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• Systematic search of objects at z>7
‣ Exploring the 1st generation of galaxies
‣ Galaxy formation and evolution
‣ Cosmic re-ionization epoch
‣ High-z QSOs and GRBs

• Supernova cosmology at high-z
‣ Type Ia SNe at z>3
‣ NIR light curves of SNe by multiple observations
‣ History of cosmic expansion and the origin of dark energy

• Broad studies of Astronomy
‣ Studies of galaxies at z<7
‣ Galactic objects (bulge astrometry, open clusters, disk dynamics)
‣ Ex-planets (transit objects, micro-lensing)
‣ Objects in the solar system (H2O ice on asteroids)
‣ And many other auxiliary sciences

Summary of WISH science goals:
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WISH: Deep and Wide NIR imaging survey



Summary of WISH science goals:
WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe

• Ultra Deep Survey (UDS): ~28 mag in 100 deg2

• Ultra Wide Survey (UWS): ~25 mag in 1000 deg2

• Extreme Deep Survey (EDS): ~30 mag in 1 FoV



• Thermal emission from telescope instruments
• We calculate photons / pix from each optical component

Summary of WISH sensitivity:
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• The sensitivity is estimated by 
using the following instrument 
parameters
‣ Emissivity of 5-10%
‣ Detector: H2RG (cut off 5.0µm)
‣ Pixel scale: 0.155’’/pix
‣ Dark current: 0.05 e-/s/pix
‣ Readout noise:15e-

‣ Aperture size = 2 x PSF FWHM
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detailed ray-tracing 
analysis



• Temperature: comp. near focal plane = 80K, others = 100K
• Thermal emission is lower than the zodiacal emission

Summary of WISH sensitivity:
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• Filters suitable for various scientific goals
• Filters cover wavelength range of 1 - 5 µm without any gaps
• Band widths are the same in logarithmic scale

第 2章: WISHが目指す科学

これらの条件を満たすよういくつかのフィルタセットを検討した結果、標準的な広帯域フィルタセッ
トとして、Fig. 2.14.1 および Table 2.14.1に示す仕様をもったWISH広帯域フィルタセットを設定
した。

0 1 2 3 4 5 (6)

Y J H K L M

IRAC1 IRAC2

図 2.14.1: WISH広帯域フィルタ基本案。Filter 0から 5までの 6枚のフィルタを標準とし、5µmまでカバーする Filter
6はオプションとする。地球大気の窓 (灰色)に合わせた、Y , J , H, Ks, L, M の各バンドの透過曲線と、Spitzer Space
Telescopeのカメラ IRACの短波長側の 2チャンネル (3.8µm, 4.5µm)を破線で示した。検出限界の計算に用いた 5.0µm
カットオフの H2RGの量子効率のモデルを黒実線で併せて示す。

Name λcenter FWHM w0 w1 R Diff. Limit Ref. Name Notes

[µm] [µm] [µm] [µm] [′′]

Filter 0 1.040 0.280 0.900 1.180 3.714 0.174 WBF0300_00

Filter 1 1.360 0.360 1.180 1.540 3.778 0.228 WBF0300_01

Filter 2 1.775 0.470 1.540 2.010 3.777 0.298 WBF0300_02

Filter 3 2.320 0.620 2.010 2.630 3.742 0.389 WBF0300_03

Filter 4 3.030 0.800 2.630 3.430 3.788 0.508 WBF0300_04

Filter 5 3.965 1.070 3.430 4.500 3.706 0.665 WBF0300_05

Filter 5e 4.215 1.570 3.430 5.000 2.685 0.707 WBF0301_05 オプション
Filter 6 4.500 1.000 4.000 5.000 4.500 0.755 WBF0302_06 オプション

表 2.14.1: WISH 標準 Broad-band Filter Setの仕様。w0, w1はピークの 50%となる波長。Rは λcenter/FWHM。

2.14.2 検出限界 (広帯域フィルタ)
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Summary of WISH sensitivity: broad band filters
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filter leakage is 1x10-4



