LoCusSS:
Subaru Weak Lens Study
of 30 Galaxy Clusters

Masahiro Takada
(IPMU, U. Tokyo)

9 \ /’ \ LJ O—C—C-0-CCCED
MATHEMATICS OF THE UNIVERSE

(@ Subaru/Gemini conference, Kyoto, May 19, 2009




Collaborators
Local Cluster Substructure Survey (LoCuSS)

T. Futamase (Tohoku U.) M. Oguri (Stanford)

N. Okabe (8

Y. Okura
K. Takahashi

G. P. Smith (Birmingham)

+LoCuSS team members
K. Umetsu (ASIAA Taiwan)

This talk 1s mostly based on Okabe, MT et al. arXiv:0903.1103



Outline

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



° In a real world, there 1s no unique definition of
cluster mass; no clear boundary with the

: . surrounding structures
In a simulation , , ,
* Have to infer cluster masses (including DM)

from the observables (optical, X-ray, lensing)

_*» Crntically important to have the well-calibrated
mass-observable relation

nso» ((0)=180p,,) pech

My(<r)= [ dx px) = n(M,) White 02



n(>M) (h3 Mpc-3)

Cosmological Use of Clusters:
Halo Mass Function
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Vikhlinin et al. 0812.2720:
Chandra Cluster Cosmology
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F1G. 2.— Illustration of sensitivity of the cluster mass function to the cosmological model. In the left panel, we show the measured mass function and predicted
models (with only the overall normalization at z = 0 adjusted) computed for a cosmology which is close to our best-fit model. The low-z mass function is reproduced
from Fig. 1, which for the high-z cluster we show only the most distant subsample (z > 0.55) to better illustrate the effects. In the right panel, both the data and the
models are computed for a cosmology with 04 = 0. Both the model and the data at high redshifts are changed relative to the 24 = 0.75 case. The measured mass
function is changed because it is derived for a different distance-redshift relation. The model is changed because the predicted growth of structure and overdensity
thresholds corresponding to Acrit = 500 are different. When the overall model normalization is adjusted to the low-z mass function, the predicted number density
of z > 0.55 clusters is in strong disagreement with the data, and therefore this combination of Q» and Q2 can be rejected.



NFW profile

 An NFW profile 1s specified by 2 parameters

» Useful to express the NFW profile in terms of the
cluster mass and the halo concentration parameter

P;
(r/r)(1+rlr)?

Pnrw (1) =

4
M, = Tﬂ r2p, A :defines the halo boundary for a given A

M, = | 4mr*dr pypy (r) < sets the interior mass of Pypy to M,
L r<ry

- Pnpw (1M c)  (note:c, =1, /1)

* Can infer the halo mass from the measured halo profile




NFW profile (contd.)

* Dependences of pypw(7) on M an%f)c
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LoCuSS

(The Local Cluster Substructure

 International collaboration (PI:
G.P.Smith; Europe, Japan, USA)

« Explore a systematic study of ~100
X-ray luminous clusters in the

redshift range 0.15-0.3

* The multi-wavelengths: Subaru,
Palomar, VLT, UKIRT, HST,
GALEX, Spitzer, Chandra, XMM,

SZA

* Subaru/Suprime-Cam data for ~30 clusters (24 ha

10746

10745

Lx [erg/s, 0.1-2.4keV]

0.2

- Unbiased cluster sample (not based on strong lensing)

Survey)

0.3

il

- 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




30 cluster sample

(26 clusters with one color)

Name

RA

Dec

Redshift

!

v

Lx i seeing
(J2000) (J2000) P (10*ergs—1) (min) (min) (arcsec)

(1) (2) (3) (4) (5) (6) (7) (8)

A6S 00 37 05.28 +00 09 10.8 _ 0.2546 8.81 16.0° 30.0° 0.83

Al15 00 55 59.76 426 22 40.8  0.1971 8.63 25.0° 9.04 0.71
ZwCl0104.44+0048 01 06 4848 +01 02 42.0 0.2545 5.80 35.0° - 0.65
A209 01 31 53.00 —133634.0 0.2060 7.27 22.04 30.04 0.63
RXJ0142.0+2131 01 420264 +213119.2 0.2803 5.86 40.0* 30.0* 0.67
A267 01524872 +0101084  0.2300 8.11 40.0* 30.0* 0.61

A201 02014420 —-021203.0 0.1960 5.65 36.0° 30.0* 0.71

A383 02 48 02.00 —033215.0 0.1883 5.27 36.0° 30.0* 0.67

A521 0454688 —1013246 0.2475 0.46 22.0%:8 22.04 0.61

A586 07 322232 +3138024 0.1710 6.58 35.0° 20.0° 0.83
ZwCl0740.4+1740" 07 43 23.16 +17 33400 0.1114 - 25.0° 20.0¢ 0.83
ZwCl0823.2+0425 08 25 57.84 +04 14 47.5  0.2248 4.41 35.0° 16.0¢ 0.71
ZwCl0839.9+2937 08 42 56.07 +29 27 25.7  0.1940 3.79 35.0° - 0.77
A611 08 00 55.92 +36 03 39.6  0.2880 8.05 30.0¢ 16.0¢ 0.79

