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Abstract: The SciCRT (SciBar for the Cosmic Ray Telescope) is a new project with a multi-purpose cosmic-
ray experiment. The main aim of it is the measurement of solar neutrons to investigate ion acceleration process
during the solar flare. It is important to investigate ion acceleration measuring the energy, the arrival time and
direction of neutrons simultaneously because the propagation time of neutrons is determined by its energy. The
SciCRT consists of 14,848 plastic scintillator bars (2.5 cm× 1.3 cm× 3 m) piled up to be used as a particle
tracker. The detector is sensitive to the direction and the energy of neutrons recording the energy deposited inside
each one of the bars crossed in its trajectory. The detector was used in an accelerator experiment (SciBooNE
experiment) at Fermi National Accelerator Laboratory in USA. It was packed in February 2011 and sent to
INAOE (Instituto Nacional de Astrofisica,́Optica y Electŕonica) in Mexico. In INAOE the SciCRT with 5/8 of
the total bars and anti counters recorded cosmic-ray data in November 2012 and February 2013. The detector was
transferred to the top of Mt. Sierra Negra, 4,600 m above sea level, in April 2013. The first results of the operation
of the experiment at the mountain are presented here. The current status and performance of the SciCRT will be
discussed in detail.
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1 Introduction
　 Particle acceleration in the solar surface has been stud-
ied by radio and optical telescopes, X-ray andγ-ray satel-
lites, and cosmic-ray detectors. Electrons and ions are ac-
celerated in the solar atmosphere, but understanding ion
acceleration is difficult because ions are affected by the in-
terplanetary magnetic field. To understand particle accel-
eration from the observation of solar ions, it is necessary
to take into account the interplanetary magnetic field. It is
simpler to observe solar neutrons produced by accelerat-
ed ions at the solar atmosphere, because solar neutrons ar-
rive to the Earth free from the effects of the interplanetary
magnetic field.

We have searched solar neutrons by Solar Neutron Tele-
scopes (SNTs). SNTs are located on seven mountains n-
ear the equatorial line and observe the Sun 24 hours a day
[1]. SNTs have observed several solar neutron events, for
example, see [2]. We plan to construct a new SNT to dis-
cuss about the efficiency of the acceleration and the pro-
duction time of neutrons in detail. We will start the Sci-
CRT (SciBar for the Cosmic Ray Telescope) using the S-
ciBar detector [3]. The details of detector are presented in
a separate paper [4]. This detector is also used as a muon
telescope as shown in [5]. In this paper, we show the first

results of the operation of the experiment at the mountain
and the performance of the SciCRT.

2 Detector
　We introduce the SNT at the Mt. Sierra Negra to bring
out the difference between SNTs and SciCRT. The SNT
consists of a 4 m2 array of 30 cm thick plastic scintillator
and proportional counters (PRCs). Neutrons are detected
by a scintillator as energy deposit of recoil proton, and
charged particles are detected by PRCs. Neutral particles
are determined by anti coincidence of PRCs. The deposit
energies of particles in a scintillator are measured with 4
threshold levels of> 30, > 60, > 90, > 120 MeV. The
detector is shielded on top by a layer of lead (0.5 cm thick)
and on the four vertical side by iron plates (1 cm thick).
Heavy elements are good to reject background photons
because these interact with photons and make knock-out
electrons which are able to be detected by PRCs.

The SciCRT consists of the detector part, the readout
circuit and the environment monitors. The detector part of
the SciCRT is made of 14,848 plastic scintillator bars as
shown in Figure1. The detector consist of 64 layers which
have 116 bars. The dimension of each bar is 2.5 cm×
1.3 cm× 3 m. Each bar has a hole of 1.8 mm in diame-
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Fig. 1: SciBar detector is made of plastic scintillator bars
(vertical and horizontal) and WLS-fibers (top of bars).
Sixty-four WLS-fibars are bundled and connected to a
MAPMT [6].

Fig. 2: The photo of the mini-SciCR. It was installed the
Mt. Sierra Negra to test the hardware and measure cosmic-
ray background.

ter and a Wave Length Sifting fiber (WLS-fiber) of 1.5 m-
m in diameter is inserted. Sixty-four WLS-fibers are bun-
dled and connected to a 64 channel multi-anode photomul-
tiplier tube (MAPMT) H8804 (Hamamatsu). Signals from
MAPMTs are read by an Analog to digital converter (AD-
C). When a charged particle is injected to this detector, we
can identify a trajectory of the particle from the ADC da-
ta. On the other hand, a neutron is identified when a recoil
proton is produced in the detector. Therefore the trajecto-
ry of a neutron starts in the middle of the detector. To se-
lect neutron events the outer bars are used as anti-counters.
The details of readout circuit are shown in [4] and its per-
formance discussed in [9].

We are developing new readout circuit using the Ether-
net and the TCP/IP protocol instead of the VME bus sys-
tem, since the trigger rate of the SciCRT is limited by the
speed of these elements manufactured more than 10 years
ago. The prototype of the new readout circuit was devel-
oped and is being tested. The result is shown in a separate
paper [7].
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Fig. 3: Trajectory view of X side (top panel) and Y side
(bottom panel). The color channels show trigered scintilla-
tor bars color varies depending on ADC count. Horizontal
lines are gaps. We used upper 5 SBs and, the top and bot-
tom layers as trigger.
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Fig. 4: Trajectory view of a shower event.

