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protect against any one failure prematurely ending the 
mission. It provides a fixed solar array/sunshield that 
allows operations over the full field of regard (see 
§3.10).  

The SDT charter specified that the WFIRST-2.4 
observatory be serviceable. For this study, it was de-
cided to provide servicing at a module level, i.e. an 
entire instrument or a spacecraft module containing 
multiple electronics boxes. The modularity will also be 
a benefit during integration and test of the observato-
ry (see Figure 3-3). On the payload side, an instru-
ment carrier was designed to attach to the existing 
telescope metering structure interfaces and provide 
volumes for two instrument modules. The instrument 
carrier provides mechanical latches, with design her-
itage from HST, to interface the instrument modules 
to the carrier, contains harness to route power and 
data between the spacecraft and the instrument mod-
ules, and provides thermal isolation between the two 
instrument volumes.  

High-accuracy pointing, knowledge, and stability 
are all required to resolve galaxy shapes and precise-
ly revisit both the microlensing and SN fields and 
support coronagraphy. Pointing to between 54˚ and 
126˚ off the Sun enables the observation of micro-

Figure 3-3: WFIRST-2.4 Observatory configuration featur-
ing the 2.4-m telescope, two modular instruments and a 
modular spacecraft. bus 
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Figure 3-2: WFIRST-2.4 payload optical block diagram. 
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and thermal distortions while providing superior stiff-
ness and stability. The structure has active thermal 
control (heaters) and is isolated from the solar array 
by the OBA to minimize heat transfer into the tele-
scope and instrument bay.   

The two telescope mirrors feed both a wide field 
instrument (see Figure 3-6), with a wide field of view 
channel and an integral field unit, and an optional 
nearly on-axis (in field) coronagraph instrument. The 
wide field channel includes a tertiary so that the sys-
tem acts as a three mirror anastigmat (TMA); the oth-
er channels correct the residual aberrations in the first 
two mirrors. The overall three-mirror system is able to 
achieve excellent optical performance over a relative-
ly wide FOV. The most important performance re-
quirement for the telescope to enable the WFIRST-
2.4 science is stability. Based on the low expansion 
materials, the thermal design, and the active heater 
control, the wavefront stability delivered to the wide 
field imager is modeled to be <0.15 nm rms over one 
24-hour GEO orbit thermal cycle.  

The telescope electronics were not included with 
the 2.4-m telescope. The current plan is to upgrade 
most of the electronics with the current commercial 
products. The electronics architecture is a traditional 
hierarchical design from spacecraft avionics through 
telescope control to local boxes to peripheral devices 

and heaters. The telescope control electronics are 
located in an electronics box in the spacecraft and 
perform higher control functions such as commanding 
actuators and managing thermal set-points. These 
higher-level commands are sent through cabling to 
local boxes on the telescope where they are convert-
ed to low-level signals and sent to the devices them-
selves. Each subsystem has a similar functional con-
tent with heaters, thermal sensors, and actuators. The 
exception to this overall architecture is control of tele-
scope survival heaters. They are controlled directly by 
the spacecraft avionics to ensure operation in the 
event of an intermediate electronic failure. 

The cost, schedule, and technical risk associated 
with the telescope development have already been 
significantly mitigated; the telescope hardware and 
supporting GSE largely exists and spare parts are 
available for most of the components. New stray light 
baffles, new thermal blankets, and new electronics 
derived from commercial products are low risk modifi-
cations.  

3.3 Wide-Field Instrument 
The wide-field instrument is divided into two 

modules, a cold instrument module (referred to as the 

Figure 3-5: The telescope entrance pupil 

 

 

Figure 3-4: The telescope components without the outer 
barrel assembly. 

Figure 3-6: Ray trace through the telescope to the wide 
field channel intermediate focus. 
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Figure 3-6: Ray trace through the telescope to the wide 
field channel intermediate focus. 

