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So what is the future of Al in science? Will it just take our jobs?




Will Al replace astronomers
completely?
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An Agentic System for Automated Data Analysis
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cross several machine learning tasks, showing how 1t can successfully explore solution spaces, iterate based an experimental results,
and combine successful elements from different approaches. Our results indicate that agentic systems can automate portions of the
cesearch process, potentially accelesating sciert {fic discovery. The code and experimental daia used in this paper are available on
Cithub at this hitps URL. Example papers included in the appendix demanstate the system’s capability to autonomously produce
complete scientific publications, starting from only the dataser and task description
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Rules changed recently
at arXiv because of Al slop.

WWPN

AITRENDS WebProNews

arXiv Mandates Peer Review for CS
Papers Amid Al-Generated Flood

Xiv has introduced new rules requiring computer science papers to have prior peer review from journals or
conferences, amid a flood of low-quality Al-generated submissions. This aims to maintain credibility but
sparks debate over stifling innovation. The change highlights challenges in open science as Al tools
proliferate.
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Al-Generated
‘Besearch’ Papers
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Why do we need Al 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 T e.g., mocks (huge surveys) or for Simulation
Based Inference, which requires running large numbers of simulations.



cosmological simulations have a resolution problem:

need large

mass resolution
volume

(small particles)

this Is computationally expensive, but
Al offers a way to do things differently:



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

hybrid Physics/Neural Network calculations:

(galaxy)

Large scales Small scales
(factor 512 smaller in mass)

N-body + computational Neural network
hydrodynamics (GAN + U-Net)
CPU GPU

2

aim to spend roughly equal time on each



Super-resolution training: 7 low res fields + random noise —> generator network
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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 S|mulat|on
= using the HR initial conditions
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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:

Power Correlation coefficient
spectrum of individual Fourier
modes

1 -
noise P(Kk) r
+
o 1
one SR example true HR field
0.1 1 10
low res k (WMpc) k (/Mpc)

simulation




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:

Power Correlation coefficient
spectrum of individual Fourier
modes

random

noise P(K) r
+
0—
one SR example true HR field I I
0.1 1 10
low res k (WMpc) k (/Mpc)
simulation
= Correlation coefficient
ower o i
of individual Fourier
spectrum modes
hi res 1
initial emulator
conditions r
: T
emulated field true HR field
0.1 1 10

low res
simulation



Emulator
(Zhang+ 2025)

emulator

A emulator is 10,000x faster than HR)
A dark matter only in this work
A emulator output has same format

(particles) as full simulation (HR) so
can run halo, subhalo finders etc




Coherence of individual Fourier modes in SR and HR has 5% error at k=10 h/Mpc:
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The difference between the emulator and full simulation power spectrum is
as good as the difference between simulation codes:
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Can run different cosmologies with one trained model:

. \ (preliminary work, ;
- atio o g
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Our published work so far is for dark matter (N-body) SR emulation

I what about hydrodynamics?

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

( see also work at LBNL by Jacobus et al. 2023, 2025
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The Lyman-alpha forest maps the density field along the line of sight to a quasar :
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The Lyman-alpha forest maps the density field along the line of sight to a quasar :
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The Lyman-alpha forest

has been used as a
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ABSTRACT

We measure the filling factor, correlation function, and power spectrum of transmitted flux in a large
sample of Ly« forest spectra, comprised of 30 Keck HIRES spectra and 23 Keck LRIS spectra. We infer the
linear matter power spectrum P(k) from the flux power spectrum Px(k), using an improved version of the
method of Croft et al. that accounts for the influence of redshift-space distortions, nonlinearity, and thermal
broadening on the shape of Pi(k). The evolution of the shape and amplitude of P(k) over the redshift range
of the sample (z ~ 2—4) is consistent with the predictions of gravitational instability, implying that non-
gravitational fluctuations do not make a large contribution to structure in the Ly« forest. Our fiducial
measurement of P(k) comes from a subset of the data with 2.3 <z < 2.9, mean absorption redshift
(z) = 2.72, and total path length Az ~ 25. It has a dimensionless amplitude A*(k,) = 0.74792 at wave-
number k, = 0.03 (km s~!)~! and is well described by a power law of 1ndex v=-243+0.06 or by a
CDM- hke power spectrum with shape parameter IV = 1.3*07 x 10-3 (km s~!)~! at z = 2.72 (all error bars 1
o). The correspondence to present- day P(k) parameters depends on the adopted cosmology. For ), = 0.4,

N\
Q) = 0.6, the best-fit shape parameter is T = 0.16 4 Mpc~!, i gement with measurements from the — +
(F/0.15)7" “# Matching the observed 8— . L .

2dF Galaxy Redshift Survey, and the best-fit normalization i
cluster mass function and our measured Az(k ) in peem #t cosmological models requires
Q= 0387008 +2.2(T" — 0.15). Matching A%(k,) in COBE-normahzed flat CDM models with no tensor
fluctuations requires €, = (0.29 & 0.04)n2 85" hsl?, and models that satisfy this constraint are also
consistent with our measured logarithmic slope. The Lya forest complements other observational probes of
the linear matter power spectrum by constraining a regime of redshift and length scale not accessible by other
means, and the consistency of these inferred parameters with independent estimates provides further support
for a cosmological model based on inflation, cold dark matter, and vacuum energy.

