TitleSimulating and Reconstructing the Primordial Universe
SpeakerAndrew Jamieson

Collection/SerCes:mology and Gravitation

SubjectCosmology

DateNovember 27, 2025 - 4:00 PM
URL:https://pirsa.org/25110117

Abstract:

Maximizing our chances of discovering new physics from next-generation cosmologic
theoretical predictions of the nonlinear processes governing both the early Universe an
this talk, | will present advances in two complementary methods for constraining the
cosmological survey data: forward simulation from inflation to late-time observables, a
reconstruction of primordial initial conditions. In the first approach, we study the ea
dynamics. | have developed the first code for simulating multifield inflationary theor]
precision to robustly predict primordial non-Gaussianity in higher-order N-point correl;
inflation, we accurately characterize the rich phenomenology predicted by this model,
spectrum, bispectrum, and higher-order correlation functions that violate parity. Using
as initial conditions for N-body simulations, we effectively simulate the entire history o
large-scale structure, finally revealing what inflation actually predicts about the origi
second approach, we reconstruct the initial conditions of the Universe using Bayes|
differentiable model of large-scale structure formation. | developed the first field-le\
training a convolutional neural network to map linear initial conditions directly to the
computationally expensive N-body simulations. The model accelerates predictions by
simulations and achieves percent-level accuracy at deeply nonlinear scales (1 Mpc
simulations. This field-level emulator opens the possibility of reconstructing the initial
inference techniques that include information from late-time nonlinear scales, as | wi
simulated data. This highly nontrivial task involved exploring a million-dimensional par
Carlo sampling and was only possible due to the combined speed, accuracy, and differen
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Simulating and Reconstructing the Primordial Universe

Drew Jamieson, Postdoc, MPA
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It’s a great time for cosmology! ~ More and better data

Mysteries and targets

: i - 4 s - el DARK ENERGY
Contents of the Universe o W fo L= SURVEY
L3

Dark Matter 3 . ~ ' e, (Y Il

) Dark Energy ) By 1 .
284 ums.slf;lsum : B ; - fj aruTelesc
/ ko) VERA C RUBIN it

OBSERVATORY

. i . )
Baryons HSTISEZS rinntiog s Deditass |

New signals

o Cosmic Birefringence Hou, Slepiaa, Cahn 2023
Diego-Palazuelas, Komatsu (2025) Philcox: 2022

0 Parity-odd galaxy clustering? ks Me. Smith, Hopkins 2031

| Formation of the first

. . . astronomical objeats

o0 Stochastic gravitational wave background? : 3
NANOGrav 2023

Origins of the Universe

o Inflation

OBSERVATORY
The Dark Ages

o0 Primordial non-Gaussianity

Hecombination
5 o b

o Primodial gravitational waves

-/ 2
Drew Jamieson, MPA Perimeter Institute, '27.11.2025
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What does data tell us about the early universe? e
Homogeneity: 6T/T ~ 10 ) All consistent with the |

Flatness |Q| < 0.02 cosmic inflation hypothesis:

Superhorizon fluctuations A scalar-like field causes w ~ — 1
(potential energy dominated?),
briefly sparking near-exponential
expansion in the early Universe

Adiabaticity (no evidence of isocurvature)

Highly Gaussian

Slightly red-tilted power spectrum (n; < 1)/

To learn more, we need

Pr — As( ; )”5‘1 EETTT ' evidence of nonlinear
» e / processes:

A, =2.105(29) x 10~°

ng, = 0.9665(38)

0 Primordial non-Gaussianity

0 Sourced primordial

_.r""lj e II‘-.‘\\ i .
r < 0.036 BICEP/Keck (2018) 2% Planck 2018 | gravitational waves

A unl Al ol
1072 101
Drew Jamieson, MPA [Mpe™]

Perimeter Institute, 27.11.2025
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How does inflation work?

Subhorizon modes: Drew Jamieson

forming structures
Superhorizon modes: observed in the CMB
o Scalar curvature conserved and galaxy distribution

© QGravitational waves conserved
Matter Galaxies

>

P

o
A

Observable scales

Spatial scale

<

Subhorizon modes:

quanturfl vacuum By studying the statistical

fluctuations e features in the CMB and

o » Eid af inflaticn? galaxy distribution, we can
o Heheating learn about inflation

Inflationary era o Baryogenesis

Time
Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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Why should we care about inflation and the early universe?

