From Prompts to Publications:
Agentic Al for Collider Analysis
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How many of you are using Al to
write papers / solve problems /
conduct research / think for you?



lllllllll



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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Abstract

‘We present a proof-of-principle study demonstrating the use of large language
model (LLM) agents to automate a representative high energy physics (HEP)
analysis. Using the Higgs boson diphoton cross-section measurement as a case
study with ATLAS Open Data, we design a hybrid system that combines an
LLM-based supervisor—coder agent with the Snakemake workflow manager. In
this architecture, the workflow manager enforces reproducibility and determin-
ism, while the agent autonomously generates, executes, and iteratively corrects
analysis code in response to user instructions. We define quantitative evaluation
metrics — success rate and error distribution — to assess agent performance across
multi-stage workflows. To characterize variability across architectures, we bench-
mark a representative selection of state-of-the-art LLMs, spanning the Gemini
and GPT-5 series, the Claude family, and leading open-weight models. While
the workflow manager ensures deterministic execution of all analysis steps, the
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We present, to our knowledge, the first language-driven agent system capable of executing end-
to-end collider phenomenology tasks, instantiated within a decoupled, domain-agnostic architecture
for autonomous High-Energy Physics phenomenology. Guided only by natural-language prompts
supplemented with standard physics notation, COLLIDERAGENT carries out workflows from a the-
oretical Lagrangian to final phenomenological outputs without relying on package-specific code. In
this framework, a hierarchical multi-agent reasoning layer is coupled to MAGNUS, a unified execu-
tion backend for phenomenological calculations and simulation toolchains. We validate the system
on representative literature reproductions spanning leptoquark and axion-like-particle scenarios,
higher-dimensional effective operators, parton-level and detector-level analyses, and large-scale pa-
rameter scans leading to exclusion limits. These results point to a route toward more automated,
scalable, and reproducible research in collider physics, cosmology, and physics more broadly.
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final outputs still show stochastic variation. Although we set the temperature to
zero, other sampling parameters (e.g., top-p, top-k) remained at their defaults, and
some reasoning-oriented models internally adjust these settings. Consequently, the
models do not produce fully deterministic results. This study establishes the first
LLM-agent-driven automated data-analysis framework in HEP, enabling system-
atic benchmarking of model capabilities, stability, and limitations in real-world
scientific computing environments. The baseline code used in this work is available
at https://huggingface.co/HWresearch/LLM4HEP/tree/main.

Particle Physics: A Proof-of-Concept Measurement
with LEP Open Data

Agentic Diagrammatica: Towards Autonomous Symbolic
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Abstract

We present Diagrammatica, a symbolic computation extension to the HEP-
TAPOD agentic framework, which enables LLM agents to plan and execute
multi-step theoretical calculations. Symbolic computation poses a distinctive
reliability challenge for LLM agents, as correctness is governed by implicit
mathematical conventions that are not encoded in a form that can be easily
checked in the computational backend. We identify two complementary reme-
dies, tool-constrained computation and targeted knowledge grounding, and
pursue the first as the primary architecture. Concretely, we concentrate the
agent’s action distribution onto tool calls with convention-fixing semantics,
in which the agent specifies a compact, human-auditable diagram specifica-
tion and a trusted backend performs the symbolic or numerical manipulations
exactly. The toolkit provides two complementary calculation paths consum-
ing a shared diagram specification: Naive Dimensional Analysis (NDA) for
order-of-magnitude rate estimates and Exact Diagrammatic Analysis (EDA)
for tree-level symbolic calculations via automatic FeynCalc code generation,
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On the pursuit of physics automation

100% + B

A lot of you have seen this paper...

Al Agents Can Already Autonomously Perform
Experimental High Energy Physics

Eric A. Moreno*12, Samuel Bright-Thonney 2, Andrzej Novak™$'2, Dolores Garcia?,
and Philip Harris’!2

'Department of Physics, Massachusetts Institute of Technology
2NSF Al Institute for Artificial Intelligence and Fundamental Interactions
SCERN

April 2, 2026

Abstract

Large language model-based Al agents are now able to autonomously execute substantial portions
of a high energy physics (HEP) analysis pipeline with minimal expert-curated input. Given access to a
HEP dataset, an execution framework, and a corpus of prior experimental literature, we find that Claude
Code succeeds in automating all stages of a typical analysis: event selection, background estimation,
uncertainty quantification, statistical inference, and paper drafting. We argue that the experimental
HEP community is underestimating the current capabilities of these systems, and that most proposed
agentic workflows are too narrowly scoped or scaffolded to specific analysis structures. We present a
proof-of-concept framework, Just Furnish Contexrt (JFC), that integrates autonomous analysis agents
with literature-based knowledge retrieval and multi-agent review, and show that this is sufficient to plan,
execute, and document a credible high energy physics analysis. We demonstrate this by conducting
analyses on open data from ALEPH, DELPHI, and CMS to perform electroweak, QCD, and Higgs boson
measurements. Rather than replacing physicists, these tools promise to offload the repetitive technical
burden of analysis code development, freeing researchers to focus on physics insight, truly novel method
development, and rigorous validation. Given these developments, we advocate for new strategies for how
the community trains students, organizes analysis efforts, and allocates human expertise.

03.20179v2 [hep-ex] 31 Mar 2026

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


https://arxiv.org/abs/2603.20179

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


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

Also sent to the channel

4 |rrespective of the code, The choice of words in the "Title" are so generalized as if this represents 300 pages dumped by an ||m
the whole of HEP analysis problem.. probably written by the Al itself ? (edited)

the CMS example seems to be ~3k lies of physics code

welcome to the era of SLOP ) _ , o
and phase4/scripts in https:/github.com/jfc-mit/higg

@ \Vhat is this Al slop | just found from you: “with data and MC agreeing within 2%“?!?! ’
@ This paper is un reviewable

| don't want to see it

INDIY{%%—LIVEE:%ISIVEEO[\’J%LY IZS\TTLIF'ES— ALARMIST! The pOt iS Warming up:
people who don’t adapt will
be left behind

US HEP PI’s already feeling
the effects:

Genesis Mission is a national initiative to build the world's
most powerful scientific platform to accelerate discovery
science, strengthen national security, and drive energy
innovation.

Genesis Mission will develop an integrated platform that connects the world's best
supercomputers, experimental facilities, Al systems, and unique datasets across every
major scientific domain to double the productivity and impact of American research and
innovation within a decade.










How a HEP Analysis Goes

Congrats!

Update

Framework
Go back!

I'd like "
to do an
analysis Update \

Framework
2-3 y€ars

Convener
Feedback

/
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AutoSciDACT

How do we automate scientific discovery?

nttps:/arxiv.org/abs/2510.21935

VAY A

Samuel Bright-Thonney et al.

