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Galaxies are complex ecosystems
with physical processes spanning many scales
regulating their formation & growth

’
LEDA2046648 | ESA/Webb, NASA & CSAT A. Martel
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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)

30 Doradus - Chandréi, HST, Spitzer compogite




feedback is extensively >
studied across a variety
of spatial scales

M87's AGN jet shocking gas

out to 100s of kpc
(Fabian 2012)
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< spectral features
let us study star formation

across a range of timescales
Iyer & Speagle et al. (2024)
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Spectral modeling tools

like dense basis can be <
used to observationally
constrain galaxy SFHs. \

\ Suites of cosmological simulations
\ like CAMELS can reveal the
— = = SFH-feedback connection for
large populations of galaxies.



Spectral modeling tools
like dense basis can be
used to observationally
constrain galaxy SFHs.
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Suites of cosmological simulations
like CAMELS can reveal the

SFH-feedback connection for

large populations of galaxies.



Spectral modeling tools

likedensebasiscanbe = = = ==~

used to observationally

constrain galaxy SFHs.
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-7 LLM-assisted literature survey tools

High-z lensed galaxies like like pEUNINISY help keep track of

the H offer glimpses the ever-expanding astronomy

- of resolved star formation as literature & democratize research.

= = — —proto-galaxies assemble. ‘o _

~_ =

Interpretable ML tools like -
extend SFH inference to future
telescopes & help build models of
- — = = the SFH-morphology connection.



Spectral modeling tools
like dense basis can be
used to observationally
constrain galaxy SFHs.

0

Fast, flexible fitter for lyer et al. (2019), dense-basis.readthedocs.io

galaxy stellar populations




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, lyer+19, Leja+19b, Zhou+20, Jiminez-Lopez+21, Thorne+21, Cooray+23,

Suess+22, Alarcon+24...) o

1 This is a galaxy's
54 star formation history
(SFH)
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the Dense Basis method (lyer+19)

SFH = (M+, SFR, {t})

lookback time [Gyr]
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Interested in non-parametric SFHs?

Papers
3

A dense basis

Docs » A full SED-Fitting example

CE—— | e e s e
. . 2017 2018 2019 2020 2021 2022 2023 2024 r—
A full SED-Fitting example

Robust SFH recovery from
multiwavelength observations:

. Installation This tutorial goes through the things that need to be done to fit the observed spectral energy
th e De n Se Bas I S I I l eth Od Dependenc distributions (SEDs) of galaxies. This is different from SED fitting codes that use a sampler while
fitting to create their posteriors, in the sense that we pre-sample the prior volume prior to fitting,

[ trading space for time complexity. This results in a moderately lengthy initialization period where

the method generates an atlas of parameters drawn from the priors and SEDs corresponding to

o o L
> p 1 p 1 n S ta‘l 1 d e n s e ba s 1 S The GPoSF u these parameters with a user-specified filter-set, which can then be used to fit any number of SEDs
— he GP-SFH module

in an extremely short amount of time. (Further iterations of the code are also planned to include

A full SED-Fitting example variants with live samplers for edge-cases and objects with pathological likelihood surfaces.)

[

The atlas essentially provides a coarse mapping from the galaxy’s stellar population parameters
(stellar mass, SFR, star formation history, dust attenuation, metallicity, and redshift) to their
corresponding SEDs.

SED fitti
pa

on Github

> kartheikiyer/dense_basis

Instantiate the module, making sure you have all the prerequisite packages (especially python-fsps
and george) installed. Don't worry if the initial import takes a few minutes, because it’s initializing its

FSPS backend. LA |

If you need to change any of the FSPS parameters, do so using db.mocksp.params[‘key'] = value ,

consulting the python-fsps API for reference.
3 /
{
)

[1]: import numpy as np
import dense_basis as db

> in Bagpipes, piXedfit

Initialized stellar population with FSPS.

Starting dense_basis. please wait - a minute for the FSPS backend to initialize. !

Prerequisites to fitting: P

If you're fitting photometry, put your photometric filter transmission curves in a folder somewhere
and make a list of filter curves with the paths to each filter. You'll need to pass filter 1ist and
filt dir asarguments to the code to generate SEDs corresponding to a given parameter set.

