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Narrow Focus for this talk…

Can a LLM write working code to make a complex physics plot?
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In the context of a specific experiment?

Can a LLM make plots we want?

With just simple English queries?



What Plots?
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M. Proffit – CHEP 2019

https://indico.cern.ch/event/773049/contributions/3476178/attachments/1936838/3210025/chep_2019_poster.pdf


What Does The LLM Have To Think Through?
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Question 6: For events with at least three jets, plot the pT of the trijet four-
momentum that has the invariant mass closest to 172.5 GeV in 
each event and plot the maximum b-tagging discriminant value 
among the jets in this trijet

1. Loop over all the events
2. Fetch the jets from the event if it has at least 3 jets
3. Form all 3-pair combinations
4. Pick the 3-pair combination closest to mass 172.5 GeV (top mass)
5. Fill an appropriately defined histogram
6. Fetch the b-tagging discriminate for all three jets
7. Fill an appropriately defined histogram with the largest 

discriminate value.
8. Plot the histograms

“Loop over combinations 
of objects in the same 
collection and extract a 
property of the 
combinations other than 
the key used to sort 
them.”



Pick a Technology Stack
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Get data (ATLAS) off the GRID and convert it 
to a columnar format in a scalable way.

(GRID Data/Skimming Access via REST API)

Manipulate columns, filter, 4-vector algebra, etc.
“numpy” for jagged data

Histogram manipulation, plotting (matplotlib), 
HEP formatting, etc.
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Get data (ATLAS) off the GRID and convert it 
to a columnar format in a scalable way.

(GRID Data/Skimming Access via REST API)

RDataFrame
Manipulate columns, filter, 4-vector algebra, etc.

Histogram manipulation, plotting (matplotlib), 
HEP formatting, etc.
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Because we get quick, easy, immediate access to experiment GRID data
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ServiceX

Awkward Array

Vector

Hist

ATLAS xAOD Data

Hint Texts

Prompt Question Large Language Model

Same for all questions

Different hint files for different workflows…

Different prompts for different tasks
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Github with all hint files

Awkward Array Hints File ATLAS xAOD Data Model

https://github.com/gordonwatts/hep-programming-hints
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Github with all hint files

Awkward Array Hints File ATLAS xAOD Data Model

Writing Hint Files

• Used a LLM to draft many of the bigger ones first (“deep research”)
• Some evidence these are too wordy

• Wrote some by hand (e.g. xAOD Data Model) – no good public source 
of documentation

• Iterate – when the LLM gave a confusing answer, could often trace it to 
incorrect or unclear hint files! [Found some errors in source 
documentation]

These hint files end up being quite useful for humans – they can be written 
in a very condensed way!

https://github.com/gordonwatts/hep-programming-hints


You will be asked to write python code that will access ATLAS data, extract some items, and then make one or more 
plots.
If the user's prompt doesn't fit that request, please complain. Generate code using ServiceX to fetch the data,
Awkward array to manipulate the data that comes back (with vector for doing any physics calculations like
invariant mass), and Hist to generate and plot the histogram. Write the histogram/plots to `png` files.
If hints contain instructions to tell the user some bit of information, make sure to do that. If you are manipulating
from ServiceX, use only Awkward array - do not use python lists, etc. Just give the user the code, do not try
to create a pull request in any repo.
** Hints **
{hints}
** User Question **
{question}

** Final Instructions **
Please reply in the following format:
>>start-reply<<
<text describing what you have done as a bulleted list>

```python
<code>
```
>>end-reply<<
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Prompt

“Simple” prompt in github

Added to clean up the output!

Modern LLM’s are fine-tuned to 
explain – if you don’t give them an 
outlet, they will just write it 
anyway!

All you actually want…

https://github.com/gordonwatts/atlas-plot-agent/blob/91ab080adcfe2c052248a77454fdf7f7f315b474/notebooks/adl-benchmarks/direct-query-config.yaml#L9
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• Used ServiceX FuncADL (PHYSLITE) to fetch only the 
event MissingET magnitude (converted to GeV) to 
minimize data movement.

