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1. Woking pipeline for galaxy formation in ACDM universe
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1. Galaxy spectroscopic survey and image survey

Spectroscopic survey:
Low-z: 2dFGRS, SDSS (I’ <17.77, 1O/°M*,MW)’

GAMA...
High-z: DEEP2, VVDS, zCOSMOS, VIPERS,
PFS (future), MOONS (future)...

Il DEeepP2
zCOSMOS

B GamMA

B 2dFGRS
SDSS DR9

M 6dFGS

/21 hrs

Credit: Simon Driver and the GAMA team.
https://www.icrar.org/our-research/science-program/

Image survey:
DESI legacy survey (r < 23.5, 0.01%M.: y,y),

DES, HSC SSP, KiDS, CSST (future), Euclid
(future), LSST (future)...

DESI
DES
HSC-SSP

R R,

L e

Zou+22

Shortcoming:

* Low-z redshift surveys are still shallow.
—Combine deep image data

* High-z data are lacking and
Incomplete. —Large scale survey in
the future.



1. How to study the halo-galaxy connection

Statistical Analysis of the survey (SPACE)
e Scaling relations of galaxy Properties:

M. — o, Tully-Fisher relation, Faber- Models for Halo-galaxy Connection
Jackson relation... Statistical model: Abundance Matching,

e Abundance: (Conditional) Galaxy stellar Halo Occupation Distribution (HOD).
mass/luminosity function... Semi-analytical model.

e (Clustering: 2-point correlation function, 3- Empirical model.

point correlation function... Hydrodynamical simulation.
e Evolution of the above relations and

functions.

We need mock surveys!

Test the method for the statistical analysis and quantify
the systematic errors.

Compare the models and observations, different models
fairly.
Make the predictions for the survey in the future.




2. The conditional luminosity function at low redshift

Conditional luminosity function ® (L | Mh)
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2. The conditional luminosity function at low redshift
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2. The conditional luminosity function at low redshift
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2. The method to identify member galaxies from imaging data

In our work: SDSS group catalog (Yang+07) + DESI Legacy Imaging Survey DR9
(r < 23).

Projection effect

ﬁ’: galaxy property vector; estimated at
group redshift z;

e Conditional distribution function:

1

o (E | Mh) = <(Dgrp,i (ﬁ’ | Mh) —fai X Ppygii (E | Mh)>

o K-correction for photometric galaxies:
Use the nearest neighbor in the observed
space from NYU-VAGC.




dN/dM(rp, < 1)

2. CLFs measured down to M. ~ — 10, 2 mag deeper than previous work
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2. Old satellites present steep upturn at faint end

Blue (young) galaxies, a ~ — 1.25 Red (old) galaxies, a~ — 1.8
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Old fraction Old fraction

Old fraction

2. Old fraction of satellite galaxies and characteristic stellar mass scale M.. ~ 109'5M®
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Characteristic stellar
mass is independent on

halo mass.

e Failure:
TNG, EAGLE and GABE over-

predict the quenched fraction.
e Success:

GAEA: large cold gas fraction
at infall+improved satellite
quenching;

L-Galaxies (Henriques+17):
comprehensive treatment of

satellite quenching.



3. Mock catalog for high redshift spectroscopic survey

SDSS (main - osmos VIPERS PFS (future)
sample)

Selection r<17.77 <225 <25 ii izg
Redshift range z<0.3 01<z<1.2 05<z<1.2 0.7<z<1.7
A | soncep | teder | thder | t4sdee
 Number | tmion | ok | M -
Sampingrat | Neay oo WEETE oy SE<d

We need mock catalogs!
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3. The pipeline of the construction of the high-z mock surveys

1. N-body simulation 2. Model galaxy
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3. The pipeline of the construction of the high-z mock surveys

1. N-body simulation 2. Model galaxy
< < 0o e Empirical model
o e ELUCID N- o
= ' . e _ body S0 (Lu+14, 15; Chen+19)
> simulation o Ly
S W (Wang+16) S + age distribution
5 S 9 5 100 matching (Hearin+13)
Foidlg B r oy .-
% 100 200 300 400" 500 % 100~ 200 300 400 500
comoving x(Mpc/h) comoving x(Mpc/h)
3. Construct Iightcone‘ 4. Observational effect

(Blaizot+05)

e Flux limit selection criteria.
e Sampling rate.
e Fiber/slit collision.

‘We get the mock survey!