• 28 mag (AB) with 3σ in 10-20 hours in filter 0-4 (1-3 µm)
• We assume 3 times more zodiacal background at the ecliptic pole
• >50 hours is required to reach 28 mag (AB) in filters with >4µm

Summary of WISH sensitivity: broad band filters

第 2章: WISHが目指す科学

図 2.14.2: WISH広帯域フィルタでの積分時間による検出限界の変化。黄道光が黄極の 3倍の場合
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~28 mag (AB) in 10-20 hours



• Sensitivity for bright objects
• Read-out noise is dominated below an exposure time of ~100 sec
• We recommend exposure of 300 sec taking into consideration CR
• Saturation becomes a problem for objects with <11 mag (AB)

Summary of WISH sensitivity: broad band filters
第 2章: WISHが目指す科学

図 2.14.3: 10–600秒の積分を行った場合の 3σ検出限界等級 (AB)。破線は 300秒での検出限界から、background limited
だった場合の検出限界の期待値を示したもの

図 2.14.4: 10–1,000秒の積分を行った場合の背景ノイズ (自然背景光、装置からの熱雑音、暗電流)と読出しノイズ (破
線) の関係。黄道光は黄極の 3 倍の値を仮定した。左: 1 ピクセルあたりのノイズ、右: aperture あたりのノイズ。測光
apertureはバンド毎に変えているため、読出しノイズもフィルタ毎に変化する (右端にフィルタ番号を記してある)。300
秒の位置を点線で示している。
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Dashed line: extrapolation if background limit is assumed
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WISH filter exchanger unit:
WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe

↑ three-stage structure

← one exchanger unit

↓ one stage of the exchanger units

4 filters x 3 layers => 12 filters available

We use 6 slots for broad band filters and 
one slot for shutter: Remaining 5 slots will 
be used for other filters



• WISH filter exchanger unit has 12 slots: 6 for BB filters 1 for a shutter
• 5 remaining slots for other filters
• Narrow band filters are options

Summary of WISH sensitivity: narrow band filters
第 2章: WISHが目指す科学

図 2.14.5: WISH狭帯域フィルタ案 (1; R ∼ 70)。地球大気の窓 (灰色)に合わせた、Y , J , H, Ks, L, M の各バンドの
透過曲線と、Spitzer Space Telescopeのカメラ IRACの短波長側の 2チャンネル (3.8µm, 4.5µm)を破線で示した。ま
た、広帯域フィルタの透過曲線を灰色の実線で示している。検出限界の計算に用いた 5.0µm カットオフの H2RGの量子
効率のモデルを黒実線で併せて示す。

図 2.14.6: WISH狭帯域フィルタ案 (2; R ∼ 50) 図 2.14.7: WISH狭帯域フィルタ案 (3; R ∼ 100)
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• Shallower limiting magnitude than that for broad band filters
• ~20 hours are required for 26 mag (AB) with 3σ in NB filters with 1-2 µm

Summary of WISH sensitivity: narrow band filters

2.14 WISHサーベイ計画

図 2.14.8: WISH狭帯域フィルタ案 (1)での積分時間と点
源検出限界 (3σ)との関係。比較のため広帯域フィルタ 0–3
の場合も示している。

図 2.14.9: WISH狭帯域フィルタ案 (2)での積分時間と点
源検出限界 (3σ)との関係

図 2.14.10: WISH狭帯域フィルタ案 (3)での積分時間と
点源検出限界 (3σ)との関係。

図 2.14.11: WISH狭帯域フィルタ案 (1)–(3)での積分時
間と点源検出限界 (3σ)との関係
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BB filters

NB filters
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~26 mag (AB) in ~20 hours



• Filter exchanging unit have 12 slots: 6 for BB filters 1 for a shutter
• 5 remaining slots for other filters
• Medium band filters are also options

