
Proceedings of the 4th Workshop on Artificial Intelligence for Scientific Publications, pages 17–22
November 10, 2026 ©2026 Association for Computational Linguistics

From Astronomical Circulars to Auditable Follow-up Records:
Schema-Constrained LLM Extraction with Human Verification

Fabian Schüssler1 S. Bisero1 M. Cellier1,2 J. Cinosi1 A. Ciric1 B. Cornejo1

I. Jaroschewski1 A. Kaan Alkan3 W. Kiendrébéogo1 A. Saint-Paul1,2

1Université Paris-Saclay / CEA / IRFU, F-91191 Gif-sur-Yvette, France
2École d’ingénieurs aéronautique et spatiale (IPSA), Paris, France

3Harvard-Smithsonian Center for Astrophysics, Cambridge, MA, USA
astro.colibri@gmail.com

Abstract

GCN Circulars distribute crucial information
on astronomical observations of transient phe-
nomena, but their flexible prose mixes observa-
tions, limits, metadata, contacts, and interpre-
tation. We present an auditable pipeline that
converts these reports into event-linked, struc-
tured records. Regular expressions provide
domain hints; a large language model returns
strict schema-constrained JSON; deterministic
stages normalize values and emit review flags.
Seven domain reviewers assessed 231 outputs
from 210 distinct Circulars, fully confirming
223 reports and marking eight partly correct.
They confirmed 25,827 of 25,880 definite field
decisions (99.80%); errors concentrated in tim-
ing and facility attribution. Comparison with
independent redshift datasets found semantic
catalog disagreements but no values misread
by our pipeline. Applied to the GCN Circular
archive back to 2016, the pipeline has struc-
tured 26,811 reports into 68,393 observations,
now served in real time by the Astro-COLIBRI
platform. We release the extraction pipeline as
an open-source package and the derived records
as a continuously updated resource.

1 Introduction

Gamma-ray bursts (GRBs) and other transients
fade within minutes to days, requiring rapid co-
ordination across worldwide observatories. Many
results appear in GCN Circulars, a public rapid-
publication channel for time-domain astronomy
(Barthelmy, 1998; NASA Goddard Space Flight
Center, 2026). A Circular is a natural language
report that can mix detections, limits, times, expo-
sures, filters, facilities, redshifts, and contacts in
prose or compact tables, making them difficult to
aggregate automatically.

Extraction requires more than entity recognition:
a number may be an afterglow magnitude, a limit,

or calibration-star photometry; a time may be ab-
solute, trigger-relative, or an exposure midpoint.
Planned observations and candidate-host redshifts
must also be distinguished from completed mea-
surements and spectroscopic redshift determina-
tions.

This paper studies the Circular-to-record com-
ponent deployed in Astro-COLIBRI (Reichherzer
et al., 2021, 2023), whose main flow is shown in
Figure 1. Our contributions are:

1. a typed, observation-level extraction task for
time-domain reports, each measurement emit-
ted with its time, exposure, band, value, detec-
tion status, facility, and a mandatory supporting
excerpt (Section 3);

2. a hybrid architecture surrounding a schema-
constrained model call with deterministic pre-
analysis and post-validation, running in produc-
tion (Section 4);

3. a field-level audit of the deployed system and
an external redshift cross-check against three
catalogs, reported with their limits (Section 5);
and

4. an open-source release of the pipeline and
the derived archive of >68k observations (Sec-
tion 6).

2 Related Work

Astronomical text. TDAC introduced an an-
notated time-domain corpus and named-entity-
recognition baselines (Alkan et al., 2022); as-
troECR added coreference, astrophysical relations,
and object normalization (Alkan et al., 2024).
General-purpose LLM studies found strong prompt
sensitivity in multimessenger extraction (Sotnikov
and Chaikova, 2023). Closest to this work, Sharma
et al. (2026) apply LLMs to the GCN archive for
topic classification and redshift recovery. We differ
in three ways: the extraction runs on new Circulars
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Figure 1: Main architecture. Deterministic stages surround the LLM call, preserve the source and extracted excerpts,
and surface ambiguity as warnings. Schema or plausibility failures trigger retry or fallback before an event-linked
record is emitted.

in real time and its output is linked to a live event
record rather than analyzed offline; the schema
is closed and every observation carries a support-
ing excerpt and full provenance metadata, so each
value is traceable to the text that produced it; and
we report a field-level human audit of the deployed
system. Redshift is where the two efforts touch,
and Section 5.3 evaluates ours against three exter-
nal catalogs.