• 口径：2.4m (HSTと同じ)、NRO（国家偵察局）から譲渡
• 軌道：L2
• 広視野分光撮像・コロナグラフ装置

可視光・近赤外（0.6-2μm）270K
• 寿命：５年＋１年



0.788° wide

6x3 H4RG  @ 0.11"/p, 0.328 sq.deg 
0.427° high

X gaps 2.5mm
Y gaps 8.564mm

HST/WFC3 JWST/NIRCAMHST/ACS
Moon (average size seen from Earth)

4k x 4k pixel H4RG-10 IR検出器を18 個
0.11 arcsec/pixel      0.28 deg2

Slitless spectroscopy with grism in filter wheel
R_q ~ 100 arcsec/micron

Each square is a H4RG-10
4k x 4k, 10 micron pitch

288 Mpixels total

3

~90 × bigger than HST–ACS FOV,
~200 × bigger than IR channel of  WFC3 

WFIRST-AFTA 
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HST/ACS HST/WFC3 JWST/NIRCAM 

Figure 1-1: Field of view comparison, to scale, of the WFIRST-AFTA wide field instrument with wide field instruments 
on the Hubble and James Webb Space Telescopes. Each square is a 4k x 4k HgCdTe sensor array. The field of view 
is 0.28 degrees2. The pixels are mapped to 0.11 arcseconds on the sky. 
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WFIRST観測計画概要
Ø 暗黒エネルギー/修正重力(〜2.5年)

uHigh Latitude Survey (HLS)（銀河分布）
2000平方度、撮像(YJH)＋分光 (R~800) Y<26.7,  J<26.9,  H<26.7, F184W<26.2
・弱い重力レンズ現象（WL）
・Red shift space distortion (RSD)
・Baryon Acoustic Oscillation (BAO)

uIa型超新星探査
5, 9, 27平方度、撮像モニタリング＋IFU分光 (R〜100)

Ø 系外惑星：
u重力マイクロレンズ観測 (〜1年)

銀河系中心方向、大軌道半径惑星の分布

uコロナグラフ観測(〜1年)
可視、コントラスト 10-9,  IWA 0.2”

Ø Guest Observer 観測（25%,1.5年）

暗黒物質、構造進化

宇宙の加速膨張史



弱重力レンズによる暗黒物質分布
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ly dark matter and thus can only be detected gravita-
tionally. The WFIRST-2.4 HLS’s unique combination of 
spatial resolution, infrared observations and wide area 
will provide mass maps that have extremely high scien-
tific impact. Mapping the large-scale distribution of dark 
matter can help identify and eliminate systematic ef-
fects: unexpected spatial variations in the mass distri-
bution can hint at exciting new physics but could also 
indicate observational systematics not discoverable via 
a power spectrum measurement like the one that will be 
used to constrain dark energy via the HLS.  

2.3.3 Kinematics of Stellar Streams in our Local 
Group of Galaxies 

 One of the important auxiliary science products 
that will result from the resolution and sensitivity of the 
HLS is absolute proper motions for a very large number 
of field stars. From the ground, only bright galaxies and 
quasars can be used as high-precision absolute astro-
metric reference points. Unfortunately, their low density 
requires either very wide-field transformations or a 
bootstrapping approach that measures a target star rel-
ative to its local field population and larger field popula-
tion relative to fixed reference points.  WFIRST-2.4 will 
provide access to an enormous number of slightly re-
solved medium-brightness galaxies, and absolute mo-

tions can be measured directly within the field of each 
detector.  

