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Outline
• AI/ML Stre ng the ns HEP Scie nce
• AI use  b y DESI
• AI use  b y Arg onne
• AI use  b y LSST-DESC

• The  Ge ne sis Mission
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AI/ML Strengthens HEP Science
• Recent d iscove ry b y DESI that Dark Ene rg y is no t static b ut could  evolve  ove r time

◦ Used  ML to  comb ine  re sults from multip le  
exp e riments and  for the  first time  d e te rmine  
in a mod e l ag nostic way, the  Dark Ene rg y 
b e havior across the  ag e  of the  unive rse  (z)
 This d iscove ry rece ived  wid e  attention in 

g lob al p op ular p re ss with more  than 
1 ,5 0 0  a rt icle s in 3 5  lang uag e s

 Use  of AI/ML me thod s to  p roce ss imag es and  id entify feature s

3

Flat 
prediction

Red Shift (z) 

https://www.desi.lbl.gov/
https://arxiv.org/pdf/2503.14743
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AI for DESI quasar selection
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• DESI targ e ts se le cte d  from flux in 3 
op tical b and s and  2 near-IR b and s + 
source  size

• Trad itional te chniq ue  
◦ Based  on cuts on source  co lor
◦ How b rig ht in IR vs. how b rig ht in op tical?

• ML ap p roach
◦ Using  Rand om Fore st trained  on 

 known q uasars from p rio r surve ys (e BO SS) 
 known stars

◦ Achieves 2 0 % m o re  q uasa rs than co lor-
cuts 

Thanks Nathalie Palanque-Delabrouille!
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AI for classification of DESI spectra
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• DESI sp e ctra automatically classifie d  into  e mission-line  g alaxy, luminous re d  g alaxy, star, q uasar …

• Trad itional te chniq ue s have  lowe r classification e fficie ncy on q uasars

• Sig nificant imp rove me nt using  two-ste p  ML ap p roach
◦ 1/ Active  learning  alg orithm (se lf-Org anizing  Map ) as initial re je ction to  imp rove  lab e ling  of sp e ctra to  b e  use d  in training  

 → 10% imp rove me nt of classification accuracy 
◦ 2/ De e p  Convolutional Ne ural Ne twork (CNN) to  p e rform feature  d e te ction and  id e ntify e mission p eaks in sp e ctra 

 → 99.5% p urity & 99.5% comp le te ne ss, sig nificantly b e tte r than trad itional me thod s (which re q uire d  visual insp e ction)

arXiv:2505.01596

Improved identification of 
quasars in DESI spectra 
thanks to AI

https://arxiv.org/pdf/2505.01596
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Gravitational lenses discovered with AI
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Strong gravitational lenses offer new tools for cosmology
→ expansion rate & content of the Universe

− Predicted based upon General Relativity in 1937, first one discovered in 1979
− ~10,000 discovered applying Convolutional Neural Networks since 2018
− Including 2024 Carousel Lens: 8 galaxies in near-perfect alignment across the Universe

Discovery 
image
from DESI
imaging

Follow-up image
from Hubble 
Space Telescope

ApJ 973, 3 (2024)

https://newscenter.lbl.gov/2024/09/18/magnifying-deep-space-through-the-carousel-lens/
https://iopscience.iop.org/article/10.3847/1538-4357/ad65d3
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AIML Driven Characterization of 
 Galaxy Clusters for Cosmology
• Galaxy cluste rs are  p owe rful p rob e s of cosmolog y 

and  with up coming  surve ys, we  exp e ct samp le  size s 
to  g row b y a factor of 10-100 

• We  ne e d  cluste r ce nte rs, masse s and  cosmolog ical 
d istance s to  d e rive  cosmolog ical constraints 

• Training  d ata se t b ase d  crowe d -source d  imag e  
analysis using  Arg onne  d e ve lop e d  too l “Imag e  
Make r” 

• Ne ural ne twork ap p roach to  find  cluste r ce nte rs 
succe ssful (thoug h no  calib rate d  unce rtaintie s ye t) 

• Next ste p s will focus on masse s and  d istance s 
• Future  op p ortunitie s: Data d rive n AI me thod s 
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Thanks Kartin Heitmann, Lindsey Bleem, 
Nesar Ramachandra, and Ryan Walker
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Dark Energy Science Collaboration (DESC) Early Rubin Science
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Photometric Redshift s for DP1
DESC Photo-z software RAIL applied to the 
Rubin DP1 Extended Chandra Deep Field 
South.  Eight algorithms, including 6 ML 
methods. Produced training galaxy 
catalogs, cross-matched with Euclid.
(arXiv: 2510.07370)