Summary of WISH sensitivity: medium band filters
WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe



• Filter exchanging unit have 12 slots: 6 for BB filters 1 for a shutter
• 5 remaining slots for other filters
• Medium band filters are also options

Summary of WISH sensitivity: medium band filters
WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe

BB filters

MB filters

~27 mag (AB) in ~5 hours



• WISH exposure time calculator (ETC) is now under development
• Beta version is available:
                       http://optik2.mtk.nao.ac.jp/~kiyoyabe/WISH/ETC/ETC.py
• For broad/narrow/medium band filters
• ETC for spectroscopic mode?

Summary of WISH sensitivity: Exposure Time Calculator
WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe

http://optik2.mtk.nao.ac.jp/~kiyoyabe/WISH/ETC/ETC.py
http://optik2.mtk.nao.ac.jp/~kiyoyabe/WISH/ETC/ETC.py


Summary of WISH survey plan: visibility
WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe

Visibility:

Sun
WISH

• Telescope angle toward and against the sun is limited:
✓ Power supply from solar puddle
✓ Thermal environment of satellite bus
✓ Size of the sun shield

• Area of sky that the telescope 
can see at some point is therefore 
limited
• The visibility is roughly estimated 
with the following assumptions
✓ Available angle: 0 deg. toward 
and 20 deg. against the sun
✓ 1 year = 360 days
✓ Orbit at L2 point is neglected

WISH International Science Workshop (Dec. 2013)

• Observable area of WISH telescope is limited by the satellite angle
‣ Power supply from solar puddle
‣ Thermal environment of satellite bus module
‣ Size of the sun shield

• Typically, two chances of observing the same area in one year

• The visibility of WISH telescope is 
roughly estimated with the following 
assumptions
‣ 1 year = 360 days
‣ Orbit at L2 point is neglected
‣ Maximum satellite angle: -5 deg. 
toward and 30 deg. against the sun



Galactic Centre
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• Visibility map for a given coordinate
• The numbers indicate the visible days
• Higher visibility (~240 days) near ecliptic pole
• Lower visibility (~80 days) near ecliptic plane

Summary of WISH survey plan: visibility



WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe

� �

Target fields

������������������������#�
����
����������	������ �������

���������%���"��$�!��&��&�$�!"������$��!! ���

���������%����%���"���$��&��&�

Subaru/Hyper Suprime-Cam Survey Fields

Summary of WISH survey plan: visibility
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• Visibility at HSC Deep Survey fields (D1-D4)
• ~80 days (~40 continuous days) in one year are visible
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Summary of WISH survey plan: visibility



• Visibility near the equator
‣ ~80 days (~40 continuous days) per year are visible
✓ Not ideal for the SN surveys?
✓ SN surveys require ≥5 different observations every 10 days 
→ ≥40 continuous days are necessary

• Visibility near Ecliptic pole (EP) is good
• Possible Ultra Deep Survey (UDS) Plan
‣ HSC-Deep Fields
✓ XMM-LSS, COSMOS, DEEP2
✓ ~20 deg2 (~7 deg2 x 3 fields)
✓ Deep optical data available

‣ Other fields near EP
✓ ~80 deg2 (~20 deg2 x 4 fields?)
✓ Deep optical data unavailable
✓ WISH-Deep Field with HSC? 

• Possible UWS Survey Plan
‣ HSC-Wide Fields? and other EP fields?

Summary of WISH survey plan: possible survey area
WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe



Summary of WISH survey plan:
WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe

5σ Depth 
(AB mag)

Area 
(deg2)

Filter Central 
Wavelength (µm)

Survey Time1 
(days)

Ultra Deep 
Survey 28 100 1.0, 1.4, 1.8, 2.3 ~1560

+ Filter 4 (3µm) 27 100 3.0 ~130

+ Filter 5 (4µm) 26 100 4.0 ~70
Ultra Wide 

Survey 25 1000 1.4, 1.8, 2.3 ~45

Extreme Deep 
Survey2 29.5 0.25 1.0, 1.4, 1.8 ~30

Total ~1800

Note: (1) 50% overhead included (2) the survey field is near EP

• For 100 deg2  area, 80 deg2 in EP and 20 deg2 in the HSC fields
• 3 times more zodiacal light is assumed in the HSC fields
• Other science targets including narrow band survey?





