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So what is the future of AI in science? Will it just take our jobs?
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complete journal publications

multi-agent systems can

                               ideate

                               research

                               and write



AI “slop” is easy to generate:



Rules changed recently

at arXiv because of AI slop.
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or will it assist astronomers… ?

(do boring stuff)

(speed up calculations)

this talk



Why do we need AI to speed up calculations?

  Simulations in astrophysics -  e.g., star formation, cosmology are

  very computationally expensive

  e.g., cosmological hydrodynamic simulation Astrid: 500 million core-hours! 

  but want to use them as a tool – e.g., mocks (huge surveys)  or for Simulation

  Based Inference, which requires running large numbers of simulations.

                                       



cosmological simulations have a resolution problem:

this is computationally expensive, but

AI offers a way to do things differently:

and need high 

mass resolution 

(small particles)

need large 

volume



We have developed AI super-resolution (SR) for astrophysics simulations:

hybrid Physics/Neural Network calculations:

Large scales Small scales

(factor 512 smaller in mass)

N-body + computational

hydrodynamics

Neural network

 (GAN + U-Net)

CPU GPU

aim to spend roughly equal time on each

(galaxy)



+random 

  noise

  field

Super-resolution training:     7 low res fields + random noise        generator network 

(From Ni et al. , arXiv:2105.01016    - this is for dark matter only) 

LR=low

resolution

simulation

SR=super-

resolution

simulation

HR=high-

resolution

simulation



Emulator adds an additional neural network that takes as input an SR simulation (with 

random small-scale structures) learns how to change it into the target simulation

                 using the HR initial conditions

Zhang+ 2025a



What is the difference between super-resolution generator and super-resolution emulator?

SR generator can produce a field statistically the same as the true field 

but the SR emulator can produce one that is identical to the true field:
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SR                                         emulator                                  HR

10 Mpc/h“generator”

• emulator is 10,000x faster than HR)

•  dark matter only in this work

• emulator output has same format

    (particles) as full simulation (HR) so

    can run halo, subhalo finders etc

Emulator

(Zhang+ 2025)



emulated SR

Coherence of individual Fourier modes in SR and HR has 5% error at k=10 h/Mpc:



generated SR

The difference between the emulator and full simulation power spectrum is

 as good as the difference between simulation codes:

power spectrum error in

 N body code  comparison 

project (Heitmann+ 2008): 



Can run different cosmologies with one trained model:

Lines are P(k)/Pfiducial CDM for N-body simulation (solid) and SR (dashed)

e.g.

=0.4

=0.2

(preliminary work,

trained on Quijote simulations

from Villaescusa-Navarro+)



Our published work so far is for dark matter (N-body) SR emulation

      – what about hydrodynamics?

We start with the intergalactic medium – the easiest to simulate.

(                              

                             )

see also work at LBNL by Jacobus et al. 2023, 2025



The Lyman-alpha forest maps the density field along the line of sight to a quasar :



The Lyman-alpha forest maps the density field along the line of sight to a quasar :

observed flux, F in a spectrum is F=e
− , where    nHI (Gunn and Peterson 1965) 



σ8=0.82±0.08

The Lyman-alpha forest

has been used as a 

cosmological tool for

since 1998



DESI 2024 VII: Cosmological Constraints from the 

Full-Shape Modeling of Clustering Measurements

(Adame et. al 2024)

σ8=0.8121±0.0053   (includes CMB)

σ8=0.82±0.08

The Lyman-alpha forest

has been used as a 

cosmological tool for

since 1998

compare to:



We train our hydrodynamics emulator (HydroEmu) using MP-Gadget SPH simulations :

new input channels:

gas properties

(displacement,

density, velocity,

temperature)

emulator

output

contains

gas 

properties

From Hafezianzadeh et al. (arXiv:2507.16189)



The gas distribution in the true SPH simulation and emulator (HydroEmu) is similar : 

We pick sightlines                        for Lyman-alpha spectra



The emulator shows the same power-law temperature-density relation as the true simulation:



Lyman-alpha spectra from the low-res simulation are no good, but the emulator works well:



The density, temperature and velocity fields of the emulator and true simulation match

 closely on the 100 kpc gas pressure smoothing scale of the intergalactic medium



Lyman-alpha spectra from the true SPH simulation and the emulator are very close:

Emulator (including

LR-HydroSim component) is

 

450 times faster 

than true HR HydroSim!



