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•  Introduction/Background 
– The importance of cluster mass estimation for 

cosmology 
– NFW profile: A test of CDM model 

•  What is LoCuSS? 
•  Results: weak lensing constraints for cluster 

mass distribution 
– Profile fitting 
– Aperture mass method 

•  Summary  
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r200c   ( ρ = 200ρc )
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r180b   ( ρ =180ρ m )
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MΔ (< rΔ ) = d3x
r<rΔ
∫  ρ(x) ⇒  n(MΔ )

In a simulation world….

•  In a real world, there is no unique definition of 
cluster mass; no clear boundary with the 
surrounding structures 

•  Have to infer cluster masses (including DM) 
from the observables (optical, X-ray, lensing) 

•  Critically important to have the well-calibrated 
mass-observable relation  



Hu & Kravtsov 01

Gaussian seed density 
fluctuations 

+ 
Spherical collapse model 
(or N-body simulation)

Mass function: n(>M) 

@cluster mass scales
The mass function can 
be a powerful probe of 
cosmology (e.g. DE) 
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M_500 used 
 in this work



•  An NFW profile is specified by 2 parameters 
•  Useful to express the NFW profile in terms of the 

cluster mass and the halo concentration parameter 

•  Can infer the halo mass from the measured halo profile  € 

+
MΔ =

4π
3
rΔ

3ρ mΔ    : defines the halo boundary for a given Δ

MΔ = 4πr2dr
r<rΔ
∫  ρNFW (r)   : sets the interior mass of ρNFW to MΔ
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ρNFW(r) =
ρs

(r /rs)(1+ r /rs)
2

€ 

ρNFW (r;MΔ ,cΔ )    (note : cΔ ≡ rΔ rs)



•  Dependences of ρNFW(r) on M and c

M

The profile gets steepened 
with increasing c
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•  Subaru/Suprime-Cam data for ~30 clusters (24 have 2 filter data)  
-  Unbiased cluster sample (not based on strong lensing) 
-  The FoV of S-Cam matches the virial region of clusters at the target 

redshifts (~0.2) 
-  Add more clusters: ~50 clusters within this year 

☐Subaru





Simulated lensing mapIntrinsic shape of a background 
galaxy (ε~0.3)

Galaxy shape actually seen after 
GL: εobs~ε+γGL

Gravitational lensing !

 The distortion signal of interest is tiny: γGL~0.01-0.1
 Indeed this coherent signal is statistically measurable  



 

 Only Subaru has the prime focus 
camera, Suprime-Cam, among other 
8-10m class telescope: the wide 
field-of-view (0.25 sq deg) 

 Excellent image quality allows 
accurate shape measurements of 
galaxies 

 Deep images allow the use of many 
galaxies for the WL: higher spatial 
resolution 



27’(3.5Mpc/h) 

34’(4.4Mpc/h) 

•  Field of View: 34’ × 27’ Broadhurst, MT, Umetsu+ 05

ACS/HST 

more than 100 multiple galaxies 
(Broadhurst et al. 04)θ

Tangential Distortion Profile 
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gT (θ) =
1
Ng

   γT (θi )
i=1

θ −Δθ / 2<θ i <θ +Δθ / 2

Ng

∑

           ∝Σ (< θ) − Σ(θ)

at very large θ :  gT (θ) = f (zs)Σ (< θ)⇒ Map(< θ) ~ (πθ 2)Σ (< θ)

:tangential distortion profile

A1689



A209

(the different pixels are correlated)
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shear :  γα  ⇒   2D mass density :κ
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ρNFW ∝
1

(r /rs)(1+ r /rs)
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ρSIS ∝
1
r2





★NFW favored 
△NFW/SIS both not acceptable
☐Both acceptable 
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ρNFW ∝
1

(r /rs)(1+ r /rs)
2

ρSIS ∝
1
r2

•  The mass estimates 
depend on the model 
assumed for the 
fitting 

•  The virial mass 
determination:  
accuracy 20-30% 

•  MNFW/MSIS~1.19  



NFW model fitting
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σ(MΔ ) /MΔ
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σ(cΔ ) /cΔ

•  A best accuracy in M is 
10-20% when Δ=500-1000 is 
assumed 
–  Over the radii the lensing signals 

have a largest S/N 

•  The concentration parameter is 
most accurately measured for 
the virial definition
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ρNFW(r)
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r
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rs
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rΔ
€ 

MΔ = 4πr2dr
r<rΔ
∫ ρ(r)

cΔ =
rΔ
rs

overdensity: Δ
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Δχ 2 = χSIS
2 − χNFW

2 = 39 and 129 for low -  and high - mass samples, respectively

•  Advantage: effects due to halo asphericity, substructure, unassociated 
structures along the same l.o.s. are averaged out by the stacking average



Solid line: the simulation result (Duffy+08)

19 clusters (NFW acceptable, 2 filter data)
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c(M) = cN
M vir
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•  Fitting to the relation

€ 

cN = 8.45−2.80
+3.91 ⇔ cexp ~ 5

β = 0.41± 0.19⇔βexp ~ 0.1

A 2σ-level detection 
of the C-M relation, 
but a much steeper 
relation than 
theoretically expected

The first-time results 
of C(M) based on WL
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scatter :  σ (log10 c) = 0.19⇔σ exp ~ 0.1

bimodal distribution? 
(some theoretical studies 
implied that such two 
population in c arise from 
the difference in the 
dynamical stages, relaxed 
vs. post-merging phase) 



•  CC€ 

γT (θi )

€ 

θM
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θo1

€ 

θo2

Use the measured shear profile at 
radii greater than θM (don’t use the 
inner-radius shear)
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ζ (θM ) = 2 d lnθ
θM

θo1∫ γT (θ)

             − 2
1−θo1

2 θo2
2 d lnθ

θo1

θo2∫ γT (θ)

∝
M2D (< θM )

πθM
2 −

M2D(θo1 < θ < θo2)
π (θo2

2 −θo1
2 )
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M2D (< θM ) ≈ πθM
2 ζ (θM )Σcr€ 

if M2D (θo1 < θ < θo2) ≈ 0



3D mass: MNFW(<rΔ)
rΔ

€ 

2D Mass = Projected mass along the l.o.s.

M2D (< rΔ ) ~ πrΔ
2 gT (θΔ )

Virial boundary  Δ=500

(1.28) (1.40)



•  The faint galaxy sample is very likely to be contaminated by 
unlensed, member galaxies 

•  The dilution effect causes the concentration to be significantly 
underestimated, but doesn’t change the virial mass estimation 



•  The ability assessment of a ground-based WL method 
for estimating cluster masses (Subaru) 
–  Model fitting method: 

•  Important to assume an appropriate mass model (NFW) 
•  10-20% accuracy in δM/M for Δ~500-1000  
•  Stacked lensing vs. individual lensing: important to understand 

scatters and bias in mass-observable relation 
•  2D model fitting: working in progress 

–  Model independent method:  
•  Use the shear signals at outer radii (not sensitive to the inner 

mass distribution, i.e. concentration) 
•  Probe 2D mass, but correctable 

•  Towards obtaining a well-calibrated mass proxy relation 
–  LoCuSS sample (Subaru, X-ray, SZA, dynamical): a well-

calibrated low-z sample (just like low-z SNe) 
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