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シュミット望遠鏡
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シュミット望遠鏡
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シュミット望遠鏡
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Axis-free: コマ収差、非点収差が発生しない

残りは球面収差：これをstopに置く非球面板(4次)で取る

焦点面が球面、筒が必要



シュミット望遠鏡
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大きさの限界：透過型の補正プレート



大望遠鏡での広視野撮像
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１回反射の主焦点：焦点距離最短 -> 広視野 



主焦点での撮像
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主鏡：双曲面

そのままでは（軸上ですら）あらゆる収差が発生

補正光学系
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• Wynne Triplet (1968) 
• Kitt Peak 4 m望遠鏡用 (F/2.8) 
• 全て球面  UBK7ガラス 
• 結像性能 0’’ .5 (phi=30’) 1’’.0 (phi=1 deg) 
400-500nm



すばるの主焦点
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口径が大きい 
口径比(焦点距離/口径=F)が小さい（明るい） 設計・製作が難しい



すばるの主焦点

rms < 0’’.2  
350 - 1000 nm

初期のデザイン



大気分散

- 大気差の波長依存性

R(z, �, P )� as z �, � �, P �
赤外線ではほとんど気にならない
が、可視光では光学系で補正する
必要がある。



Atmospheric Dispersion
- Green Flush



Atmospheric Dispersion Corrector

- a pair of oppositely rotating prism



すばるの主焦点

660 nm

FPL51

初期のデザイン

大口径ガラスの製造

試作 失敗



すばるの主焦点

Takeshi (武士) design 

ADC



Lateral Shift ADC (Takeshi 2000)
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� �

100 um

100 um

Atmospheric Dispersion Corrector

Encircled Energy Plot  
ADC Not Activated (r-filter EL=30)

Encircled Energy Plot  
ADC  Activated (r-filter EL=30)

*) This calculation is based on a previous design.

� �

Lateral shift type ADC was 
invented by the late Dr.Takeshi 
(the designer of the Suprime-Cam 
WFC)
������consists of two glasses
������BSL7Y + PBL1Y

 (not cemented)

Atmospheric Dispersion Corrector

Merits
�use only two lenses
 (prism ADC uses four glasses)
�works as an achromatic doublet

Shift

This ADC is the best because of the tight weight constraint.

EL = 90 EL < 90



すばるの主焦点

Takeshi (武士) design 

ADC

コンパクトな光学系 -> 製造可能になった

ADCの面を収差補正にも使える



すばるの主焦点
Hyper Suprime-Cam

Quartz
BSL7Y
PBL1Y

Basic
Triplet

Lateral Shift
 ADC

Chromatic
Aberration

Compensator

*
*

*
* *

FWHM < 0’’.2 (350-1000 nm )



Hyper Suprime-Cam
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116個　浜松ホトニクスCCD



Satoshi Miyazaki HSC/NAOJ

視野の比較

HST Suprime-Cam 
(1999)

0.5 deg

0.05 deg

Hyper Suprime-Cam 
(2012)

1.5 deg大規模サーベイ
を行うため



HSCの位置づけ
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Table 1. List of visible mosaic imagers

Camera Telescope CCD FOV In Ref.

Name Name D [m] A [m2] F Vendor Format Type† NCCD Ω [deg2] AΩ operation

MCCD1 Kiso(Schmidt) 1.05 0.9 3.5 TI 1k1k(12) FI 16 0.72 0.65 1991 22

MCCD2 WHT 4.2 13.8 2.5 TI 1k1k(12) FI 40 0.12 1.7 1996 23

BTC Blanco 4.0 10.0 2.7 SITe 2k2k(24) BI 4 0.24 2.4 1996 24

SDSS SDSS 2.5 3.8 5.0 SITe 2k2k(24) BI 30 6.0 23.0 1998 10

MOCAM CFHT 3.6 9.6 4.2 Loral 2k2k(15) FI 4 0.07 0.67 1994 25

UH8K CFHT 3.6 9.6 4.2 Loral 2k4k(15) FI 8 0.25 2.40 1995 15

NOAO Mosaic Mayall 3.8 10.0 2.7 SITe 2k4k(15) BI 8 0.36 3.59 1998

CFH12K CFHT 3.6 9.6 4.2 MIT/LL 2k4k(15) BI-DD 12 0.375 3.60 1999 26

Suprime-Cam Subaru 8.2 51.7 2.0 MIT/LL 2k4k(15) BI-DD 10 0.256 13.17 1999 30

WFI MPG/ESO 2.2 3.2 5.9 e2v 2k4k (15) BI 8 0.31 1.0 2002 28

MegaCam CFHT 3.6 9.6 4.2 e2v 2k4.5k(13.5) BI 40 1 9.59 2002 27

Pan-STARRS Pan-STARRS 1.8 2.5 4 MIT/LL 4k4k(10,12) BI-OT 60(×4) 7(×4) 15.0(×4) 2006 35

