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feedback is extensively >
studied across a variety

of spatial scales
Galactic winds driven by

star formation in 30 Doradus
(Collins & Read 2022)



< the scales of these
processes often overlap
and interact across
both space and time
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feedback is extensively >
studied across a variety

of spatial scales
M87’s AGN jet shocking gas

out to 100s of kpc
(Fabian 2012)



< the scales of these
processes often overlap
and interact across
both space and time
Iyer et al. (2020)
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Iyer & Speagle et al. (2024)
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large populations of galaxies.
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Spectral modeling tools
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constrain galaxy SFHs.

Suites of cosmological simulations
like CAMELS can reveal the

SFH-feedback connection for
large populations of galaxies.

High-z lensed galaxies like
the Firefly Sparkle offer glimpses

of resolved star formation as
proto-galaxies assemble.

Interpretable ML tools like Katachi
extend SFH inference to future

telescopes & help build models of
the SFH-morphology connection..

LLM-assisted literature survey tools
like pathfinder help keep track of

the ever-expanding astronomy
literature & democratize research.



Spectral modeling tools 
like dense basis can be 
used to observationally
constrain galaxy SFHs.
Iyer et al. (2019), dense-basis.readthedocs.ioFast, flexible fitter for 

galaxy stellar populations



This is a galaxy’s 
star formation history 
(SFH)

Big bang
Present day

How do we describe galaxy
star formation histories (SFHs)?
(Heavens+00, Tojeiro+07, Dye ‘08, Pacifici+12, 15, 16, Simha+14, Kelson+14, Abramson+15, 
Iyer & Gawiser ‘17, Iyer+19, Leja+19b, Zhou+20, Jiminez-Lopez+21, Thorne+21, Cooray+23, 
Suess+22, Alarcon+24…)



the Dense Basis method (Iyer+19) 

SFH = (M
*
, SFR, {tx})



Sampling in {tx} space

(at fixed mass and SFR)

SFH = (M
*
, SFR, {tx})



Robust SFH recovery from 

multiwavelength observations:

the Dense Basis method

> pip install dense_basis

on Github

> kartheikiyer/dense_basis

> in Bagpipes, piXedfit

Documentation + full examples

dense-basis.readthedocs.io

papers using Dense Basis on ADS: 

bit.ly/dbpapers

Interested in non-parametric SFHs? 

http://bit.ly/dbpapers


Dense Basis + piXedfit

> github.com/aabdurrouf/piXedfit/

Fast resolved fitting with non-parametric SFHs

> github.com/aabdurrouf/piXedfit-dense_basis/

…or resolved non-parametric SFHs? 



High-z lensed galaxies like 
the Firefly Sparkle offer 
glimpses
of resolved star formation as 
proto-galaxies assemble.
Mowla & Iyer et al. (2024) accepted in Nature



Lensed Galaxies with Un(/semi)resolved Star Clusters

● Observe pc scale clumps at various 
stages of formation at various 
epochs, in rest-frame UV-NIR.

● Many candidates identified with 
HST, even more being discovered 
and followed up with JWST. 

Also see Vanzella et al. 2019, 2022, Welch et al. 2023, 
Clayessens et al. 2023, 2024, Adamo et al. 2023, 2024, 
Sok et al. 2024, and many more for review



MACS1423



MACS1423



Three galaxies in a 
~600 Myr Old Universe

● Three galaxies at zspec = 8.30

● One galaxy fragmented into at least 

ten massive star clusters

Mowla and Iyer et al. 

(accepted in Nature; ArXiv:2402.08696)

Firefly 
Sparkle

FF-BF

FF-NBF



Three galaxies in a 
~600 Myr Old Universe

● Three galaxies at zspec = 8.30

● One galaxy fragmented into at least 

ten massive star clusters

● Magnification between 15-40x

Mowla and Iyer et al. 

(accepted in Nature; ArXiv:2402.08696)



the Firefly Sparkle: NIRSpec Prism Follow Up

● Spectroscopic 

redshift 

confirmation.