O
o}

0

N

(New fundamental physics \

High energies than accelerators? (Variety of models:

Quantum gravity? Single field Canonical

Fundamental symmetries \L

VS

\Multlﬁeld Noncanonical Psuedoscalmj

\

Scalar

VS

Structure of the vacuum? )

(R

O

o]
O
o]

-

ich Phenomenology:

) (Beyond the standard paradigm?\

Running, features in the power spectrum o Scale Invariance

Primordial non-Gaussianity o Slow-roll

Primordial gravitational waves

Isocurvature QD Single

o0 Mild nonlinearity

field?

J

Drew Jamieson, MPA
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£f
Drew Jamieson

Part II: Simulating the Initial Conditions of the Universe

Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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Axion-U(1) Inflation

An axion-like field is the inflaton and couples to a U(1) gauge field through a
Chern-Simons interaction

1

M2 1 1 I
=—Flp - 5@’5,#@5’” —V(¢) - ZLFMVFW - chsqﬁFWF”

2

GR Axion/Inflaton KE/PE Maxwell Chern-Simons

L

Linearize and integrate out sourced metric perturbations:

Field equations:

—O¢ = —2H¢' — a®Vy — Am2z6¢ — gesa °E - B —Of = —
Barnaby, Namba, Peloso (2011)

—Up =g.sVeo - B A,u — (_901 A)

A = —ge, (qﬁ’B + Vb x E) 8, A" =0

Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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What does the gauge field do to the axion-like inflaton?

Modified nonlinear Klein-Gordon equation:
—0¢ = —2H¢' — a’V,y — AmZzé¢ — gesa™*E - B

Jamieson -+, arXiv:2507.22285 ~ [Drew Jamieson | ST

3
Vacuum (linear) and sourced (nonlinear) fluctuations:

5¢ = ‘5¢’vac = §¢src C — Cvac = Csrc Csrc e O(A%%/L)

Modified power spectrum:

(C(kl)g(k2)> = (Cvac(kl)gvac(k2)> + <<Src(k1)gsrc(k2)>

Dimensionless N-point Spectrum

Parity-violating primordial Non-Gaussianity:
(C(kl)C(kz)C(k3)> = (Csrc(kl)Csrc(k2)Csrc(kS)"‘>

o Chiral gravitational waves

parity violation

¢ 2-point ¢ 4-point, even

% 3-point % 4-point, odd

TN BT B T B R

Z 1072 107! 10° 10!
O Strong backreaction when £ > 4 k [Mpe-1)

Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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Compared with Standard PNG

Drew Jamieson
Weak non—@aussianity with single, underlying Gaussian field
® = @g + fnuO2(®c] + gnLO3[®g) + ...

Leading N-point correlations cross correlate Gaussian and nonlinear terms:

(%) ~ fnp(PEO02[®c]) (local, equilateral, orthogonal) Kemsss i Speree 200

Maldacena 2002

(%) = fRL(02(2c]°) + gnL(DEOs [‘I’G]‘>\

e.g. Quijote PNG
Coulton4-+ 2022
Axion-U(1) is example of a vector fossil ; ; .
(1) B ; Could be parity violating,
L Dai, Jeong, Kamionkowski 2013 . .
vacuum and nonlinear sourced as in Quijote-ODD

ﬂuctuatlons are uncorrected Coulton, Philcox, Villaescusa-Navarro 2023

(C(k1)C(k2)((ks)...) = {(Core(k1)Csre(k2) src(ks)-..)

Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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Why Simulate Inflation?

5.0 Drew Jamieson

o Explose PNG beyond standard bispectrum templates ,;

un

Physically realistic hierarchy of N-point correlators 0

3.5
Test inflation beyond the standard paradigm:

o Higher levels of multifield nonlinearity

Caravano, Komatsu, Lozanov, Weller (2023)
o BaCkI'ea.CtiOIl Figueroa et al. (2023)

Figueroa, Florio, Torrenti (2023)
O Deviations from scale invariance

Figueroa et al. (2024)

Caravano, Peloso (2024)

0 Generate realizations of the primordial density field

Caravano, Franciolini, Renaux-Petel (2025)

Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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Choice of Potential
Alpha-Attractor:

Kallosh & Linde 2013

M2 MZ B 2
V(g) = —P; ¢ (1 - e"“V‘bMPll)

o ol s Mpi: = =750

0.61 ||

A =2.105 x 107°

=04r

ng = 0.9665 ¢
0.2+

\
r < 1072 - "\/ |

0 1 .2
)
Low scale inflation: [nv| > ev

Interaction strength controlled by

Jamieson++, arXiv:2507.22285
A\T, — 1\"1)

