Al scientist for LQCD: a new

tool for flavor physics at STCF
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The volume curves are staggering. Industry baselines establish that Al is now the primary
author of modern software infrastructure: Microsoft reports that Al now generates 30% of
its codebase; Salesforce estimates Al agents handle 30% to 50% of workloads; Meta has
signaled a 50% target for late 2026; and GitHub Copilot’s telemetry points to a 46%
average code share across its entire user base. Most striking, Google says that 75% of its
production code is Al-generated.
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Fig. 1. A timeline of existing large language models (having a size larger than 10B) in recent years. We mark the open-source LLMs in yellow color.
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“OpenAl: EIERATES (AG) MAMMER

Stages of Artificial
Intelligence
Level 1 Chatbots, Al with conversational [2022-2023]
! [2024]
Level 2 Eslsisnoners, human-level problem GPT 03, Deepseek R1
g
_ [2025-2026] Al Agent:
Level 3 Agents, systems that can take actions Openclaw, Manus ...
Level 4 Innovators, Al that can aid in invention [2026-2027] ?
Level 5 Organizations, Al that can do the work

of an organization

B, AlgENRNBRIEERERRE,
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AlphaFold
Accelerating
breakthroughs in
biology with Al

/ Al for ScienceflsiBOFRIRD: AIRIES

AlphaEvolve: A Gemini-powered coding agent
for designing advanced algorithms

AlphaFold: ARG xAl ooI eepMind

: . sakana.ai
«('§) DeePMD-kit Microsoft Kosmos

Al Scientist for Autonomous Discovery The Al Scientist: Towards Fully Automated Open-Ended Scientific

DeePMD-kit: 93F1=E#) Discovery
Microsoft Sakana Al

where’ s Al physicist ?
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Al physicist for
Lattice QCD?

Confinement of quarks*

Kenneth G. Wilson
Laboratory of Nuclear Studies, Cornell University, Ithaca, New York 14850
(Received 12 June 1974)
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PhysMaster

) 2512.19799, PhysMaster
2603.22471, PhysMaster for LQCD

2604.15411, PRL-Bench == 11 |
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Skills: EHH{LIRIRIA

name Igcd-analysis

Lattice QCD analysis pipeline skill. Takes correlator data from lattice measurements and extracts physics results with
statistical and systematic error control. Covers: source-time shifting, correlator folding, jackknife/bootstrap resampling,
. gvar/Isqfit integration, effective mass, multi-state correlated fits (hadron spectrum), matrix element extraction (ratio method,
v S kl I I S description  summation method, simultaneous C,+C; two-state fit), dispersion relation and speed of light, fit diagnostics (x*/dof, Q-
value, AIC, SVD cut), and scale conversion to physical units. Uses fit function templates from Iqcd-physics-spectrum. Trigger
on: "analyze correlators", "fit the data", "extract mass", "effective mass", "matrix element", "dispersion relation”, "speed of
v |q Cd -ana Iys | S light", "jackknife", “resampling”, "Isgfit", or when contractions are done and results needed.

Y SKILL.md LQCD Analysis Pipeline

H name lgcd-physics-correlator
v lgcd-physics-correlator
Lattice QCD physics reasoning skill. Derives the chain from a physics observable to a computable correlator: interpolating
operator construction (mesons, baryons), correlator definition (two-point, three-point), Wick contraction with ys-hermiticity
and flavor symmetry, propagator requirements, and einsum expressions for contractions. Hands spectral decomposition and
> reference P e P _ el seanp
fit templates off to Iqcd-physics-spectrum. Uses DeGrand-Rossi gamma basis (PyQUDA convention). Trigger on: hadron
masses, decay constants, form factors, matrix elements, operator construction, Wick contraction, disconnected diagrams, or

D S KI L L m d "what correlators/propagators do | need".