Scientific information extraction. Document-
level scientific IE has long targeted typed records
rather than isolated mentions, as in SciERC (Luan
et al., 2018) and SciREX (Jain et al., 2020). Dagde-
len et al. (2024) showed that LLMs can emit struc-
tured JSON records of scientific knowledge di-
rectly, which is the template we follow. Our setting
differs in that records are consumed within minutes
of publication, so an unparseable or implausible
output is an ingestion failure rather than a scoring
loss.

Constrained generation. PICARD constrains
auto-regressive decoding for semantic parsing
(Scholak et al., 2021), and grammar-constrained
decoding generalizes this to structured tasks with-
out finetuning (Geng et al., 2023). Constraint is not
free: Tam et al. (2024) report that format restric-
tions can degrade reasoning. We accept that trade-
off and offset it by keeping the model’s job narrow:
deterministic code, not the model, performs arith-
metic, unit conversion, and cross-field checking
(Section 4.3). The mandatory verbatim excerpt
makes every field checkable against its source, in
the spirit of attribution evaluation for generated text
(Rashkin et al., 2023).

3 Task Definition

Given the full text and headers of a Circular, the
task is to emit a single closed-schema record. The
record contains astronomical source names, a re-
port classification, contacts, an array of observa-
tions, and warnings. Report fields cover author-
ship, facility, instrument, detection, and redshift

evidence. Each observation is one measurement or
limit and carries time, exposure, band, magnitude
or flux, uncertainty, limit status, calibration, notes,
and a mandatory source excerpt.

Two properties distinguish this from span an-
notation. First, the schema is closed: additional
properties are rejected, so a value that does not fit
the record cannot be smuggled into a free-text field,
and any output that validates is directly ingestible.
Second, the unit of extraction is the observation
rather than the mention: a report of six filters yields
six rows, each independently timed, calibrated and
attributed, and a row is only usable if every one of
those fields is correct. Figure 2 shows a Circular
fragment and one row it produces.

4 Hybrid Extraction Pipeline

4.1 Advisory pre-analysis

Regular expressions over the subject, headers, and
body propose event aliases and locate optical/NIR
terms, magnitude-like expressions, redshifts, and
contacts. These are advisory prompt hints, never
accepted as observations without checking the full
text. The stage also normalizes contacts and pre-
serves the unmodified source.

4.2 Schema-constrained model call

One request contains the identifier, subject, hints,
and full text; the response must satisfy the schema.
The deployment uses gpt-5.4-mini with low rea-
soning effort and gpt-5.5 as fallback. Transient
failures receive two additional attempts per model,
while schema or plausibility failures can trigger
fallback directly. Model settings are recorded. Fall-
back was used for 94 of 26,811 analysed reports
(0.35%).

Domain rules exclude planned observations and
comparison-, calibration-, or host-galaxy photom-
etry. Multi-filter results become separate rows; ta-
bles are read by column first, then by row. Re-
peated exposures retain their notation while count,
per-frame duration, and total are normalized. Non-
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Input: GCN Circular 40471 (excerpt)

The Swift/UVOT began settled observations of
the field of GRB 250516A 108 s after the BAT
trigger (Beardmore et al., GCN Circ. 40467).

