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Introduction



Original Sheared

o Light travelling through the LSS gets gravitationally
distorted

e Galaxy shapes will get distorted as well, or “sheared”
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DES Y3: Fiducial
DES Y3: ACDM-Optimized
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Original Sheared

o Light travelling through the LSS gets gravitationally
distorted

e Galaxy shapes will get distorted as well, or “sheared”

a—>b ,.
E = 6219 galaxy —_—
a + b galaxy cluster
(s)
eV +
£ = °_ neW 4 g
1 + g*e®)

<€i€j> — <glg]> + <€i(S)€j(S)> + <€l(S)g]> + <gl€](S)> .

| - - g - -
— _—

GG i 1G Gl




() = (8ig) + () +(eg) + (g

N -4 ) g N - 4
_— _—

GG 11 1G Gl

[I term: Correlations between physically close galaxies

* Positive correlation
0 ——
G1 term: Correlations between one foreground galaxy and one Z O T
background galaxy
* Negative correlation

Adapted from
Joachimi et al (2015)
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Adapted from
Lamman et al (2022)

(Galaxy light that falls within aperture
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Alignments probe cosmology

Constrained
Physics Proposed Verified in sims
y P from LOWZ
Okumura & Taruya
Growth rate Taruya & Okumura (2020) X (2023)
Primordial anisotropic) | ¢, .4 chisari. Dvorkin (2015) | Akitsu (2021 Kurita & Takada
non-Gaussianity (2023)
Primordial magnetic | Schmidt, Chisari, Dvorkin (2015)
’ ’ through PNG onl X
fields Saga+ (2023) 5 Y
Isotropy Shiraishi, Okumura, Akitsu (2023) X X
BAO Chisari & Dvorkin 2013) | Qkumura, Taruya & |y, . 95y3)
Nishimichi (2019)
Primordial gravitational | Schmidt, Pajer, Zaldarriaga (2014) | Akitsu, Li & Okumura 5
waves Chisari, Dvorkin, Schmidt (2014) (2023)
Parity breaking Biagetti & Orlando (2020) X X
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To lowest order, the intrinsic shear of the galaxy shapes will be
linearly related to the matter tidal field

/= csy=c, (02— 2, 20,0,) V2

Breaks down quickly at small scales.

EFToflA can reach k. = 0.28 h/Mpc at the expense of adding
many free parameters

{ Acceptable |
- Models

!
|

| Euclid
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—— NLA
—— TATT
- TATT4+VS
---- Bp-EFT(LP)
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EFT

Adapted from
Bakx et al (2023)

~ TATT Breakdown at k ~ 0.1 hMpc™!




Simulation-Based Modelling

Variance-Reduced Initial Simulation-Based Models

Conditions for 1A and GC Priors on Bias Parameters

(Maion et. al 2022) (Maion et. al 2024)
(Gir1, Schneider, Maion, Angulo, (Pellejero-Ibanez, ... , Maion
2023) 2023)

(Zennaro, ..., Maion, 2022)

N-Body Cosmological
Simulations Inference

Fast and Flexible Bias
Estimators

Hydrodynamical ( 2024) Physical Origins
: : | Maion et. al |
Imulation : flA
Simulations (Stucker, Pellejero-Ibanez, Angulo, O

Maion, Voivodic, 2024)




Hybrid Lagrangian Models



Hybrid Lagrangian Models

Lagrangian Bias
Expansion

N-Body Simulations

Hybrid models

Robust and valid to
small scales

Modi, Chen, White (2020)
Kokron et. al (2021)
Zennaro et. al (2021)

Hadzhiyska et al (2021)
Pellejero-lbanez,...,Maion (2023)
Maion et al (2024)




‘Symmetries and Physical Principles:

!
i

| e Equivalence Principle ( only 0°"' D

contributions allowed )

' e Statistical Homogeneity

e Statistical Isotropy

l e Scalar under rotations

Adapted from

Desjacques et. al (2016)

overdensity d’(q)

Bias Expansion

Density: 1St order - 5

2nd order : 62, s?

Non-local - V26
Stochastic : €

Correlations are

setup very early In

the universe

W
: ]\J =.

position g



Advection 146, =1+b5+b)5% + bps> + by V26 + ¢

The modelled galaxy field must be advected
from Lagrangian to Eulerian space
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Shape Bias-Expansion

Symmetries and Physical Principles: Shapes: ist

order  :s;

e Equivalence Principle ( only 0°"® contributions allowed ) 2nd order :(s®s).,05:, L
) y> = vy

e Statistical Homogeneity Non-local : VZ3s..
: ;

e Statistical Isotropy

Stochastic : e.

lj
e Rank-2 tensor under rotations
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HYMALAIA
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To evaluate the performance of the model we will use
the reduced chi-squared,

1

o 2 X2 (rowe-Pow)[eg] (70w - Pw)

£L'=02 af i, Y — [12,12.5] —— [13,13.5]
[12.5, 13] — [13.5, 14.5]

)(red —

the Figure of Bias, defined as

s

fid
Cs — Cs(kmax)

\/ szld + Ggs(kmax)

FoB(k

max) —

and the Figure of Merit, given by

N =1 —1 kmax[h/MPC]