. LQCD Physics R i
v Igcd-physics-spectrum QLD Physlcs: Reasaning

name pyquda-tool

[ sKILL.md

PyQUDA tool usage skill. Generates Python code that calls PyQUDA to solve quark propagators on lattice gauge
configurations. Covers: configuration loading, quark parameter setup (Wilson/clover action, mass or kappa, clover
coefficient, link smearing), multigrid solver configuration, source construction (point, Gaussian smearing with APE/HYP/stout
Vv pyq u da ‘tOOI description g g_) e sk (P g /. /
links), propagator inversion, and residual verification. Reads ensemble parameters from ensemble_registry.yaml. Trigger on:
“compute propagators", "solve propagator”, “run inversions", “call PyQUDA", “solve Dirac equation”, or when lgcd-physics-

correlator has produced a propagator requirements list.

PyQUDA Tool Usage
7 1 N\TmIoJlU V
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LQCDMaster: Tool-Augmented, Skill-Guided LQCD Code Generation

User Request

g

From natural-language lattice-QCD research request to PyQUDA computing code

Optional Interaction

e

Planner

-0-B

-

< b Y

O

O

Human

-
Differences Among Agents
Compare agent systems by skills and tools

Agent ‘ Skills ‘ Tools
i PyQUDA, Wick,

@ LQCDMaster |  LQCD-specialized SLURM
( / > Codex general coding editor, terminal

;Q Deep Research | search & synthesis web, retrieval
N
Agents differ mainly in specialization and tool access.
\

L

Compute a meson
2-point correlator

critique rewrite

Y,

Checkpoint

Optional Interaction
e
Executor . Outputs
E—g_’ i @ e S
H * PyQUDA scripts
AR tooe Validated uman- * SLURM scripts
Plan Artifacts Checkpoint p
* Logs & Summary
\ J

?

Skill-Guided Agent Specialization

@ lgcd-physics-correlator

@ pyquda-tool

(_(:3 pyquda-gauge

Deterministic Wick-Contraction Tool

L -0

Generate_einsum contractgen verified
contraction
K Reduces hallucination, enhances efficiency
W,
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LQCDMaster

[ An Autonomous AI Scientist for Lattice QCD ]}

[LQCD Master] Enter task description: Calculate the two-point function of a pion with the operator \bar u gamma 5 d.

Use the point source at position [90,0,0,0].
Invert all propagators using stout-smeared gauge links with parameters (1, 0.125, 4).
Save the final result without any header or extra text to a txt file in the run directory.
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1. Planner
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Save the final result without any header or extra text to a txt file in

[Planner]
[Planner]
[Planner]
[Planner]
[Planner]
[Planner]
[Planner]
[Planner]
[Planner]

Heianiort] This revised plan keeps the original spectroscopy objective but removes the unsolicited zero-momentum prq
[solve] stage start! € atches the requested local pseudoscalar pion two-point function built from the operator $\bar u\gamma_5 ¢
blamer olvelieiilis (=etected) M | Skllls=1qu'phySlcs'co'ﬂl 0]$. The flavor assignment is made explicit for execution: the correlator is treated as the connected isq
[solve] stage done! B | tool calls=€ ) )
[critique] stage start! u$ and $d$ lines mapped to the same degenerate light-quark propagator and related through the standard cq
[planner critique] skills selected! B | skills=1lqcd-physics- $-hermiticity.
[critique] stage done! B | tool calls=0
[rewrite] stage start! # )
[planner_rewrite] skills selected! B | skills=lqcd-physics-c@ill The gauge-link treatment is now operationally explicit. The plan requires loading the original ensemble {

[rsaritelistass donetl M| tool calls-o ring with parameters $(n_{\mathrm{steps}},\rho,n_{\mathrm{dim}})=(1,0.125,4)$, and then constructing the
eared links before performing the light-quark inversion. This closes the ambiguity in the earlier versio
ecorded only as metadata instead of actually entering the propagator definition.

The execution contract is also tighter: a single light point-source propagator is specified, the sink re
al setup, and the output now has a concrete target path in the run directory, "./pion_g5 point 2pt.txt’.
trict and unchanged in spirit: correlator values only, one line per Euclidean time slice, with no header

[Planner Checkpoint] Press Enter to accept the plan, or provide revision feedback: I

/““‘-f*\i“%\“ﬁﬁuf




l LQCDMaster

[Executor]
[Executor]
[Executor]
[Executor]
[Executor]
[Executor]
[Executor]
[Executor]
[Executor]
[Executor]
[Executor]
[Executor]
[Executor]
[Executor]
[Executor]
[Executor]
[Executor]
[Executor]