Filter T_start(s) T_stop(s) Exp(s) Mag
white 108 1715 411 20.5+/-0.3
v 650 1765 136 >18.5
b 576 1691 117 >19.2
u 320 1838 362 >19.7
w1 699 1814 117 >18.8
w2 626 1741 97 >19.1

Output: one element of observations

{"observation_type": "detection",
"filter_raw": "white",
"mag_raw": 20.5, "mag_err": 0.3,
"is_upper_limit": false,
"observatory": "Swift", "instrument": "UVOT",
"observatory_short_name": "UVOT", <-- wrong
"telescope": "Swift", <-- wrong
"time_raw": "108 s after the BAT trigger",
"exposure_s": 411,
"calibration": "Breeveld et al. 2011, ...",
"source_excerpt": "white 108 1715 411

20.5 +/- 0.3"}

Figure 2: A Circular fragment containing the complete six-row table and one record it produces. Each table row
becomes an independently attributed observation. source_excerpt carries the verbatim text supporting the shown
row, so every value can be checked against its origin. This example is also one of the eight partly correct reports of
Section 5.2: the model identified the facility correctly in observatory and instrument, but filled the redundant
observatory_short_name and telescope fields with the two values transposed, an error that repeats across all
six observations.

optical observations are flagged so their fluxes can-
not populate magnitude fields, and every observa-
tion quotes its evidence.

4.3 Deterministic enrichment and review flags
Post-processing parses absolute, Modified Julian
Date, and trigger-relative times; normalizes filters,
facilities, and exposures; and derives observation
midpoints from explicit values, intervals, durations,
or plausible exposures in that order. Approxi-
mations remain flagged. Optical measurements
are mapped, when possible, to an observer-frame
RC-equivalent AB display scale while raw values
are retained.

Checks flag missing values or times, conflict-
ing representations, implausible dates, pre-trigger
observations, and unknown filters. Unresolved
candidates and warnings are returned rather than
dropped: the LLM handles linguistic variation,
while code enforces numerical and interface in-
variants.

5 Evaluation

5.1 Corpora and protocol
The pipeline was developed on 4,537 Circulars
from 2025, with manual inspection of roughly 30
random reports. All 1,775 Circulars published from
2026 January 1 through June 30 completed the held-
out operational workflow after configured retries.
This measures completion, not accuracy.

Seven reviewers with astronomy and develop-
ment expertise completed 231 assessments of 210
distinct Circulars from 2020–2026: 115 recent and
95 randomly selected earlier reports, with twenty
independently re-reviewed. They compared all ex-
tracted fields with the original text, assigned report-

Field group Rejected Reports Uncertain

Observation time 28 5 7
Facility/instrument 18 4 0
Contact information 4 1 0
Classification 2 1 0
Photometry/limits 1 1 0

Total 53 8 7

Table 1: Rejected and uncertain field verdicts. Con-
tent/provenance, filter/calibration, exposure, and red-
shift had none. “Reports” counts assessments contain-
ing a rejection.

and field-level verdicts, and recorded corrections
and omissions. Review neither reran the parser nor
changed production data.

5.2 Human-verification results

Reviewers confirmed 223 reports (96.5%), marked
eight partly correct, and rejected none. Of 25,887
field verdicts, 25,827 were confirmed, 53 rejected,
and seven uncertain: 99.80% of definite decisions
were confirmed. One observation was missing.

Timing and facility attribution dominate (Ta-
ble 1). All 53 rejections occur in the eight partly
correct reports, and a single report accounts for
24 of them. Field verdicts are therefore non-
independent, making eight of 231 reports the con-
servative error summary. The twenty re-reviewed
reports had unanimous labels and 2,105/2,105
agreeing overlapping field decisions, but contained
no rejected fields and thus do not test difficult cases.

That worst case is the example of Figure 2,
and it is instructive: its 24 rejections are not
24 independent mistakes but two, each repeated
down six rows. The model resolved the facility
correctly in observatory and instrument, then
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filled the redundant observatory_short_name
and telescope with the values transposed; and
it offset the reported start time instead of taking
the midpoint of the reported start–stop interval. A
closed schema carrying several near-synonymous
fields for one concept invites the first, and our vali-
dation checks never compared those fields against
each other. Both are cheap to defend against (cross-
validate redundant fields, and prefer the interval
midpoint when both bounds are present).

