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Progress of SZ mapping of clusters:
case of RX J1347.5-1145
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The Sunyaev-Zel'dovich effect at 5”:
RX J1347.5-1145 imaged by ALMA
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log(density)

Amazing universality of spherically-
averaged density profiles of halos

= NFW profile

= Spherically-
averaged
density profiles
of collisionless
CDM halos

- (r/rs)(l+r/rs)2

Navarro, Frenk & White
(1997)



Shapes of dark matter halos: highly non-spherical

galaxies
~5x1012M

groups
~5x10°M

clusters
~3x10“M

ng & Suto (2000)



Triaxial model of dark matter halos

Isodensity of a halo

5cpcrit
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D= o W

Jing & Suto ApJ 574 (2002) 538

= widely applied for a variety
of cosmological problems,
but is fairly simplified
= concentric, self-similar (axis
ratio is independent of radius)



PDF of axis ratio
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Conditional PDF of axis ratio
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Tentative comparison with observed
axis ratio from weak lensing

= Subaru Suprime-Cam
weak-lensing map for 18
massive clusters (Oguri et
al. 2010, MNRAS 405,
2215)

Our result fits the

observed data better than
the OLSO03 prediction

Promising for future
comparison with Subaru
Suto et al. (2016)  Hyper Supreme-Cam data
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Horizon simulations

= Cosmological hydro-simulation
(Dubois et al. 2014)

s N=10243 dark matter particles in a cube of
(100h1Mpc)3; m = 8.27x10” M,

= Adaptive mesh refinement for gas with initial
cell size of 136kpc (refined down to 1.06kpc)

= Gas cooling, heating due to UV background, star
formation, and feedback from stellar winds and
type I and II SNe are included

m H,\ includes feedback from AGN as well by
implementing the growth of central BHs



Baryonic effect inside galaxy clusters

and star+AGN
feedback need to
be properly
included in
simulations so as
to reproduce the
(spherically-
averaged)
observed
properties of
galaxy clusters

DaIChI Suto, Dubois, Pelranl Nishimichi, Kitayama,
Sasaki, & Yasushi Suto (2016) submltted to PASJ




Shape of clusters probed by gas,
stars, and dark matter

with AGN feedback

XSB ! g STAR 4 s ttwe * | DM TR

without AGN feedback Suto et a| (2016)



Baryonic effect on the shape of
dark matter distribution

oy, | m spherical

' profiles
unchanged
for r>0.1r,;

= Significant

impact on

shapes even

up to 0.5r,; !
Suto et al. (2016)




AXis ratios of 40 simulated clusters
with/without baryon physics
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Radial and mass dependence
of axis ratio

1

= DM o0 XSB a star
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= (xsg ~ Upm = Ustar Suto et al. (2016)
= NO significant mass dependence of axis ratio




Comparison with X-ray observation
Hyg = axis ratios of 70 X-ray

+ Kawahara (2010)

clusters fitted by Kawahara
(2010)

= Simulated clusters with AGN
feedback reasonably agree
with the observed data
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Summary

= Galaxies and galaxy clusters are highly
non-spherical, but their non-sphericity is
not easy to model/interpret theoretically

= Reliable simulations with proper baryon

physics are required for observational
confrontation

= Current simulations reasonably reproduce
the observed axis ratios from weak lensing
and X-ray data

= Important and complementary probes of
cosmology with future data