Observe Inquire Research Hypothesize Test Conclude
Take data & understand Ask a question Search for answers Formu|ate a hypothesis Experiment Results
= Simulation or A Observation
m So- reference
_> Discovery
I—E_I SW|rIy galaxies
= look different?
Data , n '. Z >
— } y Swirliness Test Stat.

What reference?

Expert / LLM Input —
What to look at?

Reduce Isolate Learn a Space Anomaly Detection & Test
Simplify with symmetry Select a subset Organize known signals to Compare incoming data with reference

Create a reference model & access significance with a stat. test

Known

Data

- v I . > . A Observation
< C — Unlabeled
ﬁ Data
D
" " ’
High Dim. - —> — > >
(2/N shown) Low Dim. Low Dim. Low Dim. — Test Stat.
Pre-trained model / Data selection Supervised contrastive Resulting Search for Score anomalous Quantify the
foundation model learning ref. model  overdensity regions significance

14


https://arxiv.org/abs/2510.21935

SpheNFit =,

https:/neurips.cc/virtual/2025/loc/san-diego/122904 21 HHMW 2
https:/mlgphysicalsciences.github.io/2025/files/NeurlPS MIL4PS 2025 347.pdf e % %

Andrzej Novak et al.
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Fail i
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} , t

[ Input Events ]—{ Neural Network }
o(w;)

1D Projections

A
1 Backprop 1 —o(w:)
Pass Histogram Total Loss Fail Histogram et ’
hp L= Lf + Lr W o Pass
/ \ / N 3ab-' Analysis of hh(yy, bb) \-’
Fit S+B Fit B Fit S+B Fit B L .
X2P(S + B) > Lp < X%’(B) X%‘(S + B) > Lr < X%“(B) " Discriminator
(Pass Loss) (Fail Loss)

Figure 1: Schematic overview of the Split-N-Fit method. Events are split into pass and fail histograms.
Both S+B and B functions are fit to each histogram, yielding x? values that define individual loss
terms Lp and L, which combine to form the total differentiable loss.

* 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


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

The Automation Landscape

You can do something clever:
AutoSciDACT

2 Learn a Space
Organize known signals to

create a reference model

vr ® ®

/I\ :@ Unsabt:e(i ’

Anomaly Detection & Test

Compare incoming data with reference

Ckcess significance with a stat. test
Obser[aton

N

[

Low Dim. Low Dim. Low Dim. —\/: Test Stat.
Supervised contrastive Resulting Search for Score anomalous Quantify the
learning ref. model  overdensity regions significance

\. J

https:/arxiv.org/abs/2510.21935

Or you can do something slop:

¢ Claude @ ChatGPT

1D Projections

Fail Pass

3ab-' Analysis of hh(yy, bb) \—V

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

» Gemini

Is slop really the answer?
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https://neurips.cc/virtual/2025/loc/san-diego/122964
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*maybe | don’t know what I'm talking about I'm not a neuroscientist

Are We Really That Different?

Attention asks: what should I focus on right now?

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

LILM Humanity
a,=f (xt’ Attn(x,, mt)) a, = f(x,, Attn(x,, m,), g;)

* a, = action at time t
* a, = action at time t

_ _ _ X — s a * x, = current input or situation
* x, = current input or situation +1 ;T q

* m, = memory/state
* m, = memory/state

* Attn(x,, m,) = the part of memory your

* Attn(x,, m,) = the part of memory your attention brings into focus

attention brings into focus

decisi - g, = goals, drives, or mood
* f = decision process

* f = decision process

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*

17



LLMs Can Approximate Us (Maybe)

For humans,
by humans.




First Attempt: Hadronic Z-Line Shape

26 Claude

| want to use claude to create an automated analysis pipeline for high energy
physics data. Analysis in HEP (Im thinking LEP, CMS, ATLAS) is one of the
most complex undertakings of data analysis anywhere in the world and
requires serious reasoning, coding skills, statistical knowledge, and physics
knowledge to complete.

| want to structure the analysis bot like a team of humans. There will be one
agent looking over the project (call him boss bot), gathering updates from all
the subagents, looking at the project hollistically, and deciding where to
devote effort or what to improve. Next, there should be a variety of
subagents relaying information to boss bot, one for reading relevant literature
on the subject forming an idea about the analysis strategy (call them strategy
bot) and forming ideas on how to improve on previous analyses. some for
processing the data from the "Raw" data format into a usable format
(processing bot) that could be a friendly histogram format (for example | use
coffea for my analyses this can be decided later). somebody making physics
informed cuts on the data and or designing state of the art ML models to
filter through the data (filter bot) optimizing the sensitivity of the analysis.
somebody designing a statistical fit for the data assigning nuisances working
closely with the rest of the bots to import theory nuisances or assign

# HEP Multi-Agent Analysis

This is a high energy physics analysis managed by a team of AI agents.

## Project Structure
‘.claude/agents/" — Agent definitions (boss-bot, strategy-bot, etc.)
‘config/® — Shared configuration (SAMPLES.yaml, CUTS.yaml, SYSTEMATICS.yaml)
‘strategy/’ — Strategy Bot's workspace
“processing/’ — Processing Bot's workspace
“selections/" — Filter Bot's workspace
‘statistics/’ — Stat Bot's workspace
“paper/" — Paper Bot's workspace
‘messages/’ — Inter-agent communication
‘proposals/’ — Change proposals (PENDING - APPROVED/REJECTED)
*lib/® - Shared Python utilities (messaging.py)

Key Rules
. Each agent owns specific files — see agent definitions in .claude/agents/
. Major changes require proposals in proposals/PENDING/
3. All communication happens via messages/ directory using lib/messaging.py
. ANALYSIS_OVERVIEW.md is the single source of truth
. Every agent rewrites its STATE.md each cycle (never append)

: boss-bot
ription: >
Analysis convener / orchestrator. Invoke for project coordination,
priority setting, proposal review, and holistic analysis oversight.
Use when multiple agents need coordination or when strategic decisions
are needed about the analysis direction.
opus
Read, Write, Glob, Grep, Bash

name: stat-bot
description: >
Statistical modeling and fitting agent. Invoke when you need to build
HistFactory workspaces, assign systematics, run fits, compute limits
or significance, make pull/impact plots, or diagnose fit issues.
1 opus
s: Read, Write, Glob, Grep, Bash

# ALEPH_HadronicZlineshape — Analysis Overview

s+Experiment:++ ALEPH (LEP)

