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WISH Science Goals 

● Exploring the Galaxies beyond 
              the Epoch of Cosmic Reionization z=7-15 
 
● NIR search and light curves of type-Ia SNe 
            History of cosmic expansion and Dark Energy 
 
●  Deep and Wide NIR Survey 



A schematic picture  Robertson et al. 2010 
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WISH  Brief Summary (1) 

●  NIR Deep and Wide-field Imaging Surveyor 

●  Exploring the 1st generation galaxies  

●  Dedicated,   ~100 deg2, 28AB (~25nJy)   

●  Concept being developed under JAXA/ISAS 
       (the WG was selected in Sept 2008) 
      to be  launched in late 2010’s  (NET2018) 
      

● Utilizing heritage of existing technology 
 



WISH  Brief Summary (2) 

●  1-5 μm wavelength range 

●  1.5m diameter telescope 
●  Very Wide-Field Imager  
                                ~900 arcmin2 FoV 
●  pixel scale: 0.155” / 18μm (f/16) 
●  Cooled to 90-100K (telescope) 
●  SE-L2, JAXA HIIA 
 



HST 
WISH 



Expected Number of Galaxies in 1deg2 

Extrapolation of z=6-8 UV LF by 
Luminosity evolution (L*) 

Z=11-12 

Z=14-16 

Z=8-9 

Dashed lines 
No evolution 
from z=8 



Z=11-12 

Z=14-16 

Z=8-9 

Expected Number of Galaxies in 1deg2 

Extrapolation of z=6-8 UV LF by 
Semianalytic Model by Kobayashi et al. 

Dashed lines 
No evolution 
from z=8 



WISH: Survey Strategy 

  Depth (3σ) 
(AB mag) 

Area Example of the Filters 
(a plan, to be determined) 

Ultra Deep Survey 
(UDS) 

28  100 deg2 1.0,1.4,1.8, 2.3, 3.0 μm  

Multi-Band Survey 
(MDS) 

28 10 deg2 4.0 

Ultra Wide Survey 
(UWS) 

24-25 1000 deg2 1.4, 1.8, 2.3, (3.0, 4.0) 

Extreme Survey 29-30 0.25 deg2 1.0, 1.4, 1.8, (3.0, 4.0) 

Survey categories 



WISH UDS will bring 
  

~104-5  galaxies at z=8-9,  
~103-4  galaxies at z=11-12,  
        and  
~50-100 galaxies at z=14-17 



Galaxies beyonf Cosmic Reionization 

z=8－15 UV LF evolution 
Spatial distribution 
Stellar population  

From Ellis et al.(2012) 
HI 21cm fluctuation 
From Iliev et al.(2012) 

HI21cm  fluctuation 
by SKA  



Statistical Errors 
Only 

Statistical + Systematic 
Errors 

Precision Cosmology by Type-Ia SNe 
       * reducing “systematic errors”  
  ● High precision photometry from space 
  ● Detection and Light Curve in rest NIR 

NIR Hubble Diagram 

From Suzuki et al. 2012 



Type Ia SNe by WISH 

Ultra Deep Survey  AB28mag 
N=5-10 ／year  (@z~1 … Δt~10 days） 
   limiting magnitude 27.1 (N=5) – 26.8 (N=10) 
            1mag margin： m<26.1(N=5) m<25.8(N=10) 

Rest-frame I Band Rest-frame H Band 

N=5 z=0.2-2.2 
2000   SNIa  in 80 deg2 

z=0.-1.4 
2000   SNIa  in 170 deg2 

 

N=10 z=0.2-1.6 
2000   SNIa  in 20 deg2 

 

z=0.-1.0 
2000   SNIa  in 70 deg2 

 



Synergy with TMT: Feasibility Matching 

e.g., Find z=11-12 galaxies by WISH and obtain their spectra with TMT 
 

 WISH Ultra Deep Survey  
      (100deg2, 28AB, 1-4um 10-20h integration) 
 
 ● z=11-12 galaxies  ~26.5AB      ~27AB 
                               ~5/deg2 ~20/deg2 

 TMT IRIS   

        0.1” aperture  AO-assisted  
Continuum H-band  5hours  S/N= 2-3  
  26-27 AB （R~4000 resolution unit）  

0.1” aperture / point source 
0.05”/pix 

Wright et l. 2010 



WISH Auxiliary Campaign Science  

● Galactic Bulge     astrometry in NIR 
●   Galactic Plane     Open clusters, disk structure 
● Extrasolar Planets    NIR Transit 
●   Extrasolar Planets     microlensing 
● Solarsystem       H2O Ice on Kyper-Belt objects 

etc…. 

