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talk Outline

• Weak Lensing Observations Using Subaru

• Suprime-Cam (Miyazaki et al 2002a)

• Cosmic shear   (Hamana et al. 2003)

• Cluster Survey (Miyazaki et al. 2002b, 2007 submitted)

• Future Prospect

• Hyper Suprime-Cam



Suprime-cam
• 34 arcmin x 27 arcmin uniquely on 8 m telescope

• Survey Speed (AOmega) ~ CFHT  MegaCam

• Median Seeing = 0.6 - 0.7 arcsec in i’ (~ MegaCam)

An obvious advantage over
MegaCam is high QE in 
red and less fringing.  
(MIT/LL > E2V)

->Efficient survey of  high z
     galaxies (LBG, LAE)

Miyazaki et al. (2002)
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Good Image Quality

HST Suprime-Cam
~ 100 times
larger FOV

Hu & Cowie (2006) Nature



Disadvantage of Subaru

• The only one telescope for Japanese community

• Fairly oversubscribed (4-5 times)

• Extremely large survey (eg CFHLS) is not feasible. 

A motivation to build even larger 
field size camera ... 

Hyper Suprime-Cam (HSC)



Cosmic Shear on 2 sqdeg

SCDM

0.5 < σ8 < 0.9



∏



WL Cluster Survey

• Use Kappa S/N map to select cluster candidate

• to reduce contamination

• Spectroscopic follow-up by multi object 
spectrographs (FOCAS)

• to identify superposition of  small systems

• ~ 20 square degree:  100 clusters candidates

• Hamana, Ellis, Kashikawa, Massey, Refregier, J.Tayler



Cluster Identification 
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0.5 hour Rc
Miyazaki et al. 

submitted

n: peaks in SN map
secure halos (15) 

X-ray clusters
This work follow-up

XMM-LSS
10 ks



BLind Cluster Survey

– 23 –

Table 2: List of shear selected halos

Field n ID RA DEC κS/N κ Ng
a FOCAS b Knownc NEDGd Note

DEEP02 00 - 37.32 0.63 4.44 0.099 16 - - 1.35
01 - 37.87 0.51 4.39 0.083 24 - - -
02 - 37.38 0.41 4.25 0.120 19 - - 0.73
04 - 37.15 0.73 4.11 0.086 25 - - 0.10
05 - 37.31 0.44 4.07 0.131 20 - - 1.03
06 - 37.72 0.69 3.97 0.081 18 - - 0.86
07 - 37.86 0.57 3.95 0.074 18 - - 0.92
08 SL J0228.4+0030 37.12 0.51 3.93 0.085 49 - 0.46(P) - VGCF 46
09 SL J0228.2+0033 37.07 0.55 3.84 0.102 33 - 0.50(P) - SDSS CE J037.099808+00.540769

SXDS 00 - 34.29 -5.59 5.33 0.057 26 - - -
01 - 34.38 -4.86 4.14 0.084 24 - - -
02 - 34.61 -4.41 3.96 0.059 16 - - -
03 - 34.74 -4.70 3.90 0.044 19 - - -
04 - 34.96 -5.12 3.86 0.069 21 - - -
05 - 34.41 -4.50 3.77 0.056 26 - - -

XMM-Wide 00 SL J0221.7-0345 35.44 -3.77 8.15 0.156 72 - 0.43 - XLSSC 006
01 SL J0225.7-0312 36.43 -3.21 5.72 0.108 41 0.14 - - LRIS z = 0.14
02 SL J0224.4-0449 36.10 -4.82 5.06 0.074 40 0.49 - -
04 - 35.34 -3.50 4.91 0.082 21 - - -
08 SL J0222.3-0446 35.48 -3.80 4.33 0.081 29 - - - LRIS z = 0.41
10 - 36.25 -4.25 4.20 0.062 23 - - -
12 SL J0224.5-0414 36.13 -4.24 4.06 0.057 70 0.26 - - LRIS z = 0.26
15 SL J0225.3-0441 36.34 -4.70 3.94 0.091 34 0.26 - -
16 SL J0228.1-0450 37.03 -4.84 3.94 0.072 31 0.29 - -
17 SL J0226.5-0401 36.63 -4.02 3.90 0.079 37 - 0.34 - XLSSC 014
19 SL J0227.7-0450 36.94 -4.85 3.81 0.064 43 - 0.29 - Pierre et al. (2006)
20 - 35.98 -3.77 3.81 20 - - - 0.048
21 SL J0228.4-0425 37.12 -4.43 3.80 0.055 49 - 0.43 - XLSSC 012
22 SL J0225.4-0414 36.36 -4.25 3.72 0.073 43 0.14 - -
23 SL J0222.8-0416 35.71 -4.27 3.69 0.049 52 0.43,0.19,0.23 - -

