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WISH: Wide-field Imaging Surveyor for High-redshift

• Space Telescope Mission with 1.5m Diameter Aperture

• Wide-Field Near-Infrared Camera (0.9 - 5 μm)

• (Passively) Cooled Mission with Sun - Earth L2 Orbit

• Depth - deeper than images with any ground-based telescopes

• Width - 100 square degrees in deepest images, >1,000 deg2 in 
shallower surveys
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WISH: Scientific Objectives



WISH: Science Objectives

• Unveiling the First Epoch of Galaxy Formation:

• Detections of Large Sample of First-Generation Galaxies (7<z<15)

• Explorations of the Cosmic Reionization

• Constraining Dark Energy using Type Ia Supernovae

• Detection and Light Curve in Rest-frame Near-IR

• Transient Objects such as Gamma-ray Bursts and Luminous 
Supernovae

• Legacy Near-IR Survey Data with Unprecedented Depth and Area

• Galaxy Evolution, High-z AGN, Galaxy Stellar Population and more.



Subaru Suprime-Cam

FoV ~30’; Hyper Suprime-Cam (HSC) with 1.5 deg. in 2012



Achievements of Subaru Wide-field Imaging

Iye et al. 2006 
z=6.964 

(Cosmic age=
750 Million years)

Lyα at 0.97μm



Achievements of Subaru Wide-field Imaging

Ono et al. 2011
z-dropouts

Lyman Alpha Demography of z ∼ 7 Galaxies 3

TABLE 1
Summary of observations with Keck/DEIMOS.

Mask ID Field Date (UT) Total Exposure Nz
† grating central wavelength filter

[sec] [lines mm−1] [Å]

SDFZD1B SDF 2010 February 13 19350 5 830 9000 OG550
SDFZD3 SDF 2010 April 14− 15 30000 2 830 9000 OG550
SDFZD4 SDF 2010 April 15 7200 4 830 9000 OG550
GNZD1B GOODS-N 2010 February 13, April 14-15 18000 2 830 9000 OG550
HDF11C GOODS-N 2011 April 1− 2 14600 2 600 7500 GG455
HDF11D GOODS-N 2011 April 3 7200 2 830 8100 OG550

† Numbers of observed z-dropouts. Some objects were observed on multiple masks (See Table 2).

Fig. 1.— Spectra of SDF-63544 (left) and SDF-46975 (right). The top panels show the composite two-dimensional spectra, from which the
one-dimensional spectra shown in the bottom panels are derived. A prominent emission line is seen at 9683 Å for SDF-63544 (S/N " 13),
and at 9536 Å for SDF-46975 (S/N " 14).

observations of the z-dropout candidates discovered in
Ouchi et al. (2009). The data were taken on UT 2010
February 13, April 14 − 15, and 2011 April 1 − 3. We
observed 11 out of the 22 z-dropout candidates. We also
observed the standard stars G191B2B and Wolf 1346 for
flux calibration. The seeing was in the range 0.5′′− 0.7′′.
We used a total of six DEIMOS masks, as listed in Ta-
ble 1. For five masks, we used the OG550 filter and the
830 lines mm−1 grating, which is blazed at 8640Å and
was tilted to place a central wavelength of 9000 Å on the
detectors. This configuration provided a spectral cov-
erage between 7000 Å and 10400 Å. For the remaining
mask (HDF11C) we used the GG455 filter and the 600
lines mm−1 grating, blazed at 7400Å. This was tilted
to place a central wavelength of 7500Å on the detector.
The spectral coverage was between 5200 Å and 10200 Å.
The spatial pixel scale was 0.1185′′ pix−1, and the spec-
tral dispersion was 0.47 Å pix−1 and 0.65 Å pix−1 for
the 830 lines mm−1 and 600 lines mm−1 grating, respec-
tively. The slit widths were 1′′. For objects filling the
slit, the FWHM resolution of the 830 and 600 grating
was # 3.3Å and # 4.7Å, respectively14. Details of the

14 http://www2.keck.hawaii.edu/inst/deimos/specs.html

observations, the filters, gratings and the total exposure
time used are listed in Table 1.
We used the GG455 filter for HDF11C, although this

filter allows transmission of second-order light redward
of ∼ 9100 Å. This filter was used because some of the
targets on those masks were z ∼ 3 ultra-luminous in-
frared galaxy candidates, which would have spectral sig-
natures below 5000 Å. Although this configuration en-
hanced background light in the red wavelength range, it
should be irrelevant for identifying z-dropout galaxies,
since the targeted z-dropouts in the HDF11C mask were
also spectroscopically observed in the other configura-
tion, which was not affected by second-order light.
The reduction was performed using the spec2d IDL

pipeline15 developed by the DEEP2 Redshift Survey
Team (Davis et al. 2003). We used a modified version
of the spec2d (Capak et al. in prep.) for the data taken
with HDF11D, since those data were dithered. Wave-
length calibration was achieved by fitting to the arc lamp
emission lines. The spectra were flux calibrated with the
standard stars G191B2B and Wolf 1346. We applied no

15 The pipeline was developed at UC Berkeley with
support from NSF grant AST-0071048. Downloaded at
http://astro.berkeley.edu/~cooper/deep/spec2d/



HST and 
8-10m Telescopes

WISH



z=0

z=1

z=3
z=5
z=7
z=9 z=12

galaxies at z>7 can only 
be detected in Deep 

Near-IR images



ELTs Should Make Spectroscopy of ‘First Galaxies’.
But Who can Provide the Targets?



