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These are the only fully correct ones!



Ensuring factual & semantic accuracy of model outputs is
crucial for using them in scientific contexts



In theory, factually grounding an LLM is quite straightforward:

1. Feed the model context 
along with your question

2. Get the model to 
attribute parts of your 
context in its response

3. Verify that it’s actually 
citing real (and correct) 
bits of the context.
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1. Feed the model context 
along with your question

2. Get the model to 
attribute parts of your 
context in its response

3. Verify that it’s actually 
citing real (and correct) 
bits of the context.

In theory, factually grounding an LLM is quite straightforward:

1a. Find the right literature

1b. Get the right information 
from the relevant papers



Plot:  https://info.arxiv.org/help/stats/2021_by_area/index.html

1a. Keeping track of the astronomy literature is difficult (but necessary!) 

> citing everything relevant is hard
> keeping track of new papers is hard

> exploring new areas and jargon is hard
> contextualizing new results with old is hard

> synthesizing results across many papers is hard
> finding the right reference for a specific statement is hard
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Keeping track of this literature is difficult (but necessary!) 

> citing everything relevant is hard
> keeping track of new papers is hard

> exploring new areas and jargon is hard
> contextualizing new results with old is hard

> synthesizing results across many papers is hard
> finding the right reference for a specific statement is hard
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How do we find relevant papers?
Ask your cat/dog/parrot/lizard person/plant < 

  Keyword searches <
Author + friends-of-friends (+date?) <

Word of mouth / conferences like this <   
 Citation graphs < 

Matching meaning beyond keywords (semantic search) < 
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How do we find relevant papers?
Ask your cat/dog/parrot/lizard person/plant < 

  Keyword searches <
Author + friends-of-friends (+date?) <

Word of mouth / conferences like this <   
 Citation graphs < 

Matching meaning beyond keywords (semantic search) < 

(also sometimes called RAG or 
embedding search)



[ … a set of numbers …]

What’s an embedding?
A transformation from a piece of text to a vector 

(in some high-dim representation)

Great primer: https://huggingface.co/spaces/hesamation/primer-llm-embedding , also see Tao+24 https://arxiv.org/html/2412.12591v1 

https://huggingface.co/spaces/hesamation/primer-llm-embedding
https://arxiv.org/html/2412.12591v1
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a collection of embeddings organized by some sense of 

similarity (having a metric, also called latent space)
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An interpretable latent space



An interpretable latent space

Nested semantic topics



An interpretable latent space

Papers focused on certain 
telescopes/observatories



An interpretable latent space

Different galactic neighborhoods
ISM: interstellar medium (within galaxies)

CGM: circumgalactic medium (around galaxies)
IGM: intergalactic medium (between galaxies)



An interpretable latent space

Observable phenomenon 
<-> physical mechanism



Papers: Mowla & Iyer et al. (2024), Iyer et al. (2020, 2025)

Explore this space!
https://explorepathfinder.netlify.app/



Key:
Mountains: well studied/established areas
Plains: fields of regular study
Shallow waters: currently active fields
Deep waters: no papers here

Extending the space to 
all astronomy papers
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Black holes
& AGN

Galaxy formation
& evolution

Supernovae

Pulsars

the 
Milky Way
galaxy

Star formation

Stellar physics

Exoplanets

Galaxy clusters

Neutron stars

Gravitational 
waves

Evolution 
over time
HST - 1990
SDSS - 1998
Chandra - 1999
Spitzer - 2003
Planck - 2009
Gaia - 2013
ALMA - 2013
JWST - 2021
Euclid - 2023



Explore the impact of observatories/missions
(and sometimes find out-of-field impact)

Kepler (planets) GALEX (UV) HST (UV-NIR) ALMA (sub-mm) Chandra (X-ray)

Planck (CMB) Euclid (Vis-NIR) Spitzer (IR) LIGO (GWs) IceCube (neutrino)



What can we do with an embedding?
Grounded Q&A

(map of astronomy research 
from Pathfinder; Iyer+24b)



Paper: 
https://arxiv.org/abs/2408.01556 
https://iopscience.iop.org/article/10.3847/1538-4365/ad7c43

Online app: 
http://v2.pfdr.app/ 
https://explorepathfinder.netlify.app/ 

Dataset: 
https://huggingface.co/datasets/kiyer/pathfinder_arxiv_data 

https://arxiv.org/abs/2408.01556
https://iopscience.iop.org/article/10.3847/1538-4365/ad7c43
http://v2.pfdr.app/
https://explorepathfinder.netlify.app/
https://huggingface.co/datasets/kiyer/pathfinder_arxiv_data






Source: Pathfinder. pfdr.app



Source: pfdr.app

IAU GA 2024
(South Africa)

AAS 245th meeting

Crossed 100k uses
in Aug 2025!



