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Abstract

All-sky coverage combined with a precise localization is an important direction for the multi-messenger
astronomy. The idea of the timing-based localization in the gamma-ray band with multiple CubeSats is a
simple, powerful, and possibly unique solution. We have found that 9 satellites equipped with large CsI scin-
tillators readout by the multi-pixel photon counters can achieve the degree-scale localization. We are now
developing a mission called ”Cubesats Applied for MEsureing and LOcalising Transients: CAMELOT”.
Further detailed studies on localization feasibility, the effect of the expected in-orbit background environ-
ment and preparation for various stages of demonstration flight experiments are now rapidly proceeding.
We are now developing a prototype model including both gamma-ray detector and all control electronics
to be installed on 1-U Cubesat platform for the first demonstration balloon flight which is being planned
in near future.
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1. Introduction

The detection of the counterpart of the electromag-
netic emission from the neutron star binary event of
GW170817 (Abbott et al. 2017a; Tanaka et al. 2017)
brought us a conviction of an open of ”the era of the
gravitational wave (GW) astronomy” undoubtedly. The
remaining issue to be clarified is the association of the
”typical” short gamma-ray bursts (GRBs) to the GW
event from the compact binary merger (Abbott et al.
2017b). There are already many missions observing the
gamma-ray sky and they are very active to detect the
gamma-ray counterpart of the GW event during current

LIGO/Virgo observing run, however sometimes, each of
gamma-ray detector can not observe at the time of the
GW event trigger due to the earth occultation towards
the direction of the GW event or out of operation for the
detector maintenance. Therefore, the all-sky coverage at
any time and also the localization capability with a high
sensitivity in the gamma-ray energy band is essential for
the search of the candidate of the electromagnetic coun-
terpart of the GW event, and the detection of such coun-
terpart would be useful to increase the detection signifi-
cance of the LIGO/Virgo search. It is inevitable to have
the trade-off between the field-of-view of the detector and



Fig. 1. Left: CAMELOT 3-U satellite platform. Right: one of the 4 set of CsI(Tl) scintillator for the CAMELOT payload detector.

the localization accuracy with the ”single satellite per
mission”. A hint to solve this situation can be found in
the concept of the Inter-Planetary-Network (IPN), which
realizes both almost all-sky observations and a moder-
ate localization capability around several-tens of degree
scale. The problem which limits the localization uncer-
tainty is the timing synchronization accuracy between
different missions. Our proposing solution is that we fly
multiple Cubesats in the low-earth orbit (LEO) with an
accurate timing synchronization utilizing the Global Po-
sitioning System (GPS). Multiple satellite can overcome
a problem of the earth occultation and easily realize the
all-sky observation at any time. Also, we can simply
expect that the timing synchronization accuracy better
than 100 µs can realize the several arcmin-scale localiza-
tion by using a triangulation principle (Pál et al. 2018).
This is our concept, called as the Cubesats Applied for
MEasuring and Localising Transients: CAMELOT.

2. CAMELOT mission overview

We define the goal of our mission is to achieve the degree-
scale timing-based (triangulation) localization with a
similar sensitivity to Fermi-GBM, since it still would be
nice to provide the degree-scale localization for the fu-
ture large field-of-view optical telescopes. In order to
maximize the gamma-ray detection sensitivity, we need
to put as large detector as possible in each Cubesats. We
are now planning to utilize the 3-U Cubesat platform for
each satellite, which is already well studied by the Hugar-
ian industrial company, C3S LLC as shown in figure 1
left (Werner et al. 2018). Although the launch orbit is
under investigation , we conclude that at least 9 satellite
constellation would be useful to realize the degree-scale
localization as discussed in $2.2. We put the payload de-
tector consisting of four sets of 150×75×5mm3 CsI(Tl)
scintillator on the lateral extension of the satellite, which
realizes the similar effective area to that of Fermi-GBM.

Figure 1 right shows the picture of one of the CsI(Tl)
scintillator (Torigoe et al. 2019). The signal is readout
by the compact, low operational voltage silicon photo-
multiplier, MPPC. There will be two readout channels
per scintillator for the redundancy.