Additional slides:



Summary of WISH sensitivity: broad band filters

2.14 WISHサーベイ計画

5.1節で議論する衛星コンポーネントの温度要求が満たされた場合、すなわち、背景雑音が黄道光で
支配される状況で、2.14.1節の広帯域フィルタについて、達成される検出限界を検討した。

• 検出器はTeledyne H2RGを想定する。Fig. 2.14.1に仮定した 5.0µmカットオフの量子効率を
示している。暗電流は 0.05e−/sec/pixとし、読出しノイズは 15e−と大きめに設定した。

• 1回の露出の積分時間は 300秒とした。この時間で、WISH UDS, UWSを実施する高黄緯の天
域でも背景ノイズが支配的になる (Fig. 2.14.4)。一方、より長時間の積分とすると宇宙線の影
響への懸念が大きくなる。

• フィルタのバンドパス部分以外の波長域でのリークは 1e−4を仮定している。

• 天体は点源とし、aperture直径は各フィルタの中心波長での回折限界の 2 倍に設定した。理想
的な PSFが達成された場合はより小さい apertureの方が点源での S/Nは向上するが、実際の
PSFは理想的な場合よりはひろがるであろうこと、また、主な観測対象である遠方銀河は若干
ひろがりを持つことから、上記の設定で計算を行う。

• 黄道光は、黄極付近での場合 (7.1章参照)とその 3倍の場合を計算した。遠方銀河サーベイを
行う天域としては、黄道光の強度は黄極の 3倍未満であると仮定するのは妥当である。

Fig. 2.14.2に 3σ限界等級を示す。また、Table 2.14.2には、on-source 10時間の積分での 3σ限界等
級と、28 AB等級に到達するのに要する on-source積分時間 (但し Filter 6の場合は 27 AB等級到達
に要する積分時間)を示す。Filter 0から 4については、10–20時間の on-source積分時間で 28 AB
等級に到達できることが分かる。なお、300秒の積分でほぼ background-limitedになっているため、
5σ限界等級は 3σの場合より約 0.56等明るくなる。

3× Ecliptic pole 1× Ecliptic pole

Filter λcenter 10h exp. hours to reach 10h exp. hours to reach

[µm] 3σ mag. 28 AB mag. 3σ mag. 28 AB mag.

0 1.040 28.24 6.50 28.59 3.50

1 1.360 28.16 7.50 28.55 3.75

2 1.775 28.02 9.67 28.41 4.83

3 2.320 27.89 12.25 28.25 6.33

4 3.030 27.71 17.08 28.04 9.25

5 3.965 26.95 69.67 27.42 28.83

5e 4.215 26.80 90.42 27.31 34.83

6 4.500 26.20 43.83(∗) 26.69 17.25(∗)

表 2.14.2: on-source 10時間積分で到達する 3σ限界等級 および 28AB mag.に到達するのに要する on-source 積分時間
(∗: Filter 6は 27AB mag.に到達するのに要する積分時間)
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2.14 WISHサーベイ計画

明るい天体の観測

明るい天体の観測可能性を検討するため、Saturateする天体の等級を調べた。望遠鏡やカメラのパ
ラメータ、温度条件は検出限界の計算に用いたものと同様である。黄道光を黄極の 10倍の明るさと
して計算したが、天体からの光子が卓越しており、黄道光は Saturateする等級にはほとんど寄与し
ない。PSFはガウシアンとしており、ピークでのカウントが 26,000 ADU (ゲイン 2.6 e−/ADU)と
なる点源の等級を求めた。Table 2.14.6に結果をまとめる。なお、これよりも明るい天体を観測する
場合には、副鏡の位置の調整によるデフォーカスを行う必要があると考えられる。

