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sc Hyper Suprime-Cam

Larger Camera on 8.2 m
Subaru Telescope

Satoshi Miyazaki HSC Workshop 2012/09/24
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 risc Key Elements

- Sharp Lens: <0'".2 FWHM

- Large Number of CCDs
. to pave @ 50 cm focal plane

Satoshi Miyazaki HSC Workshop 2012/09/24



@ New Wide Field Corrector

Basic

v

Satoshi Miyazaki

v

*

Lateral Shift 14 A

v Triplet

%k % }

T Chromatic
Aberration

ADC
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Quartz
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@ WFC Designed Performance

O HSC EL=90
SC

0”.2 (FWHM) is allocated including manufacturing error

Satoshi Miyazaki HSC Workshop 2012/09/24



@ Wide Field Corrector

Estimated Worst Performance over the field

of view <~ 0".18 FWHM in r (spec: 0''.2)

Satoshi Miyazaki HSC Workshop 2012/09/24 7
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@ Structure and optics alignment

- o
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2
DF Dewar,
InR
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-
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Plate scale 0.18 arcsec/ 15 Lm
~ a few ym precision required for

o 3 fons camera
Satoshi Miyazaki HSC Workshop 2012/09/24 9



@ New Prim

§

/ e ,.é‘_'f'_:w’ "“ e ;
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Detector

Collaboration with Hamamatsu

Satoshi Miyazaki

e 2k4k 151m

e Fully depleted CCD
e High resistivity Si
e 200 pm thick

Kamata et al. SPIE 8453-69

HSC Workshop 2012/09/24
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@ Optical Quantum Efficiency

1

0.8 — _
% 0.6 — —
5 !
e | Hamamatsu
7 oal 1 FDCCD

02 - |
j k | (previous)
: 40100 I GOIOO o 8000 | 154 eZV CCD

Satoshi Miyazaki HSCWorkshop 2012/09/ 2% <omee 7am 12




HSC Focal Plane

1 116 HPK FD CCDs




@ In-Dewar Electronics Assembly

>
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s HSC Dewar

Vacuum Maintenance

e Achieved Vacuum: P <~ 1 x 10”-5 Torr
e With electronics powered on (outgas)

e Life time of the ion pump: 8,000 hours
e (cf 80,000 hours @ 10™-6 Torr)

e Maint. cycle: ~ 2 year (14 nights/month)

cf. VacuumTemp20110927 .pdf
Satoshi Miyazaki HSC Workshop 2012/09/24
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Assembling Dewar




HSC Focal Plane
116 HPK FD CCDs




Raw images

some light leak

........

Satoshi Miyazaki HSC Workshop 2012/09/24 18




100

Transmittance [%]

Filter Plan
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Satoshi Miyazaki
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Filter in the Cabinet
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€ Narrow Band Filter Set

e ML(hscfilter@anela)iZ BT %555 L &\ > CTHIME
74 NE =%, BT, SACIZIRE
(Chair: B K IE/E)

o B AR — FIXHSC Project (JII¥F7L)
o THIIHKHES
o 74T —IFEHIPTICHN FETHHEZ S

28] FEEH CWlnm] CWERZ=[+%] FWHM[nm] FWHMERZ= [ £%]
NB515 Bt K= 514. 52 0.3 8.0 10.0
NB718 Zig K= 718.0 0.3 10. 2 10.0
NB816 &g K= 816.0 0.3 11.6 10.0
NB921 R K= 921.0 0.3 13. 1 10.0
NB101 R K= 1009. 5 0.3 9.0 10.0

NB387, NB527, NB946, NB973 b T-iji & 1
Satoshi Miyazaki HSC Workshop 2012/09/24 22
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Camer'a Readout Test

LR_ead& Save: ~ 30 ééc(goa/l : ~ 20 s )
Utsumi et al. SPTE 8453-231

Satoshi Miyazaki




@amem Unit Installation Done

Satoshi Miyazaki HSC Workshop 2012/09/24
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Mounting on Subaru




FEU Attachment

' MStacker-Off

Stacker-IR " ﬁ‘

= Installation Jig

p—
-

; | _
| 2|
5 e £
" ~ Man basket
o - :

&

Uraguchi et al. SPIE 8453-232 |
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sc Engineering First Light

e 2012/08/28 ~

e Auto Guider, Pointing Analysis System,
Mirror Analysis System®software/

hardware D BEEERERY

o #r#iHardwareliHSC project. Softwarels
=Z W%, RS2 BT

Satoshi Miyazaki HSC Workshop 2012/09/24
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Satoshi Miyazaki

HSC First Light

Mx h

HSC Workshop 2012/09/24

2012/08/28
~ 23:17
Vega

with Video
Camera for
SHAG

Perr <~ 20"

29
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Satoshi Miyazaki

HSC First Light

HSC Workshop 2012/09/24
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Tue Aug 26, 11 M g

Thumnbs Contents Melp Debtug




HSC First Light
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@ Main Camera Image Analysis

10

object033 1 13
object033 1 15

1 1

Satoshi Miyazaki

500 1000 1500 2000
distance from (1024, 2360) or (1024, 2800)

HSC Workshop 2012/09/24

2500

Field Angle

green: 43’

red: 19
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@ Main Camera Image Analysis

10 - .
object033 1 13
object033 1 15
8 |
0''.79
6 k
=
T
Z—
_4; ety St b A SR L S S S N
2 FREFIH T I NIFE E/D
0''.67 S <
Z1b9 B(E T (7L
0 1 ) i i
0 500 1000 1500 2000 2500
distance from (1024, 2360) or (1024, 2800)
HSC Workshop 2012/09/24
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Field Angle
green: 43’
red: 19
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@ Main Camera Image Analysis

e DistortioniZ X %plate scaleD %1t

e 6 o/o< ‘; %)
e (HSC Camera Unit + WFC)DMDGHERIZ XN $ 5
fHZ 12 X 2 IERINGE

Satoshi Miyazaki HSC Workshop 2012/09/24
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@ Main Camera Image Analysis

e DistortioniZ X %plate scaleD %1t

¢ 6 o/o< ‘; |2
* (HSC Camera Unit + WFC)D MU 25§ %
RN R TG

Satoshi Miyazaki HSC Wor'kshop42012/09/224 X[OO]
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@ Main Camera Image Analysis

Z=4.35 =

£=435 ——=

=465 —=

Z=465 — =
.......................... 150 um Off"fOCUS
pi A XK T 7 FRORBOMN

A T ] K - JRAE

ooooooooooooooooooooooooooo

25 5HNIIInRZ
180FEIM[Hx L T HUfS

1 1 1 1
-231 -100 0 100 231

Satoshi Miyazaki HSC Workshop 2012/09/24 37



@ Main Camera Image Analysis

Z=-0.15
§Zf+§-1|§ —— | zemaxTHEKL BB
Z [EAT
: . ..x theta_x=2"4
N T thetay=18
, ; eta_y=1".
iR % L X H)
b A X ¥
BRDORKE IDED FHH
R [RlE R I CHERE 9
, 5T IE
-231 -100 0 100 231
Satoshi Miyazaki HSC Workshop 2012/09/24 38



hsc Main Camera Image
M56 10 sec r-band ~0''.58 FWHM

~ 4000 pix (10 arcmm)

Satoshi Miyazaki HSC Workshop 2012/09/24




e Legacy Survey

Model: CFHTLS (410 nights over 5 years)
Very Wide 410 Solar System

Wide 170 Cosmology
Deep 4 Galaxy

Community efforts well organized
Survey plan, data analysis, catalog generation

---> A lot of results, publications
from the CFHTLS astronomers

Satoshi Miyazaki HSC Workshop 2012/09/24 40



 isc HSC Strength

Sharp Image: Lensing and SNIa
-> Wide and Deep

High QE in red: High z galaxies

-> Deep and Ultra-Deep

Hardware & Software in unified group

-> Less systematics,

reliable catalog
Satoshi Miyazaki HSC Workshop 2012/09/24
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@ Image Quality: vs CFHT

4000
ellipticity < 0.15
3500 | mode median
MegaCam : 0.635 0.754"
3000 | SuprimeCam : 0.532 0.671"
2500 |
> . .
e > 5 years statistics
> 2000 | By Rene Racine
= (preliminary)
1500 |
1000 |
500 }
0

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.01

zenith 500 nm IQ (fw hm, asec.)

Satoshi Miyazaki HSC Workshop 2012/09/24



Survey Field

T—Oﬁ%rved

I ¢ = P %
' oV wowees b\~ | OO
—2\&/3/L/\

HSC-D/UD

0.050 0.089 0.159 0.282 0.503  0.895 1.594 2.838 5.054 = 9.000 |

Galactic Extinction EWi de 1500 d692
Deep 28 deg?

UDeep 4 deg®
~ 300 nights over b years (S13B ~ )

Satoshi Miyazaki HSC Workshop 2012/09/24 43




@ Wwide Survey Projects

CFHLS

Depth

Completed 2 50

PG”"STARRS on-going 254

DES
HSC

Satoshi Miyazaki

soon

soon

25.2
26.2

HSC Workshop 2012/09/24

Width

(deg®)

170

70
5,000
1,500

1Q

(arcsec)

0.75

~ 1.1
~ 0.9
0.67

44



@ Wwide Survey Projects
Depth  Width IQ

(deg?) (arcsec)
CFHLS Completed 250 170 075
PG”"STARRS on-going 254 70 ~ 11
DES soon 252 5,000 ~ 09
HSC soon 26.2 1,500 0.67

Euclid (space) 2020s 245 15000 (~0.1)
LSST 2020 3265 30000 (~0.7)

Satoshi Miyazaki HSC Workshop 2012/09/24 45



@ HSC General Observer Support

e Provides user with data analysis package :

a subset of hscana pipeline
e based on Isst-stack
e Basic package is only for blank field data

e Efforts made by user (in collaboration
with HSC project) will be added in the
future release

