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Intrinsic alignments of galaxies

o Preferential orientations of the galaxies
due to local interactions with the tidal
field of dark matter across the
large-scale structure of the Universe
(Chisari 2025)

Lamman et al. 2024
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Intrinsic alignments of galaxies

o Preferential orientations of the galaxies
due to local interactions with the tidal
field of dark matter across the
large-scale structure of the Universe
(Chisari 2025)

@ Correlations between the shapes of
galaxies observed across the sky

Lamman et al. 2024

o Effect that can probe the
connection between galaxies and
their dark matter halos and the
3D properties of the large-scale
structure in which the galaxies
were formed and evolved

, Credit: Fortuna & Chisari (2025)
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Ultraviolet Near Infrared Optical
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Northern Survey (see S. Guerrini’s talk)
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Ultraviolet Near Infrared Optical
1 UNIONS

Northern Survey (see S. Guerrini’s talk)

@ CFHT, Pan-STARRS, Subaru Telescope (u,g,r,i,z-band)
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4000 deg? (Gwyn et al. 2025)

Declination
5 8 8

g

270" 2a0° 150 120°

R;;ht Ascen;itn

o Direct measure of intrinsic alignments by cross-matching UNIONS with
spectroscopic surveys: cross-correlations between the 2D shapes of galaxies
and the underlying galaxy density field (Hervas Peters et al. 2024)
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Project challenges and motivations

e Scope of the project: investigating ways of analyzing intrinsic
alignments of galaxies by using their 3D shapes and 3D orientations
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Project challenges and motivations

Scope of the project: investigating ways of analyzing intrinsic
alignments of galaxies by using their 3D shapes and 3D orientations

Motivation: informations about intrinsic alignments of galaxies are
lost along the line-of-sight due to the projection of their 3D shapes
in 2D (Singh and Mandelbaum 2015)

Main issue: we do not have access to the 3D shapes of galaxies
directly in the data => we want to use simulations

Aims and challenges:

1)  To develop a model of 3D morphology based on simulated
3D halo shapes to infer the distribution of the shapes of the
galaxies in 3D from the distribution of their projected images

2)  To measure 2D intrinsic alighments of galaxies and compare
with the signal of projected halo shapes
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1) Measurement of the distribution of the 3D shapes of
galaxies from the distribution of their projected images



Modelling (1): N-body simulations
AbacusSummit

e Boxes of size 2 Gpc/h and halo light cones

MakS/mova etal. 2021
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Modelling (1): N-body simulations
AbacusSummit

e Boxes of size 2 Gpc/h and halo light cones

o Catalogs of halos with 3D shapes and 3D
orientations

) oblate spheroidal

1.0

0.8

Maksimova et al. 2021

0.6

Bn
An Ah > Bh > Ch.
0.4
0.2 Abacus halos (z=0.575)
—— prolate halos
I t —— oblate halos
0.0 prO ate ® spheroidal halos
0.0 0.2 0.4 c 0.6 0.8 1.0
Vel i



Modelling (2): 3D morphology of galaxies inside halos

o Settlement of each halo by a 3D central galaxy of Biost ks
shape Ag > Bg > Cg such that: Galaxy

Ag = Ah Bg = TBBh Cg = TCCh

with Tg, T € [0; 1]
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Modelling (2): 3D morphology of galaxies inside halos

o Settlement of each halo by a 3D central galaxy of Biost ks
shape Ag > Bg > Cg such that: Galaxy

Ag = Ah Bg = TBBh Cg = TCCh
with Tg, T € [0; 1]
o Galaxy 3D orientation inherited from the host halo

e 3D population of galaxies = gaussian draw of Tp, T around mean
values Hrg » Ut and with a covariance matrix Y :

2
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Modelling (2): 3D morphology of galaxies inside halos

o Settlement of each halo by a 3D central galaxy of Biost ks
shape Ag > Bg > Cg such that: Galaxy

Ag = Ah Bg = TBBh Cg = TCCh
with Tg, T € [0; 1]

o Galaxy 3D orientation inherited from the host halo

3D population of galaxies = gaussian draw of Tpg, T around mean
values Hrg » Ut and with a covariance matrix Y :
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Modelling (2): 3D morphology of galaxies inside halos

o Settlement of each halo by a 3D central galaxy of Biost ks
shape Ag > Bg > Cg such that: Galaxy

Ag = Ah Bg = TBBh Cg = TCCh
with Tg, T € [0; 1]

o Galaxy 3D orientation inherited from the host halo

3D population of galaxies = gaussian draw of Tpg, T around mean
values Urg » Hre and with a covariance matrix ; :

2
Z _ ( O-‘[B TTO-TB U‘l’c)
- 2
rTO-‘L'B O-‘L’C O-‘L'C

5 parameters 6 = {#TB. My O, Oz 7'-:}

Projection in 2D (Lamman et al. 2023) for
different Urg , g drawn uniformly in [0;1]
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Data

e Spectroscopic samples of galaxies:
- CMASS, BOSS (SDSS) DR12
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Data

e Spectroscopic samples of galaxies:
- CMASS, BOSS (SDSS) DR12

- ELG, LRG and , DESI DR1

Credit: DESI Legacy Imaging Survey

@ Cross-match with UNIONS forms
. CMASS-UNIONS: ~210 000 galaxies
. ELG-UNIONS: ~270 000 galaxies

