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Observing Clusters

http://chile1.physics.upenn.edu/gbtpublic/

galaxies: HST, optical observations

gas: Xray observations

gas: Sunyaev Zeldovich Effect
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Substructure: Elliptical Halos

What is the distribution of cluster 
ellipticity? 

How does the distribution and 
alignment vary with redshift & 

mass?
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Gravitational Lensing is co-ordinate transformation between the 
foreground (θ), and background positions(β)



Particle Based Lensing

 Variable Resolution with the same complexity as finite 
differencing on a regular grid.

 No empty grid cells.

Particles-> lensed 
image positions



Strong+Weak Lensing: Challenges

HST/ACS image of Abell 
2218 (Sánchez et al. 2006) 



Heterogeneous Datasets

HST: 
50-60 
galaxies 
per 
square 
arcminute

SUBARU: 
15-20 
galaxies 
per 
square 
arcminute



A1689: ACS+SUBARU



Mass Map



 X-ray vs S+W Lensing



Power Ratios
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where G is the gravitational constant, Tg is the temperature as a function of radius, and ρg is the

gas density that can be found by fitting the plasma model. The resulting mass profile is commonly

fitted to the universal NFW profile (Navarro et al. 1997) to constrain dark matter halo properties.
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Fig. 1.— X-ray Surface Brightness distribution for A1689. The X-ray distribution is fairly uniform

at the center.

6. Power Ratios

The power ratio technique was first introduced in Buote & Tsai (1995). Using this technique, we

calculate the higher order moments of the mass distribution (in case of lensing) and gas distribution

(in case of X-rays) and compare them to each other. These moments are calculated within a circular

aperture. Let us define the mth moment in the x and the y direction by,

am(r) =

∫

r′<r
Σ("r′)

(

r′
)m

cos(mφ′)d2"r′, (10)

bm(r) =

∫

r′<r

Σ("r′)
(

r′
)m

sin(mφ′)d2"r′. (11)

These moments have the following properties. A circularly symmetric mass distribution pro-

duces a monopole only term. The dipole term vanishes if the co-ordinate system is set to be at

the center of the mass distribution. An ellipse contributes to even terms only, thus significant

contribution to odd terms would indicate presence of substructure. These moments are calculated

in a circular aperture. This makes sure that the shape of the aperture does not produce any bias.
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Power Value (X-ray) Value (lensing)

P2/P0 (6.68 ± 0.27) × 10−06 (1.6 ± 0.25) × 10−5

P3/P0 (3.71 ± 1.12) × 10−07 (0.9 ± 0.14) × 10−5

P4/P0 (6.42 ± 2.65) × 10−08 (8.6 ± 0.3) × 10−5

Table 1: Power ratio measurements of the X-ray gas distribution at 500 kpc from the center.

The powers are given by,

P0 = [a0ln(R)]2, (12)

Pm =
1

2m2r2m

(

a2
m + b2

m

)

. (13)

We calculate these powers and calculate their ratio in the form P2/P0,P3/P0. These ratios are very

sensitive to substructure and describe a wide range of cluster morphologies.

7. Results

A1689 is a very well studied cluster. There have been several mass reconstructions for this

cluster. The authors of Broadhurst et al. (2005a) and Umetsu & Broadhurst (2008) have found

a very high concentration using weak lensing SUBARU data. Strong lensing reconstruction both

parametric (L07) and non-parametric (C10) have estimated a lower concentration for a NFW profile

fitting. Diego et al. (2005) have done a multi-resolution non-parametric mass reconstruction for

A1689 using strong lensing only for the core of the cluster.

In this section we have applied PBL as described in § 2 to the strong and weak lensing data

for A1689. The advantage of using PBL for strong+weak lensing mass reconstruction is that we

can probe the core of the cluster with high resolution and the periphery with a lower resolution.

Compared to previous strong lensing only mass reconstruction we are able to probe the mass

distribution out to a much larger radius. The mass reconstruction shows the presence of a secondary

structure in the north east direction Figure 2. The presence of the secondary structure is revealed

on addition of the strong lensing data. The optical image shows some second group of galaxies

at that location. This is also consistent with findings of Riemer-Sørensen et al. (2009). They

performed a harness ratio test to recover a cool core and some substructure in the north eastern

part.

In order to quantify these secondary structure we use the power ratio formalism. We have

measured the power ratios at 500 kpc for the X-ray distribution. They are listed in Table 1.

Moments of the mass distribution characterize the 
morphology and substructure in dark matter distribution.

Power X-ray Lensing
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Recovering the Shear
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Comparison of Space vs Ground: A1689



Current Research
A2219: Optical vs Lensing mass reconstruction

PRELIMINARY



Current Research
A2261: X-ray vs Lensing mass reconstruction

PRELIMINARY

XMM Newton



Current Research
A1914: X-ray vs Lensing mass reconstruction

PRELIMINARY

Chandra data

http://chandra.harvard.edu/photo/2006/clusters/

http://chandra.harvard.edu/photo/2006/clusters/
http://chandra.harvard.edu/photo/2006/clusters/


Multiwavelength analysis 
Multiwavelength shape analysis of 
galaxy clusters for the current 
sample of 20 clusters.

X-ray data: Chandra & XMM 
archival data
SZ data: Future plans of writing 
CARMA proposals with Dr. Morandi 
for some of these clusters.

Clusters are being discovered as 
we speak with SZ experiments like 
ACT/SPT. Lensing observations of 
these clusters will also increase 
this data set.


