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Cosmology

e Cluster abundance N(M, 7)

e Cluster power spectrum

e (Cluster stacked lensing
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log M[h~'Mpc]
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Galaxy formation and evolution

e (Central galaxy

e Brighter, redder, and more concentrated centrals reside
1n more massive clusters

e Satellite galaxy

e Baryonic process: harassment, ram-pressure stripping,
tidal stripping, dynamical friction, and strangulation

Reionization
Stellar winds

Supernovae
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Background — Cluster(halo) mass © ¥8#4%2&« %%

Individual cluster

M(r) =
dinr dinr

1. Dynamics ro’(r) | d1no?(r) N dInuv(r) +2p
e Assumption: dynamical equilibrium G

e galaxy number density profile v(r), galaxy velocity dispersion o(r)

2. X-ray
e Assumption: hydrostatic equilibrium rkT(r) [dInn(r) dInT(r)
e (as density profile n(r), gas temperature profile 7(r) M(r) = Gum, [ dlnr | dlnr ]
3. Lensing

 No assumptions

require high-quality or long-term spectral observations
e Shear profile y(6)

direct observables as mass proxies
mass-observable relation
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X-ray wavelengths Optical wavelengths Millimeter wavelengths

Mass proxies

o X-ray:
o Gasmass M,

e (as temperature, luminosity 7y, Ly

e Integrated Yy

Fig. Abell 1835 cluster

o Millimeter:

e Integrated SZ flux Y (1) calibrated with direct (2) Self-calibration with
g S7 measures of mass ./I : m cosmological parameters
® ° . i v | L
Optical: | o )
* (Galaxy overdensity L el M _. __ f:;_%;/ﬁ T
[ " E BT = A
e Luminosity L s | | - /@ 44
e Richness A ] Allen+2011 . LA e Costanzi+2021
] /H/ Lensing mass M | 5%@ I@ |
107 Dynamics mass M A A
o o o %@% 1S
6 ﬂ N5 S?;z:.@ NN /?jg NS
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Mass Richness relation

Mean relation A(M)

I I 1 T 11 ||| I I 1 T 11 ||| I I
e Power-law 103 -+ - clusters -
= | T binned clusters -
M : ’::'.'.0' :
(InA|InM) =A+ Bln I B
Mpiv 2 - .

U BT
~< B ) °.' -
o - ." 2{-, -
Richness PDF P(A | M) .~ -
Probability Distribution Function (O R — — s -
e Log-normal ====—21 -
I B 5" — i
P(In 2| 1n M) = 1 exp (In A (lzn/lllnM)) ]
Zﬂdln/ﬂlnM i 20'1n/1|1nM _ 100 e ||| | o ||| o

Oln A ~ M? 1013 1014 1015

M[h 1M
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Mass Richness relation

Scatter Glnﬂ« I I 1 |||||| I 1 |||||| I I

, , , 103 -+ . clusters o

1. Simple linear relation = T T binned clusters :

+q1 ( i ) ' "

Omi =0T qIn| —= " f -

Y 10?2 T A

Murata+2018(SDSS), Murata+2019(HSC) P - i -

S~ 4 3

2. Intrinsic scatter + Poisson term 10! - ' —

In A —— — S .

o> = 0> :e<n>_1 - i

In A IG ez(m A) .oo ® —

Capasso+2019(ROSITA), Bleem+2020(SPT), 100 oy gyl
Costanzi+2021(DES+SPT), To+2021(DES) 10" 10 101

M[h 1M,
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Halo Occupation Distribution

</1 | M > - O parameters _ . .a _

o Central - 2 parameters (M, , Olog M}

1 logM —logM,, . S
(An | MYy = — | 1 + exf | —————=min S
2 Olog M 2z
o Satellite - 3 parameters {M,,,, M7, o}
a
</lsat‘M> _ M-M,,
Mik log M[h~'M_)]
n ] . —— DBolshoi
P(A%%| M) - Sub-Poisson, Poisson, Super-Poisson  1s{{— wutipark
. ~ 16— Rhapsody 4K
e Super-Poisson at large mass 2 5
. . . . . E 1.4+ Supe;r_
op Poisson scatter: statistics of halo merger histories, | 7
o; Super, intrinsic scatter: halo-to-halo scatter 1 0l e 2SSO ............ ......... h
_Sub-Poisson S

arises from variance in the large-scale environments of the 0.8 1 T R—
host haloes (Asar