Does an

ANALYSIS_ROADMAP.md
background_values.json
BTAG_STRATEGY.md
EFFICIENCY_CORRECTION.md
efficiency_per_period.json

efficiency_values.json
ENERGY_BINNING.md
FINAL_ASSESSMENT.md
GAMMA_Z_ASSESSMENT.md
ISR_ALPHA2_FORMULA.md
ISR_ASSESSMENT.md
JES_STRATEGY.md
LEP_ENERGY_ENVIRONMENT.md
LITERATURE_REVIEW.md
LUMINOSITY_NOTES.md
REPORT.md
SIGNAL_DEFINITION.md

analysis? M

Measurement of the Hadronic Z Lineshape
with ALEPH LEP1 Data

ALEPH HEP Analysis Bot Collaboration

March 5, 2026

Abstract

We present a measurement of the hadronic cross-section of the Z boson as a function
of centre-of-mass energy using data collected by the ALEPH detector at LEP during the
1992-1995 running periods. A total of approximately 3.05 million hadronic % decay can-
didates are selected using a charged-track-based selection. The hadronic cross-section is
measured at eight centre-of-mass energy points spanning 89.4-93.0 GeV, split by year and
energy, with per-period efficiency corrections derived from published ALEPH cross-sections.
Background cross-sections from two-photon and 7-pair processes are subtracted, and sys-
tematic uncertainties from luminosity, beam energy calibration, and selection efficiency are
incorporated as nuisance parameters in a Poisson negative-log-likelihood fit. A Breit-Wigner
® O(a?) additive ISR lineshape fit with v-Z interference yields Mz = 91.200 + 0.005 GeV,
I'; = 2.485+0.007 GeV, and 0¥, , = 41.42:0.06 nb, with deviance/ndf = 7.39/5 (p = 0.19).
The total Z width agrees with the published ALEPH value within 1.50, and the hadronic
pole cross-section within 2.50, demonstrating the critical importance of the additive ISR
radiator with hard photon shape corrections f1(x) and ha(z). This analysis validates the
feasibility of extracting precision electroweak measurements from archived LEP data with
modern tools.

o " . . R . . ## Signal Process Contents
nuisances to different selections and uncertainties and making the fit results - Primary signal: ere- -> 2/gamiax > g qbar (nadronic final states) ) )
~ Observable(s): hadronic cross section sigma_had(sqrt(s)) vs sqrt(s); fit to extract M_Z, Gamma_Z, and sigma”@_had [1" Introduction
look nice like goodness of fit, Data/MC, impacts (stat bot). finally a bot that is D T e SIS e e Bt Gt 2 Data and Monte Carlo Samples

2.1 Collision Datal. . . . . .o ovv it
2.2 Luminosity] . ... .. ... ..
2.3 Monte Carlo Simulation| . . . ... .............. ... ... .. ...

looking over the work and preparing slides and a latex paper on the various
updates by the bots as they work (paper bot).

## Target Dataset

### Real Data (3,050,610 total events across 6 files)

- Path: /eos/home-e/emoreno/AnalysisBot/ALEPH_Archive_Data [3 Event Selection
- File format: ROOT TTrees, primary tree 't' (particle-level, one entry per event) 3.1 Good Track Definition/ . . . ... ...................... ... ..
- sqrt(s) stored per-event in ‘Energy’ branch (Float_t, GeV) 3.2 Event-Level Selection . . . . . . .. ...ttt
3.3 Validation Against Pre-computed Flags| . . .. ... ................
| File | Events | Energy (GeV) | 34 Cut-Flow . .. ..o vi i

[ 3.5 Selected Events per Energy Cluster|. . . ... ....................
| LEP1Datal992_recons_aftercut-MERGED. root | 551,474 | 91.28 (single point) |

| LEP1Data1993_recons_aftercut-MERGED. root | 538,601 | 89.4 / 91.2 / 91.3 / 93.0 (scan) | [4 Cross-Section Measurement

| LEP1Datal994P1_recons_aftercut-MERGED. root | 433,947 | ~91.20 | 4.1 Method . . . .. . ..
| LEP1Datal994P2_recons_aftercut-MERGED. root | 447,844 | ~91.19 | 4.2 Efficiency| . ... ...
| LEP1Data1994P3_recons_aftercut-MERGED.root | 483,649 | ~91.20 |

| LEP1Data1995_recons_aftercut-MERGED. root | 595,095 | 89.4 / 91.3 / 91.7 / 93.0 (scan) |

Have Claude set a project structure up...
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Not Half Bad

Statistical Method - Fit Model

8.2 Lineshape Model

L]
D at a / MC PO St S el e Ct l O n The theoretical hadronic cross-section as a function of /s is modelled in three stages:

8.2.1 Born-level Cross-Section
ALEPH: |cos(Otrust)| (N-1: all cuts except |cos(theta_sph)| < cut)

. . .
80000 D e t al l e d B a C l ( r Ou n d E Stl m at l O n The Born-level cross-section for ete™ — Z/y* — hadrons follows the standard LEP parameter-
el ? gactf(c:;:i)) isation [LEP EWWG, Phys. Rept. 427 (2006) 257] with an s-dependent width:
uf®
70000 el % -
.
o] Born/\ _ -0 Stz
<l Ohad (8) = Ohad " 7-—73v5 303 77z + Oine(s) + 0(s) (13)
ol - M T% /M
60000 orer®l"| . (s Z) +s Z/ zZ
e " - 6.2 Tau-Pair Background
——— e e where:
50000 o Tau leptons produced in ete~™ — Z — 777~ decay into hadrons with a combined branching
ratio of approximately 65% (for both taus decaying hadronically) or 35% (one hadronic, one : o Wi : : . — . 2.
" leptonic). In rare cases, the hadronic decay products of both taus, combined with photons + The first term is the Z exchange Breit ngner with running width F(S) - FZ S/ MZ ’
= from 7% — 7 and initial-state radiation, can produce events that satisfy the hadronic selection
$ 40000 vy , can p; . . . 2 . . .
o criteria, particularly the charged multiplicity requirement N > 5. . Uint(s) is the ’Y'Z interference term, proportlonal to (S - MZ )/ (denommator), HIVOIVIHg
The tau-pair contamination is estimated as: the product of electromagnetic and weak vector couplings;
30000
or Er
Jr= o X e ©®) o 0,(s) = (4ma?)/(3s)- Ry is the pure photon-exchange contribution, with R, = N > Q% =
20000 where: 11/3 for five quark flavours.
=TI';/Thaa = 84.08/1744.4 = 0.0482 is the ratio of partial widths d h f . .
10000 : ;'3;/1 Z“zfoss_sefc/ﬁ::“: e Z/ pol); is the ratio of partial widths (and hence o The interference and pure-gamma terms are sub-percent corrections at the Z pole but become
;
relevant at the off-peak scan points where |s — M%| is large.
o, o &, =0.35% £ 0.10% is the of the hadronic selection for tau-pair events, taken The three f £ the li h ﬁ K
0 et from [ALEPH, Eur. Phys. J. C 14 (2000) 1]; e three free parameters of the lineshape fit are:
1.2 e &had = 75.07% is the hadronic selection efficiency (Section 5). e My: the Z boson mass [Ge\]]Y
o Ll This gives: X
g . 0.0035 o T'z: the Z boson total width [GeV];
~ = - ». L - I o .
510 B S TSP - ““,‘, F = 00482 x et = 2.2 107 = 0.022% It}
= i - o o 4 the hadronic pole cross-section [nb], defined as o), = (127/M%) - T'eThaa/T'%.
0.9 At the peak, this corresponds to approximately 2,573,249 x 2.2 x 10~* & 566 tau-pair events
in the selected hadronic sample.
0.8
0.0 0.2 0.4 0.6 0.8 1.0
|cos(Bthrust)|