2. Executor

[ Executor ]
[executor:vl] stage [starti =
[executor_generate] 'skills selected! B | skills=1qcd-physics-correlator, pyquda-tq
[executor_generate] tool call: generate_einsum /
[executor] stage dorei—mm | tooiCaiis=i
[executor] LLM output keys: ['main_program',
[executor_static_analysis] stage start! <
[executor_static_analysis] stage done! B | errors=0
[executor_critique] skills selected! B | skills=1qcd-physics-correlator, pyquda-toq
[executor_critique] stage done! B8 | tool calls=0
[executor_critique:vl] found 2 error(s); trigger executor_rewriter static-check rou
[executor_rewrite] skills selected! B | skills=lqcd-physics-correlator, pyquda-too
[executor_rewriter] stage done! B8 | tool calls=0
[executor_static_analysis] stage start!
[executor_static_analysis] stage done! B | errors=0
[executor critique] skills selected! B | skills=1qcd-physics-correlator, pyquda-toq
[executor_critique] stage done! B8 | tool_calls=0
[executor_critique:vl] remaining_errors=1; pass_to_checkpoint_for_human_review
[executor:vl] artifacts_saved=../LQCD_Master_runs/20260701meeting_test/executor_vil

‘test_submit', 'full_submit', 'notes']
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PLAN SUMMARY
Implementation is close, but it has one clear submission-output mismatch and one code-g

WARNINGS

- Contraction code in “main.py  1is not from the generate einsum tool — this is a code-g
- The contraction "contract('wtzyxCBba, wtzyxCBba -> t', prop l.data.conj(), prop l.dat
der the expected "gamma 5 cancellation pattern, but because it is handwritten rather t

index convention should be manually confirmed against the approved codegen scheme.
- The shell scripts are structurally acceptable, but "resource path™ is passed as "~/.c
and cache persistence semantics should be confirmed in the actual runtime environment

EXECUTOR CRITIQUE ERRORS
- Output path deviates from the approved plan: "main.py” writes
ectory file "./pion g5 point 2pt.txt .

“./pion g5 point 2pt cf

[Executor Checkpoint] Press Enter to submit the test job, or provide revision feedback:

/““‘-f*\i“%\“ﬁﬁuf L
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l LQCDMaster

3. Sbatch & Revision PyQUDA script

import os
: import sys
[Executor] [submit_test:vl] stage start! import numpy as np

[Executor] [submit_test] submit_script=/public/home/tangmen/work pyquda/LQCD_Mas from opt_einsum import contract

[Executor] [submit_test:vl] stage done! B | ok=True | job_id=116295877 from pyquda_comm import array

[Queue] waiting for test jOb output... from pyquda_utils import core, io, source

[ Slurm Queue ] # Run: mpirun -n 4 python3 main.py ~/.cache 10000

Current state: submitted, but Job 116295877 is not yet visible in this "~ squeue” resource_path = sys.argv[1]
n_cfg = sys.argv[2]

[ Workflow Completed ]

[Run dir] Path: /public/home/tangmen/work pyquda/LQCD Master runs/20260701meetin fatt_size = 124, 220, a2d il

[Status] Completed E;iij\;zf :aE;;/"L 1 4]

[Trajectory] File saved to: /public/home/tangmen/work pyquda/LQCD_Master runs/20

cfg path_template = "/public/share/weiwang/clqcd/beta6.20 mu-
20 mu-0.2770 ms-0.2400 L24x72 cfg {n cfg}.lime"

(venv-pyquda-ghf) (LQCD master) [tangmen@iogin@4 LQCD Master]$ sq
JOBID PARTITION NAME USER ST TIME NODES NODELIST(REASON)
116295877 kshdexclul6 pion2pt test tangmen R 0:13 1 f15r4n00

