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Mosaic Camera History

NAOJ-UT Mosaic for Kiso Schmidt
Sekiguchi et al. 1992
8 x 8 (1 cm^2 CCD)
CCD:TI TC215
World largest forcal plane in 1992

Suprime-Cam
Miyazaki et al. 2002
5 x 2 x (3cm 6cm CCD)
MIT/LL CCID20
World fastest discovery speed 2002



M1 8.2 m

Subaru Prime Focus

F/2.0 
f = 16400 mm    
Field of View 30 arcmin



Suprime-Cam
10 MIT/LL CCID-20
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HST WFPC2
(All FOV)

Suprime-Cam
（FOV/100)

Good Image Quality
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Suprime-Cam Strength

1. Large Aperture Telescope

2. Wide Field of View

3. Superb image quality

Optimized for Weak Lensing 
Survey (unintentionally)
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Wide Survey and DE

1. Obtain Wide Field Imaging Data

Cosmic Shear 

Cluster of Galaxies count

2. Measurement of DM Clustering Evolution

3. Measurement of Cosmic Expansion History H(z)

4. Measurement of DE (time variation)

Weak Lensing Technique
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Cosmic Shear

Cosmic Shear: Weak Lensing by Large Scale StructureCosmic Shear: Shape correlation of neighboring galaxy pairs
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Shape measurement 
accuracy must be < 0.1 %



Cosmic Shear on 2 sqdeg

SCDM

0.5 < σ8 < 0.9

Hamana et al. 2003
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Wider Field Data necessary
 to argue DE
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Cluster Count

Fewer Clusters of galaxies 

Smaller DM clustering・smaller volume

Faster cosmic acceleration    larger w

Vikhlinin et al. 2008 

More cluster sample necessary
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Weak Lensing Cluster Search

• Standard search: baryon tracer (optical, X-ray)
• Weak Lensing directly probes dark matter 
concentration

Ni = ∆Ω∆z
d2V

dzdΩ
(zi)

∫ ∞

Mmin(zi)

dn(M, zi)
dM

dM

Number Count of Clusters

Obs. Theory

WL sampling is natural and efficient.



Pilot WL Cluster Survey

• Use Kappa S/N map to select cluster candidate
• Spectroscopic follow-up by multi object 
spectrographs (FOCAS)

• to identify superposition of small systems
• ~ 20 square degree:  100 clusters candidates



Suprime-Cam GTO 2 deg2 weak lensing survey

Black
Light map

Miyazaki et 
al. 2002 ApJ 

Lett
580 L97

25Mpc(z=0.5)

Red
Mass map
(S/N > 3)

~１０
14Msolar Halo

1.65 deg
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0.5 hour Rc
Miyazaki et al. 2007

n: peaks in SN map

secure halos (15) 

X-ray clusters

This work follow-up

XMM-LSS 10 ks

red: kappa S/N
blue: galaxy density



Blind Cluster Survey
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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 > 3.7)

Miyazaki et al. 2007

(3 unidentified halos have not yet been observed spectroscopically.)
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WL Cluster survey is feasible

Miyazaki et al. 2007

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



WL vs X-ray
Relatively Deep X-
ray  Survey (10 ks) is 
necessary to obtain 
Tx (mass proxy)

Weak Lensing at large 
aperture telescope 
requires moderate 
exposure time (0.5 
hr)

WL offers more 
economical way to 
collect samples
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8 X-ray clusters
below our threshold

blank field survey

Threshold
of shear 
selected 
samples
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Rc: 0.5 hour (x 13p)
Miyazaki et al. submitted

30-40 gals/arcmin2
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Rc: 0.5 hour (x 13p)

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
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14.3 Galaxy Clusters

CMB lensing, and cross-correlate with supernovae to map (and possibly reduce the scatter due to)
supernova lensing (§ 11.10).

Mass distributions are also important for testing alternative theories of gravity (§ 15.3). Unam-
biguous examples of discrepancies on large scales between the mass and galaxy distribution will
not only constrain these theories, but will also derive astrophysical constraints on dark matter
interaction cross sections, as was done for the visually stunning example of the Bullet Cluster
(Markevitch et al. 2004, § 12.10).

At the same time, these maps are a prime opportunity to bring science to the public. Everyone
understands maps, and the public will be able to explore mass (and other) maps over half the sky.
The maps will also have some coarse redshift resolution, enabling them to gain a sense of cosmic
time and cosmic history.

