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We introduce the Space Infrared Telescope for Cosmology and AstrWe introduce the Space Infrared Telescope for Cosmology and Astrophysics (SPICA) mission and the midophysics (SPICA) mission and the mid--infrared coronagraph for SPICA. SPICA infrared coronagraph for SPICA. SPICA 
is the next generation mission of space telescope for infrared ais the next generation mission of space telescope for infrared astronomy following to AKARI. 3.5 m telescope will be cooled downstronomy following to AKARI. 3.5 m telescope will be cooled down to to 
4.5  for observation at 54.5  for observation at 5--200 micron wavelength. The launch of the SPICA is planed to be m200 micron wavelength. The launch of the SPICA is planed to be middle of 2010th. We are developing an mididdle of 2010th. We are developing an mid--infrared infrared 
coronagraph for the SPICA mission. First, binary pupil masks wercoronagraph for the SPICA mission. First, binary pupil masks were studied as a safe solution because of their robustness. Laborae studied as a safe solution because of their robustness. Laboratory experiment tory experiment 
with the checkerboardwith the checkerboard--type binary masks were performed using visible light. Achieved ctype binary masks were performed using visible light. Achieved contrast averaged in the dark region of the point spread ontrast averaged in the dark region of the point spread 
function was 1.1 * 10^function was 1.1 * 10^--7 without wave front control. Study of Phase induced amplitude 7 without wave front control. Study of Phase induced amplitude apodizationapodization (PIAA) and (PIAA) and ProlateProlate ApodizedApodized LyotLyot Coronagraph Coronagraph 
(PALC) are undergoing for challenging solutions. We are developi(PALC) are undergoing for challenging solutions. We are developing cryogenic tipng cryogenic tip--tilt mirror system and deformable mirror for SPICA.tilt mirror system and deformable mirror for SPICA.

2. Outline of the SPICA Mission2. Outline of the SPICA Mission
Telescope Aperture:   3.5 mTelescope Aperture:   3.5 m
Temperature:  4.5 K  Temperature:  4.5 K  StirlingStirling + J+ J--T closed cycleT closed cycle
Required Optical quality: Required Optical quality: difractiondifraction limited PSF @5mm limited PSF @5mm 
Orbit:  SolarOrbit:  Solar--Earth L2 HaloEarth L2 Halo
Lifetime:   5 years +Lifetime:   5 years +
Launch:  in Launch:  in middolemiddole the 2010sthe 2010s
Main observing wavelength: 5Main observing wavelength: 5--200 mm200 mm

-- Complementary with  JWST,  Herschel & ALMAComplementary with  JWST,  Herschel & ALMA
-- Next generation IR telescope of ASTRONext generation IR telescope of ASTRO--FF

Main observing wavelength: 5Main observing wavelength: 5--200 mm200 mm

5. Cryogenic Tip5. Cryogenic Tip--Tilt Mirror SystemTilt Mirror System

●● Why needed?Why needed?

=>=> CryoCryo. tip. tip--tlttlt mirror is indispensable.  mirror is indispensable.  

6. Toward the MIR6. Toward the MIR--coronagraph for SPICAcoronagraph for SPICA

●● Other coronagraphOther coronagraph
-- Phase Induced Amplitude Phase Induced Amplitude ApodizationApodization (PIAA, (PIAA, GuyonGuyon 2003)  2003)  
-- ProlateProlate ApodizedApodized LyotLyot Coronagraph (PALC, Coronagraph (PALC, AimeAime et al. 2002) et al. 2002) 

●● LaboLabo. demonstration of a MIR coronagraph. demonstration of a MIR coronagraph
-- Cryostat, cooler, IR Cryostat, cooler, IR detetordetetor, mirror, mirror--optics, etc.optics, etc.

●● Comparison and selection of coronagraph considering Comparison and selection of coronagraph considering 
astronomical observation plan astronomical observation plan 

●●development and experimentdevelopment and experiment

working temperature:  4Kworking temperature:  4K
beam sizebeam size：： φφ70mm  70mm  
strokestroke：： ±±3"3"＠＠sky                    sky                    

±±1.25'1.25'＠＠mirror tilt          mirror tilt          
frequencyfrequency：： ＞＞ 100 Hz                   100 Hz                   
AccuracyAccuracy：： 0.03 0.03 ““ @sky       @sky       
speedspeed：： 5 ms for 5 ms for setlingsetling
heat generationheat generation：： ～～ 3 3 mWmW

Pointing error caused by cooler, Pointing error caused by cooler, 
compressor  or other compressor  or other 
components vibration can be  components vibration can be  
～～ 33’’, while required  pointing  , while required  pointing  
acuracyacuracy is  is  ～～ 00’’.3. This gap is .3. This gap is 
too large to solve by too large to solve by 
improvement of pointing system.improvement of pointing system.

Fig.5.2Fig.5.2

Fig.5.3Fig.5.3

Fig.5.4Fig.5.4

Fig.5.5Fig.5.5

Design of protoDesign of proto--type of the cryogenic tiptype of the cryogenic tip--tilt tilt 
mirror is shown in Fig.5.2. Fig.5.3 shows the mirror is shown in Fig.5.2. Fig.5.3 shows the 
cryogenic chamber cooled down to 10K with cryogenic chamber cooled down to 10K with 
GM GM cryocryo--cooler. Fig5.4 shows system for cooler. Fig5.4 shows system for 
experiment for the protoexperiment for the proto--type mirror. Motion type mirror. Motion 
of a of a piezopiezo actuator was confirmed in this actuator was confirmed in this 
chamber. The system also chamber. The system also comfirmedcomfirmed 55’’
chopping in room temperature(Fig.5.5). It chopping in room temperature(Fig.5.5). It 
turned out that:turned out that:

=> Proto=> Proto--type system is type system is nowunowu under construction and examination.under construction and examination.
=> heat generation is critical problem(10 times larger now)   => heat generation is critical problem(10 times larger now)   

4. 4. LaboLabo. Experiment of . Experiment of checkerboarkcheckerboark pupil mask pupil mask 
coronagraph coronagraph ((EnyaEnya, , TanakTanak, Abe, Nakagawa 2006, A&A accepted, , Abe, Nakagawa 2006, A&A accepted, astroastro--ph/0609646ph/0609646))

3. SPICA coronagraph3. SPICA coronagraph

●● Mask design Mask design (see also (see also TnakaTnaka et al. 2006, PASJ, 58, 627)et al. 2006, PASJ, 58, 627)

●● MeasurementMeasurement

●● ResultsResults

=> Average contrast: => Average contrast: 2.7x102.7x10--77(Mask 1), (Mask 1), 1.1 x101.1 x10--77 (Mask2)(Mask2)
=> SPICA specification is satisfied.=> SPICA specification is satisfied.

Checkerboard pupil MaskCheckerboard pupil Mask
-- robust and achromaticrobust and achromatic

FabricationFabrication
-- AIST( National Institute AIST( National Institute 
in Japan)in Japan)

-- Al film(100 nm) onBK7Al film(100 nm) onBK7
substratesubstrate

-- Electron beam and liftElectron beam and lift--offoff

All optics was set on a optical bench in a All optics was set on a optical bench in a 
dark room with air dark room with air clearningclearning system. ND system. ND 
filter(ODfilter(OD=2, 4, ,6) and various exposure =2, 4, ,6) and various exposure 
time were used for high dynamic  range time were used for high dynamic  range 
measurement. A square hole mask was measurement. A square hole mask was 
used fro the darkused fro the dark--region measurement.region measurement.
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=>SPICA is the next generation =>SPICA is the next generation 
IR IR sattelitesattelite following to AKARIfollowing to AKARI
by ISAS/JAXA and collaborators.by ISAS/JAXA and collaborators. Image of the SPICA In orbit,Image of the SPICA In orbit,

in middle of the 2010sin middle of the 2010s

1. From AKARI to SPICA1. From AKARI to SPICA

AKARIAKARI SPICASPICA
TypeType SurveyerSurveyer ObserbatoryObserbatory

Aperture (D)Aperture (D) 70cm70cm 3.5m3.5m

coolingcooling Liquid He Liquid He 
Mechanical coolerMechanical cooler

Radiation cooling Radiation cooling 
Mechanical coolerMechanical cooler
((wowo Liq.HeLiq.He))

LaunchLaunch 2006, Feb. 2006, Feb. 
launched launched succesfullysuccesfully

Planed to bePlaned to be
Middle of the 2010sMiddle of the 2010s

OrbitOrbit Sun Sun syncronoussyncronous polar orbitpolar orbit SunSun--Earth L2 Halo orbitEarth L2 Halo orbit

Major difference between AKARI and SPICAMajor difference between AKARI and SPICA

ASTROASTRO--F was launched in Feb. 2006 F was launched in Feb. 2006 
from from UchinouraUchinoura Space Center of JAXASpace Center of JAXA
and named to be AKARI ( (c) JAXA).and named to be AKARI ( (c) JAXA).

All sky survey and pointing All sky survey and pointing 
observation is now observation is now 
Undergoing successfully !Undergoing successfully !
((C) JAXA)((C) JAXA)

ASTROASTRO--F was a IR  F was a IR  surveyersurveyer satellite developedsatellite developed
bye ISAS/JAXA and collaborators. ((C) JAXA)bye ISAS/JAXA and collaborators. ((C) JAXA)

Parameter Parameter Specification Specification 
Core wavelength Core wavelength 55--2020μμm m 

Observation mode Observation mode Imaging, SpectroscopyImaging, Spectroscopy

Inner working angle (IWA) Inner working angle (IWA) about 5about 5λλ//D*D*, , as small as possible as small as possible 

Outer working angle (OWA) Outer working angle (OWA) 3030λλ//D*D*
Contrast between Contrast between > 10> 10－－6 6 

Detector Detector 1k * 1k * 1k1k format format Si:AsSi:As array, 0.array, 0.””1/pixel 1/pixel 

Field of View Field of View 11’’ * 1* 1’’

Spatial resolution Spatial resolution Similar to IWA or less Similar to IWA or less 

Spectral resolution Spectral resolution ２００２００

=> SPICA is a unique opportunity as a coronagraph platform.  => SPICA is a unique opportunity as a coronagraph platform.  
=> We started Development of the SPICA coronagraph   => We started Development of the SPICA coronagraph   

Specification of the SPICA coronagraphSpecification of the SPICA coronagraph

Infrared observationInfrared observation
-- only only ～～1010--6 6 contrast requiredcontrast required

Free from air Free from air turburanceturburance
Clean pupil by single dish mirrorClean pupil by single dish mirror

The 4th TPF/DARWIN workshop, Nov. 8 – 11, 2006,  Pasadena

TraubTraub & & 
JucksJucks 20022002

10-10

10-6

Schematic view of a SPICA  pupil. Schematic view of a SPICA  pupil. 
Obstruction by 2ndary mirror and Obstruction by 2ndary mirror and 
spiders.spiders.

Sensitivity of SPICA for point sourceSensitivity of SPICA for point source

Sharing of focal planeSharing of focal plane

* * λλ, D is observing wavelength and telescope aperture diameter., D is observing wavelength and telescope aperture diameter.

Fig.5.1Fig.5.1
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