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UT/IoA/Kiso Observatory
105cm Schmidt telescope


first light: 1974

open-use program (ended in FY2016)


6 people on site + 4@Mitaka (R. Ohsawa)

wide-field cameras: photographic plate, 1kCCD, …


mosaic CCD: Kiso Wide Field Camera (KWFC; 2012/4-)

survey observations incl. KISS, KISOGP + GW, neutrino follow-up

remote/automatic observation system


ultra-wide-field CMOS camera: Tomo-e Gozen

regular events


Kiso Schmidt symposium@July

open facility@August


facility for long-term stay

education programs in 6 universities (incl. UT)


publication: 7 refereed papers & 5 theses per year

outreach:「銀河学校」, 「星の教室」，「長野県は宇宙県」，「木曽
星の里づくり推進協議会」(2017/5-)

calendar 2018
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EM counterpart Searches w/ KWFC: GW, high-E neutrinos

Publications of the Astronomical Society of Japan (2016), Vol. 68, No. 4 L9-3

Table 1. J-GEM telescopes in order of longitude.

Site (telescope)∗ Diam. [m]∗ Place (long., lat., hgt.) Instrument‡ FoV Pixel scale Note∥

Mt. Johns (B&C 61 cm) 0.61 170.◦47 E, 43.◦40 S, 1029 m Tripole5 4.′2 × 6.′2 0.′′17 (1)
Mt. Johns (MOA-II) 1.8 170.◦47 E, 43.◦40 S, 1029 m MOA-cam3 [1] 1.◦31 × 1.◦64 0.′′58 (3)
Akeno (MITSuME) 0.5 138.◦48 E, 35.◦79 N, 900 m (g, RC, IC imager) 27.′8 × 27.′8 1.′′63 (1)
Kiso (Kiso Schimidt) 1.05 137.◦63 E, 35.◦79 N, 1130 m KWFC [2] 2.◦2 × 2.◦2 0.′′946 (3)
Nishi-Harima (Nayuta) 2.0 134.◦34 E, 35.◦03 N, 449 m MINT 10.′9 × 10.′9 0.′′32 (1)
Okayama, OAO (Kyoto 3.8 m[a]) 3.8 133.◦60 E, 34.◦58 N, 343 m KOOLS-IFU 14′′ φ 1.′′14 (2)
Okayama, OAO (OAO 188 cm) 1.88 133.◦59 E, 34.◦58 N, 371 m KOOLS-IFU 30′′ φ 2.′′34 (2)
Okayama, OAO (OAO 91 cm) 0.9 133.◦59 E, 34.◦58 N, 364 m OAO-WFC [3] 28.′4 × 28.′4 1.′′67 (1)
Okayama, OAO (MITSuME) 0.5 133.◦59 E, 34.◦58 N, 358 m (g, RC, IC imager) [4],[5] 26.′9 × 26.′9 1.′′52 (1)
Higashi-Hiroshima (Kanata) 1.5 132.◦78 E, 34.◦38 N, 511 m HOWPol [6] 15′ φ 0.′′30 (1)
Higashi-Hiroshima (Kanata) 1.5 132.◦78 E, 34.◦38 N, 511 m HONIR [7],[8] 10′ × 10′ 0.′′30 (1)
Yamaguchi (Yamaguchi[b]) 32 × 2 131.◦56 E, 34.◦22 N, 166 m 6–8 GHz Receiver – 4′–5′ (1)
Tibet (HinOTORI[a]) 0.5 80.◦03 E, 32.◦31 N, 5130 m (u , RC, IC imager) 24′ × 24′ 0.′′68 (1)
Sutherland, SAAO (IRSF) 1.4 20.◦81 E, 32.◦38 S, 1761 m SIRIUS [9],[10] 7.′7 × 7.′7 0.′′45 (1)
Pampa la Bola (ASTE[c]) 10 67.◦70 W, 22.◦97 S, 4862 m ASTECAM [11] 8.′1 φ 20′′–30′′ (1)
Chajnantor, TAO (miniTAO) 1.04 67.◦74 W, 22.◦99 S, 5640 m ANIR [12] 5.′1 × 5.′1 0.′′298 (1)
Mauna Kea, MKO (Subaru) 8.2 155.◦48 W, 19.◦83 N, 4139 m HSC [13] 1.◦5 φ 0.′′168 (3)