OmegaCAM VST 2.6 4.6 5.5 e2v 2k4k(15) BI 32 1.0 4.6 2011 29

URAT URAT 0.23 0.04 10 STA-UA 10k10k(9) BI 4 28 1.2 2011 36

ODI WIYN 3.5 8.5 6.3 MIT/LL 4k4k(12) BI-OT 30 0.47 4.0 2012 34

DECam Blanco 4.0 10.0 2.7 LBNL 2k4k(15) BI-FD 65 3.0 30.0 2012 32

Hyper Suprime-Cam Subaru 8.2 51.7 1.8 Hamamatsu 2k4k(15) BI-FD 116 1.77 91.3 2012

PAUCam WHT 4.2 13.8 2.5 Hamamatsu 2k4k(15) BI-FD 18 1.0 13.8 2015 31

NOAO Mosaic-3 Mayall 3.8 10.0 2.7 LBNL 4k4k(15) BI-FD 4 0.36 3.59 2015

JPCam OAJ T250 2.5 3.9 3.5 e2v 9k9k(10) BI-DD 14 4.7 18.3 — 37

LSST LSST(3MT) 8.4 37.4 1.2 e2v/STA-UA 4k4k(10) BI-DD 189 9.3 347.8 — 38

†FI: Front-side illuminated, BI: Backside illuminated, DD: Deeply depleted, FD: Fully depleted, OT: Orthogonal Transfer
‡another footnote if necessary



HSCの位置づけ
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Camera CCD AOmega in operation

MegaCam BI 9.6 1999

Suprime-Cam BI-DD 13.2 1999

Pan-STARRS BI-DD 15.0 2006

DECam BI-FD 30.0 2012

HSC BI-FD 91.3 2012

LSST BI-DD 347.8 (2020?)

QE in red: BI < BI-DD < BI-FD

Survey Speed 
主鏡面積 x 視野

1台



LSST
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Three Mirror Telescope (3MT)

焦点共有する２つの放物面

ビーム系を縮小するだけで、無収差



LSST Three Mirror Telescope (3MT)

球面の第3鏡を入れる

第2鏡を球面にして曲率半径を第3鏡に合わせると、 
この球面収差をキャンセルできる

焦点を結ぶが球面収差発生

第2鏡が球面でも、コマ収差、非点収

差をゼロにする解がある(Paul 1935)

焦点は球面
シュミット望遠鏡 
第1,2鏡が補正板に相当

鏡なので大きくできる



LSST
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Three Mirror Telescope (3MT)
Chapter 2: LSST System Design

Figure 2.4: The optical design configuration showing the telescope (left) and camera (right) layouts. Di↵raction
images in r for three field radii, 0, 1.0, and 1.75 degrees, are shown in boxes 0.6 arcseconds square (3⇥ 3 pixels).

view (FOV) covers a 64-cm diameter flat focal surface. Spectral filters reside between the second
and third refractive lens as shown on the right side of Figure 2.4.

The image brightness is constant to a field radius of 1.2 degrees and gradually decreases afterward
by about 10% at the 1.75-degree field edge. The intrinsic image quality from this design is excellent.
The design also has very low geometrical distortion, with the distortion in scale �l/l < 0.1% over
the full FOV, making the LSST an excellent system for positional astrometry.

There are five aspheric surfaces in the optical design: each of the three mirror surfaces and one
surface each on two of the camera lenses. The asphericity on the two concave surfaces of M1
and M3 are well within standard fabrication methods used for astronomical mirrors. During the
optimization process, the asphericity of M2 was minimized to 18.9 microns of departure from the
best-fit sphere in order to reduce the technical challenge for this optic. The three fused-silica
refractive elements, which have clear apertures of 1.55 m, 1.10 m, and 0.72 m, while large, do
not present any particular challenge in their fabrication. The 0.75-m diameter spectral filter is
located just prior to L3. The filter thickness varies from 13.5 to 26.2 mm depending on the choice
of spectral band, and is used to maintain the balance of lateral chromatic aberration. The zero-
power meniscus shape of the filters keeps the filter surface perpendicular to the chief ray over the
full field of view. This feature minimizes shifting of the spectral band wavelength with field angle.
The last refractive element, L3, is used as the vacuum barrier to the detector cryostat. The central
thickness of L3 is 60 mm to ensure a comfortable safety margin in supporting the vacuum stresses.

The proposed LSST telescope is a compact, sti↵ structure with a powerful set of drives, making
it one of the most accurate and agile large telescopes ever built. The mount is an altitude over
azimuth configuration (Figure 2.7). The telescope structure is a welded and bolted steel system
designed to be a sti↵ metering structure for the optics and a stable platform for observing (Neill
2006, 2008). The primary and tertiary mirrors are supported in a single cell below the elevation
ring; the camera and secondary mirror are supported above it. The design accommodates some on-
telescope servicing as well as e�cient removal of the mirrors and camera, as complete assemblies,
for periodic maintenance.

30



まとめ
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• 可視光広域探査の未来は明るい

• HSCを使って成果を出し、この分野で世界を牽引し
てほしい