] Contreras

+2017

| Mao+2015
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. 10° grp——rrm—
Mean relation A(M) e
102k — ~logM, =11.02 )
e Power-law 7 Sateliites _
L — All
(nA|InM) =A+ Bln (M/Mpiv) 101 -
= ! Contreras
= 100 A = +2017

- ST: % ;
Richness PDF P(A | M) 1 '
Probability Distribution Function 101 = fplos =

X Log-normal § Vo

I In 1 — (In 4| In M))? Lo 4
P(InA|In M) = exp (n (2n InM)) 17 ,':' ' j E
2701 j(1n M i 26111/”1111‘4 i i " /- :
10—3 ol I| |.|,|||||| ! |(||I:||I SEETIT BEENEETTIT BTSN R EETT
1010 1011 1012 1013 1014 1015
: : 10: Mh~ M ]
M P(A| M) a convolution of a Poisson op A > 10:
distribution with a Gaussian o; distribution. o power-law
* no analytic closed form e Super-Poisson

Model o; as Gaussian
11
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Mean relation /1( M) e Model o; as Gaussian
A=1+A"+AY
 Power-law AP ~ Poissi0n(</1“”>)
(IniflnM) =A+Bln (M/Mp i") AY ~ Gaussian(0,0,)
Sample 10° A
: 2 =20,6,=02 = P4
Richness PDF P(4| M) *L< ") A ,,,,,J()
Probability Distribution Function 107 sampling
[X] Log-normal _ _ o i _ :
1 (In 1 — (In A|In M))?
P(InA|In M) = exp . F : i
27014 4)in M 201 210 M ) 107 el | E
~
E_‘/ 103 E
M P(A1| M) a convolution of a Poisson 6 104
distribution with a Gaussian o; distribution.
e no analytic closed form 10~
109 |
100 101
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Mean relation /I(M ) * use a skewed Gaussian function to fit it
1 _ <ﬂ_<lsat‘M> I A — { psat | M ]
 Power-law P(2|M) = ¢ w7 erfe | —a ( )
\/ 2702 i \/252

(InA|InM) = A + Bln (M/M | )

pLv
Sample 10° Fit
Richness PDF P(A| M) * (A1) =20,6,=02 = P() = 6=06.55a=027
Probability Distribution Function 1OO§L I Samplmgl S J

[X] Log-normal _ - — skewed Gauss

_ 10-1 - q;
P(in A 1n M) I (In 2 — {In A|In M))? g 12 parameters
ni|lnM) = exp - :
2701y Al M i zo-l%l/lllnM ) 10 3 E {0 0‘}
S ’
= 10 4
M P(A| M) a convolution of a Poisson op 04 E |
distribution with a Gaussian o; distribution. 3 1 parameter
° _5 B -
e no analytic closed form 10 E Op
e use a skewed Gaussian function to fit it. 106 |

109 101 102

13



Method — Model
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Mean relation A(M)

e Power-law
(InA|InM)=A + Bln (M/Mpiv)

Richness PDF P(A | M)

Probability Distribution Function
[X] Log-normal

_ (InA — (ln}tllnM))z_

P(nA|InM) = : exp :
2701 (10 M 204 jin M
4 Skewed Gaussian
2 -
1 ) </1—</13‘”‘M> 1 — </1sat | M>
P (l | M) = e 22 erfc | —a
\/ 2762 \/ 202
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3 parameters:
A, B, o}

1. Simple linear relation: 6y, , = 65+ g In (M/Mp)

, , e(ln/l) —1

2. Intrinsic scatter + Poisson term : 6° , = ©
In A IG ' o2(In 1)

3. Intrinsic scatter: o;
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e The most massive (M > 8 x 10'4 h_lMQ) 324 clusters are selected from the MultiDark
simulation(MDPL2)

MDPL2: DM-only, 1 h~'Gpc, 3840° DM, my,,, = 1.5 X 10° h~'M

e 324 zoomed-in initial conditions are generated by cutting a spherical region with a radius of 15 A~ 'Mpc

Mpyr + Mgy = 1.5 % 107 h™'Mg Q) = 0.307,Q, = 0.048

mpy = 12.7 % 10° h™'Mg, m,,, = 2.36 X 10° h~'M,,

e hydrodynamical simulations with baryonic models:
GADGET-X: calibrated based on gas properties

GIZMO-SIMBA: calibrated based on the stellar properties

16
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Data — Catalogue O Fe#zLL%

e 324 regions

e Redshift: z=0.0.5.1.1.5 Cumulative satellite stellar mass function ®(M, )
o = 100 IREE RN | RS | | | IR
<
e Halo finder: AHF (SO) %
— |
o Cluster mass: M = M, 5
e Galaxy finder: Caesar (6DFOF) E
o
o Galaxy stellar mass: M, .
-
e (alaxy absolute magnitude .Z in different bands: g
O

e CSST i1-band: A,

« CSST z-band: ./, Chinese Space Station Telescope

diff.

