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Shock Separation (d.;, ) and Halo Separation (d, ;)
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Sub-halo mass
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Merger Parameters
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Initial velocity
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Various Merger Parameter

Mock Merging Cluster
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METHOD

¢ GIZMO code (Hopkins 2015)

built-in SIDM implementation (Rocha et al. 2017)

Merging Cluster Simulation

e |dealized simulation, binary galaxy cluster merger

. Dark Matter (mp,, = 4.5 X 10°M,) + Gas

mgas

DM halo: NFW profile, Gas halo: beta profile

=5x 10°M,)

M; [10"*Mg] | fum f, B b [kpc] | o/m [cm?/g]
0.1 1,3] 04,08, 1.2 057 067,077 | 0,25 | 0,05, 1,3

1 1,3] 04,08, 1.2 057 067,077 | 0,50 | 0, 05, 1,3

5 1,3] 04,08 12057 067,077| 0,812 | 0,05, 1,3

10 1,31 04,0.8,1.2 | 0.57, 0.67, 0.77 | 0, 1000 | 0, 0.5, 1, 3

Initial condition parameters (576 simulations in total)
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Interpolation
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METHOD

Sanity Check

 Parameter random sampling — mock data set

[, b: nuisance parameter
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Example: ACT-CL J0102-4915
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Joint Probability Density Function
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Test with

mock Data
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(o/m) = P,(6/m) X P,(c/m) X ---

PDF
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- 10 clusters
50 clusters
- 100 clusters
- 500 clusters

-== True

Park et al. (2024)
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RESULTS

Merging Cluster Sample
Selection

* Binary mass peak

 Symmetric binary radio relic
(close to head-on merger)

Finner 2020

 Mass estimation
(weak gravitational lensing)

9]
a‘} L . o
b e » v T,

¢

".1‘

# © Clusters used in this study

‘
2
-

/3 . ’
v, ¥ L £y
p S —a' 4 ' .
¢; . AN e v

SR M (10 clusters)

Dongak Park 12 The 11th KIAS Workshop on Cosmology and Structure Formation



RESULTS

Real Cluster Data

ACT-CL J0102-4915
CIZA |2242.8+5301
MACS J]1752.0+4440
ZWCL 1856.8+6616
Abell 1240
ZWCL 1447 .2+2619
RXC] 1314.4-2515
Zwcl 0008.8+5215
Abell 3376
Abell 2345

m— Stack

Park et al. (2024)
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SIDM Cross-section Constraint

Galaxy-mass offset

(without radio relic information)
Randall et al. 2008

- o/m < 1.25 cm?*/g (68%)
Wittman et al. 2018

- o/m < 2 cm?/g (95%)

Using radio relic (This work)
o/m < 0.32 cmz/g (68%)
o/m < 0.79 cmz/g (95%)
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RESULTS

Cosmological Context
TNG-Cluster

e Extension of TNG-300

o Zoom-in simulation of galaxy clusters
(~350 clusters)

 MagnetoHydroDynamic(MHD) simulation
 AGN & stellar feedback

TNG100 S58
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RESULTS

Cosmological Context

TNG-Cluster data
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Massive clusters
M > 10"*M,,

Small mass ratio
(major merger)
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e Clear binary & symmetric
radio relics

(a) Mzo:),_ = 23.0% 1014 Mo

dshock [MpC]= 4.6
dhalo [MDC]= 1.0

(f) Magoc = 13.7x10* M,
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(k) M2goe = 6.0x10% Mg
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Ashock [MpC]— 2.0
dhalo [MpC]= 0.7

(b) M2goe = 9.7%x10%¢ M,

z=0.2
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(¢) Mapoe = 11.8x10%4 Mg

2= 0.3 .
dshock [Mpc]= 1.8
dhalo [MDC]= 0.7

(h) M200c = 9.7%10 Mg

zZ=0.4 .
dshock [Mpc]= 1.2
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Cosmological Context

TNG-Cluster data Similar results with the

real cluster samples!

- = 68% 0.30 cm?/g
-+ 95% 0.64 cm?/g
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quare Kilometer Array (SKA)

 More radio relic clusters tighten the

prediction

o SKA might be able to find up to ~5000
radio relics (Ascaso et al. 2015
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Summary

* We found that radio relics is helpful to understand the self-interacting nature
of dark matter

» Based on our simulation, we constructed a new method to constrain o/m

 We applied our method to 10 real merging galaxy cluster samples, and
obtained tight constraint on o/m

* We expect the upcoming Square Kilometre Array (SKA) will provide much
more ( ~ 5000) merging galaxy cluster samples with relics
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