This local approach to measuring absolute motions 
has recently been used in the optical with HST to 
measure the absolute motions of the globular clusters, 
LMC, SMC, dwarf spheroidals and even M31, in addi-
tion to individual hyper-velocity and field stars. The 
strategy involves constructing a template for each gal-
axy so that a consistent position can be measured for it 
in exposures taken at different epochs. This template 
can be convolved with the PSF to account for any varia-
tions in focus or changes of the PSF with location on 
the detector. The same approach that worked with HST 
in the optical should work with WFIRST-2.4 in the IR. 
The WFIRST-2.4 detector pixel scale and sensitivity 
should be very similar to that of HST’s WFC3/IR detec-
tor pixel scale. HST images of the Ultra Deep Field 
through the F160W (1.6 micron) passband show that 
there should be about 30 galaxies per square arcminute 
for which WFIRST-2.4 could measure a position to bet-
ter than 5 mas in a 360 second exposure (see Figure 
2-14). This gives us about 500 reference objects in 
each WFIRST-2.4 detector chip, enabling us to tie 
down the absolute frame to better than 0.5 mas in each 
exposure. The HLS 2-year baseline would allow abso-
lute motions to be derived with systematic accuracies of 

Figure 2-12: Mass density contours around the cluster MACS J1206.2-0848 derived from a ground-based weak 
lensing survey with Subaru (red) vs. a weak lensing study with HST/ACS+WFC3 (white). The 10x higher sur-
face density of lensed galaxies achieved from space yields ~3x higher spatial resolution maps. The HST data 
shown here is representative of the WFIRST-2.4 HLS. WFIRST-2.4 will make a map of this quality over 2,000 
square degrees as part of its high latitude survey, a thousand-fold increase over the HST COSMOS mass map. 

WFIRSTで５億個の
銀河の形を測定



重力マイクロレンズによる系外惑星探査



WFIRSTによる地球質量惑星検出

地球質量惑星による４−５時間の明る
さの変化を捉える。• 銀河系バルジ2.8 deg.2内の星3億個

• 15分に１回、２４時間、72日ぶっ続けで観測
• ６シーズン（合計1.2年）
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惑星：３千個
(地球質量以下:約2百個）

水星以外全ての太陽系
惑星を検出可能

Keplerと合わせて
全ての種類の惑星の
分布を解明

WFIRSTによる惑星検出

軌道半径（天文単位）



AFTA with Coronagraph (option)
ExoPlanet Exploration Program 

AFTA Coronagraph Instrument 

8 

AFTA Coronagraph Instrument will: 
• Characterize the spectra of over a dozen 

radial velocity planets. 
• Discover and characterize up to a dozen 

more ice and gas giants. 
• Provide crucial information on the physics of 

planetary atmospheres and clues to planet 
formation. 

• Respond to decadal survey to mature 
coronagraph technologies, leading to first 
images of a nearby Earth. 
 

 
 

 

Telescope 

Wide field 
instrument 

Coronagraph  
Instrument 

Exoplanet  
Direct imaging 

Exoplanet  
Spectroscopy 

WFIRST final report May 23, 2013 
http://wfirst.gsfc.nasa.gov/ 

• 400-1000nm band pass
• 10-9 contrast
• 100 milliarcsec inner working 

angle at 400nm
• R=70 spectra and polarization 

at 400-1000 nm

• 近傍の巨大ガス惑星、氷惑星、
超地球の撮像、分光

• 原始惑星系円盤
• 将来の地球型惑星直接観測

（TPF）への技術実証



GO & Archive sciences

1. Open Cluster and Star Forming Region IMFs to Planetary Mass
2. Exoplanet via transit and Astrometry
3. High-precision IR CMDs of stellar populations.
4. Quasars as a Reference Frame for Proper Motion Studies 

(LMC,GB)
5. Proper Motions and Parallaxes of Disk and Bulge Stars 

(~10μas/yr)
6. White dwarfs.
7. Nearby Galaxies
8. Galaxy Structure and Morphology
9. Evolution of Massive Galaxies
10.Distant, High Mass Clusters of Galaxies
11.Obscured Quasars
12.Strongly Lensed Quasars
13.Strong Lensing
14.High-Redshift Quasars and Reionization
15.Faint End of the Quasar Luminosity Function
16.Probing the Epoch of Reionization with Lyman-α Emitters
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日本のWFIRST参加への活動
• 2010年12月、初期WFIRST Science Definition Team(SDT)に住が参加
• 2013年 7月、WFIRST-AFTA SDTにJAXA代表として山田亨（ISAS）が参加。
• 2013年 ８月、「WFIRST 連絡会」立ち上げ。 山田亨（代表）、住（幹事）、 約３０人

