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Abstract

Aoyama Gakuin University (AGU) owns the small robotic telescopes dedicated to follow up the grav-
itational wave sources and gamma-ray bursts (GRBs). AROMA-N (AGU Robotic Optical Monitor for
Astrophysical object Narrow field) is 35 cm aperture optical telescope with 20 arcmin field of view. It
responses automatically to the GCN counterpart notices and various GRB position notices. Another
robotic telescope called TARGET (The AGU Robotic Gravitational-wave Electromagnetic Telescope) is
20 cm aperture with 2◦ × 3◦ field of view which makes a suitable telescope to map the large error re-
gion of gravitational wave sources. We present the specifications and the latest results of AROMA-N and
TARGET.
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1. Introduction

Two robotic optical telescopes are operated at Aoyama
Gakuin University (AGU) to follow-up gamma-ray
bursts (GRBs) and gravitational wave triggers. AGU
Robotic Optical Monitor for Astrophysical object Nar-
row filed (AROMA-N) is 35 cm telescope located at
the roof of the building in the Sagamihara campus.
AROMA-N mainly monitors optically bright blazars
while waiting for GRBs.

The AGU Robotic Gravitational-wave Electromag-
netic Telescope (TARGET) is a 20 cm telescope with an
F/3 ratio which enables a wide field of view. TARGET is
located at the Machida ground of AGU which is ∼6 km
northeast from the Sagamihara campus. When the TAR-
GET receives an alert from a gravitational wave (GW)
event, it automatically tiles the error region. The low
surface brightness extending objects such as supernova
remnants, pulsar wind nebulae and clusters of galaxies
are observed as regular targets.

2. AROMA-N

The optical telescope assembly (OTA) and the mount of
AROMA-N is Celestron EdgeHD 1400 and Takahashi’s
EM-400 Temma2M. On the backside of the OTA, a fo-
cal reducer (Celestron reducer lens 0.7x), an electronic
focuser (JMI EV2CM with PCFC), a filter wheel (ZWO
EFW) with the standard Johnson U, B, V, R, I and
clear filters, and a CCD camera (ANDOR Alta U47)

are attached. The cloud detector (Lunático Astronomı́a
AAG CloudWeather) and four rain sensors (ASUZAC)
are used to monitor the weather (Fig. 1).

With the focal reducer (Celestron 0.7×), a 17′ × 17′

field of view has been achieved. The 5σ upper limit
at a 60 sec exposure in R filter is ∼ 16.8 mag. The
whole telescope system is controlled by the ACP Obser-
vatory Control Software.1 If there is no GRB to observe,
AROMA-N will perform extensive optical monitoring of
Fermi Large Area Telescope’s AGNs which are mainly
γ-ray blazars. Although there is no detection, we have
performed the follow-up observations of six GRBs during
2018-2019 (Table 1).
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Fig. 1. AROMA-N.

*1 http://acp.dc3.com



Table 1. GRB follow-up observations by AROMA-N in 2018-2019.

The upper limits are in R filter at the 5 sigma level. The ”Start

time” column shows the start time of the observation since the

GRB trigger time. The ”IW” is the INTERGRAL weak alert.

GRB Exposure Upper limit Start time
[s] [mag]

180102A 600 16.0 180 s
180111A 600 16.6 180 s
180113A 600 17.0 364 min
IW 190102 1800 18.9 109 s
IW 190103 1500 17.7 40 min
190123A 1800 17.7 156 s

3. TARGET

The OTA of TARGET is Veloce RH-200 (20 cm aper-
ture and F/3 ratio) of Officina Stellare which utilizes the
Riccardi-Honders optics design to obtain a sharp image
throughout the field of view. The german-type equato-
rial mount of Takahashi EM-400 Temma2M is used. The
field of view is 3◦ × 2◦ with a large format CCD cam-
era ATIK-11000 (pixel size of 9 µm, 4007× 2671 pixels).
The pixel scale is 3.1′′. The electronic focuser is located
at the backside of the OTA. The filter wheel (FLI CFW
2-7) is attached with the standard Johnson U, B, V, R,
I and Hα filters. The dome is a 7-ft clamshell dome of
Astro haven Inc.
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Fig. 2. TARGET.

Figure 3 shows the image of M31 which confirms the
field of view of 3◦×2◦. The 3 σ detection sensitivities of
60 s and 1200 s exposures in R filter are 15.6 mag and 17
mag, respectively (Fig 4). We tile an entire gravitational
wave error region in a small number of pointing (Fig 5).

4. Future

Two new Veloce RH-200 OTAs, ATIK-11000 CCD cam-
eras, Astro-Physics’ 1100GTO mount and Astro haven’s
7-ft dome arrived to increase the instantaneous sensitiv-
ity and the sky coverage by operating multiple telescopes
simultaneously.

Fig. 3. The optical image of M31 by TARGET.

Fig. 4. The 3σ detection sensitivity of 60 s exposure in R filter.

Fig. 5. The error region of GW 170817 are overlaid with the field of

view of TARGET in a solid square. Only 17 pointing observations

are needed to cover the entire error region by TARGET.


