
GECO Circle : Galaxy Clusters



Started “spontaneously” Autumn  2014 (pre GECO)
[ critical mass : 3PhD students ]

Ana Acebron [ PhD, started october 14 ] 
Mario Bonamigo [ PhD, defending september 22 ! ] 

Giulia Despali [ PhD/Postdoc, 1 year ] 
Carlo Giocoli [ Postdoc, CNES, 2 years ] 

Valentina Guglielmo [PhD, 6 months ] 
Anna Niemec [ PhD, started october 14 ] 

  + C. Adami, C. Caretta, E. Jullo, E. Nezri, M. Limousin 

Future ? [ next september]

— { Bonamigo, Despali, Giocoli, Guglielmo, Jullo }  
+Arturo Nunez-Castineyra (Nezri) 

sub-critic ?

We might merge Cluster with DM Meeting 



     XXL Survey [Adami et al.] 
2 x 25 sq. deg. 
> 6 Ms (largest 
XMM project !) 

450 new clusters 
~15 papers

MultiLambda data 
Nbody Simulations 

Cosmological 
Parameters 

Scaling Laws Lack of Clusters compared to LCDM 
Predictions



  Clusters are NOT  Spherical [ Limousin et al. 13 ScRev ]  
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Galaxies [Bingelli 1982]

X-ray [Buote & Canizares 92]     

The Astrophysical Journal, 728:39 (17pp), 2011 February 10 Sayers et al.

Figure A1. A697; from left to right and top to bottom we show the deconvolved image of the cluster, the processed image of the cluster, the residual map between
the processed image of the cluster and the best-fit elliptical Nagai model, one of the 1000 noise realizations for the processed data, and a binned radial profile. The
contour lines represent an S/N of 2, 4, . . .

(A color version of this figure is available in the online journal.)

6.1. Model Dependence of Results

Since we compute the transfer function for each cluster
using the best-fit elliptical Nagai model for that cluster, our
deconvolved images necessarily have some model dependence.
In order to quantify the amount of model dependence, we have
computed transfer functions for a range of elliptical Nagai
models for one of the clusters in our sample, MS 0451.6−0305.
Relative to the best-fit model, we have varied the scale radius, rs,
the ellipticity, ϵ, the position angle, θ , and the centroid location,
δR.A. and δdecl., by increasing and decreasing each parameter
individually by its 1σ uncertainty.8 We then deconvolved our
processed map of MS 0451.6−0305 using the transfer function
computed from each model and subtracted the resulting map
from the one produced using the transfer function for the best-fit
model. In each case, the residual map was approximately white,

8 The power-law slopes (A, B, and C) were held fixed for all of our model fits.
Due to the large degeneracy between these values and rs, we have effectively
included variations in the power-law slopes by varying the value of rs.

with an rms of 1.5, 0.6, and 0.5 µKCMB for variations in rs and
ϵ, θ , and δR.A. and δdecl., respectively. Since the typical noise
rms of our deconvolved maps is ≃10 µKCMB, the additional
rms introduced by our uncertainty in determining the model
used for calculating a transfer function is quasi-negligible. Note
that the best-fit elliptical Nagai model will not provide an exact
description of a real cluster. However, the elliptical Nagai model
does provide an adequate description of four of the five clusters
we have observed, indicating that the difference between the true
cluster profile and the model profile is in general less than our
noise. Therefore, the artifacts in our deconvolved map produced
by using a model to describe the cluster will be smaller than
the artifacts produced by our measurement uncertainty on the
best-fit model.

Additionally, we created a deconvolved map of MS
0451.6−0305 using the transfer function for a point-like source.
The resulting profile is significantly different from the profile
obtained using the transfer function for the best-fit Nagai model,
indicating that the naive calculation of a transfer function using a
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SZ [Sayers et al. 2011]
Measurement of dark matter halo ellipticity 2221

Figure 3. Top panel: the distribution of the halo ellipticity e for 18 clusters.
Note that the ellipticity is for the projected mass density (see equation 4).
The open squares with error bars show the observed distribution estimated
from 10 000 Monte Carlo redistributions of the ellipticity parameters based
on the posterior likelihood function of ellipticity for each cluster, where the
error bars in each ellipticity bin denote the range including the 68 percentile
of 10 000 realizations. Note that different bins are not independent but are
correlated with each other. The solid curve is the theoretically expected dis-
tribution of ellipticity based on a triaxial halo model of Jing & Suto (2002),
computed adopting the cluster redshift of 0.23 and mass of 7×1014 h−1 M⊙
(median redshift and mass for our cluster sample) and convolved with the
Gaussian with σ = 0.15 which corresponds to a typical measurement uncer-
tainty for our 2D shear fitting. The dotted curve shows the original theoretical
prediction without the Gaussian convolution. Bottom panel: the probability
distribution of the mean ellipticity ⟨e⟩ for the 18 clusters. The vertical solid
and dotted lines indicate the mean ellipticity expected from the triaxial halo
model, with and without the Gaussian smoothing, respectively.