• 2014年2月、コロナグラフ開発 WACO WG設立
田村（PI,東大,NAOJ) 早期の具体的検討が必至なコロナグラフ装置検討を先行

• 2015年3月、SDT final report（日本の潜在的興味の表明を記載、他欧州、カナダ、韓国）

• 2016年1月、WFIRST WGが承認(PI:住)（WACOからの発展的改組）
小規模プロジェクト（戦略的海外協同計画）での参加実現を推進

• 2016年2月、 NASA started phase A. $90M	budget	in	FY	2016FSWG	開始
• 2016年6月から、山田(亨)がJAXA repとして、NASA FSWGにオブザーバ参加

• 2017年3月ISAS戦略的基礎開発予算（コロナグラフ）採択
• 2017年3月ISAS国際調整旅費採択

• 2017年8月、日本の参加計画提案書をJAXAへ提出
• 2017年11月末〜１２月、NASA WFIRST

SRR(System Requirements Review),                
MDR (Mission Definition Review)



external review



１．すばる望遠鏡によるWFIRST Synergy Survey 
(2025年ごろ〜100晩)
1. photo-zのキャリブレーション
2. 狭帯域フィルター

2016/9 光赤天連シンポジウムで合意を得た
2016/11：有本ハワイ観測所長から常田宇宙研所長へ

Letter of Intent 送付（NASA HQへcc）
2016/11：有本ハワイ観測所長及び、すばる委員会より、

Commitmentの合意を得た。

２．WFIRST コロナグラフ装置における機能強化
・偏光撮像機能の付加
・偏光補償機能の開発

３．地上局による貢献

４．地上マイクロレンズデータ提供（MOA）貢献合意準備
地上赤外マイクロレンズ同時観測（阪大）貢献合意準備

日本の貢献案および検討状況
■ 宇宙研 WFIRST WG （主査：住）で以下をひとつのパッケージとして考えている。



(2) コロナグラフ装置への寄与

■ コロナグラフ装置を科学的に発展をもたらす機能・性能強化をする貢献を目指す。
■ 次世代のスペースからの高コントラスト観測に向けて基盤を作る。

（戦略的基礎開発予算で開発中）

（基本案）
■ 偏光撮像ユニットの提供

■ 偏光補償機能の開発・提供
• 望遠鏡・装置偏光による偏光差分波面収差

（PDWA)が発生
• 現在のベースライン案：直線偏光の１成分の

みをとりだしDMで波面補償を行う
• 偏光補償装置：複屈折デバイスによる波面

整形、色消し～コントラスト低下を防ぐ

惑星反射光
惑星系円盤➡偏光を示す。
偏光分離素子を光路に挿入

2017/1, JPLと月例TV会議開始



(3) 地上データ局について
ダウンリンク・レンジング (軌道：L2)
l Kaバンド帯 (26GHz帯)受信

Sバンド送受信
• Near Earth Network (NEN) 

18 m antenna@White Sands
• New 〜12 meter antennas

at Punta Arenas

l 日本のタイムゾーンでの基地局運用は大きなメリット

l JAXA 臼田アンテナグループ、深宇宙追跡技術グループ
の協力を得て進めたい。

l GREAT （Kaバンド帯は32GHz)、内之浦34m等
のアップグレードを検討

èWFIRST WGとして 26GHz帯の追加を検討

• 26.5 GHz Ka band science downlink – G/T of  48.5 dB/K
• Science data rate 262.5 Mbps
•11.4 Terabits per contact

Baseline'White'Sands/Punta'Arenas'
Coverage'

83'

