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. CosmicAl aims to develop transformatlve Al methods to meet pressmg",‘ o

_ Astronomical chaIIenges and tackle outstanding questions about our
cosmic origins through research in four fundamental Al themes '
| trustworthlness efﬂ!lency, mterpretablllty, and robustness '

CosmchI will serve as a nexus of cotlaberatlon to |ncrease the
~accessibility of astronomy and Al data and methods through open—'

 soufce Al- -powered tools, data sharmg, and AI educ:atlonal |n|t|at|ves ‘
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*L ) Who we are: Nexus of Collaboration
ead Institutions

« University of Texas at Austin

- University of Virginia

- University of Utah

- University of California Los Angeles

- National Radio Astronomy Observatory

- National Optical-Infrared Astronomy
Research Laboratory

v Academic Partners & Labs

- SLAC National Accelerator Laboratory
 University of Texas Arlington

- University of Tennessee

- New York University

® Industry/Non-Profit Partners

« Ai2

« Microsoft

. Intel

« NVIDIA

- Sony Al

« Amazon

« SparkCognition
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Executive Leadership

Stella Offner Matt Lease Jessy Li Stéphanie Juneau Adam Bolton

UT Austin UT Austin UT Austin NOIRLab SLAC Stanford

Pl and Director Co-Director Explorable Universe, Explorable Universe, Co-PI

Accelerated Universe, Explorable Universe, Al Lead Astro Lead Explorable Universe
Astro Lead Al Lead Astro Lead

Arya Farahi Paul Torrey Jeff Phillips Eric Murphy George Biros
UT-Austin University of Virginia University of Utah NRAO UT Austin

Co-PI Explainable Universe, Observable Universe, Co-PI Accelerated Universe,
Explainable Universe, Astro Lead Al Lead Observable Universe, Al Lead

Al Lead Astro Lead



| Resear(:h Themes

Artificial Intelligence | Astronom
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~ Accelera

~ multi-physics,

- systems

Explorable Universe Observable Universe

Develop Al
Al trustworthiness techniques to expedite
by de ing open observing pipelines and

discovery in big

Al fou%n3 dels ;
for astronor& atasets

Advance generative
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~ Explainable Universe-
’Extend interpretable
Al methods and apply
- causal reasoning to
~ analyze large-scale
“ 0 % simulations

Develop fa
surrogates tc

multi-scale astr




k12 NOIRLab,
Education & EEUAY/AN

BrOader-. ety s Y e
' |mpaCtS ' -NRAQ,

_ Undergraduate '
: ‘ UVA, Utah ) ' Research Summer & N RAO '
Education + | '_. UT Austin mentoring in winter schools, ,
Broadening , A partnerships with networking with

Sx. ; summer REUS non-R1 (RADIAL) -
Participation \~

. : Professional Graduate +
All /
: Hybrid Research Seminars, Al Certificate , .
rotating - Annual Conferences Program witha  Al-Astro D

| Badge in Bootcamps
Seed Funding Data Platform Astrophysics
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TACC resources supporting CosmicAl

« Vista (currently) for Al compute _
o 600 Grace Hopper (H200) nodes with 400 Gbps interconnect — — T T
© CosmicAl is allocated 80,000 GPU hours annually |l U N e |

« Corral for data sharing and preservation - :
© 40 PB shared file system for data hosting n
B 200 TB initial allocation
© On prem cloud environments for
service hosting

- Expertise & Technical Support t,;%ﬂ.

o TACC personnel are mtegra =ng >

© Developed and Impleme ted”

o Data and Software Ma (o)l
products A

"J

C'.

‘he p to store, curate, and manage

» Leadership Class Computing Facility and Horizon (coming soon!)
o TACC will lead the LCCF for the NSF for the next decade ,
© Horizon will be the largest compute cluster for open science in the
world starting in the Fall 2025 .
B 4000 Vera Rubin CPU nodes, 4000 Blackwell GPUs -
m 400 PB all flash file system Co@cAl

. Credit: NASA, ESA and the Hubble Heritage Team (STScl/AURA).
Acknowledgment: J. Gallagher (University of Wisconsin), M. Mountain
(STScl) and P. Puxley (NSF).