note that, if we project the 3D triaxial model along the line of sight,
then the resulting mass distribution on the sky is exactly the same as
that given in equation (4). Jing & Suto (2002) derived the probability
distribution function of triaxial halo shapes (axis ratios) as a func-
tion of halo mass and cosmological models. Thus, the theoretical
prediction for the halo ellipticity distribution of 2D mass density can
be computed by projecting the triaxial halo model along arbitrary
line-of-sight directions as described in detail in Oguri et al. (2003).
It should be noted that the theoretical distribution rests on the im-
plicit assumption that the cluster sample is unbiased in terms of
both the shape and orientation. In the calculation, the concordance

"CDM model is assumed, and the mass and redshift are fixed to
the median mass and redshift of our cluster sample: z = 0.23 and
Mvir = 7 × 1014 h−1 M⊙, respectively.

The plot shows both observed and theoretical distribution peaks
at e ∼ 0.4–0.5, but the observed distribution is significantly wider
than the theoretical distribution. Apparently, this is because of the
measurement uncertainty which broadens the distribution. Thus, a
correction to the theoretical prediction is required to account for
the measurement uncertainty. The solid curve shows the theoretical
distribution convolved with the Gaussian function with width σ =
0.15, which corresponds to the typical uncertainty of the ellipticity
measurement for our 2D shear fitting (see Table 1). Indeed, we find
that the Gaussian-smoothed theoretical distribution better matches
the observed distribution.

While the detection of non-zero halo ellipticity may be obvi-
ous from the distribution in Fig. 3, we can quantify how well the
elliptical model improves a fit to the 2D shear map compared to
the spherical model by monitoring the χ 2 values in equation (9).
The elliptical model improves the total χ 2 value for 18 clusters by
$χ 2 = 51 compared with the spherical model with e = 0 fitted to
the same 2D data, thereby representing the detection of an ellipticity
at 7σ confidence level.

In the bottom panel of Fig. 3, the mean halo ellipticity, ⟨e⟩, for our
sample of 18 clusters is compared with the theoretical prediction,
where the width of the mean ellipticity distribution reflects the
scatter among 10 000 realizations. The observed distribution has
the mean ellipticity of ⟨e⟩ = 0.46 ± 0.04 (1σ ) which is in excellent
agreement with the triaxial model prediction, ⟨e⟩ = 0.42 (0.41)
with (without) the Gaussian smoothing.

The halo ellipticity depends on mass and redshift of clusters as
well as on cosmological models. According to the CDM hierarchi-
cal structure formation scenario (Jing & Suto 2002), dynamically
young haloes tend to have a more elongated shape at a given ob-
served redshift. In other words, more massive haloes that have just
recently formed tend to have a larger halo ellipticity. Fig. 4 shows
how the theoretically expected distribution of halo ellipticity de-
pends on redshift and mass of haloes and one of the cosmological
parameters, σ8, the normalization of primordial density fluctuations.
While the current measurement is not enough to discriminate the
model differences due to a limited sample size, the figure illus-
trates how measurements of halo ellipticities can potentially test the
structure formation model.

3.3 Offset between lensing centre and BCG

In this section, we compare the positions of cluster centres inferred
from weak lensing and from the BCG(s). Weak lensing provides
a unique method to determine the centre position of dark matter
distribution and therefore is quite complementary to the optical
(BCGs) and X-ray-based methods. It should also be noted that a
possible uncertainty in the centre position determination is currently
one of the most important systematic sources in the stacked lensing
analysis, cluster-background galaxy cross-correlation measurement
(Johnston et al. 2007; Mandelbaum et al. 2010).

Our basic result, summarized in Table 1, is that the mass centres
tend to be consistent with the locations of the BCGs. We find that
mass centres are consistent with the BCG within 2σ level for most
of the clusters. However, a possible significant deviation between
the lensing and BCG centre positions is apparent for some of the
clusters.

In the following, we explore a possible signature of the large
offset between the BCG position and lensing centre in more detail.

