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Abstract. We have constructed a 14′′ fully automated optical robotic telescope, Goddard Robotic Telescope (GRT), at the
Goddard Geophysical and Astronomical Observatory. The aims of our robotic telescope are 1) to follow-up the Swift/Fermi
Gamma-Ray Bursts (GRBs) and 2) to perform the coordinated optical observations of the Fermi/Large Area Telescope
(LAT) Active Galactic Nuclei (AGN). Our telescope system consists of the 14′′ Celestron Optical Telescope Assembly
(OTA), the Astro-Physics 1200GTO mount, the Apogee U47 CCD camera, the JMI’s electronic focuser, and the Finger
Lake Instrumentation’s color filter wheel with U, B, V, R and I filters. With the focal reducer, 20′ × 20′ field of view has
been achieved. The observatory dome is the Astro Haven’s 7ft clam-shell dome. We started scientific observations in mid-
November 2008. While not observing our primary targets (GRBs and AGNs), we plan to open our telescope time to the public
to broaden the use of our telescope in both a different research field and an educational purpose.
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INTRODUCTION

The γ-ray emission which comes from extremely energetic γ-ray sources such as Gamma-Ray Bursts (GRBs) and
Active Galactic Nuclei (AGNs) (especially blazars) is believed to be produced by accelerated particles in a relativistic
jet with bulk Lorentz factors of ∼ 100 for GRBs and ∼ 10 for AGNs. A GRB jet is formed when a massive star
(> 10M�) collapses into a black hole [1, 2, 3]. On the other hand, an AGN jet is a continuous outflow from an active
supermassive black hole (106−9 M�) [e.g., 4]. Although the energy scale and bulk motion of a jet differ by an order of
magnitude between GRBs and AGNs, their radiation processes are expected to be similar. Therefore, understanding
radiation processes in the context of shock physics and particle acceleration using both GRBs and AGNs will provide
a deeper understanding of the the fundamental physics in these extreme environments.

The recent observations of the prompt GRB optical emission by the ground/space robotic telescopes are providing
the key data to understand the radiation mechanism of GRBs. The observations of GRB 050820A by RAPid Telescope
for Optical Response (RAPTOR; [5]) and GRB 061121 by Swift UV/Optical Telescope (UVOT; [6]) indicate that there
are at least two components in the prompt optical emission. One component is the correlated optical emission with the
prompt γ-ray emission. The other component is a smoothly rise-and-decay component during the prompt γ-ray phase.
The first component could be interpreted as emission from an internal shock because of the similar variability between
the optical and γ-ray bands. The second component could be due to an external shock interacting with the inter-stellar
matter. However, the Robotic Optical Transient Search Experiment (ROTSE) has shown that there are a couple of
cases where the early optical emission does not correlate with γ-ray emission (e.g. [7]). The extremely bright prompt
optical emission from GRB 080319B observed by TORTORA and ’PI of the sky’ challenges the standard picture of
the GRB emission model [8].

Blazars form a sub-group of radio-loud AGNs and show an extreme variability at all wavelengths [9]. The most
accepted scenario is that a rotating supermasive black hole surrounded by an accretion disk with an intense plasma jet



FIGURE 1. Distribution of the GRB follow-
up telescopes (information from GCN Circu-
lar of the Swift GRBs from September 2006 to
March 2007).

FIGURE 2. Picture of the
telescope.

FIGURE 3. Picture of the dome with
the telescope inside.

closely aligned to the line of sight is responsible for the blazar emission. However, the fundamental understanding of
the radiation process in blazars requires extensive monitoring campaigns at all wavelength. Especially, properties of
variability (including flares) and spectra using simultaneous data in various wavelengths provides key information for
a physical understanding of blazars.

MOTIVATION AND TELESCOPE SPECIFICATION

Since it is not possible to predict when a GRB occurs or when an AGN flaring activity starts, the follow-up/monitoring
ground telescopes must be located as uniform as possible all over the world in order to collect simultaneous data with
the Fermi and Swift detections. Based on the operations of Swift, however, we notice the distinct gap in follow-up
coverage in the eastern U.S. region (Figure 1). This fact motivated us to construct a fully automated optical telescope
here at the Goddard Space Flight Center. If there is no GRB to observe, this telescope will perform an extensive optical
monitoring of Fermi Large Area Telescope (LAT) AGNs to identify the variability in the time scale of a day [10].