2.1. GRB detection feasibility

Based on our proposing mission concept, we have investi-
gated the detection feasibility of GRBs by the full Monte-
Carlo simulation, including the satellite mass model ir-
radiated by the expected cosmic X-ray and non X-ray
background in a certain orbital case and various detec-
tor configurations such as the thickness of the shielding
material. The typical brightness and spectrum of the
short GRB were taken from the Fermi GRB spectral
catalog (Nava et al. 2011). Then, we compared the
detected photon numbers between the background and
GRB. As the result of this study, we confirmed that one
detector of CAMELOT can detect such ”typical” short
GRBs with a significance of larger than 5 σ if we can set
an appropriate trigger condition such as the trigger time
scale, and the detector conditions (R̂ı́pa et al. 2019).

2.2. Localization capability

Another important study for this mission is to confirm
if we can archive the degree-scale localization utiliz-
ing Cubesats flying in LEO. For this feasibility study,
we have developed the simulation framework, which in-
cludes various stages, such as the orbital simulation, light
curve simulation and localization. Figure 2 top shows a
flow of this framework (Ohno et al. 2018). What we
have to obtain from this simulation is the simulated ar-
rival time delay of photons from GRBs of each satellite.
First of all, we have to define the position of each satel-
lite. We can calculate each satellite position with a given
orbital parameter and the event time. Here, we just as-
sumed that 9 satellites fly in the 53 degree inclination
orbit. By combining given GRB position and each satel-
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Fig. 2. top: a flow-chat of the localization simulation framework in

this study. bottom: the example of the localization by using 9

satellites combination for the bright short GRB 090227772. A

star marker shows the input position (R.A.=20, Dec=30 degree),

and black, red and green contour is obtained confidence regions

correspond to 1, 2 and 3 sigma significance.

lite position, we can simply calculate the expected differ-
ences of the photon arrival time for every combinations
of two satellites. Next, we have to estimate expected de-
tected photon counts in each detector. We applied the
spectral parameter and light curve shape reported in the
Fermi 3rd GRB catalog (Bhat et al. 2016). Since the
detected photon counts strongly depends on the incident
angle of the GRB against to the detector, we calculated
the angular dependence of the effective area of the de-
tector by the full Monte-Carlo simulation including the
satellite body. After we estimate the detected counts, we
simulated the light curve by putting the expected time
delay given at the previous step. Finally, we can per-
form the cross-correlation analysis to get the simulated
time delay of the photon arrival time. We performed
2500 realizations for this cross-correlation procedures to
estimate statistical uncertainties. Now we have sets of
simulated time-delay and its uncertainty. We also de-
veloped a simple χ2 minimization algorithm to find the
best-fit position and its uncertainty with,

χ2=
∑N

i=0

{
δtsim,i−Norm×cosθmodel,i(R.A.,Dec.)×Di/c

}2

σsim,i
(1)

, here δtsim,i and σsim,i are the simulated time-delay and
its uncertainty for i-th satellite combination. cosθmodel,i

is calculated direction by the given time-delay. Di is the
baseline between each satellite. N, Norm, and c are the
total number of satellite combination, normalization pa-
rameter, and the speed of light, respectively. Figure 2
bottom shows the example of the result obtained by the
case of very bright short GRB 090227772, and we con-
firmed that we can achieve the degree-scale localization
for such bright case. There should be rooms for improve-
ment for this algorithm such as a sophisticated cross-
correlation analysis and the combination with the flux-
modulation localization, which utilizes the difference of
the detected photon counts in each detector.

2.3. Demonstration flights

The concept of our CAMELOT mission has been well
developed, and the next important milestone for our mis-
sion is to have various stages of the demonstration flights.
We are planning to have series of balloon flight with the
simple prototyped detector to test and tune the system.
After we confirm that our prototype detector works well,
we can go to the next step, the orbital demonstration
flight with the 1-U size of the detector. Our goal of
these series of demonstration flights is to have a full 3-U
size of detector, but this goal is now under planning. As
for the prototype flight, we are already developing this
1-U size prototype detector, named as the ”GRBAlpha”.
The sensor and the bread-board model of the electronics
have been already developed and we are now in the stage
of the integration test for the all components. Our first
balloon flight is targeted to the beginning of 2020.
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