A689 08 37 25.44 +14 58 58.8  0.2793 17.99 40.0° 20.0¢ 0.69

A697 08 42 57.84 +36 21 54.0  0.2820 9.64 40.0° 16.0¢ 0.73

AT750 0909 11.76 +1059204  0.1630 5.50 28.0¢4 32.04 0.71

A963 1017 01.20 +39 01 444  0.2060 6.16 I., 50.0%f - 0.75
A1835 14 01 02.40 +025255.2 0.2528 22.80 20.0° 20.0° 0.89
ZwCl1454.8+2233 14 57 1440 +2220384  0.2578 7.80 36.0° 15.0° 0.81
A2009 1500 2040 +21 21432  0.1530 5.40 R., 26.09°€ - 0.75
ZwCl1459.4+4240 1501 23.13 +422039.6 0.2897 6.66 R., 2704 18.04 0.57
A2219 16 40 22.56 +46 42 21.6  0.2281 12.07 R., 24.0¢ 18.04 0.99
RXJ1720.1+2638 17 2008.88 +26 38 06.0  0.1640 9.54 32.0° 20.0° 0.71
A2261 17 22 27.60 +3207 37.2  0.2240 10.76 R., 2709 18.0d 0.63
A2345 2127 11.00 —120933.0 0.1760 4.95 30.0* - 0.77
RXJ2129.6+0005 21 2937.92 40005384  0.2350 11.00 44.0° 30.0* 0.85
A2390 21 53 36.72 +174131.2 0.2329 12.69 R., 3809 1204 0.65
A2485 22 48 31.13 —16 06 25.6  0.2472 5.90 40.0* 30.0* 0.67
A2631 23 37 40.08 +00 16 33.6  0.2780 7.85 R., 2409 12,04 0.65
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Subaru Telescope:
Best facility for WL measurement

¥ 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 e ], ]Ihl‘ — |
galaxies for the WL: higher spatial 2 ~ |

: ) % - o = 4
resolution ." = |

-

- ——




z~0.2 Cluster Shear

Fleld of Vlew 34> x 27’

Af689 | 34’(4 4Mpc/h)

- _;-Ta,.nigentlall,Distqr-tlon-f. rofll_ev.jfj_,é;,.% Y

j: < 8T>(9) — Ni E yr(6;) :tangential distortion profile

g i=1
x 3(< 6) - 3(6)
A

0-A0/2<0,<0+A0 /2
{at very rge 9 <gT>(0) f(z )z(< e) = M, (< e) (n@ )z(< 0)



Mass Maps

shear: vy, = 2D mass density : K

(the different pixels are correlated)
B 1) AR R |~ N T

A209

~13.6 ~13.5

DEC [deg]

—-13.7




Results: model-dependent constraints
! N ! ' ' ' L

\ A209
0.2 f \ - 1
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20 r

Virial mass estimation

t H I /E] |
e 7]
B — |
A
NI O
/ —p—
 %NFW favored
ANFW/SIS both not acceptable
.~ [LIBoth acoeptable -
2 o 10 20

SIS 14, -1
M., 5 (10M*n7My)

1
C
Prrw (rir)+ r/rS)2
1
Psis & 7

1 The mass estimates

depend on the model
assumed for the
fitting

e The virial mass

determination:
accuracy 20-30%

o Mypy/Mgg~1.19



] Mass determination
(contd.)

_ A M, = | 4mr*dro(r)
| Onpw (7) T

I’S N

* A best accuracy in M 1s
10-20% when A=500-1000 is
assumed

— Opver the radii the lensing signals
have a largest S/N

* The concentration parameter 1s
most accurately measured for
the virial definition

20‘00 100(.) — 500 l l 260 100
overdensity: A



Stacked Lens

» Advantage: effects due to halo asphericity, substructure, unassociated
structures along the same l.0.s. are averaged out by the stacking average
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Ay* = XSZIS — XI%IFW = 39 and 129 for low - and high - mass samples, respectively



The observed C(M) relation

" — Duffy+ (2008)
%01 19 clusters (NFW acceptable, 2 filter data)

10 —i—

\.

Solid line: the simulation result (Duffy+08)
|

1 2 5 10 20
M., [10"h71M ]

The first-time results
of C(M) based on WL

¢ Fitting to the relation

-B
MVir
c(M)= CN(lol“h-lM
cy =8.4550) < oy ~ 5
118=041= 019©/3€Xp 0.1

1 A 2o-level detection

of the C-M relation,
but a much steeper
relation than
theoretically expected
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1D distribution of C
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Aperture mass method
- model-independent estimate of 2D mass -

Use the measured shear profile at
radi1 greater than 0,, (don’t use the
inner-radius shear)

EO) =2, din6(y, )O)

2
dIn6(y,)(6)
1 821/6022 f T>

M,p(<0y) M,p(0, <0<6,,)
no;, (0>, -02)

' itM,,0,,<0<06,)=0

Mp(< 0y) = 103, E(0)) 2,




Model-independent mass estimate:
2D Mass vs. 3&2 Mass

@ 2D Mass = Projected mass along the l.0.s

2
M,p(<1y) ~ 7y <gT>(9A) 3D mass: Mypw(<ry)
T T T T T T T 10'_ T T T
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e The faint galaxy sample 1s 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



Summary

* The ability assessment of a ground-based WL method
for estimating cluster masses (Subaru)

— Model fitting method:
e Important to assume an appropriate mass model (NFW)
e 10-20% accuracy in dM/M for A~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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