0.0

e Euclid h-band: ./, a European Space Agency mission _g o

e Cumulative satellite stellar mass function ®(M, )

—1 | ! ! | ! | ! ! | -

e GADGET-X and GIZMO-SIMBA are more 9.50 9.75 10.00 10.25 10.50 10.75 9.50 9.75 10.00 10.25 10.50 10.75
consistent at small M, log M, [h™'Mg)] log M, [h™M]

17
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e 324 regions
e Redshift: z =0,0.5,1,1.5

103 — :
- . . . discarded clusters

| III | | I rrri II
.selected clusters -

e Halo finder: AHF (SO) ~ 1> 10
e Cluster mass: M = M,y 2 5 X 101° ~ 6 x 10'* h='M, _
e Galaxy finder: Caesar (6DFOF) 10% -
e Galaxy stellar mass: M, > 10° h~'M_ Resolution =
e (Galaxy absolute magnitude . in different bands: 101 =
e CSSTi-band: 4, E—
Chinese Space Station Telescope "
e CSST z-band: %Z 100 |

I e

10
e Fuclid h-band: /#, a European Space Agency mission
e Richness Definition: A
the count of member galaxies selected by:
o N "
o M

| Il]j&)|14 | | I II]jI()15
M[h~ M)

7z=0
GADGET-X
M, > 10°° h='M,
Selected clusters: 752

101 =

1035_. .

. selected clusters
- . discarded clusters

=()
GADGET-X
M* > 1010.5 h—1M®
Selected clusters: 333
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Results — MR relation using M,  ©)¢e#%&£*%

Power-law: {(InA|InM) =A + Bln ( M/M_, 10°k - - . selected clusters - 10°k - - - selected clusters -
PV SRR ;11scarded clusters : SR ?1scarded clusters 5
. - — fit j - — fit ’
Skewed Gaussian PDF: o, !
& 3 params {A, B, 0} T UF
o Stellar mass range: log M, = [9.5,10.5] = : 10 s
® RedShlft range. £ = [0,05,1,15] 100.—:.. T BN _. 100 el ]
1013 1014 1015 1013 1014 1015
1. o;1s mass independent Ml M M
GADGET-X GADGET-X
o; =05+ qln <M/Mpiv) , 4 params{A, B, 6y, q } M, > 107 h™'M M, 210" h™'M,
O.]_zrlllllllllllllllll"l |||||||||||||||||||j
0 : Y, L] :
q~ 0.10F - 0.010F o E
0.08 AN AL ox
e 7=0.5 s 0.06F o)
— 7=1.0
-1 004 0.000
— GADGETX 0.02 RS SEEETN =" 4 -0.005 "
== GIZMO-SIMBA y
OO& L1 1 I L1 1 1 I L1 11 I L1 1 |J
00 9.75 10.0010.2510.50 9.50 9.75 10.0010.2510.5(

20 log M, [h ™" M| log M, [h ™M
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Power-law: (InA|InM) = A + Bln ( M/M.,. o[- setocted clustore - o[ setored clustore -
pw F .- ?iscarded clusters 3 E .- ?iscarded clusters 1
. [ — fit 4 F — fit .
Skewed Gaussian PDF: o, - _
& 3 params {A, B, 0;} UE F
o Stellar mass range: log M, = [9.5,10.5] = o'k -
e Redshift range: z = [0,0.5,1,1.5] ) Y R ) IR N B
1013 1014 1015 1013 1014 1015
M[h~1M] Mh~1M]

1. o;1s mass independent

2. M, 210" h='M,,, the behavior of parameters is 51
influenced by the baryon models.

]_.]_O‘llllllllllllllll
- GADGET-X
1.05 == GIZMO-SIMBA.