-39 —168 OQF 3.0

—770

- =+725

: prvennl oy vevd v prenwl 3ol

Ll b oraeim

1073 1072 107t 10° 101
k [Mpc™]

Cs ! V
=227 o (

[Nontrivial time dependence —» Scale dependence ]

Drew Jamieson, MPA

Pirsa: 25110117

Perimeter Institute, 27.11.2025

Page 12/43



How much of the potential is simulated? orew iR

Kallosh & Linde 2013

M3 M2 1\ ?
V() = 5t (1- oot )

/

N

Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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ALEF: Adaptive Lattice Evolved Fields _e
Ngia :16

0.0003

0 Pseudospectral: exact dispersion relation PR

0.0001

o DFTs for nonlinear terms: accurate mode convolutions i
B 0.0000

y [Mpc]

1

400 -—0.0001

Scalar Curvature

0 Smooth nonlinear terms: regulate UV divergences
r—0.0002

0 High-order Runge-Kutta integration
-—0.0003

r—0.0004

0 Dynamical time stepping: error thresholds
100 600 800
z [Mpc]

0 Temporal grid refinement: simulate only near-horizon modes

Drew Jamieson, MPA ESI, Vienna, 25.09.2025
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Simulating Axion-U(1) Inflation

107"

suap:0603| Niq 32 efold : —4.837

0.0003

0.0002

—%
=

0.0001

0.0000

—0.0001

[
3
£
=

&)
g

3

—0.0002

—0.0003

. —0.0004
200 400 G 800

0 2000 4000
@ [Mpe]

Drew Jamieson, MPA
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6000  R000 10000 12000 14000
Bin Index
Perimeter Institute, 27.11.2025
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PI'iIIlOI‘dia,l Power Spectrum Jamieson++, arXiv:2507.22285

Luox = 10> Mpc/h Drew Jomie SV

1079

TTTI @

o Standard vacuum power &
§ 10~
o

FEULL

O Blue-tiled sourced power

~
~
~~

o
~g

1011 5 j= 4

© Running sourced power

o Differs significantly from

semi-analytic calculations
Barnaby, Namba, Peloso (2011)

> fit
SI'C

pi

0.05
0.00
- —0.05

P\'rr/

JAN

Drew Jamieson, MPA
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Primordial Bispectrum

o Equilateral-peaked
O Blue-tiled
O Running

Barnaby, Namba, Peloso (¢

o Differs significantly from

==
—

==

2011)

semi-analytic calculations

|l

2.50 2.57

s

Cinaxe = 2000
(mn.\ = 1500
rm.:x = 1000 . pe &

T TTreng I

T

gl

|

675 700 25
Drew Jamieson, MPA g.. Mp|
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Simulation from Inflation to LSS

Primordial fluctuations
- after inflation

) 7 .
T e
AT

Quantum fluctuations
during inflation .

o
J‘.“ -
o

““!-._

-5 0. 5
¢~ (107 M)
Pm / Pm

Matter density NEEZNT T ST — - Matter density
at early times (z=15) today (z=0)

Drew Jamieson, MPA

Pirsa: 25110117

20000

10000

kP [Mpc|

Pyur/Per — 1

naui/nse — 1

1

el

+ =304 z=05
+ 2=204+ z=00
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il EEll Rl | 'lnlq TT

1

Ll I

Ll

1014
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10
Perimeter Institute, 27.11.2025

Drew Jamieson I

Page 18/43




Simulation from Inflation to LSS B B i e o

+ z=10

Drew Jamieson

Quantum fluctuations Primordial fluctuations
during inflation T T o 7 after inflation

10000

kP [Mpc|

el

Pyur/Per — 1

—5 0 5
-9 llojih"IPl]
Pm / Pm

Matter density — 4 — Matter density
at early times (z=15) today (z=0)

naui/nse — 1

Ll Lo rnl

10 10%
Drew Jamieson, MPA M [Mo)] Perimeter Institute, 27.11.2025
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Part I1.5: Cosmic Parity Violation

Drew Jamieson, MPA ESI, Vienna, 25.09.2025
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+ z=30-4+ z=05
+ 2=204+ =z=00
+ z=10

Simulation from Inflation to LSS

Quantum fluctuations Primordial fluctuations

after inflation

during inflation T s - 7 AR

e

W ‘-H':'.

