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Observational e↵ects:

RSD, selection, mask
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Gravity forward
model
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Bias

<latexit sha1_base64="gV+0C7BilogJH5WTmVe3s23hBss="></latexit>

Data:
galaxy catalog
assigned to grid

Cosmology from Field Level, Forward Modeling:

Basics

Latest work: 2212.07875 

See also: 2009.14176

(&references therein)

Effective Field Theory

2
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Inital conditions
prior: ⇠ PL(k|↵)

https://arxiv.org/abs/2212.07875
https://arxiv.org/abs/2009.14176
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Cosmology from Field Level, Forward Modeling:

Motivation

Why data vector ~  dimensions?106
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Cosmology from Field Level, Forward Modeling:

Motivation

Why data vector ~  dimensions?106

More and better information

Better density reconstruction inference

Improve cosmological constraint

4
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Cosmology from Field Level, Forward Modeling:

Inference scheme

The field-level LSS posterior

P (α |δd) = ∫δdet

P (δd |α, δdet) P(α) P (δdet)
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Data:
galaxy catalog
assigned to grid

δd

δdet

BORG

ELUCID

LEFTfield

pmwd

Code:
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Cosmology from Field Level, Forward Modeling:

Inference scheme

The field-level LSS posterior

P (α |δd) = ∫ ̂s
P (δd |α, ̂s) P(α) P ( ̂s)

<latexit sha1_base64="fP0Pr+3QDsqZzhh/Go82/vkNkl0="></latexit>

Observational e↵ects:

RSD, selection, mask
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Data:
galaxy catalog
assigned to grid

̂s

δd

δdet

BORG

ELUCID

LEFTfield

pmwd

Code:
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Inital conditions
prior: ⇠ PL(k|↵)
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Cosmology from Field Level, Forward Modeling:

Phase sampling - example

̂s(x) ̂strue(x)
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Why EFT?
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Bias

8 Cosmology from Field Level, Forward Modeling:

Effective Field Theory
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Cosmology from Field Level, Forward Modeling:

Effective Field Theory

Why EFT?
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Gravity forward
model
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Bias

Solid theoretical footing

Strict control of coupling modes
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N-body halos from gravity-only sims

Phenomenological galaxy bias model

MN+,
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https://arxiv.org/abs/2011.06587
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LEFTfield

Procedure:

Split initial conditions

δ ≡
ρ − ρ̄

ρ̄
− 1 = δkmax

+ δs

Marginalize over δs

Cosmology from Field Level, Forward Modeling:

EFT of matter

δs
(e.g. 1310.2920)


δkmax
kmax

Motive:trust theory up to kmax

10

https://arxiv.org/abs/1310.2920
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Space-time

evolution


of

biased tracers

Cosmology from Field Level, Forward Modeling:

EFT of biased tracers

δd,kmax
=∑

O

bOO + ϵ

δdet,kmax}

Tracer bias expansion

Insight: tracer formation is spatially local

Proto-tracer

Observed tracer

Time

Space

11
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Proto-tracer

Observed tracer

Cosmology from Field Level, Forward Modeling:

EFT of biased tracers

Tracer bias expansion

Time

Insight: tracer formation is spatially local

small-scale perturbations

stochastic field

  ~ Gaussian, white spectrum

large-scale perturbations

deterministic, local-time expansion

 ~ only density and tidal fieldsO

Space-time

evolution


of

biased tracers

Space

(e.g. 1611.09787)


δd,kmax
=∑

O

bOO + ϵ

δdet,kmax}

12

ϵ

https://arxiv.org/abs/1611.09787
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Cosmology from Field Level, Forward Modeling:

EFT of biased tracers

Cabass,Schmidt 1909.04022


δd,kmax
=∑

O

bOO + ϵ

δdet,kmax}

ln ℒ (δd,kmax
α, ̂s, {bO}, σϵ) = −

1
2

kmax

∑
k≠0 [ln 2πσ2

ϵ +
1
σ2

ϵ
δd,Λ(k) − δdet,Λ[α, ̂s, {bO}](k)

2

]

Analytical marginalization over ϵ

 to be inferred from data itselfσϵ

13

https://arxiv.org/abs/1909.04022
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Cosmology from Field Level, Forward Modeling:

LEFTfield

Theory

Data

δ(1)
Λ δdet,Λ

Object catalog(s) δd δΛ

density

assignment

Initial proto-tracer

(Lagrangian)

Initial matter

(filtered)

Final tracer

(filtered)

Final tracer

(Eulerian)

{z, θ, ϕ}
WΛ

WΛ
n-LPT

displacement

density assignment

{O}{OL}

filtering

filteringΛ = kmax

LEFTfield

HMC

+


slice

sampling

C++17

Multithread

14
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Cosmology from Field Level, Forward Modeling:

Applications

The problem

Given a simulation box (α, ̂strue)
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Gravity forward
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Bias
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Data:
galaxy catalog
assigned to grid

̂s
δd

Can we infer unbiased (α, ̂s) ?
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Inital conditions
prior: ⇠ PL(k|↵)



LEFTfield

Cosmology from Field Level, Forward Modeling:

EFT mocks w/ cutoff mismatch

Theory

Data

δ(1)
Λ δdet,Λ

Object catalog(s) δd δΛ0

density

assignment

Initial proto-tracer

(Lagrangian)

Initial matter

(filtered)
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EFT bias coefficients properly absorb mis-specification

in models of gravity

Nonlinear gravity, linear galaxy bias

Mock data
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EFT bias coefficients properly absorb mis-specification

Nonlinear gravity, linear galaxy bias

in models of gravity

68%-CL constraint on  ~ 0.04α

Kostić, MN+

2212.07875

https://arxiv.org/abs/2212.07875
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Biased  when nonlinear bias is involved As

Nonlinear gravity, nonlinear galaxy bias

Mock data
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Summary

Stay tuned!

More and better information

Proper density inference

Coming soon: New probes (galaxy momentum, intrinsic shape,…)

Optimal cosmological inference

LEFTfield will be publicly available
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