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Outline

1. What are tools, agents, harnesses etc.
2. Status of the field (the “zoo0”)

3. Toward portable/cumulative/reproducible agent
science 1n HEP (the HEPTABench stack)

e HEPTAPOD, toolbase, toolbench, hepbench
4. Toward autonomous pheno .. ?
5. Conclusions
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The “Cambrian agent explosion?”

Since ~November/December of last year (2025) there has been a
“Cambrian explosion” of papers demonstrating the use of agents in HEP.

| [Submitted on 20 Apr 2026 (v1), last revised 1 Jul 2026 (this version, v2)]

[Submitted on 23 Mar 2026] ‘ [Submitted on 2 Oct 2025]
The FERMIACC: Agents for Pz tiicle Theary 11 ArgoLOOM: agentic Al for fun A Scientific Human-Agent Reproduction Pipeline
Prateek Agrawal, Nathaniel Craig, Amalia Ma Agent|c Al —-- Phys|c|st Collaboration from quarks to cosmos Joschka Birk, Gregor Kasieczka, Siddharth Milssubmitted on 30 jun 2026
Ty TTEIST — ticle Physics: A Proofls. p. Bakshi, P. Barry, C. Bissolotti, I. Cloet, 5. | Nachman, Dennis Noll, Tanvi Wamorkar 'I:EaS}I_IS_czn_EHEP 2: ﬁrglen_t—Ready Parameter Scans
LeWRON: Agentic Analysis of Electroweak Phase}|&uomied on 16 Apr 2026] |'<i”5’ S.Joosten, B. Kriesten, N. | or Tigh—=nergy ~ysics
Development of an LLM-Based Sy m for [Submitted on 19 Feb 2025]

[Submitted on 23 Apr 2026 (v1), last revised 18 Jun 2026 (this ve

e - tic Code Generation from Th tical Phvsics B h K (TPB h)
F Agentic-Al Detector Co-desigr coretical Faysics benchimar enc a

| aJ [Submitted on 17 Dec 2025 (v1), last revised 18 Jul 2026 (this version, v2)]

— |HEPTAPOD: Orchestrating High Energy Physics Optimization ja-ax
—— h Submitted on 24 Apr 2026
WOI‘kﬂOWS Towards AUtOI‘IOmOUS Agency [Submitted on 9]un 2026 (vl) last rewsed27jul 2026 (this version, v2)] e : i . g I . .
= Dr.Sai: An agentic Al for real-world physics

I [Submitted on 27 Mar 2026] Dark Ag ents i ]
Agentic Diagrammatica: Toward analysis at BESIII

Symbolic Computation in High E

[Submitted on 13 May 2026]

Collider-Bench: Benchmarkmg AI Agents with

Particle Phy [Submitted on 24 Jul 2026]
SMEFT-Pheno-Agent: a natural-language-driven|]
Al agent for machine-learning-assisted

ions Dataset and Study of Al Reasoning Capabilities

Li, Moritz Miinchmeyer,
alli

Tony Menzo, Al
George T. Flem

Michele Luce nte, [Submitted on 3 Jun 2026]

unkun Jiao, Mingrun Li, Ke Li, Yipu Liao, Beijiang
ArChI Agentlc Operatlons a't the CMS Experlment J[Submltted on 22 Dec 2025 (v1), last revised 13 Aug 2026 (this version, v2)]

Pietro Lugato, Luca Lavezzo, Jason Mohoney, Hasan Ozturk, Muhammad , PhysMaSter: BUI|d|ng an Autonomous Al
[Submitted on 7 Jul 2026] IPhysicist for Theoretical and Computational

Articulating Assumptions in Al-Generated Physics Research
Scientific Analyses through Task Decomposition

ei Gleyzer,

[Submitted on 11 Jun 2026 (v1), last revised 23 Jun 2026 (this version, v3)]

Darius A. Farough
AgentRivet: an automated system for producing

Tingjia Mi

Sharma, David Shi . o
. : : 1 Ahmed Hammad, Mihoko Nojiri Yuwen Du] " " ) . . g
— Standard Model Effective Field Tirmsor 7ez020 ! T ST DeT 0T Rivet routines from journal publications
Submi 31Jan 2026 . .
[(;;::CE' y A] tic Al for Particle Physi Scatte_rlng Amplitudes as Programs: Self- ] Automating High Energy Phy antonio J. Costa, Caterina Doglioni, Christian Giitschow, Andrew D.
an Agentic or Farticie Fhysics Evolving Search for Theory and Event Generation||with LLM- , Pilkington, Sukanya Sinha
Experiment Design and Simulation — [Submitted on 16 Jul 2026]
p g Q[Submltted on 15 Mar 2026] ) ) . . . o . ﬁ
[Submitted on 17 May a2l Eli Gendreau-Dis§ LQCDMaster: Ag r
Justin H'”lRooAgent [submitted on 30 Oct 2023 (v1), last revised 14 Jun 2025 this version, v3] | An End-to-end Architecture for C0|||de1Haichen Wang, | Jttice Quant [Submitted on 24 Jul 2026]
Energy PhyCOLLM: Integrating Collaborative Emjand Beyond | Hantu Agentic Re-Casting using Agentic Re-
_ into Large Language Models for <hi Olu. 7 Cai. liashen W [Submitted on 28 Jan 2026 (v1), last revised 5 Aug 2026 (this versio] Haofei Gao, Tingjia Miao, Simulations
Aman Desal_Ipacommendation N Q"_J’ yu a|,J|as. en e MadAgents Ran, Jinxin Tan, Zhentao |
Liu, Ming-xing Luo, Xing-Bo Qi-An Zhang, Siheng ChelSascha Diefenbacher, Tilman Plehn, Daniel Schiller, Nikita Schmal
Yang Zhang, Fuli Feng, Jizhi Zhang, Keqin Bao, Qifan Wartg;rerrgrrarrrrey Tilman Plehn, Daniel Schiller, Nikita Schmal ' i n ng, >theng -nd )
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1 A Cambrian explosion of AI agents in high-energy physics

. 56 of 59 agentic papers
“C| B agentic HEP | |

LLMs in HEP, non-agentic

1125

[Submitted on 17 Ju ater Scans

LeWRON:

Transitio
IsaJ [Submitted o

—HEPT
Work

Tony Me yer,
George T| 0
[Submitted on 1.
Collider 7 . al
Particle 3
Darius A. Fa .
Sharma, Dayf 1 oducing
I I I I

[Submitted on 31 J3 7]
e ~ N

2 agentic papers in 2024 — 81in 2025 — 49 so far in 2026

papers per month

ew D.

Experime
ustin il 2 Jan 2024 Jul 2024 Jan 2025 Jul 2025 Jan 2026 Jul 2026
R
E hep-ph / hep-ex / hep-lat / hep-th, binned by arXiv announcement month, through 28 Aug 2026. Hand-curated from a e-
Am full-text query on LLM / agent / autonomy terms; excludes reinforcement-learning “agents” and foundation models.
ita Schmal
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Why

Modern frontier large-language-models (LLMs) are
e pretty reliable compressions of human knowledge (proto-AGI)
e generic computational interfaces, becoming very powerful

assistants
e evolving rapidly

Useful for science? HEP-(ph,th,ex)?

e Extending/amplifying thinking
e Facilitation & automation (off-load tasks)
e Assistance (enhance accessibility)

Tony Menzo (Fermilab + U. Alabama) 5 Portable agentic phenomenology



Goal (for me)

1l e

k| 3

rengy

ARK S

Tony Menzo (Fermilab + U. Alabama) 6 Portable agentic phenomenology



Goal (for me)

Research assistant! Automate stable “scientific operations”.

How much can be automated, and with what
degree of reliability?

What is the class of problems that will
eventually be automatable?

Automate these tasks!

Tony Menzo (Fermilab + U. Alabama) 7 Portable agentic phenomenology



The Setup Muon-p?ilic scalar

Forward LLP reach estimate — <D 5 £¢2 +ygb/2/4

Shielding Forward detector

Collider

Tony Menzo (Fermilab + U. Alabama) 8 Portable agentic phenomenology



The setup

Forward LLP reach estimate

Muon-philic scalar

1 2 42 —
—5/”35 P+ 8Py

2. Simulation (event generation, parent flux)

Tony Menzo (Fermilab + U. Alabama) 9 Portable agentic phenomenology



The setup

Forward LLP reach estimate »  —=—=

Muon-philic scalar

9. Repeat over
(my, g)-plane

4. Propagate through detector, count events

Tony Menzo (Fermilab + U. Alabama) 10 Portable agentic phenomenology



The s

Forward LLF

g, S = {‘\/E, Ginel,N 0

int> *max?° N target} ?
G = {Zprod’ <min> <max> K, Ldet> Rdev Xoff }

Forward detector

Self-consistent contours: total width + BRy;s

Muon-ph

| 1o é
—Z' D 1071 - A{sig <3
2 - :
3. Scala = § over
o ' -plane
4 . Propa ' | —=— wu search (total width, BRy,)

0.05 0.10 0.15 0.20 0.25
m¢ [GeV]
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— User .

Estimate the projected signal yield Ns(lg)(m¢, g) over the (mgy,g) plane for a real scalar ¢ coupled | — PJFdo..........

only to muons, in the forward-detector setup defined below. Treat the dimuon and diphoton searches

The set

Forward LLP rea

separately. Use these yields to determine the projected exclusion region for each search, defined by

Ns(lg)( me,g) > 3 with zero background. The model is

LD —imie° — gpip.