Base-line:  
>80%   WISH Surveys  (UDS, UWS, ExS) 
~20%   Auxiliary Science 



WISH Stellar Mass：1h integration 

WISH提案書 
児玉、他 

109Msun 



Galactic Plane Survey 

J vs J-K 
HR-diagram 
and age 

馬場、他によるシミュレーション 松永、他 WISH提案書 



寺居、他 
WISH 提案書 

H2O Ice of TNO 



WISH Project Development (Science) 

Defining the Main Science Goals 
- Search for Galaxies beyond Cosmic Reionization: z=8-15 (+ GRB, QSOs) 
- Type-Ia SNe and Acceleration of Cosmic Expansion : rest-frame NIR search and LC 
- Deepest and Wide NIR Survey (GRB, Transients, Galaxy Evolution, QSOs, etc.) 

 
Basic Filter set and the Survey Plan 
- 6 broad-band filters at 1-5μm 
- Mission lifetime: 5 years 
- 28AB, 100deg2 (Ultra Deep Survey) 
- 25AB, 1000 deg2 (Ultra Wide survey) and 29-30AB, 0.3 deg2 (Extreme Survey) 
 
Additional Science Goals 
- Narrow-band Imaging (LAE at z~10) 
- Grism Slitless Spectroscopy 
- Galactic Bulge (astrometry) 
- Galactic Plane (open clusters, disk dynamics) 
- Extrasolar Planets (transit, microlensing) 
- Solar System (H2O Ice on the asteroids) 
-    Backside Spectrograph 



WISH Project Development (Conceptual Design) 

• Optical  Layout 
          φ1.5m, f/16, wide-field (~1000deg^2), diff. limit at 1-5μm, flat,  cold stop 
• Wide-field Imager 
          NIR high QE, 0.155”/18μm pitch, arrays operated at ~50K 
• Filter Exchange Unit 
           Flip Type Exchanger  Focal Plane configulation 
• Telescope Structure 
           CFRP, torus 
• Primary Mirror / Mirror Fixation 
           light-weighted glass mirror 
• Baffling / Scattered Light 
           ray-trace simulation 
• Thermal Design 
          Static thermal balance at SE-L2, focal plane radiator 
• Data Production Rate, Required Data Down-link Rate 
           Requirements for communication, ground-base antennas 
• Guiding 
           science array guiding 
• System requirements for the space craft 
           1.4t, 1.2kW 



D=1.5m 
Glass Primary Mirror 
(ellipsoidal) 

Sun shield (for Sun and Earth light) 

Secondary  
Mirror 
(hyperbolic) 

Third  
Mirror 
(ellipsoidal) Focal Plane 



WISH Development: Optical Layout 

M1 
M2 

M3 

M1: Ellipsoidal 
M2: Hyperboloid 
M3: Ellipsoidal 

Focal Plane 

Cold stop 

-  Very flat focal plane 
- Diffraction-limited 
      images to φ ~50’  
         at 1-5 μm  

Yuji Ikedaet  al. 
(photocoding) 



Size： (HII-A) 4/4D-LC (lower)  
Mass： ~ 1.4t 



Overall Paremeters 

Launch Date (plan) NET 2017 
Mission Life Time  

> 5yr 

Launcher 
H-IIA  

4/4D-LC lower case 

PAF 2360S 

Capable to launch 1.5t 

(dual launch, SE-L2) 

Size φ3.3m x 5.2m 
Launch Configuration 

Including the startracker 

Mass @launch  (WET) 1.3t margin 0.2t 

Orbit Sun Earth L2 Halo   

Power Max 1.2 kW 

SAP power 

 1.6kW (BOL) 

