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Our picture of the Universe
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Halo problems

Newman et al. 2011 Walker et al. 2011

Boylan-Kolchin et al. 2012



Clusters of galaxies
∼ 1015M⊙ & Mpc scales

Appear to be DM dominated
(85% DM, 13% hot gas, 2% stars)

Baryonic component not 
dominant, though not negligible

All main components are 
observable in three wavelength 
regimes

Powerful gravitational lenses

=> Cosmic laboratories

Right in the middle between the 
very large and small cosmological 
scales



The dark matter density profile
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Postman & CLASH 2012



The CLASH
To map the DM profile 
and substructure to 
unprecedented 
precision  

To detect SN 1a out to
z ~ 2.5

To detect and analyse 
galaxies out to z > 7

To study the structure 
and evolution of 
galaxies in and behind 
the clusters

Science Drivers
One of three HST/MCT 
programs ~550 orbits
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CLASH observations
HST 524 orbits: 25 clusters, each imaged in 
16 passbands. (0.23 – 1.6 μm) ~20 orbits 
per cluster. 

CLASH observations are 80% done - 20 
clusters completed, all  HST data by July.

Chandra x-ray Observatory archival data 
(0.5 – 7 keV) 

Spitzer Space Telescope archival and new 
cycle 8 data (3.6, 4.5 μm)

SZE observations (Bolocam, Mustang) to 
augment existing data (sub-mm)

Subaru wide-field imaging (0.4 – 0.9 μm)

VLT, LBT, Magellan, MMT, Palomar 
Spectroscopy



CLASH simulations
MUSIC-2, 1500 re-simulated halos out of the 1 Gpc 

MultiDark box, 2x10^14 -- 2x10^15 M_sol, 6 redshifts.

Full control over analysis technique and selection
Analysis 

in 2D
<--
--> 

X-ray
selecting

CLASH

Meneghetti, JM & CLASH 2014



CLASH reconstructions

JM et al. 2009

SaWLens

implements WL, SL and 
(Flexion) 

operates on adaptively 
refined grids (AMR)

non-parametric 
method, this means 

that we make no 
assumptions on the 

lens’ mass profile

Subaru 
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CLASH profiles

11_fit_cov
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CLASH c-M and literature

JM & CLASH 2014



Tailored comparisons

JM & CLASH 2014



Conclusions

The standard model works fine on large scales but has to 
face some open questions on the scale of individual halos

Galaxy clusters are an ideal testbed for our understanding 
of structure formation

CLASH cluster mass profiles show good agreement with 
LCDM simulations once the selection function is controlled

Future CLASH analyses will go way beyond the standard, 
spherically symmetric functional forms of the density 

profile to characterize clusters