Ground-based Telescopes Can’t Find ‘First’ Galaxies

In Near-IR, the Depth of the Broad-band Images is 
Determined by the Background Radiation. Thermal Noises 
Prevent Us to Reach >27 AB Mag.

Cooled Space Telescope is Required.

Depth + Survey Area are the Keys.



TMT/IRIS JWST/NIRCam

MOIRCS HAWK-I

VISTA

WISH

2μm



TMT/IRIS

JWST/NIRCam

MOIRCS HAWK-I

VISTA

WISH

2μm



Zodiacal
Scatter

Zodiacal
Emission

Instrument
Thermal



WISH: Expected Number of High-z Galaxies



WISH Survey Plan

Depth
[AB mag.]

Area
[sq. deg] Days

Ultra Deep Survey 28.0 100 1,500

Ultra Wide Survey 25.0 1,000 50-100

Extreme Survey ~29.5 ~1 <100



WISH Broad-band Filter Set

y J H K L M

IRAC1 IRAC2

0 1 2 3 4 5 (6)

Continuous Wavelength Coverage



WISH: Expected Sensitivity



Selection of High-z Galaxies with Two-Colors



Completeness Estimates

for the case of WISH (Lim. Mag. = 28AB)



Assumption on Evolution of Luminosity Function(1)
Empirical Evolution

M*=-21.1+0.408(z-3.8)

z+



Assumption on Evolution of Luminosity Function(2)
Semi-Analytic Model by Kobayashi et al.

SAM: excess of 
luminous galaxies



Expected Numbers with WISH Ultra-deep Survey

• 100 sq. deg survey with 5 filters from 1.0μm to 3.0μm

• Limiting magnitudes 28AB (point source, 3σ)

• Total 1,500 days

z=8-9 z=10-12 z=13-17

Empirical Ev. 169,000 10,420 72

SAM 63,120 4,970 107

WISH can provide large number of 
targets to ELTs.



Supernova Survey

• Repeat Observations → Find Transient Objects

• Type-Ia SN Search can be made Simultaneously.

• ~2,000 Type Ia SNe (0<z<2-3) are expected

• Rest-frame IR Light Curve: Less Affected by Dust

Slide by 
T. Morokuma



Why WISH is Indispensable



• 6.5m Deployable Mirror, Passive Cooling at S-E L2

• Four Science Instruments:

• MIRI: Mid-IR (5 - 28μm)

• NIRSpec

• NIRCam

• TFI: Tunable Filter Imager

JWST



HST/WFC3

Bouwens+2010
Bunker+ 2010 etc.

Lehnert+2010
VLT/SINFONI



Number Density of z=12 Galaxies

ELT Spectroscopy Limit

JWST Imaging Limit

N=1/deg2

WISH

Lyα emission would not help 
improving the detection limit with 

ELTs for extended sources



Field of  View

JWST/NIRCam
10min2

WISH
840min2

(32x 2k x 2k HgCdTe)



Survey Area

JWST/NIRCam
10min2

WISH
840min2

WISH Ultra-Deep Survey
100 deg2

450 Pointings



Why is WISH So Important?

• JWST will discover numerous candidates of very high-z 
galaxies, but most of them are too faint to be followed-up 
with JWST itself and ELTs.

• Narrow FoV of NIRCam makes wide-field surveys very 
expensive.

• JWST + WISH: Complimentary to constrain UVLF Evolution

• Wide-field + Dedicated Surveyor Enables to Find ‘Luminous’ 
Galaxies



Euclid, WFIRST, and WISH

Euclid WFIRST WISH

Mirror 1.2m 1.3m 1.5m

FoV 0.5 deg2 0.3deg2 0.23deg2

Visual Imager RIz ↓ --

NIR Imager YJH 0.6-2.0μm 0.9-5.0μm

Lim. Mag. 24AB 25.9AB 28AB

Survey Area 20,000 deg2 >11,000 deg2 100 deg2

Primary 
Science

Dark Energy DE, Exoplanet, 
QSO

First Galaxies



Euclid, WFIRST, and WISH

• Euclid, WFIRST: 

• Precise photometry and Image Quality

• >10,000 deg2 Survey

• WISH: 

• Optimized for Detection of Luminous High-z Galaxies to Feed ELTs

• 1.5m Diameter Mirror Size is Mandatory

• Image Depth

• Diffraction Limit (0.15” at ~1μm)

• Cover λ~5μm



WISH is the Best High-z Sample Feeder for ELTs and Right 
Strategy to Tackle the Enigmatic Early Stage of the Universe.



R&D

Optics
Filter Exchanger

Thermal Design
Structure Design



Make WISH Come True!

• 1.5m Space Telescope Optimized for Hunting Galaxies at z>10

• 28 AB mag., 100 deg2

• λ up to 5 μm

• Provides Thousands of Galaxies at z>10 and Hundreds of 
Galaxies at z>13

• Now in Basic R&D and Preparing a Mission Proposal to JAXA

• Open for International Collaboration

http://wishmission.org
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