Documentation + full examples
dense-basis.readthedocs.io

bmpares to the true SFH:

The db.plot filterset() function can be used to visualize the set of filter curves used to make
SEDs. Let's load a filter list corresponding to the CANDELS GOODS-South photometric catalog for I
now: hreshold = 0.9)
apers using Dense Basis on ADS: [2]: [Filter_list = *Filter_List_goodss.dat*
. filt_dir = 'internal' # path to directory containing filter list

db.plot_filterset(filter_list = filter list, filt dir = filt dir)

bit.ly/dbpapers

FR(t) [

3


http://bit.ly/dbpapers

[pixel]

...0r resolved non-parametric SFHs?
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Dense Basis + piXedfit
0.1504
3 3 3 0,125
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High-z lensed galaxies like
the Firefly Sparkle offer
glimpses

of resolved star formation as
proto-galaxies assemble.

Mowla & lyer et al. (2024) accepted in Nature

wme Firefly Sparkle
star formation on parsec sc

ales at z=8.3

ofinucs




Lensed Galaxies with Un(/semi)resolved Star Clusters

Sunrise Arc (z~6)
: -

® Observe pcscale clumps atvarious -8
stages of formation at various SDSS 1226+21 (z=2.9)

epochs, in rest-frame UV-NIR. v

e Many candidates identified with . .
HST, even more being discovered ‘
and followed up with JWST. ‘
10.3)

N\ c‘.‘
- 4 -
' 4

Also see Vanzellaetal. 2019, 2022, Welch et al. 2023,
Clayessens etal. 2023, 2024, Adamo et al. 2023, 2024, e -

Sok etal. 2024, and many more for review Y Sunburst Arc (z~2.4) *










Three galaxiesina
~600 Myr Old Universe

® Three galaxies at zspec=8.30
e One galaxy fragmented into at least
ten massive star clusters

Mowla and lyeretal.
(accepted in Nature; ArXiv:2402.08696)

Firefly
Sparkle

4

* FF-NBF




Three galaxiesina
~600 Myr Old Universe

® Three galaxies at zspec=8.30

e One galaxy fragmented into at least
ten massive star clusters

e Magnification between 15-40x

Mowla and lyeretal.
(accepted in Nature; ArXiv:2402.08696)




the Firefly Sparkle: NIRSpec Prism Follow Up
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Mowla and lyer et al. (accepted in Nature; ArXiv: 2402.08696)



the Firefly Sparkle: Two slits on the central four clusters

F115W+F277W+F444W

0.3

: i
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Slit‘_l ey
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Observed wavelength [um]

e Strongnebular continuum.
e Balmerdecrement consistent with being dust free.
e Low metallicity (12+log(O/H) =7.02+/-0.25)

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



the Firefly Sparkle: High temperature and ionization —
102< j(5007)/j(1666 + 1661)
. 3
e lonizing source effective temperature > 40,000 K. m
e Temperature determined from: % 101
o Lineratios
o Nebular continuum modeling 0
10 : . :
e Indication of a higher mass limit on the IMF from both: 20,000 Teigﬁ\ogo 60,000
o Thetemperature of the ionizing source | Lkelinood («e7)
o The high-massslope of the Kroupa IMF (a< 2) inthe 48 ‘ |
SED fits. _
]
%4.4- i ..-:::::::Z::::::::::I:LI:
3} 7 —
5 o —
4.0- . : ;
4.6 5.0 5.4

Mowla and lyeretal. (accepted in Nature; ArXiv: 2402.08696) 10g(Teri/K)



the Firefly Sparkle: High temperature and ionization

e lonizing source effective temperature > 40,000 K.
e Temperature determined from: 0-8T%8p heavy (SSP)
: : 0B2<a<1.88):
o Lineratios ’
o Nebular continuum modeling S :
. . . . = . C ical
e Indication ofa higher mass limiton the IMFfrom both: = | ‘Kroupa |
L T a=2.3)
o0 Thetemperature of the ionizing source = :
o The high-mass slope of the Kroupa IMF (a< 2) in the 0.2
SED fits. |
0.0 . .
1 2 3

IMF high-mass slope a

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



the Firefly Sparkle: Age-dating the star clusters

.0 1.0,

Firefly Sparkle
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e We perform SED fits:
o using the dense basis method

o
=]

4 0.0 T T T
0.0 0.2 0.4 0.6
Time (Gyr)
0.54

(non-parametric SFH)

