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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 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, 170°27.9’E)
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 used for follow-up of µlensing events and 
GW events (incl. GW170817). 

üTripole5 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 Suthern 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

UV is challenging, 
but much more 
interesting!?

GW170817
ATEA can observe

J

• Our new 3-band camera has    
UV, Optical and near-IR imagers.
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Optical design of ATEA (work by H. Yama, Y. Okumoto and T. Tsuzuki)

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)

(Out of scope)

Doable!!
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NIR
<0.24”

OPT
<0.20”

UV
<0.28”



Schedule

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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PRIME for transient observations PRIME
telescope

ü NIR 1.8m telescope
ü H-band, wide FOV (1.45deg2) telescope in South Africa
ü Started bulge observation in 2024
ü Found some NIR microlensing events and transients
ü ToO observations are also conducted for GW, GRBs, etc
ü 30% of All-sky-grid was observed in J-band as reference 

for ToO observations.
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Installed in 2022
Atel #16824 (Hamada+)

µlensing µlensing µlensing

? ? ?



Summary

ØATEA : a new 3-band imager with UV, 
OPT and NIR
• UV filter & camera is out of scope, 

but will be added.

ØATEA will be installed on the 61cm B&C 
telescope in NZ around next summer.
• UV function will be added in FY26 or later

ØPRIME has started the bulge observation 
and found some transients.

「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 Suthern sky”

UV

NIR

OPT
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