Filter

Exptime(sec) 0 1 2 3 4 5

1 12.28 12.25 12.06 11.81 11.53 11.27

5 14.03 14.00 13.80 13.56 13.27 13.02

10 14.78 14.75 14.56 14.31 14.03 13.77

100 17.28 17.26 17.06 16.81 16.53 16.27

300 18.48 18.45 18.25 18.01 17.72 17.47

500 19.04 19.01 18.81 18.56 18.28 18.03

1800 20.45 20.43 20.23 19.97 19.68 19.46

表 2.14.6: 各フィルタでの Saturationが起こる点源天体の AB等級
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Magnitude limit (AB) in which saturation occurs

2.14 WISHサーベイ計画

Name λcenter z FWHM R 10h1 50h2 Ref. Name

NB110 1.095 8.0 0.015 73.0 25.69 26.57 NBF0100_00

NB134 1.340 10.0 0.019 70.5 25.72 26.60 NBF0100_01

NB158 1.580 12.0 0.022 71.8 25.62 26.50 NBF0100_02

NB195 1.945 15.0 0.027 72.0 25.47 26.35 NBF0100_03

NB219 2.188 17.0 0.031 70.6 25.40 26.28 NBF0100_04

NB441 4.4052 5.71∗ 0.063 69.9 24.50 NBF0100_05

NB497 4.9720 6.58∗ 0.071 70.0 23.53 NBF0100_06

表 2.14.10: 狭帯域フィルタ セット案 (1)。z はターゲットとなる Lyα輝線銀河の赤方偏移、但し ∗で示した NB441お
よび NB497については Hαの赤方偏移。1: on-source 積分時間 10時間での点源 3σ 限界等級、2: on-source 積分 50時
間での点源 3σ 限界等級。

Name λcenter z FWHM R 10h1 50h2 Ref. Name

NB109 1.092 8.0 0.022 49.6 26.03 26.92 NBF0200_00

NB134 1.336 10.0 0.027 49.5 26.07 26.95 NBF0200_01

NB158 1.580 12.0 0.032 49.4 25.98 26.86 NBF0200_02

NB195 1.951 15.1 0.039 50.0 25.82 26.70 NBF0200_03

NB219 2.188 17.0 0.044 49.7 25.74 26.62 NBF0200_04

NB441 4.4052 5.71∗ 0.088 50.1 24.76 NBF0200_05

NB497 4.9720 6.58∗ 0.099 50.2 23.77 NBF0200_06

表 2.14.11: Table 2.14.10と同様だが、狭帯域フィルタ セット案 (2)の場合。

Name λcenter z FWHM R 10h1 50h2 Ref. Name

NB110 1.095 8.0 0.011 99.5 25.34 NBF0300_00

NB134 1.340 10.0 0.013 103.1 25.38 NBF0300_01

NB158 1.580 12.0 0.016 98.8 25.29 NBF0300_02

NB195 1.945 15.1 0.020 97.3 25.14 NBF0300_03

NB219 2.188 17.0 0.022 99.5 25.05 NBF0300_04

表 2.14.12: Table 2.14.10と同様だが、狭帯域フィルタ セット案 (3)の場合。
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Summary of WISH Survey Plan: Visibility
WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe

• Visibility map for a given coordinate (R.A. and Dec.), 
• The numbers indicate the visible days
• Higher (lower) visibility near ecliptic pole (plane)

0 deg. toward 20 deg. against the sun
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Summary of WISH Survey Plan: Visibility
WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe

• Visibility map for a given coordinate (R.A. and Dec.), 
• The numbers indicate the visible days
• Higher (lower) visibility near ecliptic pole (plane)

