Al Agent for Automated Literature Validation of Experimental Magnetic Structures
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SUMMARY OF PROJECT METHOD / ARCHITECTURE: EVALUATION

e Databases, papers, and online structure files all contain claims No lookup used One raw source 4 DBs, deduped Match + tiers lterates itself

about materials’ magnetic order (can become outdated or wrong)

e Re-auditing at scale is useful yet impractical because it requires
expert review No search Raw search Search tool + Rubric + Full loop

e Agent: material + claimed order — literature search — confidence
score + citations, verifiable in minutes

Why just ask? No filtering The baseline Prompt design Most complete

e Domain-general: the same approach could apply to crystal Ground truth Choosing materials Before a big run What gets scored Repeats
structures, phase diagrams, Tc values, protein annotations, etc.:  Drafted by one model,  Test closed-book first * Free check — cheap  Right orders found » 3 runs per stage
magnetic structures are the first use case verified by hand » Focus on what the configs — small hard « Best guess correct » Reported as a range,

» Different model than model doesn't know test — full run « Stale ranked below not one number
] the agent (no bias) current, correctly

BACKGROUND & MOTIVATION

e Started as a 7-stage DFT/HPC pipeline; noticed a simulation can
converge to the wrong state from a bad magnetic-structure guess

(converged # correct) 0.61 +22-. 38 /1 0->10

RESULTS

® Catching bad claims upstream prevents wasted simulation Agent (S5) micro-F1 Precision recovered by the loop Materials the loop improves or holds Ba,CelrO¢ F1 (raw search = agent)
e ~2 days — <30 minute: expert magnetic-order validation is slow; A +0.10 vs raw search (S2 0.51) A 0.38 » 0.47, recall held at 0.87 A 8 wins - 1tie - 2 losses A full recovery of a broken
the agent automates the same literature check uatarial
e Manually auditing thousands of database entries is impractical; _ _
o . Figure 1. Headline Results
the agent makes large-scale validation feasible
e \Why an .agen.t, not a plpellng or plain LLM: o | Ba2Celr06 ® ® +1.00
1. Requires judgment: weigh recency vs. replication, reconcile
different descriptions, and distinguish new phases from CrSBr e ® +0.33
corrections o o
: . La2NiO4 +0.31
2. Requires adaptive search: what to search, how many papers
to check, and when to stop depend on the evidence found MinTe o ® +0.23
3. Requires grounded evidence: every conclusion must trace to
a retrieved paper (not model memory), requiring tools and Cri3 © ® +0.20
code-level enforcement
U0o2 o ® +0.19
e — .
Nil2 @ ® +0.13
METHOD / ARCHITECTURE: AGENT DESIGN
YbBi2104 @ ® +0.11
. Any source
| Clalm . Database, paper, Na2Co2TeO6 - ® +0.10
material + claimed order - b hand
e orby han CrSiTe3 @ ® -0.11
Match rule Confidence tiers FePS3 & - ® -0.39
- Same type + k = ~ . - Reproducibility
came order( trI?ron.\ptt.(fr.ubr;)c? }ranks highest 0.00 0.25 0.50 0.75 1.00
. Includes both broad © Sclentitic rubrie . Retracted/predatory Figure 2. F1 scores for database raw search (orange) v.s. with full agent loop (blue), across all 11 materials tested.
type + sub-divisions excluded in code
MnTe CrSBr Ba2CelrO6
. \E accepted: A-type antiferromagnetic accepted: A-type antiferromagnetic accepted: antiferromagnetic
Guardrails
. Model only picks tools, - - | Agent loop S2 RAW SEARCH — 4 ORDERS S2 RAW SEARCH — 2 ORDERS S2 RAW SEARCH — 1 ORDERS
o picks a tool each round
code enforces limits v antiferromagnetic (altermagnetic, collinear) v A-type antiferromagnetic v antiferromagnetic
Built, not used yet layered AFM (in-plane anisotropy) field-induced ferromagnetic (metamagnetic) S5 AGENT LOOP — 1 ORDER
+ check_venue_status, J Two tools spin-glass-like disordered state S5 AGENT LOOP — 1 ORDER v AFM on the fcc j=1/2 Ir sublattice (Kitaev-
get_journal_quality, - search_paper: 4 DBs, I I driven)
, ' ‘ ic-li v A-type AFM: FM in-plane layers, AFM
get_magndata_reference- - Tools ~dedup, filters weak interfacial ferromagnetic-like moment | yp In-p i
, search + compare tools interlayer
— all unit-tested - compare_orders: €8 AGENT LOOP — 2 ORDERS
- read_paper — deferred, also grades the agent , )
v Collinear AFM (Neel / A-type), FM layers
untested stacked AFM
J When to stop AFM + weak canted ferromagnetic component

Figure 3. Example materials, raw search vs. agent results. Green = accepted structure; orange = noise filtered out by the agent.
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LIMITATION & NEXT STEPS

Stopping check - No new results -
new evidence? conflict? stop searching

« Conflict = 1 more search

What comes out e Eval set is small and deliberately adversarial (11 hardest / |
. Type, k, confidence .4 search-fragile materials) — results are a stress test, not an overall Grow the. sicalengss set and broaden past the adversarial 11
citations{ verdiet } accuracy number (ex. staleness tested on only 2 materials) for a realistic typical-case benchmark |
- All orders kept — one verdict per order e Several built tools pass unit tests but aren't yet exercised in the live ® BfNg read_paper and the vetting tools into the eval staircase
no forced winner loop or eval e Build an accompanying front end for easier user interaction
e Ground truth had one model draft and one human review; no ® Add functionality for manual PDF upload, expert-judge
O rubric O loop O retrieval O output second reviewer review, and similar human-in-the-loop features
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