[T

il

4 4

10000

kP [Mpc|

o e

el

e

Pyur/Per — 1

—5 0 5
-9 llglePa]
Pm / Pm

Matter density
at early times (z=15)

Matter density
today (z=0)

naui/nse — 1

Ll Lo rnl

10 10%
Drew Jamieson, MPA M [Mo)] Perimeter Institute, 27.11.2025
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How much of the potential is simulated?

Kallosh & Linde 2013

M3 M %
V() = 5t (1- oot )

/

N

Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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COSIIliC p&rity ViOlation Known to be violated on small scales:

=
5
e
-
]
@
=%
7
4
R
)
iy
ot
w
o
e
=
2
7
=]
F)
g
]

parity violation J

¢ 2-point ¢ 4-point, even
% 3-point % 4-point, odd
[T B N1 B AT BT
= 162 100 10!
k [Mpc}]
Drew Jamieson, MPA
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e Weak nuclear force

P T, s Lee & Yang 1956,
P . P W et al. 1957, Garwin et al. 1957
‘ R |

2-point

B

3-point
f Spacetime transform:

P:x 3 —x

Distinguishes right/left helicities

A\
\ U

Parity (mirror)
transform is distinct
from a rotation for
4-point statitics

ESI, Vienna, 25.09.2025
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Parity-Odd 4-point Statistics

Detected in BOSS data with significance:
3.1-7.16 Hou, Slepian, Cahn 2023

2.96 Philcox 2022

BOSS Spl]t‘Sky Cross Correlaltlon : . b4 o . 'l\if\.’l'iillll"\"\"ariiﬁ for (-;éuant._u Magazine
0-2.50 Krolewski, May, Smith, Hopkins 2024

LRG, 0.4 <z < 1.1, NGC

EZMock FFA

0.0020 1

DESI full catalog

s
(=]
Q. 0.0010

4-100 Slepian |4 2025 | ' 0.0005

. 0.0000 L—mnrat 2 B |
3500 4000 4500 5000 5500 6000 6500 7000 =750 -500 -250 © 250 500 750

Vo xx

DESI split-sky cross correlation

Slepian—++ 2025
Q0o  Slepiant+ 2025 Covariance misestimation?

Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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New P arity—odd 4—point Statistics (Correlate galaxy shapes: |

Parity-odd Power (POP) Spectra: g | e e Vo o I | | feaea 2 0] Sy ieson
! A e . ® | i1k |
|
|

V(_t_f,{)() = (i)u (}()v‘bb(){) i B - ki
Aca(x) = V&, (x) x Vd4(x) AP | N | E— NG cintiy =cigafo- (n xr2) L

(Vas(K) - Aa(K)) = (27)*68 (k + k') Prector (k)
u Toshiki Kurita, Jamieson, =
Uopea(x) = VO, (x) - (VBy(x) x VE(x))y i | ih - Komatsu, Schmidt
2 } 4 i arXiv:2307.09134
(Vabea(K)B(K)) = (27)°55" (k + &) Pacatar (k)

.

(Palrty—odd EFT for 1.SS: Sha Azyzy, Jamieson,

B e R v s Komatsu, Kurita

& — — N, A N~ arXiv:2510.06164
o o

A

{b) T

Jamieson, Caravano, Hou, Slepian, Komatsu
arXiv:2307.09134

&

i\.\ }f.

i;:‘/"..:. K\NJ

g
x'/" @G

(f) THHEL
10-! 3 B ) ut A B T () T 2 o2 - =

k [Mpc' b Mgt LR roth-me | : : . i

M h B[ Mpet|

Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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Drew Jamieson !

Part III: Field-level Large-scale Structure Emulation
and Initial Conditions Reconstryction

Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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[Predicting the large-scale Structure]

Drew Jamieson \"

N-Body Simulations

e Newtonian gravity in an
expanding universe

e Evolve 10° — 10° N-body particles

e Integrate ~ 10° time steps

e Costs ~ 10° CPU hours

e Difficult to accelerate with GPUs
Can be very accurate, but too

expensive to use directly for inference
Villaescusa-Navarro

Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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Map2Map: https://github.com/eelregit /map2map

[M ap 2 M ap ] 64 glla.‘gnels 128 channels ; :
3 channels Drew Jamieson he

3 channels 3 -_—"
il &

e U-Net/V-Net design =9 " ® g, ® ‘%F ® "“W H i

F g Ay g =
| 7
.;_®e®s®a®ﬂw’

== &d

® 4 convolutional layers | =
; l 64 channels
e Receptive field: e "

