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Galaxy-halo connection

» Empirical models
HOD, CLF, SHAM, ... ...

assume galaxy-halo connection, model observables and fit to observation

model dependent

» Simulations
SAM, hydrodynamic

galaxy formation physics: gas cooling, star formation, feedback, ... ...

slow, not 100% the same with observation

» Machine learning

learn the galaxy-halo (subhalo) relation in SAM and hydro

depend on SAM and hydro
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ELUCID constrained simulation
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SDSS-ELUCID matching

neighborhood abundance matching (Yang2018)
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Learn the relation between SDSS galaxies and ELUCID subhalos with Random Forest
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Sample selection
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Mr prediction
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Mr prediction
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Mr prediction
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Mr prediction
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Stellar mass prediction
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Color prediction
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Color prediction
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Color prediction
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Color prediction
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 Low connection between galaxy color and subhalo properties

* Noises in the training data: mismatch between galaxy and subhalo
Xu2023 to be submitted



Mismatch effect with SAM
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Mismatch effect with SAM
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Mismatch effect with TNG
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Mismatch effect with TNG
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Pearson correlation coefficients

SDSS (z1im)
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Pearson correlation coefficients: with SAM

SDSs {:u,,,}

-0.83 -0.85 ginkR-0.62 -0.72

M,

-0.71 -[]_14 016 0.02 -0.07 032 0.27 0.23 0.19 0.10 -0.15 -0.19 -0.15 -0.09 0.04 -0.18 0.28

040 042 007 027 034 035 0.13 0.34 -0.07 0.04 012 -0.15-0.12 -0.09 -0.06 -0.00 0.08 0.10 0.08 0.11 -0.03 0.14 -0.15

g—r

SAM (eriginal, )

SRR -0.07 -0.32 -0.39 -0.38|-0.08 -0.38 0.11 -0.00 -0.04 0.08 0.12 011 007 0.01 0.03 -0.02 -0.00 -0.03 0.10 -0.08 0.16

IRIGTY (.13 EHMUEEDDE 0.12 0.18 -0.14 -0.01 0.09 0.13 012 0.18 023 0.18 0.18 -0.12 0.23 -0.26

M,

g—r

2 % ¢ % ¢ % ¢ &£ % % 8 z 2 2 =z 2 § E 3 3 «~ 5 %
= 5 = & X == = & & A I
L _ I n )
Mass indicator Assembly property merger environment

Xu2023 to be submitted

-0.0



Pearson correlation coefficients: with SAM
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Pearson correlation coefficients: with TNG
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Pearson correlation coefficients: with TNG

SDSs {:u,,,)
:__f SRR -0.13 RIEAE Ry -0.14 gilpl 0.16 0.02 -0.07 032 0.27 023 019 0.10 -0.15 -0.19 -0.15 -0.09 0.04 -0.18 0.28 I-{]n-';
) -0.0
| 040 042 0.0r 0.27 0.34 0.35 0.13 0.34 -0.07 0.04 0.12 -0.15 -0.12 -0.09 -0.06 -0.00 0.08 0.10 0.08 0.11 -0.03 0.14 -0.15 I-—[],._";
s ¥ & % ¥ % § §F % % & z 2 2 -5 2z B & 8 3 <~ 5 %
< A = £ & & § 2 iz 4 8 8 8 &8 8 F g g & R
= 5 = SN BN = 0
TNG (original, selected sub)
:;: SRR KR SRR e s el 0.18 -0.03-0.08 0.38 0.30 0.24 0.16 0.05 -0.04 0.06 0.07 -0.12 l[]_5
-0.0
—
| AL EKPRIRCTY (.27 QUCYaGrali Ry 0.11 0.15 0.15 0.05 0.12 0.16 0.17 0.17 -0.06-0.04 -0.03 0.15 0.24 I—_(]_5
on
TMNG (shuffled, selected sub)
= EOSEESIRE] . EVCERGERNEE 0.13 0.02 -0.03 0.28 0.23 0.18 0.13 0.06 -0.03 0.02 0.04 -0.05-0.39 l(}_5
-0.0
[
I WRTAR 2R (.22 NURVRNRVROR-YS 0.08 0.09 0.10 0.05 0.10 0.12 0.13 0.11 -0.03-0.02-0.01 0.11 0.24 I——[]_5
o=
< & JF B F 2 EF B 2 w o w o w®w o w o ow7 w1 oz Fo5
= = = 2 o= = = E k: = N
L J \ J
[ [ Ii
Mass indicator Assembly property merger

Xu2023 to be submitted



« Study galaxy-subhalo relation in SDSS-ELUCID matched catalog

« Machine learning can predict Mr, but not color

« The mismatch may be a reason for the low performance of color prediction
* Mismatch effect has small impact on both SAM and TNG

« Connection between SDSS color and subhalo properties is weaker than SAM and TNG
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