5.3 External redshift cross-check

A crucial parameter of astrophysical observations
is the redshift (or distance) of the source. Of 468
events with extracted redshifts, 249 appear in GRB-
web (Coppin, 2026); 228 (91.6%) agree within
∆z = 0.01, with median absolute difference zero.
All 21 residuals were read correctly: nine were
limits or conditional associations, seven candidate-
host photometric estimates, and five preliminary
values. The three reference catalogs themselves
agree pairwise for only 96–97% of shared events
(Greiner, 2026; NASA/GSFC Swift Science Cen-
ter, 2026), and our extraction agrees with Greiner
for 201/205 events and with Swift for 138/139. The
comparison supports faithful reading, but shows
the schema should distinguish measurements, lim-
its, candidate hosts, conditional associations, and
superseded values.

6 Deployment, Scale and Released
Artifacts

The pipeline runs on arriving Circulars in real time
and has additionally been applied to the archive
back to 2016, associating 26,811 reports with 5,787
events, extracting 68,393 observations from 618
facilities, and recovering 84,833 contact records
(snapshot: 2026 July 30). Upper limits outnum-
ber detections roughly two to one (42,926 against
20,990), a property of the resource rather than a
defect: the non-detections that constrain a fad-
ing afterglow are recorded on the same footing
as the detections. Of the optical and NIR measure-
ments, 47,515/50,015 (95.0%) reached the normal-
ized plotting scale.

Availability. We release astro-colibri-
circular-parser v1.0.0 under the BSD 3-
Clause license, with a versioned Zenodo archive.1

1https://github.com/astro-transients/astro_
colibri_circular_parser; https://doi.org/10.5281/
zenodo.21887735.

Figure 3: One downstream product: extracted photome-
try for GRB 260511B (colored markers) placed against
archival afterglow measurements (gray). This context
figure is intended for rapid inspection, not publication-
level photometric analysis.

The package provides Python and command-line
interfaces, a cached example for inspecting de-
terministic stages without an LLM request, and
a credential-free test suite. Event association
supports the public API, a caller-supplied backend,
or offline use without association. Derived sum-
maries and context figures are publicly viewable in
Astro-COLIBRI; CSV and IVOA VOTable exports
require a user account. The source Circulars are
public documents. These products support triage
and coordination rather than calibrated catalog
analysis; Section 5.2 bounds their reliability.

Downstream, the records drive the optical-
afterglow context figure of Figure 3, which
plots a live event’s extracted photometry against
an archival afterglow population on a common
observer-frame scale, while retaining links back
to the source records and excerpts. The broader
deployment and observer-facing products are de-
scribed by Schüssler et al. (2026).

7 Conclusion

The hybrid pipeline converts free-text Circulars
into typed, auditable records by surrounding
schema-constrained generation with deterministic
guidance and validation. Reviewers confirmed
96.5% of assessed outputs and localized errors
mainly to timing and facility attribution. Redshift
comparison found minor semantic disagreements
but no misread values. Provenance and human
verification remain essential.
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Limitations

The human verification is an internal precision au-
dit, not an independent benchmark: all reviewers
contributed to the project, one supplied approxi-
mately 80% of assessments, and sampling empha-
sized recent reports without stratification by report
type or difficulty. Reviewers primarily judged pro-
duced fields. Although they could record omis-
sions, recall requires an independently annotated
corpus enumerating every target before system out-
put is seen. We therefore report no recall.

Field decisions repeat schema instances and are
dominated by larger reports, so they are not 25,880
independent trials. The multiply reviewed subset
contained no errors. Redshift validation covers one
scalar field, catalogs disagree, and the schema loses
whether a value is a limit, candidate-host estimate,
or preliminary result.

The proprietary models can be retired or silently
updated; recorded identifiers, inputs, and outputs
improve traceability but not exact reproduction.
Performance is untested for other languages, pri-
vate reports, other genres, and genuinely multi-
source Circulars. The normalized plot uses astro-
physical assumptions and is only a context aid.

Ethical Considerations

GCN Circulars are public, but contact details are
personal information supplied for scientific commu-
nication; deployments should preserve provenance
and prevent bulk messaging. LLM output is not
authoritative metadata without checks or review.
Proprietary inference creates cost, access, and re-
producibility concerns, and human users remain
responsible for scientific conclusions.
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