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@ Hyper Suprime-Cam

« FOV: 1.5 deg in diameter

« ~ 10 times faster Survey speed than
Sprime-Cam

* Image quality: Instrument PSF < 0.3 (FWHM)

* Equivalent with SCinr, i, z, Y band:
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@® HSC Collaboration

1. Camera Mechanics

- Dewar, Shutter, Filter Exchanger
2. PFU Mechanics

- Telescope I/F, Attitude Control, InR
3. Optics

- Wide Field Corrector
- Filter
4. Sensor
- CCD
- Readout electronics
5. Data Management
6. Project Management




@® HSC Collaboration

1. Camera Mechanics NAOJ/IAA

- Dewar, Shutter, Filter Exchanger

2. PFU Mechanics Mitsubishi
- Telescope I/F, Attitude Control, InR

3. Optics

- Wide Field Corrector Canon
- Filter NAOJ

4. Sensor
- CCD Hamamatsu

- Readout electronics N/UT/KEK

5. Data Management N/UT/KEK/P
6. Project Management NAOJ




HSC Overview
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(C) Uraguchi




SC and HSC

SC Is already very
large.




HSC System Design

se Per the largest PSF in the field

0.324(FWHM)

Diffraction Primary Tracking Error Optics Mis- CCD Height
Limit 0.013 Mrror 0.100 0.151 alighnment 0.171 Variation 0.050

WEC to PM 0.085 F_ocal Plane Instrument Rotator
Tilt 0.146 Axis displacement
0.020

T —
B c Instrument Frange
0.077 0.077 L (ICID) | ferer]
plane 0.06

Error budget Distribution
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Alignment between Dewar
and Lens Is crucial.




%9 pFY Mechanics Design

* Defining Specifications of

* Frame -

* Hexapod Actuators _
(steward platform)

 |nstrument rotator




%9 pFY Mechanics Design

* Defining Specifications of

* Frame -

* Hexapod Actuators _
(steward platform)

 |nstrument rotator

Mitsubishi has almost
finished this design study
Just recently




z» Camera Mechanics

(a) CCD Dewar

Scale up of Suprime-Cam’s

48 W(1 73K) Pulse Tube Cooler X 2
(b) Shutter

Prototype built

(c) Filter Exchanger
ASIAA Contribution, under design
Wang's talk




H5C, HSC Dewar

Mechanical and thermal design completed
Prototype being bullt this spring




O
'®©
%
O
=
O
O
O

116 CCDs
Height variation

25 micron(p-v)

SiIC monolithic
cold plate
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@&® Shutter Prototype

* Goal 10 second exposure with 1 % precision




LH3C, Optics (WFC)

Designed Image quality : FWHM << 0.2 arcsec

1845mm
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Convex Aspheric lens
General Lens Data . :
Focal length 18416[mm] s feasible only at few
i | 0.0893[mm/ . : . .
e mm/areseel £ ontics firms including

image size ® 498 mm

0.17 arcsec/pix (15 um pix) Canon



@ Designed Image quality

0 0.125 0.25 0.5 0.75 |deg|
o 1.0 2.7 3.6
(0.49) | 5.8 5.5 6.3 9.2 5.2
T 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 b.1 53 44
v/ 3.8 4.3 6.7
(0.90) | 2.8 4.1 5.0 6.3 4.6

RMS spot radius (micron) upper:SC, lower:HSC



@ Designed Image quality

0 0125 025 05 0.75 [deg]
e | 1.0 27 3.6 0.12” (FWHM)
(0.49) | 5.8 5.5 6.346 5.2
r | 1.9 3.0 4.2
063) | 1.3 1.5 34 40 45
i 31 38 57
0.77) | 2.8 38 51 53 44
2 |38 43 6.7
(0.90) | 28 41 50 6.3 4.6

RMS spot radius (micron) upper:SC, lower:HSC



@ 4

amamatsu (

Sensor CCD

PK) Fully Depleted CCD

Product of long term (10 years) NAOJ-
HPK Collaboration

SC 1s a primary motivation of the
development (upgrade of Suprime-Cam)




@& HPK FDCCD

2048 (512 x 4)

Image Area
15um x 15um x 2048 x 2112

Storage Area
15um x 15um x 2048 x 2064
~14.5um x 15um x 2048 x 48
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» HPK FDCCD

2048 (512 x 4)

Image Area
15um x 15um x 2048 x 2112
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» HPK FDCCD

o
( ) N e W
s B Advanced Interconnections
2048 512 X 4 | KS-72059-111TG
1 i|
I 5 Connector

AirBorn
NM-222-065-225-TH00
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@S9 DCCD Characterization

Parallel CTE 0.999995
Serial CTE 0.999995
Quantumn Efficeincy 40 % (400 nm)
90 % (650 nm)
40 % (10000 nm)
Thickness 200um
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




@®»  QE Comparison
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@® Super Suprime-Cam

* Prototype of Hyper Suprime-Cam

« Offered to general observers (shared risk
basis) since August, 2008

e 40 % QE increase in Z’ confirmed




@® Super Suprime-Cam

* Prototype of Hyper Suprime-Cam

« Offered to general observers (shared risk
basis) since August, 2008

e 40 % QE increase in Z’ confirmed

No observer’'s complaint so far.
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H3C, Filter

Designing Interference Filter

Simulated Trasmission Curve for g' filter
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@  Filter Prototype

e Standard Evaporation method
« 60 cm phi

r Band Transmission vs Radius from Filter Center
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HSC, Filter Structure

* 0 glass surface is required because the
film built by the standard evaporation is
POrous
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@ Sputtering deposition

* A way to obtain dense film

 We need to explore this option to make
things simpler

 Possible vendors
* Asahi Spectra

e Barr Associate




@® Narrow band Filter

» Prototyping at Barr Associates through
Hayashino-san

e« Spec. for prototype filter
e Dimension . D=600mm, t=15mm
 Substrate . Schott B2/0

o Central Wavelength(CW) : 6000A

- ACW : 17A (r < 200mm), 30A (200mm < r < 250mm)
« Pass—-band width (BW) Z 80A

- ABW : 15A (r < 200mm), 20A (200mm < r < 250mm)
e No blocking layer




@® Narrow band Filter

100

e Result

« BW and CW meet the spec.
« ABW and ACW meet the spec.

— Unexpexted CW gradient in a few cm
scale Is detected

 Overall, the prototype filter
IS a promising one.

HSC CW6000/BWBO0A NB Filter (F/1.9, D30 on BPF)

 f2h
3h Measured points (28)

e - D6h
< T08h

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
radial distance(cm)




@® Narrow Band Filter

* Asahi Spectra’s effort
* Building new sputtering facility
* Goal of cut off wavelength uniformity

e <10 A

Both Asahi and Barr are possible options.




@ Project Milestones

Constraint
- Dark Energy Survey (2011/01 Survey start)
- Grant-in-Aid ends (2012/03)

2009/03 Design Review

2010/12 Assembly Completed at Mitaka
2011/1  Ship to Hawai

2011/6 Engineering First Light

2011/9 Science Observations starts
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@® HSC Project Status

Design completed
by 2009/1

1. Camera Mechanics 80 %
2. PFU Mechanics 70 %

3. Optics
- Wide field Corrector 95 %

- Filter 00 %
4. Sensor

- CCD 95 %

- Readout electronics 60 %
5. Data Management 40 %
6. Project Management

- Schedule

- Budget




LH3C, Summary

HSC design and prototyping is
underway almost on schedule.

Design Review Is scheduled on
March 2, 2009




