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Abstract: We have planned to put a very sensitive cosmic ray detector at Sierra Negra Volcano, Mexico. This detec-

tor is expected to work as a solar neutron telescope, and also as a muon detector of the Global Muon Detect Network 

(GMDN). In this paper, details of the experiment concentrated on its function as the solar neutron telescope, and the 

status of the whole project are presented. 
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1 Introduction 
 
Observing solar neutrons have been useful to study the 

particle acceleration mechanism at the solar surface since 

its first detection in 1980 [1], as the neutrons are not 

deflected by the interplanetary magnetic field. To correct-

ly understand the production time of neutrons at the Sun, 

it is necessary to measure the energy of neutrons, because 

a neutron has a mass and the time of flight of solar neu-

trons to the earth depends on the energy of neutrons. 

Moreover, the energy spectrum of neutrons is important 

to understand the efficiency of particle acceleration at the 

Sun. It is difficult to measure the energy of neutrons by 

neutron monitors. A detector by which the energy and the 

direction of neutron is measured using a recoil proton  

was developed and named solar neutron telescope (SNT) 

[2]. As neutrons are attenuated in the air, one solar neu-

tron telescope can monitor solar neutrons less than one 

third of a day. A network of seven SNTs at different geo-

graphical longitudes has been in operation since the mid-

dle of solar cycle 23 [3]. Several important solar neutron 

events have been observed, i.e., the solar neutron event 

on September 7, 2005 which was detected by the Boli-

vian and the Mexican solar neutron telescopes, indicates 

the production time of neutrons was much longer than 

the production time of X-rays [4]. 

 

The number of solar neutron events which has been ac-

cumulated so far, is only about 10, and insufficient to 

understand the particle acceleration mechanism asso-

ciated with solar flares. One of the reasons of this insuf-

ficiency is that the current SNT does not have enough 

sensitivity, and the particle identification and  the deter-

mination of the energy of neutrons are not also sufficient. 

The characteristics of the current SNT in Mexico is dis-

cussed in [5]. The schematic diagram of the SNT is 

shown in Figure 1.The identification of neutrons is given 

by using the anti-counters surrounding the main scintilla-

tor. The energy of recoil protons in the main scintillators 

is given by the measured energy losses at 4 steps of the 

discrimination level. To improve the current solar neu-

tron telescope, a new type of solar neutron telescope 

which uses scintillator bars, has been designed [6]. The 

energy and the direction of the recoil proton is deter-

mined more precisely than the current SNT by tracking 
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the recoil proton at the conversion material. The SciBar 

detector [7] (shown in Figure 2), which was used at acce-

lerator experiments, is made of scintillator bars, and can 

be used as the new solar neutron telescope described in 

[6], if we replace the beam direction by the direction of 

the Sun. The target volume is much larger than the cur-

rent detector and better detection efficiency for solar 

neutrons will be obtained. 

 

It was planned to install the SciBar on Mt. Sierra Negra 

in Mexico, which is 4,600m above sea level, and this 

plan was approved by the experimental group which had 

used the SciBar. This project is called as SciCR, which 

stands for SciBar for the Cosmic Ray observations. The 

detector can also be used as a muon detector, because it 

has a high performance on identifying particles and mea-

suring their energies. The study on SciCR as a muon 

detector is presented in the separate paper [8]. 

 

 
 

Figure 1. Schematic diagram of the current SNT in Mex-

ico (Figure 1 of [5]). Proportional counters covering the 

central scintillators are used to veto charged particles, 

and leads and irons are used to reduce backgrounds. 

2 The SciCR detector 

 
SciCR uses the scintillator bars of the SciBar shown in 

Figure 2, which worked as a tracking calorimeter. The 

SciBar tracker  consists of 14,848 scintillator bars, each 

of dimension 1.3cm×2.5cm×300cm.  There are 64 

layers.  Each layer is made of two planes with 116 scin-

tillator bars glued, and attached orthogonally, in order to 

measure the track of particles from two directions. Each 

layer weighs 300kg. Total dimension of the detector is 

3m×3m×1.7 m. The beam direction for the SciBar is 

directed to the zenith in the case of SciCR. The top and 

the bottom layers of the SciCR detector are used to iden-

tify muons. 

 

The energy loss in each scintillator bar is read by a wave-

length sifting (WLS) fiber attached to a 64-channel mul-

ti-anode PMT (MAPMT). The fiber is a multi-clad type, 

Y11(200)MS, made by Kuraray, and the MAPMT is 

H8804 made by Hamamatsu Photonics K. K., which 

were used for the SciBar detector. The top and bottom 

layers are read by different MAPMTs from those for 

other layers.  

 

The readout system consists of front-end electronics 

attached to the MAPMT and a back-end VME module. 

Pulse heights from each channel of a MAPMT, and `hit’ 

signal from 32 channels viewed by one MAPMT are 

obtained from the front-end electronics. These are also 

the same as the one used for the SciBar detector, details 

of which are described in [7]. One component different 

from SciBar is a high voltage power supply, for which a 

Voltronics 1458 and 1461 system was chosen.  It is poss-

ible to monitor the value of  the high voltage of each 

PMT and the electric current consumed during the opera-

tion.  

 

SciCR will be installed at the top of Mt. Sierra Negra. 

The place is at 4,600m above sea level and at 19°N, 

close to the equator. This is a very convenient site to 

observe solar neutrons, and the SNT has already been in 

operation since 2003 [5, 9]. The SNT will work as a 

calibration detector when the SciCR enters in operation, 

and the detection of solar neutrons by both detectors will 

give more detailed information on each solar neutron 

event than only one. 

 

 
 

Figure 2. The SciBar detector (Figure 1 of [7]). The beam 

direction will be replaced by the zenith. The electromag-

netic calorimeter shown in the figure is not used for the 

SciCR experiment. 

3 Current status of SciCR 
 

3.1 mini-SciCR 
 

The SciBar detector was used for the KEK-to-Kamioka 

long-baseline neutrino experiment in Japan [10] and the 

SciBooNE experiment at Fermi National Accelerator 

Laboratory (FNAL) in USA [11], both for the accelerator 

experiment. Therefore it is important to examine how it 
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works as a cosmic ray detector including electronics 

beforehand. For example, it is good to have 15,000 chan-

nels to derive the energy of recoil proton precisely, but 

dead-time to read energy losses from all the 15,000 

channels may degrade the detection efficiency for the 

solar neutron events. It should also be considered that the 

place where SciCR will be installed is 4,600m above sea 

level and some electronics may not work properly in 

such a low atmospheric pressure.  

 

A miniature type of SciBar (mini-SciBar) was made 

using the same scintillator bars and WLS fibers as SciBar. 

The length of each scintillator bar is 20cm. A photo-

graphic view of the mini-SciBar is shown in Figure 3. 

Each layer consists of two planes of 8 scintillator bars 

orthogonally glued and there are 8 layers, which makes 

the total number of channels of mini-SciBar 128. The 

same readout system as SciCR is used for the so called 

mini-SciCR experiment. Mini-SciCR was installed on 

Sierra Negra in October 2010, and has been operated 

without any physical problem caused by the high altitude. 

To understand the cosmic ray particles at the site in detail, 

lead plates up to 5cm thick are sometimes put on mini-

SciBar. In addition to measuring cosmic rays, tempera-

ture of different places in mini-SciCR and the pressure in 

the experimental hut are monitored to understand the 

environmental effect on the experiment.  

 

Another, but more important purpose of the mini-SciCR 

is to measure cosmic rays at Sierra Negra, and measure 

the counting rate of each kind of particles. This is used to 

determine the data taking condition for SciCR because it 

is directly connected with the efficiency of SciCR for the 

solar neutron experiment The data obtained from mini-

SciCR is also important to calibrate the Monte Carlo 

simulation code which is used to estimate the perfor-

mance of SciCR. Details of mini-SciCR and the detection 

efficiency for the solar neutrons is presented in the sepa-

rate paper [12].  

 

 
 

Figure 3. A proto-type of the SciCR detector. The same 

scintillation bars and fibers as the SciBar are used.  

 

 

3.2 Transportation to Mexico 
 

The SciBar detector had been in FNAL after the end of 

the SciBooNE experiment. MAPMTs and the data taking 

electronics are currently in Japan. In February and March  

2011, all the fibers were removed from the scintillator 

bars, and packed carefully in wooden boxes. Sixty-four 

layers were moved to shipping containers and packed as 

shown in Figure 4. All the layers and fibers were safely 

transported to Instituto de Astrofisica Óptica y Electróni-

ca (INAOE) in Mexico in April. INAOE is at an altitude 

of 2149 m, and has a large warehouse where scintillator 

bars can be unpacked and installed as the cosmic ray 

detector. Therefore it is used as a base to prepare the 

whole experiment before starting SciCR at a high moun-

tain where detailed adjustments of  the experiment is 

almost impossible. 

 

 
 

Figure 4. Sixty-four layers packed in shipping containers.  

3.3 Schedule to start SciCR 
 

The first task at INAOE is to make the structure to sup-

port all the layers. Considering that they have to be 

transported to Sierra Negra soon, we chose to divide the 

whole detector into smaller units. The most convenient 

choice was to pack 8 layers in one superblock because 

one MAPMT reads signals from 8 layers. The weight of 

each superblock will be 2.4 ton and it can be handled 

rather easily. After the completion of superblocks, all the 

WLS fibers will be inserted into the scintillator bars and 

attached to the superblocks. These are estimated to finish 

before November 2011. In parallel with these tasks, all 

the readout electronics have been tested in Japan. They 

will be integrated by the end of September and the data 

taking program will be completed. The SciCR will be 

operated as a cosmic ray detector at INAOE from the end 

of 2011. All the data obtained will be compared with the 

Monte Carlo simulations and the trigger condition will be 

adjusted to obtain the best performance both for the solar 

neutron telescope and the muon detector.  It is expected 

that all the superblocks and electronics will be sent to 

Sierra Negra after all the tests in INAOE, and SciCR will 

start the full operation in 2012. 

 

Vol. 10, 16



MATSUBARA  ET AL. OBSERVATION OF SOLAR NEUTRONS BY USING A VERY SENSITIVE COSMIC RAY DETECTOR 

It is expected that the activity of the Sun in solar cycle 24 

will be at maximum in 2013 as shown in Figure 5, and 

the start time of SciCR is just before the solar maximum. 

A plenty of solar neutron events will be detected and 

more profound understanding of the particle acceleration 

mechanism at the Sun will be expected. 

 

 
 

Figure 5. A solar cycle prediction presented by Marshall 

Space Flight Center, NASA [13]. The estimated maxi-

mum of solar cycle 24 is 2013. 
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