Satellite select ion out  to 250 kpc for dark mat ter 
demonst rated with simulat ions
Evaluated sensitivity to faint Milky Way satellite 
galaxies and outer-halo star clusters using simulated 
resolved stellar populations.  With perfect star/galaxy 
separation, est imated >50% efficiency. (Tsiane et 
al., 2504.16203)

Augment ing samples for redshift  calibrat ion
Implemented machine learning “self-organizing map” technique 
to augment  samples for photometric redshift calibration yields 
significant improvements. Tested in CosmoDC2 and OpenUniverse. 
(Zhang et al., 2508.20903)

DP1 First  weak-lensing measurement  
Galaxy cluster Abell 360.  DESC members led 
commissioning work on testing the data quality and 
measured the cluster mass with 3 shear 
algorithms (in prep).

DESC is exercising its pipelines on Data Preview 1 (DP1) and leveraging AI/ML for cosmology to 
prepare for LSST Observations

R (Mpc)

Other AI/ML advances in 2025 
● Hierarchical Inference for photometric 

classification of supernovae (Shah+)
● Cataloging ast ronomical images via 

Neural Posterior Est imat ion (Patel+)
● Ident ifying unrecognized blends with 

AI/ML (Liang, Adari, von der Linden +)

https://arxiv.org/abs/2510.07370
https://arxiv.org/abs/2504.16203
https://arxiv.org/abs/2508.20903
https://arxiv.org/abs/2501.01496
https://arxiv.org/abs/2503.00156
https://arxiv.org/pdf/2503.16680
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CMB Cosmology
• SPT-3G has starte d  its 7th year of the  main surve y (1500 sq  d e g ) and  the  

instrume nt continue s to  op e rate  with hig h e fficie ncy and  stab le  se nsitivity
• SPT-3G D1 Map s are  Pub lic
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https://arxiv.org/abs/2512.10613

Addition of DESI data to CMB data shifts ns 
to a different region of theoretical model 
space, disfavoring previously leading 
models of inflation

https://pole.uchicago.edu/public/Data%20Releases.html
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Transition to Genesis
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Genesis Mission will revolutionize American science and innovation
• Genesis Mission e stab lishe s the  world 's m o st  p o w e rfu l scie ntific p la tfo rm  to  acce le ra te  

d isco ve ry, streng then national security, and  d rive  ene rg y innovation.
• Integ rate s DO E's world -class sup e rco m p uting  p o w e r, un iq ue  scie ntific d a ta , and  AI 

cap ab ilit ie s into  a unified  system to  shrink d iscove ry cycle s from years to  months
• Will harne ss scientific d atase ts to  train scientific found ation mod e ls and  create  AI ag ents for 

te sting  hyp othese s, automating  re search workflows, and  acce le rating  scientific b reakthroug hs
• Recent co llab orations with ind ustry p artne rs furthe r und e rscore  the  commitment to  unite  

g ove rnment, ind ustry, and  acad emia to  red e fine  American lead e rship  in AI
• Sup p orts American Science  Cloud , (op en p latform for the  Genesis Mission), as we ll as re search 

on S&T challeng es throug h the  Transformational AI Mod e ls Consortium and  p rog ram investments
• Inve stme nts in AI workforce  d eve lop ment will g row the  d omestic talent to  ad d re ss the  Nation’s 

most challeng ing  scientific p rob lems
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https://www.energy.gov/documents/genesis-mission-
science-and-technology-challenges
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Infrastructure – American Science and Security Platform
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• The  Ge ne sis Mission’s Platform infrastructure , hosting  and  
d istrib uting  AI mod e ls and  scie ntific d ata to  the  b road e r re search 
community. The  Platform will e nab le  the  National Lab s, ind ustry, and  
re search p artne rs to  curate  and  ap p ly DO E’s exte nsive  AI-read y 
scie ntific d ata.

• In fra structure  Pa rtne rs (IPs) – contrib ute  to, use , and  inte g rate  
re source s and  shap e  cap ab ilitie s to  form the  share d , inte g rate d  
scie ntific and  se curity p latform

 IPs ensure  the  Platform’s se rvice s and  inte rface s will mee t the  need s of the  community

 HEP IPs: BNL, SLAC, and  FNAL comp uting  se rvice s, LQCD, Scientific Use r-Facilitie s (SUF)
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AI-ready Data
Scientific d atase ts co lle cted , curated , and  d ocumented  to  
b e  suitab le  for mod e l training
 AI mod e ls are  as g ood  as the  d ata they are  trained
 on, and  scientific exp e rtise  is e ssential to  p rod uce
 the  hig hest q uality d atase ts and  mod e ls

HEP soug ht lab -led  co llab orative  p rop osals to  d eve lop  HEP 
AI-read y d atase ts and  use  them to  accomp lish the  HEP 
Mission
 Sup p orted  three  co llab orative  p ilo t p ro jects for
 In te llig e nt  Data  Activit ie s (IDAs)
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HEP IDA Pilots
AI Unive rse  – unite s multip le  national lab s to  b uild  an inte g rate d , AI-read y 
Cosmic Frontie r d ata re p ository and  use  found ation mod e ls to  ad vance  d iscove ry 
of d ark e ne rg y, d ark matte r, and  cosmic structure  throug h multimod al 
astrop hysical d ata analysis.