● Detection of OIII 

doublet in all 

three galaxies. 

Mowla and Iyer et al. (accepted in Nature; ArXiv: 2402.08696)



the Firefly Sparkle: Two slits on the central four clusters

● Strong nebular continuum.
● Balmer decrement consistent with being dust free.
● Low metallicity (12+log(O/H) = 7.02+/-0.25)

Mowla and Iyer et al. (accepted in Nature; ArXiv: 2402.08696)



the Firefly Sparkle: High temperature and ionization

● Ionizing source effective temperature > 40,000 K.
● Temperature determined from:

○ Line ratios
○ Nebular continuum modeling

● Indication of a higher mass limit on the IMF from both:
○ The temperature of the ionizing source
○ The high-mass slope of the Kroupa IMF (α< 2) in the 

SED fits.

Mowla and Iyer et al. (accepted in Nature; ArXiv: 2402.08696)
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the Firefly Sparkle: Age-dating the star clusters

● We perform SED fits:

○ using the dense basis method 

(non-parametric SFH)

○ assuming single stellar 

populations (SSP)

● Majority of the stellar mass in the 

star clusters

● SSP fits give young ages of 3-10 Myr 

(less than a crossing time).

● DB fits give older ages with a recent 

burst of star formation. 

Mowla and Iyer et al. (accepted in Nature; ArXiv: 2402.08696)



the Firefly Sparkle:Masses

● Each star cluster 

~ log(M*) = 5-6

● High surface density with > 

50% of the stellar mass in 

the star clusters.

● Total demagnified mass 

log(M) = 6.8 +/- 0.7

● Assembly of a low mass 

galaxy which will likely 

evolve to a Milky Way mass 

galaxy.

Mowla and Iyer et al. (accepted in Nature; ArXiv: 2402.08696)
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Interpretable ML tools like Katachi 
extend SFH inference to future 
telescopes & help build models of 
the SFH-morphology connection. 
Alfonzo,  Iyer et al. (2024) published in ApJ



Disks MergersSpheroids

t [lookback time; Gyr] t [lookback time; Gyr]t [lookback time; Gyr]

Iyer et al. 2019 | graphic from Park+2019



This is a galaxy’s 
star formation history 
(SFH)

Big bang
Present day

Juan Alfonzo (Tohoku U) .
juanpabloalfonzo@astr.tohoku.ac.jpWhat is the link between 

how galaxies look and 
how they formed?
(Katachi | Alfonzo, Iyer et al. (2024) | ArXiv: 2404.05146)



lookback time

SF
R(
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Use XAI methods like SHAP to understand 
which parts of the image drive the prediction

Train a network to predict SFH parameters from images

Alfonzo, KI et al. 2024 (ApJ) Katachi: https://arxiv.org/abs/2404.05146

What is the link between 
galaxy morphology and 
star formation histories?
(Katachi | Alfonzo, Iyer et al. (2024) | ArXiv: 2404.05146)

Juan Alfonzo (Tohoku U) .
juanpabloalfonzo@astr.tohoku.ac.jp



Star forming clumps in the bluer band drive 
the network to higher SFR and lower t50 values

Flux in the bulge in redder bands 
reduce SFR and increase t50 values

SHAP - SHapley Additive Analysis (Lundberg & Lee ’17)
Red: more flux here increases parameter estimate
Blue: more flux here decreases parameter estimate

Alfonzo, KI et al. 2024 (ApJ) Katachi: https://arxiv.org/abs/2404.05146

decoding the SFH-morphology connection with SHAP
(Katachi | Alfonzo, Iyer et al. (2024) | ArXiv: 2404.05146)



Alfonzo, KI et al. 2024 (ApJ) Katachi: https://arxiv.org/abs/2404.05146



Alfonzo, KI et al. 2024 (ApJ) Katachi: https://arxiv.org/abs/2404.05146

Flux in outskirts increases mass

Flux in bulge increases mass



Alfonzo, KI et al. (2024) ArXiv: 2404.05146, ApJ 967 152 (2024)

decoding the SFH-morphology connection with SHAP
(Katachi | Alfonzo, Iyer et al. (2024) | ArXiv: 2404.05146)