Forward detector

e e :
Muon - ph 1 1 1C Production: The scalar is radiated from final-state muons in forward hadron decays, through two
topologies,
P—pve, V= utp e

- g :) - ¢ Which hadrons contribute, and at what rate, is part of the calculation.
2 ¢ Beam and flux normalization: pp collisions at /s = 13.6 TeV. Generate the forward parent
flux with Pythia 8, Monash tune, including soft-QCD light-hadron production and charmonium, and
harvest the parent hadrons at production rather than letting the generator decay them. Keep parents
within # < 0.05 rad of the beam axis. Take oj,e] = 80.0 mb and weight each harvested parent per

inelastic collision. The total number of primary interactions is Nj,; = 2.7 x 108. r
3 S C a 1 a r f 1 Apparatus: All distances are measured from the interaction point along the beam axis, and everything Ove
® 1S on-axis.
e Parents fly and decay in the open region 0 < z < 50 m. Shielding begins at z = 50 m and - pl a ne

absorbs all Standard-Model particles, so a ¢ counts only if its parent decayed at z < 50 m. The
¢ itself passes through the shielding freely.

e The fiducial decay volume is a cylinder spanning 112 < z < 163 m with radius 0.92 m. The ¢
must decay inside it.

e The detector is a plane at z = 165 m with radius 0.92 m. The visible decay products must reach

4. Propagate g 5 .

Tony Menzo (Fermilab + U. Alabama) 12 Portable agentic phenomenology



T h e S - ...

@ » sandbox — * Claude Code — claude — 67x18

Claude Code v2.1.260
Fable 5.1 Wlth hlgh effOI‘t Forward detector

Mu il 1l ~/code/sandbox

Forward LL

° Fable 5.1 writes better code and reports progress on long tasks.
TaSk"fZ’ | Switch anytime with /model. Ak x()ff}

E z prod = 50 m
" zmin =112 m
max = 163 m

Task sca

- rvol =0.92m
. z det =165 m
. rdet =0.92m
. xoff =0.0m
N int = 2.7e+18

) Estimate the projected signal yield N_sig(m_\phi, g) over the :
(m_\phi, g)-plane for a real scalar \phi coupled only to muons, E
in the forward-detector setup defined below. 5

N

Rubric:

»» auto mode on (shift+tab to cycle) /xrc

reach_plot text and filled regions. L/

Tony Menzo (Fermilab + U. Alabama) 13 Portable agentic phenomenology



The setup

Forward LLP reach estimate

Tony Menzo (Fermilab + U. Alabama)

Core arm

Selected source excerpts (1,020 lines total)

# physics.py: widths and lifetime
M_MU = 0.1056583745

ALPHA = 1.0 / 137.035999084

HBARC = 1.973269804e-16

# harvest.py: direct Pythia execution

import pythia8

THETA_MAX = 0.05

# Two runs: SoftQCD:inelastic and Charmonium:all

# dirac.py: explicit spinors and gamma matrices
I2 = np.eye(2, dtype=complex)

sx = np.array([[0, 1], [1, 0]], dtype=complex)

sy = np.array([[0, -1j], [1j, 0]], dtype=complex)
sz = np.array([[1, 0], [0, -1]], dtype=complex)

B3

production.py: three-body rates and spectra
BR3(m_phi,g) = BR2 * g**2 * (Gamma3/Gamma2)
Evaluate P->mu nu phi and V->mu mu phi.

H#

yield_mc.py: propagation and acceptance

N_sig(g) = g**4 * sum_s A_s * exp(-B_s*xg**2)

Parent decay, ray-cylinder intersection, daughter

acceptance, and coupling reweighting are implemented
here.

HHHH

# run_scan.py: assemble the complete scan
RNG = np.random.default_rng(70707)

N_Z = 12

GVALS = np.geomspace(le-9, le-1, 121)

G2 = GVALS**2

SPECIES_RUN = {
I!KII:"AH, IID":IIA"’ "DS":"A",
"rhO" : "All , llomegatl : llAll , llphill : llAll ,
"JpSi":"B", Ilpsi2S||:llBll’

Portable agentic

phenomenology



The setup

Forward LLP reach estimate

Tony Menzo (Fermilab + U. Alabama)

peak Ngo

agent / reference

—l— reference

=@ QOpus 4.8

Codex GPT-5.6
—— HEPTAPOD-tools

15

| == Sonnet 5 core only
—#— Codex GPT-5.5 -
core only
: b—-VA\:;-;-:“’J:—A, \/ SV L T
————————————————————— -~ _—_* —
o - o= T ———— R - ,x/’ i
~. T e m——
N * —
e
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The setup

Forward LLP reach estimate

1.0

S +

=
@)
|

rubric reach
—
S

|

0.2 -

® core only

0.0 -

Sonnet 5 GPT-5.5 Opus 4.8 GPT-5.6
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The setup

Forward LLP reach estimate

1.0 -
S IS
e High variance, sub-optimal scores
1. Is 1t possible to do better? Can the
agents be ¢“programmed’’
® core only
0.0 -

Sonnet 5 GPT-5.5 Opus 4.8 GPT-5.6
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“The Road to Heme—Sapiens Agents”

1. Collect and filter ~the internet

2. Pre-train — base model

3. Post-train — assistant
» Alignment
» Tool calling is introduced

Post-trained “assistant?”
Tony Menzo (Fermilab + U. Alabama) 18 Portable agentic phenomenology



What 1s a tool?

To an LLM, a tool is a function:

output 1nput

where the model generates the input in a structured form
and receives output back in its context.

User
What’s the weather in Tokyo?

Tony Menzo (Fermilab + U. Alabama) 19 Portable agentic phenomenology



What 1s a tool?

To an LLM, a tool is a function:

output 1nput

where the model generates the input in a structured form
and receives output back in its context.

Agent
getWeather(loc = “Tokyo”)

Tony Menzo (Fermilab + U. Alabama) 20 Portable agentic phenomenology



What 1s a tool?

To an LLM, a tool is a function:

output = tool(input)

where the model generates the input in a structured form
and receives output back in its context.

Agent

<|start|>assistant<|channel|>commentary
to=functions.get weather
<|constrain|>json<|message|>{"city":"Tokyo'"}<|call|>

Tony Menzo (Fermilab + U. Alabama) 91 Portable agentic phenomenology



“The Road to Heme—Sapiens Agents”

o a

3.Post-train — assistant

4. Post-train with (base) tools
(ReadFile, EditFile, Glob, ..)

» LLM can now act as a computer pre-trained base model
interface

“LLM computer”  post-trained “assistant”
Tony Menzo (Fermilab + U. Alabama) 99 Portable agentic phenomenology



“The Road to Heme—Sapiens Agents”

4. Post-train with (base) tools
5. Trap 1n 1solated sandbox with

tools — Agent

Agent ' |
9 “LLM computer”  post-trained “assistant”

Tony Menzo (Fermilab + U. Alabama) 93 Portable agentic phenomenology



What 1s an agent?

Given context (, at a decision
step t, and an action <, selected

from and action space &, an agent
1s a system that implements a
conditional distribution over
actions:

p(,|C)

and 1s embedded in a feedback
loop such that executed actions
influence future context.

Tony Menzo (Fermilab + U. Alabama) 24
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“T’m not seeing Armageddon here.”

5. Trap 1n 1solated sandbox

with tools — Agent

6. Custom tools and prompts,
allow for users to steer
agent behavior to
accomplish arbitrary long-
or short-horizon tasks

An agentic harness is the system of prompts, tools, schemas, and
execution environments that harnesses an LLM’s flexible intelligence

while constraining i1t i1nto reliable, reproducible, user-directed action.

Tony Menzo (Fermilab + U. Alabama) oL Portable agentic phenomenology



“T’m not seeing Armageddon here.”

5. Trap 1n 1solated sandbox

with tools — Agent

6. Custom tools and prompts,
allow for users to steer
agent behavior to
accomplish arbitrary long-
or short-horizon tasks

An agentic harness is the system of prompts, tools, schemas, and
execution environments that harnesses an LLM’s flexible intelligence

while constraining i1t i1nto reliable, reproducible, user-directed action.

Tony Menzo (Fermilab + U. Alabama) 26 Portable agentic phenomenology



Harness engineering a.k.a “agentic programming”

Using LLM agents to solve problems with an explicit closed-loop
decision process, where behavior is specified through structured
prompting, tools (a harness). The harness induces a constrained

conditional action distribution

p(ﬂt ‘ Ct) _)ph(*Q[t ‘ Ct)

“New programming paradigm?”

Tony Menzo (Fermilab + U. Alabama) 97 Portable agentic phenomenology



Harness engineering

Traditional programming Agentic programming
e Specity how to do e Specity what you want
something. accomplished.
e Scripting. e Context englneering.
e Control flow 1is e Control flow 1is
explicit and tractable. emergent and non-
deterministic.

The biggest shift is moving from engineering certainty to
managing uncertainty (and where you want 1it).

Tony Menzo (Fermilab + U. Alabama) o8 Portable agentic phenomenology



Harness design in HEP (e «o07)

A taxonomy

[Submitted on 23 Mar 2026] ‘ ‘ [Submitted on 2 Oct 2025] | [Submitted on 20 Apr 2026 (v1), last revised 1 Jul 2026 (this version, v2)]

The FERMIACC: Agents for Pg ArgoLOOM: agentic Al for fund A Scientific Human-Agent Reproduction Pipeline

Prateek Agrawal, Nath;

—leauealo.clca
[Submitted on 17 Jun 2026]

LeWRON: Agenti

Transitions
IsaJ[Submittedon 17 Dec 20. C nCh) -—a

—HEPTAPOD: There are Currently ~40 HEP('ph,'EX,'th) apabilities

Workflows

Tory ez, o[ speclific systems “on the market”.

George T. Flem

ady Parameter Scans

S
n, v2)]

[Submitted on 13 May 2026]
ous Al

Collider-Bend  They admit a nice classification w.r.t the putational

Particle Phyjsu

oarv . Faroust] structure of the interface exposed to the o producing

Sharma, David Shi
St blications

[Submitted on 31 Jan 2026] a e n 't
o Gutschow, Andrew D.

GRACE: an Age
Experiment Des

|[Submitted onl7 oln
Justin Hill, ROOAgen
Energy P Agentic Re-
Aman Desal scommendatior _ ) _ _ VIAQAQE Ran, Jinxin Tan, Zhentao
Liu, Ming-xing Luo, Xing-Bo Qi-An Zhang, Siheng ChelSascha Diefenbacher, Tilman Plehn, Daniel Schiller, Nikita Schmal

Yang Zhang, Fuli Feng, Jizhi Zhang, Keqin Bao, Qifan Warkgyrrerrgrrerrrrey ] Tilman Plehn, Daniel Schiller, Nikita Schmal

Tony Menzo (Fermilab + U. Alabama) 29 Portable agentic phenomenology



Harness design in HEP (e «o07)

A taxonomy

Free-form

Agent produces executable
behavior directly through
unconstrained code or command
generation; domain context can
guide it, but no fixed
interface determines what
operations 1t can express.