Lynx 00 - 131.91 44.80 5.84 0.121 20 - - -
01 - 132.59 44.07 5.01 0.083 43 - - -
03 - 131.83 44.86 4.57 0.139 23 - - -
05 - 131.77 44.85 4.37 0.110 13 - - -
07 - 132.69 44.95 4.15 0.105 31 - - -
08 SL J0850.5+4512 132.64 45.20 4.02 0.085 53 0.19 0.24(P) - NSC J085029+451141,LRISz = 0.19
09 - 131.47 44.96 4.02 0.076 26 - - -
10 - 133.02 44.14 4.00 0.108 23 - - -
12 - 132.37 44.38 3.90 0.081 36 - - -
13 - 132.41 44.37 3.90 0.072 31 - - - Part of n=12
14 - 132.54 44.07 3.86 0.066 48 - - -
15 - 132.81 44.35 3.77 0.077 39 - - -
16 - 132.31 44.30 3.75 0.072 44 - - -
17 - 131.40 44.94 3.74 0.084 25 - - 0.15

COSMOS 00 SL J1000.7+0137 150.19 1.63 6.11 0.113 64 0.22 0.20(P) - NSC J100047+013912
01 SL J1001.4+0159 150.35 1.99 5.64 0.098 32 - 0.85(P) - Finoguenov et al. (2006)
02 SJ J0959.6+0231 149.92 2.52 4.74 0.067 83 - 0.73(P) - Finoguenov et al. (2006)
05 - 149.65 1.55 3.92 0.078 47 - - -
07 - 150.19 2.01 3.88 0.070 36 - - -

aNumber of moderately bright (RC < 22) galaxies around the halo within 2 arcmin
bredshift obtained by FOCAS MOS
ccluster redshift found in literatures (mainly from NED). “P” stands for photometric redshift.
dredshift estimated from grouping of galaxies whose redshifts are listed on NED.
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12/15 (= 80 %) is identified as clusters
(S/N > 3.69)

WL Cluster survey is feasible

Miyazaki et al. submitted

(3 unidentified halos have not yet been observed spectroscopically.)



Comparison at CFHLS D1
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Rc: 0.5 hour x 13

464 R. Gavazzi and G. Soucail: Weak lensing in CFHTLS Deep fields

4. Mass reconstructions

4.1. Convergence maps from observed shear

From the source catalogue CA defined in Sect. 3, we can infer
the shear field γ(θ) and deduce the associated convergence field
κ(θ). They are related by:

κ(θ) =
∫

R2
K(θ − ϑ)∗γ(ϑ)d2ϑ, (11)

where K(θ) = 1
π

−1
(θ1−iθ2)2 is a complex convolution kernel (Kaiser

& Squires 1993, hereafter KS93). The shear field is smoothed
with a Gaussian filter G(θ) ∝ exp(− θ22θ2s

) with θs = 1 arcmin.
The convergence field is consequently smoothed by the same
filter. The resulting convergence maps present correlated noise
properties (van Waerbeke 2000).

〈κn(ϑ)κn(ϑ + θ)〉 = σ2
e

4πnbgθ2s
exp
(
− θ

2

4θ2s

)
· (12)

σe(4πnbgθ2s )−1/2 characterises the noise level. We measured a
value 0.0196, 0.0225, 0.0202 and 0.0221 for D1, D2, D3 and
D4, respectively.

In principle, the convergence computed from Eq. (11) must
be real and its imaginary component should only be due to noise
and possible residual systematics. We checked this assumption
by rotating the shear field by 45◦ and found the reconstructed
maps to be consistent with noise as described by Eq. (12).

The KS93 inversion in Eq. (11) is done by a direct summa-
tion over all sources without pixelling, smoothing and Fourier
transforming the data. This reduces boundary and mask effects
on mass reconstructions. Several techniques have been proposed
so far since the original KS93 method. Most of them are use-
ful in high shear regions (where g <∼ 1) and for small fields of
view. However the wide MegaCam images and the complex field
geometry imposed by the masks make difficult, time consum-
ing and unnecessary the implementation of more complex tech-
niques. In addition, van Waerbeke (2000) has shown that noise
properties of KS93 method are well controlled and consistent
with Eq. (12).

Figures 4 and 5 show the convergence maps for D1, D2, D3
and D4 deduced from the catalogue CA. Contours in units of the
signal-to-noise ratio (SNR or ν) are overlaid, with ν defined as

ν = SNR =
κ

σe

√
4 π nbg θ2s . (13)

In the present data we detect ∼46 positive peaks with ν > 3 and
5 peaks with ν > 4. In order to avoid too much contamination
by noise peaks but to detect as much true peaks as possible, we
therefore fix the threshold at ν = 3.5. The 14 peaks detected
within this limit will constitute our working sample in the rest of
the paper. We discuss in more detail the statistics of these peaks
in Sect. 4.2 and their possible association to galaxy clusters in
Sect. 5.