 1.4kW (EOL) 

Mission Part 

Optics 

M1 φ1.5m ellipsoidal 

M2 φ0.28m hyperboloid 

M3 φ0.41m ellipsoidal 

Deff..limit at 1-5μm 

Fov φ0.2-0.7deg 

0.”15／18μm(pixel) 

・Cooled to 100K 

・flat mirror also works as the cold stop 

・light going through the flat mirror hole: option 

・slitless grism spectroscopy at 1-2.5μm  

Focal Plane Arrays 
HgCdTe (HAWAII-2RG) 

2K x 2K 32 chips (128Mpix) 

 0.9-5.3μm  

1pixel=18μm  

Filter Exchanger 
Flip-type exchanger 

11 filters + Cold Shutter 

Test module pass the robustness test 

(120K, >100000 moving) and oscillation test 

Cooling 

M1 100K 

Other telescope and instrument 

structure:  80-100K 

Detector 40-50K 

Passive radiative cooling  

 No mechanical cooler 



BUS 

SAP 
Fixed, 2 wings 

1.6kW (BOL) 1.4kW (EOL) 
  

Sun shield Al panels ＋MLI 30/30 SPICA  R&D heritage 

Positional 

Control 

STT-IRU Strap down system 

RW high accuracy 

（tork-balance ） 

 ”internal accuracy” (w/o thermal flexure) 

<0.03” r.m.s. (300sec) 

 

Guiding using the science arrays 

Thruster 
fuel >162kg  

thruster 3Nx8 23Nx4 
Φ504mm tank 4 

Data link 

  

Data processing 

X-band (Data, 16Mbps),  

S-band （telemetry） 

BUS < 50Mbps  

(Space Wire) 

DR 48GB x 2 

Ka-band (32Mbps): option  





MDR AO 

MDR 
= Mission Definition Review 
SRR 
= System Requirement Review 
SDR 
= System Definition Review 

Pre-Phase A Phase A 

SRR SDR 

Phase B 

PDR 

Phase C 

EM 
PFM 

CDR 

Conceptual design 
                      system definition 

Basic design Detailed design 

ISAS Phase-Up Process 



WISH Schedule (Proposed) 

FY task Phase 

FY0 

(2008) 

Project Launch 

JAXA/ISAS Working Group 

Conceptual Study 

Working 

Group 

FY1-FY4 

(2009-2012) 

Conceptual Study, Basic development 

Preparing the Mission Proposal 

Early engineering model for some parts / test 

Mission Proposal 

Mission  Definition Review 

  

FY4-FY5 Conceptual Design 

Proto Models, Design and Testing 

Phase A 

System Requirement Review (SRR)   

FY5-FY6 Conceptual Design, System Definition 

Proto Model, Testing 

Phase A 

System Definition Review(SDR)   

FY6-FY8 Preliminary Dedign 

Preliminary Design Review 

Procuring M1 and detectors 

Detailed Design 

Critical Design Review  

PFM / FM 

Phase B 

 

 

Phase C 

 

Mission Critical Review   

FY9-10 FM, Testing Phase C 

FY10-11 

(NET 2019) 

Testing 

Launch 



  Euclid WFIRST WISH 

Mirror 1.2m 1.3m 1.5m 

Wavelength Coverage 0.9-2μm 0.8-2μm 1-5μm 

FoV 0.5deg2 0.3deg2 0.23deg2 

Pixel Scale 0.3arcsec 0.18arcsec 0.155arcsec 

Num. Pixels 64Mpix 144Mpix 128Mpix 

Filters YJH 4BB 6BB+NB 

Survey Area Deep 40deg2 ? 100deg2 

Survey Depth Deep 26AB ? 28AB 

Survey Area Wide 20000deg2 HL >2500deg2 >1000deg2 

Survey Depth Wide 24AB 25AB 24-25AB 

Primary Science Dark Energy 

Dark Energy 

Exoplanets 

QSO 

First Galaxies 

2011 SDT report 

Comparison of NIR IMAGING Capability 





WISH Development 



D=1.5m 
Glass Primary Mirror 
(ellipsoidal) 