∗Comments: [a] to be operated; [b] radio telescope; [c] submillimeter telescope.
†References: [1] Sako et al. (2008); [2] Sako et al. 2012; [3] Yanagisawa et al. (2014); [4] Kotani et al. (2005); [5] Yanagisawa et al. (2010); [6] Kawabata et al.
(2008); [7] Akitaya et al. (2014); [8] Sakimoto et al. (2012); [9] Nagashima et al. (1999); [10] Nagayama et al. (2003); [11] Oshima et al. (2013); [12] Konishi
et al. (2015); [13] Miyazaki et al. (2012).

‡(1) galaxy-targeted; (2) integral field spectroscopy; (3) wide-field survey.

2 J-GEM observations for GW150914
J-GEM has observing facilities from radio to optical as listed
in table 1. They are nicely distributed all over the Earth
in terms of the longitudes of the sites. Among them, we
utilized two telescopes to carry out two types of optical
follow-up observations for GW150914: one is an imaging
survey with a wide-field imaging camera, Kiso Wide Field
Camera (KWFC: Sako et al. 2012) mounted on the 1.05 m
Kiso Schmidt telescope in Japan, and the other is galaxy-
targeted observations of nearby potential host galaxies of
the GW source with Tripole5 on the 61 cm Boller & Chivens
(B&C) telescope at the Mt. John University Observatory in
New Zealand. Most of the high probability regions are in
the Southern Hemisphere and are difficult to observe with
most of our observing facilities. Subaru Hyper Suprime-
Cam (HSC: Miyazaki et al. 2012), which has the widest
field of view among 8 m class telescopes, was not available
after the alert until the beginning of October.

2.1 Kiso KWFC observations

KWFC is a wide-field optical imaging camera on the 1.05 m
Kiso Schmidt telescope. The camera consists of eight 2 k ×
4 k CCDs and the total field of view is 2.◦2 × 2.◦2.

The KWFC observations were carried out on 2015
September 18, 4.4 days after the GW detection. We took

Fig. 1. Final skymap (LALInference) for the GW150914 localization and
the observed regions with KWFC (left) and Tripole5 (right). The color
map is shown in units of probability per HEALPix (Górski et al. 2005)
pixel of Nside = 29 = 512, corresponding to about 47 arcmin2. The KWFC
fields of view are shown in the box and the area observed with Tripole5
is shown in dots. (Color online)

180 s exposures for five continuous fields-of-view, approx-
imately 24 deg2 in total (Morokuma et al. 2016). The
observed area is shown in figure 1 and details of the obser-
vations are summarized in table 2. The high probability
regions in the skymap visible from the site during the night
are almost toward the Sun and the target fields are observ-
able only at very low elevation [high airmass: sec (z) > 3,
where z is the zenith distance] before sunrise and during the
astronomical twilight. Therefore, we chose the i-band filter
to avoid high sky background due to the Sun as much as
possible.
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Table 1. Observing log of the wide-field survey observations.

Date (UT) Instrument mid-T∗ Area Band mlim
†

[d] [deg2] [AB mag]

2015-12-28 KWFC 2.43 176 r 19.2 ± 1.3
2015-12-29 KWFC 3.48 512 r 19.5 ± 0.3
2016-1-1 KWFC 6.59 48 r 17.1 ± 1.2
2016-1-2 KWFC 7.67 124 r 20.3 ± 0.2
2016-1-3 KWFC 8.70 56 r 20.1 ± 0.3
2016-1-4 KWFC 9.49 84 r 19.9 ± 0.3
2016-1-5 KWFC 10.36 40 r 19.8 ± 0.6
2016-1-6 KWFC 11.60 124 r 20.0 ± 0.2
2016-1-7 HSC 12.71 63.5 i, z i: 24.3 ± 0.2, z: 23.5 ± 0.2
2016-1-13 HSC 18.17 63.5 i, z i: 24.6 ± 0.2, z: 23.8 ± 0.2
2016-2-6 HSC 42.17 63.5 i, z i: 24.4 ± 0.2, z: 23.8 ± 0.3
2016-3-8 MOA-cam3 73.31 55 MOA-red 18.2 ± 0.1
2016-3-9 MOA-cam3 74.31 11 MOA-red 17.3 ± 1.2
2016-3-10 MOA-cam3 75.35 117 MOA-red 18.2 ± 0.3
2016-3-11 MOA-cam3 76.30 15 MOA-red 18.2 ± 0.3

