










Galaxy clustering

Image extracted from the Euclid Flagship simulations catalogue. Credits: Jorge Carretero and Pau Tallada

Galaxies trace the underlying matter distribution across cosmic time.
Encodes information about cosmology and structure growth



Galaxy clustering

Image extracted from the Euclid Flagship simulations catalogue. Credits: Jorge Carretero and Pau Tallada

Galaxies trace the underlying matter distribution across cosmic time =⇒ Bias tracer
Encodes information about cosmology and structure growth



Gravitational weak lensing

Image credit: NASA, ESA & L. Calçada



Gravitational weak lensing

Cosmic shear

|γ1| ≪ 1 |γ2| ≪ 1 |κ| ≪ 1

The weak lensing convergence κ is defined as the line-of-sight projection of the matter density distribution
between the observer and the galaxy source



Two-point correlation functions (3× 2-point correlations)

Powerful and robust probes of
cosmology.
Sensitive to geometry and structure
growth.
Missing non-Gaussian information
from nonlinear evolution.

Image credit: Jessie Muir

https://www.jessiemuir.com/2021-08-13-3x2pt/


Two-point correlation functions (3× 2-point correlations)
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Higher-order statistics Forecast for Euclid

HOS capture extra cosmological
information beyond 2-point
statistics.
HOS + 2-point statistics break
degeneracies and improve
constraints.

Euclid. I. Overview of the Euclid mission

https://arxiv.org/pdf/2405.13491


Higher-order statistics Forecast for Euclid

Euclid preparation-LXXXV: Towards a DR1 application of higher-order weak lensing statistics

https://arxiv.org/pdf/2510.04953


Encodes non-Gaussian
information

kakakakaka
Powerful for extracting

cosmological information

One-Point statistics

Easy to measure

kakakakaka
Predicted with high
accuracy on mildly
nonlinear scales

Galaxy clustering Ng

C.Uhlemann, O.Friedrich,
F.Villaescusa-Navarro, A.Banerjee,

S.Codis (2019)

Weak lensing κ

A. Barthelemy, S. Codis,
C.Uhlemann, F.Bernardeau,

R.Gavazzi (2020)



Measuring the one-point PDF

Divide the distribution into various volumes
Overlapping cells are allowed
Smooth the field on each cell
Count objects in each cell
Plot a histogram



One-Point statistics
Galaxy clustering
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The PDFs are completely
characterized by:

Variance σ2 = ⟨δ2⟩
Skewness S3 ∼⟨δ3⟩
Higher order correlation
functions



One-Point statistics
Galaxy clustering
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Full Joint-PDF shape
disentangles tracer bias from
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PDF modelling for Projected fields

δi(n̂) =

∫ ∞

0

dχwi

(
χ
)
δ3D

(
χn̂, χ)

)

Weak lensing convergence

wκ(χ) =
3ΩmH2

0

2c2

∫ ∞

z
dz′

[χ(z′)− χ(z)]χ(z)

χ(z′)
(1 + z)ns(z

′)

Encodes the cosmological information

Projected galaxies

wg(χ) = ng(z(χ))
dz
dχ



PDF modelling from the Large Deviation Theory
Oliver Friedrich, Lina Castiblanco, Anik Halder, Cora Uhlemann (doi:10.1093/mnras/staf2181)

Early time PDF

p(δL) ∼ exp(−δ2L/2σ
2
L) , σ2

L → 0

Cylindrical collapse

δL ≃ ν
(
1− ρ−1/ν

)
, ν2D =

7

5

Mass conservation

RL = R(1 + δ)1/2

Late time PDF with LDT

CGF: ϕθ(λg , λκ) → Encodes all ⟨δncyl⟩c

↓
Inverse Laplace tranformation

↓

P (δg , κ) =

∫
dλgdλκ

(2π)2
eϕθ(iλg,iλκ)−iλgδg−iλκκ

Bernardeau and Valageas (2000), Friedrich et al. 2018, Barthelemy et al. 2020, Boyle et al.2021

https://arxiv.org/pdf/2507.16957


Convergence reconstruction



Tomographic analysis with the κ PDF
Lina Castiblanco, Cora Uhlemann, Joachim Harnois-Déraps, Alexandre Barthelemy (doi: 10.33232/001c.121302)
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https://astro.theoj.org/article/121302-unleashing-cosmic-shear-information-with-the-tomographic-weak-lensing-pdf