• Queried the specified rucio dataset and delivered 
NFiles=1 (kept small for a quick example; you can 
increase NFiles yourself when ready).

• Converted the ServiceX result to an Awkward Array and 
filled a Hist histogram (50 bins, 0–200 GeV as a 
reasonable MET range).

• Plotted with mplhep ATLAS style and saved to 
etmiss.png.

Question 1: Plot the ETmiss of all events

(notes from LLM response)
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• Uses ServiceX (FuncADL R25 PHYSLITE) to fetch, in one delivery 
(NFiles=1), only what’s needed: per-event jet kinematics (pt, eta, phi, 
mass in GeV) and the b-tagging discriminant (GN2v01 tagger weight) via 
the BTaggingSelectionTool (FixedCutBEff_77 operating point).

• Filters events at the ServiceX level to require at least three jets, reducing 
data moved.

• Builds Awkward Momentum4D vectors, forms all trijet combinations per 
event, selects the combination with invariant mass closest to 172.5 GeV, 
then:
• Plots the pT of the selected trijet four-momentum.
• Plots the maximum b-tagging discriminant among the three jets in 

the selected trijet.
• Uses Awkward + Vector for all physics calculations and Hist for 

histogramming; saves plots to PNG files.
• Dataset: 

mc23_13p6TeV:mc23_13p6TeV.601237.PhPy8EG_A14_ttbar_hdamp258p
75_allhad.deriv.DAOD_PHYSLITE.e8514_s4369_r16083_p6697.

• Note: Only one file is processed (NFiles=1) here; when you are ready, you 
can scale up yourself.

Question 6: For events with at least three jets, plot 
the pT of the trijet four-momentum that 
has the invariant mass closest to 172.5 
GeV in each event and plot the maximum 
b-tagging discriminant value among the 
jets in this trijet

Boilerplate to deal w
ith b-tagging

Filtering, com
binatorics, plots
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Got it!
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What about errors?

This is a crash in ServiceX
• No data was returned
• Note the “0/0” – no files 

were found for ServiceX 
to process.

• This means that the 
dataset name is likely 
bad.

BUG:
• Note there is no 

informative error 
message…

• I had to use my expert 
knowledge of the system 
to realize what was going 
on.

• Just add this to the hint 
file and now the LLM is 
also an expert!
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Prompt + Question + 
Hint files

LLM

Run Code
(in docker)

Did Code 
Fail?

Fix It Prompt + 
Question + Hint files + 
Previous Version of 

Code

• Fix It Prompt is very similar to first 
prompt
• Includes old code
• stderr, stdout

• Iterations are allowed up to some limit

In general, smaller models have more 
trouble than larger models!

Took 6 tries on Q1!!!

Y



And “Hallucinations”…
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gpt-4o Question 5 Correct Question 5 Answer

All models answers to question 5

https://github.com/gordonwatts/atlas-plot-agent/blob/main/notebooks/adl-benchmarks/results/direct-query/direct-question-05.md
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Cost (USD)
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10 Trials
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Correctly calculated with # of input and output tokens (as reported by the API)

10 Trials
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Cost
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Cost



3 TeV Z-Prime
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Plot the reconstructed top quark pair mass in events with one charged 
lepton in the rucio dataset <z-prime-mc-3000-gev>

Thanks Alex Held

• “Not unreasonable” – after examining the code
• Could have used b-tagging to improve further
• Used 𝑚𝑊 mass constraint to choose the smaller 

neutrino 𝑝𝑧
• GPT-5 made two coding errors

• That it had never made in other questions
• But many other models had
• Getting to the limits of what it can do in one 

shot?
• BUT… injects preconceptions

• Initial Object Selection Cuts, etc.
• So plots aren’t identical to reference
• But still is getting “physics” right
• Reproducible? Not really!



What Dataset Should We Use?