Yea I 1 | ﬁ'ﬁ% Formed and Launched 4 Research Groups

Reseal’Ch | > 4 ' . .~ Focus on Building Astro Bencﬁmarks +
Highligh‘ts | ! @ - Training Sets for Models in all Groups

ox 1st100% CosmicAl project-completed +
y ~  aceepted to NeurlPS (AstroVisBench) -
Cosmic Horizons - | o@o : | . R
- &F 18 CosmicAl-Related Publications

CosmicAl Research Featured in
talks at1/ Venues.

SIM NS . @8 g Seed Research Proposals Awarded

FOUNDATI O N

" Image CreditDES/DOE/Fermilab/NCSA & CTIO/NOIRLab/NSF/AURA
Acknowledgments: Image processing: DES, Jen Miller (Gemini Observatory/NSF NOIRLab), Travis Rector (University of Alaska Anchorage), Mahdi Zamani & Davide de Martin



Explorable

Achievement Highlights 1: AstroVisBench

A language model benchmark to evaluate astronomy workiflow tasks that lead to a visualization

e Uses a novel LLM-as-a-
judge workflow, validated
by five professional
astronomers

® Includes 432 coding tasks
for visualization sourced
from astronomy research
python notebooks

e Evaluations of 8 state-ot-
the art language models
indicate significant deficits
in their ability to be useful
research assistants

N

Cosmic
NG’

Jupyter

Context

import space_phot

Generate code

Execute

%
/ Evaluate results

synphot_file = '
synphot5. tar.gz'

Task query

Processing tasks

Once our environment is set up, the next step is
to extract and process data necessary for

Query Photometric analysis. [...] you should derive the
exact coordinates to focus on by utilizing sky
coordinate tools |...]

Ground truth code

& og" ref_y, ref_x = skycoord_to_pixel(source_location,
@ wcs.WCS(ref_fits['SCI', 1], ref_fits))

&4' ref_cutout = extract_array(ref_data, (11, 11),
(ref_x, ref_y))

Extracted Ground truth

key variable re;_y: -
ref_x: .
values ref_cutout: ..

Generated code

ref_y: .
ref_x: .
ref_cutout: .

Evaluation: compare values

Visualization tasks

For the final part of this assignment, let's visualize the PSF model derived earlier. We aim to create
a clear representation of the data highlighting any potential faint sources by careful manipulation
of image scaling. The objective is to produce a visually distinct image through which we're able to
discern and identify the physical characteristics defined within the PSF model. [...]

Generated code Ground truth code

psf_data = psfs[0).data . ref_cutout = extract_array(psfs(@].data,
[N norm = simple_norm(psf_data, (41, 41), (122, 122))
L J stretch="1log', min_cut=1e-6, max_cut=1) . norml = simple_norm(ref_cutout,
plt.imshow(psf_data, origin='lower’,
norm=norm, cmap=‘viridis')

stretch="1log"', min_cut=0.0, max_cut=0.2)
plt.imshow(ref_cutout, origin="lower',
norm=norml, cmap='gray')

Evaluation: VLM
do these images
convey the same
content?

No error Major error

The under-test visualization, while showing the same basic PSF structure, fails to effectively
highlight faint sources and background noise due to suboptimal scaling choices. The colormap
choice and intensity scaling make it harder to discern subtle features that are visible in the ground
truth. These are fixable issues but impact the visualization's ability to fulfill the stated goals.

Joseph et al. 2025 arxiv 2505.20538, accepted to NeurIPS



Observable

Achievement Highlights 2: Data Cleaning

Goal: Use machine learning to automate the processing of radio telescope data

 Use scan statistics to identify Most Anomalously Scored Bandpass Readings
frequency regions with measurement
Interference

 Method accounts for:
- Low signal to noise
- Non-uniform signal baseline
- Atmospheric interference [ true anomalies

* Designed new efficient algorithms, >
using a kernel regression base model D4t

Frequency

* |dentiflied anomalies validated by
expert astronomers

[T]
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. Murphy, Phillips, Mason & Toledo et al. in prep.