The Goddard Robotic Telescope (GRT) system consists of the 14′′ Celestron Optical Telescope Assembly (OTA),
the Astro-Physics 1200GTO mount, the Apogee U47 CCD camera, the JMI’s electronic focuser (EV2CM) with a PC
controller (PCFC), and the Finger Lake Instrumentation’s color filter wheel (CFW-1-8) with U, B, V, R and I filters.
With the focal reducer (Celestron f/6.3), 20′× 20′ field of view has been achieved (Figure 2). The observatory dome
is the Astro Haven’s 7ft clam-shell dome (Figure 3). The dome open/close can be controlled by the serial interface.

The whole telescope system including the telescope mount, the focuser, the CCD camera and the filter wheel, is
controlled by the ACP Observatory Control Software [11]. The observations are scheduled automatically by the ACP
Scheduler which is one of the software package of ACP. The ACP Scheduler will schedule the observation of the
object in the database at the “best” time (e.g. highest elevation). In the database, we can specify exposure times, filters,
various constrains (e.g. avoid moon), and a priority for each object. The ACP Scheduler also collects the calibration
frames (bias, dark and flat) automatically during dawn. We are using one of the ACP Scheduler packaged software
“VOEvent Receiver” for receiving the GRB position information and executing the immediate observation of Swift,
INTEGRAL, AGILE, and Fermi GRBs.

The dome, the weather station (Davis Instruments; Vantage Pro2), the webcams (Logitech Quick Cam Chat), and
the rain sensors are controlled by another Linux PC. The dome is directly connected by a serial port to the PC. The
Linux-based weather station controlled software, wview [12], and the webcam driver, spca5 [13], are used to control
the weather station and the webcams. The signal from rain sensors (Asuzac Inc.) is recorded by the I/O board (Arduino
[14]), and used to close the dome automatically.

The telescope site is the Goddard Geophysical and Astronomical Observatory (GGAO) which is about 1.5 miles
northeast from the Goddard main campus.



FIGURE 4. Images of (a) Saturn, (b) Moon, (c) Jupiter, and
(d) M 31.

FIGURE 5. Images of LAT AGNs: (a) Mrk 501, (b) BL Lac,
(c) 3C 454, and (d) 1ES 1959+650.

TEST OBSERVATION

We performed test observations during May-August 2008 at one of the observatory dome of GGAO before the arrival of
the dome. Figure 4 and 5 shows the various images taken by our telescope system. The most of the optical counterparts
of the Fermi LAT AGN are well detected in 30 second exposures at the magnitude range from 13 to 15 in the R band.

CURRENT STATUS

We started fully automatic operation on mid November 2008. If the weather permits, the dome will be opened for the
whole night to observe AGNs and other sources. We are monitoring ∼ 20 AGNs and more than 150 images are taken
per night. The examples of AGN light curves by GRT are shown in Figure 6. In the summer of 2009, we will start a
new program to search for bright supernova. We are also planning to request observations from the public to broaden
the case of use of our telescope both in a different research field and an educational purpose.

We have been performed four follow-up observations of Swift GRB 081126 [15], GRB 090102 [16], GRB 090118
[17], and GRB 090530 [18]. Although there is no detection of afterglow so far, we confirmed that GRT can achieve
17.5 to 18 magnitude limit in R filter, and also respond automatically to a GRB through the VOEvent message.
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FIGURE 6. Multi-wavelength light curves of Mrk 421 (left) and 3C 279 (right). From top to bottom panel, the light curve in the
0.1–300 GeV band by Fermi/LAT [19], the 15–50 keV band by Swift/BAT [20], the 0.5–10 keV band by Swift/XRT [21], and the
optical R band by GRT .

18. T. Sakamoto et al., GCN Circ., 9466 (http://gcn.gsfc.nasa.gov/gcn3/9466.gcn3)
19. http://fermi.gsfc.nasa.gov/ssc/data/access/lat/msl_lc/
20. http://swift.gsfc.nasa.gov/docs/swift/results/transients/
21. http://www.swift.psu.edu/monitoring/
22. http://asd.gsfc.nasa.gov/Takanori.Sakamoto/GRT/data.html