∗Middle time of the observation in units of days after GW151226.
†Median value of 5 σ limiting magnitude and its range (1 σ ) during one observation run.

the whole area again. The seeing ranged from 0.′′5 to 1.′′5
FWHM.

We also performed survey observations with MOA-
cam3 for a part of the skymap in the southern hemisphere
from 2016 March 8 to 11 (UT). The total area covered by
the MOA-cam3 observations was 145 deg2. The “MOA-
Red” filter (Sako et al. 2008), which is a special filter dedi-
cated to micro-lens survey with a wide range of transmission
from 6200 Å to 8100 Å, was used. The exposure time per
field was 120 s. The seeing was 1.′′9–4.′′5 FWHM.

Since the sky areas observed by the three instruments
were not overlapped, the total area covered by the wide-field
surveys was 986.5 deg2. The integrated detection probabil-
ities of the observed regions for the final skymap (LALIn-
ference) were 0.07, 0.09, and 0.13 for HSC, KWFC, and
MOA-cam3, respectively. We thus covered a total of ∼ 29%
of the probability skymap of GW151226.

The wide-field survey observations are summarized in
table 1. The survey areas and the probability skymap of
GW151226 are shown in figure 1. An enlarged map of the
sky areas observed with HSC is shown in figure 2.

2.2 Galaxy-targeted follow-ups

We performed targeted follow-up imaging observations
from 2015 December 27 (UT). We used seven instru-
ments on six telescopes for these observations: HOWPol
(Kawabata et al. 2008) and HONIR (Akitaya et al. 2014) on
the 1.5 m Kanata telescope, MINT on the 2 m Nayuta tele-
scope, MITSuME (MITSuME-OAO: Kotani et al. 2005) on
the 0.5 m telescope, OAO-WFC (Yanagisawa et al. 2014)

Fig. 1. Observed area of the wide-field surveys of the J-GEM follow-
up observation of GW151226 overlaid on the probability skymap (dark
blue scale). Green, red, and yellow colored regions represent the areas
observed with KWFC, HSC, and MOA-cam3, respectively. (Color online)

on the 0.91 m telescope, MOA-cam3 on the 1.8 m MOA-
II telescope, and SIRIUS (Nagayama et al. 2003) on
the 1.4 m IRSF. We performed R-band observations
with HOWPol and MITSuME, I-band observations with
HOWPol, HONIR, and MINT, MOA-Red observations
with MOA-cam3, J-band observations with OAO-WFC,
and J-, H-, and K-band observations with SIRIUS.

We selected 309 nearby galaxies from GWGC (Gravi-
tational Wave Galaxy Catalog: White et al. 2011) in the
skymap regions whose detection probabilities were more
than 0.0008. We divided the target galaxies into four target

KWFC
HSC

MOA-II

GW151226 (Yoshida+2017), 778 deg2

IceCube Collaboration 2018, Science

IceCube-170922A

電磁波対応天体追跡チーム
広島大学、 東京大学、 京都大学、 東京工業大学、 名古屋大学、 愛媛大学、
自然科学研究機構 国立天文台、 スタンフォード大学、 光・赤外線天文学大学間連携

可視光観測についての補足

研究概要

� 宇宙ニュートリノIceCube-170922Aの電磁波対応天体候補を世界で最初に同定しました。
� 国内外の望遠鏡群を駆使して可視光・近赤外域の追跡観測を行い、候補天体が活動的な状態に
あったことを捉えました。