10° 10°
log(M./M;)/pc?

o assumingsingle stellar

= o e =
u =)

N
-

= 9

02 04 06

o0
=}

o0
o
]
o
o
N
<
o

populations (SSP)
\

. k 1
0 : 2

.04 : . J
] S
10 8 \/
0.0 v \. | &5

\ 3
\./

® Majority of the stellar massin the

oo
o
(=)
o
o
|38
o]
'~
o
(«)]

0.2 0.4 0.6

= O

star clusters

Star Formation Rate (M /yr)
- O o
. U1 )y 3
©
Star Formation Rate (M ¢ /yr)
&
w

e SSPfits give young ages of 3-10 Myr
(less than a crossing time).

o o

(=} wm
©

o

%))

0.2 0.4

T O
(=}
o
(o]
o
o
o
N
o
'S
(=]
(o]

=] =]

o &) o

o —

(=] o
~

e DB fits give older ages with a recent
burst of star formation.
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Mowla and lyer et al. (accepted in Nature; ArXiv: 2402.08696)



the Firefly Sparkle: Masses 10° 10°
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Mowla and lyer et al. (accepted in Nature; ArXiv: 2402.08696)



the Firefly Sparkle: Masses

1011,
10 . !
e Eachstarcluster 10 g
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. L 109
e High surface density with > . ;
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_ _ " Tacchella et al. 2022
Iog(M) =6.8+/-0.7 ] Nakajima et al. 2023
] Tang et al. 2023 L
°
Assembly of a low mass 1061 Doeron et al 2024
galaxy which will likely { o Austinetal 2024
] TNG50 (Pillepich 2023)
evolve to a Milky Way mass 105 1 @ Milky Way (Tan et al. in prep)
galaxy. 0 p. 4 6 8

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



Interpretable ML tools like Katachi
Z extend SFH inference to future
telescopes & help build models of

_ the SFH-morphology connection.
KataClGll Alfonzo, lyer et al. (2024) published in Ap)

Understanding the Form of Galaxies

Astronomy & Astrophysics
g UNIVERSITY OF TORONTO / .
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Juan Alfonzo (Tohoku U)

What is the link between juanpabloalfonzo@astr.tohoku.ac.jp
how galaxies look and
how they formed?

(Katachi | Alfonzo, Iyer et al. (2024) | ArXiv: 2404.05146)

0 12 7
/ Iookback time [Gyr]

Present day



Juan Alfonzo (Tohoku U)

What iS the link between juanpabloalfonzo@astr.tohoku.ac.jp : '.,\
galaxy morphology and

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

g image A

)

SFR(t)

ol —
) —
_>
anga-id: 1-458124
- 3. _
Bl ", —

— Train a network to predict SFH parameters from images

lookback time

Use XAl methods like SHAP to understand T
which parts of the image drive the prediction

Alfonzo, Kl 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)

CRIGET)

<

anga-id: 1-458124
g SHAP: SFR
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log SFR: 0.00

g SHAP: d4000
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.

d4000: 1.13

r SHAP: SFR

ASFRPed: 0.1

r SHAP: d4000

Ad4000P™d: .0.0

d image

i SHAP: SFR

.

i SHAP: d4000

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

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

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



Alfonzo, Kl et al. 2024 (ApJ) Katachi: https.//arxiv.org/abs/2404.05146
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Flux in outskirts increases mass
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decoding the SFH-morphology connection with SHAP

(Katachi | Alfonzo, Iyer et al. (2024) | ArXiv: 2404.05146)
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Alfonzo, Kl etal. (2024) ArXiv: 2404.05146, Ap] 967 152 (2024)



decoding the SFH-morphology connection with SHAP

(Katachi | Alfonzo, Iyer et al. (2024) | ArXiv: 2404.05146)
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Alfonzo, Kl etal. (2024) ArXiv: 2404.05146, Ap] 967 152 (2024)
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LILM-assisted literature survey tools
like Pathfinder help keep track of
the ever-expanding astronomy

‘ =8 literature & democratize research.
Pathiinder

LLM-enabled literature search

lver et al. (2024) accepted in Ap)S, https://pfdr.app

juniverselFD b )




