
Challenges & Reconsiderations in

Primordial Non-Gaussianity Constraints from Galaxy Clustering

Mike Shengbo Wang mikeshengbo.wang@ed.ac.uk DESI Collaboration & Euclid Consortium

A Cosmic Window to Fundamental Physics: PNG and Beyond • IFT UAM • Madrid, 2022

mailto:mikeshengbo.wang@port.ac.uk
https://workshops.ift.uam-csic.es/PNG2022/


Challenges & Reconsiderations
Confronting theory with observations

theoretical models observational measurements
statistical analysis

relativistic corrections line-of-sight effects

non-Gaussian likelihoods [1811.08155]

https:arxiv.org/abs/1811.08155


Challenges & Reconsiderations
Confronting theory with observations

theoretical models observational measurements
statistical analysis

relativistic corrections line-of-sight effects

non-Gaussian likelihoods [1811.08155]

https:arxiv.org/abs/1811.08155


IMPACT OF RELATIVISTIC CORRECTIONS FOR LOCAL PNG

With F Beutler & D Bacon [2007.01802]

https:arxiv.org/abs/2007.01802


Impact of Relativistic Corrections for Local PNG
Motivation

Relativistic corrections

δ (r, z) = b1δm − H−1 r̂ · ∂rv

− g1 r̂ · v − (be − 3)H+−2+ · v
+ H−1Φ′ − (2 − 5s)Φ +Ψ + g1Ψ + · · ·

where
be (z) = − ∂ ln n̄(z;<m̄)

∂ ln(1 + z) , s(z) = ∂

∂m

����
m̄
lg n̄(z;<m̄) .

See Yoo (2009), Bonvin & Durrer (2011), Challinor & Lewis (2011).

In Fourier space,

δ (k) =
[
b1 + fµ2 + i (H/k)g1fµ + (H/k)2g2

]
δm (k) ,

where

g1 (z) = H′/H2 + (2 − 5s)/(Hχ ) + 5s − be ,

g2 (z) = −(be − 3)f +
(
H′/H2 − 1

) [
g1 + f − (2 − 5s)

]
.
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Impact of Relativistic Corrections for Local PNG
Methodology

Refit the eBOSS QSO luminosity function to derive n̄(z;<m̄) =
∫ m̄
−∞ dmϕ (m, z) .

See also Palanque-Delabrouille+ (2016) & Pozzetti+ (2016).
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Impact of Relativistic Corrections for Local PNG
Results
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HYBRID-BASIS FOURIER ANALYSIS

With S Avila, D Bianchi, R Crittenden & W Percival [2007.14962]

https:arxiv.org/abs/2007.14962


Hybrid-Basis Fourier Analysis
Motivation

Plane-parallel/distant-observer approximation(s)

δs (k, z) = b(z)δm (k, z) + f(z)
∫ d3q

(2π)3
R(q, k)δm (q, z) ,

with R(q, k) → µ2δ (D) (q − k) .
See Kaiser (1987), Zaroubi & Hoffman (1996).

Rayleigh expansion—

eik·r
〈r|k〉

= 4π
∑
ℓm

iℓY∗ℓm (k̂) jℓ (kℓnr)Yℓm (r̂)
〈r|ℓmn〉

.

plane wave |k〉 = |k1, k2, k3 〉

w

‘spherical wave’ |µ〉 = |ℓ,m, n〉



Hybrid-Basis Fourier Analysis
Methodology

Spherical Fourier–Bessel decomposition

Dµ =
∑
ν

Mµν

angular

(
bΦµν

radial

+ fΥµν
distortion

)
(Dm )ν

See also Fisher+ (1995), Heavens & Taylor (1995), Yoo (2013) & Alonso+ (2015).

All cosmological dependence is encoded in the covariance matrix (2-point statistics):〈
DµDν

〉
=
∑
σ

MµσM∗
νσ

[
b∗ (kσ )Φµσ + f∗Υµσ

]
[b∗ (kσ )Φνσ + f∗Υνσ ] κ−1σ Pm∗ (kσ ) .

Hybrid-basis likelihoods

L(θ;D) = 1
|πC(θ ) |1/2

exp
[
−D†C(θ )−1D

] (
Cµν =

〈
DµD∗ν

〉)
L
(
θ; {P̂ℓ }, Σ̂

)
= normal or modified-t PDF .