Selection Efficiency Systematic Uncertainties

7.7 ISR Modelling

Systematic ranking: Mz

ALEPH MC: H ) ) . The lineshape model includes initial-state radiation through a convolution with the O(a?) ra-
: Hadronic selection efficiency vs |cos(theta_thrust)| . - ) ) | A 3 ) . .
Ll e diator function (see Section 8.2). The uncertainty from higher-order ISR corrections (O(a?) L-ratio (XS calibration)
. . . . . . .
T MR T and beyond) is taken from the published ALEPH analysis, which quotes éT'z = 0.2 MeV and |
. 5G'gad = 0.010 nb from ISR modelling. :
08 Method: The published ALEPH values for the ISR modelling uncertainty are adopted LEP beam energy (+-1.7 MeV) !
——————————————————————————————————————————————————————————————— directly, as the same radiator function formalism is used. 1
> Result: Mz = 0.00 MeV, 6Tz = 0.20 MV, 600, , = 0.010 nb. Beam eneray ptp (+-0.8 MeV off) H
g 06 The ISR uncertainty has no effect on Mz because the ISR convolution preserves the sym- 9y ptp ’ ' :
E metry of the lineshape around the pole. It affects I'z and ogad through the ISR correction to :
5 .
g 04 the peak cross-section. Beam energy spread (+-5 MeV) :
30 1
1
: 7.8 Luminosity Ratios (Cross-Section Calibration) !
02 Background subtraction (+-50%) :
’ This is the dominant systematic uncertainty specific to this reanalysis. As described in Sec- 1
-~ Average tion 8.3, the integrated luminosity ratios between energy points are determined using published :
0o % passesAll/ gen hadronic .« . ALEPH hadronic cross-sections as external calibration. The published cross-sections were mea- Luminosity scale (+-0.08%) 1
00 02 0.4 0.6 08 10 sured using independent Bhabha-based luminosity from the SiCAL detector, making this pro- :
70000 1 Gen hadronic cedure non-circular. 1
60000 | mwm Reco passesAll The luminosity ratio uncertainties are: Selection efficiency (+-0.05%) - :
50000 :
£ 40000 Ratio Value Uncertainty ) ) :
2 30000 ISR modelling (ALEPH published) - 1
20000 L(P—2)/L(Peak) 0.15511  =+0.00053 (0.34%) TR
10000 L(Intermediate)/L(Peak) 0.00099  £0.00001 (1.0%) ! ! | ! | P -
R L(P+2)/L(Peak) 0.15345  +0.00042 (0.28%) 0.0 0.5 1.0 1.5 2.0 2.5 3.0 35
0.4 0.6 . N
|cos(theta_thrust)| 6(Mz) [MeV]
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Ax? (profiled)

Fitting Plan

8.4 Chi-Square Fit

The Z resonance parameters are extracted by minimising the chi-square:

2 0 N
X°(Mz,Tz,04,4) :Z ( . (18)

i=1

2

— gmodel(My, Tz, 00,4)
éui

where:

. a?bs is the measured cross-section at energy point ¢;

o omodel jg the theoretical prediction from the full lineshape model (Born + ISR + BES);

e Jo; is the statistical uncertainty on afbs.

The minimisation is performed using the Nelder-Mead simplex algorithm (scipy optimize.minin
with convergence tolerances of 1078 on the parameter values and 10~ on the chi-square.
Statistical uncertainties on the fitted parameters are obtained from the inverse of the Hessian
matrix of the chi-square at the minimum:
Cov(d) =2 [HOA) ™ (19)

where H;; = 9%x? /06;00; is the Hessian, evaluated numerically using finite differences with
step sizes AMy = ATz = 1075 GeV and Aggad =5x 1073 nb.

Profile Scans

Profile likelihood: Mz

10
8 4
6 4
4 B
2 -
| ---- Ox*=1(68%CL) _______\
BX? =4 (95% CL)
0 . . : : : .
91175 91180 91185 91190 91195 91200
Mz [MeV]

8.5

Not Half Bad

Blinding Procedure

Blinding Procedure

This analysis follows a blinding protocol to prevent unconscious bias in the selection optimisation
and systematic evaluation. The blinding procedure is as follows:

1.

Selection development (Waves 1-2): The hadronic selection is based entirely on the
pre-existing passesAll flag in the archived ntuples. No optimisation on data is per-
formed. Cut efficiencies are compared between data and MC, but no lineshape fit to data
is performed.

. Background estimation and validation (Wave 3): Background fractions are estimated

from published cross-sections and MC acceptances. Data-MC comparisons are performed
for kinematic distributions, but no cross-sections are computed from data.

. Systematic evaluation (Wave 4): All systematic uncertainties are evaluated using an

Asimov dataset — a pseudo-dataset constructed from the Standard Model predictions
at each energy point with the PDG values of Mz, I'z, and o, 4. The Asimov event counts
are:

NSO = o x £ x of (V) (20)
Pre-unblinding review (Wave 5): The analysis note is drafted using Asimov results.
The full analysis chain is frozen: selection, backgrounds, efficiencies, systematics, statisti-
cal model.

Unblinding (Wave 6): The lineshape fit is performed on the actual data cross-sections.
This constitutes the unblinding. No changes to the analysis are permitted after unblinding
(see below).

Expected Sensitivity

Parameter This analysis (expected) ALEPH published LEP combined
dMyz (stat) 2.8 2.5 —

dMz (syst) 3.8 1.7 —

dMz (total) 4.8 3.1 2.1

0Tz (stat) 4.3 4.3

0T’z (syst) 5.1 1.3 —

0Tz (total) 6.6 4.5 2.3

509 4 (total) 0.055 0.057 0.037

Ohad [Nb]

Pull

404

351

30

N
o

N
o

—
w

10 A

-2

Fit to Data

ALEPH Hadronic Z Lineshape — Observed Fit (Wave 6 Unblinding)

e —— This fit: M,=91187.5, [,=2495.9 MeV
Vs = 89-93 GeV ~-- PDG: M;=91188.0, [;=2495.5 MeV
Archived LEP1 Data @ ALEPH data (this analysis)

—e—i
—e—i
——i
—e—i

89 % 91 2 23
Vs [GeV]

Fit Results & Comparison

Mz = 91187.52 & 2.90 (stat) = 3.84 (syst) MeV = 91187.52 & 4.81 (total) MeV
Tz = 2495.94 + 4.17 (stat) = 5.05 (syst) MeV = 2495.94 + 6.55 (total) McV

00,4 = 41.507 4 0.029 nb

Mz comparison

This analysis { . {

ALEPH (2000) I

®

LEP combined A I

PDG 2024 I & i

91i88 91i90 91i92

Mz [MeV]

91i84 91i86
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Ax? (profiled)

Fitting Plan

8.4 Chi-Square Fit

The Z resonance parameters are extracted by minimising the chi-square:

X*(Mz,Tz,00,4) = Y 3o
k3

i=1

2
4 (U?bs — gmodel(Af, Ty, aﬂad)) (18)

where:
o afbs is the measured cross-section at energy point ¢;

o gmodel js the theoretical prediction from the full lineshape model (Born + ISR + BES);

« d0; is the statistical uncertainty on o9,
The minimisation is performed using the Nelder-Mead simplex algorithm (scipy optimize.minin
with convergence tolerances of 108 on the parameter values and 10~ on the chi-square.
Statistical uncertainties on the fitted parameters are obtained from the inverse of the Hessian
matrix of the chi-square at the minimum:

Cov(d) =2+ [H(A) ™ @

where H;; = 9x?/ 00;00; is the Hessian, evaluated numerically using finite differences wit

step sizes AMy = ATz = 1075 GeV and Aagad =5x 1073 nb.

Profile Scan

Profile likelihood: Mz

10
8 4
6 4
4 -
2 |
| -—— Ax?=1(68%CL) R A
Ax? =4 (95% CL) \ H /
0 T T T T r T
91175 91180 91185 91190 91195 91200
Mz [MeV]

Not Half Bad

Fit to Data

ALEPH Hadronic Z Lineshape — Observed Fit (Wave 6 Unblinding)

401 (AIEPH Rema e —— This fit: M;=91187.5, [;,=2495.9 MeV
1 1 VS = 89-93 GeV. ~—- PDG: M,;=91188.0, [;=2495.5 MeV
l n l ng ro C e u re 35 Archived LEP1 Data @ ALEPH data (this analysis)
301
8.5 Blinding Procedure
— 251
This analysis follows a blinding protocol to prevent unconscious bias in the selection optimisation E
and systematic evaluation. The blinding procedure is as follows: B 201
S
1. Selection development (Waves 1-2): The hadronic selection is based entirely on the 15
pre-existing passesAll flag in the archived ntuples. No optimisation on data is per-
formed. Cut efficiencies are compared between data and MC, but no lineshape fit to data 10

is performed.

2. Background estimation and validati
from published cross-sections and
for kinemati; tions, but no cros:

Syste ic 1
t J—
t int wi
e!

. Pre-

5 4
ve 3): Bac gmated
‘ 0
C a. P med
ion: 2
a

e 4): All ertainties are evaluated using an
ataset constructed from the Standard Model predigtions
§ ev,

¢ PDG values of Mz, 'z, and 00,4. The A o
%0 o1 %2 93
Vs [GeV]
oV __ . S
= i WL\t had (20)
5): The an\@is note is drafted using Asimov results.
oz\lselection, backgrounds, efficiencies, systematics, statisti-

linding (Wave 6): The lineshape fit is performed on the actual data cross-sections.
This constitutes the unblinding. No changes to the analysis are permitted after unblinding
(see below).

Pull

—e—i
——i
——

inding,
alysis

Fit Results & Comparison

My = 91187.52 + 2.90 (stat) = 3.84 (syst) MeV = 91187.52 + 4.81 (total) MeV
Tz = 2495.94 + 4.17 (stat) = 5.05 (syst) MeV = 2495.94 + 6.55 (total) McV

00,4 = 41.507 4 0.029 nb

Expected Sensitivity

Mz comparison

This analysis { . 2 {
Parameter This analysis (expected) ALEPH published LEP combined
dMy (stat) 2.8 2.5 —
dMyz (syst) 3.8 1.7 — ALEPH (2000) [ ® :
dMz (total) 4.8 3.1 2.1
0Tz (stat) 4.3 4.3 —
0T’z (syst) 5.1 1.3 —
6Tz (total) 6.6 4.5 2.3 LEP combined | : C :
509 4 (total) 0.055 0.057 0.037

PDG 2024 f ° {
91184 91186 91188 91190 91192
Mz [MeV]
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Problems to Solve
Data LLeakage

Measurement of the Z Resonance Parameters at LEP

Context Rot

The ALEPH Collaboration

The properties of the Z resonance are measured from the analysis of 4.5 million Z decays into
fermion pairs collected with the ALEPH detector at LEP. The data are consistent with lepton
universality. The resonance parameters are measured to be Mz = (91.188540.0031) GeV /c?,
I'z = (2.4951 + 0.0043) GeV, 004 = (41.559 & 0.058) nb and, combining the three lepton
flavours, Ry = 20.725 £ 0.039. The corresponding number of light neutrino species is N, =
2.983 £ 0.013 and the strong coupling constant is as(Mz) = 0.114 £ 0.004 £ 0.002qcp +

0.005 logy [K)Tgé{mf] . The lepton pair forward-backward asymmetry is measured to be

Accuracy

A% = 0.0173 £ 0.0016 from which the effective weak mixing angle is derived: sin®6}F" =
0.23089 £ 0.00089 . The measurement of the leptonic width I'yy = 84.02 £ 0.15 MeV leads to
a determination of the effective p parameter p}:f?t = 1.0064 £ 0.0018. The data support the
Standard Model and favour a light Higgs.