> citing everything relevant is hard

> keeping track of new papers is hard

> exploring new areas and jargon is harc

> contextualizing new results with old is harc

> synthesizing results across many papers is hard

> finding a relevant reference for a specific statement is haro

juniverselED f0)asionysics



What we had a year ago

A map of the lands spanning
galaxy evolution papers

: Kartheik Iyer & UniverseTBD
o/spaces/Kiyer/arxiv-gpt




...and what we have now

-




Building the corpus

o @ = kiyer/pathfinder_arxiv_data X G v

¢« > ¢ (= ﬁ)oﬁ)/nxﬁDG.i.

huggingface.co/datasets/kiyer/pathfinder_arxiv_data

» Dataset card B Viewer I= Files and versions 5 Community Settings
BB Dataset Viewer } Auto-converted to Parquet <> API Embed B View in Dataset Viewer Downloads last month 158
Split (1)
train - 352k rows v Use this dataset 2 Edit dataset card

Search this dataset

ads_id arxiv_id title abstract embet ze of downloaded data .
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: 8|8 3 5 | 1 ‘ .54k 3.22GB 352,194
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Impacts of Context. The accretion process in classical [ 0.¢
5289849 1667.63609 fragmented.. T Tauri stars (CTTSs) can be studied.. 0.01¢
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stable HLL-type.. dissipative than schemes based on.. 0.02¢ s 385k papers
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168897 1607.07246 Saturn’s great.. storms are the largest convecting cumulus.. 0.02¢
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"Dispersion by "Our understanding of the universe relies [-0.¢ (ApJ7 MNRAS! A&A7 ARAA’ Natu re)’
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pulsars, magnetars.. mostly on electromagnetism. As photons are.. 1640¢
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A map of the lands of
astronomy papers

https://pfdr.app
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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 [andscape of astronomy literature
> Translate, simplify and contextualize results
> Quantify trends in research, mission impact, and more



Case studies: ;Queé es una galaxia quieta?
Category: Broad questions / multilingual questions

Una galaxia quieta, en el contexto de la astronomia, se refiere a un tipo de galaxia que presenta caracteristicas
de baja actividad en comparacion con otras galaxias mas activas, como las galaxias activas o los cuasares. Estas
galaxias suelen tener una emision de radio debil y, a menudo, se les asocia con un bajo nivel de formacion
estelar. En terminos mas 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).

Caracteristicas de las Galaxias Quietas:

Baja Emision de Radio: Las galaxias quietas tienen una emision de radio que es significativamente menor que la
de las galaxias activas. Esto se debe a que no tienen un niicleo galactico activo que emita radiacion intensa.

Formacion Estelar Moderada: Estas galaxias suelen tener tasas de formacion estelar mas bajas, lo que significa
que no estan formando nuevas estrellas a un ritmo elevado.

Estructura y Morfologia: Muchas galaxias quietas son espirales o elipticas, y su morfologia puede influir en su
actividad. Por ejemplo, las galaxias espirales tienden a ser mas propensas a la formacion estelar que las
elipticas.

Ejemplos: Un ejemplo de galaxia quieta podria ser una galaxia eliptica que no muestra signos de actividad en su
nlcleo, a diferencia de un cuasar que es extremadamente brillante y activo.



Suites of cosmological simulations
like CAMELS can reveal the SFH-
feedback connection for

large populations of galaxies.

lyer etal. in prep. (for a really long time...)
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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)
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Fast, flexible fitter for
galaxy stellar populations

wme Firefly Sparkle
star formation on parsec scales at z=8.3

Spectral modeling tools

LLM-assisted literature survey tools
like dense basis can be

like pathfinder help keep track of
used to observationally the ever-expanding astronomy
constrain galaxy SFHs. literature & democratize research.

lyer et al. (2019), dense-basis.readthedocs.io Pathfinder Iveretal.(2024), accepted in Ap)S, https://pfdr.app

LLM-enabled literature search

High-z lensed galaxies like Interpretable ML tools like Katachi

v

b the Firefly Sparkle offer glimpses A extend SFH inference to future

of resolved star formation as telescopes & help build models of

proto-galaxies assemble. the SFH-morphology connection.
Mowla & lyer et al. (2024) accepted in Nature KataChl Atfonzo, lyer et al. (2024) published in Ap)

Understanding the

Suites of cosmological simulations
like CAMELS can reveal the
SFH-feedback connection for

large populations of galaxies.

lyer etal. (in prep.)

