
NZ61cm望遠鏡⽤
UV-OPT-NIR同時撮像カメラATEAの開発状況
(ATEA: UV-OPT-NIR simultaneous imager for the 61cm telescope in NZ)

Daisuke Suzuki (UOsaka)
Yui Okumoto, Hibiki Yama (UOsaka), Toshihiro Tsuzuki (ATC, NAOJ)

1可視赤外線観測装置技術ワークショップ@京産大



Need mutli-band observations for southern sky

笹田さん作成(slide from Sasada-san) 2



61cm B&C telescope to be updated for NIR(+UV )16 ୈ 2ষ MOA Collaboration

ਤ 2.3 B&C 61 cm๬ԕڸ

ਤ 2.4 Tripole 5ͷϑΟϧλʔͷ༗ޮ೾௕ҬɻB&C๬
ԕڸͷΧϝϥʹ͸ 3 ͭͷ broad band filter ͕͍͓ͭͯ
Γɺ400-850 nmͷ೾௕ҬΛ෼ޫಉ࣌؍ଌͰ͖Δɻ

2.2 MOA-II๬ԕڸ
MOA-II ๬ԕڸ͸ܘޱ 1.8 mɺࢹ໺ 2.18 deg2 ͷେࢹ޿ܘޱ໺๬ԕڸͰ͋Δɻීஈ͸ͦͷࢹ໺ͷ͞޿Λੜ

ͳ͍ͬͯΔɻΧϝϥʹ͸ߦҬαʔϕΠΛ޿͔ͨ͠ MOA-cam 3[25] ͕औΓ෇͚ΒΕ͍ͯΔɻMOA-cam 3 ͸
2048×4096 pixel ͷ CCD Λ 10 ຕ࢖༻͓ͯ͠ΓɺϐΫηϧεέʔϧ͸ 0.58 arcsec/pixel Ͱ͋ΔɻϑΟϧλʔ
͸ॏྗϚΠΫϩϨϯζ؍ଌ༻ʹ࡞ΒΕͨɺ޿೾௕ϑΟϧλʔͰ͋Δ MOA-Red Λओʹ࢖༻͓ͯ͠Γɺͦͷଞʹ΋
Johnsonܥͷ೾௕ҬͰ͋Δ Bessel-VɺBessel-IΛ࢖༻Ͱ͖Δɻ

ਤ 2.5 MOA-II 1.8 m๬ԕڸ
ਤ 2.6 MOA-cam3 ͷϑΟϧλʔͷ༗ޮ೾௕Ҭɻ
MOA-Red ͸ੑޫू͍ߴೳͱඇৗʹ͍޿೾௕෯ (600-
900 nm)Λ͍࣋ͬͯΔɻ

ü@Mt.John Observatory, (43°59.2’S, 1029m)
üPrimary mirror : 61cm diameter
üManaged by Canterbury U
üRelatively easy to get the telescope time
üAn optical 3-band camera (tripole5) was used 

to be available for follow-up of µlensing & GW 
events (incl. GW170817). 

ü Tripole5 camera (g,r, i) is not available as the 
telescope F is changed from F/13.5 to F/6.25

「南天における突発天体の可視光近赤外線多波長即時観測」
“Rapid Opt-NIR observations of transients in the Southern sky”

Ø Update the B&C telescope to have a NIR camera along with an optical camera
Ø This will be the first dedicated NIR astronomical instrument in NZ

(except for NASA’s SOFIA mission that flew over NZ several years ago)
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ATEA (Aotearoa Triple-band Equipment for Astrophysics)

observations acquired at later times, when the UV emission
from the transient was no longer present in the images (Swift ID
07012979003). The systematic effect from the host light
contamination is ≈3% (see e.g., Brown et al. 2009).

3. Light Curves and Spectral Energy Distributions

3.1. Light Curves

Our UV/optical/NIR light curves are shown in Figure 1.
The data span from 0.47 to 18.5 days post-merger, with bluer
bands fading below the detection limits at earlier times. The
light curve coverage was truncated by the proximity of the
source to the Sun. We first note that the light curves are not
well described by a power law, indicating minimal contribution
from a GRB optical afterglow over the timescale of our
observations. This is consistent with modeling of the afterglow
based on X-ray and radio observations (Margutti et al. 2017;
Alexander et al. 2017).

The light curves exhibit a rapid decline in the bluest bands
(ug), an intermediate decline rate in the red optical bands (rizY),
and a shallow decline in the NIR (HKs). However, while the
u- and g-band light curves decline by ≈2 mag day−1 starting
with the earliest observations, the redder optical bands exhibit a
more complex behavior: they exhibit a comparatively slow
decline (≈0.3 mag day−1) over the first 1.5 days, develop a
shoulder at about 4 days, and subsequently begin to decline at
about 8 days.