_ - L. 00 e e T :
3. M* 5 1010 h 1M® < 3: M g g5 RimaSoe 39K \ & 0.06
S 0.90
A — AO T AZ(Z) T+ A*(M*) ! 2 — EZ(%):‘E 4 0.85
_ L I I‘I I ‘
|
B —> BO + BZ(Z) J g 0.1_
N 0.0}
01 = Op O-Z(Z) T T 0lf -0.1
o, is independent on M and M, => large-scale g 2
. LB -0.1
environments. = 0.0
- ~0.2F 10 | |

9.50 9.75 10.00 10.25 10.50 9.50 9.75 10.00 10.25 10.50 9.50 9.75 10.00 10.25 10.50

' GIZMO-SIMBA, ¢, ~ 0 log M., [h'M..| log M., [h-'M. log M, [h~M.,.|
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Whether the above results
suitable for different surveys?

—
%

e Actual observations: the apparent magnitude m

S
o

e Absolute - apparent magnitude :
M = m — Slog(D;/10pc)

N
>

Transmission [ arbitrary unit ]

LA T |

250 500 750 1000 1250 1500 1750 2000
Wavelength [ nm ]

o o
o (N>}
Me—
K
—

e Different survey, different bands:

Fig. 1. Set of transmission curves 7 = {ugrizY;J:H } used for the Euclid mission (from left to right). The ugriz passbands are only fiducial, since
different sets will be used by Euclid; those represented here are from SDSS. The Yy Jz Hg passbands are from NISP on board Euclid. Only the filter

® C S S T l—b and % j transmissions are shown, without atmospheric, telescope, and detector quantum efficiency effects.

o CSST z-band A,
~

e Fuclid h-band ./,

[ Arbitrary units ]
o o =
[=)} oo [}
[ Arbitrary units ]
o o =
@)} oo} o

Transmission [ Arbitrary units ]
o o o =
S [@) oo (=}

8 =
S04 =t
E E
& 0.5 z
S 0.2 0.2 S 0.
= =
/) 0413 712 7is 716 717 718
0.0 : , , | 00 Z
550 600 650 700 750 535 550 575 600 635 6350 675 700
Wavelength [ nm ] Wavelength [ nm |

22
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. 108 prrprrrr 108 prprrrr e
CSST I_band . i %?lames : - . - . galaxies 3
I Y e _
1. use 4, to select galaxies mmmm= /7. T 1ot L
= 1010 " i 1010 "
2. M. to select galaxi R __ ik et DO T 0p | .
use M, 10 selcCl g CS5 momo M * 75 200 —255 =35 “175 200 555 550"
W/ M ;
e Convert 4 ;to M, 0 s
, , GADGET-X GADGET-X
e Stellar mass-magnitude relation
5 I I I I I I I ]..]. I 0.15 I
InM, =4.63 -091.4;,—130x1In(1 +2z) | ' R B - :
4;‘ ‘ 1ok J  o0.10F -
< I 1m | 16 :
0 3 — 7=0.0 - i ] -
® {A,B} NS A) - z=(1).8 . 0.9 4 0.05F __
| —Z=1. - B ]
2 [re—z7=1.5 =
oy X 1.5 o 0.05F | == 0.0 54 %990
b 4 o.00F -
S : - I
& -4 —0.05F, ol o+ v 1 v )
—18 —18 —20 —22

23
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Results — MR relation using .Z (©¥8#4%2&£%%

Other bands : 015 _
4;‘ 1 o.1of —
e Stellar mass-magnitude relation “ 5L ]® ot :

- O

N N N N

InM, =457 -090.4.—120xIn(1 +2) ¢

In M, =4.68 — 0.88.4, - 1.00x In(1 +2)§ "
e [A, B ~5% é-o.og;. .
® GIX 15 5-
We can use i3 :
(1) the MR relation selected by M, and ~sF— .0 :
(2) the different M, — 4, ,;, relations, ,-— iz 1 I
to forecast for different surveys/bands. & °®F ' ' 7 o T Tre AL -
. 0.00F 4 0.00F = i
cg—o.o5E . 4 —0.05F . - ol—
—138 —138 —18
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Probability Distribution Function

[JLog-normal 1. Log-normal
- 2_ ° . °
P(n 1 |ln M) = : exp (n/ <12n’1 In¥)) 1.1.Simple linear relation: 6y, ;, = 65+ ¢ In (M/Mp)
27t01n/1|1nM i 261n Alln M
1.2 .Intrinsic scatter + Poisson term :
e(ln A 1
o . = 0>
In A IG ¢2(In 1)
M Skewed Gaussian
1 (ﬂ—(ﬁsat‘M>2 1 — /‘tsat M ] 2 k .
P(1] M) = R L N (A% | M) Skewed Gaussian
V 270? i V2o: 2.1.Intrinsic scatter: o