14.3.7 Shear-selected Clusters

The mass maps lead naturally to the idea of searching for clusters with weak lensing. Weak lensing
has traditionally been used to provide mass measurements of already known clusters, but fields of
view are now large enough(2–20 deg2) to allow blind surveys for mass overdensities (Wittman et al.
2006; Dietrich et al. 2007; Gavazzi & Soucail 2007; Miyazaki et al. 2007; Massey et al. 2007b). Based
on these surveys, a conservative estimate is that LSST will reveal two shear-selected clusters deg−2

with good signal-to-noise ratio, or 40,000 over the full survey area. Results to date suggest that
many of these will not be strong X-ray sources, and many strong X-ray sources will not be selected
by shear. This is an exciting opportunity to select a large sample of clusters based on mass only,
rather than emitted light, but this field is currently in its infancy. Understanding selection effects
is critical for using cluster counts as a cosmological tool (see Figure 12.22 and § 13.6) because mass,
not light, clustering is the predictable quantity in cosmological models; simulations of structure
formation in these models (§ 15.5) will be necessary to interpret the data. Shear selection provides
a unique view of these selection effects, and LSST will greatly expand this view.

Because shear selection uses background galaxies rather than cluster members, it is difficult to
detect clusters beyond z ∼ 0.7. Hence the proposed deep LSST fields will be very useful in
accumulating a higher redshift, shear-selected sample in a smaller (but still ∼ 100 deg2!) area.
This will be critical in comparing with X-ray, optically, and SZ selected samples, which all go to
higher redshift.

Shear selection has the property that it selects on projected mass density. Therefore, shear peaks
may not be true three-dimensional density peaks. From a cluster expert’s point of view, this results
in “false positives,” which must be eliminated to get a true shear-selected cluster sample. Using
source redshift information to constrain the structure along the line of sight (tomography) helps
somewhat but does not eliminate these “false positives” (Hennawi & Spergel 2005), because the
lensing kernel is quite broad. We will see in the next section how to turn this around and use
shear peaks as a function of source redshift (rather than lens redshift) to constrain cosmological
parameters.
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Energy
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Suprime-Cam Strength and Upgrade
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2. Wide Field of View

3. Superb image quality

4. High QE in red
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Expand field of view while 
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quality with SC
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CCD Structure Full Frame Transfer
Si Thickness 200 µm (Can be 100 ∼ 300 µm)
Vertical clock phase 3 phases
Horizontal clock phase 2 phases or 4 phases
Output Amprilfiers 4 one stage MOSFET on chip

and one J-FET on the package

Package Material Aluminum Nitride

Table 1: HPK CCD configulation
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Mounted on Subaru

Replacement of MIT/LL CCID-20
July, 2008  



HSC Focal Plane

(a) (b)

Figure 3. (a): The layout of CCDs on the cold plate. (b): The vignetting plot as a function of the field radius.

One unit of FEE handles 4 CCDs and its dimension is 240 mm × 150 mm. There are four 65 pin micro D-sub
connects on the bottom side of FEE and FPC cables from CCD packages are connected to these connectors. It
also has one 9 pin MDM connector one end of FEE which is used as a signal line. On the other end, a 60 pin
connector is attached and connected to the bus-type connector which is installed on the FEE assembly and the
DC power is supplied from the bus. A support bar which embeds a heat pipe is attached at the top end of the
FEE to fix the FEE to the beam of the FEE assembly, as well as to remove the heat generated from FEE to the
beam. We plan to equip coolant lines through the FEE beams and circulate coolant to efficiently remove the
heat.

There are two rooms reserved for the cooling path between the cold head of the cooler and the cold plate.
The size of the each room is 500 mm × 65 mm. The thermal analysis (see Sect. 4) shows that wide contact area
on the cold plate is necessary to keep CCD temperature uniform over the focal plane.

Back Assembly The back assembly is where two coolers and vacuum maintenance instruments are attached.
An ordinary vacuum valve of ISO-KF 40 size (e.g., Pfeiffer EVB 040 SA) and a full range vacuum gauge (e.g.,
Pfeiffer PKR 251) are attached. We also plan to adopt a noble pump Varian Vaclon Plus 20 which has a pumping
speed of 20 l/s. For more details of the cooler, see Sect. 4.

3.2 Focal Plane Layout

Fig. 3(a) shows the layout of 116 CCDs on the focal plane. The inner dashed circle represents the 1.5 degree
field of view, which corresponds to 498 mm in physical size. The outer dashed circle represents the area where
CCDs receive incoming photons. The diameter is 530 mm in physical and 1.59 degree field of view. The solid
line circle represents the outer diameter of the dewar (700 mm). As shown in the figure, 116 CCDs cover 1.5
degree field of view quite well. Fig. 3(b) shows the vignetting diagram as a function of the field radius. The
vignetting gets worse as the radius increases and it is 25% at 0.75 degree (i.e., 1.5 degree diameter), then steeply
degraded to ∼40% at the 0.8 degree edge.