C⃝ 2010 The Authors. Journal compilation C⃝ 2010 RAS, MNRAS 405, 2215–2230
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Lensing [Oguri et al. 2010]

Fig. 1a Fig. 1b

Fig. 1c Fig. 1d

Fig. 1.—Examples of projected particle distribution in four halos: (a) CL3, (b) GR1, (c) GR5, and (d ) GX 3. The size of each box is 2rvir of each halo. For
each halo, particles in the isodensity shells with A ! !s=!crit ¼ 100, 2500, and 6:25# 104 are plotted on the (x, y)-, (y, z)-, and (z, x)-planes ( from left to right).
The bottom panels show the triaxial fits to five isodensity surfaces projected on those planes.

Numerical Simulations 
[Jing & Suto 2002]

Non circular projection of various probes:



Why Bothering ??! 
Solving the Abell 1689 Puzzle ?

– 13 –

Fig. 3.— 2D masses enclosed within a circular aperture of radius R from lensing data (points

with errorbars), from an X-ray-only analysis under the assumption of spherical geometry

(solid line with the 1-⇥ error gray shaded region), and from a joint X-ray+lensing analysis

taking into account the 3D geometry (dot-dashed line with the 1-⇥ error gray shaded region).

We demonstrated that the halo triaxiality could cause a significant bias in estimating

the desired physical parameters, i.e. concentration parameter c, inner slope of the DM �

and total mass if a spherical halo model is a priori assumed for the model fitting.

We focused on the implications of our method on the CDM scenario, proving that the

value of the c and � are in agreement with the CDM predictions, once we properly accounted

for the 3D shape of the cluster. Departures of c and � from the theoretical expectation of

the CDM scenario found in the literature can be explained by a halos having the major axis

preferentially oriented toward the line of sight. In particular, accounting for the 3D geometry

allows to resolve the long-standing discrepancy between X-ray and strong lensing mass of

Abell 1689 in literature and predicts an Einstein radius in agreement with the observations.

The Dark Cosmology Centre is funded by the Danish National Research Foundation.

Combining SL (HST), WL (Subaru) and 

 X-ray (Chandra) data within a TRIAXIAL 
Framework 

  [Morandi, Limousin et.al, 2012] 

M lensing
2D = MX�ray

2D

[↵ = 1.16± 0.04 instead of ↵ = 0.92± 0.07]

Re ⇠ 45” reproduced

ctriaxial
200

= 5.3± 0.5

c/a = 0.56± 0.07, b/a = 0.75± 0.08

✓ = 27deg

Geometry Matters !
[e.g. Gavazzi et al. 05; Pfifaretti et al. 03; Svensmark etal. 14]



3D Shape : Insights from Simulations (MXXL + Sbarbine) 
[Bonamigo, Despali, Limousin, Angulo, Giocoli, Soucail, 2015, MNRAS]

Scaled Axis ratio : 
 Universality

First Statistically significant  
predictions for massive  

clusters 

s = c/a 
axis 
ratio



Characterizing Strong Lensing Clusters  
Simulation [MXXL] + Semi-analytical [MOKA] 

[Giocoli, Bonamigo, Limousin, et al. 2016, MNRAS, resub.]

Relative size of the Einstein radii when 
the cluster major axis of the ellipsoid is 
oriented along the line of sight (max), 
compared to the average value of the 

three random projections

Projection effects Boost the size of the Einstein 
Radius ~ Projected Mass



How Does the Shape vary with Cluster Centric Distance ?  
[Despali, Giocoli, Bonamigo, Limousin, Tormen, 2016, MNRAS, resub]

Misalignment angle of 
the four inner shells 

with respect to the viral 
one, as a function of 

halo mass

Shape is more complex than a Simple Ellipsoid !

Correlation between 
the 

3D and 2D shapes: 
ellipticity 

Priors for the Strong 
Lensing 

Analysis most 
welcome



3D Shape : Combining Lensing + Xray Data: Algorithm 

[Bonamigo et al, in 
prep.]

Red: input 
data 

Green: 
including 

noise 
Blue: MCMC 

chain 
[Fit done in 
2D, except 
for Temp.] 

Spherical 
Assumption  

can induce large 
bias in the Mass 

determination and 
in the 

concentration 
parameter 



Application: Abell 1703  
[Bonamigo, Gastaldello et al.]

Strong Lensing Analysis, ACS data 
Limousin et al. 2008, A&A,  

updated by M. Bonamigo et al.

Spherical Analysis 
of X-ray only data: 
Discrepancy with 

Lensing data : 
Room for 

improvement into a 
triaxial model !  

[in prep…]


