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OneAstronomy’s Components
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Reasoning Model Training Process
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Challenges in Astronomical Corpus Acquisition

Basic Corpus- CPT corpus

• domain-specific data is scarce and difficult to 

obtain；
• high-quality data is often unpublished；
• scientific research data is limited by copyright and 

open access agreements；

Astronomical reasoning QA Data – SFT corpus

• High-quality professional Q&A is scarce with 

mostly popular science content；
• Verifiable astronomy QA data are rare.

The coverage of the astronomy domain and the quality of the corpus are the keys that 

determine the model's capabilities.
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Basic Corpus Acquisition Pipeline

Human reviewAstronomy Seed

1.Train a Classifier Model
2.Recall Astronomy-related 

data 

Astronomy Corpus

3.identify top related data
4.Annotated as Astronomy-

related data

The pipeline of data cleaning and processing

People from Zhejiang Lab and National Astronomical Observatory China participated in 

data collection and filtering, producing standardized Markdown-format data.

Corpus Parsing: Text, 
formulas, images, tables

Data Cleaning: Rule-based & 
semantic filtering

Quality Assessment: Domain 
relevance, quality, language

Deduplication: Hash, 
similarity metrics etc.
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Reasoning Model Training: Q&A Pair Collection

OneAstronomy LLM is a reasoning model

Training Corpus Requirements:

• Accurate & professional verifiable Q&A pairs,

multiple choice, true/false, calculation problems；
• High-quality reasoning chain-of-thought；
• High domain & knowledge coverage.

We have:

• Astronomical competition problems: IAO、
USSAO、IOAA、BAAO；

• Open course exercises: university exam 

questions, astrophysics exam questions；
• QA pair in public benchmark.
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Q&A Pair Synthesis Pipeline

Objective：Synthesize instruction pair data for SFT, while distilling reasoning 

processes to obtain QA pairs with Chain-of-Thought (CoT).
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How we perform Q&A Distillation
Distillation Prompt Template

Astronomy Paper Type

Classify our basic corpus by sub-discipline or paper 

type, such as observation paper, theoretical paper.

Filter out all unprofessional content.

Use different distillation prompts for different 

astronomical sub-disciplines
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Q&A Pair Quality Evaluation

Quality metrics prompt: accuracy, 

completeness, relevance, clarity How to Evaluate

Manually Define Quality Filtering Rules

Initial quality criteria setup

Improve Rules Based on Data Issues

Iterative refinement from existing problems

Form Prompts for Large-Scale Evaluation

Automated assessment framework

Use Large Models for Large-Scale Evaluation

Professional assessment output
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Thought-Chain Extraction and Consistency Checking
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Performance Evaluation

We found that the OneAstronomy 72B-parameter model reaches the performance of 

large-parameter LLMs such as DeepSeek R1 (671B parameters)

问题类型 OneAstronomy OneAstronomy+Search

计算类 7 7.8

科研相关 7.4 7.7

实时科研相关 6 7.3

通识类 7.3 8

推理类 6.9 7.5

总体 7.1 7.7
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Decision and Scheduling Ability for Transient Sources
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Model Capability: Analyze Observation Value
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Model Capability: Observation Plan Generation
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PrestoZL: A GPU-Accelerated Jerk Search Toolkit for Binary Pulsars Search

◼ PrestoZL achieves end-to-end speedups 51.2～56.4 times over CPU-

based Jerk Search in PRESTO with OpenMP;

◼ Signal discovery capabilities are fully consistent with PRESTO

Figure 2:  The time to process the 1816.77-second observation in M5(NGC 

5904) and speedup relative to PRESTO C with OpenMP , jerk search 

parameters zmax=200,wmax=300

Figure 3: The computational workflow of CPU-based Jerk Search in 

PRESTO(left) and GPU-based Jerk Search in PrestoZL (right).

Kuang Mao, Scott M. Ransom, etc: PrestoZL: A GPU-accelerated High-throughput 
Jerk Search Toolkit for Binary Pulsars, APJS 2025
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Pulsar Candidate Identification model: Pulsar-VLM

◼ We train a visual language model to identify pulsar candidate from PrestoZL’s output

◼ Teach the model to think like an astronomer using language: vertical band structures, peak at a non-zero DM value 

◼ Model was openweighted on huggingface: https://huggingface.co/jcchtt/Pulsar-VLM

Discovered four new millisecond pulsars from 
Fermi gamma-ray source 

Compared to traditional methods, Pulsar-VLM 
achieves higher recall and specificity.

Kuang Mao, etc: Pulsar-VLM: A Visual Reasoning Model for Pulsar Candidate Identification,  appear on APJS soon




