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Abstract—The study of cosmic gamma ray bursts (GRBs) is one of the main goals of the Lomonosov space
mission. The main advantage of this mission is simultaneous multiwavelength observations of GRBs covering
the optical, X-ray and gamma-ray ranges. The mission payload includes the GRB monitor BDRG, wide-
field optical cameras SHOK, and the UFFO instrument. Data are recorded mainly by the event trigger pro-
vided by the BDRG instrument, which measures the spectral and temporal properties of the burst in the
energy range 10—3000 keV. The BDRG instrument also provides estimation of the source coordinates by
comparing the readings of three differently directed detectors with an accuracy of several degrees. Wide-field
SHOK optical cameras have a field of view of ~20° X 40°. They fix a set of images with a frequency of about
five frames per second prior to the trigger and another set immediately after the trigger. The UFFO instru-
ment includes the UBAT telescope with a coded mask for measurements in hard X-ray and soft gamma-ray
ranges and an optical telescope with a slewing mirror (SMT) that can be directed on the GRB source for a
time ~1 s for measuring GRB prompt emission in the early stages. In response to an BDRG trigger signal, the
real-time data on a detected GRB are transmitted to the Earth via Globalstar network to the Gamma-ray Coor-
dinates Network (GCN) and ground-based observatories. During observations on the Lomonosov satellite,
20 gamma-ray bursts were detected and catalogued. Several gamma-ray bursts were also detected in the Ver-

nov satellite experiment. An example of such an event is given.

DOI: 10.1134/S106377961804007X

1. INTRODUCTION

Despite numerous theoretical models regarding
gamma-ray bursts (GRBs), the nature of the cosmic
GRB phenomenon has not yet been completely clari-
fied. The principal factor in the further progress of
understanding this phenomenon is simultaneous multi-
wavelength observations of GRBs. Such observations
were realized with the Lomonosov satellite [1] launched
on April 28, 2016, from Vostochny cosmodrome on a
circular Sun-synchronous orbit with an altitude of
about 500 km. The mission payload includes the TUS
detector developed for detecting extensive air shower
(EAS) tracks from ultra-high energy cosmic ray
(UHECR) particles by ionizing radiation, as well as
the instruments for studying GRBs, which includes
GRB monitor BDRG, SHOK wide-field optical cam-
eras, and ultraviolet (UV) and X-ray UFFO instru-
ments. All detectors operate in the continuous mea-

surement mode, thereby providing simultaneous event
recording in X-ray, UV, and optical ranges. The real-
time data transfer into the GCN system of detected
GRBs, as well as operative control of BDRG data on
triggers from ground-based facilities, detected
UHERCH (Auger, TA), high-energy neutrino (Ice-
Cube, ANTARES), and gravitational waves (LIGO),
are provided. The Lomonosov satellite is the first space
mission in which the observations of GRBs are real-
ized in optical and gamma ranges in real time without
the necessity of reorientation of optical instruments.
This is achieved by the optical wide-field cameras,
which are coaligned with gamma-ray detectors and
are continuously recording the sequence of images.
So, this allows us to fix the optical light curves of
prompt emission as well as of precursors.

Study of GRBs is also one of the main goals of the
Vernov space mission [2], which operated from July to
December 2014 on a Sun-synchronous orbit with an
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altitude of 640 to 830 km. Its detectors were mostly
used to detect gamma-ray bursts in the Earth’s atmo-
sphere and the variability of magnetospheric relativis-
tic electrons fluxes. The main advantage of Vernov
experiment is the possibility to investigate the rapid
variability of GRBs, which is achieved by recording
individual photons (the so-called photon-by-photon
detection) [2].

1. INSTRUMENTATION
FOR GRB STUDYING ONBOARD
LOMONOSOV AND VERNOV SATELLITES

GRB Monitor BDRG Onboard
the Lomonosov Satellite

The BDRG [3] instrument consists of three identi-
cal detector units, BDRG-1 through BDRG-3, and
the electronics unit, BA-BDRG. The BA-BDRG
provides an interface with the BI electronics unit,
including the power supply and control signals for
detector units, the output data generation and its
transmission to the BE.

Each BDRG box consists of a detector unit, elec-
tronics boards, and mechanical construction ele-
ments. The detector units consists of an assembly of
Nal(T1)/CsI(TI) scintillator detectors with a diameter
of 13 cm and thickness of 2 cm (the thickness of the
Nal(Tl) crystal is 0.3 cm, while that of the CsI(Tl)
crystal is 1.7 cm). Both scintillators are in optical con-
tact and viewed from the CsI(T1) side by one photo-
multiplier tube (PMT, Hammamatsu R877). The dif-
ference in decay times for the Nal(T1) (~0.25 ms) and
for CsI(TI) (~2.0 ms) crystals provides an opportunity
to separate events in both scintillators. This consider-
ably reduces the gamma-ray background detection in
a thin Nal(TI) crystal and expands the energy range
due to a thick CsI(TI) crystal performance. Config-
ured in this way, the Nal(Tl)/CsI(Tl) assembly
enables us to distinguish events related to the GRB
from magnetospheric electron precipitations. The
BDRG instrument is designed to detect gamma-rays
in the energy range 10—3000 keV with an effective area
of each detector of ~130 cm?. This effective area pro-
vides the detection sensitivity of ~10~7 erg/cm? esti-
mated from background counts near the geomagnetic
equator.