Bulges that affect stellar mass but not age

Alfonzo, KI et al. (2024) ArXiv: 2404.05146, ApJ 967 152 (2024)

decoding the SFH-morphology connection with SHAP
(Katachi | Alfonzo, Iyer et al. (2024) | ArXiv: 2404.05146)



LLM-assisted literature survey tools 
like Pathfinder help keep track of
the ever-expanding astronomy 
literature & democratize research.
Iyer et al. (2024) accepted in ApJS, https://pfdr.app



> 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 a relevant reference for a specific statement is hard



What we had a year ago



…and what we have now



Building the corpus

~ 385k papers

Majority from specific journals
(ApJ, MNRAS, A&A, ARAA, Nature),

between 1990-Sep 2024







Kartheik Iyer 
(Hubble Fellow @ Columbia) Live demo @ IAU GA 2024
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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: ¿Qué es una galaxia quieta?
Category: Broad questions / multilingual questions

Una galaxia quieta, en el contexto de la astronomía, se refiere a un tipo de galaxia que presenta características 
de baja actividad en comparación con otras galaxias más activas, como las galaxias activas o los cuásares. Estas 
galaxias suelen tener una emisión de radio débil y, a menudo, se les asocia con un bajo nivel de formación 
estelar. En términos más técnicos, las galaxias quietas pueden ser clasificadas como "galaxias radio-quietas", que 
son aquellas que no emiten significativamente en el espectro de radio, a diferencia de sus contrapartes "radio-
loud" (radio-ruidosas).

Características de las Galaxias Quietas:

Baja Emisión de Radio: Las galaxias quietas tienen una emisión de radio que es significativamente menor que la 
de las galaxias activas. Esto se debe a que no tienen un núcleo galáctico activo que emita radiación intensa.

Formación Estelar Moderada: Estas galaxias suelen tener tasas de formación estelar más bajas, lo que significa 
que no están formando nuevas estrellas a un ritmo elevado.

Estructura y Morfología: Muchas galaxias quietas son espirales o elípticas, y su morfología puede influir en su 
actividad. Por ejemplo, las galaxias espirales tienden a ser más propensas a la formación estelar que las 
elípticas.

Ejemplos: Un ejemplo de galaxia quieta podría ser una galaxia elíptica que no muestra signos de actividad en su 
núcleo, a diferencia de un cuásar que es extremadamente brillante y activo.



Suites of cosmological simulations 
like CAMELS can reveal the SFH-
feedback connection for 
large populations of galaxies.
Iyer et al. in prep. (for a really long time…)



how are SFHs affected 
by feedback?

Iyer et al. in prep.



case study: the impact of SNe feedback
(Iyer et al. in prep., effect of feedback on the average CAMELS SFHs for galaxies with 9.5<log M* <11.5)

Iyer et al. in prep.

Fiducial params
Varying SNe feedback

CAMELS/TNG: Decreasing the amount 
of energy per unit SFR



Imprints on baryon cycling

Iyer et al. in prep.



Spectral modeling tools
like dense basis can be
used to observationally
constrain galaxy SFHs.
Iyer et al. (2019), dense-basis.readthedocs.ioFast, flexible fitter for 

galaxy stellar populations

High-z lensed galaxies like 
the Firefly Sparkle offer glimpses
of resolved star formation as
proto-galaxies assemble.
Mowla & Iyer et al. (2024) accepted in Nature

Interpretable ML tools like Katachi
extend SFH inference to future
telescopes & help build models of
the SFH-morphology connection..
Alfonzo,  Iyer et al. (2024) published in ApJ

LLM-assisted literature survey tools 
like pathfinder help keep track of
the ever-expanding astronomy 
literature & democratize research.
Iyer et al. (2024), accepted in ApJS, https://pfdr.app

Suites of cosmological simulations
like CAMELS can reveal the
SFH-feedback connection for
large populations of galaxies.
Iyer et al. (in prep.)

kgi2103@columbia.edu
github.com/kartheikiyer



Slide credit: Francisco Villaescusa-Navarro



case study: the impact of SNe feedback
(Iyer et al. in prep., effect of feedback on the average CAMELS SFHs for galaxies with 9.5<log M* <11.5)

Iyer et al. in prep.