We find a similar rapid evolution in the colors of the transient
(Figure 2). In particular, the u−g and g−r colors become
redder by about 1 mag between about 1.5 and 3.5 days. The
colors in the redder optical bands exhibit slower evolution, with
- » –r i 0.5 1 mag, - » –i z 0 0.5 mag, and - »z Y 0.3 mag.

These colors are significantly redder than those of known
supernovae near explosion (e.g., Folatelli et al. 2010; Bianco
et al. 2014; Galbany et al. 2016).

3.2. Spectral Energy Distribution

We construct SEDs from photometry at several epochs
from about 0.6 to 10 days post-merger (Figure 2). The SEDs
exhibit rapid evolution from an initial peak at ∼3500Å to a
final peak at 15000Å by 10 days. Moreover, the SED at 1.5
days appears to consist of two components, as indicated by
the changing slope in the NIR emission. The same rapid
evolution and structure are apparent in the optical and NIR
spectra at comparable epochs (Chornock et al. 2017; Nicholl
et al. 2017).
The SED at 0.6 days is well described by a blackbody with
~T 8300 K and ~ ´R 4.5 1014 cm, corresponding to an

expansion velocity of ~v c0.3 . This is somewhat larger than
the velocities observed in broad-lined SNe Ic (for which
»v c0.1 ; Modjaz et al. 2016), but is consistent with

expectations for ejecta resulting from a BNS merger (Metzger
2017). The SEDs at later times are not well described by a
blackbody curve, instead exhibiting strong flux suppression at

Figure 1. UV, optical, and NIR light curves of the counterpart of GW170817. The two-component model for r-process heating and opacities (Section 4) is shown as
solid lines. The right panels focus on the g (top), i (middle), and H-band photometry (bottom) over the first 10 nights. Triangles represent 3σ upper limits. Error bars
are given at the s1 level in all panels, but may be smaller than the points.
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The Astrophysical Journal Letters, 848:L17 (10pp), 2017 October 20 Cowperthwaite et al.

• Our original idea was to build a 3-band camera with 
two optical cams and one NIR cam.

Cowperthwaite+17

GW170817
ATEA can observe

J

• Our new 3-band camera will have    
NUV, Optical and NIR imagers.

4

UV is challenging, 
but must be interesting!!



Optical design of ATEA

NIR

UV

OPT

We design & 
fabricate/procure the parts 
in the enclosed area 
q Conversion Lens 1
q Conversion Lens 2
q Dichroic mirror 1
q Dichroic mirror 2
q Flat mirror for UV
q UV camera
q OPT camera
q NIR camera
q NIR filter
q UV filter
q OPT filter
q Housing

(Already we have)

(next yr’s scope )

Doable!!
5

NIR
<0.24”

OPT
<0.20”

UV
<0.28”

奥本 山 都築
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レンズユニット11
ねじリング_L112
ねじリング_L213
L114
L215
ユニット1_上流16
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ユニット1_下流18
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M3-20ねじ1614
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注記
1)  ユニット間はフランジで固定します。レンズユニットとユニット1_上流間はM3ねじで、
     それ以外はM5ねじで固定します。また、位置決めピンを用います。
2)  ねじリング_バッフル1~3と、フランジの内径です。
3)  ユニット1_フランジからバッフルまでの距離です。
4)  レンズ間隔です。29.42 mmとなるようジグの設計を若干変更しています。
5)  バッフル径の指定に伴い、ユニット1の設計を変更しています。
6)  レンズの中心部分を遮蔽するための板を保持するユニットと接続します。
     遮蔽の範囲は指定をお願い致します。

注1) 注1) 注1) 注1)

注2)

注3)

L2からフランジまでの距離

フ
ラ
ン
ジ

望
遠
鏡
内
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ジ
外
形

4

注4)

注3)

注3)

注5) 注5) 注5)
注5)

13
2

n11
0.

8
n

84
.2

n

10 11 12

注6)

14

n
18

1.
5

鏡
筒
外
形

バッフルの向きは図示で大丈夫でしょうか
確認をお願いします
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フランジ厚さが10 mmのため、ザグリ不可

Design of lenses and their housing

蓋側抑え　緩衝材

品名
レンズ鏡筒収納用(3分割）　

アルミケース内装

図番 No.33908-ver.0

尺度 1：10

作成日 2025年07月04日

アルミーファイブエンジニアリング株式会社

AFE  CONFIDENTIAL

AFE  CONFIDENTIAL

深さ ㎜370 深さ ㎜260
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  430  

Design for packing
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Current design of dichroic mirror unit