The burden of verification:

Tony Menzo (Fermilab + U. Alabama)

Name

Architecture

Free-form

MadAgents [4]
HEP Data Analysis
Agents [7]

JFC [1]

CoLLM (8]
PhysMaster [9, 10]

Agents of Discovery [5]
ArgoLOOM (2]

ALEPH thrust [3]
SFitter Agents [6)
CLVisc Agent [23]

Amplitude program
search [35]

Detector co-design [36]

Free-form code generation

Free-form generation in fixed workflow
DAG

Free-form generation, literature-grounded
Free-form generation, structured prompt

Free-form generation, validated-trace
memory

Free-form code generation

Orchestrated module wrappers,
RAG-grounded

Free-form generation, physicist-directed
Orchestrator with consultant agents
Free-form execution, agent-authored skill
Coding agent in generate—evaluate—select
loop

Agentic loop over bi-level optimizer

Multi-
MCP agent Domain / role

v
v

v/

>

RN

*x %X N %

3

Collider phenomenology

Experimental analysis

Experimental analysis
Collider DL analysis
Theory / lattice QCD

New-physics analysis

Cosmology. collider, nuclear

Experimental analysis
Global SMEFT re-casting
Heavy-ion hydrodynamics

Scattering amplitudes

Detector design

When?

Who/Where?

Per-run burden

After or during every

generated

implementation

30

Highest

Portable agentic phenomenology



Harness design in HEP (e «o07)

A taxonomy

Structured-handoffs

Agent generates implementations
freely, but the intermediate
artifacts exchanged between
agents or workflow stages must
follow a prescribed format or
schema.

The burden of verification:

Tony Menzo (Fermilab + U. Alabama)

Multi-

Name Architecture MCP agent Domain / role
" Dr. Sai [11] Role agents over experiment software - v/ Experimental analysis
taq DarkAgents [12] Sub-agents with JSON handoff contracts - v Astroparticle / dark sectors
Z-‘ SHARP [13] Machine-readable project spec, subagents — v/ Analysis reproduction
é AgentRivet [14] Provider-agnostic agents, output schemas - v Analysis preservation
§ Semantic differencing [15] Multi-agent trace and critique of generated - v Analysis audit
':5} code
5 Selection-list codegen [16] Structured selection list between stages - v Analysis reproduction
A LQCDMaster [17) Hybrid: skill-guided generation, - v Lattice QCD

deterministic Wick tool

When?

Who/Where?

Per-run burden

After or during every Handoff

generated
implementation

31

validators,
Human

High

Portable agentic phenomenology



Harness design in HEP (e «o07)

A taxonomy

Multi-
Name Architecture MCP agent Domain / role
e e w ColliderAgent [18] CLI/template-mediated v v Collider phenomenology
C O n f 1 g u r a t 1 O n / DS L ?‘5 __§ HepScript [19] Constrained-grammar DSL — X Experimental analysis
® & _§ EasyScan HEP 2 [20] Agent-written configuration, fixed backend - X  Parameter scans
me d 1 a t e d SMEFT-Pheno-Agent [21] Locked configuration, phase manifests = X SMEFT phenomenology

Agent specifies a workflow
using a bounded configuration
language, template, command
interface, or domain-specific-
language, which a fixed backend
interprets and executes.

When? Who/Where? Per-run burden

The burden of verification: :
Mainly when backend/

DSL is authored, then| Fixed backend,

when each spec is parsex
produced

Tony Menzo (Fermilab + U. Alabama) 39 Portable agentic phenomenology
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Harness design

A taxonomy

Tool-constrained

The agent selects and composes
discrete, fixed, versioned
scientific operations through
structured invocation
structure.

The burden of verification:

Tony Menzo (Fermilab + U. Alabama)

in HEP (the “zo00”)

Multi-

Name Architecture MCP agent Domain / role
RooAgent [25] Typed tool registry over LangGraph and v X  Experimental analysis
e MCP
;‘: FERMIACC [24] Typed schemas over a guarded pipeline - v Particle theory
oy
>  GRACE [26] Tool-invocation DAG; value-level - X  Detector / experiment design
; verification against physics constraints
—_
- bsm-agent [27] Tool calling over a symbolic backend - X BSM model building
§ LeWRON [33] Audited toolbox with auditor agents — v Particle cosmology
Archi [34] ReAct agent over corpus and live MCP v X Experimental operations
tools
g, S HEPTAPOD (event Typed schema constrains decoding v X Collider phenomenology
) £ = generation) [31]
s
= & £ HEPTAPOD Typed schema constrains decoding v X Symbolic computation
> 8 (Diagrammatica) [32]

When? Who/Where? Per-run burden

Tool authoring and Tool selection/
each invocation/ arguments, tool
composition call validator

33 Poxrtable agentic phenomenology



Harness design in HEP (e «o07)

A phase diagram

*Other relevant axes,

$/token, $/performance,

tokens/performance,
Registry-backed harness generation time ’ etc.

Tools (reuse)

N (reuse)

Free-form Tools (horizon)

-
*

L (task horizon)

Tony Menzo (Fermilab + U. Alabama) 24 Portable agentic phenomenology



Harness design in HEP (e «o07)

A phase diagram

*Other relevant axes,
$/token, $/performance,
tokens/performance,

:
|
|
I ° °
Tools (reuse) : Registry-backed harness generatlon time 9 etc.
|
|
|
|

\f\\\\\\*Where are these
Tools (horizon

boundaries? How

> can they be

T determined
L (task horizon) systematically?

N (reuse)

Free-form

Tony Menzo (Fermilab + U. Alabama) 35 Portable agentic phenomenology



Testing the harness

“Is this thing on?”

Benchmarks'!
Naive minimal spec: Task + scaffolding
e Task + task scaffolding = ﬁl

» Sandbox and workspace
initialization, system prompt, etc.

e Rubric
» Final expected outcome. Grading: &=
binary or continuous, stage-by- T
stage grading —
Rubric

Tony Menzo (Fermilab + U. Alabama) 26 Portable agentic phenomenology



Testing the harness

“Is this thing on?”

LLMs are distributions! LIM ~ py(x,q | X))

2.0

1.5 -

Agents trajectory/final
result should be treated
as a random variable with
mean and variance (when
applicable).

Position

—0.5 1

—1.0

0.0 0.2 0.4 0.6 0.8 1.0
Time

Tony Menzo (Fermilab + U. Alabama) 37 Portable agentic phenomenology



harness

Testing the

“Is this thing on?”

What can influence an Task
agents trajectory?

The ¢“6-sphere”

Scaffolding

Model and inference controls

Loadout (tools+skills)

Inference provider
Harness

Tony Menzo (Fermilab + U. Alabama) 28 Portable agentic phenomenology



Benchmarking in HEP

Name Scope Grading Integrity control / retained
evidence

Collider-Bench [22] LHC analysis reproduction; 10 Histogram fidelity, no hand-written LLM judge audits workspace and
tasks from 4 papers rubric; 3 repeats; cost reported session trace for fabrication

TPBench [37] HEP theory and cosmology; 57 Automated numeric verification; Public/private split maintained
problems holistic grading of reasoning against leakage

CritPt [38] Frontier physics research incl. Physics-format-aware auto-grading; Unpublished problems,
HEP; 71 challenges, 190 reliability metric; cost reported guess-resistant by construction
checkpoints

PRL-Bench [39] End-to-end physics research; 100 Objective verifiability; Published-source tasks; retained
papers across 5 subfields expert-validated tasks execution evidence not specified

Each of these benchmarks only operate
at a single point in the 6-sphere
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Benchmarking in HEP

Name Scope Grading Integrity control / retained
evidence

Collider-Bench [22] LHC analysis reproduction; 10 Histogram fidelity, no hand-written LLM judge audits workspace and
tasks from 4 papers rubric; 3 repeats; cost reported session trace for fabrication

TPBench [37] HEP theory and cosmology; 57 Automated numeric verification; Public/private split maintained
problems holistic grading of reasoning against leakage

CritPt [38] Frontier physics research incl. Physics-format-aware auto-grading; Unpublished problems,
HEP; 71 challenges, 190 reliability metric; cost reported guess-resistant by construction
checkpoints

PRL-Bench [39] End-to-end physics research; 100 Objective verifiability; Published-source tasks; retained
papers across 5 subfields expert-validated tasks execution evidence not specified

It would be i1deal to scan larges parts o
of this space easily *\ o
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Status of agents in HEP

Bottom line — 1it’s the Wild West, as expected

As with all new fields of Infrastructure mode.. engage

research, community standards
are lagging behind.

Initial systems/demonstrations
are promising, but hard to reuse
and reproduce results without
significant effort.

Initial benchmarks are also
great, but again,
reproducibility 1s an 1issue.

A cohesive framework is lacking. = W Ecosystem

00
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Infrastructure for a community-driven HEP harness

Utilize and adapt existing infrastructure as much as possible!
General purpose coding harnesses + domain tools & skills

Adopt a standard protocol for
interfacing tools with harnesses

» Model Context Protocol (MCP) has
been widely adopted by all
harnesses, let’s not reinvent the
wheel!

Community maintained registry/tool-
skill database + serving

» Scalable — what do you do when you

have 0O(1000) tools to choose from?
Need easy curation of custom
“loadouts?”