候補天体の同定：観測の手法

Subaru/HS
C

木曽KWFC

IceCube

ブレーザー
候補

広島HONIR
の一視野

TXS 
0506+056

ニュートリノ観測アラート受信から20時間後に、広島大学の口径1.5mかなた望遠鏡で
観測を開始し、続いて東京大学木曽観測所、国立天文台すばる望遠鏡で広視野追観測を実
施しました。IceCubeニュートリノの位置誤差範囲は1-2°と広かったため、広視野型望遠
鏡で見つかり得る変動天体は数千個にもなり、全ての天体を即座に調べることは大変困難
です。しかし、ニュートリノ放射源候補の一つであったブレーザー天体に的を絞り予め作
成していた独自のカタログを用いて、位置誤差範囲内の7個のブレーザー候補を重点観測
（図1）し、即座に解析を行いました。

（図２）広島大学かなた望遠鏡HONIR可視Rバンド

9/23 9/24 9/23と9/24の差

残差に天体像あり
（暗くなった証拠）

詳細調査を行った７つのブレーザー候補のうち１つ、 TXS0506+056が９月23-24日の間
に減光していることを確認（図2）し、宇宙ニュートリノ放射時は過去の観測より3倍以上増
光し、かつ毎晩明るさが変化しており、この天体が活動的であった証拠となりました。
また、γ線でも増光したことを突き止め、世界に先駆けて報告を行いました。（Tanaka, Y.T.
他 Atel#10791) この発見は、世界中のほかの電磁波追跡観測を促す結果となりました。
その後、すばる望遠鏡で分光観測を行い、ブレーザー天体の種類を確認しました。

研究成果

（図1）オリオン座方向の空(左図）に位置するIceCube-170922Aの到来方向近辺の領域を複数の望遠鏡で調査した（右図）
HONIR
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Tomo-e Gozen (巴御前)

専用解析サーバ

蔀関月作, 「巴御前出陣図」,

 東京国立博物館, 

©Image: TNM Image Archives84 (=21x4) CMOS sensors

20 deg2, 9 deg in diameter

2 Hz(-200 Hz) readout

raw data: 30 TB / night

transient phenomena in seconds-hours scale

commissioning


PM: 2015-, Q0: 2017-, Q1: 2018-

papers


SPIE: Sako+2016, Sako+2018, Ohsawa+2016, 
Kojima+2018

data compression: Morii+2017

meteor: Ohsawa+2018

master thesis: Kikuchi (2016), Ichiki (2018), 
Inooka (2018), Kojima (2019, in prep.)


Tomo-e Gozen Transient Survey

10,000 deg2 - 2 hr cadence - 18 mag depth

details in TM’s talk tomorrow
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Kiso/KWFC, Tomo-e Gozen observations for OISTER
KWFC


SN 2017eaw

Tomo-e Gozen


ASASSN-18aan (SU UMa type dwarf nova)

0.5 sec x 30 frames = 15 sec


(MAXI J1820-070)

15 Hz + 160 Hz


3.5 hours
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Kiso/KWFC, Tomo-e Gozen observations for OISTER
KWFC


SN 2017eaw

Tomo-e Gozen


ASASSN-18aan (SU UMa type dwarf nova)

0.5 sec x 30 frames = 15 sec


(MAXI J1820-070)

15 Hz + 160 Hz

http://www.ioa.s.u-tokyo.ac.jp/tomoe/MAXIJ1820+070/MAXIJ1820+070.html
3500 ms = 3.5 sec
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105cm Kiso Schmidt telescope (1974-)

wide-field surveys for transients w/ KWFC (2012-2017): supernovae, 
variable stars, GW, neutrino, …

new wide-field CMOS sensor camera: Tomo-e Gozen


84 CMOS sensors, 20 deg2 FoV

wide-field (all-sky) survey w/ Tomo-e Gozen (TM’s talk tomorrow)


6-sec exposure, 2-hour cadence, 18 mag, 10,000 deg2

main role: “surveyor”


sometimes follow-up: high-frequency, wide-field, … (but no filter)

schedule: 


so far: PM, Q0, Q1 test…

2018/11: survey w/ (Q1, 5 deg2) started


remote observations from Mitaka

2019/01: Q1+Q3 (10 deg2)

2019/02: Q1+Q3+Q2 (15 deg2)

2019/04: Q1+Q3+Q2+Q4 (20 deg2) complete


