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Formation of a cluster in HR5



» Galaxy protocluster

In theory- A group of structures that will eventually form a

galaxy cluster \\\\\ .

 (Can be traced using merger trees ProtoclusteN\
\\ |

» Cluster progenitors are typically widespread b

= ~20-50 cMpc at z>3 (Chiang+13, Muldrew+15)

In observation - Sufficiently overdense regions compared to
surroundings (Overzier16)

* (Core identification is straightforward, but not the case in
defining the boundary of galaxy protoclusters

Main aim of this study

= Finding a systematic approach to identify galaxy protoclusters C Bianns
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* Protocluster identification process proposed in this study
1. Finding protoclusters based on the spherical top-hat collapse theory from galaxies
» For systematic search for galaxy protoclusters
2. Defining the turnaround radius (Gunn&Gott 72) as the characteristic boundary of a protocluster
+ Turnaround radius (Ra) - surface on which gravitational infall counterbalances the Hubble flow

= Testing the scheme using a cosmological hydrodynamical simulation Horizon Run 5 (HR5)

Formatlon of a cluster |n HR5

z=3. 4 i S M, =6. 03><1o "M,




e Horizon Run 5 (HRS5, Lee+21)
 Adaptive Mesh Refinement code, RAMSES (Teyssier02, Dubois+14)
e Optimized for MPI+OMP hybrid computing in the HR5 project
e Cosmology - h=0.684, Om=0.3, Qr=0.7

e Resolution - Ax~1kpc, Mx~2x10Mg in the zoomed region,

+«—1049 cMpc——

e Simulation box

e Volume - (1049 cMpc)3~1cGpc3

e Zoomed region - 1049x119x127 cMpc3 (~1/80 of the entire
volume), effective volume ~ (250cMpc)3

HR5 zoomed region in
the initial condition (z=200)



* |dentifying cluster candidates in HR5 using a low resolution simulation

Final epoch : z=0.625, tage=7.8 Gyr - many clusters underdeveloped yet

= ~60 halos with Miwt>1014Me, while ~200 clusters expected at z=0

HR5-Low : Run using the IC of HR5, but with Axmin=16 kpc
= 189 clusters identified at z=0

HR5-Low ,. M2 =3.02x10"M_  HR5-Low # M:—634><1o M. (main) | HR5 B M =2.91X10"M.

tot: ™ : | . enclosed
i E Mtot_5 92_>_<_1__0 M (maln)

----------------

tot

- Cluster with ot ey et
SN e ) 14 :___; e i
Mot =3 x 107" Mg e Y ' =

** N
‘ g
* ’
* :
L 4 ‘ 2 . .
»
SR * ., # -
_*:‘:.'5;' ot " u
T ) ' ;
..?.
’ L e 43 Tl SR BT AR SRR EY AT T DA PRI LT 2 A e e O G000 e S e R S R SPIRELRA A S PO -/ A S R T L B T S O 73090909090 <L 4 P, | o AR T N W,
0’ Q’
L 2
4 S ‘Q

.......

........................

4cMpe ,2=0.625

i 2=0.625

|
-

Z



e |dentification of protocluster regions based on the spherical collapse (SC) theory

1. Finding the sphere of radius Rsc that meets the top-hat /Overdensit
overdensity §>¢ predicted by the SC theory 3 y
Om = Pm/Pm — 1

2. Assuming a sphere as a protocluster region if M2, > 10** M

12050 2.0 1.0 0.5 0.0
10° [
e Einstein-de Sitter (EAS) universe ((Qm0=1.0) 0tk
. GM 0 — sin 0)?
T = s=f - 20zsm0) 10°
R2 15 2 (1 —cosf)3
Simple analytic solution ) 10° F
2y 1
e The flat universe with non-zero A 10T
" E .4 62 3 Q 10°
5+(3 | (“))5 DB §(146) =0
a E(a) 31+  2a’E*(a) (Pace+10) 10" F Overdensity evolution of the spheres -
B collapsing at z=0
where E(a) = H(a)/Ho =+/Qmo/a® + Qa0 o
0.0 0.2 0.4 0.6 0.8 1.0

Numerically solved



e Does the SC theory work?

 Overdensity within the radius enclosing z=0 cluster mass agrees well with 0.,

= The SC theory reasonably predicts cluster mass at z=0

Overdensity within the z=0 mass radius
of the HR5 protoclusters

0
tot

log M

/M_>14

SC model
in ACDM




 Protocluster identification process

1.Finding the spherical regions that
meet 0 = 0., relative to every galaxies

to derive Mot

v Mx/Miot Within Rsc necessary
2. Selectina the spherical reaion of

SC
tot

3. Find

thesp
of § = §5° again

v Iterating this step until the CM of
galaxies converges

4. Removing non-cluster scale spheres o eewe e,
or those embedded in or overalpped Y """'::.‘.,
with larger ones 0 = 0°¢

SC ~, 1014 M@



 Finding Rsc from galaxies using the stellar-to-total mass relation

v Fitting function for 9,, collapsing at z=0

0.0224 exp (5.39 z—9-246)
(1 + 2)0-294

555 (2) =

v Fitting formula to estimate M, from M *©

IOgMSC/ tot = (1+2)5+V

(o, B,7y) =

(—0.057,1.755, —1.855) for total stellar mass
(—0.055,1.903, —1.915) for galaxies with Mx>2x10°Mg

Overdensity within final mass radius

of the HR5 protoclusters
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 Performance of the scheme
* Purity - Fraction of the spherical regions enclosing bonafide protoclusters

e Completeness - Fraction of the bonafide protoclusters recovered by the scheme
Redshifts from the ODIN survey
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 Turnaround radius (Rta) - Characteristic boundary of protoclusters
e Surface on which gravitational infall counterbalances the Hubble flow

e (Galaxies within Rta are falling into a common environment, having some degree of conformity
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e Matter overdensity within Rta
e Matter overdensity hardly evolves within Rta at z>2 (61* ~5-6 at z>2) with small scatter

=) Reasonable parameter to find Rta

Rta disturbed
by neighbours =:

10 median
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 Essential ingredients to finding Rta from galaxy distribution

1. 6% at given redshift

2. M, /M;io within Ra Redshift evolution of 514

0
tot

log M

/M_>14

~ 0.168exp(4.068(1 + z)~9=%h)
(1+2)7074 012 5.6 at z>2

scatter <1% at z=0.5-6

O (2)

median
bottom 5%




 Essential ingredients to finding Rta from galaxy distribution

1. 6% at given redshift

2. M, /Mo within Rra Redshift evolution of M, /M;

within R, )
log M, /M, , = o1+ 2)° +~ ’$/$$:—$:$'
(o, B,7v) = (—0.0092,2.027, —1.962) for total stellar mass g %:% - ;'t
-7 ]- TS
(—0.0128,1.882, —2.017) for galaxies with

Mx>2x10°Me 0

tot

log M

/M_>14

o All stars
o M, ./M_>2x10




e Summary

* \We propose an approach to identify protocluster regions based on the spherical collapse
theory and the turnaround radius (Rta) as the characteristic radius of a protocluster

* This scheme is verified using a cosmological hydrodynamical simulation HR5
* Protoclusters are successfully recovered from galaxy distribution using the scheme
5TA

* Rya can be estimated from galaxies by finding radius that meets

* We are investigating the properties of protocluster galaxies as a function of Rta - Please stay
tuned!



