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Abstract—The neutron multiplicity changes on the neutron
monitor in Barentsburg (Spitsbergen) during the GLE December
13, 2006 has been studied. The neutron monitor inaBentsburg
was put into operation on April, 2003. In 2006 it ks found the
complete configuration 18-NM-64. The new data coltding
system based on a digital ADLINK 7233 card allowsat register
both pulses, and intervals between them. On the hiasof this
device the multiplicity recorder is realized to regster the count
rates on multiplicities (2-10). During the GLE a sjnificant
increase of the count rates of multiplicities from2 up to 4 was
detected. The multiplicity spectrum changes are copared with
the solar proton spectrum dynamics during event. Th spectra of
relativistic solar protons were derived by modelingtechnique
from the worldwide neutron monitor network.

1. INTRODUCTION

HE source of pulse clusters in a neutron monitor

multiple neutrons generated in inelastic interactioy
incident atmospheric secondaries (mainly neutrong)e
number of multiple neutrons (multiplicity) carrieshe
information on a spectrum of primary cosmic rayise Btudies
of multiplicities in latitude survey are described[1]. In [2]
the distribution of elapsed time interval betweenmltiple
neutrons during the GLE of 20 January, 2005 ardietli At
present paper the way of measurement of multiglicéalized
on the neutron monitor in Barentsburg is describ&de
multiplicity registrars of the past years were dasd on the
basis of the discrete logic electronics. In ourtesys a
multiplicity registrar is realized by an only pragnming way.
The multiplicity with different numbers during th@LE of
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captures the data registered by the two cards amdssthe
data to the hard disk. The PCI-7233H card regispelises
from all 18 channels of the neutron monitor, wHH€I-8554
collects pulses from atmospheric pressure and tempe
Sensors.

Pulses from all 18 counters of a neutron monitonedo

PCI-7233H. Each alternate pulse produces a hardware

interrupt. The collecting program registers thislspu it
increments a count for corresponding counter tiitamcel and
measure a time elapsed since a previous pulse.database
each pulse enters with the information on a numtbfea
counter tube and a time, elapsed since a past finlsay of
18 channels). With this information, it is possilileen to
obtain distributions of elapsed times between puiseone
channel or any chosen group of channels (for examal
section of the neutron monitor).

For accurate determination of elapsed time intethal
igrogram uses a high-frequency counter (Time Staoynt@r)
internal to any Pentium (and its clones) procesddre
frequency of TSC is equal to a processor's frequéh@ GHz
on modern computers). So it is possible to detezntime
intervals with a very high precision.

The next limiting factor in a system is an intetrup
processing procedure. The measured hardware ahdasef
delays during this procedure are ~6 us. This "dead" is
less than the fixed dead time of the counting direqualed 10
ps. Thus the dead time of a whole our data acguisitystem
is 10 ps. The collecting program forms two kindslafa files.
The first file contains a standard count rate daganumber of
pulses per minute in each channel (including pressund
temperature channels). The second file consisthreg-byte
records on each pulse: 5 bits for channel numbdrl1&nbits

December 13, 2006 has been obtained and their dgmany,, 5 number of microseconds elapsed since a prswpolse.

studied.

2.DATA ACQUISITION SYSTEM
The data acquisition system (Fig.1) is based oordimary

The size of a dalily file is 40-50 MB. However, hatidks of
modern computers are large enough to keep thefalatather
long periods.

To keep a correct time on the collecting computé&sRS

PC equipped with two extension cards. One of them feceiver is connected to a serial port of the camp®nce per
ADLINK PCI-7233H, which is a high-speed 32-channehour the collecting program reads GPS data andecisir
digital input card. The other is ADLINK PCI-85542-thannel computer's clock. Every 10 minutes both count eaie pulse
counter/timer card. The collecting computer rundarnDOS. data are copied from collecting computer to a seviza local

The specially written collecting software runs égonbusly. It network. The server publishes the real-time coate data in

the Internet.
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Fig.1. The new data acquisition system at the pautronitor station Barentsburg

3. NEUTRONMONITOR MULTIPLICITY RECORDS

Fig.2 shows a distribution of the time intervalstvien
pulses of a one six-counter tube section of therapumonitor
in Barentsburg averaged over the 24 quiet daysnguri
October-December 2006. The distribution of the sdajptime
OT is similar to presented in [1,2], except that distribution
is truncated at the low end at 10 ps. In [1, 23 thalue is 95
UsS.

Our simulation shows that th8T distribution can be
represented as a sum of three exponential funcfmnses 1,
2, 3 in Fig.2). The time constants of these exptmeme
respectively: 130, 465, 735@Qs. Physically it may be
interpreted as contribution in th&T distribution of three
independent  distributions for corresponding pasticl
populations.