N kgi2103@columbia.edu
() github.com/kartheikiyer



osmology and Astrophysics with
MachinE earning Simulations

A suite of 4,233 simulations
2,049 N-body; Gadget-IlI
2,184 state-of-the-art (magneto-)hydrodynamic sims

AREPO/IllustrisTNG + GIZMO/SIMBA

6 parameters: {Q,,, g, Asn1, Asn2, AaGN1, Aacnz2})

More than 100 billion resolution elements over
combined volume of ~(400 Mpc/h)?

More than 2,000 cosmologies & astrophysics
models; more than 140,000 snapshots

Designed for machine learning applications

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)
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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)
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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)
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LLM-assisted literature survey tools
like PEMGTGIE help keep track of

Spectral modeling tools
@ like dense basis can be

used to observationally “5 the ever-expanding astronomy
m constrain galaxy SFHs. o ' literature & democratize research.
sy st somaaons Iyer etal. (2019), dense-basis.readthedocs.io Pathiinder lyer et al. (2024), accepted in ApJS, https://pfdr.app

High-z lensed galaxies like Suites of cosmological simulations

the [JIAIMEI A offer glimpses like CAMELS can reveal the

of resolved star formation as SFH-feedback connection for

proto-galaxies assemble. large populations of galaxies.

weFirefly Sparkle oyt & Iyer et al. (2024) accepted in Nature lyer etal. (in prep.)

Interpretable ML tools like [EYEXE T

extend SFH inference to future f\‘z \

telescopes & help build models of g;yy\ ,

i i "CPQEH JHIVE  pan-survey
the SFH-morphology connection. GPSFH il — gepsume

Katachi

Understanding the Form of Galaxies Alfonzo, Iyer et al. (202".) pub[[Shed [n Ap/



Spectral modeling tools -~ S

like dense basis canbe - - - - - -~ )

used to observationally /

constrain galaxy SFHs. _- d

Iyer etal. (2019), dense-basis.readthedocs.io | om0 === -~
LT - LLM-assisted literature survey tools
High-z lensed galaxies like like help keep track of

the H offer glimpses the ever-expanding astronomy

- of resolved star formation as literature & democratize research.

~

~ ~ °
~ = proto-galaxies assemble.
Mowla & lyer et al. (2024) accepted in Nature

lyer et al. (2024) accepted in Ap)S
~

~_ =

Interpretable ML tools like - Suites of cosmological simulations

extend SFH inference to future like CAMELS can reveal the
telescopes & help build models of = - = = = - SFH-feedback connection for
_ the SFH-morphology connection. large populations of galaxies.

Alfonzo, lyer etal. (2024) published in Ap)

/

-

4



(dotted lines)

Extreme feedback from AGN jets How does feedback affect galaxy SFHs?
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Spatially resolved burstiness with NIRISS Grism

Classll and II* Classll only
T il T e

log(N2300 (FHa /A Fa,uv ) + 1.65 Mo 1
-05 0.0 05

Interacting
fraction

Nciassi, i+ = 38

w
(el i . -
o

Nothers = 65 Nothers = 83

-2.2 -2.0 -1.8 -1.6

PDF

-1.4 -2.2 -2.0 -1.8 -1.6 -1.4
log (Ha-to-UV ratio nisoo)

Mehta+23 (incl Kl : :
( ) Gelli+24 burstiness -> UVLFs at high-z

burstiness vs radius in UVCANDELS

= UV scatter
0.3 Full Sample _ -l No scatter
g 0.2 * 8.0<log(M/M,)<9.5 ‘&'_z
8 g-; + 9.5<log(M/M,)<10.2 -
10% gy + 10.2<log(M/M ;)<11.5 H .
False Color Segmentations i 3
: 8 9 10 1 25
j log(M/M ) =3 »
2
3
> -7 =23-22-21-20-19-18 =17 =16 =23 =22 -21 =20 -19 -18 =17 -16
31 o Myv Myv

c:

-3

®(Myv) [mag~'Mpe~3]
!
L

0.0 05 10 15 20 25 7 .
Galactocentric radius [R/Refr, s0] T AT 0 19 SI8 1716 23 <23 221 201918 <1716 —23 =20 =i§ —i6 —14 =i
Myy Myy M,

uv




(how) .
can we constrain the

impacts of feedback \ T Y/

[ ]
using galaxy SFHs? S — s & Corumsia UNIVERsITY
IN THE CITY OF NEW YORK
——
Kartheik Iyer @ Hubble Symposium @ Caltech (ﬁﬁF\P ﬂ' FLATIRON.
NHFP Hubble Fellow | Columbia University \v@) \ Soner o comptaion
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me About People Publications Seminars Workshops HLT Masters Resources

Abstract Full Proposal Group Members Team Presentations

Subscribe to the CLSP Seminars Mailing

. . List
Evaluating LLM Performance in Research Astronomy
Large language models (LLMs) are being used not only for common-knowledge UPCOMING SEMINARS
information retrieval, but also for specialized disciplines such as cutting-edge astronomical e i
research. However, in specialized domains, we lack robust, realistic, and user-oriented 6 e L IR K
evaluations of LLM capabilities. Human evaluations are time-intensive, subjective, and o :T;f:t'o" k(@R Y
al

difficult to reproduce, while automated metrics like perplexity or task benchmarks fail to
reflect realistic performance. We seek to advance understanding of LLM capabilities for N Add v View Calendar 9
supporting scientific research through user-centric analysis and the development of robust

evaluation standards; while we expect outputs from this workshop to be generalizable, we

will focus on astronomy. Astronomy has open data and a vibrant and active community

that is open to partnering in the design, experimentation, and evaluation processes. The

primary goal of the workshop is to develop a quantifiable metric or objective function for

evaluating LLMs in astronomy research, thereby taking humans out of the evaluation loop.

A secondary goal is to understand how the evaluation criteria for a specialized use case

(astronomy) compares to the evaluation criteria for typical English conversations. Our

proposal will explore the first step toward a lofty goal: how can Al transform science for the

better, by first evaluating what it means to be better.

Slide credit: JSALT team



Design and data collection for evaluation

Thread & ai-agents e X
Slack chatbot experiment lasted 4.5 John Wt 10
wee kS, d u i ng wh |Ch we Collected . @Ask astro-ph How can compressed sensing be used
for image deconvolution in radio interferometry?
some valuable user data from —
astron omers. Ask astro-ph APP 10 days ago
Compressed sensing (CS) can be used for image
. . deconvolution in radio interferometry by leveraging its
Pa Qer tO be Su bm |tted tO MaChlne ability to reconstruct sparse or compressible signals
) . from incomplete and noisy Fourier measurements. CS
Learnlng-. SCIenCG & TeChnOlOgy techniques involve formulating the deconvolution

(MLS T) a nd Ne UI’/PS EvalEval problem as a global minimization problem, which is then

solved using convex or non-convex optimization

WO rkS h o) p methods: These methods can incorporate s.peciﬁc prior
information about the signal, such as sparsity in a
particular basis, to improve reconstruction quality.
Recent advancements include joint calibration and
imaging methods that account for direction-dependent
effects, enhancing the fidelity of reconstructed images
(e.g., 1701.03689, 1406.0359).

Slide credit: JSALT team 1 €



Understanding user-LLM interactions

37 Users (astronomers)
Conducted detailed interview study with

378 User queries
astronomers

— 269 in channel
Writing paper to be submitted to

Conference on Human Factors in
342 Emoji reactions Computing Systems (CHI)

263 Feedback/comments

— 109 direct message

Releasing anonymized user interaction data
373 Retrievals (Slack chatbot)

Slide credit: JSALT team



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

e Generation capabilities e Retrieval capabilities

O
O
O

O O OO0 OO O O 0O

Specificity of answer 5
Fluency of natural language
Extra formatting capabilities (language translation, poems,

Meta-data incorporation
o  Quality of retrieved

rap) citations
General correctness o Completeness
Interpret or synthesize knowledge

Critique

Graceful refusal
Expression of Confidence
Personalization

Surprise Discovery Factor .

Underetanding i - . Maybe in the future?!
Agent like capabilities

Chat with context (multi-turn)

Beyond our intentions

— for this tool

Slide credit; JSALT team
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Juan Alfonzo (Tohoku U)

What iS the link between juanpabloalfonzo@astr.tohoku.ac.jp | I
galaxy morphology and

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

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