4.2. Statistics of peaks

Several authors investigated the possibility to use convergence
peaks as clusters of galaxies candidates. Simplified analytical
calculations based on the Halo Mass Function (as inferred from
the Press-Schechter formalism for instance) provided the first
predictions for wide field imaging surveys (Schneider 1996;
Kruse & Schneider 1999). Then, thanks to the development of

Fig. 4. Convergence maps inferred from the ellipticity field of back-
ground sources for D1 (top) and D2 (bottom). The shear field is esti-
mated by smoothing the ellipticity field of sources galaxies selected in
catalogue CA. Then, Eq. (11) is used the convert γ into the κ field. The
largest masked regions are visible as fuzzy κ ∼ 0 regions. Contours lev-
els start at 3σ with a 0.5σ arithmetic increase. The Gaussian filtering
scale is 1 arcmin. The 14 peaks with ν > 3.5 are labeled.

numerical simulations, quantitative estimates of projection ef-
fects and cluster selection functions (in terms of mass and red-
shift) became available (Reblinsky & Bartelmann 1999; Jain &
van Waerbeke 2000; White et al. 2002; Padmanabhan et al. 2003;
Hamana et al. 2004; Hennawi & Spergel 2005; Tang & Fan
2005).

The practical implementation of a Weak Lensing Cluster
Survey (WLCS) requires the control of noise present in obser-
vations, either due to the intrinsic ellipticity of sources or to

tens of  hours  i’
T00003 DR

Gavazzi & Soucail (2007)

Miyazaki et al. submitted

30-40 gals/arcmin2



Efficiency of 
WL cluster survey

• 2.2 square degree  (XMM-Wide)

• 15 Shear selected clusters found  : 8 hr observing time

• 8 X-ray clusters missed

15
15 + 8

= 65% is not bad for the price we paid
(~ $80k: Subaru 1 night)



Summary of 
Suprime33 Paper1

• 17 square degree secure area  (out of  22 sqdeg observed)

• 100 halos identified with S/N > 3.69

• 26 halos followed up by FOCAS MOS

• All confirmed as clusters (including superposition)

• 41 halos have reliable redshift (LRIS, literature)

Spectroscopic follow-up is still on-going using 
FOCAS (Hamana et al. in prep. 9 more 
including less significant but interesting) and 
Keck LRIS (Green et al. in prep. (20+) more)

Miyazaki et al. 
submitted



Hyper Suprime-Cam

• In order to be competitive with other projects, we 
need even a larger camera. 

HST Suprime-Cam HSC

1.5 deg
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HSC: Mechanical Design

Interchangeable 
with WFMOS
positioner

WFMOS:
4000 fiber
spectrograph
proposed by 
Gemini
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Optics: 1.5 deg option

HSC

WFMOS

0.9 m dia.
Mostly Silica

ADC installed

Aspheric 2 surf.
(conic)

ADC



Large Optics
• Design Varieties

• FOV   2 deg, 1.5 deg
• ADC   rotation prism, lateral shift

Takeshi   Gillingham    Gillingham       Nariai         Tanaka
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Optics Performance

• Specifications:
• HSC:   D80 < 0.3 arcsec in r, i, z, Y
• WFMOS:   D80 < 0.5 arcsec in 350 - 1000 nm

Specs are fully met.

Design Performance (D80 in arcsec)
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Collaboration with Canon

• All the existing designs are provided to Canon.

• Canon is responsible for

• Optimization of  the designs based on:

• detail tolerance analysis

• manufacturability

• Lens holder design



Focal Plane Array

Hamamatsu 4 side buttable FD CCD



Focal Plane Arrays

• 10 CCDs are ready to mount on Suprime-Cam.

• On telescope performance verification will be carried 
out in a year. 

• Focal plane assembly method has yet been finalized. 

• Princeton experiences are invaluable. 



Collaboration

 Large Corrector

 Large Filters

 CCDs

Mechanics



International 
Collaboration

• ASIAA, Taiwan

• Princeton University

• UC Davis, SLAC

Collaboration frameworks are being discussed.



draft Schedule

2007        2008        2009        2010        2011

Optics FabricationOptics dsgn

CCD fab. &  evaluation

Components R&D

FL

TEL mod design

Data analysis pipeline

Assembly & Test

2yr

2.5 yr

1 yr

       2010/3
All components must be completed
except optics

2.5 yr
Grant ends

Assumptions: Final Spec. determined 2008/3
                      Optics fabrication takes 2.5 yr



HSC Survey Design

• Optimization of  survey is under way.

• But preliminary numbers given are:

• 200 - 300 nights over 5 years considered

• 3 - 4 band



HSC Survey

HSC (2000 sq deg)

SC

SDF/SXDF

Limiting AB mag



Thank You


