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Representative Approaches to Automated HEP Analysis

Work Core mechanism Demonstrated HEP task Boundary and lesson

Dr.Sai
arXiv:2604.22541

Dedicated runtime: Host delegates
to Planner, Coder, Tester, and
Reflector; built-in scheduling and
memory

Ten J/ψ branching-fraction re-
measurements in BESIII

Runtime owns orchestration,
DSL/RAG, tools, data, and
facility access

JFC
Just Furnish Context
arXiv:2603.20179

Orchestrator moves artifacts through
executor, review, and arbiter roles;
SciTreeRAG supplies papers

End-to-end studies with ALEPH,
DELPHI, and CMS open data

Sequential phases; review at
every handoff; human
unblinding gate

Snakemake method
Agent + Snakemake
arXiv:2512.07785

Supervisor–coder loop inside a fixed
five-stage Snakemake DAG

ATLAS Open Data H → γγ;
success, errors, API calls, and
cost

DAG fixes dependencies and
order; the agent writes and
repairs each stage

All three show that agents can execute long technical chains; they differ mainly in where domain
knowledge, execution structure, and collaboration live.

Architectures, tasks, and validation boundaries summarized from the cited papers; arXiv links are in the first column.
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LEP Case Study: Joint Rb/Rc/Rs Measurement2
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FIG. 1. Five-flavor ParticleNet event-score migration in the event-disjoint held-out 1994 simulation for (a) the barrel and (b) the
endcap. Rows give the true Z → qq̄ event class, columns the event-score argmax, and entries are row-normalized percentages.

the nominal nuisance state, prkq = P (k | q, r); away from
it, prkq is the corresponding response coefficient. The
vectors θs are the response-source nuisance parameters,
κ the charged-kaon response nuisance, and fq the nor-
malized selected flavor fraction, with fq ∝ ϵqRq. Here
ϵq is the common-selection efficiency for flavor q, and
its finite-simulation uncertainty is represented by three
relative-flavor response modes among the θs. For each
response source s, Cs = LsL

T
s and the eight response

shifts are
∑

s Lsθs. The likelihood contains the eight
Poisson terms and all nuisance constraints used for the
quoted covariance.

The response is constrained independently of the 1994
measurement. The 1995 low-, peak-, and high-energy
data categories are interpolated to the nominal Z-pole
energy. In each detector region, the simulated thresh-
olds are adjusted to reproduce the 1994 exclusive b, c,
and s efficiencies. The matched data/simulation differ-
ence defines a zero-centered covariance over all eight re-
sponse columns. Control-sample statistics, finite 1994
simulation statistics in both the category response and
common-selection efficiencies, hadronization, a separate
1994 detector/RICH variation, the LEP beam-energy cal-
ibration [16], and a charged-kaon response constraint are
propagated in the likelihood. Purity-preserving threshold
variations test the stability of the fixed category defini-
tion.

Figure 2 shows the eight observed counts and fitted
expectations. The fit gives the pole ratios

R0
b = 0.21613± 0.00045stat ± 0.00122syst,

R0
c = 0.17051± 0.00091stat ± 0.00357syst,

R0
s = 0.19705± 0.00271stat ± 0.01718syst. (4)

The production-to-pole conversion applies the standard
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FIG. 2. Observed 1994 event counts and fitted expectations
in the four exclusive categories in the barrel and endcap. The
lower panel shows the data-to-fit ratios with statistical uncer-
tainties from the observed counts.

shifts ∆Rb = +0.0002 and ∆Rc = −0.0002 and leaves the
covariance and R0

ud unchanged [1]. The derived result is

R0
ud = 0.41631± 0.00287stat ± 0.01664syst. (5)

The correlations of the quoted total covariance are ρbc =
−0.345, ρbs = 0.070, and ρcs = −0.255. Figure 3 com-
pares the three measurements with the corresponding
single-experiment and combined LEP benchmarks.

A run-disjoint likelihood-ratio test of the 1994 and
1995 samples gives q = 1.45 and p = 0.708, consistent
with a common (R0

b , R
0
c , R

0
s) point. This control check

does not alter the nominal all-1994 result or combine the
years.