Source: Claude also gets it…

AAS 245th meeting
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What can Pathfinder currently do?
Access pathfinder online at pfdr.app

Pathfinder: Papers in Astronomy Traced and Harnessed For INtelligent Discovery, Exploration, and Research?
https://arxiv.org/abs/2408.01556

> Find similar papers given a natural language query
> Synthesize information / answer questions from paper abstracts

> Fine tune search by keywords/recency/citations
> Explore the landscape of astronomy literature
> Translate, simplify and contextualize results

> Quantify trends in research, mission impact, and more



Case studies: Why does SED fitting with parametric star formation histories 
underestimate the stellar masses of galaxies?
Systematic / modeling questions

Assumptions of Star Formation Histories: Simple parametric models typically assume a specific form for the SFH, 
such as a constant rate, an exponentially declining rate, or a burst of star formation followed by quiescence. These 
models do not account for the complex and varied star formation histories that many galaxies experience. Real 
galaxies often have irregular and multi-phase star formation histories, which can include periods of intense star 
formation followed by quiescent phases. By oversimplifying these histories, the models can misrepresent the 
actual stellar populations, leading to inaccurate mass estimates.

Nonparametric Approaches: Recent research suggests that using nonparametric SFHs, which allow for more 
flexibility in modeling the star formation activity over time, can lead to improved estimates of stellar masses. 
These models can better capture the complexities of star formation in galaxies, reducing the biases introduced by 
simpler parametric forms.

“Several abstracts specifically mention that traditional parametric models fail to capture the complexity of actual 
SFHs, leading to systematic biases in mass estimates. For instance, Abstract 1 (Jain+24) notes that simpler tau 
model SFHs miss significant star formation episodes, resulting in an underestimation of stellar mass. Abstract 4 
emphasizes that simplified SFH models impose systematic biases (Lower+20), while Abstract 5 (Narayanan+24) 
discusses how early star formation episodes can be lost in integrated spectra, further complicating mass 
estimates.”



1. Feed the model context 
along with your question

2. Get the model to 
attribute parts of your 
context in its response

3. Verify that it’s actually 
citing real (and correct) 
bits of the context.

In theory, factually grounding an LLM is quite straightforward:



1. Feed the model context 
along with your question

2. Get the model to 
attribute parts of your 
context in its response

3. Verify that it’s actually 
citing real (and correct) 
bits of the context.

In theory, factually grounding an LLM is quite straightforward:

2a. If possible, directly determine 
which parts of context are used.

2b. If not, feed the answer and 
context into a model/schema and 
correlate



Case studies: What are the physical mechanisms that quench star formation in galaxies? 
Multi-paper synthesis questions 
Star formation in galaxies can be quenched by several physical mechanisms, including:

1. Environmental Effects: 
   - Ram Pressure Stripping: This occurs when a galaxy moves through a dense medium, such 
as a galaxy cluster, causing gas to be stripped away, which can halt star formation.
   - Galaxy Mergers and Interactions: Mergers can lead to the redistribution of gas and trigger 
intense star formation initially, but can also result in the depletion of gas and quenching over 
time.

2. Internal Processes:
   - Feedback from Star Formation: Energy and momentum from supernovae and stellar winds 
can heat the surrounding gas, preventing it from cooling and collapsing to form new stars.
   - Active Galactic Nuclei (AGN) Feedback: The energy output from supermassive black holes 
at the centers of galaxies can expel gas and heat it, suppressing star formation.

3. Gas Exhaustion: Over time, a galaxy can exhaust its supply of cold gas needed for star 
formation, especially in massive galaxies where star formation rates are high.

4. Stellar Population Effects: As a galaxy evolves, the stellar population changes, and the 
presence of older stars can lead to a decline in star formation activity.

These mechanisms can act individually or in combination, and their relative importance can 
vary depending on the specific conditions of the galaxy and its environment. Understanding 
these processes is crucial for studying galaxy evolution and the lifecycle of galaxies. 
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Grounding claims with LangExtract
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State-of-the-art
Getting RAG to work at scale

(map of astronomy research 
from Pathfinder; Iyer+24b)

Linear vs graph-RAG

Query Expansion

Reranking

Hybrid searches
(e.g. plain RAG vs RAG+BM25)

Agentic RAG setups

Harnesses and tool calls

Demo on Colab

https://gist.github.com/kartheikiyer/4c0d6f3d46e7c3a7a909a5f60d119b37


As the volume of literature grows with increasing data & 
increases in problem complexity necessitate interdisciplinary 
collaboration, academic literature becomes increasingly 
difficult to stay up-to-date with.

Large language and vision models can help create efficient 
recovery and synthesis tools to assist researchers, grounded by 
techniques that mitigate risk and help verify the accuracy of 
generated responses. Try v2.pfdr.app and lodestone.wiki

Astronomy provides a vital testing ground for these 
techniques, while also aiding in astrophysical research.

Being aware of the strengths and pitfalls of these models and 
approaches will be vital as they become larger parts of our lives. 

Get in touch! kiyer@hawaii.edu, or at universetbd.org 

Citation grounding, RAG and other ways 
to make LLMs show their sources

Summary & Conclusions

http://universetbd.org