Accelerated

Achievement Highlights 3: Chemistry Surrogate

A deep learning model that predicts the evolution of chemical abundances

Predicts abundances for an - ance vs. __Predicted: Log C Abundance vs. Log De
hemistry network T R < I o
astrochemistry networ asTemp [1.00e+00, 2.18e+001 B = gasTemp [1.00e+00, 2.18e+00] [k
relevant for star and planet B B
formation that contains 333 [ ' ‘x@‘ G
species and 3,187 Sk

reactions |
Conserves the species to ‘
1% accuracy

The model is 1,300 / 3,500
times faster than directly
solving the network
equations using CPUs /
GPUs

Data input to the model during training Abundances predicted by the model

oY
CosmicAl
"/

C. Ortega and Offner 2025 in prep.



Explainable

Achievement Highlights 4: Dark Matter Decay

Goal: Use machine learning to predict the properties of dark matter

Using the DREAMS Simulations (Rose, Torrey et al. Gas Density

2025) we aim to answer how the dark matter decay Example configuration of a Milky Way galaxy
or annihilation signal changes as a function of:

* Dark matter physics

* Uncertainty in the cosmology

* Uncertainty in the astrophysics modeling of

simulations

We use surrogate models trained on simulations to
efficiently learn the signal’s dependence on all model

parameters. O
\‘J/

Al enables rapid prediction and analysis that would
be too computationally expensive to sample directly.

VR

CO@KZN Garcia, Torrey et al. in prep.



. e & S2 CosmicAl Seminar: AIternatitheeks.(MZ
: _ | - people) |
Ed ucatlcn & s @ CosmicAl-UVA K12 Teacher Tralnlng — Al in the
O thl’ea Ch | j Classroom (38 teachers)
' H ig h I ig hts "+ K% Cosmic Horizons Conference (106 reglstered
. | - . from 43 institutions) i -

@ %osmchI AstroAl Bootcamp (25 students 12
institutions) - .

Research Training (24 students & postdocs)

§ig  Al-Astro Certificate Program (Application
" closed Sept 1, 203 apps, 119 for the Astro-Al

Astro-Al Bootcamp (U'D : - Al Teacher Training (UVA) -
by Badge) _ . .
-SIM NS -
AN e . @ Al-Astro Advocacy |

Image CreditDES/DOE/Fermilab/NCSA & CTIO/NOIRLab/NSF/AURA
Acknowledgments: Image processing: DES, Jen Miller (Gemini Observatory/NSF NOIRLab), Travis Rector (University of Ala k Anchorage), Mahdi Zamani & Davide de Ma t
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comlc Wb IZONS CONFERENCE

Al- Powered In5|ghts into the Universe

»-

Bringing together researchers who are actively developing and applying
Al/ML methods in astronomy

Location | ' Date.

Learn more

‘The University of . May 6th-8th -
" - Texas at Austin * . . 2025 .
L
- CosmicAl FSOIUIV[D ANOSN ~ “ - ODEN
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; ,PRESENTED BY THE
i ADVANCED COMPUTIN G

Overview of the fundamentals and Tutorials on reinforcement learning,
theory of machine learning & deep large language models, & surrogate
learning techniques models

Practice applying Al techniques in
a high performance computing
environment

Demonstrations of public Al/
astronomy software packages
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Al Foundations Certificate with a
Concentratlon |Mstrophy5|cs

New Graduate Certificate Program

Advanced Al Astrophysics 12 credit hours
Equips professionals with Al skills for data Techniques Specialization 4 courses
analysis, predictive modeling and research,
fostering career advancement and long-term
growth in Al-driven fields Asynchronous, Accessed from Transcripted
instructor- anywhere and Accredited
paced
Sign up for our interest form’ Applications Open June 1st, 2025

Applications Close : September 15th, 2025
Program Start' Spring 2026

Funded by the U.S. National Science Foundation and the Simons Foundation

Credit: C.F.Claver, N.A.Sharp (NOAO)/WIYN/NOIRLab/NSF



Senior Personnel: 28

CosmicAl PoStdocs: 8
" Students: 17

Collaborators: 14

Team:

External Advisory Board: 5

Staff and Bl Program Managers: 16 -
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JE%% Explorable: Al Assistant training focusing on multi-turn
interaction '

\.

. Yea r 2 P Ia n S . @ Observable: Develop an Al system to automate the detection

and handling of a wide variety of anomalies for data calibration.

Research - ‘ o
. >3 Explainable: Generating Training Pata [ongoing], Developing
S Inference Models Across Scales | A
; c -
. 045"320_0 Accelerated: Release benchmarks and astrochem solver.
Continue surrogate evaluation and architecture exploration.

Data Platform: Astro dataset curation & transfersto
the data platform .

SIM NS . oo .