White'Sands'

Punta'Arenas'

11.5'hours'min'coverage'

WFIRST'Overview'to'the'FSWG'This'document'is'EAR'controlled.'Use'or'disclosure'of'this'
informaFon'is'subject'to'the'restricFons'on'the'Title'Page'of'this'document.'February'2,'2016'
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First announcement — save the date

WFIRST-Subaru Synergistic Observation Workshop

to be held from December 18 - 20, 2017
at

Large Seminar Room, NAOJ, Mitaka, Tokyo, Japan

Objectives

WFIRST is the flagship mission of astrophysics by NASA targeting the launch in 2024/25 designed
to perform Wide Field imaging and surveys of the near infrared (NIR) sky. WFIRST will conduct 3
different types of surveys to make an order of magnitude step forward in dark energy, namely High
Latitude Spectroscopic Survey, Type Ia Supernovae (SNe) Survey, and High Latitude Imaging
Survey. WFIRST also studies exoplanets along two complementary fronts, namely, Microlensing
Survey and the direct characterization of exoplanets using the Coronagraph Instrument in order to
provide the most comprehensive view of the formation, evolution, and physical properties of
planetary systems.

Subaru Telescope is the Japanese 8.2m telescope atop Mauna Kea. The telescope has advantages
of the wide-field observational capability as well as the superb image quality and stability that is both
essential in wide-field systematic observations as well as high contrast observations. In the coming
decade, in addition to HSC now already working for a few years, PFS for wide-field spectroscopy, IR
Doppler Spectrograph (IRD), and instruments with SCExAO are expected to be equipped to keep
the facility one of the most competitive in many science field.

JAXA and NASA discussed about the potential contribution of Japan for the WFIRST project. One
significant aspect discussed so far is to providing the Subaru-WFIRST Synergistic Observations to
benefit both WFIRST project and the Subaru science community. Intensive discussions have been
made in Japan for the last two years and now NAOJ supported by the enthusiasm of Japanese
opt/IR community is ready to commit to reserve ~100 nights at around 2025 for the WFIRST-Subaru
Synergistic Observations program. In this background, it is now desirable that WFIRST and Subaru
communities and the representative scientists join to discuss and identify the most valuable way to
use that committed nights. The purpose of this workshop is therefore to survey the requirements
from both WFIRST and Subaru side in various fields, for those central science survey by WFIRST

Menu

Home

Important Dates

Venue

Programme

Announcements

Registration

Participants

Banquet

Visitor Information

Committees

Contact About The ConferenceWFIRST/Subaru装置のステータス把握
WFIRST側の要望／日本側の要望の把握
各分野ごとの最適な観測案の議論
決定プロセス／組織の提案と議論
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OC:
Jeremy Kasdin, (Princeton Univ.)
Jeff Kruk, (NASA/GSFC)
Jason Rhodes, (NASA/JPL)
David Spergel, (Princeton Univ.)
Takahiro Sumi, (Osaka Univ.)
Masahiro Takada, (Kavli IPMU/Tokyo Univ.)
Toru Yamada, (ISAS/JAXA)
Yusei Koyama (NAOJ)
Hironao Miyatake (JPL)
Takashi Moriya (NAOJ)
Daisuke Suzuki (ISAS/JAXA)



Summary
l WFIRSTは、大統計量で宇宙の加速膨張、系外惑星

を解明する。

l GO program à多くの分野の方の参加が可能。
àSPICA, TMTと相補的

l日本の貢献パッケージ
1) すばるシナジーサーベイ OK
2) 地上マイクロレンズデータ提供 OK
3) コロナグラフ偏光機能の提供（R&D中） on going
4) 地上局の貢献の検討 on going

８月頭に、提案書をJAXAに提出予定。（戦略的海外協同計画）



宇宙科学の今後20年の構想を検
討する委員会（20年委員会）
WFIRST

SPICA

LUVOIR, Habex, OST, ?


