Clusters of Galaxies (£ % [H):
The Largest Self-Gravitating Objects in the Universe
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Dark matter (mas) distribution
around a simulated cluster

“Visible” galaxies and hot gas in the
cluster A1689 at z=0.183




Weak & Strong Gravitational Lensing
SUBARU wide-field imaging High-reso|ution space
(Suprime-Cam) for weak lensing imaging with Hubble for
» Sl e strong lensing

:Umetsu & Broadhust (' 008)

Observable deformatlon of background galaxy shapes and expansmn of the sky
can be used to map the DM distribution in large scale structure in the Universe.




Data
Surface mass density, ¥ [AMg/ Mpc?

ACDM theory

State-of-the-art Gravitational Lensing Constraints on
the DM Distribution in Clusters

& Cluster mass proflles from Hubble+Subaru lensing
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Y.T. Lee Array for Microwave
Background Anisotropy (AMiBA)




Sunyaev-Zel'dovich Effect (SZE) TEBREREH (M)
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Galaxy Clusters as “seen” by
AMIBA SZE (left) & SUBARU weak lensing (right)

A1689 A1995 A2142 A1689 _ A2142 (z=0.091) i
> N - 3 3¢ S g R
2 - ' £ Sy AT A -
. a & 4 . 5, =
. W= | B
g sz S T o == T - 1°8
G { | = & i 1 i = WL , T - -
0 | I &
g L] el 2 ° | Y | 5
- Ly / 1 . it ‘. . _ v / .
) N e !' f H] - | | : _\‘ o :
y L NSNS 8 T
' - N - - - -
~ N s = - - -- -
10 10 0 0 5
Jfset RA (arcmin t {arcmin
A2163 A2261 A2390 ’
- B p - - - "
S g ; g
2 _ Y
= H = “ 3
£ - 3 47
g By NN o ; /
2 . L i z . X 7 3
< \ 1 = b
o w
’ (=]
=] ’
b -
1 g \
10 5 5 10 10 5 3 10

5 0 £
fsel RA (arcmin) Offset RA (arcmin)

Hot baryons as imaged by AMiBA SZE DM structure as revealed by SUBARU
(Umetsu+09)

B Hot baryon fraction (¥YB/DM mass ratio) = 13+3% from the AMIBA vs. T
SUBARU comparison, consistent with other observations.

W 22+16% of the baryons missing from the hot plasma phase
(WMAP cosmic baryon fraction ~17%)
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