Higher
Lower

case study: the impact of SNe feedback
(Iyer et al. in prep., effect of feedback on the average CAMELS SFHs for galaxies with 9.5<log M* <11.5)

Iyer et al. in prep.



E/SFR E/SFRMass Loading

Wind speed Wind speedWind speed

case study: the impact of SNe feedback
(Iyer et al. in prep., effect of feedback on the average CAMELS SFHs for galaxies with 9.5<log M* <11.5)

Iyer et al. in prep.
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Asada+23b (incl KI) Burstiness <-> Interactions in CANUCSEstrada-Carpenter+24 (incl KI)
Spatially resolved burstiness with NIRISS Grism

Gelli+24 burstiness -> UVLFs at high-z
Mehta+23 (incl KI)
burstiness vs radius in UVCANDELS
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SFHs & 
Feedback

Fast, flexible fitter for 
galaxy stellar populations



Slide credit: JSALT team



Design and data collection for evaluation

Slack chatbot experiment lasted 4.5 
weeks, during which we collected 
some valuable user data from 
astronomers.

Paper to be submitted to Machine 
Learning: Science & Technology
(MLST) and NeurIPS EvalEval
workshop

Slide credit: JSALT team



Understanding user-LLM interactions 

Conducted detailed interview study with 
astronomers

Writing paper to be submitted to 
Conference on Human Factors in 
Computing Systems (CHI)

Releasing anonymized user interaction data
(Slack chatbot)

37 Users (astronomers)

378 User queries 

→ 269 in channel

→ 109 direct message

342 Emoji reactions

263 Feedback/comments

373 Retrievals

Slide credit: JSALT team



RQ2: What features do scientists seek or expect in a ChatBot for 
interacting with academic literature?

● Generation capabilities
○ Specificity of answer
○ Fluency of natural language
○ Extra formatting capabilities (language translation, poems, 

rap)
○ General correctness
○ Interpret or synthesize knowledge
○ Critique
○ Graceful refusal
○ Expression of Confidence
○ Personalization
○ Surprise Discovery Factor
○ Understanding different technical notations
○ Agent like capabilities
○ Chat with context (multi-turn)

● Retrieval capabilities
○ Meta-data incorporation
○ Quality of retrieved 

citations
○ Completeness

Beyond our intentions 
for this tool

Maybe in the future?!

Slide credit: JSALT team



Sampling in {tx} space

(at fixed mass and SFR)

SFH = (M
*
, SFR, {tx})



This is a galaxy’s 
star formation history 
(SFH)

Big bang
Present day

Juan Alfonzo (Tohoku U) .
juanpabloalfonzo@astr.tohoku.ac.jpWhat is the link between 

galaxy morphology and 
star formation histories?
(Katachi | Alfonzo, Iyer et al. (2024) | ArXiv: 2404.05146)



Star forming clumps in the bluer band drive 
the network to higher SFR and lower t50 values

SHAP - SHapley Additive Analysis (Lundberg & Lee ’17)
Red: more flux here increases parameter estimate
Blue: more flux here decreases parameter estimate

Alfonzo, KI et al. 2024 (ApJ) Katachi: https://arxiv.org/abs/2404.05146

decoding the SFH-morphology connection with SHAP
(Katachi | Alfonzo, Iyer et al. (2024) | ArXiv: 2404.05146)



Alfonzo, KI et al. 2024 (ApJ) Katachi: https://arxiv.org/abs/2404.05146

generalizing across multiple galaxy types
(Katachi | Alfonzo, Iyer et al. (2024) | ArXiv: 2404.05146)
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