5 deg. toward 30 deg. against the sun
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Summary of WISH Survey Plan: Visibility
WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe

• Visibility map for a given coordinate (R.A. and Dec.), 
• The numbers indicate the visible days
• Higher (lower) visibility near ecliptic pole (plane)

10 deg. toward 40 deg. against the sun



• Expected number of galaxies in each case of UVLF evolution
• From the SAM prediction, ~600, ~50, and ~1 galaxies per 1 deg2 at 
z=8-9, z=11-12, and z=14-17, respectively, are expected
• See details in Iwata-san’s talk

Summary of WISH Science Goals:

z No LF 
evolution

LF evolution 
(empirical)

LF evolution 
(DMH)

LF evolution 
(SAM)

0-drop 8-9 ~4000 ~1700 ~850 ~630

1-drop 11-12 ~2400 ~100 ~4 ~50

2-drop 14-17 ~1200 ~1 ~0.003 ~1
* The expected detection numbers per 1deg2

z No LF 
evolution

LF evolution 
(empirical)

LF evolution 
(DMH)

LF evolution 
(SAM)

0-drop 8-9 ~3000 ~1200 ~300 ~500

1-drop 11-12 ~1600 ~40 ~0.7 ~40

2-drop 14-17 ~800 ~0.02 ~0.0001 ~0.6

Limiting Magnitude = 28.0 AB mag (3σ)

Limiting Magnitude = 27.45 AB mag (5σ)

WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe



WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe

Summary of WISH Survey Plan: Visibility
• SE L2 orbit is ideal for cooling efficiency, thermal stability, and 
prevention of scattering light
• Geostationary earth orbit (GEO) and Tundra orbit is the second best
• GEO
‣ Prevention of light from the earth
‣ Variation of the thermal condition
‣ Visibility / Seasonal variation

• Tundra orbit
‣ Variation of the thermal condition
‣ Visibility
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Giovanni’s talk yesterday

WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe



Summary of WISH Survey Plan:
WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe

3σ Depth1 
(AB mag)

Area2 
(deg2)

Filter Central 
Wavelength (µm)

Survey Time3 
(days)

Ultra Deep 
Survey 28 100 1.0, 1.4, 1.8, 2.3, 3.0 ~1300

+ Filter 5 (4µm) 27 100 4.0 ~280
Ultra Wide 

Survey 25 1000 1.4, 1.8, 2.3 ~45

Extreme Deep 
Survey 30 0.25 1.0, 1.4, 1.8 ~60

Total ~1700

Note: (1) 3 times more zodiacal light at pole assumed. (2) 1 WISH FoV=0.25. 
          (3) 50% overhead included



Summary of WISH Survey Plan:
WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe

5σ Depth1 
(AB mag)

Area2 
(deg2)

Filter Central 
Wavelength (µm)

Survey Time3 
(days)

Ultra Deep 
Survey 28 100 1.0, 1.4, 1.8, 2.3 ~1300

+ Filter 4 (3µm) 27.5 100 3.0 ~270

+ Filter 5 (4µm) 26.5 100 4.0 ~45
Ultra Wide 

Survey 25 1000 1.4, 1.8, 2.3 ~45

Extreme Deep 
Survey 29.5 0.25 1.0, 1.4, 1.8 ~30

Total ~1700

Note: (1) zodiacal light at pole assumed. (2) 1 WISH FoV=0.25. 
          (3) 50% overhead included



Summary of WISH Survey Plan: Visibility
WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe

• Visibility at HSC Deep Survey fields (near the equator)
• Visible for ~45 days per year (except for ELAIS-N1)
• The number of days continuously visible is ~20 days
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Summary of WISH Survey Plan: Visibility
WISH Science Workshop 2014@Marseille “WISH: Sensitivity and Survey Plan” Kiyoto Yabe

• Visibility at the ecliptic poles (EPs)
• Visible for ~180 days per year
• The number of days continuously visible is ~180 days
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