—

0 Input length (Number of Tokens) 1,000,000

Bad Phyvsics Intuition?
ALEPH  —  “/5-ss-04cev Worse Performance / LLaziness
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Data LLeakage

Measurement of the Z Resonance Parameters at LEP
The ALEPH Collaboration

The properties of
fermion pairs coll
universality. The resonan
'z = (2.4951 + 0.0043) GeV ahad
ﬂavours, Ry, = 20.725 :I: 0.039. The correspo
2.983 + 0.013 and the strong coupling constant is asl(

4 + 0.002qcp +
0.005 logy [m}{mg] . The lepton pair forward—backward asy o be
A%}g = 0.0173 £ 0.0016 from which the effective weak mixing angle is derived: si
0.23089 £ 0.00089 . The measurement of the leptonlc width I'yp = 84.02 4+ 0.15 MeV leads to

a determination of the effective p parameter pep * = 1.0064 + 0.0018. The data support the
Standard Model and favour a light Higgs.

sonance are measured from the analysis of 4.5 million Z decays into
PH detector at LEP. The data are consistent with lepton
to be Mz = (91.188540.0031) GeV/c?,
nb and comblmng the three lepton
neutrlno species is N, =

W Performan Lazin

ALEPH Reanalysis — Mz vs [z (Observed)

* This analysis (best fit)
@ ALEPH (2000)
@& LEP combined
1 @ PDG 2024

2485 4

91185 91190
Mz [MeV]

91i80 91i95
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https:/arxiv.org/pdf/2603.20179

JEFC: Just Furnish Context

i Autonomous HEP analysis framework

Physics objective Orchestrator agent
"Measure Z lineshape" Delegates, never executes

Sequential phases — each gated by an output + review

Phase 1: Strategy

Executor subagent
Technique selection - systematic plan

Review

Phase 2: Exploration

Executor subagent

Data quality - variable ranking

Self-Review

Phase 3: Selection

Executor subagent
Event selection - corrections

Analysis code
Reproducible

Review

Phase 4 — inference

4a Expected

Executor subagent

Review

4b Partial Unblinding 4c Full Unblinding

Executor subagent Human gate Executor subagent

Review Review

Draft AN Draft AN Draft AN

Workflow is auditable + reproducible

B Phase / executor I Review + output B Human gate Literature retrieval [l Outputs



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

Spec & Prompting

https:/arxiv.org/pdf/2603.20179

https:/eithub.com/jfc-mit/jfc

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

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

Accumul
knowledge

—— conventions

—— extraction.md

lint plots.py

—— postprocess tex.py
—— preamble.tex

—— README . md

—— search.md

—— TEMPLATE .md

main

—— unfolding.md
Role definitions

—— 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

Anal

—— methodology

is Rul k

Ol-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
ll-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

Scaffolding blueprints

L templates

Provi

doc4a claude.md
doc4b claude.md
doc4c_claude.md
phasel claude.md
phase2 claude.md
phase3 claude.md
phased4a claude.md
phased4b claude.md
phased4c claude.md
pixi.toml

root claude.md

Toolki

Task

Required tool

ROOT file I/O
Array operations
Histogramming

Plotting

Statistical modeling

4-vectors

uproot [21] (>5.0)

awkward-array [22], numpy [23]

hist [24], boost-histogram [25]
matplotlib [26] 4+ mplhep [27]

pyhf [28] (binned), zfit [29] (unbinned)
vector [30], particle [31]

Document preparation LaTeX + tectonic
Environment management pixi [32]



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

Spec & Prompting

* “Spec” is created by repeated

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

ly injecting physics analysis expert knowledge

* Models are smart enough to

figure out most things, just need structure.

Mmmw_tg_)&&mmqﬁﬂqusmmggﬂ

‘5#4Ana1y51s”T1t1e “HATT Ana1y51s w1th’CMS 0pen<Data (pt h“
f final state)

F# You are performing a Higgs boson search in the t+t- dec
§ channel using CMS Open Data from 2012 at Vs = 8 TeV. The
# final state is one muon and one hadronically decaying tau

1]1epton (pt_h). Your goal is to produce distributions of key

* 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!

, # Ana1y51s T1t1e Hart Ana1y51s w1th CMS Open Data (ut h f1na1
fstate)

F# You are performing a Higgs boson search in the t+t- decay
.‘channel using CMS Open Data from 2012 at Vs = 8 TeV. The final
g state is one muon and one hadronically decaying tau lepton
€ (ut_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
g 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 '
i;category, be sure to fit all categories simultaneously. In
g addition our dataset is missing the full trigger and tau
gefficiency 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
g 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
g 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
m1551ng energy to the mass distribution. Also, make sure to do a
,tlght 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
42 Z normalization uncertainty is larger than the MC predictions,
‘at a level of 10-15% to reflect missing trigger turn on scale
g factors and a larger tau efficiency scale factor

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

1 Year

https:/arxiv.org/pdf/2603.20179

JEFC: Just Furnish Context
High Level

qurent World

| Scheme
Al-Assisted Workflow

* Reviews "%
* Checklists

» Sub-groups
 Conveners

Context

Review
Process

[* Claude g?jj

Feedback (€

il

Result {1y

Loops, loops, IOOIy

Il Autonomous work
[ |dle (rate-limit waits)

ALEPH Z lineshape |GG
ALEPH Lund plane NG
ALEPH Ry, Rc, Af; [

Human review (active)
I Earlier runs (Opus 4.6)

ALepH EEC N |
ALEPH event shapes + o [N

DELPHI N, / Z lineshape [
DELPHI Lund plane [}

DELPHI EEC I

DELPHI event shapes + as [
DELPHI jet substructure [

cms H- o I

0 5 10

20 25 30 35 40

analysis wall-clock time [h]

3 Hours

tions and extract as(Mz) from NLO
QCD fits

All in 1 week! X5 iterations
~$300 worth of licenses

Better models think longer
Still <24 hours per analysis

Analysis Initial prompt (abridged) Data Time Ref.

H— 717 Measure the Higgs boson signal CMS 6h 30m  A/Github
strength in the u7, final state at
Vs =8 TeV

Z lineshape + as Measure Z lineshape parameters ALEPH 4h 58m B/Github
(Mz, Tz, 00.4), N, from invisible
width, and extract a,(Mz) from Ry

Lund plane Measure the primary Lund jet plane ALEPH 7h 14m C/Github
density in hadronic Z decays

Ry, R., and Aby Measure Ry, R., and Abp using ALEPH 4h 06m D/Github
signed impact parameter b-tagging
and jet charge

Energy-energy corre- Measure the two-point EEC, its ALEPH 3h 19m E/Github

lators asymmetry (AEEC), and mean
charged multiplicity in hadronic Z
decays

N, from T, Measure the number of light neu- DELPHI 5h 15m F/ Github
trino generations from the Z invis-
ible width

Lund jet plane Measure the primary Lund jet plane DELPHI 6h 59m G/Github
density in hadronic Z decays

