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Introduction

What is Hyper Suprime-Cam ?



Hyper Suprime-Cam

HST Suprime-Cam HSC

1.5 deg

Expand field of  view to
increase survey speed

0.5 deg

0.05 deg



Surface Number Density of 
faint galaxies used for weak 

lensing anaysis
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50

S > S* +  1 σ S*

Galaxy size lower limit

S*: PSF size of  stars
Miyazaki et al. 2007



5

Suprime-Cam
30 minACS

1 orbit

Seeing is critical for WL survey efficiency



Hyper suprime-cam
Primary Technical Specifications
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Chapter 1

Hyper Suprime-Cam System Design

1.1 Primary Technical Specifications
1 2

1.2 System Components

1.3 Error budget analysis of the image quality

1.3.1 HSC Model

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 for r’, i’ FWHM
≤ 0”.4 for g’, Y

Pixel scale ≤ 0”.2 /pix
System Throughput ≥ 50 % for g’ PM×WFC×Filter×CCD

≥ 65 % for r’ at the center of the field
≥ 65 % for i’
≥ 40 % for z’
≥ X % for Y

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

1 D80 = 1.9σ for gaussian distribution
2 σ =0”.1 is assigned to non-optics error

1



Subaru Seeing Statistics
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mostly seeing limited
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0.5 arcsec

1.0 arcsec



Suprime-Cam: 20 min
PSF: 0.52 arcsec (FWHM)

2 arcmin



ACS: 34 min (1 orbit)
PSF: 0.1 arcsec (FWHM)

2 arcmin



Ground vs space
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In Figure 2 we also test whether the measured calibration bias
is affected by first binning galaxies in 1:40 ; 1:40 cells on the sky.
Averaging the individual shear estimators lessens the influence
of differently sized weight functions and reduces measurement
noise and the effect of intrinsic ellipticities, producing an ensem-

ble shear estimator more correlated with the true shear signal.
The calibration bias remains unchanged regardless of thematched
subset of galaxies that are used, justifying our galaxy-by-galaxy
approach in Figure 1. Indeed, averaging multiple shear estimators
can only remove information from a galaxy-by-galaxy analysis.

The overall performance in Figures 1 and 2 is a superposition
of good shear estimators from bright and (in particular) large
galaxies, plus smaller objects that cause most of the bias and
scatter. Indeed, systematic errors could be completely eliminated
by using only the very largest galaxies. However, the statistical
noise in a cosmic shear analysis of shear-shear correlation func-
tions scales as !" /(ngal)

1=2. An optimal strategy for any particular
ground-based survey will involve catalog cuts requiring a trade-
off between systematic and statistical errors. However, the op-
timal cuts will vary as a function of survey area and depth. To
produce a result of general interest, we therefore show in Fig-
ures 3 and 4 the resulting calibration bias, scatter, and galaxy den-
sity for a range of possible cuts in galaxy size and magnitude.

A simple result emerges from Figure 3. It is noticeable from
the roughly horizontal and vertical contours that size and magni-
tude cuts seem to parameterize independent sources of error. Using
existing shape-measurement methodology, shear can be measured
from galaxies brighter than i0 ¼ 24:5 and larger than rh ¼ 1:8,
with measurement noise !" ’ 0:03 and a calibration bias less
than 3% (and only 1% with galaxy weighting), which is accept-
able for competitive constraints from future surveys (Refregier
et al. 2004; Amara & Refregier 2007).This leaves a surface den-
sity of ngal ¼ 15 galaxies arcmin2 from the ground, with a median
redshift of zmed ¼ 0:8. The comparison with space-based data for
these cuts is shown in Figure 5.

Note that we have not been able to test the reliability of space-
based shear measurements using this method, nor even consid-
ered the population of small galaxies resolved only from space.
Without data even better than ACS imaging to compare to, we
resort to simulations. The full RRG00 pipeline was calibrated
against simulated images by Leauthaud et al. (2007). However,

Fig. 1.—Comparison of shear estimators from galaxies seen in both Subaru
and HST images. The gray scale shows the number of galaxies with different
shear measurements. The outer contour includes 90% of the galaxies, and succes-
sive inner ones include 10% fewer. The solid line is the least-squares linear rela-
tion. Its slope of 0.87 indicates that shear estimators have been underestimated in
the ground-based analysis, or that the catalog is still partially contaminated by
stellar sources. This value is insensitive within 0.01 to the reintroduction of gal-
axyweights. Furthermore, the non-Gaussianwings of the scatter extendwell beyond
the rms error of 0.16, shown as dashed lines.

Fig. 2.—Comparison of shear estimators from Subaru andHST data, in square cells of 2 arcmin2. In such a small region, the true shear signal is approximately constant,
and should be traced by the mean of shear estimators from each galaxy. This analysis is parallel to that of Figs. 1 and 5, although scatter due to noise andmeasurements of
ellipticity at different radii is reduced. The left panel shows the mean shear estimates derived from the full (matched) galaxy catalog, containing approximately 84 galaxies
per data point. The cross at the origin shows the mean of the errors in each cell. The thick solid line shows the least-squares linear relation; its slope is 0.85. The right panel
uses only galaxies brighter than i 0 ¼ 24:5 and larger than rh ¼ 1:8. The error in each cell is now larger, because they contain only 29 galaxies on average. However, the
least-squares linear slope is now 0.98.

WEAK LENSING: GROUND VS. SPACE 5/15/08 (V681/73332) 5No. 2, 2008

Extracted Shear 
Comparison on 
COSMOS field

Kasliwal, Massey, 
Ellis, Miyazaki, 
Rhodes 2008 in press



Hyper Suprime-Cam is an upgrade of 
Suprime-Cam. It has almost 10 times 
field of  view while maintaing 
equivalent image quality necessary for 
weak lensing survey.



Instrumentation



HSC Components
• HSC Mechanics (telescope interface)
• Wide Field Corrector
• HSC Camera Mechanics

• Dewar
• Shutter
• Filter Exchanger

• Sensor
• CCD
• Electronics

• Filter 
• SH (mirror analysis) & Guider
• Data management 

Mitsubishi
Canon

NAOJ
U-Tokyo
KEK
Princeton
ASIAA
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Komiyama’s talk
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HSC Config.

15

Hexapod Actuator

Instrument Rotator
Shutter

Filter

~ 1m

Main Frame

Optics alignment Mechanism



FEM Analysis
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Structure and mechanics must be designed to 
meet the tolerance specification  (0.17 arcsec)
(in progress)
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Wide Field Corrector



Wide Field Corrector
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0.17 arcsec/pix
(15 um pix)

Lateral Shift ADC



Optics Design Performance
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EL=90

g’ 0.12

i’ 0.08

y 0.10

EL=30

g’ 0.18

i’ 0.13

y 0.13

Worst case value (FWHM arcsec)

The rest of  the error budget is spent for 
manufacturing error and lens barrel flexure.

u
0.45

0.70



Lens Barrel Design
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Low CTE (< 0.1 ppm)ceramic: Cordierite
High young modulus 140 pa
similar mass density with glass



Optics Transmission
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No. HS40-007光学系透過率
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＊膜透過率は簡易評価
（光線入射角を考慮していない）

検討中の反射防止膜を適用した場合の透過率
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MegaPrime Transmission
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Optics Design Performance 
for WFMOS

• 名前なし添付書類
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WFMOSの５波長混合でのD80結像性能WFMOSの５波長混合でのD80結像性能

!"#$%$&'()*+!,-./+0+12*+345$'6$$

7834&9:;<4&9:=<4&9:>44&9:?444+&9@
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7834&9:;<4&9:=<4&9:>44&9:?444+&9@

直径4A=秒 直径4A=秒

B44C年8月B>日（木） キヤノン株式会社

E
nc

ir
cl

ed
 E

ne
rg

y

D=0.5 arcsec D=0.5 arcsec

0.16 FWHM 0.26 FWHM



Non Telecentricity
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Inclination angle 
of  the chief  ray
~ 8 deg

causes light loss 
at the entrance 
into the fibers

because of  the 
mismatch of  NA

Solution: Tilt fiber slightly at the edge



HSC WFC G1 Prototype
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CCD



Hamamatsu CCD
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2048 x 4096 15 micron
four side buttable