FoM = _|det




Model Validation

Nenya My € [1012-°, 1013](Mo/h)
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Variance Reduction



Dark Matter, z
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LR

Ensemble Mean
® Paired & Fixed

Wavemode

Angulo & Pontoon (2016)

MXXL Simulation (Angulo et al 2013)



Input power spectrum Gaussian realization Empirical power spectrum After evolving
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Fix amplitudes of the initial modes to:

Fixed power,
Input power spectrum random phases Empirical power spectrum After evolving

[0 (k)| =+/P(k)  O(k) e [0,27]

Amplitude fixing

5(K)8(=K) = 1/P(k)e®® /P(k)e~ %) = P(k)

Villaescusa-Navarro (2018)



Pontzen et al (2016)
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- Both Methods - Just Pairing




10-2 1071 ' E 10-" 102 10-1
k[h/Mpc] k[h/Mpc] k[h/Mpc]




Model Precision

101 ' }
E 10—2 . .
'g" — Euclid
" -tV — (1.00]-[Gpc/h]-
Q::J ) — V=11 .?.5]3|_Gln:j.'vj :
?c 10°F V= (1.50)3[Gpe/h) 3
§ s V' =(2.00)°[Gpc/h]’® :
10-4 L : A simulation with mere 20% of the
] volume of one Euclid survey
— * — redshift slice is sufficient
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S
&
D .
D10 2F ]
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with baryons, all scales

NLA
TATT

- TI\T T

Planck

N

NLA (no 2)

Secco & Samuroff (2021)

Arico et al (2021)



Bias Measurements
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A =(0.05,0.05, —0.1)
A=(0,0,0)
A=(-0.05, —0.05,0.1)

Let / be the shape-tensor
of halos/galaxies

: ‘
" i (I| Tp)
H
i
l
- 0XI|Ty)
Kn —
y [Mpc/h] v (Mpein} aTg T,=0

L

10° 102

P/Po

Stucker et al (2020)



linear density field

| T|T
<I‘T0>g: <IP( | o)>

F(Ty) p(h) /,

Stucker et al (2024)



Large-Scale Tidal Field

Probabilistic Bias for IA

Halos in Initial Conditions
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MillenniumTNG

Pakmor et. al (2022)
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Probabilistic Bias for IA

Tracing galaxies, their biases and
mass throughout merger-trees
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Probabilistic Bias for IA
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+
MTNG Collaboration
+
many others

More Stellar Winds

Francisco Maion Raul Angulo Volker Springel
(Co-Pl) (Co-PlI)
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LH 2

LH 4

LH 8

IH 12

LH 13

LH 17

LH_20

GAMA (Driver+ 2019)
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* |A modelling is crucial

% Extracting info. from Euclid, LSST

. . . . Find me at:
** Relevant from linear to non-linear regime
% HYMALAIA goes well beyond linear regime franciscomaion.com

** Precise with variance reduction

Learning from simulations

% Developed new estimators of shape bias Write to me at:

** Priors from hydrodynamical simulations francisco.maion@dipc.org

% Constrain shape-formation scenarios

«' l‘ - 3 .| '-
[N - > a ol
() 0
I |
I . |
% L |

) I -

* |A vs Baryonic Feedback

** Innovative multi-zoom simulations with
various sub-grid parameters



http://franciscomaion.com
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Qualitative Understanding
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Pi1, Pis, Pss O P*

K
Y

(555)7; ~ \/- - = COS [Qk — 901 — gql—k — ’h‘] FZA(ql, k — ql,k:)
q1

: W
2
S — cos|0e—0g, —0q, —1c]

= — (866).

P11, Pis, Pss D (000)

k[hMpc—1]

Pﬁ(k) zP//-FVl/Q PL DL ', QS b=k T 74Ad1. k — q1,k)

_/ / \/PLPL PLPL kCOS[gql +6k ql_oqz_ek—(h]
q1 v q2

X Fza(q,k —q1,k)Fz4(q2, k — q2, k).




Qualitative Understanding

(606); ~ Vecos (O —Og, — Og -k — 7| Fza(qr, k — q1,k)
q1 \—"_J
—cos[()k—()ql—()ql_k]

K
Y

[

= — (866).

G
Ojj

Py1, Pis, Pss D (000)

T 102 10t 102 10 102
k[hMpc—!]

P162 (k) NVI/Q _PL L — VUqy, = Uk—q |

k- (k-
+V / / k — q12) \/P,fP(ﬁPL Py gy, €08 [0k — Og) — Ogy — Ok—q,.]

+ Kilar k — a1\ Pgi P g, P P q, €05 [0qy + Ok—q1 — 0qo — Ok—q,]



G %k
0;7 /0

Qualitative Understanding

57

TV

PF&P ~

0

252

~

Q

k[hMpc—!]

L
\ PLPE 4 PLPE.



Probabilistic Bias for IA

Let f be the local density bias function

T
AT) = pig|T)
p(g)

and
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1
ITy) = A(To) J(I | TS>gf (Top(Ts| T)d T




Probabilistic Bias for IA




Universal Relation
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Secondary Dependence
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Linear Lagrangian Bias
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