The statistics of the flux power spectrum of the emulator and true simulation

agree to a few percent on relevant scales:

observational data



next step: hydro emulation of

whole DESI lightcone

with 1014 particles



or will it assist astronomers… ?

(do boring stuff)

(speed up calculations)

Now this:

What will the role of AI be in astronomy?

Will AI replace astronomers
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Cosmological simulations are a useful tool, but what does it take to run them?

Imagine that you are a beginning researcher. You want to use simulations to 

study an astrophysics/cosmology problem but you need to

none of this is astrophysics + how long would it take? days, weeks?
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SimAgents

LLM multi-agent system

Zhang et al.

IJCNLP 2025

code and demo vid

at 2507.08958



SimAgents reads code manuals, papers, computing facility documentation…

built with Microsoft AutoGen framework + OpenAI API  



Examples of Gadget parameter 

files produced by SimAgents

Tests of SimAgents against Exchange of Thought

 and Chain of Thought show many fewer errors:



Examples of Gadget parameter 

files produced by SimAgents

Tests of SimAgents against Exchange of Thought

 and Chain of Thought show many fewer errors:



An example of a value error, the effect of getting box size wrong (1 kpc vc 1 Mpc):



How long does SimAgents take to run and analyze a full 5123 (134 million particle)

dark matter emulated simulation)?



How long does SimAgent take to run and analyze a full 5123 (134 million particle)

dark matter emulated simulation)?

~2 minutes 



Some Lyman-alpha forest science that can be done with large

cosmological hydrodynamic simulations and emulators:

• Lyman-alpha forest lensing

• Quasar proximity effect



Galaxy weak lensing difficulties

shape measurement redshift determination

(CFHTLens)

(Mandelbaum et al (2013)

(see e.g. Noah Weaverdyck’s

DESI lunch seminar yesterday)



CMB lensing            Lya forest lensing

source

CMB T at z=1300 Lya forest at z=2-3

map foreground

mass at z~2.5

map foreground

mass at z~1

lens



quasars are deflected, but so are forest pixels





The lensing shift of Lyman-alpha

forest pixels distorts the two-point

clustering of the forest:

a quadratic estimator (like for CMB

lensing) can recover the lensing 

potential.

another quasar

and spectrum



Use quadratic estimator as in CMB lensing, but

for discrete irregularly spaced sightlines instead

of a continuous field.

CMB pixels Lya forest quasar positions



We make mock DESI surveys: mock DESI galaxy surveys – to compare to

 reconstructed potential from lensing from mock DESI Lya surveys



0.95 +/- 0.23 ( S/N = 4.1)

From 20 mock DESI surveys we find that a S/N~4 detection is likely from DESI:

Why is it so difficult to measure Ly  weak lensing?

•    Unlike CMB, no oscillatory features so lensing doesn’t dramatically

       shift correlation function

•    DESI forest is very noisy

(Shaw+ 2025)



Beyond DESI surveys such as DESI 2 could measure

Ly lensing with a S/N > 10:

(DESI 2 ~ 1200*)

* QSO + ELG + LBG 1.6 < z < 4.0



Now we turn to the interaction between quasar radiation and

the Lyman-alpha forest: the quasar proximity effect.



bright quasar                                faint quasar



bright quasar                                faint quasar

faint quasarbright quasar

Effect

on 

forest:



• Published measurements from largest samples are

     for ~30 quasars (e.g., Scott et al. 2017)

• No one has measured proximity effect

     from large (e.g., SDSS or DESI) surveys

• How could we do that and why?



