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Galaxy-Halo Connection/Galaxy Bias

galaxy-halo
connection
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Galaxy Bias: Theory

Matter density contrast:
x,T)— plT
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Galaxy count contrast:
N(z,7) — N(7)
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Linear bias:
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Stochasticity of Galaxy Bias

8
sharp-k .
6 | rmmeesererzaese Top—Hat “““‘ ::
—————— Gaussian v
4 I~ ’/’ ]
.
E:"/ 2F 5cr
= 2
0 e+ * .—’
........... T- '_ - .. ‘:: i, k
9} - - |
---- ‘“’_‘
Y 1. 3
10? 10! 100 107!
R [Mpc/h]

Desjacques, Jeong & Schmidt 2019



Non-Locality in Galaxy Bias
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Perturbative Modelling

Expand into bias terms:

0z, 7) = bo(T)O(x,7)
@,

Operators of the matter field and gravitational potential. d(x,7) P(z,7)

Stochasticity: 6 (x,7) = ... +e(x, 7)+Z eo(z, 7)0(z, 7)
@,

Assumptions:
e Large, quasi-linear scales
e (Gaussian and adiabatic initial conditions
e Statistical homogeneity and isotropy
e [|ocality of galaxy formation



Forward Modelling Galaxy Bias

Approaches to modeling the galaxy-halo connection

—— physiczy;odele\ empirical models
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. . . Empirical Subhalo Halo
Hydrodynamical Semi-analytic P .
. ) Forward Abundance Occupation
Simulations Models . .
Modeling Modeling Models
S./ Wechsler & Tinker 2018
20 2=2.0, ppm =0.443 x 10'° Mg Mpc~? 102
— (Nlm)
1.5 ==== (Néen|m)
Z 10 10
E £
i 0.5 EZ
E i -2
S 00 Fr— 10
0 r
= r
-0.5 r
- 10~4 ". . .
, ~1ok - - ! 101t 1012 1013 1014 101
‘ a e 6 [Dark matter overdensity] Halo mass m [M@]

Linke et al. 2022

Saye et al. 2023


https://docs.google.com/file/d/1F8vXKIxkS8i21UOLQq0t7Shu7cS0vKzM/preview

FLAMINGO Simulations
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FLAMINGO Lightcones

Contains information on:
e Redshift

Stellar mass

Star formation rate

Black hole mass

Resolution
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Forward Modelling Galaxy Bias

In projection along the line-of-sight:

5(6) = > dumo¥om(6) = / A=W (2)6(0,2); 8(6,2) = §(x)
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matter density contrast

Tessore, et al. (2023)

>70 shells with Az = 0.05



Forward Modelling Galaxy Bias
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Forward Modelling Galaxy Bias
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Forward Modelling Galaxy Bias

True counts overdensity
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Forward Modelling Galaxy Bias

Mock counts overdensity
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Forward Modelling Galaxy Bias

True counts overdensity
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Forward Modelling Galaxy Bias

Mock counts overdensity
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Accuracy at the 2pt Level
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Accuracy at the 2pt Level
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Accuracy for Higher-Order Statistics

Wavelets, {wjﬁ }jﬁ , for a given dilation and rotation (dilation j and rotation 6).

WPH moments of field X
. . | N
C/\.p./\’,p’(T) = Cov ([X * ‘z;f))\(r)]p: [X % w/\/(r 4 7.)]])>

Coefficients:
L) .y N - o Weighted averages of the power spectrum over
S( 1) A=A,p=p —1,7'—7",27@- the bandpass of y,
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S( | )~/\—)‘:p—07p —137'—0, same bandpass
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Regaldo-Saint Blancard et al. 2021



Accuracy for Higher-Order Statistics

True map
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Accuracy for Higher-Order Statistics
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Accuracy for Higher-Order Statistics
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Accuracy for Higher-Order Statistics
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Accuracy for Higher-Order Statistics
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Z=15

Accuracy for Higher-Order Statistics
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Z=1.0

Accuracy for Higher-Order Statistics
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Accuracy for Higher-Order Statistics: z= 0.5
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Accuracy for Higher-Order Statistics
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Outlooks

Further testing:
e On independent FLAMINGO lightcones
e On equivalent Dark Matter Only simulations

Applications to forward modelling & SBI:

2. Sample galaxies from GLASS
lognormal simulations

W o Sample galaX|es from N body

S|mulat|ons (e.g. Gower Street)