190 Mpc/h — PR
pe/ Teoll®
s

|4

-y

® Preserves ZA on -
N —
large scales [ 64 channels
N, i A,
[ Input ZA field at z=0 JV - -
e Output nonlinear Qum, D(2) =7
field at redshift z

@ convolution
@ downsample

- -
@upsampie : @ : @

P concatenation i 1.95 Mpc h‘ll

AR

Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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Style vs. content]

Gatys, Ecker, Bethge arXiv:1508:06576

Karras, Laine, Aittala, Hellsten, Lehtinen, Aila arXiv:1912.04958

Style Results

A
s g__"‘ U, D(2)

Style

Effective weights

e DBased on StyleGAN2: https://github.com/NVlabs/stylegan2
e Q. and D(z) is a style p&ramctcr input for every convolutional operation
e Model learns to interpolate predictions of LSS for different cosmologies

Do not need a velocity model!

Evaluate velocities during training and add to loss:

Loss=3 log( Z (s lagrmput error)z) ¥ log( Z (density errﬂl‘)z) Training data: villaescusa Navarro et al. arXiv:1909:05273
e 2000 Quijote latin hypercube simulations

3 icle
+3log E (velocity error)? ) + log Z (momentum error)? ° 5]2. particlis 1 Gporh box
e Latin hypercube sample of 5 parameters

Train on full 6D N-body phase space

Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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(Cosmology and time dependence]

Drew Jamieson \ N\

> =147 > = 1.47 R Emulator

e Processes 256° box in 0.5 s
e ~ 20000 x faster than N-body

e Parallelize crops across GPU

e Excellent multi-GPU scaling
e Larger volumes trivial
e GPU memory bound

e Higher resolution not trivial

—30 0
Mpec h~ I
Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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BI‘_ ;(iv > astro-ph > arXiv:2408.07699

Astrophysics > C logy and N lactic Astrophysics N J
[Submitted on 14 Aug 2024] T Jami‘esm h ‘i
Field-level Emulation of Cosmic Structure Formation with Cosmology and Redshift I
Dependence

- Density = low Q.  fiducial ™ high Q. ~ low Q,

| high Q. 1L low og b= = 2=08NN L high oy | high og
low oy y ;‘é /

UTT B T I B BT B N B S W 01 B U1 | TS N B 171 A SN U U1 BN 1) SN SO S0 0 01 N 0 A W11 A /U1 I O S U 011 S W W B 01 11 M 171 B BRI E 11 B S SR WA |

2F O, = 0.4599 - 0, = 0.1663 F 2, =0.3175 m Q= 04423 | Qw = 0.1289
| oy = 0.7011 L as = 0.6461 |L a5 = 0.8340 |Los=09151 || o5 = 0.9489

1iil L1 1 ranl [ et | i ’/‘%____‘_“_____ ) _J _ﬁ - 2;_ ) u.._. L
= PhaSB EI’I‘OI‘ .' é ,,:i APETTTT EETIRETIT A | T PR R TTT A .,‘.,,.;I T A pooosnl o vovewt lhul .. il -y .....EEEE

- Momentum /|~

Ll Lol Lol

—Amplitude Error y R BRI TIT I | 1Y SRR T R T SO Ll RIRTTYN BT

1l Lol Lot el 4 —/@4—’\%_\% : .:' :
l“—j 1{-}—1 -ﬁ]“ o o it o o e povamt e aidNbE ¢ pesk o e\l G i cenaRhee R G e

2

= 2 10-1 -2 1 0112 1 010)-2 1 110~2 101 0
Lk [j\[p( 1 h] 10 10 1010 10 1010 10 ) 10710 10 1010 10 10
k [Mpe™! ]
Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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(Cosmology and time dependence]

Drew Jamieson

* = 3.00 > = 3.00 > = 3.00 EmUIator

e Processes 256° box in 0.5 s
NS

e ~ 20000 x faster than N-body

e Parallelize crops across GPU

e Excellent multi-GPU scaling
e Larger volumes trivial

e GPU memory bound

e Higher resolution not trivial

—30 0 30
Mpc h~ '
Drew Jamieson, MPA Perimeter Institute, 27.11.2025

Pirsa: 25110117 Page 32/43




Drew Jamieson &

[ApplicationsJ Modelling the
galaxy field

128 channels

FRaagas -
WoleWelele Marcos Pellejero Ibanez et al.

it v N arXiv:2307.09134
128 channel : ]—(Q_ml Sasacly

“J; w‘ . o_r -
oW ¥ ek :
P P®oé N\  Jamieson et al.