Energy-energy corre- Measure the two-point energy- DELPHI 5h 23m H/Github

lators energy correlator in hadronic Z
decays

‘Jet substructure Measure groomed and ungroomed DELPHI 7h 42m Github

jet substructure observables in
hadronic Z decays

Event shapes + o Measure six event shape distribu- DELPHI  4h 15m Github


https://arxiv.org/pdf/2603.20179

E.g. H - - Open Data Analysis

https:/arxiv.org/pdf/2603.20179

Topology-Driven Categorization: 1jet, 3 jet, VBF event topologies*
3 different methods: m,., m..;, NN Score

*Similar strategy to ATLAS 7/8TeV!
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E.g. Lund Jet Plane Measurement @ ALEPH

First-ever e’e” Lund jet plane: 1.3M ALEPH Z—qq 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 o_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

3ALEPH Open Data Vs =91.2 GeV ALEPH Open Data V5 =91.2 GeV ALEPH Open Data Vs =91.2 GeV
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~ - . . .
& D z 4 PYTHIA 8 Vincia (string) JR - PYTHIA 8 Vincia (string), kg = 1.099
i< 06 g -8 i — PYTHIA 8 default (string) 5 ! PYTHIA 8 default (string), ky=1.128 ]
c o | —+~ Sherpa AHADIC (cluster) 1} & a0l 4 Sherpa AHADIC (cluster), ky=1.173 i
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How Good isit*?
Not as precise as original analyses. However, able to recover reference analysis

with uncertainty a majority of the time

https:/arxiv.org/pdf/2603.20179

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

performance

as(Mz)

® agent: central value

"D_l agent' OStat @ Osyst
agent: Oyota ONly

HH  ref.: Ogtar @ Ogyst
ref.: Oiotal ONly
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ALEPH Z lineshape

ALEPH Ry, A2y

ALEPH event shapes
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arXiv:hep-ex/0509008
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PDG 2024

arXiv:1401.5041 (pty)
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How Good isit?
How does it compare to a reference

| ] ] L | !

0.0 0.2

0.6 0.8

1 Asimov)

expected o, (u

1.2 -

=
o
1

ot
o

o
(@)]
1

o
I

CMS H - 7T (uTh): expected o, decomposition

1.20 1.05

~0.15
- 0.67

published CMS utp: 0, =0.41

this
analysis + 7 TeV lumi statistics syst. precision

+ full 8 Tev  + full MC  + published statistical
floor

CMS™: 1.0120.59 Same Uncertainty as the ATLAS experiment

ATLAS*:1.1x1.09

*Very approximate scaling
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Human Quality Analysis

Senior Post Doc.
Junior Post Doc

6th Year Grad
Student

3rd Year Grad .
Student

1st Year Grad
Student

Undergrad

Heuristic Progression

Plain  yarness Expert Opus 4.8 Fable 5 Harness
prompt Crafted Re-optimization
Harness

Upgrades 3



Other Experimental End-to-End Harnesses

User

&—» User prompt ——>

Supervisor
prompt

Standing instructions: "break down
user's task for coder agent"

Supervisor record

(summary of long- _

Supervisor agent

Coder
prompt

—>

Coder agent

term plan and

progress made

thus far)

Supervisor agent

|

Generated code

Files produced (if any) | !

—> Error messages (if any)

=

Supervisor
prompt

Data Layer

MysQL

U

Runtime Snapshot Storage

B

Particle Spelling Variant Database

DSL Repository

Il

RAG

Interaction Layer

- MMIX™
Daemon
- Message Sequence
Engine Layer
Task Scheduler
L O

o

Memory System

- @ -
Agent Layer
| "
Planner Calculator
Host Coder Reflector
—
Tester

Switchable LLMs

J

Distributed Deploy Framework (DDF)

Tool Layer

. 9

£

F: : Resources
5 Code Worker i

Monitoring

W

2604.22541

Automating High Energy Physics Data Analysis with LLM-Powered Agents

2512.07785

Supervisor-coder agent +
Snakemake on ATLAS Open
Data.

Prompt legend:
Blue = user provided
Orange = pre-written

Green = generated

First LLM-agent-driven

automated analysis framework
in HEP.

Standing instructions:

o Decide whether coder

agent has finished
addressing user's prompt

o If so, write summary of

lessons learned

o If not, write prompt for next

call to coder agent

Dr.Sai: An agentic Al for real-world physics

analysis at BESIII

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

2601.2101§
Human user
J\
( Worker agents )
Controlling agents MG-Operator
Planner [ Reviewer -
Script-Operator
\ | /
CLI-Operator
Orchestrator < >
A
Plotter
Y
Plan-Updater ] PDF-Reader
Researcher

MadAgents: Agents drive MadGraph
campaigns from a paper PDF

Execution Backend: Magnus

HEP tools | Mathematica Feynrules MadGraph Pythia Delphes MadAnalysis | == ==
. . . CLI
Cognitive Reasoning Engine ‘
equipped | pheno-pipeline feynrules-model | | feynrules-model ufo madgraph madanalysis
skills orchestrator generator validator generator simulator analyzer
collider event pheno
subagent orchestrator model-generator .
simulator analyzer analyzer
A
User Layer
natural language input output ]
[ Lagrangian, collider process, kinematic cuts, ... ] [ kinematic distributions, bounds on parameter space, ... ]

2603.14553

(i) -

Initialization

e

> “Generate

Schema generation/validation

Built-in events!”
—

 ————

v

% gen_schema ( S )

\__User-defined ) Prolmpt User
A (ii)
Y )
Agent )
N
( Context )

— -
b (22—

R —
. J
Tool execution € ———— | —
\\ ))
\«\ J
t
v Inference
Provider ‘

2512.15867

(iii)

-----

O o00O0o

feynrules madgraph pythia data

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

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

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

10W C

10W C

Up Next: HEP Agentic Benchmarks

H—)ZZ*—>4Z

(Collider Physics Analysis Generator

Simulated Data
Higgs Simulation
(VH, ttH, ggH, VBF)
Backgrounds

(ZZ, Z+jets,ttbar,ggZZ)
>
60000 B2

40000

s4: p=1
medium

20000

T T T T 1
80 85 90 95 100

Analysis Artifacts

Code
Figures
Documentation

Claude
OpenAl

Physics Parameters

Higgs Signal Strength(,up)
Lepton scale s(pr,7n)

Resolution oy, 04

>

Oracle

json card

Evaluation

Comparison to
=P reference

analysis likelihood

.o we know we can trust the Agentic results?

o you grade an analysis with no ground truth?

| AnaIyS|s Completeness
‘ ' Binary flags

: Systematic uncertainties
I Goodness-of-fit applied

, Calibration applied
|

P Consistency/

' optimization

1 Saturated goodness-of-fit
|

, Cut ablation (N-1 opt)

CMS ;

|_Combine A AnaIySiS
-/ | |datacard

1 | Analysis Accuracy

: Extracted Parameter
} Pulls

> Aggregated p-value

L X
N > min(|pil, 5)2]
i=1

Sa czexp[f

|
|
|
|
|
|
|
\

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)

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

as S, ..

