0.5%, 2%, 5% scale shift

Higgs present, 1.8 GeV lepton scale shift (s4)

µ̂ = 0.55, pull −1.1σ. Cause: free-floated qqZZ normalisation 
absorbs signal under the peak. GoF healthy.

µ̂ = 1.1, right answer by accident: large calibration correction 
cancels the background bias. Saturated GoF p ≈ 0 flags the 
residual mismodelling the pull alone would hide.

µ̂ = 0.02, unbiased. Null control passes: the µ deficit is not a 
calibration artifact.

µ̂ = 0.53, same −1.1σ bias as nominal despite the 2% scale shift. 
Calibration and background error are independent.

HEPEXBENCH Results* 

Method quality (procedural score) is high and nearly 
constant until the distortion is.  

Answer accuracy is high when there is no Higgs and 
mediocre whenever there is one, independent of distortion



Another Agentic Benchmark: Collider-Bench
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2605.13950 

Results

10 tasks from 4 CMS Run-2 SUSY searches

• Agent reads the paper and builds 
MadGraph→Pythia→Delphes pipeline, 
returning binned signal-region yields. 

• Scored by relative L² against published yields; 
pass = beating the worst physicist-in-the-
loop result (τ = 0.33). 

• No agent reliably beats the physicist-in-
the-loop baseline: Shape usually right, 
normalization usually wrong . 

• Provenance audit: 87% passed, 6% failed, 6% 
fabricated. 

• Reproduction benchmarks measure 
whether an agent can rebuild a known 
result. The reference answer is on arXiv, so 
recall and fabrication are failure modes and 
need a provenance audit to catch.

https://arxiv.org/abs/2605.13950


Conclusions

• Agentic AI harness frameworks are able to analyze HEP data in 
an experimental/phenocontext  

• Full tests from us up to Opus 4.8 show successful analyses 
completing with less precision vs. collaboration publications, 
but novel analyses are possible, showing that models don’t 
just copy results. 

• Successively newer models trend upwards in analysis 
quality (qualitative assessment) 

• Benchmarks/RL Environments are essential for trust within the 
community and for providing to frontier labs for scientific fine-
tuning campaigns. 



Prospects with Mythos / Fable
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• Pros: 
• This could be the senior grad student -> post doc 

intelligence bump 
• Anthropic has dedicated fine-tuning teams maximizing 

scientific performance / improving reasoning 
• Cons:  

• Might be prohibitively expensive to run (10 trillion 
parameter model) 

• Entirely reliant upon closed models  
• Brain drain in the field? 



Future Plans!
 

L1 ClaudeOpus

in

a
Ew fiff ftp.tv

if EEE EÉTÉ

Ix per week wednesdayIi

Analysis Contact

IV
Bkg
Est Systematics

Detector Obj c

Quensignal lead stats

• Preserve the LEP results with a global fit of the Standard Model 
• Bring this to the LHC Collaborations as a proof of concept of 

fully-automated analysis workflow  
• Scrutinize the current CMS analysis-paradigm 


