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Large language models (LLMs)
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Large language models (LLMs)
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What is an agent?

Given context  at a decision step , and an action  
selected from and action space , an agent is a system 
that implements a conditional distribution over actions: 

 

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

Ct t 𝒜t
𝒜

p(𝒜t |Ct)
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What is an LLM agent?
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a random variable whose values are sets of token sequences. 

The probability of an action  is given by 

 

where  indexes the length of the token sequence implementing the 
action 

𝒜 ≡

𝒜t

p(𝒜t ∣ Ct) =
∞

∑
m=1

∑
{xt+1:t+m ↦ 𝒜t}

pθ(xt+1:t+m ∣ Ct )

m
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Why are tools/context useful?
A “scaling” argument

Given some context , an action  follows a 
distribution with uncertainty (or conditional entropy) 
comprised of two components  

CL 𝒜t

Δ𝒜(CL) ≈ ΔT(C0) + Δexecution
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Why are tools/context useful?
A “scaling” argument

There is also an inherent and irreducible uncertainty 
“floor”, , introduced by the model itself. 

This introduces another scale  that can interplay with 
.

ε ≡ lim
L→∞

Δ𝒜(CL)
Leff

LT
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Ultimately, for a fixed execution uncertainty, 
this limits the complexity class of tasks .T
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A more relevant uncertainty comes from the models 
inherent ability to utilize context, uncertainty ~grows 
with increased context

Why are tools/context useful?
A “scaling” argument
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Why are tools/context useful?
A “scaling” argument

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

Δ𝒜(CL) ≈ ΔT(C0) + Δexecution < Δ𝒜tol.
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HEP BSM workflows
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ℒ ⊃ (DμS1)(DμS1)† + yij uc
Ri eRj S1 + h . c .

A running example: Scalar leptoquark

S1 ∼ (3̄, 1, 1/3)

Task: Reconstruct the leptoquark mass

pp → S1S†
1 → (lj)(lj)

mmin
LQ = min {m (1)

LQ, m (2)
LQ}
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HEP BSM workflows
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A running example: Scalar leptoquark
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HEP Toolkit for Agentic Planning, 
Orchestration, and Deployment 
(HEPTAPOD)
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Built using the Orchestral AI orchestration engine.

• HEP specific agent toolkit 
• Run-card driven 
• LLM-digestible event data-structures ( ) 
• Task specific context, prompting, and error-
handling

evtjsonl
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HEP Toolkit for Agentic 
Planning, Orchestration, 
and Deployment 
(HEPTAPOD)
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Conclusions
Agents in HEP
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• HEPTAPOD is a (soon to be live) orchestration framework for 
high energy physics simulation and analysis workflows. 

Future work: 

‣ RAG-based run-card validation/generation 

‣ Detector simulation, analysis pipelines, more event 
generators 

‣ Increasing autonomy and agentic “herding”
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Thanks for your attention :)
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Deviant behavior
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Example 
conversation
Initial sandbox.

(GPT-OSS-120B)
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Example 
conversation
System prompt.
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Example 
conversation
User prompt.
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Example 
conversation
Agent response.
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Example 
conversation
Results.
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