3 Transfer and setup of the detector
　 A prototype detector was installed at the top of Mt.
Sierra Negra, 4,600 m above sea level, before the transfer
of the SciCRT. It consisted of 2 MAPMTs and 20 cm
scintillator bars. The detector showed that hardware works
in the environment of the top of the mountain and data
of cosmic-ray background correspond to the Monte Carlo
simulation. The detail of the detector is shown in [8].

The SciCRT detector was used in an accelerator experi-
ment (SciBooNE experiment) at Fermi National Accelera-
tor Laboratory in USA. We pulled out all WLS-fibers and
packed the detector in February 2011. The detector was
sent to INAOE (Instituto Nacional de Astrofisica,Óptica
y Electŕonica) in Mexico. In INAOE, we developed a new
structure consisting of eight Super Blocks (SB) to support
the detector plate horizontally different from the accelera-
tor experiment for which they were placed vertically. We
put 16 layers (half of them are connected to MAPMTs at X
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Fig. 5: The observatory of SciCRT at the top of Mt. Sierra
Negra (house at right).

Fig. 6: Transfer to the top of the mountain with a payloader
as support.

side, the other half is connected to Y side) in one SB. Ev-
ery SB structure consists of 5 mm thick steel I-beam and
3.8 mm thick steel square pipe. It makes 82 mm gap be-
tween one SB and the other one. The bending of scintilla-
tor bar is a few centimeters at maximum and negligible in
comparison with the length of bars (3,000 mm).

The end of WLS-fibers are painted with white paint
to improve the light collection efficiency. The WLS-fiber
were inserted in the scintillator bars in July 2012. We test-
ed SciCRT data taking with cosmic-ray with 2/8 of the to-
tal bars in August 2012. The SciCRT with 5/8 and muon
counters of top and bottom recorded cosmic-ray data in
November 2012. Figure3 is an event sample of cosmic ray
detected by the SciCRT using the trigger logic of coinci-
dence of the top and bottom layers. In the figures, the AD-
C counts of upper 5 SBs and the top and bottom layers
are shown. This trigger logic mostly selects muons which
show one straight line, and the ADC count of each bar cor-
responds to the energy deposit of minimum ionization par-
ticles. The other events show shower shape which might
be caused by protons or electrons as shown in Figure4.
This result shows that the SciCRT has high ability of par-
ticle identification. This ability will work efficiently to se-
lect neutrons.

Each layer has extra bars which are not connected to
MAPMT. We plan to use them as side anti-counters and
they were tested in February 2013. The new observatory
was built next to the SNT house at the top of Mt. Sierra Ne-
gra, as shown in Figure5. The detector was transferred to
the new observatory from INAOE in April 2013, as shown

Fig. 7: The detector was installed at the new observatory
and connected to readout circuits.
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Fig. 8: ADC distribution of one anode of one MAPMT at
the top of the mountain.

in Figure6. The SciCRT was installed at the new observa-
tory and cables and the readout circuit connected as shown
in Figure7. The 5/8 of SciCRT with the top and the bottom
layers as an anti-counter were used to measure cosmic-
ray in May 2013. Figure8 shows the ADC distribution of
one anode of MAPMT at the mountain, and we can find
pedestal and muon peaks are evident in the figure. The Top
and bottom panels of Figure9 show the trajectory view of
X and Y side of the top SB, respectively. The trajectory is
short because the SciCRT use a self trigger mode. We will
finish the calibration and start stable data taking soon.

4 Sensitivity of the SciCRT
The efficiency of SciCRT was calculated using Geant4,
PHITS [10] and Shibata model [11] where calculation for
atmospheric attenuation. For this study, the energy spec-
trum of neutrons at the Sun is assumed to be a power law
as 6.1×1027(E/100MeV)−3.8MeV−1sr−1, and the zenith
angle of the Sun was fixed to 17.46 degrees. Numbers were
taken from [2] for the solar neutron event detected by the
SNT at Sierra Negra on September 7, 2005 was done. The
upper panel of Figure10is the time profile of the SNT, and
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Fig. 9: The top panel shows trajectory view of X side of
the top SB at the top of the mountain. The bottom panel
shows one of Y side.
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Ⅰ2σ

Fig. 10: The time profile of the SNT (upper) and MC cal-
culation in [8] of the SciCRT (lower) for the solar neutron
event on September 7, 2005. Zero sec at the lower panel
corresponds to 17:36:40 UT (dashed line) at the upper pan-
el which is the peak time of hard X-rays.

the lower panel is one of counting rate of the SciCRT cal-
culated in [8] assuming the same flux of solar neutrons as
the upper panel. The fluctuation of cosmic-ray background
are shown. The SNT significance is 16σ , and the simula-
tion of the SciCRT produced a significance of 57σ for the
same event. The SciCRT will have much higher efficiency
than the SNT.

5 Summary
　 The SciCRT project using SciBar detector will be start-
ed at the top of Mt. Sierra Negra, 4,600 m above sea lev-
el, soon. The detector was packed in February 2011 at F-
NAL and sent to INAOE. In INAOE the SciCRT with 5/8
of the total bars and anti counters recorded cosmic-ray data
and shows the ability of particle identification in Novem-
ber 2012. The detector was transferred to the top of moun-
tain, and take data of cosmic-ray, in April and May 2013.
As solar activity is reaching its maximum as shown in Fig-
ure11. The SciCRT will be able to get the smallest signal
of solar neutrons; providing the opportunity and to discuss
about solar neutron events more in detail in solar cycle 24,
because it has about four times higher efficiency than the
current SNT.
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Fig. 11: The time profile of sunspot numbers by
NOAA[12]. It will become maximum from 2013 to 2014.
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