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Issues in SL clusters
arc statistics problem (Bartelmann et al. 1996): 
too many giant arcs (L/W>10) for LCDM (x10)

Einstein rings problem (Broadhurst & Barkana, 
2008): Einstein rings are too big for LCDM (x2)

Overconcentration problem (Broadhurst et al, 
2005+): concentrations are too large for LCDM 
(x2)

Are clusters too strong lenses or just 
peculiar objects?
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The MareNostrum Universe

Cosmological Box: 5123 
Mpc/h, 10243 DM + 10243 
GAS particles (non 
radiative)

~957000 halos with 
M>5x1011 Msun/h

4000 halos with M>1014 
Msun/h

ray-tracing through three 
projections, sources at z=2

measure the lensing 
strength defining three 
classes of lenses

critical lenses

lenses producing giant 
arcs

superlenses (large 
lensing cross section 
for giant arcs)

GASDM

Meneghetti M., Fedeli C., Pace F., Gottloeber S., Yepes G., 2010, A&A, in press, arxiv:1003.4544 
Fedeli C., Meneghetti M., Gottloeber S., Yepes G., 2010, A&A, in press, arxiv:1007:1551
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Orientation bias
•Clusters are fitted with triaxial models.
•There are no significant differences between the  axes ratios of lensing 
and non-lensing clusters nor an evidence for larger triaxiality for 
increasingly larger cross sections (see also Hennawi et al. 2007). 
However...
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Concentrations

Consistent with Hennawi et al. 2007; Oguri et al. 2009
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Dynamical activity
Torri et al. 2004 
already showed that 
mergers boost the 
lensing cross sections

Two parameters to 
quantify the dynamical 
state of each cluster

β: deviation from 
virial equilibrium

Γ: deviation from 
hydrostatic 
equilibrium

the distribution of 
clusters in the β-Γ 
plane are calculated as 
a function of the 
lensing efficiency 

Γ(r) = 1− Mhydro(r)
M(r)

β = 1 +
2T − S

U
= 1− 2T − S

|U |
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Observables and Selection
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A complete sample of X-ray 
selected clusters at z>0.5
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Zitrin et al. (2010)
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Comparison to simulations

lensing of z=2 sources

lensing cross section, critical lines,..

lens model
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What shall we expect from 
an X-ray selected sample?

Not easy to answer this 
question because of the 
simple gas physics 
implemented in the MN 
universe

Short et al. 2010
MACS: Medians differ by ~23% 
(Zitrin et al.: ~44%)
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Arc statistics

MACS: ~2x more arcs than expected 
from the MareNostrum Universe

MACSJ0717.5+3745

MACSJ0257.1-2325

MACSJ2129.4-0741
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Concentrations

macs clusters are 
expected to have  
lensing derived 
concentrations 
biased high 

the bias is 
expected to grow 
with the lensing 
cross section (or 
Einstein ring size)
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Summary

SL is a powerful method to investigate the matter distribution in 
clusters, however...

SL clusters are peculiar objects

numerical simulations provide a viable method to predict the 
properties of cluster samples, given a selection function

We performed a comparison between the MareNostrum Universe and a 
sample of X-ray selected clusters (MACS@z>0.5)

looking for a larger sample... LoCuSS (Richard et al. 2010), CLASH!

Tuesday, July 20, 2010