For events with at least three jets, plot the pT of the trijet four-
momentum that has the invariant mass closest to 172.5 GeV in each 
event and plot the maximum b-tagging discriminant value among 
the jets in this trijet in the rucio dataset 
mc23_13p6TeV:mc23_13p6TeV.601237.PhPy8EG_A14_ttbar_hdamp2
58p75_allhad.deriv.DAOD_PHYSLITE.e8514_s4369_r16083_p6697.

The actual question #6 fed to our models:

Why can’t we say “in semileptonic ttbar”?

• Every experiment has a wealth of metadata 
associated with its datasets

• Twiki pages often maintain which samples to 
use for what

• Imagine sorting between a Run 2 and Run 3 
analysis!

• Or full sim and fast sim!
• Cross sections and MC production 

efficiencies!

That said:
• There are rules!
• Even experiment scripts…

How hard is it to write a tool that the llm can use?
(not that hard…)
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https://github.com/gordonwatts/atlas-mcp


What Might Be Next?

What should we be writing?
• Tools (mcp-based)
• Prompts that can be used to accomplish goals

We should shy away from writing big complex 
integrated systems except as the final step!

Tools, prompts, hint files are reusable by many 
system!
• Even humans can use them
• The plug into existing IDE’s and could help a user in 

real time!

We need a HEP repository of tools, served to the web 
in general
• Tricky: want authentication so a user can use 

these in their experiment’s privileged context!

Build lego bricks, not buildings!
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Write Our Own Query Framework?
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Install plugins in codex/claude/copilot
(tested in codex/claude)

Plugin for coding with SX/AWK, etc.
(thanks to Ben G!!!)

$ uv run --script plot_etmiss.py

https://github.com/iris-hep/marketplace
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NO
Move to using CLI’s and other frameworks made by the Open Source Community



Next Steps
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One Person Efforts
• Very easy to get started, but…
• Proof this can be useful is done (and published)

• Now – move away from smaller contrived demonstrations
• Use 100 TB datasets, modern analysis facilities, at scale 

questions and analysis

Work at Scale?

Complexity Of Full Analysis?

• Manage context over full range of experiment specific 
tools and facilities

• Manage context and intent over weeks of work
• Cost?

Build An Ecosystem…
• Of Skills

• How to perform things like 
statistical anslysis

• How to extract data (ntuple)
• Top-jet boosted tagging…

• Of Tools
• Experiment meta-data (x-

section)
• Datasets, reprocessing 

versions, etc.
• Of Context

• How far can it go on its own 
towards an analysis?

• How to integrated a 
human?



Specific “Next” Goals
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OpenData: Run the AGC 

ATLAS: Repeat a simple non-standard final state analysis

1. Develop the skills, tools, git repo structure (e.g. maintaining context) so they are 
generic enough the AGC prompt has to specify the analysis

2. Run 10 times. Cost? How different are the answers?

1. Similar as to above, but unlike a canned analysis, target Run 3



Conclusions

• Bigger Models Are Better
• Not worth wasting time with the smaller ones?
• Certainly nothing under 100B
• Cost is now an issue!

• Hint Files Are Universal
• We will need these for whatever we do next
• Helpful for humans as cheat sheets
• Optimize hint files for brevity (big models know 

a lot!)
• Tools for hint files (mcp)?

• This used ServiceX, Awkward, Hist as its 
tech stack
• No reason another stack couldn’t work!
• Mix/Match hint files, replace prompt
• GRID data being available in minutes… seems 

like a requirement for “chat”…

• Biggest Issues
• Validation
• How do we fit it into our current workflows?
• What new workflows does it enable?
• Is this just another framework experts are 

already writing?
• Can we figure out how to make “plans” work?

• Next Steps
• Find small tasks that experiments will find 

immediately useful.
• Something that want to do, but is just too 

much annoying trouble with the current 
software stack

• Web site to demonstrate new tools is possible 
hack-a-thon next step
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