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We will have a lot of data! (especially at small scales)
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Galaxy Bias
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Approaches to modeling the galaxy-halo connection
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Approaches to modeling the galaxy-halo connection
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Our Approach: We examine quenched and star-forming galaxy samples from
models with disparate approaches using a perturbative bias expansion.

1. Enables a direct comparison between distinct modeling approaches
2. See how uncertainties in galaxy-halo connection impact bias parameters
3. Allows us to inform priors on these bias parameters for future surveys
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Initial Conditions: 25003 dark matter particles, L,ox = 205 Mpc/h
z=0 (for now)
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Preliminary Results
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Conclusions

1. Using the language of bias, we have successfully created a framework for a
1:1 comparison between models with disparate approaches

2. The linear bias relation between the galaxy and matter distributions agree for
for UM and TNG in quenched samples, but differ in star-forming samples

3. This suggests that we need a wider prior for star-forming galaxies, but can
put tighter constraints on quenched galaxies

Next steps:

e Fill in parameter space at higher z (0.5-1.5)
e Fill in priors with intermediate number densities
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A closer look atk _ =0.2 h/Mpc
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Barreira et al 2021
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Figure 7. Comparison between the b2(b1) and bg2(b1) relations obtained in this paper for HlustrisTNG
galaxies and recent estimates from real galaxy data analyses. The grey data points show the result for all of
the simulated galaxy samples in Figs. 4 and 5 put together, without distinguishing by redshift or selection
criterion. The grey shaded map shows a Gaussian prior based on the IllustrisTNG data points (cf. Egs. (3.8)
and (3.9)). The colored data points show the relations inferred from recent cosmological inference analyses of
observed galaxies: blue diamonds from Ref. [86], green squares from Ref. [87], magenta stars from Ref. [88],
red triangles from Ref. [90], and orange pentagons from Ref. [89]. All error bars are 68% confidence limits.
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Expand perturbatively...

1) To first order: 5g(w) _ b15m(w)

2) Taylor expand: 59 (33, 7') — Z bO (T)O(CU, 7')
O

3) Hybrid expansion: L —=d(q + ’(,D(Q)
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Measuring the bias parameters via maximum likelihood

1) Define the stochasticity field:

e(x) = 0g(x) ) + Zbo 7))
2) Take the Fourier Transform and define its mean/varlance
(€(k)) =0
(e(k)e (K')) = Per(|K)

3) Find the bias parameters that minimize this loss function (up to some k

S = ([e(@)li,,..)

max):
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Schmidt et al 2019
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Galaxy Samples

1. Set the total number density with a stellar mass cut
2. Split the galaxies into quenched and star-forming samples with a specific
star formation rate cut

Low density High density
(Gals/(Mpc/h)®) | (Gals/(Mpc/h)?)
Quenched 8.3e-4 5.7e-3
Star-forming 1.7e-4 1.1e-3
Total 1e-3 6.8e-3
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Bias parameters as a function of k__ :
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b1 vs b2 in large scale regime (kmax<0.2 h/Mpc)
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b1 vs bs2 in large scale regime (kmax<0.2 h/Mpc)

1.0e-03 Gals/(Mpc/h)3 6.8e-03 Gals/(Mpc/h)?
0.3 1 Coloring by kmax: vertical
0.2 scatter due to lowest kmax g .
. & ° Q
01 7 : % » @A
0.0 - .
A ‘2
-0.2
TNG, Quenched

-0.3

UM, Quenched
—0.4- TNG, Star-Forming
UM, Star-Forming

204 0.2 0.0 0.2 0.4 0.6 -0.4  —0.2 0.0 0.2 0.4
b1 b1



A closer look atk _ =0.2 h/Mpc
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Comparing stochasticity power spectrum at z =0:
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