CCD
Hyper-Suprime



Where are we ?

(1) Survey Speed

Camera |A[m?] Q[deg’]| AQ |First Light
SDSS 3.83 6.0 22.99 |May-98
UHB8K 0.59 0.25 2.40 | Sep-95
CFH12K [9.59 0.375 3.60 |Jan-99
Suprime |51.65 0.256 13.17 | Jul-99
MegaCam |9.59 1.0 9.59 |(Fall-02)
VISTA 11.33 2.0 22.67 | (Spring-04)
LSST 37.40 7.1 265.54 | (~2010)




Where are we ?
(2) Image quality
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Where are we ?

(3) System throughput

Band B V R 1" z"
I iggels 0.91 0.90 0.89 0.86 0.90
Corrector 0.85 0.92 0.93 0.92 0.85
CCD 0.61 0./5 0.84 0.85
filter 0.88 0.97 0.94 0.96 0.93
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Sub-arcsec seeing

Suprime-Cam

— Mega-Cam
— VISTA
— LSST

Upgrade



Suprime-Cam upgrade

low cost )

— LSST 2010



CCD
CCD
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CCD

— Thinning

— 500 kHz



Subaru-Hamamatsu collaboration

e R&D of fully depleted CCD
— Small proto-type 1024 x 256 (24 micron pixel)




Subaru-Hamamatsu
Fully depleted CCD




 QE measured at Mitaka CCD detector |ab

90 um
(2002)

BI <CD
(SITe STQ
i

This work
F.I. FDO CCh

ke
[}
H
-
£l
apf
H
L
]
[=
o
=
o

SOpﬁn
(2001),

"
™,
"
s
FL CCD ™
{HPK S7010]

/ h'“\
/ \

| 1 1 1 | 1 1 1 1
600 800 10040

Wavelength[nm] B.I. Back side Oluminated
F.I. Front =ide Numinated




Thinning




 QE measured at Mitaka CCD detector |ab
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 QE measured at Mitaka CCD detector |ab
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FDCCD

FDCCD X
— 30 keV 10 %

super mirror
o NeXT?

2k2k 2kdk  FDCCD

Suprime FOCAS CCD



Suprime 30

— LBG (Steidel), LAE (Hu), Weak lensing(Tyson)
TypelaSN(Perlmutter)



2 deg @ (0.5 deg @ )
dsox = 0".3 (0".22)

: 550 nm < A <1100 nm (400nm < 1)



Latest Design by Dr. Takeshi
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Encircled energy distribution @ 550 nm

0. 2800 DEG
L.03EE DEG

b.388b [H:
b, Todd DBG
ad.9080 DER

r=0". 15

L

EMNEEGT

— { —
f

I.I. '--'-‘_.i-

B
.9
B

7
y.

S
4
<
¥

FRACTIOM DOF EMCLOZED

i

o

I'.I—'

e =
i
i

- - — - - 80%

80% e.e.d. 1Is
0.3 at any position

i [ i i i

less than

i
aa . 0y

RFAOIUS FROM CEMTROIO IN MICROMS

[
50 . 0B

FEOMETRID GBNCIRECLED [EhERGY

P=L.7353
THU TUL
WHVELE

ab 20@2
NGTH: 0.550800 MICEONS
OATA HAS BEEN SCALED BY DIFFRACTION LIMIT.

CIORF TGUEATION

1 0OF




{280, 2. dllﬁj

focal length 16m

5 . 0

(21T 55 d=m)

s K

(13887, 5.

B0

[(16480.0 .

primary
lens
1.2m

L

CRIMER )

oodre

primary mirror : 8.2 m

(15000, 0) 0N
(15055.86 . O)ila

Bi. 0407 74 HARE

FIEEL ERTRe

i LR AT W

e - - s .



CCD 200

400 ch

— Analog VLS

1.2m

CCD



So, what for ? One example
e Dark matter halo survey vialensing

Mass map

(SIN > 3)
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Dark matter halo survey

R (Miyazaki
= et al. 2002
IN press)
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Dark matter halo count
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Dark matter halo count
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Dark matter halo count

Cosmic
variance

(Miyazaki et al. 2002 in
press)




Cosmic Variance
e 100 Mpc

e Dark energy -- guintessence —
100 Mpc clump



1 deg =15.5Mpc at z=0.5 (flat universe)
10 deg x 10 deg - 155 Mpc x 155 Mpc

Cosmic Variance
10

100 deg? x 10 fields > 1,000 deg?




1,000 deg? Survey

BVRI'Z

Hyper-Suprime 6

Suprime-Cam 100




Hyper-Suprime-South

TAO



e Hyper-Suprime 2008
e Multi color deep survey 1000 deg?

o All Sky survey R <24.5
- 21

— 30m
— Hyper-Suprime-South
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