A halo model of the quasar proximity effect



r

lognormal PDF inside each pixel

one-halo 

term

(NFW)
two-halo term 

(linear CDM)

(+thermal broadening + redshift distortions + quasar radiation field)



The halo model predicts the average profile of Lya-forest flux near quasars:



We parametrize quasar luminosity by req

(radius where quasar radiation=intergalactic background)



req

(photoionization

rate)

If we know the quasar luminosity (observed), we get the value of 
(This is the intergalactic radiation intensity at the position of the quasar.)

quasar luminosity

(number of ionizing photons)

intergalactic

radiation intensity



Let’s try this out on simulated

quasars...



Data is public :  https://astrid.psc.edu/

We use the Astrid simulation:

250 Mpc/h volume     2x55003 part.   2x106 Msun /h gas part. mass      MP-Gadget SPH

It reached z=0.0 a few months ago after 4 years of running!

(but we focus on z-3 for this project)

some

dual-AGN

at z=0.5

in Astrid:





Supermassive black holes grow as the Universe evolves. Here are their tracks:

black hole mass

a million Suns     ten million Suns   a hundred million    one billion Suns

they travel

10 Mpc on average



There are “Little Red Dots”

in Astrid as well as quasars.

(Lachance et al.

2026)



The black hole seeding prescription matters: we have 

also run a new simulation (AMBRA) to z=5 with a different 

prescription

AMBRA modifies the ASTRID simulation, eliminating  the halo-mass 

threshold for seeding and allowing seeds  in all resolvable halos 

where active star formation and  low-metallicity gas occur.



Many galaxies in AMBRA and (to a lesser extent Astrid)

have LRD phases

An LRD color-magnitude criterion

simulated JWST image



LRD phases happen when star formation is quenched,

black hole is gas enshrouded, and galaxy is isolated



back to quasars and the proximity effect:

testing halo model vs simulation data



The halo model mean Lya forest profiles match the Astrid simulation quasar results:



That was the mean profiles – the profiles for individual quasars are much noisier:



With an individual quasar spectrum we can measure req and hence the

radiation intensity at that point with 20-50% accuracy:



Three slices through the

intergalactic radiation field

in a simulation:

we can measure structure

in the radiation field

on 100-1000 Mpc scales.

True field Proximity effect fit

True field Proximity effect fit

True field Proximity effect fit



We could measure the power spectrum of the intergalactic radiation field

on 100-1000 Mpc  scales : a new tool for cosmology.



Work in progress- first measurements from DESI DR1 observations vs halo model:

3 luminosity

   bins

15,000 quasars

in total

Shaw et al. (in prep)

F

(like simulation

results:)



Back to AI for one last point...



Stevens et al.  2020 (for Australian astronomers)          :   400 million core hours for 700 researchers

Astrophysics simulations already use enormous amounts of energy: AI could make this worse.

Greenhouse gases associated with astronomy:



Supercomputing use per average astronomer equivalent to driving three Ford F150s

Astrophysics simulations already use enormous amounts of energy: DL could make this worse.

Greenhouse gases associated with astronomy:



Or LBNL equivalent: each astronomer driving their own Berkeley Shuttle:



power

consumption:

20 watts

power

consumption:

106 watts

There is room to improve: AlphaGo uses 50,000x more energy than Lee Sedol, World Go Champion 



Conclusions

• Next steps for AI super-resolution emulator: star formation, black holes

• Mock catalogs of full sky surveys with Ly resolution could be

     made using AI super-resolution techniques (1014 particle hydrodynamics)

• DESI should lead to a ~ first detection of Ly weak lensing and 

     DESI 2 will do much better in the future

• DESI will map out the intergalactic radiation field with proximity effect 

• We should try to develop AI that will help us do our jobs, not replace us!
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