R Tests beyond |arXiv:2206.04573

training data J Scoggins et al.
arXiv:2502.13242

Initial conditions

/ reconstruction

Super-resolution :
Modified gravity LUdVE%.D_?ESEr et.f{'
arXiv:2312.09271
Jindal, Liang, Singh, Ho, Jamieson

Simulations

Xiaowen Zhang et al. Saadeh, Koyama, Morice-Atkinson
arXiv:2305.12222 arXiv:2406.03374

Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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=] I'\le > astro-ph > arXiv:2206.04594

Astrophysics > Cosmology and Nongalactic Astrophysics

[Submitted an 9 Jun 2022 (v1), last revised 14 Jun 2022 {this version, v2)] [ Halos Drew Jamieson
Field Level Neural Network Emulator for Cosmological N-body Simulations

Drew Jamieson, Yin Li, Renan Alves de Oliveira, Francisco Villaescusa-Navarro, Shirley Ho, David N. Spergel

Qi = 0.3175

og = 0.8340

M =1 x10"*
[1\"1,:::. h_l]

S[RNPISOY

|
o
N

] I 10T I I
Simulation Emulator

Drew Jamieson, MPA Perimeter Institute, 27.11.2025
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ar_;{iv > astro-ph > arXiv:2408.07699

Astrophysics > Cosmelogy and Nongalactic Astrophysics

{Submitted on 14 Aug 2024]
Field-level Emulation of Cosmic Structure Formation with Cosmology and Redshift (Emulated Halo Merger Trees]
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[Submitted on 9 jun 2022 (v1), last revised 14 Jun 2022 (this version, v2)] [ H alOS and S m all_ SC ale Errors ] Drew Jamieson
Field Level Neural Network Emulator for Cosmological N-body Simulations

Drew Jamieson, Yin Li, Renan Alves de Oliveira, Francisco Villaescusa-Navarro, Shirley Ho, David N. Spergel
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[Submitted o 14 Dec 2023]

: o e = s - - Y 7] g - . Drew Jamieson
Bayesian Inference of Initial Conditions from Non-Linear Cosmic Structures using Field-Level ! RE o : ;
Emulators e

1 Lavaux, Florent Leclercq, Jens Jasche

BORG

Jasche, Wandelt arXiv:1203.3639
BORG-EM: BORG + Field-Level Emulator

64 channels
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1. Initial 2. Input displacement £l = L 3 2 3. Output displace- 4. Final density 5. N-body density
Conditions: X field (ILPT, z=0): ¥ LpT ) o el ment field: WEm field: & field + noise: d
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@ downsample @ upsample

Sample 10°D parameter space! Requires a fast, accurate, differentiable
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Bayesian Inference of Initial Conditions from Non-Linear Cosmic Structures using Field-Level

Emulators S :
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e Infere poserior on initial conditions

e Sampling from posterior and resimulating

generates consistent late-time LSS
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Bayesian Inference of Initial Conditions from Non-Linear Cosmic Structures using Field-Level

Emulators

Initial 1-point statistics: Gaussian
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Halo mass function
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Future Directions:

ALEF Simulations
CMB/LSS constraints
Primordial gravitational waves
More models: SU(2), ete.

ML acceleration

Drew Jamieson, MPA

Pirsa: 25110117

| @

aax PLANCK INSTITUTE https://github.com/dsjamieson/map2map _emu

Parity Violation

e Novel statistics with data

e Model-specific searchs

Thank You!

https://github.com/eelregit /map2map

Field-level Emulation

e® Applications to data
e Velocity reconstruction (kSZ)

e® Improved mocks for surveys

126 chasoels

Perimeter Institute, 27.11.2025
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Drew Jamieson

[ApplicationsJ Modelling the

//' galaxy field

128 channels
- 3 channels

2 Wi L . .
WoWeWeWeWe S Marcos Pellejero Ibanez et al

\

W @ arXiv:2307.09134

~ Jamieson et al.
Tests beyond |4:Xiv:2206.04573

training data J Scoggins et al.
arXiv:2502.13242

Initial conditions

rd reconstruction
Super-resolution :
Modified gravity LUdVE‘%_DEE?Er ‘?\tpf{'
arXiv:2312.09271
Jindal, Liang, Singh, Ho, Jamieson
N

Simulations

Xiaowen Zhang et al. Saadeh, Koyama, Morice-Atkinson
arXiv:2305.12222 arXiv:2406.03374
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