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 Intrinsic Alignments

 term: Correlations between physically close galaxies 

• Positive correlation 

 term: Correlations between one foreground galaxy and one 
background galaxy 

• Negative correlation
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Credit: Joachimi et. al (2015)



 WL Systematic

Kirk et. al (2012)

Zwetsloot & Chisari (2022)

Neglecting IA in cosmic shear analyses

Neglecting IA as a selection effect in spectroscopic surveys

Dissolving constraining power with more IA parameters

Secco et al (2021)
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Alignments probe cosmology

Many IA applications do not require modelling beyond the linear regime.

Physics Proposed Verified in sims Constrained 
from LOWZ

Growth rate Taruya & Okumura (2020) X Okumura & Taruya 
(2023)

Primordial (anisotropic) 
non-Gaussianity 

Schmidt, Chisari, Dvorkin (2015) Akitsu+ (2021) Kurita & Takada 
(2023)

Primordial magnetic 
fields

Schmidt, Chisari, Dvorkin (2015) 
Saga+ (2023) through PNG only X

Isotropy Shiraishi, Okumura, Akitsu (2023) X X

BAO Chisari & Dvorkin (2013) Okumura, Taruya & 
Nishimichi (2019)

Xu+ (2023)

Primordial gravitational 
waves

Schmidt, Pajer, Zaldarriaga (2014) 
Chisari, Dvorkin, Schmidt (2014)

Akitsu, Li & Okumura 
(2023) X

Parity breaking Biagetti & Orlando (2020) X X
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 Tidal Alignment

To lowest order, the intrinsic shear of the galaxy shapes will be 
linearly related to the matter tidal field

γI = cssij = cs (∂2
x − ∂2

y, 2∂x∂y)∇−2δ

Breaks down quickly at small scales. 

EFTofIA can reach  at the expense of adding many 
free parameters

kmax = 0.28 h/Mpc

Credit: Bakx et. al (2023)

Acceptable 
Models

Model 
Breakdown

TATT Breakdown at , 
Euclid target is few % at 

k ∼ 0.1 hMpc−1

k ∼ 10 hMpc−1



 Hybrid Lagrangian Models

Lagrangian Bias 
Expansion

N-Body Simulations

Hybrid models 

Robust and valid to 
small scales

Kokron et. al (2021) 

Zennaro et. al (2021) 

Hadzhiyska et al (2021) 

…



 Bias Expansion - Density

Symmetries and Physical Principles: 

• Equivalence Principle ( only  
contributions allowed ) 

• Statistical Homogeneity 

• Statistical Isotropy 

• Scalar under rotations

∂2nΦ

Density: 1st order : δ
2nd order : δ2, s2

Non-local : ∇2δ
Stochastic : ε

δg = b1δ + b2δ2 + bs2s2 + b∇2 ∇2δ + ε

Correlations are 
setup very early in 

the universe

Desjacques et. al (2016)



The modelled galaxy field must be advected 
from Lagrangian to Eulerian space

 Advection - Density
1 + δg = 1 + b1δ + b2δ2 + bs2s2 + b∇2 ∇2δ + ε

Desjacques et. al (2016)

Zennaro et. al (2021)



 Advection - Density

Pgg =
4

∑
i,j=1

bibjPij(k) + Pϵ

i, j ∈ [1, 2, s2, ∇2]

FM, Angulo, Zennaro (2022)

A set of 15 auto and cross-spectra will 
serve as basis for modelling of any biased 
tracer



 Bias Expansion - Shapes

Symmetries and Physical Principles: 

• Equivalence Principle ( only  contributions allowed ) 

• Statistical Homogeneity 

• Statistical Isotropy 

• Rank-2 tensor under rotations

∂2nΦ

Shapes: 1st order : sij

2nd order : (s ⊗ s)ij, δsij, tij
Non-local : ∇2sij

Stochastic : εij

gij = cssij + csδδsij + cs⊗s(s ⊗ s)ij + cttij + c∇2 ∇2sij + εij

(s ⊗ s)ij = (silslj − δK
ij

s2

3 )
tij = (

∂i∂j

∇2
−

1
3

δK
ij ) (θ(x) − δ(x))



 Shape Power Spectra of Haloes

Compute the Legendre multipoles of 
their auto and cross spectra

P(ℓ)
XY (k) = ∫

dΩ
4π ⟨X(k)Y(−k)ℒℓ(μ)⟩

X, Y ∈ [δ, E, B]

FM et. al (2024)



 Model Validation

χ2
red =

1
Ndof ∑

ℓ,ℓ′￼=0,2
∑
α,β

∑
i,j

(P(ℓ)
α (ki, Θ) − ̂P (ℓ)

α (ki))[Cℓ,ℓ′￼

α,β ]
−1

ij (P(ℓ′￼)
β (kj, Θ) − ̂P (ℓ′￼)

β (kj))

To evaluate the performance of the model we will use 
the reduced chi-squared,

the Figure of Bias, defined as

FoB(kmax) =
cfid

s − cs(kmax)

σ2
fid + σ2

cs
(kmax)

and the Figure of Merit, given by

FoM = det [
Θαβ

θfid
α θfid

β ]
−1

FM et. al (2023)



 Comparison to Other Models

FM et. al (2023)



 Density Weighting

I(x) = ∑
a

I(xa)δD(x − xa)

In = ∫ d3xWCIC(x − xi)I(x) = ∑
a∈i

I(xa) ≈ ng,i⟨I⟩

γI = (1 + b1δ +
1
2

b2(δ2 − ⟨δ2⟩) + ⋯) (cssij + cδsδsij + ⋯)

γI = cssij + (cδs + b1cs)δsij + ⋯



 Bias Relations
F

M
 et. al (20

23)
A

kitsu et. al (20
21)

Akitsu et. al (2021) have shown that there is an 
universal relation between  and . We find 
compatible results. 

Under the assumption of a Linear Lagrangian 
bias model, , density weighting the 
model introduces a non-zero  bias, given by 

 

we find some qualitative agreement with this 
scenario

cs bE
1

gij(q) = cssij(q)
csδ

csδ = bL
1 cs



 Conclusions

๏HYMALAIA is capable of describing shape power spectra of 
haloes 

✓Consistent determination of linear bias parameter 

✓Most accurate model until  

✓Small number of free parameters 

๏What’s next? 

๏Accuracy required for Euclid? Do we satisfy it? 

๏Emulator of model in cosmological parameter space

k ∼ 0.85 hMpc−1

Will defend my PhD in 
Fall 2025 

In the job market from 
Fall 2024
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to see my publications
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 Bias Expansion - Density

Zennaro, Angulo, Contreras, Pellejero-Ibañez, FM (2022)



 Simulations

Three cold-matter only Fixed and Paired simulations with the following parameters:

From these, select four halo populations in increasing mass bins



 Shape Power Spectra

From the simulations, one can get the shape tensor for each halo,

Sij =
N

∑
n=1

(x(n)
i − xi) (x(n)

j − xj),

estimate the halo ellipticities

ϵ1 =
Sxx − Syy

Sxx + Syy

ϵ2 =
2Sxy

Sxx + Syy

Since this is a spin-2 field, one can define E and B modes, similarly as with light polarisation

E(k) = ϵ1(k)cos(2ϕk) + ϵ2(k)sin(2ϕk)
B(k) = − ϵ1(k)sin(2ϕk) + ϵ2(k)cos(2ϕk)

ϕk = tan−1(ky/kx)

L = 512 h−1Mpc

Simulation 
of 