13



3. The pipeline of the construction of the high-z mock surveys
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3. The observation effects in high-z survey

Sampling rate effect

Fiber/Slit

5 Target Redshift collision effect Flux limit effect
sampling rate . success rate =
No correction is EVsurvey hot
Abundance s v + phot. sam
5 : needed. . max
Weights based | Weights based Schmidt 1968
---------------------------------- on local - ongalaxy e
density. . properties. | . ©) = 1 +w,(0)
Clustering I+ wy(®) | weighting method
E Hawkins+03, Li+06 Our new method!

Wsky %%

coll

We take PFS-like mock survey as an example to study those observation effects

and make the prediction for the PFS survey.
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3. Flux limit effect on the projected 2PCF measurement
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3. Weighting scheme to correct flux limit effect
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3. Test the method for measurement of abundance with our high-z mock surveys
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3. Quantify the total errors of GSMF with our mock surveys
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The error of GSMF for PFS is about 2 times smaller compared with zCOSMOS.
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Fractional Variance

Fractional Variance

Fractional Variance

3. Quantify the total errors of 2PCF with our mock surveys
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4-10 times smaller errors
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When area larger than
about 8 deg?, we need
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rate to reduce the
shot noise.



Summary

* Low redshift conditional luminosity function with the galaxy image survey.
(Meng, J., Li, C., Mo, H. J., et al. 2023, ApJ, 944, 75)
D We measure the CLF downto M. = — 10 ~ — 12 mag (2 mag fainter than previous) and

find clear faint-end upturn for red galaxies with a ~ — 1.8.

@ The fraction of old/red satellite galaxies has a minimum at a characteristic luminosity at

M.~ — 18 (M, ~ 109'5M®) independent on halo mass.
e Measuring galaxy abundance and clustering at high redshift from

incomplete spectroscopic data: test on mocks. (\Veng, J., Li, C., Mo, H. J., et al.

submitted to ApdJ, arXiv:2008.13733)

(M Construct the 20 mock catalogs for zZCOSMOS, VIPERS and PFS-like (future) surveys.

@ The flux-limit selection criteria underestimate the projected 2PCF of low mass galaxies at
high redshift. Our weighting scheme can correct it.

@ We make the prediction on the errors of GSMF and projected 2PCF for PFS-like survey, and
they would be 2-10 times smaller than zCOSMOS survey.
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Standard cosmology: ACDM cosmology model

104 .
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=
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=
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g 10 E
g [
R : H+ Planck TT
[ - Planck EE
101 E =+ Planck ¢¢
i DES Y1 cosmic shear
[ I SDSS DR7 LRG
i { BOSS DR9 Ly-a forest
104  10° 10?2 10t
CMB map seen by Planck Wavenumber k [hMpe ™|

https://www.esa.int/Science_Exploration/Space_Science/
_ . Planck 2018 results
Planck/Planck_and_the_cosmic_microwave_background

* We get into the era of the precise cosmology.

e Solid foundation for studying the galaxy formation and evolution.
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Statistical Analysis of the survey (SPACE)

Scaling relations of galaxy Abundance

Properties
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Models of the halo-galaxy connection
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N
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2 b 28 e

Galaxy-halo
connection

Approaches to modeling the galaxy-halo connection

<€ Physical models Empirical models >
. . . Empirical Subhalo Halo
Hysc:::é ':iaonr:;cal Senr::::::ztlc forward abundance occupation
modeling modeling models

Simulate halos
and gas; star
formation and
feedback recipes

Evolution of density
peaks plus recipes
for gas cooling, star
formation, feedback

Evolution of density
peaks plus
parameterized star
formation rates

20

Density peaks (halos
and subhalos) plus
assumptions about
galaxy—(sub)halo
connection

Collapsed objects
(halos) plus model
for distribution of
galaxy number
given host halo
properties

Wechsler& Tinker 18




How to study the halo-galaxy connection

Models for Halo-galaxy Connection Statistical Analysis of the survey (SPACE)

We need mock surveys!

Test the method for the statistical analysis and quantify
the systematic errors.