. DESI Collaboration 2025
. LRG-UNIONS: ~330 000 galaxies Nos kil
: ~1 000 000 galaxies Galaxy

o Selection of host halos by ranges of mass and
redshift to match with the samples of galaxies
(Zhang et al. 2025)
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Methodology: simulation-based inference (SBI)
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Results: distribution of ellipticities P (| e|)
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Results: distribution of ellipticities P (| e])
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@ Conclusion: we can constrain the distribution of the shapes of the
galaxies in 3D from the distribution of their projected images
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Results: constraints on the 3D galaxy-halo connection
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Results: constraints on the 3D galaxy-halo connection
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o ELG (disk-like galaxies) are more flattened inside their host halo
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Results: constraints on the 3D galaxy-halo connection
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Hrg » Moo means of Tp,Tc 12 0.76 = 0,09
for the whole population \ ELG-UNIONS
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Mg M.
o ELG (disk-like galaxies) are more flattened inside their host halo

@ CMASS galaxies are more spheroidal than LRG, BGS,...
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1) Measurement of 2D intrinsic alignments of galaxies and
comparison with the signal of projected halo shapes



Measurement of intrinsic alignments of galaxies
€+

e Shape-density correlation
function &gy
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Measurement of intrinsic alignments of galaxies
€+

e Shape-density correlation
function &gy

Eg+(rp: I = (6ge+>

@ Estimator of the shape-density correlation function (Landy & Szalay
1993): ( l'[) S.D — SR
T 5 e ————

+Imax
® Projected estimator: Wg+(7‘p) = f dIl §g+(r , l'l)

_ n max
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Results: galaxy intrinsic alignment measurements (1)
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Results: galaxy intrinsic alighment measurements (2)
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Projection effect
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Halo intrinsic alighment measurement

+I1
S.D —S,Rp T
fg+(7’p. 1) = —RR. w4 (1) = dl &g (1, 11)
SD —Umax
0 &g+ (rp, M) Abacus halos 0003
0.002 ,s Abacus halos intrinsic alignments
40 ]
0001 ¥ z=0575 I
2.0
20 0.000 & :|:
19
o
5 ~0.001 E 1.5 ]::I: :I:
o —_
=z 0° 5 I
c -0.002 "_"_ 1.0 :I:|:
] I
-20 -0.003 X
-0.004 ,3 05 7 I IIII :|:‘|V
-40 0.0 _IJ_II}]: _:[ ____________________________
-0.005
10-1 100 10! 102
60 20 40 60 0% ro [Mpc]

rp [Mpc]

Ve 15/17




M [Mpc]

Ve

fg+(rp' H) =

60

40

20

Halo intrinsic alighment measurement
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Next step (ongoing work): populating these halos with galaxies,
measuring an intrinsic alignment signal and comparing it with the data
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Conclusion

o Development of a SBI method to measure the distribution of the 3D shapes
of galaxies from the distribution of their projected images and found
consistent results by testing our model on data and simulations
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Conclusion
o Development of a SBI method to measure the distribution of the 3D shapes

of galaxies from the distribution of their projected images and found
consistent results by testing our model on data and simulations

e Measurement of 2D intrinsic alignments from UNIONS galaxies and halos
o Future plan: applying our methodology to the Euclid DR1
=> preliminary results on 3D morphology measurement with Euclid Q1 data

014 T Eecid L ug = 0.71 + 0.18

-1 Euclid Q1

c = 0.42 + 0.04

Normalized count

6 "® o

5 g
=
(o)

14

0.0,

9,0

Residuals [%]

O o 0© 0@ A0 ¥ ¥ o @ A0

0.0 0.2 0.4 0.6 0.8 1.0
HB Hc

S AT (Preliminary) 16/17




Thank you for your attention !
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Validation: ensemble test

©ro

10 000 training simulations, CMASS-UNIONS

Training 1
Training 2
g Training 3

O

Q
s
%5 %5 %s 29 Yo % % 2e O % % % % % %

®
v

o 0o
‘0 "z “e

It

£

N N
0.0
K

R R R I R R R PC I BN OIS SN I ES RIS S ISR

Mz M Oz O rc

Ve



A

&x‘vd

Galaxy-halo intrinsic alignments measurements
4

1 Host-halos
| LRG-UNIONS galaxies

fp X W+ (rp) [Mpc?]

10! 10° 10! 102
rp [Mpc]
(Preliminary)

e A potential way of measuring galaxy misalignment



Galaxy intrinsic alignment measurements
for other galaxy samples
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Constraints on the parameters of 3D morphology
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Distribution of ellipticities P (| e|) with an other
simple model
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Constraints on the 3D morphology of the galaxies
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Constraints on the 3D morphology of the galaxies
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Other interesting statistics
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