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Step 1: Combining lensing and 

X-ray measurements



To obtain accurate 3D       ,      , and inferred T, and M

profiles.

Motivation: 

Clusters are a major probes of:

• Structure formation

• Global cosmological models
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X-ray data

Assuming

a gas density profile

Double  model

Assuming

a temperature profile

Isothermal
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For obtaining the mass profile:

Lensing data  )(rM

What has been done previously?
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a DM profile
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The problems that emerge from this methodology:

• Discrepancy between the mass inferred by X-ray surface 

brightness and lensing, e.g. for A1689 a factor of ~2 

(Xue & Wu 2002).

• Simple formulae are of limited use.

What do we do differently?

• We use data from X-ray surface brightness and lensing 

simultaneously.

• We do not adopt simplified expressions for the DM, gas, 

and temperature profiles.



The measuring instruments

Hubble Subaru Chandra

Strong lensing Weak lensing X-ray data



cD galaxy
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Our methodology

Lensing (strong and weak)

X-ray data

Hydrostatic equilibrium equation
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no model is needed

3 unknown profiles and 4 constraints

T

(1)

(2)

(3)

(4)

We used (1), (3), and (4) in order to find our 3 unknown profiles.

Constraint (2) is used in order to check our results.



Using general profiles

We take  

where              and              are equally logarithmically

spaced in their data ranges.      
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The steps taken:
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Using X-ray dataUsing lensing data

And minimizing 

Projecting
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X ray data points         :      58

Lensing data points     :      26

The number of free 

parameters of              :        5

The number of free 

parameters of              :      11

---------------------------------------

dof                                :     68
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The fit results for A1689

Broadhurst et al. 2005

 fit

Surface brightness fit



The 3D profiles

Total mass density Gas mass density

Total mass

Temperature profile



Comparing the results of the general total 

(mostly DM) mass density profile to other profiles

Free parameters

NFW

CPL 

NFW

Core

Free parameters



The 3D gas fraction

core
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Free parameters



Resolving the mass discrepancy

Our profile

Profile obtained from x-ray data

Profile obtained from strong lensing

Profile obtained from weak lensing



The 3D entropy profile
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Checking consistency of the 2D temperature

2D Temperature profile

Measured

Derived 
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Mazzota et al. 2004

The temperature discrepancy

Naively

The problem: a bias due to the radial temperature gradient  

slew TT The discrepancy:
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Solutions to the temperature discrepancy

Mazzotta et al. – for                  scalingkeVT 3

For keVT 3 line emission is important!

Vikhlinin 2006 algorithm …still limited to keVT 5.0



More biases to the 2D temperature profile?!

Local inhomogeneities Kawahara et al. 2007
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Step 2: Adding dynamical data 

Lemze, Broadhurst, Rephaeli, Barkana, 

Czoske, Umetsu (in preparation)



Subaru/suprime-cam

VLT/VIMOS

The measuring instruments



Galaxy surface number density



Velocity-Space Diagram

Diaferio 1999

About 500 cluster members.
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Galaxy number Vs. (peculiar) velocity distribution

All galaxiesCluster members



Methodology
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Jean’s eq.

Velocity anisotropy

Galaxy surface number density

Projected velocity dispersion



Galaxy surface number density

data points      :      20

Projected velocity dispersion 

data points      :      10

The number of free 

parameters      :        5

---------------------------------------

dof                                :     25

Galaxy surface 

number density  fit

Projected velocity 

dispersion fit
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Velocity anisotropy profile



Galaxy number density profile



Radial velocity dispersion profile



Mass profiles
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