Cluster Science with SZE and
Multi-wavelength Observations
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Importance of Multiwavelength,
Multi-probe Cluster Studies

http://www.mpa-garching.mpg.de/galform/data vis/
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(1) Cluster Peculiar Velocities frok$ZEnd
MovingLens Effect (Lensirapalog of the Rees
SciaméeEffect) Measurements



MACSO0717: Complex Merging Cluste
at z=0.55 (a pink elephant?)

Multiple cores revealed by optical
iImagingkpectrcoospyXxray, and SL da

1’~ 382 kpc

SUBARWL mass mapMedezinski Umetsu+13)

Y [arcmin]

A Lensingselected CLASH cluster (one
the HSTFFclustery

A Largest known Einstein radiuRf’ ¢ n :

A @z=3(Zitrin+09)

. ' : A Multiple clumps with high relative
W il e A \I\//Ielocities (Ma+(|)9; Mriczkowski+102)5

. _ . ost massive cluster known at z>0.

Circle R;=2Mpc/h (7.5acmin (Medezinski KU+13)M,,=3x1G5 M.,

vir



HST Weak vs. Strong Lensimlysis

Nonparametric HSWLmass reconstruction Parametric HS'BLmass reconstruction witt
with Umetsu+BroadhurstO8 MEM method LightTracesMass (LTM) Zitrin+09 method
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Overall, the galaxies trace the lensing mass distribution.
Deeper HSFF imaging will improve WL constraints on the possible DMaxy offsets.

MedezinskiUmetsu+CLASPD13 ApJ 777, 43




kSZEletection in an individual cluster

SayersMroczkowsky UX¥hetsu2013,ApJ 778, 52

Multi -halo modeling with BOLOCAM/CSO mtfiteq SZE (140 &
268 GHz) and ChandrarXy observations
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Red tSZE Green kSZE Blue: total |
Fic. 1.— False-color composite image of MACS J0717.5+3745

with the lensing results of Limousin et al. (2012) in blue, the Hubble
. _ _ Space Telescope image using the F814W filter in green, and the
B. Vopt—+3200+7[250km/5,VkSZ-+3500+)l9OO km/S Chandra X-ray image in red. The blue contours show the Limousin
et al. (2012) result on a linear scale, and clearly indicate the four

sub-clusters labeled A through D, with white Xs marking the sub-

C Vop= -730++490km/s,V,s=-550+/-1400 km/s : lubcled A through D, with white Xs marking th
C_l?:-ie:upi(z;lltluu& determined by Ma et al. (2009) from the galaxy
SignificantkSZEsignal toward B (4.2 sigma) St




Moving LensRirkinshawGull) Effect

Lensinganalog of the ReeSchiamaeffect
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Change of potential along photon path due to lens motion
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Observable pairwise frequency shift between multiply-lensed images
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Simulated DM flow centered on the Bullet

&—0 =Va AMR FLASHDM+ga3 simulationof the Bullet Cluste
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Molnar, Broadhurst Umetsu+13ApJ 774, 70




(2) Mass, Shape, and Thermal Properties of
Galaxy Clusters from Mutirobe Observations



WLvs.tISZEComplementarity

AMIiBA flux density, A g, (mJy/beam)

Lensing convergence
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A Large scalegravitational potential
A Small scaleDM-gas deviations and
non-equilibrium feature
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Coldfront cluster A2142a z=0.09 from Ho+09
See also Okabe+Umetsu08: Umetsu+09: Munari+13




DM vs. ICM structure In anrAy-

selected relaxed cluster

HSE gas follows potential that is rounder than matter densHyy>shape
theorem byBuote& Canizare94): e\~ 0.7e,,, (Lee &Suto03)
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Relaxed CLASH clust8iACS1206 at z=0.44 (Umetsu+AR,] 755, 56)

SL+WL mass map from HST+SUBARU d: tSZEmap from Bolocam@150GHz data
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DM vs. ICM structure In anrAy-
selected relaxed clustécontd)

A For MACS120@ensing, Xay-HSEand SZEHSEsphericaimass estimates
(31,509 agree (Umetsu+12

A Biviano+CLAS{2013) showed that the pseudo phaspacedensityr /s, 3 of
member galaxies followower-law rt-2 (Taylor & Navarro 01).

A Indicating that MACS1208 close to HSENDeffectively spherical
line-of-sight sizescale~ geometriemeansizescalen projection space
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Triaxialityand Projection Effects

m mdl (I " 1:geo)matter
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SeeSereno& Umetsu(2011); O
Stark (1977)0Oguriet al. (2003)Sereno(2007) o



DM vs. ICM structure In a strong
lensing cluster

Non-HSE gas follows matter density, rather than potenteyl;,~ ey,

Strong lensing clusterA1689 at z=0.18Jmetsu& Broadhurst08)

SDS$lefined cluster members ~ WL-mass map from Subaru X-ray brightness from
(KawaharadaOkabe+KU+10) (KU, Sereno+14, in prep) ChandraSereno+12)
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