Subject headings: cosmology: observations — large-scale structure of universe — quasars: absorption lines
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ABSTRACT

We measure the filling factor, correlation function, and power spectrum of transmitted flux in a large
sample of Ly« forest spectra, comprised of 30 Keck HIRES spectra and 23 Keck LRIS spectra. We infer the
linear matter power spectrum P(k) from the flux power spectrum Px(k), using an improved version of the
method of Croft et al. that accounts for the influence of redshift-space distortions, nonlinearity, and thermal
broadening on the shape of Pi(k). The evolution of the shape and amplitude of P(k) over the redshift range
of the sample (z ~ 2—4) is consistent with the predictions of gravitational instability, implying that non-
gravitational fluctuations do not make a large contribution to structure in the Ly« forest. Our fiducial
measurement of P(k) comes from a subset of the data with 2.3 <z < 2.9, mean absorption redshift
(z) = 2.72, and total path length Az = 25. It has a dimensionless amplitude A’(k,) = 0.7473% at wave-
number k, = 0.03 (km s~!)~! and is well described by a power law of 1ndex v=-243+0.06 or by a
CDM- hke power spectrum with shape parameter IV = 1.3*07 x 10-3 (km s~!)~! at z = 2.72 (all error bars 1
o). The correspondence to present- day P(k) parameters depends on the adopted cosmology. For ), = 0.4,
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Q) = 0.6, the best-fit shape parameter is T = 0.16 4 Mpc~!, i gement with measurements from the — +
(F/0.15)7" “# Matching the observed 8— . L .

2dF Galaxy Redshift Survey, and the best-fit normalization i
cluster mass function and our measured Az(k ) in peem #t cosmological models requires
Q= 0387008 +2.2(T" — 0.15). Matching A%(k,) in COBE-normahzed flat CDM models with no tensor
fluctuations requires Q,, = (0.29 4-0.04)n—2> 85" hsl?, and models that satisfy this constraint are also
consistent with our measured logarithmic slope. The Lya forest complements other observational probes of
the linear matter power spectrum by constraining a regime of redshift and length scale not accessible by other
means, and the consistency of these inferred parameters with independent estimates provides further support
for a cosmological model based on inflation, cold dark matter, and vacuum energy.

Subject headings: cosmology: observations — large-scale structure of universe — quasars: absorption lines

DESI 2024 VII: Cosmological Constraints from the
_ Full-Shape Modeling of Clustering Measurements
compare o: (Adame et. al 2024)

820 8121#0.0053 (includes CMB)



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

new input channels:

gas properties
(displacement,
density, velocity,
temperature)

From Hafezianzadeh et al
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The gas distribution in the true SPH simulation and emulator (HydroEmu) is similar :
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The emulator shows the same power-law temperature-density relation as the true simulation:
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Lyman-alpha spectra from the low-res simulation are no good, but the emulator works well:
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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
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Lyman-alpha spectra from the true SPH simulation and the emulator are very close:
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Table 1. Runtime and speed-up comparison between simu-

lation and deep learning models.

LR-HydroSim component) is
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Method
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CPU
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450 times faster
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The statistics of the flux power spectrum of the emulator and true simulation
agree to a few percent on relevant scales:
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next step: hydro emulation of
whole DESI lightcone
with 10'* particles




What will the role of Al be in astronomy?

Now this:

Will Al replace astronomers
completely?

arl <1V 5 astro-ph > arXivi2504.03424
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[Subnitred on 4 ApF. 2025
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We present the Al Cosmologist, an agentic system designed to automate cosmological fastronomical data
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writes complete code, handles execution errors,
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gissemination, mimicking the scientific process i
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Jearning systems, the Al Cosmologist generates diverse implementation strategies,
analyzes results, and synthesizes new approaches based on experimental outcomes.
across several machine leaming tasks, showind how it can successfully explore solution spaces,
and combine successful elements from gifferent approaches. Our results ndicate that agentic systems can automate portions of the
research process, potentially accelerating scientific discovery. The code and ex perimental data used in this paper are available on
GitHub at this https URL. Example papers included in the appendix demonstrate the system's capability to autonomously produce
complete scientific publications, starting from only the dataset and task deseription

Comements: 45 pages
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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
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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
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1) pick right cod
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2) pick right code
for initial condition.
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for initial conditions
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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

2) pick right code
for initial condition.

3) ) install libraries
for initial conditions

() @
=]

6) write slurm script
for initial conditions

7) run ics generator
on supercomputer

8) figure out sim
parameters

9) write slurm script
for simulation

11) run sim on
supercomputer

11) figure out output
file formats

12) run analysis/ “
visualization code

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




SimAgents

LLM multi-agent system

Zhang et al.
IJCNLP 2025
code and demo vid
at 2507.08958
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Examples of Gadget parameter Tests of SimAgents against Exchange of Thought
files produced by SimAgents and Chain of Thought show many fewer errors:



