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Introduction

What 1s Hyper Suprime-Cam ?



HYPER SUPRIME-CAM

Expand field of view to
Increase survey speed
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SURFACE NUMBER DENSITY OF
FAINT GALAXIES USED FOR WEAK
LENSING ANAYSIS
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Seeing 1s critical for WL survey efficiency
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HYPER SUPRIME-CAM

Primary lechnical Specifications

Field of View

1.5 degree diameter

Vignetting allowed up to 25 % at the edge
Dead area (CCD gap) fraction < 5 %

Instrument PSF size

<0”.3 forr’, i’
<0"4forg,Y

FWHM

Pixel scale

< 0.2 /pix

System Throughput

> 50 % for g’
> 65 % for 1’
> 65 % for 1’
> 40 % for 7’
>X %forY

PMxWFCxFilterx CCD
at the center of the field

Minimum Shutter Speed

3 sec (1 sec goal)

Time accuracy < £ 1 %

Min. interval of Exposures

20 sec (15 sec goal)

Including CCD readout and wipe
pointing change




Frequency (%)

15 F
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SUBARU SEEING STATISTICS

Subaru telescope seeing size (R band) NMay 2000 - Dec. 2006

mostly seeing limited
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Seeing FWHM |arcsec|
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GROUND VS SPACE

Extracted Shear
Comparison on

COSMOS field

Kasliwal, Massey,
i Ellis, Miyazaki,
e L Rhodes 2008 1n press
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Hyper Suprime-Cam 1s an upgrade of
Suprime-Cam. It has almost 10 times
field ot view while maintaing
equivalent image quality necessary for
weak lensing survey.







HSC COMPONENTS
« HSCG Mechanics (telescope interface) Mitsubishi

* Wide Field Corrector 1NOoN
« HSC Camera Mechanics NAO]J
e U-Tokyo
e Shutter KEK
o Filter Exchanger Princeton
» Sensor ASIAA
- CCD
» LElectronics

Komiyama’s talk
e Filter

e SH (mirror analysis) & Guider

» Data management 14



HSC CONFIG.

: - E — / Hexapod Actuator
: B { e Instrument Rotator
..................... Tl it
L— Filter
< Main Frame

Optics alignment Mechanism

|aJleg suoT
Bury Jauu
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FEM ANALYSIS

Structure and mechanics must be designed to
meet the tolerance specification (0.17 arcsec)
(In progress) 1§



Wide Field Corrector

17



wwo Ly

WIDE FIELD CORRECTOR

1845mm

1 Lateral Shift ADC

Scale : k& 400mm >
General Lens Data
Focal length 18416|mm|
image scale 0.0893[mm/arcsec] |
image size ®» 498 mm

* : Asperical surface

SILICA
BSL7Y
— PBL1Y

0.17 arcsec/pix
(15 um pix)



OPTICS DESIGN PERFORMANCE

Worst case value (FWHM arcsec)

o 0.12 2
EL=90 % 0.08 0.45
y 0.10
o’ 0.18
EL=30 % 0.13 0.70
y 0.13

The rest of the error budget 1s spent for
manufacturing error and lens barrel flexure. 19



LENS BARREL DESIGN

Low CTE (< 0.1 ppm)ceramic: Cordierite
High young modulus 140 pa

stimilar mass density with glass

20



OPTICS TRANSMISSION

370~ 1200nm
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MEGAPRIME TRANSMISSION
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OPTICS DESIGN PERFORMANCE
FOR WFMOS

Wavelength= WFMOS / EL= 90degree Wavelength= WFMOS / EL= 30degree
(390nm+460nm+560nm+700nm+1000 nm) (390nm+460nm+560nm+700nm+1000 nm)
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NON TELECENTRICITY

Inclination angle
of the chief ray

~ 8 deg

causes light loss
at the entrance
into the fibers

because of the

mismatch of NA

Solution: 11t fiber slightly at the edge

24
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HAMAMATSU CCD

2048 x 4096 15 micron  gy151ime-Cam CCDs will be
four side buttable replaced and the

commissioning run 2008/07

27



FDCCD CHARACTERIZATION

Parallel CTE 0.999995
Serial CTE 0.999995
Quantumn Efficeincy 40 % (400 nm)
90 % (650 nm)
40 % (10000 nm)
Thickness > 150 [pum]
Dark Current 1.4 [e/hour/pixel]
Full Well 180,000 [e]
Amplifier Responsivity 5.8 [uV/e]
Read Noise 4.4 e at 150 kHz reaout

Tcep = —100°C
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HSC: FOCAL PLANE

HSC CCD alignment, pattern 2 (106 CCDs)
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Transmission (%)

MEGACAM CCD & FILTER

MegaCam filter set and average CCD quantum efficiency
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X-RAY ENERGY RESOLUTION
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INTERFERENCE FILTER

o’ (400 - 550 nm) Design

Transmission [%]
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Simulated Trasmission Curve for g' filter

| band select layer + 3 blocking layers
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BROAD BAND FILTER
Prototype delivered on 2008/02/29

s s S

35



Transmission [%]

PROTOTYPE FILTER TRANSMISSION CURVE

r Band Transmission vs Radius from Filter Center All the Spec met
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NARROW BAND FILTER

* More layers are needed to realize NBF (~ 10 nm)
* High cutoft uniformity 1s crucial (< 1 nm)

* We must wait for the establishment of “Magnetron
Sputtering Method” which 1s being developed by
Asahi Spectra, Japan.

¢ We will see the feasibility report by March 2009.
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Sensor readout electronics
Auto guider
SH sensor
Telescope Modification
IR emission suppression
Data Management

SPIE papers are being prepared

38



HSC SCHEDULE

CoDR CPDR FE

V V V

2007 2003 2009 2010 2011

Assembly and Test '
WFC Design Manufacturing
ficscope Conce t’:.‘ ]D ign Manufacturin

Mechanics P S st
Camera | Concept Design Manufacturing

A

PS1

f

Sensor Manufacturing

DES

59




HYPER SUPRIME-CAM

Instrument Hyper Suprime-Cam DES
Aperture D|[m]| 3.2 4.0
Field Size D [deg] &5 2.0
Inst. PSF [arcsec] 0.3 0.6
M.edlan Site 0.6 087
Seeing [arcsec]

Small Instrument PSF 1s crucial for HSC 1n
order to be competitive with others.

40




WORKING WITH WFMOS

STUDY TEAMS
« WFC

» Non-telecentricity workaround
» Packaging
* Space Constraint

* Weight Constraint

We promise you to provide with
these information as quickly as
possible once the design works of]

HSC are settled.

41
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