Sun shield (for Sun and Earth light) 

Secondary  
Mirror 
(hyperbolic) 

Third  
Mirror 
(ellipsoidal) Focal Plane 



Size： (HII-A) 4/4D-LC (lower)  
Mass： ~ 1.4t 



Optical Layout and 
Very Wide-Field Imager 



WISH Development: Optical Layout 

M1 
M2 

M3 

M1: Ellipsoidal 
M2: Hyperboloid 
M3: Ellipsoidal 

Focal Plane 

Cold stop 

-  Very flat focal plane 
- Diffraction-limited 
      images to φ ~50’  
         at 1-5 μm  

Yuji Ikedaet  al. 
(photocoding) 



R=0.2, 0.325, 0.4 deg  @  1.25um 

@ 2.2um 

Focal Plane 

4 x 2kx2k  FPA 

R(in)=0.2deg 

R(out)=0.45deg 



WISH Flip-type Wide-field Filter Exchange System 



Distortion 

Longest arrow  = 1% 



  Sag Irregularity Centering Tilt Thickness 

M1  0.3mm 0.5λ@633nm -------------  --------------- ------------------ 

M2  0.1mm 0.5λ@633nm   0.1mm 1’ 1mm 

flat  --------- 1.0λ@633nm   ------------- 2’ ------------------ 

M3  0.2mm 1.0λ@633nm   0.5mm 2’ ------------------ 

tolerance 



WISH １FoV 
（~９００arcmin2） 

HST UDF 

~ JWST 
   (2x2.2x4.3 
     =19 arcmin2) 
~SPICA 
    FPC-S 
     5’x5’=25arcmin2 



Array Radiator 

Optical Bench 

M3 

Cold Stop 

Focal Plane 

Grism  
(option) 

Filter Exchange Unit 



WISH Flip-type Wide-field Filter Exchange System 





Filter Exchange Unit: Vibration Test  

Dummy Filters 
 石英 
 白板ガラス 
 シリコン 

２０１０年１１月１６－１９日 
JAXA/ISAS Vibration Test Facility 

ECSS-E-10-03A 
“Testting” guidline  
Generic levels of vibration 

Successfully Passed 



Amplitude Phase 



Filter Exchange Unit: Robustness Test 

@ NAOJ 
     Clean Room  
 
Cooloed to 100-120K in a small chamber 

Test body temperature 120-150K 

Successfully operated  
more than 100000 times 





Testing the Phytron cryogenic motor 



Primary Mirror 
and Telescope Structure 



Secondary  

Secondary  Support 

Primary Mirror 

Primary Mirror 
Support 

Array Radiator 
Support structure 

Optical Bench 

Support Structure 

Filter Exchange System 

M3, Flat M 





Dynamical Analysis 
of the satellite and 
the telescope 
 
- Static support 
- Launch load 
 
• accerelation 
• deformation 
• mass center 
• proper frequency 
• stiffness 



@ MECO  



CFRP Pipe   CTE ~ 0.1 ppm/K 

Temperature 

strain 



mass 

Deformation by moisture absorption 
(hygroscopic swelling) 

strain 



Conceptual Design of the Primary Mirror/Mirror Fixation 

1. Previous Study 

Clump solution 
     -marginal (2010) 

Bonding Solution 
      INVAR Pad  × 
   CFRP Pad    studied 
   need to be developed and tested 



2. Updated design for Mirror Fixation  

(temporal) 

(temporal) 

- Thermal Comp structure 
- Appropriate Clump force 
        to have no gap at max load 



vs Launch Load 
Stress 33MPa max 

vs Cryogenic Load 
Stress 13.1MPa 



M1 Design  143kg  φ1530mm 



RMS 

Difference RMS 6.6nm in wave-front error 
(more detailed optical performance 
  is being studied with the surface) 



Silver Coating   
Cryogenic effect is not negligible  
Wave Front Error  rms 12nm (dominant in error budget) 

Gold? 
Intermediate? 