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.
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p = Higgs
signal
strength

0
80
60000 -
-= 40000 -

Z-uu (before calib.)

60000

1
1

40000 +

sO: u
nomina

20000 -+

1
100

*Opus 4.8

HEPEXBENCH Results®

-=-SM (u=1)
qqZZ (floated)

Z-upu (calibrated by model)

60000 -

40000 A

20000 -

0

10 A

0

my, Higgs fit

-—-SM (u=1)
qqZZ (floated)

Qs
¢ data

bt

iiS

¢ data

Higgs present, no distortion (so)

i = 0.55, pull -1.16. Cause: free-floated qqZZ normalisation
absorbs signal under the peak. GoF healthy.

No Higgs, no distortion (st: the null test)
{i = 0.02, unbiased. Null control passes: the p deficit is not a
calibration artifact.

Higgs present, 1.8 GeV lepton scale shift (s4)

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

Higgs present, 3.5 GeV lepton scale shift (s3)

{i = 1.1, right answer by accident: large calibration correction

+HIH+H-H Wi +{ cancels the background bias. Saturated GoF p = o flags the

residual mismodelling the pull alone would hide.

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

85 90 95 80 85 90 95 110 120 130 140 150 160
i 60000 - 1 6 4 71=0.02, faz =[1.04
o3
l.:IL g 40000 -
/ ® & 20000 A 20000 -
0 T T T 1 O T T T 1 O T T T T T 1
80 85 90 95 100 80 85 90 95 100 110 120 130 140 150 160
\ 60000 - : 60000 - g | #=053,fz4=1.14
e | 1
g.g 40000 - < I 40000 - 67 . *-
£ . * T
él‘; Q ° :. 4 A I :
® & 90000 4 . Ly 20000 . Hj’; \r ~-_..H.~_.. -H..{+
Wy i [ |
0 = T T : 0 T T T 1 0 T + +|++ +| +
80 85 90 95 100 80 85 90 95 100 110 120 130 140 150 160
60000 - ! 60000 - Lo.0 4 B=11Y fz=1.14
Il & 40000 - . i 40000 - 7:57
5 o ! 5.0 - +. »
200004 | 20000 - i + ]
..o I 2.5 41l 1 ¥ N
- T T O T 0.0 ++I + T
80 85 90 95 100 80 85 90 95 100 110 120 130 140 150 160
myy, [GeV] muyu [GeV] my, [GeV]
Distortion = hidden lepton momentum-scale shift and resolution smear injected into the pseudo-data, "low/medium/high" = 0.5%, 2%, 5% scale shift
Procedural Scores
. unc. GoF calib. procedural accuracy
configuration inclusion % cuts GoF (p-value) test  test score score
p=1 nominal 75+ 11 1.00+0.00 1.00(0.744+0.02) X v 0.924+0.04 0.6940.13
©=0 nominal 72+ 15 1.00£0.00 1.00(0.46 £0.02) X v 0.91£0.05 0.98+0.02
©=0 medium 62+ 10 1.00£0.00 1.00(0.06 £0.01) X v 0.88+£0.03 0.90+0.10
p=1low 70£10 1.00+0.00 0.50(0.98+0.01) X v 0.734+0.03 0.60+0.21
p=1 medium 68+ 11 1.00£0.00 1.00(0.24 £0.02) X v 0.89+£0.04 0.61+0.17
p=1 high 79+ 13 0.67 £0.00 0.00 (< 0.002) X v 0.494+0.04 0.62+0.44
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Another Agentic Benchmark: Collider-Bench

Tool

\
(/\; docs.

. -

— ' R
PDF| | paper

iz

‘5:‘ Task —>
v—| Specs.

COLLIDER-BENCH

2605.13950

( )
SANDBOX
r ol wms— </> event
5 — yields — ey
5 2 analysis code IO -~ AGENT §
. g k y > d(g,j*), Svmrm
o s YT A |~ - g
AGENT | —> g F et Ga)
) v
l I Simulated
events
% A
__| CLI tools J
i S |
M 4 B -
MGs  Pythia Delphes LLM-judge

Results

2.00 m
sus-16-051 sim-T2bW SRG sus-16-047 sim-T6gg highHT
1.75 sus-16-051 sim-T2tt SRG sus-16-047 sim-T6gg LowHT
150 sus-16-051 sim-T2tt comp sus-16-046 sim-T5Wg
Y ’ sus-16-047 sim-T5Wg highHT sus-16-046 sim-TChiWg
~—~1.25 sus-16-047 sim-T5Wg TlowHT sus-16-034 sim-TChiWZ
%
=1.00
‘S
N—r
3 0.75
~
0.50
025 a .l R HEE S e B OB

Human-in-loop
(opus 4.7)

GPT-5.5 Opus 4.7

Sonnet 4.6 GPT-5.4-mini DeepSeek-V4 Haiku 4.5

Analysis target  Signal s obs. O LHC search Reference Diff.
leptons + jets  TChiWZ E;‘?iss CMS-SUS-16-034  Sirunyan et al. [2018b] %
photons T5Wg S% CMS-SUS-16-046  Sirunyan et al. [2018a] %
photons TChiWg St CMS-SUS-16-046  Sirunyan et al. [2018a] %
photons T5Wg, high- H ppss  CMS-SUS-16-047 Sirunyan et al. [2017b] %%
photons T5Wg, low-H 1 PSS CMS-SUS-16-047  Sirunyan et al. [2017b] Yk
photons Tégg, high-Hr PSS CMS-SUS-16-047  Sirunyan et al. [2017b] k%
photons Tégg, low-Hr pBiss  CMS-SUS-16-047  Sirunyan et al. [2017b] %
single lepton T2tt ERiss  CMS-SUS-16-051 Sirunyan et al. [2017a] %
single lepton T2tt, compressed EXSS  CMS-SUS-16-051 Sirunyan et al. [2017a] Yk %
single lepton T2bW EX'sS  CMS-SUS-16-051 Sirunyan et al. [2017a] %k

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 L? against published yields;

pass = beating the worst physicist-in-the-

loop result (t = 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.
38


https://arxiv.org/abs/2605.13950

Conclusions

* Agentic Al 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.



¢ Claude Prospects with Mythos/Fable

* 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

g

* Brain drain in the field?
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Future Plans!
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* 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