An exponential distribution with a fixed time coast is
characteristic for the events randomly distribuitetime. Such
particles, for instance could be the not interartsingle
neutrons coming outside. Curve 3 in .Figs suitable
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Fig.2. Distribution of the elapsed time intervalstieen

approximation for these events. The break in #%e
distribution separating single uncorrelated everfitsm
multiplicity events found in [1] atdT~ 2 ms (at low
geomagnetic cutoff) is close to the similar valuéig.2.

The time constants of 130 and 465 ps are of order
average time of life of neutrons inside the neutroonitor
(326 ps) [3, 4]. However, as shows our analysif wie high
temporary resolution, the time constants of 130 468 ps
may belong to distinct processes of neutron geioerat
producing the separate population of particleshSirocesses
may be well known two stages of nuclear interactiomhead
[1]. During the first stage, knock-on neutrons gemerated.
Some part of these knock-on neutrons after slovdown
could be a source of a distribution wiT~130 us. The
second exponential distribution wit®®T{ ~ 465 us) could
belong to the evaporating neutron component. hekeved,
however, that the energy of knock-on neutronsashigh to be
slow down and detecting by a counter tube [1]. Sanming it
is possible to conclude.

The 8T distribution probably demonstrates presence
three populations of neutrons detected by counieed of a
neutron monitor: 1) knock-on neutrons producedha n-Pb
nuclear interaction 2) evaporating neutrons produicethe
process of deexitation of a wounded nucleus of,|18adingle
non interaction neutrons getting into a neutron itoorfrom
atmosphere.

Fig. 3 shows the data of continuous registration
multiplicities on the neutron monitor in Barentsipwauring the
period from October, 2006 to March, 2007. The dai
averaged multiplicity values with numbers from 1 @oare
shown.

The 27-daily variation is well visible which can tvaced up
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to multiplicity M5. Forbush-effects can be traced up to

multiplicity M4, and the GLE effect up to multiplicity 3.

pulses of NM Barentsburg averaged over 24 quietsday 4 MuLTiPLICITY RECORDSDURING GLE ON13.12.2006

during October-December 2006 (red curve). The bliaekis
result of simulation representing the distributiondT by the
sum of three exponential functions (1, 2, 3). Tlmet
constants of these functions are: 130, 465, 7350 ps

The ground level enhancement (GLE) on December 13,

2006 was related to the parent flar€3.4/2B with
heliocoordinates S06 W24. The type Il onset wasntep at
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Fig. 3. The dailyaverage profiles of the total counts
Barentsburg neutron monitor (NM) and the nplitities with
a number 1,2...6 (M1,M2...M6) respizely. The width of i
"time gate" is 150 microsecond.

02.26 UT. Increase onset on the NM Barentsburgfixad at
02:59. Detailed description of the GLE and its nioge
analysis can be found in [6]. Fig. 4 shows incrgasdiles of
multiplicities of different numbers during the Dedeer 13,
2006 GLE. In the insert the increase profile of th&al count
rate of the NM Barentsburg is shown. The values of
multiplicities of different numbers are obtainearfr hourly
files of the neutron monitor data at a window widthl50 ps.
The distinct increase is observed in multiplicitigs to the
number 3. The duration of increase has made mae th
hours: from 3.00 to 10.00 UT (Fig.4). A spectraperent of
the rigidity spectrum has changed from 4 at 3.00 &t 4.00
UT [6].

Despite of a strong softening of a spectrum thetipial
neutrons were still observed for a long time. Theuits of [1]
multiplicity measurements clearly demonstrate etiofuof a
spectrum of relativistic solar protons on the daftaa single
neutron monitor.

For obtaining parameters of a spectrum of solatopo
from the multiplicity data the specific yields farach of 3]
multiplicity is needed. In absence of these we im@rs
definition of a spectrum of primary SCR as a taskfiture [4]
studies.

(2]

(5]
5.RESULTS

With the help of the new developed registrar of®!
multiplicities on the neutron monitor in Barentsputhe
increases of count rate of multiple neutrons fratativistic
solar protons during the GLE of December 13, 2006 a
measured. The data collecting unit is developec dasis of
programming high speed digital cards ADLINK PCI-32B
and PCI-8554. The registrar of multiplicities islized by a
programming way only. With its help it is possibte
investigate any multiplicities with any time gat&daany
combination of counting tubes of the neutron manito

Time, UT

Fig. 4. Multiplicity profiles registered by the Barentsb
neutron monitor during the GLE on 13.12.06. The&igag"
width is 150 ps.

The distinct increase is observed in multiplicitigs to the
number 3. The duration of increase has made mame
hours: from 3.00 to 10.00 UT. Such a long increzsaultiple
neutrons testifies to the presence at a spectriprimfiry SCR
of particles of high enough rigidity.
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