FOUNDATION

Image CreditDES/DOE/Fermilab/NCSA & CTIO/NOIRLab/NSF/AURA
Acknowledgments: Image processing: DES, Jen Miller (Gemini Observatory/NSF NOIRLab), Travis Rector (University of Alaska Anchorage), Mahdi Zamani & Davide de Martin



ey 1.st semester of Certificate Program (Spring 2026)

\.

. Year 2 Plans ' @ Ist Winter & Summer Schools @NRAO (2026)

_ Education & R 3 =
- Outreach ’ 203 2nd Al K12 Teaching Training @UVA, maybe @UT
° | . £
: élg‘é 2nd Al-Astro . Bootcamp @UT = o
Continue research seminar series + éonferencé(s) .
| ) Continue to laborati tudent &
PR SIM_ NS i . Continue to grow collaborations, esp: student
i ki -« postdoc members i

Image CreditDES/DOE/Fermilab/NCSA & CTIO/NOIRLab/NSF/AURA
Acknowledgments: Image processing: DES, Jen Miller (Gemini Observatory/NSF NOIRLab), Travis Rector (University of Alaska Anchorage), Mahdi Zamani & Davide de Martin
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ﬁ@?}‘.}% Explorable: Al Assistant training focusing on multi-turn
iInteraction .

\.

. Yea r 2 P Ia n S - @ Observable: Develop an Al system to automate the detection '

and handling of a wide variety of anomalies for data calibration

Research - . g
1 ~>¢3  Explainable: Generating Training Data [ongoing], Developing
5 Inferefce Models Across Scales | g
| > -
. 04:-‘3" Accelerated: Release benchmarks and astrochemistry solver.
| M Continue surrogate evaluation and architecture exploration.

Data Platform: Astronomy dataset curation &-
transfer to the data platform.

SIM NS . oo .

FOUNDATION

Image CreditDES/DOE/Fermilab/NCSA & CTIO/NOIRLab/NSF/AURA
Acknowledgments: Image processing: DES, Jen Miller (Gemini Observatory/NSF NOIRLab), Travis Rector (University of Alaska Anchorage), Mahdi Zamani & Davide de Martin



ey 1.st semester of Certificate Program (Spring 2026)

\.

. Year 2 Plans ' @ Ist Winter & Summer Schools @NRAO (2026)

_ Education & R 3 =
- Outreach ’ 203 2nd Al K12 Teaching Training @UVA, maybe @UT
° | . £
: élg‘é 2nd Al-Astro . Bootcamp @UT = o
Continue research seminar series + éonferencé(s) .
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Community Engagement: Ways to Join

Attend Subscribe Collaborate
CosmicAl Seminars Research:
Explorable
Cosmic Horizon Conferences Observable
Explainable

Astro-Al Bootcamps Accelerated +

Astro-Al Certificate Education Initiatives

Apply Contribute Participate
Seed funds for new Data & code to our Use data, code,
Astro-Al projects data platform, open models and tools

source developed by
infrastructure CosmicAl
™\
COS MmIC AI Image Credit: James Webb Space Telescope, ESA, NASA & CSA, R. Tazaki et al Vi Sit: cosm i ca i .0 rg
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http://cosmicai.org

NSF Annual Review
Site Visitin July

Rating: Evolving / On Track

:
L

“CosmicAl has had a successful first year and is exactly on track with where
it needs to be at this stage. The strong management and governance
structure that are Iin place, the well-designed interdisciplinary. research
thrusts, and the energy that the team is devoting to all its activities, have
positioned the institute to have significant impact as it ramps up over the
next few years.” ARy -
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External R e
Advisory Board

April 2025 review . » . PN
| | | David Hogg (Chair) Viviana Acquaviva Josh Peek
_ 3 il NYU . CUNY Stecl i ,
- "“The Board was extremely impressed by the Astro/Al . Astro/Al/Education 5 Astro/Data
fast start of the CosmicAl Institute, in terms .

of administrative structure, organization of
research, ambitious goals, and strategic
“planning. The buy-in and‘engagements of
the partners and stakeholders is remarkable

and sets up the Institute for success. : Yusu Wang ' Michael Brenner '
T - , . . | UC San Diego Harvard / Google N
' . Al (TILOS director) Al
: . . Year 1Interactions: ‘
' v | « * EAB + Directors meet & greet (Feb)
- : - . g | o i - ». 3y .
= @,C SIM NS B 1-day virtual review + report (April)

FOUNDATION | ' « In-person meeting, Chair + Director (May)



