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Motivation I‘Ba'ckg
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. What is Initial Condition (IC) ~ - *-
Reconstruction? : - :

|IC reconstruction is the process of
figuring out the ICs from the modern day
universe. Classically, this has been done
with HMC / MCMC and differentiable

simulators. ; R ¢ o cars ogo) Miverse

[Present Day)
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If we know how our universe started, We
can resimulate and create phase SRR S iR i .
matched digital twins that show the v e -

formation of local structures. L ! e iR I i 2

Strongly-correlated, non-linear, multi-modal, multi-fidelity
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What we re domg | Objectlves
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; .Legin et.al 2023
Cube size 1 Gpc?®
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C'u}r-rent work:
. .CAMELS
Cube size 25 Mpc®
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Science Questions -
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=) Can we do IC reconstructlon at thls soale’? : s
AR E IC reconstruotlon Cosmology I|m|ted or cosmic varlance
“I|m|ted’? e e S R ", A
3) WhICh S|mulat|on parameters have the strongest |mpact
~ . on IC reconstruction?” By . |

~4) Is gas, or dark mattera better IC tracer’?' ey ’*_
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We use an accelerated forward >

diffusion model with a U-net = | | Pocirard SDE (datefo toke)
architecture to train on the latin - z(T) dx = f(x.t)dt + g(t)dw
hypercube CAMELS hydro T

simulations (CDM + gas density) '

/ : =ESRZUE W " Conditional Reverse SDE (noise to data)
We take trained weights to sample o e ) — AR SC ek Sloksip
posteriors, generating power spectra . - " e e -

_~+ cross power to determine resolut|on . : \ Bonab et. al, in prep_

- scale at which these initial condltlon » - L i = -

“reconstructions hold up. - - 4 =0 e
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CAMELS Datasets . - - ceeE nl G
Dataset ~ fUsage . | Initial Conditions * | # of Samples _
Latin Hypercube (LH) Training S _Vérieci‘ ® - <_|1000- . g
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1+.Cosmic Variance (CV) | Samplingr ~ . .Varied™ - S Lo 27 -
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s - 2 ) - . itfusion vs. Linear (median, diffusion 16-84th percentile) > B i d
- | : - X — Diffusion (median) > ok
S CI e n ce Res u Its. b Diffusion 16-84th pct (30 sims x 1 draws) ’
s = P - oYy == Linear {median across sims)
: e o - - .. 2

« We cando it, and e
significantly better than
linear reconstruction!
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We present the first =
known analysis to
marginalize over _
cosmology and train on _
only gas density + cdm -
fields at 25 Mpc/h scale,
with consistently high
cross power fidelity at >6
Mpc/h
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Science Results: 1P-. ~ - - e MRl

Diffusion ws. Linear (median, diffusion 16-B4th percentile) Diffusion vs. Linear (median, diffusion 16-84th percentile)

— Diffusion (median)
Diffusion 16-84th pct (30 sims x 10 draws)
Linear (median across sims)

— Diffusion (median)
Diffusion 16-84th pct (30 sims x 10 draws)
== Linear {median across sims)
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e S o - ~ Result: Gas and CDM inputs B TR g
27 : . '. . reconstruct roughly the same! [ . —+ * . *.
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Input FD (z=0) §

« - 1P set : Affected o) the -
parameters.

Diffusion: r(k) vs. os
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Smence Results CV ""

CV set fluctuates
. in performance
= more than 1P set
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‘Gas only
input -

Diffusion vs. Linear (median, diffusion 16-84th percentile)

-CDM only
input
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B ) Prediction {513 steps) Input FD (z=0)
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‘Future Work / Conclusion’ -

GENEL ET AL

=

Re-simulating sur generated
samples to test reconstructlon -
fidelity e S

-

Expanding to new CAI\/IELS 50 :
| Mpc/h cubes o >

Mock observables (X- ray, .
eROS|ta) - = e e e O T :
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Preliminary | Future Work - | . | Tl
Extending Analysis to 1283~ ¢ >~ s e

Prdictinn (500 steps) ‘ True IC ) i : Input FD {Z=}
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