Science-forward benchmarking framework

» Emphasis on reproducibility and full
“6-sphere” resolution

Tony Menzo (Fermilab + U. Alabama)
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T v ( . Context )
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User
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Registry/tool database "
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Toolkit(s) > 1S
et .S
s
Bundle(s) @ .
I s —
S 7 Loadout

HEP agent

|

N
Benchmark(s)

[Task + scaffolding

> |

Tool(s)/Skill(s)

Rubric
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Infrastructure for a community-driven HEP harness

An implementation: “the stack”

: 11p forward HEPBENCH\
> I'ﬁ']
Adopt a standard protocol for g Acent(e) '
interfacing tools with harnesses SN \ j
¢—— ARNIESS\: ALY, -~ | S\
> MCP T i (_System Context ) f[: T
o ® o o I_> —
Community maintained registry/ . — = —
tool-skill database + serving Lt L ) - —
' ¥ Trial(s)
» toolbase ~ S —— g e—
. . r ) gi —>» Score
Science-forward benchmarking TOOLBASE — Lin o=
00lKi1t(s %:2 upric -
framework _ 13 P <
> 5 —
toolbench, hepbench bt — =
Toolkit E— ?@ﬁle  \ L
_# ) ))/
» heptapod Tool(s) /Skill(s) . )
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Infrastructure for a community-driven HEP harness

An implementation: “the stack’ HEPTAPOD

https://github.com/tonymenzo/heptapod
60+ tools/skills

# Tool Diagrammatica / exact symbolic tools

Adopt a standard protocol for
interfacing tools with harnesses

> MCP Event generation and simulation 20 ComputeSymbolicAmplitudeTool
21 RunWolframTool
FeynRulesToUFOTool 22 RunWolframScriptBatch

C O m m u I1 i t y m a i n t a i I1 e d r e g i S t r y / MadGraphFromRunCardTool 23  SimplifyResultTool

PythiaFromRunCardTool 24 ConvertToPythonTool
SherpaFromRunCardTool
JetClusterSlowJetTool NDA and FeynGraph

tool-skill database + serving
» toolbase

Science-forward benchmar
framework

25  EstimateDecayWidthNDATool
26 EstimateBranchingRatioNDATool
6  LHEToJSONLTool 27  EnumerateDiagramsTool

7 EventJSONLToNumpyTool 28  DiagramVisualizationTool
8  JetsJSONLToNumpyTool

Event-format conversion and arrs

PDG and INSPIRE tools

Kinematic analysis and event sele
29 PDGDatabaseTool

9 CalculateInvariantMassTool 30 PDGSearchTool

10  CalculateTransverseMomentumToo. 31  PDGPropertyTool

> t 00 1 b enc h h @ p b 11 CalculateDeltaRTool 32 InspireSearchTool
9 12 ApplyCutsTool 33  InspirePaperTool
. 13 GetHardestNTool 34  InspireCitationTool

T 00 1 k 1 t 14  GetHardestNJetsTool 35  InspireBibTeXTool

15 FilterByPDGIDTool 36 InspireAuthorTool

16 SortByPtTool 37  InspirelnstitutionTool
> h e t a Od 17  MergeObjectCollectionsTool 38 InspireConferenceTool

p p 18 FilterByDeltaRTool 39 InspireJournalTool

Resonance reconstruction 40 InspireExperimentTool

41 InspireReadinglListTool
19  ResonanceReconstructionTool 42 InspireNotesTool
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https://github.com/tonymenzo/heptapod

Remember ..

Forward LLP reach estimate

Muon-philic scalar

p- - =

| 1|

Collider

Shielding

Forward detector

TaSk : A 9 S = {\/E’ Oinels ]Vinv ‘gma)o N, target} 9 G = {Zprod’ {min® <max? R’ {dets Rdet’ Aoff }
Task scaffold:

Rubric:

~None

Stage and configura- w,, Credit and graded evidence

tion ID

Valid answer and scan 0 Required fields in results/answer.json and a populated
answer_present results/scan.csv.

Forward-flux artifact 0 Presence of a flux-related artifact; retained as a diagnostic
pythia_ran rather than scientific credit.

Widths and lifetime 0.10 Binary check of the dimuon formula, dimuon and diphoton
width_correct width probes, lifetime probes, and g—2 scaling.

Channel coverage 0.10 Fraction of reference-reached search—-mass points through
channels_present mg = 0.70 GeV supplied with nonzero yields.

Signal-yield accuracy  0.40 Continuous credit 107P%se over the 48 declared
yield_distance (search, my, g) evaluation points.

Lower contour edge 0.15 Continuous credit 10~ Psiower for the production-limited sensi-
contour_lower tivity boundary.

Upper contour edge 0.15 Continuous credit 10~ Pouerer for the lifetime-limited sensitiv-
contour_upper ity boundary.

False reach 0.05 Fraction of reference-insensitive points for which no sensitivity
no_spurious_reach is reported.

Exclusion figure 0.05 Fraction of required plotting criteria satisfied, including axis

reach_plot

text and filled regions.

Tony Menzo (Fermilab + U. Alabama) a5
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Rememhbec E—————
Supplement the same agents tools/skills

— Bundle (11p) .

Forward

e ProductionSpectrum computes the reduced parent branching fraction Bh(m¢) and normalized
scalar-energy spectrum fj(z;my) for a declared parent and scalar mass.

Forward detector

e PythiaFromRunCard executes PYTHIA from a run card and writes the event sample and run

T a S k : : manifest. . xoff}

e HarvestForwardFlux selects declared parents within the forward cone and assigns per-inelastic-
collision weights.

TaS k S e MesonDecayToLLP combines the parent flux and production spectrum, samples scalar kine- { zproa=son
matics, and records the displaced parent-decay vertex. } vl -0z
e DecaylnVolumeVsCoupling propagates the scalar sample through the geometry and returns EN_iﬁ:t 2 7618

Ngig(g) with lifetime, branching-fraction, and acceptance factors applied.

e DecaylnVolumeVsLifetime evaluates the same propagation as a function of proper lifetime for

validation and reusable lifetime scans. \
R u b r i ‘ e PythiaForwardPhysicsRunCardSkill supplies versioned guidance on forward PYTHIA process
selection, normalization, and parent harvesting. -
. J
Exclusion figure 0.05 Fraction of required plotting criteria satisfied, including axis l ’
reach_plot text and filled regions.
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An example

Forward LLP reach estimate

— ProductionSpectrum (x8)

Domain arm

parent="K", lepton="mu",
interaction="scalar",
masses=[0.06, ..., 2.30],

output_dir="spectra/K"

PythiaFromRunCard (x2)

cmnd_path="forward.cmnd",
n_events=1000000, seed=2002,
data_dir="pythia/runiM"

HarvestForwardFlux (x2)

pythia_events_path=
"pythia/runiM/events. jsonl",
parents={321:"K", 411:"D", ...},
sigma_inel_mb=80.0,
theta_max_rad=0.05

MesonDecayToLLP (x8)

parent_flux_path=
"flux/runiM/parents_K. jsonl",

grid_path="grids/grid_K. json",

n_strata=16, seed=1002

DecaylnVolumeVsCoupling (x20)

events_paths_glob=
"1lp/*/11p_*_m0.2300. jsonl",
geometry_path="geometry.yaml",
g_grid_path="g_grid. json",
n_int=2.7e18,
acceptance="two_track"

[ ] (]

*Preliminary

Codex GPT-5.6
583
Codex GPT-5.5
1433

Sonnet 5

1177
O 4.8

P B core only
BN HEPTAPOD-tools
0 200 400 600 800 1000 1200 1400

lines of analysis code per trial (files 4 inline)

Core arm

-Selected source excerpts (1,020 lines total) -

# physics.py: widths and lifetime

M_MU = 0.1056583745
ALPHA = 1.0 / 137.035999084
= 1.973269804e-16

HBARC
# harvest.py: direct Pythia execution
import pythia8

THETA_MAX = 0.05
# Two runs: SoftQCD:inelastic and Charmonium:all

# dirac.py: explicit spinors and gamma matrices

I2 = np.eye(2, dtype=complex)

sx = np.array([[0, 1], [1, 0]], dtype=complex)

sy = np.array([[0, -1j], [1j, 0]], dtype=complex)
sz = np.array([[1, 0], [0, -1]], dtype=complex)

# production.py: three-body rates and spectra
# BR3(m_phi,g) = BR2 * g**2 * (Gamma3/Gamma?2)
# Evaluate P->mu nu phi and V->mu mu phi.

# yield_mc.py: propagation and acceptance

# N_sig(g) = g**4 * sum_s A_s * exp(-B_s*xg**2)

# Parent decay, ray-cylinder intersection, daughter

# acceptance, and coupling reweighting are implemented
here.

# run_scan.py: assemble the complete scan
RNG = np.random.default_rng(70707)

N_Z = 12

GVALS = np.geomspace(le-9, le-1, 121)

G2 = GVALS*x*2

SPECIES_RUN = {
IlKlI:llAll, IIDII:lIAIl’ HDSII:IIAII’
Ilrholl : IIAII , llomegall : IIAII , llphi" : IIAII ,
"JpSi" : "Bll , "pSiZS" : IIBII s

Even for systems that can execute the task, tools improve

audit-ability.
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coupling g

coupling g

An example

Forward LLP reach estimate

reference band

] =@ tools (median)

1 == core (median)
X

Sonnet 5

107 4 inter-trial min-max E
] point from 1 trial only

10*5 - p— __________________ —5
1070 - 3

tools z= 10.20 n/pt 55555 tools z= 10.35 n/pt 55555

core z= 23.37 n/pt 35555 core z= 21.69 n/pt 33332

T T

1071 4 Codex GPT-5.5 4 Codex GPT-5.6

\ _
107 4 E
tools z= 33.61 n/pt 55555 A tools z= 36.97 n/pt 55555
core z= 66.59 n/pt 13553 core z= 24.87 n/pt 55555
. . . . T . . T .
6 x 10 10! 2x 107" 6 x 10 10! 2x 107"
me [GeV] me [GGV]
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peak N,

agent / reference

agent / reference

10~

1076

Codex GPT-5.6
— HEPTAPOD-tools

—— reference
—0— Opus 4.8

10" 4

10° 5

101 5

10° 4

== Sonnet 5 core only
== Codex GPT-5.5 o
1 1
HEPTAPOD-tools
O =¢ 1 ——— L 4 s — — 4
1 1
core only
- e =g Y M =70
e e e ———— o~ ~*—"-—-‘~~N _—I,:;
~~t..+--—————i— ——————— *__—— 7
\‘~ ”’
~ - -
S ~o ~-"
NN‘/’
T T T
101 10°
mg [GeV]
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An example

Forward LLP reach estimate

1.0 - I .« s =
. @ lo *Preliminary Ef
_________ £
08 7 . ’ g O\ éi
5 -1 '
| < 10 e :
5 z =
2 0.6 1§} e l
o = |
&> |
0 o E
— |
C6 |
S 0.4 - = R
— O \ B
= 1072 i
5 :
0.2 - 7 - |
| === Sonnet 5 Codex GPT-5.6 |
® core only {1 === Codex GPT-5.5 O core only i
*Preliminary ® HEPTAPOD-tools | == Opus 4.8 B HEPTAPOD-tools |
0.0 - |
Sonnet 5 GPT-5.5 Opus 4.8 GPT-5.6 0.5 0.6 0.7 0.8 0.9 1.0

mean rubric reach

Domain tools improve performance and reliability, even 1in
frontier systems.
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Whexre to from here?

‘“Bottom-up approach?

Composition

1. Master small tasks

Compose small tasks to master larger tasks

l

Autonomous pheno?
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3. Repeat




o S . 1thub.com/tonymenzo/heptapo
Conclusions Prpestferth-conftonmenzo/hentapad

Portable agentic phenomenology

Agentic systems are beginning to address r—*f?ﬁﬂn}mmm
all corners of HEP . Aamr(s)

o o { i “ ‘* H}RN;ESS \:( COIlltext ) (/ + flgll \\\\
With lacking community standards, results =] ~ =
are hard to reuse, repurpose, reproduce | o = cae—=bJ

5 4 1\ / ) {  Trial(s)
The “stack” (MCP + toolbase + toolbench +  [wws. = || BT
hepbench + heptapod) is a concrete scalable F —_—
framework for future agentic systems pandt)| § : J = || |
Tools/skill can strengthen the capabilities | ot/ | | L -

of both weak and frontier models. Even for
performant systems, tools increase
auditability.
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o S . 1thub.com/tonymenzo/heptapo
Conclusions Prpestferth-conftonmenzo/hentapad

Portable agentic phenomenology

Agentic systems are beginning to address r_*rygﬂw}mm“
all corners of HEP T Acent(s)
TR ) | e =
With lacking community standards, results o | |E= — (=
are hard to reuse, repurpose, reproduce I TR — F?x%?)/
The “stack” (MCP + toolbase + toolbench +  [wws. e || T
hepbench + heptapod) is a concrete scalable i 2 —_—
framework for future agentic systems oty %iizi JE%% éﬁﬁg? |
Tools/skill can strengthen the capabilities | masiny | (L= )

of both weak and frontier models. Even for
performant systems, tools increase

auditability. Thanks for your attention :)
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0.00200 -+

Ajo > 0.4 [ mrLq = 1000 GeV

B g = 1500 GeV
- mrq = 2000 GeV
0.00150 -

0.00175 -

Example(s)

Event generation (&£ — 0) Task: From £ —

0.00125 A

o
)
o
—_
)
=)

0.00075 1

Normalized Counts

0.00050 A

0.00025 -
€ _\- 0.00000 -
U D 0 500 1000 1500 2000 2500 3000 3500 4000
S .
1 Uu
Siom < > =i —

mig (GeV)
E S - System

(&
FEYNRULES |--; MG5_AMC@NLO |--- PYTHIA |-===-- > & __ feynrules
'. : A
‘. T 'I L — models
". ] o L S1_LQ_RR.fr
- [[eastprocnes | Task scaftfold: | .«
.| . L
model.fr -. e . ---»|model_events.lhe cards
e - | model _UFO ! L S1_LQ_RR_pp_lqlq_scan.mg5
T """"""" pythia
. ; L— cards
..mCJ.
LDy uil; S| + h.c. Stage e

Passes when the run has produced...

Sl ~ (37 ]-7 _1/3)

L S1_LQ_RR_pp_1jlj.cmnd
UFO model 0.10

a valid UFO mod'el directory (particle, parameter, 7 directories, 3 files
vertex, and coupling modules).
Parton events  0.15 > 100 parton-level events (LHE) across the param-

o .
R u b r 1 C : Showering 0.10 = 100 pe

> 100 per-event showered-particle records.
Jet clustering  0.10

> 100 per-event clustered-jet records.
Reconstruction 0.05

> 50 reconstructed mf(i_z“ values.

Correct mass 0.50 an m'ﬁl(‘)“

distribution peaking at all three injected
scan masses (1000, 1500, 2000 GeV) within 10%,
together with a plotted deliverable.
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Example(s)

Event generation (&£ — 0)

FEYNRULES [---

model.fr

T

LD Yij U_ffj SI + h.c.

Sl ~ (37 ]-7 _1/3)

L]
L]
L}
Ny

e T~

Task: From & —

Plan a Monte Carlo signal-validation analysis of the BSM scalar leptoquark defined by the supplied
run cards. Generate 10,000 events, select objects, and create lepton-jet invariant-mass distributions
for each parameter point. Attempt to isolate and reconstruct the leptoquark resonance by apply-

ing reasonable lepton-jet separation and experimental cuts. Compute and plot the resulting m
distribution. Write a todo list first and then execute the todo list until completed.

UFO model 0.10

Parton events 0.15

R u b r i C : Showering 0.10

Jet clustering  0.10
Reconstruction 0.05

Correct mass 0.50

a valid UFO model directory (particle, parameter,
vertex, and coupling modules).

> 100 parton-level events (LHE) across the param-
eter scan.

0.00200 A ARy; > 0.4 B mpq = 1000 GeV

0.00175 A B mpq = 1500 GeV
- mLQ = 2000 GeV
0.00150 A

0.00125 1

o
)
o
—_
)
=)

Normalized Counts

0.00075 1
0.00050 A

0.00025

0.00000 -

0 500 1000 1500 2000 2500 3000 3500 4000
mig (GeV)

min

LQ

lq_scan.mgb

1j.cmnd

7 directories, 3 files

> 100 per-event showered-particle records.

> 100 per-event clustered-jet records.

> 50 reconstructed mf&" values.

an m'ﬂ’(’)" distribution peaking at all three injected

scan masses (1000, 1500, 2000 GeV) within 10%,
together with a plotted deliverable.
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Model: gpt-oss-120b

Example(s)

Event generation (&£ — 0)

mrq reconstruction

min

mpq reconstruction
gpt—-oss-120Db
1009% - —o ® ° ° o 4 s 100% - // —0 ® ® o o o Y
>, S 80%4 e
£ 80% - s “a.
2 S
p= . o.. .. —e— HEP-tools, best-of-k
Q & 60% - e,
O 60% - = ept-o0ss-120b TP SO --®-- HEP-tools, worst-of-£
O, 20 ——— Bt ? ? it —e— core-tools, best-of-k
- Y| —eo— HEPTAPOD-tools, best-of-k g ’
0 = 40% - - @+ core-tools, worst-of-k
S 40% - --e-- HEPTAPOD-tools, worst-of-k 2
= "o.,. —e— core-tools, no successful runs (0/10) ”’é 2077
7
20% A “e.. .
...... '...".
& o.... 0% _ @, YR @ rrrnns P P S o QT P
071 ¢ - - - - — - - 1 2 3 4 5 6 7 8 9 10
2 3 4 5 6 7 8 9 10 number of independent attempts &

number of independent attempts &

Domain tools improve gpt-oss-120b’s pass rate from 0/10—7/10
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Large language models (LLMs)

Transformer Block Output

4
4 < )
A parameterized function that D?t
® o o o *
represents a conditional probability - T e N\
t )
distribution over discrete actions, o = e —
where the primitive action 1s I !
. . T LayerNorm
emitting the next token. e $<
A Dropout
e o T
A Linear
Transi'j):;::rlBlock / * \
p 9 (X l_ +1 | x S Z_) Dmtmm Mitmul . M:tmul . Mitmul -
POSitio.nal _»é roi)ou roi)ou roi)ou
nnnnn g 1 o ;max 0 t;nax (1} t;nax
Embiilding M:sk M:sk Misk
Learned Context e 3 N S
parameters  Next token A o 5%
Frontier models have . o )
1011-1012 parameters *LLMs are inherently stochastic

Transformer Block Input
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Harness design

Agent interaction “modalities?”

Assistance VEISUS Automation
Researcher chooses Bounded workflow that runs
directions, i1nspects without human review
intermediate results, and because 1ts decisions,
redirects work. Inherently validation rules, stopping
“turn-by-turn”. conditions, etc. were

englneered 1n advance.

*Not mutually exclusive

The burden of verification

(when, where, how much)
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Large language models (LLMs)

Transformer Block Output

4 < )
A parameterized function that Dim
represents a co ;
distribution ov{ Token? 1 token =~ 3/4 woxd
where the primi (GPT-3 tokenizer)
emitting the ne Phen ology
( X - PDG booklet ~ 120,000-180,000 tkns — —
p6’ [ - Harry Potter Series ~ 1.3-1.5e6 tkns
/ - Full training corpus =~ 1012-1014 tkns rvenn | gurormeen
2 .
Learned Context M*n; M“ M*n;
parameters  Next token A o s
Frontier models have =

\ J

1011-1012 parameters

Transformer Block Input
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Large language models (LLMs)

Transformer Block Output

4 < )
A parameterized function that Dim
represents a co ;
distribution ov{ Token? 1 token ~ 3/4 word
where the primi (GPT-3 tokenizer)
emitting the ne 47 831 1435
( X - PDG booklet ~ 120,000-180,000 tkns 1 —
p6’ [ - Harry Potter Series =~ 1.3-1.5e6 tkns
/ - Full training corpus =~ 1012-1014 tkns o] | (ot
= 2
Learned Context M*n; M“ M*n;
parameters  Next token A o 55
Frontier models have gy

\ J

1011-1012 parameters

Transformer Block Input
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What 1s an LLM agent?

g = a random variable whose values are sets of token sequences.

The probability of an action &/, is given by

pd, | C) = i Z Po X1 4m | )

m=1 {Xy1.p4m = L}

where m indexes the length of the token sequence implementing the
action
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Agentic programming in practice

Why are tools/context (skills) useful?

Given some context (;, an action &, follows a

distribution with uncertainty (or conditional entropy)
comprised of two components

A (C) ~ + A

execution

— /] —

T

Ad I Context
1
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Agentic programming in practice

Why are tools/context (skills) useful?