The dimension of a CCD package is 31.54 mm × 66.825 mm with 9 mm thick and the gap between CCD
packages is 0.2 mm. Since the light-sensitive area of CCD is 30.72 mm × 61.44 mm, the effective gaps between
CCDs are 1.02 mm (11 arcsec) in 2k direction and 5.585 mm (62 arcsec) in 4k direction, respectively.
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FEE: Signal processing circuit
• Double-slope type CDS circuit based on SDSS photometric camera

• 3 op-amps signal processor to achieve low power consumption

• Pre-amp

• Inverting amp

• Integration amp

• AC coupling with DC level restoration

• Low power and fast op-amps with quick overload recovery
(No need of clamp diode)

• 0.05% linearity error over the full signal range

• -150ppm/C of the gain temperature dependency

CCD ADC

pixel rate: 250 kpix/s

AD7686OPA 627
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ADC board for 4 CCDs

Al core
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Ethernet Connection to the DAQ System
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(CDS&ADC)
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Readout

Controller
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Memory

SiTCP
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System

Back End Electronics

AD converted data. GbE

Custom ASICs Linux box at
observing room

Designed by U-tokyo and KEK
(Uchida et al. 2008 SPIE)
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Suprime-Camと HSC光学系設計性能の比較

宮崎 聡, 小宮山　裕

2008年 12月 15日

RMSの比較

Suprime-Camと Hyper Suprime-Camの光学系設計性能を比較するために，zemax を用いて，spotの
rms radiusを調べた．

0 0.125 0.25 0.5 0.75 [deg]
g 1.0 2.7 3.6

(0.49) 5.8 5.5 6.3 9.2 5.2
r 1.9 3.0 4.2

(0.63) 1.3 1.5 3.4 4.0 4.5
i 3.1 3.8 5.7

(0.77) 2.8 3.8 5.1 5.3 4.4
z 3.8 4.3 6.7

(0.90) 2.8 4.1 5.0 6.3 4.6

単位はミクロン．g 以外では，HSC の設計値は全ての画角において，SC と同等かむしろ良い．Plate
scale は HSC において，0.17 秒角/ピクセルであるので，視野角 0.25 秒以内の最悪値は FWHM =
6.3/15 × 0.17 × 1.67 = 0.12 秒角となり，Natural Seeing 0.4秒角以上の場合は実質問題ない．ここで，
FWHM = 1.67σ を使った．

RMS spot radius (micron) upper:SC, lower:HSC
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for fit check at the 

telescope



Filter

i’- filter : Barr



Filter

• Optics coating Japan
• Asahi Spectra
• Barr

Prototyping

They all look 
promising.



Broad band prototype
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Filter Exchanger
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  NAOJ
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6 filters
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Central Unit Stacker
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Shutter 600 mm phi



HSC Assembly

PFU Mechanics

HSC Mechanics

Sensor

WFC

Data Management
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Schedule

2010/12 New PFU + Camera fitting Test

2011/01 Filter Exchanger Env. Test

2011/02 CCD Final Installation

2011/03 New PFU -WFC fitting Test

2011/04 Shipping to Hawaii

2011/9 Engineering F.L.



Draft Survey Plan (wide)

5 sigma Point source 0.8 arcsec Seeing

filter g r i z Y
T [min] 15 20 30 20 25
mag 26.5 26.4 26.2 24.9 23.7

DES 25.6 25.1 25.2 24.4 22.3

1500 square degree



Candidates of survey fields

Selection criteria:
•Availability of NIR/
U data (for accurate 
photo-z) 
•Xray/SZE survey 
(Cluster study) 
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Comparison

SDSS

CFHTLS-W

SCam-WL

HSC-W

LSSTPS1 PS4

DLS

KIDS

DES

SNAP

DUNE

x10 wider

1 mag  deeper

Before HSC

after HSC

Survey comparison
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DE Constraint
(c)M. Takada

Forecast for WL-PS & Cluster counts

10-20% improvement with NO additional observation

20

δw0 ∼ 5% (wa = 0) Stage III



Actual Data [PSF map]
Ellipticity ~ 3 %

PSF Modeling using 
stars

Galaxy shape 
collection based on 
the model

Extensive 
understanding of 
the instruments 
necessary to make 
model

optical and mechanical mis-alignment, 
mechanics motion error



Observed ellipticity of stars

Ellipticity ~ 3 %

Required accuracy 
is smaller than the 
correction

Evaluation of the 
systematic error is 
crucial.

Distance from Optical Center
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Observed ellipticity of stars

Ellipticity ~ 3 %

Required accuracy 
is smaller than the 
correction

Evaluation of the 
systematic error is 
crucial.

Distance from Optical Center

DE measurement is 
experimentalist’s work !
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Summary

Hyper Suprime-Cam is being built at NAOJ 

and will see the first light in fall 2011.

Large survey (1500 sqdeg) is planned to carry 

out 2012 - 2017.

Stage III dark energy constraint is expected 

and a lot of unexpected is also expected.
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LSST- Science

! Efficient, deep optical survey telescope

! Will transform observation of the variable universe and 
address broad questions:
" Dark energy using gravitational lensing and supernovae 

" Dark matter

" Near-Earth, Kuiper-belt objects

" Solar neighborhood

" Transient phenomena 
! Gamma-#$%&'(#)*)+&,$#-$'./&)*$#)+&0(1/#234$/5

! Publicly accessible archive " >100 Pbyte
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Thank you


