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(1) Cluster Peculiar Velocities from kSZEand 
Moving-Lens Effect (Lensing-analog of the Rees-
SciamaEffect) Measurements



MACS0717: Complex Merging Cluster 
at z=0.55 (a pink elephant?)

Multiple cores revealed by optical 
imaging/spectrcoospy, X-ray, and SL data

Å Lensing-selected CLASH cluster (one of 
the HST-FF clusters)

Å Largest known Einstein radius, REҐслέ 
Å@z=3 (Zitrin+09)
Å Multiple clumps with high relative 

velocities (Ma+09; Mroczkowski+12)
Å Most massive cluster known at z>0.5 

(Medezinski, KU+13): Mvir=3x1015 Msun
Circle: Rvir=2Mpc/h (7.5 acmin)

SUBARU WL mass map (Medezinski, Umetsu+13)



HST Weak vs. Strong Lensing Analysis

Nonparametric HST-WL mass reconstruction 
with Umetsu+Broadhurst08 MEM method

Parametric HST-SL mass reconstruction with 
Light-Traces-Mass (LTM) Zitrin+09 method

Overall, the galaxies trace the lensing mass distribution.
Deeper HST-FF imaging will improve WL constraints on the possible DM-galaxy offsets.

Medezinski, Umetsu+CLASH2013, ApJ, 777, 43



kSZEdetection in an individual cluster
Sayers, MroczkowskiΣ Χ Umetsu2013, ApJ, 778, 52

Multi -halo modeling with BOLOCAM/CSO multi-freq SZE (140 & 
268 GHz) and Chandra X-ray observations

Red: tSZE Green: kSZEBlue: total

B:  Vopt=+3200+/-250km/s, VkSZ=+3500+/-900 km/s
C:  Vopt=   -730+/-490km/s, VkSZ= -550+/-1400 km/s

Significant kSZEsignal toward B (4.2 sigma)



Moving Lens (Birkinshaw-Gull) Effect
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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

Lensing-analog of the Rees-Schiamaeffect



Simulated DM flow centered on the Bullet

Ŭv ĔÖ=ö
÷

õ
æ
ç

åD
^

BGn

n

Molnar, Broadhurst, Umetsu+13, ApJ, 774, 70

AMR FLASH (DM+gas) simulation of the Bullet Cluster



(2) Mass, Shape, and Thermal Properties of 
Galaxy Clusters from Multi-probe Observations 



WL vs. tSZEComplementarity

ÅLarge scale: gravitational potential
ÅSmall scale: DM-gas deviations and 

non-equilibrium feature

Cold-front cluster A2142 @z=0.09 from Ho+09
See also Okabe+Umetsu08; Umetsu+09; Munari+13
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Lensing convergence:

Comptonizationparameter:



DM vs. ICM structure in an X-ray-
selected relaxed cluster

Relaxed CLASH cluster: MACS1206 at z=0.44 (Umetsu+12, ApJ, 755, 56)

SL+WL mass map from HST+SUBARU datatSZEmap from Bolocam@150GHz data

HSE gas follows potential that is rounder than matter density (X-ray shape 
theorem by Buote& Canizares94):  eICM~ 0.7 eDM (Lee & Suto03)
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DM vs. ICM structure in an X-ray-
selected relaxed cluster(contd)

Å For MACS1206, lensing, X-ray-HSE, and SZE-HSE sphericalmass estimates 
(>r2500) agree (Umetsu+12).

Å Biviano+CLASH(2013) showed that the pseudo phase-space density r/sv
3 of 

member galaxies follow power-law r-1.9 (Taylor & Navarro 01).
Å Indicating that MACS1206 is close to HSEAND effectively spherical:

line-of-sight sizescale~ geometric-mean sizescalein projection space

Umetsu+12



Triaxialityand Projection Effects
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Projected density measurements scale with 
the ratio of LOS-to-projected sizescale

See Sereno& Umetsu(2011);
Stark (1977); Oguriet al. (2003); Sereno(2007)



DM vs. ICM structure in a strong-
lensing cluster

Strong lensing cluster: A1689 at z=0.18 (Umetsu& Broadhurst08) 

WL-mass map from Subaru 
(KU, Sereno+14, in prep)

X-ray brightness from 
Chandra (Sereno+12)

Non-HSE gas follows matter density, rather than potential:  eICM~  eDM

SDSS-defined cluster members 
(Kawaharada, Okabe+KU+10)