The axes of the three detectors are oriented 90°
from each other, forming a Cartesian coordinate sys-
tem. This allows us to determine the direction of the
GRB source by correlating the values from different
detectors.

The BDRG instrument operates in two main
observational modes: monitor and burst modes. In the
monitor mode, the continuous recording of the
counting rates averaged over 0.1 s in corresponding
energy channels are performed for events in each crys-
tal. Furthermore, the energy spectra (averaged over
15 s) are measured with the multichannel ADCs for
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both crystals. In the burst mode, there are three types
of trigger, distinguished by different exposure-time
scales, during which the events are collected to define
an excess in the background counting rate: 10 ms
(“fast”), 1 s (“slow”) and 20 s (“super-slow”). When
the trigger occurs, the counting rate (up to 1 ms) and
average energy spectra (up to 1 s) are recorded with
more details, the amplitude of the energy release for
each detected event (quantum or particle) being mea-
sured for both crystals. Furthermore, the trigger sig-
nals are sent to wide-field optical cameras SHOK and
the UFFO instrument. The BDRG triggers also pro-
vide the telegrams with operative information on the
GRB event for transfer to the GCN system.

Wide- Field Optical Cameras SHOK Onboard
the Lomonosov Satellite

The Lomonosov spacecraft (SC) is equipped with
two identical wide-field optical cameras, SHOK 1 and
SHOK 2. Both devices are directly connected to the
central electronic unit BI, which provides an interface
with the satellite onboard systems and another units of
the facility. The main parameters of SHOK cameras
are given in Table 2. These cameras are of the same
type as those of the ground-based global network of
robotic telescopes, MASTER, used for search the for
optical transients including cosmic GRBs [4]. Each
unit is based on a recording camera with a Nikkor
optical lens and a CCD-matrix Kodak KAI-11002.
The camera sensitivity allows optical emissions with a
magnitude of 9—10™ to be recorded. Each optical
camera is oriented such a way that its field of view
(FOV) is inside of one of the BDRG FOV. The cam-
eras continuously record the images with a time reso-
lution of 0.2 s. After the trigger produced by the
BDRG units or the X-ray telescope UBAT/UFFO,
the data are fixed in the one minute prior to the trigger
and two minutes after the trigger. The alignment of
SHOCK axes with the BDRG axes allows us to detect
a cosmic GRB simultaneously with both detectors and
produce the optical images at the burst moment as well
as before the burst. Preselected time intervals for the
data-fixing cover typical time intervals between a pre-
cursor and burst. It is possible to fix the SHOK images
by the trigger sent from the Earth, i.e., by bursts regis-
tered by GCN. The cameras can also perform observa-
tions in the optical transient search mode, under inter-
nal trigger. In this mode, the comparison between the
following and preceding images is performed auto-
matically and, in this way, the new object occurrence
or source brightness variation in the camera FOV is
fixed. This mode can be used not only for the observa-
tions of astrophysical phenomenon such as supernovas
and novas, but also for investigation of space debris,
meteorite hazards etc.
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Fig. 1. Integrated counting rate of GRB 160720 versus time 7' measured in the Nal(Tl) 20—170 keV range of the BDRG-3 detec-
tor. Here, gray and black curves stand for primary data and 10-point moving average data, respectively. The X-axis shows the time
since 20.07.2016, 00:00 UTC. The data points on the source light curve are shown with the time interval of 10 ms up to the point
T= 66335 s (fragment /) and with the time interval of 100 ms after that point (fragment 2).

The UFFO Instrument Onboard
the Lomonosov Satellite

The UFFO instrument includes the X-ray tele-
scope UBAT and a rapid slewing UV and optical tele-
scope SMT [5]. The telescope UBAT is designed as a
combination of a position-sensitive detector (PSD)
and a coded mask. The PSD along with a coded mask
have planar configuration and is made of YSO scintil-
lation crystal array containing 48 X 48 pixels viewed by
multianode PMTs. The PSD size and pixel area are
2.8 x 2.8 mm? and 191 cm?, respectively. The FOV of
UBAT is 70.4° x 70.4°. It provides GRB detection in
the hard X-ray band (5—150 keV) and determination of
the source position with high accuracy (~10'), the data
collection time for determination of GRB coordinates
being 0.1 s. In response to the UBAT trigger, the SMT,
which is sensitive to photons of 200—650 nm in wave-
length, is rapidly slewed to the location of the GRB
(GRB destination). The currently-best value for the
optical telescope slewing time (~1 s) should be
achieved in this experiment. For comparison, NASA’s
SWIFT mission is the extremely fast response space
observatory among the currently operating orbital
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instruments which provides the optical telescope slew-
ingin 27 seconds. This also allows to record the optical
light curve during the gamma-ray burst itself with high
time resolution.

