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Two Types of GCN data products:

•By and for machines

• Fixed, predefined format

• Schema specific to each notice type

•By and for humans (some automated)

• Freeform text (with established style)

•Citable (but not peer-reviewed)

GCN Notices GCN Circulars 
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Schema-Driven Alerts



GCN Circulars  
Large-Language Models

Paper: Sharma et al 2026, ApJS 
DOI: 10.3847/1538-4365/ae2e9c

https://github.com/nasa-gcn/circulars-nlp-paper
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Why Language Model for Human-Written Text?
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Human-written, Unstructured text

Difficult to parse automatically

Increasing Archive: >44K Circulars
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From Unstructured Text To Scientific Knowledge
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Extracting Structured Information

Topic Modeling
Unsupervised Topic Classification

Supervised Classification


Observation Type Clustering

Gravitational-wave Focused Cluster

Gamma-ray burst (GRB) Redshift (z)



Notice

Topic Modeling Pipeline: Finding Pattern In Archive
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Notice

• BERT (Bidirectional Encoder Representations from Transformers)-based sentence transformer ‘all-MiniLM-L6-v2’

• Circulars are embedded and clustered based on semantic similarity

• Identify dominant topics, such as Optical afterglows, LIGO/Virgo GWs, Swift/BAT GRBs, Fermi/GBM events, Radio)

• Summarize each cluster using Mistral for concise, human-readable topic labels

Unsupervised Discovery of Astrophysical Topics

6t-S
N

E 
re

pr
es

en
ta

tio
n 

of
 G

C
N

 T
op

ic
 C

lu
st

er
s



Notice

• Embed Circulars using the BERT-based sentence transformer all-MiniLM-L6-v2

• Fine-tune the embedding model using contrastive learning

• Classify Circulars into 5 observation clusters: High-energy, Optical, Radio, Gravitational-Wave, Neutrino
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Supervised Classification by Observation Type



Notice

• Embed Circulars using the BERT-based sentence transformer all-MiniLM-L6-v2

• Fine-tune the embedding model using contrastive learning

• Classify Circulars into 5 observation clusters: High-energy, Optical, Radio, Gravitational-Wave, Neutrino
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Evolution of Multimessenger Astronomy



Notice

Observation-type 
Clustering Diagram:
Fantasy-Inspired Land
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Notice

• Contrastive fine-tuning trains the model to recognize GW-related text

• Classified: GW, GW-Counterpart & non-GW clusters. 170817A Circulars manually marked!
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Code: https://github.com/nasa-gcn/circulars-nlp-paper
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Supervised Clusters: Gravitational-Wave Events & Counterparts



Notice

• Contrastive fine-tuning trains the model to recognize GW-related text

• Classified: GW, GW-Counterpart & non-GW clusters. 170817A Circulars manually marked!
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Code: https://github.com/nasa-gcn/circulars-nlp-paper
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Supervised Clusters: Gravitational-Wave Events & Counterparts

O1
O2

O3 O4



Mistral-7B-Instruct (Open source!)
• Open-source instruction-tuned model
• Automatically Extracts: Redshift, Event name, Instrument, & Redshift-Type
• Accuracy measured on Swift GRB table is 96.6%

Retrieval Step
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Information Extraction: Turning Text Into Data
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Unstructured Text to JSON Data
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Notice

GRBs redshift database 

Side by side 
comparison of redshift

Accuracy ≈ 97%
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Information Extraction: Turning Text Into Data!



Thanks for listening! 
Web site: https://gcn.nasa.gov

arXiv Print: 2511.14858

GitHub: nasa-gcn/circulars-nlp-paper

Summary:
We demonstrate the potential of LLM for transient alert system to enable 
rapid and scalable astrophysical text mining.


In the era of Rubin and Roman, the growing volume of heterogeneous, 
unstructured data across multiple platforms can benefit from scalable, ML-
based infrastructure capable of unified analysis.
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https://gcn.nasa.gov/
https://arxiv.org/pdf/2511.14858
https://github.com/nasa-gcn/circulars-nlp-paper


Fast Astronomical Transients

Magnetar 

Flares

Gamma-ray

Bursts

Solar

Flares

Novae

Supernova

• Initially outburst on timescales of milliseconds to days

• Detection and follow-up observations across electromagnetic 

spectrum (radio to very high-energy gamma-ray) and multi-
messenger


GCN is constantly evolving to serve new transients, 

messengers, and observatories:


• Gravitational wave events (GW150914, GW170817)

• High-energy neutrinos (IC170922A)

• Tidal disruption events (Swift J1644+57)

• Magnetar giant flares (200415A)

Fast Radio

Bursts
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Topic Modeling Pipeline
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