Satoshi Miyazaki HSC Workshop 2012/09/24
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 isc Data Analysis

i@ty 7 b IZHSC Project & D 2NBH (F4E)

A VA F—)L
o E[IKF (<~ 1 hour)

b

o ¥ make rev=origin/1.6.0c_hsc —fra~<v F

@ty o %% AT (bias, flat, cross-talk, PSFHE4E,
Astrometry, SDSSA a7 LD~y F + + )

e Mosaic Parameters% fi# Z . Stack L THzi&

Satoshi Miyazaki HSC Workshop 2012/09/24
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Suprime-CamH DfiEHTY 7 + %

R—5 T2

o JEKDENTY 7 F EHEILTHE W, 74 —F

Data Analysis

Y — 2B (FIE)

Ny 7 %7t

AR I

o SCA%

e 2001/04 ~ 2002/07 MIT/Messia4d
e 2002/08 ~ 2008/07 MIT/Messiab
e 2008/08 ~ Hamamatsu

Satoshi Miyazaki

HSC Workshop 2012/09/24
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e Data Analysis

RX—% 5 A~ D—Hl A

e 2002/09Hf+

1.2 deg

e R-band 450 sec exp. Vo

e 1Visit: 4 dithered exp. (730771 77)

e 3x 3 Visits
e CCOHIR 10x4x3x3=360/K

Satoshi Miyazaki HSC Workshop 2012/09/24

1.5 deg
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@ Data Analysis

RX—% 5 A~ D—Hl A

e 2002/09Hf+

1.2 deg

e R-band 450 sec exp. Y >
e 1Visit: 4 dithered exp. (3057 45r) 1.5 deg

e 3x 3 Visits
e CCOHIR 10x4x3x3=360/K

EELZHSC 1 HEFDORKE Z

Satoshi Miyazaki HSC Workshop 2012/09/24 49



 risc Data Analysis

R—% A MZHEL 72 R

o HXETMRNT: 10WFE30%
o N T E ?MHTIEH ZIEIRHIC T RED?
e mosaic fRZRKD 2 1 40 (GEW 1)

e stack: 4547

Satoshi Miyazaki HSC Workshop 2012/09/24
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@ Data Analysis

Satoshi Miyazaki HSC Workshop 2012/09/24



Data Analysis

Satoshi Miyazaki

HSC Workshop 2012/09/24
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 rsc Data Analysis

SN — R 27—
e CPU: Intel Xeon 6 core (2.6 GHz) X 2
e Memory: 24 GB

e Hard Drive: 3 TB
e OS: CentOS 5.8 L%

Satoshi Miyazaki HSC Workshop 2012/09/24
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e Data Analysis

System Works PC for Suprime-Cam Analysis in 2000

e CPU: Pentium ITI 733 MHz
e Memory: ~ 512 MB (256 MB?)
e Disk: ~ 100 GB (RAID)

Satoshi Miyazaki HSC Workshop 2012/09/24 55



I NaNs APOD: 2001 September 17 - Southwest Andromeda g
|4 > ||+ KJntp://apod.nasa.gov/apod/ap010917.htmi K3 {Q- Google Q) O]

&3 M HE MyRoot BREXMR» HSCv =1-X(142)v WMv R/Cv FyThv WRv Usixv KRMN> WHME~ Sensorv WFIflv EOM_v

Astronomy Picture of the Day

S : Discover the cosmos! Each day a different image or photograph of our fascinating universe is featred, along with a brief explanation written by a
y professional astronomer.

Southwest Andromeda
Credit & Copyright: Satoshi Miyazaki (NAQJ) et al., Suprime-Cam, Subaru Telescope, NOAJ

Explanation: This npew image composite of the southwest region of M31 from the Subaru Telescope shows many stars, nebulae, and star clusters never
before resolved. An older population of stars near Andromeda's center causes the yellow hue visible on the upper right. Young blue stars stand out in the
spiral arms on the lower left. Red ¢mission nebula, blue open clusters of stars, and sweeping lanes of dark dust punctuate the swirling giant. Andromeda, at
about 2.5 million light years distant, and our Milky Way are the largest galaxies in the Local Group of Galaxies. Understanding M31 helps astronomers to
SGTO{ understand our own Milky Way Galaxy, since the two are so similar,




@ HSC Data Release Policy (draft)

e Raw data automatically release for public in
18 mo.

e Reduced image and Catalog release within
the HSC collaboration

e 15t release 18 mo. from the beginning of
the survey: every 12 mo. from the 2 nd

e 18 mo. after the survey completion open
globally

e Part of the catalog items release globally
from the beginning ? (Position & BB mag ...)
Satoshi Miyazaki HSC Workshop 2012/09/24 56



() e 2012/08
e ~2013/07

e (2013/08~
Use)

Satoshi Miyazaki

Schedule

First Light
Commissioning Run

Legacy Survey (5 yr) and Open

HSC Workshop 2012/09/24
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