26



Discussions — richness PDF Q) ¥RAELL % 3

Probabi”ty Distribution Function o/ University of Science and Technology of China
logM[h~'M_] = [13.6,13.7]

1. Log-normal v.s. Skewed Gaussian ol L— skewed Gaussian
- = ]og-norma
f[:::]déia

e logM[h~'M_] =[13.6,13.7] ~ |

e Residual: 9.96>5.34 A, 102

e the skewed Gaussian function better incorporates low-
richness values

10° 101

I
o logM[h™'M_] = [14.8,14.9] 107
e Residual: 31.0>29.9

{

e the two functions exhibit greater consistency in the larger

E../ 102 =
mass bin -

1 0-3 e
27

A

|H

2x102 3 x102



R

Discussions — richness PDF D) ¢eAzLLx 3

University of Science and Technology of China

Probability Distribution Function

1.1 Log-normal: 0, , = oy + gIn { M/M,

e {A,B,0y,q} vs. {A, B,0;} — more parameters

e 0y(M,) — intricate scatter

5'|||||||||||||||||_ 1,10 LI LN LN RN ELEL ) 04 T T[T r[rrrrrrd ) O]_O T T[T r[rrrrrrd
: — GADGETX : _ :
: 1.05 == GIZMO-SIMBA - i IN 4 0.05F
4 = ' . 0.3 AA -
: 1 1.00 et = : / :
i i - om 2 =V AR . - 0.00 . |
<< | 1 M = N TV WL S - 1T : ) ‘
N3 h 0.955 ’¢ o\ 0.2 - A 1w/
[ — Z=OO 7 _\— “_ A%"‘ 3 : _ _O 05 wﬁ‘i\ L.}
- =05 0.90F o7 13 p - A Spiba” (Y
| — ~ = /\: —"_ /, 7 \‘\\./ " o WV
z=1.0 . 0.1 ™S - ! :
2= 7=15 = 0.85 ' = - i —0.10 = o
EEEEE FEEEE FETE I e : :
0.1 =y I I I - 0.1F I I’ | =
5 ~ S § o .
Y5 0.0 beem— J .
L WS N - p ]
gg E N::ss.:- \\/? ':a
_O']- _l L1 1 I 1 1 1 I 1 1 1 I L1 1 |_
-l LILIL I UL I UL I LILIL I_ .
K ' ' A_ =S FVA
3 = v <
@F - : ;
L1 1 1 I L1 1 1 I L1 1 1 I L1 1 I- . L1 1 1 I L1 1 1 I L1 1 1 III _O 5 L1 1 1 I L1 11 I L1 1 1 I 11 Iq _1 L1 1 1 I L1 11 I L1 1 1 I L1 1 1

9.50 9.75 10.00 10.25 10.50 9.50 9.75 10.00 10.25 10.50 9.50 9.75 10.00 10.25 10.50 9.50 9.75 10.00 10.25 10.50
= log M, [h™"M] log M, [h™'M)] log M, [h™'M)] log M, [h™"M)]
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Discussions — richness PDF

Probability Distribution Function

e(ln/l) —1

- - 2 _ 2
1.2 Log-normal: %, = o + YT

 motivated by the super-Poisson distribution in the HOD model

e 0;1s mass-independent

.« o(M) ? 0.8y
0.4F - | =
1. Sampling: L 0.3f n
o seclect <AS‘”>, o; => sample 10°1 => calculate 5, ,;, (In A) ¥ 0.2} . :

, , o{nd) _ 1 0.1F

=> calculate o7, = oy »2(In 1)

* 0y 1S mass-dependent

® UIG> GI

Sampling

29



Discussions — richness PDF D) ¥RHILL % 2

University of Science and Technology of China

Probability Distribution Function

(Ind) 1
1.2 Log-normal: 62, = 62. + =
InA 1G o2(In 1)

. . e 0.4 e
* motivated by the super-Poisson distribution in the HOD model "_ i SN - 1 /qun» :
e 0;1s mass-independent 0.3F — Ulzrm E
- Oj¢ -
¢ 6,:(M)? "6 0.2F ' R
0.1f E