Compare the models and observations, different models
fairly.
Make the predictions for the survey in the future.
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1. Old fraction of satellite galaxies and characteristic stellar mass scale M, ~ 109'5M®
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1.27\ T \?\ T \?\I\ \1|O\ T T \1|1\ 1] LT T T \?\ T \?\l I \llo\ T T \1|1\ T LT T T \?\ T \?\ I\ \1|o\ T T \1|1\ 1]
Red galaXIGS are 10F 12.0=log(MlMo)<12.34 1 | 12.34=log(M/Mo)<12.68 ] [ 12.68 = log(M§Mo) <13.03 3
dominated by old S osf ' Sl 1 -
' ® 068 ! 1k 1 E
populations. £osf ' ERS ERs E
T 0.4 . 1k 1 F =
©) 0 25 . - . - .
. CLFred 00 [ N \g gw \; gw [ R B |I [ R \g

Old fraction= Y714 —16 —-18 —20 -22 —14 —-16 -18 -20 -22 —14 —-16 -18 -20 -22

LFtOtal Mr Mr Mr

8 Iog(9M*/Mf0) 11 8 Iog(9M*/Mf0) 11 8 log(gM*/Mfo) 11
1.2 T T | T 1T | \.\ T | T T | T T T | T 1T | \I\ T | T T | T T T T | T T | T .\ T | T T | T \:
Characteristic stellar _10 13.03 =< log(MA/M,) < 13.37 13.37 < log(Mh/M,) < 13.71 13.71 < log(MMM,) < 14.05 =
0.8 =

mass is independent on 2 0.6

T T[T T[T T[T T I T T T777]
=EERENEERINEERE ER <Al RRRNE RNEE=

HTTTTTTTI T T T T T T I ITTTTTT

o b b beria b A

©
halo mass. 5 i :
0.2 i i =
Old fraction increases 0,00 o tbo b R T T e T R T ST e TR
. . Mr Mr Mr
with decreasmg log(M+/M) log(M+/M) log(M+/M)
- . 1 2 T TT \8\ T \9\ I \10\ T \11\ I T 1T \8\ T \9\ I \10\ T \11\ 1 T TT \8\ T \9\ I \10\ T \11\ I
luminosity for all halo AL A AL AERARENT: R AL SRR
1.0E 14.05slog(M|/Mo)<14.39 . 4.39slog(l\ih/Mo)<14.73 N ~ 14.73slog(M}iMo)<5.08
c - C - X oA ’9
mass below Sos E 3 F i oy W
characteristic stellar o 0.4F 1 E ‘ ER E
o ¢t ] - Yl ] - | -%:- Coma J
C . C = S| phot. sample J C -Av- Virgo
Mass. 0.2 I I II I I g g I -$&- S SSpspec. sampple g I I II -@- Pergseus
T L T\ 7
M M, M,

32



1. Old fraction of satellite galaxies and characteristic stellar mass scale M, ~ 109'5M®
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===+ M, 4 (Li+20), M,

1. Old fraction of satellite galaxies and characteristic stellar mass scale M. ~
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Internal process, e.g.
AGN feedback.
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1. Old fraction of satellite galaxies and characteristic stellar mass scale M. ~
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1. Old fraction of satellite galaxies and characteristic stellar mass scale M, ~ 109'5M®
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2. Quenched fraction of satellite galaxies in MW-mass halos

log(Mx«/Mg)
8 10 11

1.0 = — === Our work
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- n 1  —%— SAGA(Mao+21)
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* MW is a typical system for the quenched fraction.

* SAGA sample is incomplete at low-mass end (Karunakaran+22).
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3. Sampling rate effect and fiber collision effect

. Target sampling rate: Voronoi tessellation i = N_
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* Redshift success rate:
_ Nsucc f . £ gal .
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3. Test the method for measurement of GSMF and LF with our high-z mock surveys

=

9

-
T TTTTTH

l'lz~1[0.7, 1.0]

z~[1.3, 1.6]

£3|IIIIIIIII|IIIIIIIII|IIIII|III|IIIIIIIII|IIIIIIIII|IIIIII£3|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIII

z~[1.0, 1.3]

IR R RTT AR R AN

el 1

=
o
=

T T TTTTHET TTT

10°

I R
T TTITHETTTT

[N
I T TTTTE=T T

1071

—20 =21 —-22 -23 —-24 -25 -20 —-21 -22 -23 -24

My

My

—25 =20 =21 -22 —-23 —-24 -25

My

10_17I|IIIIIIIII|II!IIIIII|IIIIIIIII§

lz~1[0.7, 1.0]H

R I-H|\~:l L

z~[1.0, 1.3]

+ Vmax
—4— phot. sam |

z~[1.3, 1.6]§

=
o
=

T T TTTII_TTTT

9

10 11
log(M«/Mg)

=

NL T \HHH'
Lo_

10 11
log(M«/Mg)

=
N

w
(@)

10 11
log(M+«/Mg)

12

* Spectroscopic sample
for high-mass (bright)
end and photometric
sample for low-mass
(faint) end.
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