See Sellentin & Heavens (2015).
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Hybrid-Basis Fourier Analysis
Results
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Lesson
 Appropriate prescriptions for the geometry and scale of the problem



TRIPOLAR SPHERICAL-HARMONIC BISPECTRUM ANALYSIS

With R Neveux & F Beutler… (in prep)



Tripolar Bispectrum Analysis
FFT-based estimator

Tripolar spherical-harmonic decomposition

B(k1, k2, n̂) =
∑
ℓ1ℓ2L

H−1
ℓ1ℓ2L

Bℓ1ℓ2L (k1, k2 )
∑

m1m2M

(
ℓ1 ℓ2 L
m1 m2 M

)
ym1
ℓ1

(
k̂1
)
ym2
ℓ2

(
k̂2
)
yML (n̂)

FFT-based estimator

B̂ℓ1ℓ2L (k1, k2 ) =
Nℓ1ℓ2LHℓ1ℓ2L

I
∑

m1m2M

(
ℓ1 ℓ2 L
m1 m2 M

) ∫
d3x Fm1

ℓ1
(x; k1 )F

m2
ℓ2

(x; k2 )GML (x)

where with δnm
ℓ
(k) = F{ym

ℓ
δn(x) } ,

Fmℓ (x; k) =
∫ d2k̂

4π e
ik·xym∗

ℓ (k̂)δn(k) , Gmℓ (x) =
∫ d3k̂

(2π)3
eik·xδnmℓ (k) .

See Sugiyama+ (2019).

Features in comparison with BLM (k1, k2, k3 ) (Scoccimarro 2015):

1) lower data vector dimensions;
2) no triangle counting;
3) inverse FFT involved.



Tripolar Bispectrum Analysis
Road ahead

Validation with DESI FirstGen mock catalogues:
Bℓ1ℓ2L
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Challenges:

▷ window convolution and wide-angle corrections;
▷ impact & mitigation of systematics incl. fibre collision;
▷ effective redshift;
▷ …
▷ which estimator for (which type of) PNG?



Question Time

MikeSWang/HorizonGRound MikeSWang/Harmonia

MikeSWang/Triumvirate

(Preview at http://cuillin.roe.ac.uk/~swang/Triumvirate; coming soon!)

MikeSWang/HorizonGRound
MikeSWang/Harmonia
MikeSWang/Triumvirate
http://cuillin.roe.ac.uk/~swang/Triumvirate


NON-GAUSSIAN LIKELIHOODS

With W Percival, S Avila, R Crittenden & D Bianchi [1811.08155]

https:arxiv.org/abs/1811.08155


Non-Gaussian Likelihoods

Non-normal distribution


δ (k1 )
.
.
.

δ (kn )

︸    ︷︷    ︸
∼ÃN

non-linear−−−−−−→


P(k1 )
.
.
.

P(kn )
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∼Exp

mixing−−−→
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P̃(k1 )
.
.
.

P̃(kp )
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¤∼Γ

Parameter dependence of the covariance matrix

Σ (θ ) =

σ

···

σ

Λ
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Non-Gaussian Likelihoods

‘Box–Cox’ Gaussianisation

P̃ ↦→ Z B P̃ ν , ν ≈ 1/3 .

Covariance decomposition

Σ̂ (θ ) = Λ (θ ) Λ−1
f Σ̂f Λ

−1
f Λ (θ ) .

Lessons
 Range of validity
 First principles
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Impact of Relativistic Corrections for Local PNG
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Impact of Relativistic Corrections for Local PNG
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Hybrid-Basis Fourier Analysis

s1
s2

s

d R(q, k) =
∫

d3r ei (q−k) ·r
{
(q̂ · r̂)2 − i

[
2 + ∂ ln n̄(r, z)

∂ ln r

]
q̂ · r̂
qr

}



Hybrid-Basis Fourier Analysis

Mµν =

∫
d2 r̂ Y∗ℓµmµ

(r̂)M(r̂)Yℓνmν (r̂) ,

Φµν = κℓνnν

∫
dr r2w(r̆)jℓµ (kℓµnµ r̆)jℓν (kℓνnν r)G(z(r), kℓνnν )ϕ (r) ,

Υµν =
κℓνnν
kℓνnν

∫
dr r2 d

dr̆

[
w(r̆)jℓµ (kℓµnµ r̆)

]
j′ℓν (kℓνnν r)γ (z(r) )F(z(r) )ϕ (r) ,
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