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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 ñslopò is easy to generate:



Rules changed recently

at arXiv  because of AI slop.
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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 ï 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/hñgeneratorò

Å emulator is 10,000x faster than HR)

Å  dark matter only in this work

Å 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 LCDM for N-body simulation (solid) and SR (dashed)

e.g.

WM=0.4

WM=0.2

(preliminary work,

trained on Quijote simulations

from Villaescusa-Navarro+)



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

      ï what about hydrodynamics?

We start with the intergalactic medium ï 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
-t , where t   nHI (Gunn and Peterson 1965) 



8̀=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)

8̀=0.8121±0.0053   (includes CMB)

8̀=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 astronomersé ?

(do boring stuff)

(speed up calculations)

Now this:

What will the role of AI be in astronomy?
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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 documentationé

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:


