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Constraining Galaxy Scale Dark Matter Halos: Galaxy-Galaxy Lensing

• A very weak lensing regime (κ ' γ ' 0) - Numerical simulations: feasibility ?

⇒ A maximum likelihood method allows to constrain mass and extent

of galactic dark matter halos

• Results on a homogeneous sample of 5 galaxy clusters at z ∼ 0.2

⇒ Halos in high density environments are more compact compared to

halos around field galaxies of equivalent luminosity (Tidal stripping)

• Comparaison with n-body hydrodynamical numerical simulations

Constraining Cluster Scale Dark Matter Halos:
Strong & Weak Cluster Lensing in Abell 1689

• Strong lensing from hst-acs data + extensive spectroscopy (vlt - keck)

⇒ Constraints on the inner mass profile

• Wide field Weak lensing from cfh12k

⇒ Constraints on larger scales

• Small field Weak lensing from an hst mosaic

⇒ Does A 1689 has a large (> 20) concentration parameter ?
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Cluster Galaxies Halos Properties

Influence of the environment ?
Galaxy-Galaxy Lensing: Deformation of background galaxies by foreground galaxies

⇒ Constraints on the foreground cluster galaxies

• One pair, < γ >∼ 0.007

• Noise ∼ 0.2/0.3

• A Statistical approach is needed

• Constraints averaged on a galaxy population

Analyse of simulated data sets for different observational configurations:
A Maximum Likelihood Analysis (Schneider & Rix, 1997) is well adapted: allow to constrain
the mass and extent of galactic dark matter halos (Limousin, Kneib & Natarajan, 2005 - MNRAS)
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Truncation of Galaxy Dark Matter Halos in Clusters

An homogeneous sample of 5 massive galaxy clusters at z ∼ 0.2

3 bands imaging from cfh12k → galaxy catalog:

( sextractor, im2shape, hyperz )

• red: Truncated Cluster Galaxy Halos

(Limousin et al., 2007a - A&A)

• rcut < 50 kpc

• black: Field: rcut > 200 kpc

(see talk by Henk Hoekstra)

• Tidal Stripping

• blue: (Natarajan et al., 1998, 2002a,b) (hst)

(see also Halkola et al., 2007 from Strong

Lensing)

Galaxy-galaxy lensing: how does the environment shape dak matter halos
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Comparison with Numerical Simulations

n-body/hydrodynamical (treesph) simulations within Λcdm framework
Jesper Sommer-Larsen et al.

• Two Simulated Clusters:

coma, 6 keV and virgo, 3 keV

• Metallicity dependent radiative cooling

• Star formation for different imf

• energy feedback

• chemical evolution (non instantaneous

recycling of gas and heavy elements)

• meta-galactic uv field

• thermal conduction in the icm
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Comparison with Numerical Simulations

Are these simulated galaxies tidally stripped ?

Yes, and the trend is already well defined at high redshift
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Comparison with Numerical Simulations

Comparison to galaxy-galaxy lensing results ?

Qualitative agreement ⇒ dune - snap
Limousin, Sommer-Larsen, Natarajan & Milvang-Jensen - Submitted
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Strong Lensing in the Core of Abell 1689 (Limousin et al., 2007b)

• Deep hst/acs Observations

(Broadhurst et al., 2005; Halkola et al., 2006)

• > 34 background sources strongly lensed:

> 100 images
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Strong Lensing in the Core of Abell 1689 (Limousin et al., 2007b)

• Deep hst/acs Observations

(Broadhurst et al., 2005; Halkola et al., 2006)

• 34 background sources strongly lensed:

> 100 images

• Spectroscopic confirmation for 24 systems

(Richard et al., 2007)

• Parametric mass reconstruction

mcmc thechniques (Jullo et al., Submitted)

• Central mass distribution well constrained

Along the critical lines, amplification ∼ 20-50
Gravitational Telescope:

z ∼ 8 − 10 candidates (Stark et al., 2007)
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Weak Lensing ⇒ large scale properties (Limousin et al., 2007b)

• Wide Field multi-color data

cfh12k (Czoske et al., 2002)

• Bayesian Photometric Redshifts (bpz)

• Who has been lensed ?!?

• Background galaxies selection is cruciale

• But M200 reliable (Bardeau et al., 2007)

• Lensing in the flexion regime (acs)

(Leonard et al. 2007) → g(100′′) ∼ 0.2
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Weak Lensing: agree with Strong Lensing

• Wide Field multi-color data

cfh12k (Czoske et al., 2002)

• Bayesian Photometric Redshifts (bpz)

• Background galaxies selection is cruciale

• Strong and Weak lensing agree

(c200 ∼ 7)

• c200 High but Compatible with Λcdm

(Neto et al. 2007): possible but rare
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Weak Lensing: Subaru data (Broadhurst et al., 2005b)

• Weak Lensing from subaru:

c200 > 20

• Weak lensing from cfht:

c200 ∼ 7

• Lensing in the flexion regime:

(Leonard et al. 2007) → g(100′′) ∼ 0.2
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Weak Lensing: c200 < 10 or c200 > 20 ? (Dahle, Limousin et al., in prep.)

• hst mosaic: (16 pointings, ∼ 1 Mpc)

(imcat)

• cfht: Wide Field multi-colour

(im2shape+bpz)

• subaru: Wide Field multi-colour

(imcat)

• → c200 < 10

Plan Table back forward quit 12



IAP - July, 3

Conclusions

Different Regimes of Lensing can be Combined to
Map Dark Matter Distribution on Different Scales

• Weak Galaxy-Galaxy Lensing → galaxy scale halos

• A Sample of 5 Massive Clusters

• Truncated Dark Matter Halos: Tidal Stripping

• Agreement with Simulations

• Strong Cluster Lensing → Cluster Core

• Weak Cluster Lensing → Whole Cluster: from Re to the Outskirts

• Application on Abell 1689: hst, Spectro (vlt - keck), Wide Field (cfht)

• Strong and Weak Regimes Agree (Background selection)

• c200 ∼ 7: compatible with Λcdm Simulations

• M200 as inferred from Weak Lensing not biaised by contamination

Plan Table back forward quit 13



IAP - July, 3

A1689: Mass Map
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A1689: Mass Profiles
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Inverse Method: Maximum Likelihood

Consider one image i and associated lenses j:

ai(σ0, r) =
∑

zj < zi

d(i, j) < Rmax

aij

Computing ai(σ0, r) and observing εobs
i :

εs
i = F (εobs

i , ai(σ0, r)) = εs
i(σ0, r)

Intrisic Ellipticity Distribution:
⇒ We assign a likelihood to the parameters (σ0, r) :

Ps(εs) =
1

2πσ
e
−εs2

2σ2 , σ ' 0.2
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Likelihood Fonction: L =
∏

i

Ps(εs
i) = L(σ0, r)
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HST Mosaic
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4 Dahle et al.

FIG. 1.— An HST WFPC2 mosaic based on the VF606W-band exposures in the field of A1689. The image is rotated 45
◦with respect to principal sky directions,

such that north is towards the upper right and east is towards the upper left.
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Color Magnitude Diagram
HST Weak Lensing Analysis of A1689 7

FIG. 3.— Color-magnitude diagram for 6177 objects which were detected in both the VF606W and IF814W passbands. The red sequence formed by early-type cluster
galaxies is clearly visible around VF606W ! IF814W = 1.0.

be uncontaminated by cluster members, and the selection crite-
ria are illustrated by the red and blue points in Figure 3. In the
following, we refer to this as the “red+blue” galaxy sample.
The main disadvantage of this approach is that a significant

fraction of the background galaxies reside in an intermediate
range in V ! I color (green points in Figure 3), somewhere be-
tween the red and blue cutoffs, and will hence be removed from
the background sample along with the cluster (and foreground)
galaxies. This reduces the statistical precision of the gravita-
tional lensing measurements, since the lensing measurement
uncertainties are inversely proportional to the square root of the
number density of background galaxies.
A different approach to the problem of correcting for clus-

ter contamination was taken by Pedersen & Dahle (2006) who
corrected statistically for this effect by looking at the excess
galaxy counts as a function of radius. By assuming that their
faint galaxy samples were essentially uncontaminated by clus-
ter galaxies at large clustercentric radii (> 1.5h!1 Mpc), these
authors calculated a mean, radially dependent, contamination
correction for a sample of clusters. While this contamination
correction technique will also be susceptible to fluctuations in
foreground/background galaxy counts produced by large-scale
structures unrelated to A1689, the depth and high background
galaxy density of our HST/WFPC2 images will tend to mini-
mize such effects, as the imaging data are probing a wide range
in redshift.
Following a similar procedure, we selected a sample of faint

galaxies (hereafter referred to as the “full” sample), with no re-
gard to color, and calculated the cluster galaxy contamination
by measuring the excess in galaxy surface density towards the

center of the cluster. For this measurement, special care was
taken to remove artificial fluctuations in galaxy counts caused
by incomplete coverage, e.g., gaps in ourWFPC2 mosaic or ob-
scuration by large foreground galaxies, cluster galaxies, stars or
cosmic rays. Figure 4 shows the mask we applied to the data to
correct for such effects. In this mask, all pixels not covered by
our imaging, or pixels covered by objects detected at a higher
significance value (ν) than the upper threshold applied in the se-
lection of the faint galaxy sample (see below for details) were
flagged. The excess galaxy counts were then calculated with re-
spect to the average value in an annulus at 240 ′′ < r< 300′′, the
largest range in radii covered reasonably well by the WFPC2
mosaic.
For all the three different galaxy samples, we chose to mea-

sure the shear based on the images which had been constructed
from a combination of VF606W and IF814W-band exposures and
resampled to a pixel scale of 0.05 ′′. The rationale for this was
that the combined VF606W ! IF814W image was slightly deeper,
hadmore efficient cosmic ray removal, and containedmore spa-
tial information than the separate final VF606W- and IF814W-band
images. In addition to the color-magnitude selection criteria ap-
plied specifically to select the red and the red+blue galaxy sam-
ples discussed above, the following additional selection criteria
were applied: Objects that were detected in the VF606W ! IF814W
image at a significance 6 < ν < 100 were selected. Of these,
objects of half light radii < 0.105 ′′ were removed, in order to
ensure that only clearly non-stellar objects were used for the
shear measurements (themedian half light radius of unsaturated
stars in this image was 0.088′′). Finally, for some galaxies the
effective polarizability defined in § 2.4 could not be reliably de-
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Three Samples
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Bayesian Photometric Redshifts

(Benitez, 1999)

• Elliptical:

zspec = 0.176 (B,R,I)

• hyperz → zphot = 3.1

• Prior:

P (z|m) (LF)

• zbayes = 0.35
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Bayesian Photometric Redshifts: Validity ?

Comparison to deep2 survey
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Background Population Selection

bpz → Pbayes

χz = 1
n

∫ +∞
z

Pbayes(z′)dz′

Tunning on a spectroscopic sub-sample:

χ0.4 > 60 → Cluster Galaxies are rejected (4% contamination)
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Galaxy-Galaxy Lensing: Simulations
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