ユニット2-1詳細

ダイクロ1 ダイクロ2

ダイ
クロ

1 ダイクロ
2

③固定⽤板_1 ④固定⽤板_2

L字の外側にダイクロイックミラーを配置し
両側1箇所ずつM4ねじで固定

固定⽤板_1 固定⽤板_2

2枚のダイクロイックミラーをユニット2-1台座に押
しつけて固定する。
ダイクロイックミラーの後段に続くカメラ等を光学
定盤に固定する。

接眼部

フィルター
ホイール

カメラ

ユニット2-1詳細

ダイクロ1 ダイクロ2

ダイ
クロ

1 ダイクロ
2

③固定⽤板_1 ④固定⽤板_2

L字の外側にダイクロイックミラーを配置し
両側1箇所ずつM4ねじで固定

固定⽤板_1 固定⽤板_2

2枚のダイクロイックミラーをユニット2-1台座に押
しつけて固定する。
ダイクロイックミラーの後段に続くカメラ等を光学
定盤に固定する。

接眼部

フィルター
ホイール

カメラ

• The above design is being updated because it is difficult to manufacture.
• Also, the UV and OPT cam port are being designed.
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Black anodizing of the aluminum parts

7

全反射率測定結果
▶ 測定結果および業者カタログ値を下図に示す。傾向はカタログ通り(SBA2>>TAF>Type A >Type B>Type C）。
▶ SBA2, Type Aは(測定結果)≒(カタログ値)。TAF TR SBKは(測定結果)<(カタログ値)。
▶ Type B, Type Cは赤外領域 1000 nm以降で、(測定結果)＞(カタログ値)。BaSO4特性の差があるが最大2割程度。

■ 全反射率測定結果（積分球、AOI8度） (参考) 東栄電化カタログ記載の反射率
ATEA

Re
fle

ct
an

ce
 (%

)

Wavelength (nm)

#0
#2

#1

#3

#4

ü Reflectance: (poor)#0 --- #4 (better)
ü Cost : (low) #0 --- #4 (high)

à We choose #2
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* メインで使⽤するband

設計仕様 紫外線 可視光 近⾚外線
観測波⻑ 350-400 [nm] 550-940 [nm] 1170-1720 [nm]

フィルター SDSS u-band(仮) SDSS
r ,̓*i ,̓z-s -̓band J, Hs-band

カメラ
QHY2020(仮) ASI533MMPro QHY990

ピクセルスケール 0.35 [”/pixel](仮) 0.2 [”/pixel] 0.27 [”/pixel]
視野 5.83×4.68 [arcmin2]

結像性能
(RMSスポット半径) 0.4 [”] 使⽤予定の検出器の

最⼩視野
収差を含めてスポットが
Mt.Johnのseeing 1.5“
を⼗分下回るように設定

ATEA (Aotearoa Triple-band Equipment for Astrophysics)

天文学会秋季年会2025（V209a, 奥本講演）のスライドより
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単位は[“]

⼤分類 中分類 Value
(UV)

Value 
(OPT)

Value
(NIR)

設計 望遠鏡＋ATEAの性能 0.23 0.20 0.20

⾯精度 製造誤差 0.27 0.25 0.21

組み⽴て誤差 光学調整後のノミナル性能からの性能変化 0.15 0.19 0.2
コンペンセイター

での調整量 0 0.015 0.018

調整残差の影響 調整機構の調整ピッチ残差の影響 0.07 0.13 0.09

その他 指向・振動・環境変化等による誤差 0.05 0.05 0.05
Total optical 
resolution 0.397 0.399 0.364

Specification 0.4 0.4 0.4
Margin to 
0.4arcsec 0.047 0.020 0.165

公差解析

天文学会秋季年会2025（V209a, 奥本講演）のスライドより

エラーバジェット



Schedule (as of 2024 Nov)

11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3

Ø Finalize optical design
Ø Procure lens materials
Ø Design the lens unit

Ø Procure dichroic mirrors, lens polish, coating
Ø Procure OPT camera, filter
Ø Finalize camera housing design and fabrication

Ø Camera installation at Mt.John observatory in NZ
Ø Test observations, asessment/verification

Ø Summrize the design, fabrication and test observation as a master thesis / paper.

Ø UV flat mirror, filter and camera will come later as soon as the bugdet is aprroved.

FY24 FY25

LVK O4 run
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Schedule (as of 2025 Nov)

11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3

Ø Finalize optical design
Ø Procure lens materials
Ø Design the lens unit

Ø Procure dichroic mirrors, lens polish, coating
Ø Procure OPT camera, filter
Ø Finalize camera housing design and fabrication

Ø Camera installation at Mt.John observatory in NZ
Ø Test observations, asessment/verification

Ø Summrize the design, fabrication and test observation as a master thesis / paper.

Ø UV flat mirror, filter and camera will come later as soon as the bugdet is aprroved.

FY24 FY25

LVK O4 run
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Today

Next yr



Summary

UV

NIR

OPT

13
This work is being supported by the JSPS KAKENHI (JP24H01811) and 
by Advanced Technology Center (ATC) of NAOJ.
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5

フランジ厚さが10 mmのため、ザグリ不可

ØATEA : 3-band imager with UV, OPT and NIR
• For Transients(kilonova, GRB, µlensing)
• UV filter & camera, dichroic mirrors are 

out of scope this year 
• They will be added if funded.

ØATEA will be installed on the 61cm B&C 
telescope in NZ in Feb 2026