1. Sampling: :

, q dent S 0.0 —+ e
* 0y 1s mass-dependent, o : — GADGETX
1G P » 016 = 91 0.04} TR GIZMO-SIMBA-
2. Data: | :
~  0.02 _
e select [M,M + AM] => asetof A => calculate 6y, ,,(In 1) S /i \ :
_ | -
1 . _
> calculate o7 2 e — 1 o N “v"\ (Y i
=> calculate 67~ = ¢ : :
IG In A 02(In ) _0.02F ,,,,,,|\\', S S—
1013 1014 1075

e GIZMO-SIMBA: 6;; ~ 0
- e GADGET-X: 0y 1s mass dependent, o;; > o Data
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Probability Distribution Function

Qver? University of Science and Technology of China

e(ln/l) —1

- - 2 _ 2
1.2 Log-normal: %, = o + YT

. . . . . . 0.4: T T 1111 -

* motivated by the super-Poisson distribution in the HOD model "_ L SN - 1 /qun» :

* 0;1s mass-independent 0.3F — Ulzm g
- J1q

* GIG(M)? O.5|:— Ty 0.2:_

0.4F - - —

: L 0.3f j :
01 1S mass-dependent. g T 1 0.0ttt e
: : 21 : l \  — GADGETX
Overlook this dependence will : : == GIZMO-SIMBA
overestimate the scatter.

To compare with other papers, we overlook it.

A% +1

31 Sampling Data
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Discussions — 7-parameters

3 param S _> 7 5'005 — logM, =9.50 hjmé S ' ' i Table 1. The 7 fitting parameters for GADGET-X. The
SO }2%: j{ﬁohh_?{f@ ERS 71 upper panel displays the results obtained using the skewed
. 450 - 4 E - 4 Gaussian distribution, while the lower panel shows the re-
e Skew (Gaussian . 255_ 1 E ‘ 1 sults obtained using the log-normal distribution. Each col-
< / < [ — 1 umn corresponds to a different redshift range. Fitting errors
HOOF B smaller than 10% have been omitted for a cleaner presenta-
Y 3.75F E 1 tion.
1 F ]
A Ag+ A, xIn—— 2 4 A, xIn 22 s E :
+ “p 1 +*p 1.05~ I I = ~ I I ~ Z [Oa]-] [0,05] [O5a1] [1115]
B — By+ B, x In - © : 1 Ao 3.792 3.803 3.800 3.887
) T Zp 1.00f . 1 A, 0.205 0.245 0.150  —0.017+0-006
01— 010+ 0, X In — 2 B} A, -0.320 -0.319 -0.323 -0.325
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1. Apparent - absolute magnitude : A, = m. — 51og(D;/10pc)
2. Stellar mass - abs magnitude: InM, = 4.63 — 0914, — 1.30 X In(1 + z)

3. Stellar mass threshold result: 7 parameters {Ay, A,, A,, By, B., 6150, 0.}

redMaPPer 0.2L. = m; =22,/ = —21.29

Red fraction f.,; o« (1 + 7)0-65%0.21

GADGET—X;—'""I—el—i" 'o— —'c'o"— —'|—b—|o'— —$'q>'l
GIZMO-SIMBAF-—e—1 4 F— . Ea —— o] F k:
Murataf‘..l..“T'l?.:..:l....‘f i_l.:..f:l.:.?.l.:...l_i ‘|‘||‘ ‘|||T
30 40 50 0.8 0.9 1.0 1.1 -1 0 1 0.1 0.2 0.3 0.4
A B, C, o1
Capasso 2019:  X-ray, ROSAT, galaxy dynamics Pivot point M = 3el4,z = 0.5
Chiu 2023: X-ray, eROSITA, number counts(NC
Bleem 2020: S7Z., ’ SPT, NC e Mass dependence M”
Costanzi 2021: optical, DES, NC Redshift dependence (1 + Z)C
Murata 2019:  optical, HSC, NC
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Conclusions Q) ¥RAZLL% 2

2  Skew Gaussian function has a simpler and smaller scatter o, than others.

*  o;1s independent on M and M, => large-scale environments.

*  GIZMO-SIMBA has a negligible o;.

2¢ When M, > lOloh_lM@, MR relation strongly depends on the baryon models.
2% When M, < lOloh_lMG, MR relation can be fitted with 7 parameters.

2% Apply MR relation selected by M, to difterent surveys/bands, once we know the
M, — A relation.
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