Tests with injected signals and independent pseudoex-
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FIG. 1. Five-flavor ParticleNet event-score migration in the event-disjoint held-out 1994 simulation for (a) the barrel and (b) the
endcap. Rows give the true Z → qq̄ event class, columns the event-score argmax, and entries are row-normalized percentages.

the nominal nuisance state, prkq = P (k | q, r); away from
it, prkq is the corresponding response coefficient. The
vectors θs are the response-source nuisance parameters,
κ the charged-kaon response nuisance, and fq the nor-
malized selected flavor fraction, with fq ∝ ϵqRq. Here
ϵq is the common-selection efficiency for flavor q, and
its finite-simulation uncertainty is represented by three
relative-flavor response modes among the θs. For each
response source s, Cs = LsL

T
s and the eight response

shifts are
∑

s Lsθs. The likelihood contains the eight
Poisson terms and all nuisance constraints used for the
quoted covariance.

The response is constrained independently of the 1994
measurement. The 1995 low-, peak-, and high-energy
data categories are interpolated to the nominal Z-pole
energy. In each detector region, the simulated thresh-
olds are adjusted to reproduce the 1994 exclusive b, c,
and s efficiencies. The matched data/simulation differ-
ence defines a zero-centered covariance over all eight re-
sponse columns. Control-sample statistics, finite 1994
simulation statistics in both the category response and
common-selection efficiencies, hadronization, a separate
1994 detector/RICH variation, the LEP beam-energy cal-
ibration [16], and a charged-kaon response constraint are
propagated in the likelihood. Purity-preserving threshold
variations test the stability of the fixed category defini-
tion.

Figure 2 shows the eight observed counts and fitted
expectations. The fit gives the pole ratios

R0
b = 0.21613± 0.00045stat ± 0.00122syst,

R0
c = 0.17051± 0.00091stat ± 0.00357syst,

R0
s = 0.19705± 0.00271stat ± 0.01718syst. (4)
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shifts ∆Rb = +0.0002 and ∆Rc = −0.0002 and leaves the
covariance and R0

ud unchanged [1]. The derived result is

R0
ud = 0.41631± 0.00287stat ± 0.01664syst. (5)

The correlations of the quoted total covariance are ρbc =
−0.345, ρbs = 0.070, and ρcs = −0.255. Figure 3 com-
pares the three measurements with the corresponding
single-experiment and combined LEP benchmarks.

A run-disjoint likelihood-ratio test of the 1994 and
1995 samples gives q = 1.45 and p = 0.708, consistent
with a common (R0

b , R
0
c , R
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s) point. This control check

does not alter the nominal all-1994 result or combine the
years.

Tests with injected signals and independent pseudoex-
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FIG. 3. One-dimensional comparisons for (a) R0
b , (b) R0

c , and (c) R0
s. Thick inner bars show the statistical uncertainty of

the nominal 1994 measurement and thin outer bars show total one-standard-deviation uncertainties; dashed lines mark the
Standard Model values. The DELPHI-only R0

b and R0
c results are historical DELPHI comparisons, obtained with different

tagging methods and partly overlapping the 1994 data used here [2, 3]. The LEP+SLD combinations are the most precise
combined heavy-flavor benchmarks [1]; they include DELPHI and are not statistically independent of the DELPHI-only entries.
The OPAL R0

s result assumes Rd = Rs, unlike the nominal measurement [4].

periments validate the fit response and reported intervals.
The total R0

c uncertainty, 0.00368, is smaller than that
of the most precise standalone DELPHI determination,
obtained from D-meson production and charm count-
ing [3], although above the combined LEP+SLD preci-
sion [1]. For R0

b , R0
c , and R0

s, the systematic components
exceed the counting uncertainties. Figure 4 shows the
statistical–systematic variance split and the relative im-
pacts of grouped uncertainty sources.

The result directly determines R0
b , R0

c , and R0
s with-

out imposing down–strange flavor symmetry. At high-
statistics Z programs planned for CEPC and FCC-
ee [12, 17], larger flavor-control samples and detector-era
calibration could reduce the response-calibration contri-
bution.

This work is an external analysis of DELPHI open
data and does not represent or imply endorsement by
the DELPHI Collaboration. We thank the DELPHI data
preservation effort and CERN Open Data Portal for pre-
serving the data and software environment.

Data and code availability. The analysis code,
machine-readable result, report sources, response and val-
idation records, external-input bundle identities, and re-
production commands are provided in the accompanying
GitLab repository. The DELPHI data are governed by
the DELPHI open-data policy [13]; full event files and
frozen model artifacts remain external and are identified
by hashes and site locators.