DRGE Instrument on the Vernov Satellite

The DRGE instrument consists of three units, i.e.,
two identical DRGE-1 and DRGE-2 units, and the
DfRGE-3 unit. Each of DRGE-1(2) consist of two
identical detector assemblies (DRGE-11, DRGE-12
and DRGE-21, DRGE-22 units). Structurally, the
detector assemblies of DRGE-1(2) units are com-
pletely analogous to the detector assemblies of BDRG
unit onboard the Lomonosov satellite. The detectors of
the DRGE-1 and DRGE-2 units are oriented towards
the nadir. The recording format of the output data is
analogous to that of BDRG unit, i.e., during the
experiment the counting rates of the DRGE-1(2)
detectors are continuously recorded in two modes: the
monitoring and time-tagged event ones. The initial-
ization of an internal clock at the instant the synchro-
nizing pulse arrived from the satellite was used in each
Vol. 49
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unit to ensure the synchronous operation of all detec-
tor units with a good time resolution. The clock of
each unit had a period of 15.48 us. The clock stability
~107 provided a synchronization accuracy of ~15 s.

3. RESULTS OF OBSERVATIONS FOR COSMIC
GRBs ONBOARD LOMONOSOV SATELITE

Taking into account the background peculiarities
at the orbit of the Lomonosov satellite, gamma-ray
bursts can be detected with an acceptable sensitivity in
equatorial and in polar (the so-called polar caps)
regions where the background was more or less con-
stant. The triggering of the data recording of the burst
was realized at two levels. The threshold of the first
level was chosen relatively low but only more detailed
gamma-ray data than that for the monitoring mode
were stored by such a trigger. A few tens of triggers of
that type occurred per day. Most of them were caused
by the variations of electron fluxes, including precipi-
tations from the radiation belts. The second level, the
so-called alert level, triggering has a much higher
threshold and some additional conditions such as the
demand for a satellite to be out of the regions of
trapped radiation and precipitations. When the alert
trigger occurs, the data of BDRG instrument, SHOK
cameras and the UFFO instrument are fixed and a fast
telegram is sent to the GCN network via the Glo-
balStar modem.

Twenty GRBs were detected in the period of obser-
vations onboard the Lomonosov satellite from June
2016 to January 2017 [6]. They were confirmed by
other experiments and presented in the GCN net-
work. The effective time of GRB detection in the
Lomonosov experiment is ~20%, which is determined
by shadowing by the Earth and by the time when the
satellite is in the radiation belt and precipitation
regions. Moreover, the probability of detecting a GRB
not listed in GCN is less than 10%. However, there are
a few GRBs in the Lomonosov/BDRG catalogue that
were not observed by the main specialized missions
such as Swift, Fermi and Konus-Wind. For example,
GRB 160908A was observed only in CALET experi-
ment [7].

It should be noted that several bursts detected by
Lomonosov/BDRG were observed by ground robotic
telescopes of the MASTER net, developed at Moscow
State University. For two of them the upper limits on
the brightness of optical transients were obtained:
16.5™ for GRB 160720A at 30794 s after the trigger
[8, 9] and 18™ for GRB 160824B at 1165 s after the trig-
ger [9]. In the case of GRB 161017A an optical tran-
sient was discovered.

Figure 1 shows the time profile of gamma quantum
counts of GRB 160720 detected by a Nal(T1) detector
of the BGRG-3 unit in the 20—170 keV energy range.
Data recording was performed in “slow” trigger mode,
i.e., for 100-s time interval before the trigger and in the
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Fig. 2. Time profiles of the X-ray and gamma-ray radiation
from GRB 141029 obtained onboard the Vernov satellite
with the DRGE-12 unit (30—300 keV, middle panel), with
GBM Fermi (52.2—97.8 keV, bottom panel) and for the
solar flare on 2014 October 29, detected with RHESSI
(top panel) in the 12—25/25—60 keV energy range
(curve I/curve 2). X-axis shows the time since the time
instant 7j = 29.10.2014, 13:00 UTC.

800 s time interval after the trigger data were recorded
with 10- and 100-ms time resolution, respectively. In
this Figure the fine structure variations are seen at a
time scale of 10 ms.

4. OBSERVATIONS OF COSMIC GRBs
ONBOARD THE VERNOV SATELLITE

An example of a GRB detected with the Vernov sat-
ellite on October 29, 2014, is presented in Figure 2.
Here, one can see that the hard X- and gamma-ray
burst from the Sun occurred just before a cosmic
GRB. However, in contrast to the solar flare, the GRB
is characterized by considerably harder emission and a
complicated temporal structure.
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5. CONCLUSIONS
The Vernov and Lomonosov satellites have detected

cosmic and solar gamma-ray bursts. The mission pay-
loads recorded the light curves with very high (less

tha
the

n 1 ms) time resolution. The Lomonosov satellite is
first space mission in which the multiwavelength

observations of prompt emission of cosmic GRBs are
realized in real time.
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