Baffling 



Thermal Design 



Components Temperature Notes 

Telescope Optics Primary Mirror   100K Flat mirror and Tertiary are 

puton the optical bench. The 

hole in the flat mirroe works as 

the cold stop. 

Secondary 100K 

Flat 80K 

Tertiary  100K 

Very Wide Field  

Imager  

Focal Plane Arrays 40K (goal) Put at the system focal plane. 

Filter Exchanger 80K Flip-Type. Put near the first 

focal plane. 

Array Radiator <40K Cooling the detectors 

component Teff Emissivity  note 

Scattered 5800K 3.0 x 10-14 EP 

Thermal  275K 7.1 x 10-8 EP 

Component  emissivity 立体角 (str) 

M1 5% 3.6 x 10-2 

M2 5% 3.6 x 10-2 

Flat（front） 5% 2.3 x 10-2 

Flat（back） 5% 1.6 x 10-2 

M3 5% 5.7 x 10-2 

Filters 10% 2.8 

post-optics 

baffles 

10% 2.8 

Spiders 90% 4.5 x 10-3 



Detector operation temperature 



Thermal and natural background 



3xEP zodiacal light and thermal radiation from each component 



M1 
M2 

Detector arrey 

Main torus 

BUS 

baffles 

Filter unit  

Thermal Design 
  heat production by filter unit 
  heat production by ASIC 



Focal plane radiator 



Evaluation of Thermal background by ray trace 

On-going 



WISH: System 

System Block Diagram 





Compoment Mass (kg) Notes 
Mission Payload 609.00   
      
BUS 607.00   
  Power 96.60   
  Communication 40.21   
  Data analysis 73.40   
  Pulsation 56.63   
  Orbit adjustment 126.96   
  Electronics 24.00   
  Structure 156.00   
  Thermal 33.20   
      
Dry mass 1216.00   

Fuel 97.50   
      
Wet mass at launch 1313.50   
Mergin 186.50 <1500kg 

MASS BUDGET 



component

s 

launch TRANS 

 L2 

Wheel ON 

TRANS 

L2 

  

TRANS  

L2 

  

operation 

  

EOL 

operation 

  

max 

position 

manuva 

EOL 

Position 

manuva 

max 

operation 

  

orbit 

MissionPaylo

ad  

Total 
0.0 30.0 30.0 30.0 239.0 239.0 239.0 239.0 0.0 

BUS total 480.2 752.2 906.7 
752.

2 
793.7 793.7 793.7 708.7   

  Power 30.5 30.5 30.5 30.5 35.0 35.0 35.0 35.0 35.0 

  communication 

85.0 195.3 195.3 
195.

3 
195.3 195.3 195.3 195.3 195.3 

  Data 

management 162.0 162.0 162.0 
162.

0 
199.0 199.0 199.0 199.0 192.0 

  Pulsation 0.0 0.0 150.0 0.0 0.0 0.0 0.0 0.0 150.0 

  Orbital 

adjustment 97.7 254.9 259.4 
254.

9 
259.4 259.4 259.4 259.4 254.9 

  Thermal 

105.0 105.0 105.0 
105.

0 
105.0 105.0 105.0 20.0 105.0 

Total load 480 782 937 782 1033 1033 1033 948 932 
Power used 522 842 1004 842 1104 1104 1104 1015 999 
Power used 

w/ margin 608 956 1126 956 1223 1223 1223 1223 1083 

                    
SAP power 

gen 
1625 1625 1625 1625 1462 1462 1462 1462 1462 

  (BOL) (BOL) (BOL) (BOL) (EOL) (EOL) (EOL) (EOL) (EOL) 

SAP margin 
（w/o margin） 

1103 782 621 782 358 358 358 447 463 

SAP margin 
（(w/ margin) 

1018 669 499 669 239 239 239 239 379 

Table 15 : WISH Power budget 

（unit W） 

 

POWER BUDGET 



Item Value 

Center of the orbit SE-L2 1500000km from the 

Earth 

Period 180days 

  In the plane 700000km (TBD) 

  Out of plane 350000km  (TBD) 

ORBIT   SE-L2 Halo 



Typical Exposure Time 