Suprime-Cam CCDs will be
replaced and the 
commissioning run 2008/07



FDCCD Characterization

2007 IEEE Nuclear Science Symposium Abstract

EVALUATION OF HAMAMATSU FULLY DEPLETED CCDS AND THE APPLICATIONS TO SUBARU
TELESCOPE IMAGERS

SATOSHI MIYAZAKI
1,2 , YUKIKO KAMATA1, HIDEHIKO NAKAYA2,

YUTAKA KOMIYAMA2, YOSHIYUKI DOI2 , HISANORI SUZUKI3,
MASAHARU MURAMATSU

3, TAKESHI TSURU4, EMI MIYATA
5, HIROSHI TSUNEMI5

satoshi@subaru.naoj.org

ABSTRACT

Large aperture telescopes always require improvement of quantum efficiency (QE) of detectors in order to make
science output maximum within a limited amount of the observing times. In longer wavelength of optical band
(> 700 nm), QE drops because lights penetrate the depletion layer of the detectors. If we have a thicker depletion
layer, the QE can be improved. To meet this goal, National Astronomical Observatory of Japan and Hamamatsu
Photonics have been collaborating in building the thick back illuminated CCDs by adopting high resistivity n-
type silicon. The format is 4 side buttable, 2048×4096 15 µm square pixels with 4 low noise output amplifier.
The evaluation results show that all the specification have been met. We plan to replace CCDs of Suprime-Cam
(Subaru Telescope wide field imager) with these devices to improve the performance. We also have an upgrade
plan of Suprime-Cam itself that is called Hyper Suprime-Cam (HSC). HSC will have field of view of larger than
1.5 degree diameter covered by more than 100 CCDs. HSC is expected to see the first light in 2010.

1. HAMAMATSU FULLY DEPLETED CCDS

FIG. 1.— Appearance of Hamamatsu fully depeletecd CCD. CCDs is
epoxyed on a ceramic package (light blue) with electric connectors. The pack-
age is then epoxyed with “Pin Base” which is a AlN block with alighment pins.
Four side buttable mosaic configulation is allowed.

2. EVALUATION RESULTS

Parallel CTE 0.999995
Serial CTE 0.999995
Quantumn Efficeincy 40 % (400 nm)

90 % (650 nm)
40 % (10000 nm)

Thickness ≥ 150 [µm]
Dark Current 1.4 [e/hour/pixel]
Full Well 180,000 [e]
Amplifier Responsivity 5.8 [µV/e]
Read Noise 4.4 e at 150 kHz reaout

All measured at -100 ◦C

3. SUPRIME-CAM FOCAL PLANE

FIG. 2.— Assembly of Suprime-Cam mosaic focal plane. Ten CCD will be
placed eventually to cover 34 arcmin ×27 arcmin field of view.

4. HYPER SUPRIME-CAM

FIG. 3.— Schematic view of Hyper Suprime-Cam. The diameter of the first
lens is about 1 m.

1 Advanced Technology Center, National Astronomical Observatory of Japan Tokyo Japan
2 Subaru Telescope/NAOJ, Hawaii, USA
3 Hamamatsu Photonics, Hamamatsu, Japan
4 Kyoto University, Kyoto, Japan
5 Osaka University, Osaka, Japan
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TCCD = −100◦C



HSC: Focal Plane

106 2k4kFDCCD



MegaCam CCD & Filter
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FDCCD for HSC

• blue enhancement

Blue QE improved thanks to 
new backside treatments

Blue QE is improved thanks
to new backside treatments

31



X-ray Energy Resolution

T = -100℃
Vbb=20[V]

FWHM 
145.7[eV]
@ 5.9 keV 

R.N. 5.6[e]
Sv　 2.46[uV/e]
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Filter



Interference Filter

1 band select layer + 3 blocking layers

g’ (400 - 550 nm) Design



Broad band Filter
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Prototype delivered on 2008/02/29



Prototype Filter Transmission Curve

 r' 
(550nm-695nm)‏

All the spec met 
at high level

Uniformity:
cutoff        3 nm
transmission 2-3 %



Narrow Band Filter

• More layers are needed to realize NBF (~ 10 nm)

• High cutoff  uniformity is crucial (< 1 nm)

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

• We will see the feasibility report by March 2009.

37
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Sensor readout electronics
Auto guider
SH sensor

Telescope Modification
IR emission suppression

Data Management
....

SPIE papers are being prepared



HSC Schedule

2007        2008        2009        2010        2011

 ManufacturingDesign

Sensor Manufacturing

FLCoDR CPDR

Assembly and Test

Design Manufacturing

WFC

Telescope 
Mechanics

Concept

Design ManufacturingConceptCamera

39
PS1 DES



Hyper Suprime-Cam
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Instrument Hyper Suprime-Cam

Aperture D[m] 8.2

Field Size D [deg] 1.5

Inst. PSF [arcsec] 0.3

Median Site 
Seeing [arcsec] 0.6

DES

4.0

2.0

0.6

0.8 ?

Small Instrument PSF is crucial for HSC in 
order to be competitive with others.



Working with WFMOS 
study teams

• WFC 

• Non-telecentricity workaround

• Packaging

• Space Constraint

• Weight Constraint
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We promise you to provide with 
these information as quickly as 

possible once the design works of 
HSC are settled. 
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Thank You