Kno w le d g e  Extractio n  – d e ve lop  an HEP-focuse d  frame work for ag e ntic AI that 
e mp hasize s sp e cialization and  mod ularity, whe re  reasoning  mod e ls orche strate  
HEP found ation mod e ls, simulators, d ata source s, and  analysis too ls, with 
ap p lications such as d ata re surre ction and  inve stig ations of d ark matte r p hysics 
se rving  to  g round  and  d e monstrate  the  ap p roach.

TREASURE – d e ve lop  toke nize d , AI-read y d atase ts from collid e r exp e rime nts and  
d e monstrate  cross-exp e rime nt found ation mod e ls that acce le rate  d iscove ry in 
hig h-e ne rg y p hysics.



Energy.gov/science17

Addressing a Portfolio of Key National Challenges
Q2C Science at Scale: From Quarks to Cosmos

The Autonomous Microelectronics Consortium

R Accelerating Microelectronics Codesign (MTv2-Microelectronics)

R MOAT: Multi-Office Accelerator Operations & Controls

PROMETHEUS: Autonomous Power Plant Design (APPD)

SYNAPS-I: Light and Neutron Imaging FM

GRID-UNI: Agentic AI Foundation for the U.S. Power Grid

R MAIQMag: Multimodal AI for Quantum Magnets

OPAL-OMAHA: Bio/Autonomous Labs

Fusion-FM: Foundational Model for Magnetic Confinement Fusion

• Acce le rating  scie ntific 
d iscove ry throug h AI-d rive n 
cod e  d e ve lop me nt

• AI d rive n co-d e sig n fo r 
microe le ctronics

• AI for e fficie nt q uantum 
alg orithms

• AI for p lanning  and  op e ration 
of the  U.S. p owe r g rid

• AI for transforming  
comb ustion scie nce  and  
te chnolog y for e ne rg y 
ap p lications

• AI for nuclear se curity and  
non-p ro life ration  
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For questions about this opportunity, please 
contact GenesisMissionNOFO@science.doe.gov

More details, including the RFA text, templates , Frequently Asked 
Ques tions , and Public  Webinar Regis tra tion can be found on 
https://science.osti.gov/Funding-Opportunities.

We plan to continue updating the FAQs  (available on the funding 
opportunities  page linked above) as  we received questions from the 
community.

We plan to issue an amendment to the  RFA in the near future to address  
how Phase II LOIs and Applications should be prepared and reviewed.

The public  webinar is  on March 26 from 3 – 4 pm ET.

The Genesis  Mission Consortium “Partnership Exchange” is  live.  Applicants  
will be encouraged to consider this  service as  one of many ways they can 
form teams.  They should also use their existing networks.

mailto:GenesisMissionNOFO@science.doe.gov.?subject=Genesis%20Mission&body=
https://science.osti.gov/Funding-Opportunities
https://science.osti.gov/Funding-Opportunities
https://science.osti.gov/Funding-Opportunities
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https://science.osti.gov/grants/FOAs/Open

https://science.osti.gov/-/media/grants/pdf/foas/2026/DE-FOA-0003612.pdf

• Genesis Mission has launche d .
◦ Ne w DO E le d  multi-d iscip linary multi-ag e ncy 

co llab oration d e ve lop ing  a comp uting  e cosyste m to  host 
AI-read y d atase ts and  train transformative  AI mod e ls to  
ad d re ss scie ntific g rand  challe ng e s

• Be yond  the  initial p hase  DO E HEP exp e cts 
scie ntists to  continue  inte g rating  with the  
Ge ne sis Mission
◦ Infrastructure  Partne rs contrib uting  to  the  Platform’s 

software , inte rface s, and  comp uting  re source s
◦ Collab orative  Data and  Mod e l Teams using  HEP 

exp e rtise  to  p re p are  AI-read y d atase ts and  to  d e ve lop  
and  ad ap t transformative  AI mod e ls

◦ HEP re le vant g rand  challe ng e s which will e mp loy the  
Ge ne sis Mission re source s to  d e live r d iscove ry scie nce
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