Given some context (;, an action &, follows a

distribution with uncertainty (or conditional entropy)
comprised of two components

AA(C)) ~ AT(C,) + A

execution

— /] — \

.|. Can be reduced with relevant context.

— M.
1 N
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Agentic programming in practice

Why are tools/context (skills) useful?

Given some context (;, an action &, follows a

distribution with uncertainty (or conditional entropy)
comprised of two components

AA(C)) ~ + A

execution

— /] — X
.|- Can be reduced with tools.

Ao S
|
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Agentic programming in practice

Why are tools/context (skills) useful?

There 1s also an i1nherent and i1rreducible uncertainty
“floor”, e= lim A (C;), introduced by the model itself.

L— o0
This 1introduces another scale L. that can interplay with

N

Ultimately, for a fixed execution uncertainty,

this limits the complexity class of tasks T.
— /] —
e Y

Context

_— —
Leff
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Agentic programming in practice
Why are tools/context (skills) useful?
A more relevant uncertainty comes from the models

inherent ability to utilize context, uncertainty ~grows
with 1ncreased context

i ]
| ]
— e, —>
i ]
i ]

Context

_— —eeeeee ]
Leff
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Agentic programming in practice

Why are tools/context (skills) useful?

In realistic use cases we are really interested 1in
achieving some level of certainty for a fixed context

A (C;) =~ + A <A,

execution

J- Context
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Agentic programming in practice

Why are tools/context (skills) useful?

In realistic use cases we are really interested 1in
achieving some level of certainty for a fixed context

AA(C)) ~ AT(C,) + A

execution

Identifying this tolerance is what
programming with agents 1s all about

J- : Context
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An attempt at a “guideline?”

Do’s

Toolify if..

Enhances audibility & traceability

Requires mission-critical reliability

Commonly used workflow primitive

Interface external states

A natural object-centered abstraction

exists

Tony Menzo (Fermilab + U. Alabama)
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What makes for a good tool?

Dont’s

Don’t toolify if..

“Creative” or out-of-
distribution

Redundant with base-model
capabilities

Many edge cases

Highly context-dependent
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(Opus 4.6) lTaskz‘ Lmhw aﬁ
Exam P le workflows ~

(NDA)

Task 2: Determine the v

maximum number n of eTe~ ngi_;zéﬂf ;5@@%6

pairs for which

Ndiagrams =

MNeclasses = 1 Tclasses — 3 TNclasses —

ut—> oy, +n(ete) +e" | | |
remains observable at Phase 2 NDA Etimatin | ===
current/planned muon OB O
experiments. | ) 1 I
63 tool calls (+39 from a e '
research subagent) over ‘} |

~40 minutes | E_
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(Opus 4.6) lTaskz ‘ User—‘

Example wor kflows

Agent

I T ' ' ' ' T ' ' ' ' T - ' : ; 1 ] 120 ' ; T : ; ; : T ; ; ' ' T ' ' - - T
10° | —l— Dominant (1W) /. ] Heavy propagators
 —@- All classes R | EEN ] BN NN NN/ BN 6 7
_ 7 - 100 ]
_ , _ _
104 e : j
= | X80 -
= _ _
; o
: = oof '
oh =
< 10%F 1 £ _
- : e i i
SRR
10° ] 3 -
| 20t _
10Y 3 : _
= ] . . . . ] . . . . ] . . . . ] e O . .
0 1 2 3 1 2
Number of eTe™ pairs n Number of eTe™ pairs n
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(Opus 4.6) Task 2 u_‘ %
Examp |

101

(NDA) ol
Task 2: L
maximum 1077

° 9
palrs fo : ?? 10-8} —@— NDA estimate
Iu_l_ —_ 17 I/e = [0 MadGraph (exact)

. # % Extrapolated (n = 4)
remains cC C% 10~ r ’ SINDRUM measurement
current/g <
experime 10_14:______________________________________________1\{1;13_6__13{1956_{ ______________
Mu3e Phase 11 )
63 tOOl _ 1071r HiMB (future) | -
research
~40 minuy 0
Number of eTe™ pairs n
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Deviant behavior

”~
e e e e e e e e e e . e e e e e e Qe e e e e e e Qe e e e e e e e e e e e e e e e e e e e e e e e e e e e e e Qe e e e Qe e e Qe e, e e Q. e e e e e e e e g e e e e e e e e e e, e e g

Tree you current sandbox.

Agent

RunCommand:

None

The sandbox has been successfully cleared. It 1s now empty and ready for new files.
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HEP BSM workflows

A running example: Scalar leptoquark

S, ~(3,1,1/3)
< 2 (D,S)D"S)" + y, up; exiS; +h.c.

pp = 88! = (HU))

Task: Reconstruct the leptoquark mass

min (1) (2)
mio —Jnnl{ my g, m (Q}
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HEP BSM workflows

A running example: Scalar leptoquark

~
~
~
S

/{id7E7p$7p’y7p27 Tt }1\
{id7E7p£U7pyapZ7 tU }2

FEYNRULES |--* MG5_AMC@NLO |--~ PYTHIA |------ > £ ~
A 1

\{id7E7p$7py7p27 e }N/
—_—

Event record

‘model.frl

T

LD Yij u_,l‘féj SI + h.c.

S~ (3,1,-1/3)
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(GPT-0SS-120B)

Example
conversation

Initial sandbox.

— System

—— feynrules
L models

L S1_LQ_RR.fr
—— madgraph

L cards

_— S1_LQ_RR_pp_lqglq_scan.mgb

— pythia
cards
L S1_LQ_RR_pp_1jlj.cmnd

( directories, 3 files
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(GPT-0SS-120B)

Example

conversation
System prompt.

Tony Menzo (Fermilab + U. Alabama)

— System

You are a helpful assistant, expert high-energy-physicist, and professional computational scientist running on the Orchestral
Al platform. Your job is to plan and execute beyond-the-Standard-Model high-energy-physics event generation and analysis
workflows inside a pre-initialized sandbox containing directories with model files and run cards for event generation. Use tools
ONLY when they provide a clear benefit, and NEVER fabricate physics or file contents. Markdown and LaTeX are allowed.
Escape dollar signs except in math. No emojis.

1. Workspace model
At the start of a session:
(a) List the top-level directories and files.
(b) Inspect representative files with readfile to identify:
— which are model directories,
— which contain model files (.fr) or run cards (.mg5, .cmnd),
— collider configuration (beam type, energy),
— mass and coupling definitions.
Treat these files as authoritative. Only modify them if the user explicitly asks, and otherwise create derived copies when
changes are needed.

2. Workflow planning protocol
Your primary responsibility is structured planning followed by execution.
Step 1: Clarify the goal
Summarize the user’s objective in 1-3 sentences (e.g., event generation, validation, plotting). If already clear from context,
restate without asking.
Step 2: Write an explicit todo list
Create a to do list with concise steps that typically include:
(a) Parameter selection and BSM model file generation.
(b) Event generation using the appropriate run card.
(c) Showering/hadronization.
(d) Analysis tasks (clustering, invariant masses, histograms).
(e) Plotting and summary outputs.
Step 3: Execute step-by-step
For each planned step:
(a) Invoke the correct tool with explicit arguments.
(b) Verify outputs (existence or small summary inspection).
(c) Provide a short progress message and proceed to the next step.
Work autonomously — proceed through phases without waiting for the user.

3. Physics and workflow constraints
— Do not alter collider settings unless instructed.
— Provide minimal run metadata after major tasks (inputs, seeds, versions).
— Give qualitative physics interpretations only; avoid strong claims without explicit statistical instruction.
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(GPT-0SS-120B)

Example
conversation

Usexr prompt.

~User .
Plan a Monte Carlo signal-validation analysis of the BSM scalar

leptoquark defined by the supplied run cards. Generate 10,000

events, select objects, and create lepton-jet invariant-mass distri-

butions for each parameter point. Attempt to isolate and recon-

struct the leptoquark resonance by applying reasonable lepton-jet

separation and experimental cuts. Compute and plot the result-

ng mi“ézn distribution. Write a todo list first and then execute
the todo list until completed.
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(GPT-0SS-120B)

Example
conversation

Agent response.

Tony Menzo (Fermilab + U. Alabama)

— Agent

— RunCommand( command=1s -R

Command: 1ls -R .
Return Code: O
Output:

feynrules madgraph

./feynrules:

models
./feynrules/models:
S1_LQ_RR.fr
./madgraph:

cards
./madgraph/cards:
S1_LQ_RR_pp_lqlqg_scan.mgb
./pythia:

cards

./pythia/cards:
S1_LQ_RR_pp_1jlj.cmnd

., timeout=120000 )

pythia

80
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(GPT-0SS-120B)
Example \
C o n ve r s a t i O n ## Monte Carlo Signal-Validation Analysis for S1 Leptoquark

- [*] Generate UFO model from FeynRules file
“feynrules/models/S1_LQ_RR.fr"
Agent response ® - [ ] Generate parton-level events with MadGraph using card
"madgraph/cards/S1_LQ_RR_pp_lqlq_scan.mgh"
- set "nevents = 10000°
- keep all parameter points
- [ ] Shower and hadronize events with Pythia using card
“pythia/cards/S1_LQ_RR_pp_1jlj.cmnd"
"shower_lhe = True"
Convert Pythia JSONL events to NumPy array
Apply kinematic cuts to leptons and jets
leptons: pt>20 GeV, |etal<2.5, PDG IDs 11,13 (and charge
conjugates)
- jets: pt>30 GeV, |etal<2.5
- [ ] Select hardest 2 leptons and hardest 2 jets per event
- [ ] Compute lepton-jet invariant masses for all pairings and retain
the minimum per event ("m™min_{LQ} )
- [ ] Plot the "m™min_{LQ} " distribution (histogram, 50 bins,
appropriate range) and save as ‘mmin_LQ.png"
- [ ] Summarize results (number of events, cross-section, plot
location)

| _ |

Tony Menzo (Fermilab + U. Alabama) 81 Portable agentic phenomenology



— Agent N

(GPT - OSS - 12@B) __FeynRulesToUFO( model path=feynrules/models/S1 LQ RR.fr,

output_dir=feynrules/models/S1_LQ_RR_UFO,
Example e

timeout_sec=1800 )
{

"schema_version": "tool-1.0",

®
"ok": true,
v "model_path": "feynrules/models/S1_LQ_RR.fr",

"output_dir": "feynrules/models/S1_LQ_RR_UFQ",
"wolframscript_path": "<path/to/wolframscript>",

Ag e n t 1 9 e S p O n S e ° ::iingl;ﬂis_path" . "<path/to/feynrules>",

"stdout": "feynrules/models/S1_LQ_RR_UFQ/_logs/wolframscript_stdout.log",
"stderr": "feynrules/models/S1_LQ_RR_UF0O/_logs/wolframscript_stderr.log"
¥,
"files_created": [
"couplings.py",
"decays.py",
"lorentz.py",
"parameters.py",
"particles.py",
"propagators.py",
"vertices.py",
| $\vdots$|
]
¥

.

— ReadFile( 1imit=200, path=madgraph/cards/S1 LQ RR pp_1qlq.mg5 )

File: madgraph/cards/S1_LQ_RR_pp_lqlq_scan.mgb (35 lines)
1+ set automatic_html_opening False

2

3+ # Load the Standard Model UFQO (built in)

4~ import model [[UFO_PATH]]

5-

6+ # Define beam contents (proton = quarks + gluon)
7+ define p=gucdsbu ¢ d° s b~

8-

10—+ # Define a simple process:

11+ generate p p > S1 S17, (S1 > e- uw), (S17 > e+ u"™)
12- | $\vdots$|
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__MadgraphFromRunCard(run_card=<path/to>/S1 LQ RR pp.1qlq.mg5, nevents=10000

(GPT = OSS = 120B) data_dir=data/mg run001, output=S1_LQ_scan,

ufo_path=feynrules/models/S1 LQ RR _UFO )
Output logs:

E X a m e {"Status ) : ”Ok" ,
1 "scan_detected":true,"data_dir":"data/mg_runOO01",

"lhe_file":"data/mg_run001/S1_LQ_scan/Events

o .
/run_01/unweighted_events.lhe.gz",
‘ : o n ve l s a I O n "manifest_json":"data/mg_run00l/manifest.json",
"log_file":"data/mg_run001/mg5_run.log",

"scan_summary_file":"data/mg_run001/S1_LQ_scan/Events

Agent response. R

"runs": [
{"run_id":"run_01",
"lhe_file":"data/mg_run001/S1_LQ_scan/Events/
run_01/unweighted_events.lhe.gz",
"scan_params" :{"mass#9000005":1000.0},
"cross_section":0.1016761,
"cross_section_error":0.0001923201},
{"run_id":"run_02",
"lhe_file":"data/mg_run001/S1_LQ_scan/Events/
run_02/unweighted_events.lhe.gz",
"scan_params" :{"mass#9000005":1500.0},
"cross_section":0.008729035,
"cross_section_error":1.541146e-05%},
| $\vdots$|

}

— ReadFile( 1imit=200, path=pythia/cards/S1 LQ RR pp_1j1j.cmnd ) S

File: pythia/cards/S1_LQ_RR_pp_1jlj.cmnd (11 lines)

- f------—-—-
2-+ # Example: pp_S151d_1jlj.cmnd

3+ # Minimal Pythia8 run card to shower LHE events from MadGraph
4+ -4 -k - - ——_—_—_—_————————————————,—-,C—- - - - - - — —_—
5-

6-+ # Beam and input setup

7-+ Beams:frameType = 4

8-+ Beams:LHEF = [[LHEF_PATH]]

O-

10— # Quiet output

11= Print:quiet = on
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(GPT-0SS-120B)

E Xa m p 1 e Pyth|a From RunCard( Cmnd_path="pythia/cards/s1_LQ_RR_pp_lj1j .cmnd",

— data dir="data/pythia run01", finals only="True",

® lhe path="<path/to>/run_01/unweighted events.lhe.gz",
conversation >

Output logs:

Ag e n t r e S p O n s e ® f;zEZflc;i;':' ?ﬁlg;;‘::a/pythia_runOl ",

"events_jsonl":"data/pythia_runOl/events. jsonl",

"manifest_json":"data/pythia_runOl/manifest.json",
"accepted":10000,
"failed":0}

— PythiaFromRunCard( --- )
Same as above with run_.01 — run_02

— PythiaFromRunCard( --- )
Same as above with run_02 — run_03

__JetClusterSlowJet( R=0.4, algorithm=antikt, cluster all=True, etamax=5,
jsonl_path=data/pythia_runOl/events.jsonl, mass_option=1,
output_path=data/pythia run01/jets.jsonl, ptmin=0 )

{"status":"ok",
"n_events":10000,

"output_file":"data/pythia_run0l/jets.jsonl"}

— JetClusterSlowJet( --- )
Same as above with run_ 01 — run_02
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(GPT-0SS-120B)

Example
conversation

Agent response.

Tony Menzo (Fermilab + U. Alabama)

— ToDoWrite
Todos:

## Monte Carlo Signal-Validation Analysis for S1 Leptoquark

- [x] Generate UF0 model from FeynRules file
“feynrules/models/S1_LQ_RR.fr"
- [x] Generate parton-level events with MadGraph using card
"madgraph/cards/S1_LQ_RR_pp_lqlq_scan.mgh"
- set "nevents = 10000°
- keep all parameter points
- [x] Shower and hadronize events with Pythia using card
“pythia/cards/S1_LQ_RR_pp_1jlj.cmnd"
— “shower_lhe = True-
- [x] Cluster jets for each run
- run0l1 jets “data/pythia_run0O1/jets.jsonl"
- run02 jets “data/pythia_run02/jets.jsonl"
- run03 jets “data/pythia_run03/jets.jsonl"
— [*] Select hardest objects and compute m"min_{LQ}
- select hardest 2 leptons (pdg 11, -11, 13, -13) per event
- select hardest 2 jets per event
- compute invariant masses for all lepton-jet pairings,
keep minimum per event
- plot histogram of m™min_{LQ} (50 bins) and save as
‘mmin_LQ.png"
- [ ] Summarize results (event counts, cross-sections,
plot location)

(&

__FilterByPDGID( input_path=data/pythia run0O1/events.jsonl,

output_path=data/pythia run0O1/leptons_all. jsonl,
pdgids=[11, -11, 13, -13] )

{"status":"ok",

"input_events":10000,

"particles_before":5241292,

"particles_after" :54846,
"kept_pdgids":[11,-11,13,-13],
"output_path":"data/pythia_run01/leptons_all. jsonl"}
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(GPT-0SS-120B)

_ GetHardestN( input_path=data/pythia_run01/leptons_a.ll.jsonl,

conversation ——

Ag e n t r e S p O n S e output_path=data/pythia_run01/hardest2 leptons.jsonl )
o

{"status":"ok",
"input_events":10000,
"n_hardest":2,

"output_path":"data/pythia_runOl/hardest2_leptons. jsonl"}

__ GetHardestNJets( input path=data/pythia run01/jets.jsonl,

n_hardest=2,
output_path=data/pythia run01/hardest2 jets.jsonl )

{"status":"ok",
"input_events'":10000,
"n_hardest":2,

"output_path":"data/pythia_runOl/hardest2_jets.jsonl"}
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(GPT-0SS-120B)

Example
conversation

Agent response.

Tony Menzo (Fermilab + U. Alabama)

ResonanceReconstruction( min_delta r=0.4, output _prefix=outputs/run01_LQ,
particle_arrays=[<path/to>/hardest2_leptons.jsonl,

—

—
template=two_body_symmetric )

{"status":"ok",
"template":"two_body_symmetric",
"'n_arrays":2,

"n_events_analyzed" :10000,
"n_events_successful":9830, ...,
"observables":[...],

"histograms": [{"observable":"ml",
"bins":[...], "counts":[...]},
{"observable":"m2",

"bins":[...], "counts":[...]},
{"observable":"m_min",

"bins":[...], "counts":[...]},
{"observable":"m_max",

"bins":[...],

"counts":[...]}],

"data_paths":{...,
"m_min":"outputs/run01_LQ_m_min.npy",
"m_max":"outputs/run0l_LQ_m_max.npy"}}

— ReadFile( 1imit=200, path=data/mg run001/manifest.json )

File: data/mg_run0Ol/manifest.json (20 lines)
| $\vdots$§|
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(GPT-0SS-120B)

Exam 1 e _ FilterByPDGID( --- )
Same as FilterByPDGID above with run_01 — run_02

® ) .
C O n ve r s a t 1 o n - Fllge;zipa[;GlzliEc(er.é)./gDQD above with run 02 — run_ 03

Agent response. " GetHardestN( -~ )

Same as GetHardestN above with run_01 — run_02

N\

GetHardestNJets( --- )
Same as GetHardestNJets above with run_01 — run_02

_ ResonanceReconstruction( min_delta r=0.4, output_prefix=outputs/run02_LQ,

particle arrays=[’data/pythia run02/hardest.. .,
template=two_body_symmetric

Error: Processing Error
— Reason: Array 1 not found: data/pythia_run0O2/hardest2_jets. jsonl

G

_ GetHardestNJets( input_path=data/pythia run03/jets.jsonl,

n_hardest=2,
output_path=data/pythia_run03/hardest2._...

Error: File Not Found
- Reason: Input file not found: data/pythia_run03/jets.jsonl

\.

JetClusterSlowJet( --- )

Same as above with run_02 — run_03
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(GPT-0SS-120B)

Example
conversation

Agent response.

— GetHardestN( --- )

Same as GetHardestN above with run_02 — run_03

— GetHardestNJets( --- )
Same as GetHardestNJets above with run_02 — run_03

— ResonanceReconstruction( --- )

Retry of run_02

— ResonanceReconstruction( --- )

Same as ResonanceReconstruction above with run_ 02 — run_03
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- - — Agent
(GPT-0SS-120B) ,—gl:e{rL]mPython \

Code:

Example import subprocess, os, sys, json, numpy as np, matplotlib.pyplot as plt
®
# Ensure matplotlib backend for headless
conversation

matplotlib.use('Agg')

Agent response. paths = <

'1000 GeV': 'outputs/runOl1_LQ_m_min.npy',
'1500 GeV': 'outputs/run02_LQ_m_min.npy',
'2000 GeV': 'outputs/run03_LQ_m_min.npy'

data = {label: np.load(p) for label,p in paths.items()}

plt.figure(figsize=(8,6))
for label, arr in data.items():
plt.hist(arr, bins=50, histtype='step', label=label)
plt.xlabel ('m_{min}"{LQ} [GeV]')
plt.ylabel('Events')
plt.title('Minimum lepton-jet invariant mass per event')
plt.legend()
plt.grid(True)
plt.tight_layout ()
plt.savefig('mmin_LQ.png')
print ('Plot saved to mmin_LQ.png')

Output:

{"stdout": "Plot saved to mmin_LQ.png", "stderr": "", "return_code": 0}
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(GPT-0SS-120B)

Example
conversation

Agent response.

Tony Menzo (Fermilab + U. Alabama)

Completed workflow:

plem X X

Step Description Outcome

1 Generate UFO model from feynrules/models/S1_LQ_RR.fr UFKFO created in
feynrules/models/S1 _LQ_RR_UFQO
2 Generate parton-level events with MadGraph (3 scan points: 1000 GeV, 1500 GeV, 2000
GeV) 10,000 LHE events per point (data/mg_run001/...)
3 Shower & hadronize with Pythia8 (pythia/cards/S1_LQ RR pp.1j1lj.cmnd) 10,000
final-state events per point (data/pythia runOX/events.jsonl)
4 Jet clustering (anti-k; R = 0.4) Jets stored in data/pythia_run0OX/jets.jsonl
5 Lepton selection (electrons +11, muons +13) leptons_all.jsonl for each run
6 Keep hardest 2 leptons & hardest 2 jets per event hardest2_leptons.jsonl,
hardest2_jets. jsonl
7 Reconstruct leptoquark candidates (two-body symmetric template, AR > 0.4) Minimum
lepton-jet invariant mass my,;, saved as NumPy arrays outputs/run0X_LQ_m_min.npy
8 Plot the distribution of mpy for the three mass points Histogram saved as mmin LQ.png
9 Summarize results See below

Plot

The file mmin LQ.png contains over-laid histograms (50 bins) of the minimum lepton-jet in-
variant mass per event for the three leptoquark mass hypotheses (1000 GeV, 1500 GeV,
2000 GeV). The peaks shift upward with the leptoquark mass, demonstrating successful
reconstruction.

Cross-section & event counts

Mass point Scan parameter (GeV) Cross-section (mb) Events generated

Run 01 1000 10,000
Run 02 1500 10,000
Run 03 2000 10,000

Key output files
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(GPT -0SS- 120B) Key output files

e UFO model: feynrules/models/S1_LQ_RR_UFO/

e MadGraph LHE files: data/mg_run001/S1_LQ_scan/Events/
run_XX/unweighted_events.lhe.gz

e Pythia events (JSONL): data/pythia run0X/events. jsonl

e Jet collections: data/pythia run0X/jets.jsonl

@
C o n ve r s a t 1 O n e Selected objects: data/pythia_run0X/hardest2_leptons.jsonl,
data/pythia_runOX/hardest2_jets.jsonl
e Resonance observables: outputs/run0X LQ m min.npy (and ml, m2, m_max)
e Final plot: mmin_LQ.png

Agent response. Todo lst all tasks completed)

## Monte Carlo Signal-Validation Analysis for S1 Leptoquark

- [x]
- [x]

- [x]

Generate UF0 model from FeynRules file “feynrules/models/S1_LQ_RR.fr-
Generate parton-level events with MadGraph using card
"madgraph/cards/S1_LQ_RR_pp_lqlq_scan.mgb"

set "nevents = 10000°

keep all parameter points

Shower and hadronize events with Pythia using card
“pythia/cards/S1_LQ_RR_pp_1jlj.cmnd"

“shower_lhe = True-

Cluster jets for each run

run01 jets “data/pythia_runO1/jets.jsonl”

run02 jets “data/pythia_run02/jets.jsonl”

run03 jets “data/pythia_run03/jets.jsonl”

Select hardest objects and compute ﬂﬁﬁf

select hardest 2 leptons (pdg 11, -11, 13, -13) per event

select hardest 2 jets per event

compute invariant masses for all lepton-jet pairings, keep minimum per
event

plot histogram of mf}} (50 bins) and save as

‘mmin_LQ.png"

Summarize results (event counts, cross-sections, plot location)

All steps have been executed and the requested analysis is finished. Let me know if you need
any further inspection (e.g., individual event listings, alternative cuts, or additional plots).
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(GPT-0SS-120B)

Example
conversation | —— —

Resu1ts o 0.00175 - - mrq = 1500 GeV
I 1o = 2000 GeV

0.00150 -

0.00125

-

-

-

—

-

-
|

0.00075 -

Normalized Counts

0.00050 -

0.00025 -

0.00000 -
0 500 1000 1500 2000 2500 3000 3500 4000

miy (GeV)
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Depr
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Agentic phenomenology

Modalities

Numeric (simulation, analysis, ML, etc)

Largely software based, agents with tools/skills can..
e Automate code development/execution,

e help with “experiment” design,

e exploration

Tools reduce the “thinking overhead” for the agent, time
for the user, focus on physics rather than code

Harness reliability 1s primary
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Agentic phenomenology

Modalities

Symbolic (cross sections, decay rates, .., etc)

LLMs sample from a distribution pgy(x,; | x,)

Token probability

Questlon
car
R e = -
v I
bike |}

the question 1s really about reliability and auditability.
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Agentic phenomenology

Modalities

Symbolic (cross sections, decay rates, .., etc)

What about the algebraic manipulation typical of a o of I

computation? LLMs are actually pretty good at face value,
a couple problems:

e Convention dependent (metric signature, gauge, spinor
conventions, etc.) mixtures show up 1n training data
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Agentic phenomenology

Modalities

Symbolic (cross sections, decay rates, .., etc)

Two solutions:

1.Tools! .
"initial":[{"label":"H","spin":O0,
. . "mass":125.2}],
® Speley dlagram, trusted "final":[{"label":"b","spin":"1/2",
° . b "mass":2.79},

baCkend Wlth flxed )2 < — {"label":"bbar","spin":"1/2",

. "mass":2.79}],
COnventlc,)nS doeS b "vertices":[{"type":"yukawa","coupling":"yb"}],
CalCUlathn "couplings":{"yb":0.017},

"color_factor":3

2. Targeted knowledge

grounding (context) Pro’s/con’s to both
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“T°’°m not se

5. Trap 1n 1solat

with tools —

6. Custom tools a
allow for user
agent behavior
accomplish arb
or short-horiz

An agentic harness is t
execution environments

while constraining 1t 1

Tony Menzo (Fermilab + U. Alabama)

f T R
NNNNNNNNNNN
E EA.DFILEE Schema generation/validation
E AAAAAA 3 gen_schema (| D
\ User-defined J
Y )
Agent
( Context \
System Tools
|_ No.
User
T \ S~
—_ [
LLM ~ O\ |=—=
—_— _/'OLLAMA H
———— *IOPENAI Il
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Agentic programming in practice

Workflow (see 2512.15867)

1. Choose a task e.g. s < > =l =
st +“

2. Break that task down into “atomic units?”
1. Feynrules, 2. MG5, 3. Pythia, ..

3. Build the harness (prompts+tools+skills)
» Somewhat of an art (lassoing stochasticity) -~ lThere 1s no agent”

4. Test
5. Iterate
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Agentic phenomenology

Crudely characterizing, HEP has two calculational
modalities, with many avenues for agentic programming

Symbolic Numexic
e Computing cross sections/ e Simulation, numerical
decay widths, diagramology methods, tuning
e Model building, group e Analysis

theory . .

. . e Machine learning

e EFT enumeration, matching,
running
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Example workflows Il
Phase 1: Code generation Phase 2: Batch execution
—Agent _Agent

(EDA) B

Task 1: Enumerate and v v
compute symbolic partial L — |
decay widths 1 (A —» BC) ﬂ:
for all tree-level, e Al i
single-vertex |1 — 2 e T
processes in 4D. — )
_Agent |1 | Phase 4: Synthesis
66 tool calls over ~30 - HE
minutes L I
Lt "< il
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(Opus 4.6)

E

100 p——rrrrr 1.0 —
( : 3 S — ff (scalar) = f — S f’ (scalar)
10_1 - - == S — ff(pseudo) == f— S f'(pseudo)
T [ V — ff (vector) — 5= 515 ,
a —2 0.87 V — ff (axial) == V=515 //
CO 10 _ V — ff (tensor) /,/
d ;g 3 ;g '
el Zio0 <
E; 55(16_
fo E 10—4 E
3 ~ ~ -
pr ] ] -
a — $SS: S — 515, -
10_6 m— SSV: V — 5152 |
= SFF (scalar): S — ff | 0.2
66 : = = SFF (pseudo): S — ff ] .
1077 =
m i VFF (vector): V — ff
VFF (axial): V — ff : — -
10 1072 10~1 10V o.%.o |
B = /1 —4m?/M? B = /1 — 4m2/M?
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(Opus 4.6) lTaskz‘ Lmhw aﬁ
Exam P le workflows ~

(NDA)

Task 2: Determine the v

maximum number n of eTe~ ngi_;zéﬂf ;5@@%6

pairs for which

Ndiagrams =

MNeclasses = 1 Tclasses — 3 TNclasses —

ut—> oy, +n(ete) +e" | | |
remains observable at Phase 2 NDA Etimatin | ===
current/planned muon OB O
experiments. | ) 1 I
63 tool calls (+39 from a e '
research subagent) over ‘} |

~40 minutes | E_
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The road ahead...

Time from idea to paper will drop drastically (learning curve 1is
significantly reduced), focus turns to harder ideas, more fruitful
cross-pollination from disparate fields

1l year

Initial automation of many HEP workflows, existing workflows
become more polished, reliable

5 years

Mass adoption, majority of research is LLM assisted, many “non-
phy51cs”‘workflows completely automated/validated, exploratlon at
scale, interpretable workflows become

10 years..

Physicists job becomes deciphering and understanding the oracle..?
Both human- and agent-driven?
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