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Alignment mechanisms

tidal torquing

> e Induced ellipticity is quadratic in the tidal field
tidal e Should be applicable to rotationally supported
gravitational galaxies
forces ,
e Appears to create small(-scale) alignments
only
7 tidal field
7

e [nduced ellipticity is linear in the tidal field
e Applicable to pressure-supported galaxies
e Creates strong alignments for massive objects
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Alignments with the large-scale structure

BJ+ (2015), graphics by Schafer
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Alignment 3pt statistics
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Alignment 3pt statistics

power spectrum alone loses most cosmological information

/\ Pyne & BJ+ (2021)

L4

PS, all systematics, wide priors 1
PS+BS, all systematics, wide priors

PS, 0.1 prior on intrinsic alignment parameters -
PS+BS, 0.1 prior on intrinsic alignment parameters

PS, 0.002 prior on redshift parameters -
PS+BS, 0.002 prior on redshift parameters
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PS, 0.002 prior on multiplicative bias parameters -
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power spectrum + bispectrum recovers most of the information
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Alignments with voids and clusters

Alignment of spin with void surfaces

1.6 TTIT prediction -——-
Varela et al. (2012) [obs]
1.4 r Cuesta et al. (2008) [sim]
Heymans et al. (2006) [sim]
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alignment of void radius and galaxy spin

— tidal torque picture unclear
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Alignment of cluster haloes with the LSS
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galaxy cluster shape-position alignment

— tidal alignment applicable
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Alignment in higher-order statistics

Harnois-Deraps+ (2022)

e |A affects all galaxy weak lensing
statistics, e.g. peaks

e |A contaminates redshift-space distortions
through selection effects

Hirata (2009), Lamman+ (2022),
Zweetslot & Chisari (2022)

® |ntrinsic size correlations contaminate
magnification and peculiar velocity
measurements
BJ+ (2016), Johnston+ (2022)

Circle size < peak signal-to-noise

without |A with 1A
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Mass dependence
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cluster shapes as traced by satellites
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Mass dependence

mass scaling not a fit!

Power spectrum approach ' ======<=- ] ] T
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can be understood through the scale dependence of the tidal field
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Redshift dependence
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includes MegaZ, LOWZ, GAMA, and KiDS LRGs
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Time evolution
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3.0

|

alignment between galaxy major
axis and tidal field eigenvector

larger
eigenvalue

e Halo-density field alignments
decrease with time

e (Galaxy-halo alignments
increase with time

e Galaxy-tidal field alignments

increase with time
Bhowmick+ (2020), Chisari+ (2017)
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The galaxy type dichotomy
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IA amplitude
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Satellite alignments

Fortuna+ (2021)
0.06 Red
§ MR < -2
0.04- M > —22
w . 0.021
C S—
Satellites: £ —i_} 7
atellites: g 0.00 |
=)
* align more strongly close to the ‘_cz —0.02 — :
centre of a halo S
3 6 Blue
o §OMPt < —22
* align more when more luminous g 004l | M=t > —22
2 :
. T = N |
* align more when redder g 0.02 NI\
0.00 ] S p——
| :
—0.02 . ———y =
101 10°
Tsat/TQOG

satellite radial separation in halo
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Galaxy scale dependence

Georgiou+ (2019)
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Alignment amplitude

R. Mandelbaum

relative size of the shape measurement weight function

the outskirts of a galaxy are more strongly aligned with the large-scale structure
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Shape measurement filter dependence
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Forward-modelling alignments

N-body simulation

\

hydro simulation/
HOD or SAM

matter distribution

halo shapes,
masses, ...
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galaxy distribution

|A model

|A predictions

direct measurements
in observations/simulations

galaxy colours,
luminosity, ...
calibration
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Alignments are a challenge for simulations

Aﬁ'ﬂgmments are a_phallenge for simulations..
y v for IA studies
10" t :
= 10° | ‘8 .
= “
w I e e
10| o % v
12+, K o _
o 10" M_/h'\*® 1 e .
510" e &.°
E —I—. ‘ 1
o, ]
10" F O FRe ]
14 e | F
- 10" M_/h
102 F Nbody e = \-’
" Hydro v | ]
10 100 1000

simulation box length [Mpc/h]
Kiessling+ (2015)

One alignment model to fit them all?

2015

2010  Small signal —
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20002 high resolution
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Extrapolation to weak lensing samples

> BOSS LOWZ
o> SDSS main
-
- Horizon AGN
N COSMOS
3
s Euclid
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Euclid simulations
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Euclid IA model: clustering
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Euclid IA model: galaxy shapes
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Euclid IA model: alignments
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* all central galaxies follow shape of host halo

* satellites are radially aligned

* alignment strength regulated via misalignments
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Euclid IA model: alignments
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new constraints

Outlook:
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Outlook: new constraints
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Conclusion

cosmology galaxy evolution

\ /
/

The one physical IA descriptions
IA model integrated into simulations
from dark matter to observables

| \

alignment galaxy galaxy popu-
statistics clustering lation stats

Pan-survey effort and collaboration:
echolA: Enabling Cosmology with Homogenised Observations of Intrinsic Alignments
https://github.com/echo-IA Ask Jonathan & myself
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