∗ These authors contributed equally to this work.
[1] ALEPH, DELPHI, L3, OPAL, and SLD Collaborations,

the LEP Electroweak Working Group, and the SLD
Electroweak and Heavy Flavour Groups, “Precision elec-
troweak measurements on the Z resonance,” Phys. Rep.
427, 257 (2006).

[2] DELPHI Collaboration, “A precise measurement of the
partial decay width ratio R0

b = Γbb̄/Γhad,” Eur. Phys. J.
C 10, 415 (1999).

[3] DELPHI Collaboration, “Measurements of the Z partial
decay width into cc̄ and multiplicity of charm quarks per
b decay,” Eur. Phys. J. C 12, 225 (2000).
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One Root README: The Human-Facing Narrative

NARRATIVE
question ·result ·
scope

REPRODUCE
inputs ·command
·checks

RESULT
SOURCE
canonical result
artifacts
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Core Code in Git: The Reproducible Measurement

MODEL
likelihood ·systematics ·response

RUN
fit ·validate ·cross-check

BOUNDARY
code ·config ·tests in Git
data ·caches external
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Review Documents: One Result, Different Depths

Review talk
evidence ·open decisions

Analysis note
full method ·appendices

Paper + supplement
publication argument ·detail

Review record
findings ·decisions ·re-checks

Skill-oriented HEP analysis workflow 16 / 24



Paper Draft: Evidence, Review, Cross-check, Revise

1
DRAFT
canonical result → journal story

2
REVIEW
physics ·statistics ·code ·sources

3
CROSS-CHECK
test every claim-changing finding

4
REVISE
paper + supplement → re-review
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Skill Activation Across Three Runtime/Model Setups

ROUTING CORPUS 78 CASES

78 reviewed scenarios cover 24 Skills and all 24 routes.

Expected sets contain 107 required Skill instances;

multi-Skill cases add more than one.

ACTIVATION SUBSET 6 TASKS / 9 READS
1 Generic likelihood validation
2 Mixed AI/HEP evidence + artifact chain
1 Local/remote compute choice
2 CEPC workflow + event-processing chain
2 Uncertainty closure + likelihood validation
1 CEPC-software vocabulary only

SAME SKILLS, THREE SETUPS

Codex Codex Claude Code
GPT-5.6 Sol

medium
GLM-5.3

high
GLM-5.3

high

Required-Skill recall 107/107 107/107 104/107
Fully correct cases 67/78 71/78 65/78
Forbidden selections 0/83 0/83 2/83

Required Skills opened 9/9 9/9 9/9
Tasks with all reads 6/6 6/6 6/6
Median to all reads 24.0 s 17.3 s 17.2 s
Range 15.9–33.4 s 14.7–25.9 s 9.1–105.4 s
Required order 1/2 2/2 1/2
Full-task repeat 9/9 9/9 8/9

Routing recall and full-case correctness use different denominators. A Skill read is not rule compliance or task quality.
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Summary

1 A Skill-based HEP workflow
Agents do the work; Humans retain bounded scientific responsibility.

2
A lighthouse analysis
Many real pitfalls became reusable lessons.

3
A layered evaluation system
We are testing Skill activation and full-analysis performance.

4
Still under development
We expect Skill-based analysis to become increasingly common.
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Release, Repositories, and Installation

HEP-Skill

PRODUCT

https://code.ihep.ac.cn/shuohan/hep-skill

HEP-Skill Evaluation

EVIDENCE

https://code.ihep.ac.cn/shuohan/hep-skill-evaluation

LEP Open Data

CASE STUDY

https://code.ihep.ac.cn/shuohan/LEP_legacy_Zqq

Install: check → dry run → backed-up apply

git clone https://code.ihep.ac.cn/shuohan/hep-skill.git
cd hep-skill
python3 scripts/manage_skill_system.py check
python3 scripts/manage_skill_system.py install (dry run)
python3 scripts/manage_skill_system.py install

--backup-dir ../hep-skill-install-backup-0.10.0-rc.16 --apply

Current candidate
0.10.0-rc.16 ·source 6d7115b
24 Skills ·Python 3
101/101 instruction contracts ·24/24 routes
10/10 script smokes ·no source/runtime drift
Codex + Claude Code; Codex recommended.

shuohan@ihep.ac.cn
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