7
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.1632582004702274e+00 1.6298989353700609%e-19
.5899417140129657e-01 -3.1288345983559066e-20
.6792772064338091e-02 -1.8309717069082567e-21
.3159090846817828e-02 2.8240659410012015e-21
.2299487133679798e-02 5.5189972692166963e-22
.7268744090132607e-02 1.7910441711253317e-21
.3438578907075451e-02 -1.2690798524872489%e-21
.8866329493605054e-02 2.5422652664104344e-23
.4799854306247230e-02 5.8349250315531007e-22
.1442865398272710e-02 -4.214757727105778%e-22
.5568580471043123e-03 -6.8507581334897165e-22
.7101015406195062e-83 3.9420353022519341e-23
.4243075746006021e-03 2.5732692494828724e-22
.4562053383694874e-03 9.2278744194189070e-24
.5444740801028971e-03 -2.0748313980642531e-22
.7404629726457790e-03 -9.0842046809605541e-23
.2853743805644011e-03 4.7201464456982269e-23
.86605924484008629e-03 5.6359714146602858e-23
.5510799666623900e-083 -5.0935419996935300e-23
.3171561952816122e-03 -2.5314429724148256e-23
.1836375160887566e-03 -4.0472612544954405e-23
.1198515815636760e-03 -5.4850223431593454e-23
.7770928464498835e-04 -1.5486298429897916e-23
.1756510049545378e-04 2.4344945854809999%¢e-23
.8547323463373294e-04 -6.2143334753871893e-24
.0819821006694627e-04 1.1801971602605797e-24
.3658265672072681e-04 4.637923193455465%e-24
.8950185247911382e-04 -1.2682234867042764e-23
.5012816904248991e-04 -1.0273755256948248e-23
.0525277459911493e-04 1.6517936764238590e-23
.6996232112879835e-04 1.2112544855428597e-24
.6731253299061281e-04 -8.9428715025501767e-24
.7249642400715219e-04 -2.1970684486900455e-24
.3750675587723152e-04 1.9249275981950755e-23
.8443344424865360e-04 -1.4010591970531877e-24
.5479901715632627e-04 -5.0045233767632090e-24
.3254081420827512e-04 -1.3779721637429684e-25

.1632582004519192e+00 1.4005672981522223e-19
.5899417138341790e-01 -5.6053213093206848e-20
.6792772042648815e-02 -1.6306087298918203e-21
.3159090818386550e-02 -3.0535495934667713e-21
.2299487097856461e-02 -8.2890773268915713e-22
.7268744041291315e-02 -5.9764568132516765e-22
.3438578845013602e-02 -1.7744801281402388e-22
.8866329426338885e-02 1.4769628744480308e-21
.4799854242634027e-02 -6.2308908547881819%e-22
.1442865343009671e-02 -2.6357604143162727e-25
.5568580034694162e-03 3.0638797931490269e-23
.7101015067621657e-03 1.3823084809355477e-22
.4243075475905751e-03 -1.3845458542208331e-23
.4562053153985324e-03 8.115546162320773%e-23
.5444740617283058e-03 -1.2063115173168889%e-23
.7404629587137051e-03 -2.1890303972571412e-23
.2053743702848748e-03 -1.2985173449622994e-22 M a n I
.8660592366359829e-03 -2.9348689049514671e-23 u a
.5510799600792818e-03 5.8400030079355079e-23
.3171561899026154e-03 4.1654010403819551e-24
.1836375113576708e-03 -2.2888511529267745e-23
.11985157714086975e-83 -3.5111069539927589%e-23
.7770928089549263e-04 -2.5345590744949977e-23
.1756509742067268e-04 6.6513829717290804e-24
.8547323207204011e-04 -3.4901069423407738e-25
.0819820784988293e-04 -1.1956889020871173e-23
.3658265455234274e-04 1.3441518938009812e-23
.8950185025076122e-04 -2.3918889583702923e-23
.5012816692392889%e-04 4.2324027479362309%e-24
.0525277239996684e-04 1.5433621786282831e-23
.6996231880816725e-04 -3.4282906364204203e-25
.6731253053153923e-04 1.4321870230694023e-23
.7249642157486881e-04 -3.7272863964274161e-24
.3750675379376683e-04 -1.3489400828739602e-24
.8443344255384330e-04 -1.6080625126320365e-23
.54799015604084767e-04 4.5975510733493838e-24

.3254081275916983e-04 -6.1408043964475191e-24 }f;l‘ s
I \IT=TSJTU
Il A
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Il LQCDMaster

O: Up quark @ : Down quark A : Strange quark

Multi-hadron
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