Tomographic analysis with the κ PDF
Lina Castiblanco, Cora Uhlemann, Joachim Harnois-Déraps, Alexandre Barthelemy (doi: 10.33232/001c.121302)

The theoretical predictions are accurate by less than
5%-level around the PDF peak.

https://astro.theoj.org/article/121302-unleashing-cosmic-shear-information-with-the-tomographic-weak-lensing-pdf


Projected Galaxy PDF modelling

Galaxies trace matter, with:

Galaxy bias

↗ ⟨δg |δm⟩ →
(
bE1 , bE2

)
p(δg |δm)

↘
⟨δ2g |δm⟩
⟨δg |δm⟩

→ (α0, α1, α2)

Stochasticity
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Spectroscopic tracer One-Point Statistics
Beth McCarthy Gould, Lina Castiblanco, Cora Uhlemann, Oliver Friedrich (doi:10.33232/001c.127800)
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https://astro.theoj.org/article/127800-cosmology-on-point-modelling-spectroscopic-tracer-one-point-statistics


Joint PDF of galaxy clustering and weak lensing
Oliver Friedrich, Lina Castiblanco, Anik Halder, Cora Uhlemann (doi:10.1093/mnras/staf2181)

pnoisy(κ) = pGSN ∗ P (κ), σ2
SN =

σ2
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CosMomentum Code https://github.com/OliverFHD/CosMomentum

https://arxiv.org/pdf/2507.16957
https://github.com/OliverFHD/CosMomentum 


Joint PDF of galaxy clustering and weak lensing
Oliver Friedrich, Lina Castiblanco, Anik Halder, Cora Uhlemann, (doi:10.1093/mnras/staf2181)
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https://arxiv.org/pdf/2507.16957


Joint PDF of galaxy clustering and weak lensing
Oliver Friedrich, Lina Castiblanco, Anik Halder, Cora Uhlemann (doi:10.1093/mnras/staf2181)

P (δg , κ) captures information beyond 2-pt

correlations

P (δg , κ) constrains Ωm, σ8 like 3× 2.

Combining analyses exploits complementary

information for tighter constraints.

P (δg, κ) analysis:
θ = 20arcmin (1+1) redshift-bins

DES-like 3×2-point analysis:
18 ang. scales, (4+5) redshift-bins

Fisher Bias, P (δg, κ)

0.
75

0.
90

σ
8

1.
5

2.
0

2.
5

b 1

0.
0

1.
5

b 2

0.
0

1.
5

3.
0

α
0

−5

0

5

α
1

0.
24

0.
32

Ωm

0

4

α
2

0.
75

0.
90

σ8

1.
5

2.
0

2.
5

b1

0.
0

1.
5

b2

0.
0

1.
5

3.
0

α0

−5 0 5

α1

0 4

α2

(can only estimate the true values for b2, α0, α1, α2)

https://arxiv.org/pdf/2507.16957


Including WL Systematics: Intrinsic alignment

Intrinsic alignment arise from tidal
gravitational fields.

Non-linear alignment model

δIA(χθ, χ) = −AIA

(
1 + z

1 + z0

)αIA C̄ρ̄(z)

D(z)
δ(χθ, χ)

w(χ) → w(χ) +A(z)n(z)

Barthelemy et al. 2023
Castiblanco et al. 2024



Including WL Systematics: Intrinsic alignment

Arise from tidal gravitational fields.

Non-linear alignment model

δIA(χθ, χ) = −AIA

(
1 + z

1 + z0

)αIA C̄ρ̄(z)

D(z)
δ(χθ, χ)

w(χ) → w(χ) +A(z)n(z)

Barthelemy et al. 2023

P (δg, κ) θ = 10arcmin

3× 2PCF
P (δg, κ) + 3× 2PCF
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Including WL Systematics: Redshift uncertainty in sources
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Including WL Systematics: Redshift uncertainty in lenses
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Conclusions

Joint analysis disentangles cosmology from galaxy
bias and stochasticity.

The joint PDF complements 3× 2-pt by capturing
mixed higher-order moments.
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Joint P (δg , κ) model is flexible and
accounts for systematics:

Shape noise
Intrinsic alignments
Redshift uncertainties




