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Abstract: Two neutron monitors (NMs) in Barentsburg (78.06N, 14.21W) and Baksan (43.27N, 42.68W) are 
equipped with an advanced data acquisition system which enables to register not only a count rate, but also informa-
tion about each pulse: the counter where the pulse was produced and the time elapsed since the previous pulse (with 
accuracy as high as 1 microsecond). This allows studying such fast and transient phenomenon as a neutron multiplici-
ty. A multiplicity event is an isolated sequence (cluster) of pulses with short time intervals between them. Study of 
structure of the multiplicity, confirmed also simulation with the help of GEANT4, has shown, that small multiplicities 
(M<7) are formed by neutrons from multiplication in lead. And they are caused by operation of adjacent 1-3 counters. 
Events with large M (M>7 up to 30-35) are formed by operation of counters along the whole extent of a neutron mon-
itor. Thus, existence of local hadronic cascades created in the atmosphere above a neutron monitor is shown. A lateral 
size of these cascades is from 3 up to 5-10 m. 
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1 Introduction 

The phenomenon of multiplicity was investigated from 
the very beginning of neutron monitor era. It is assumed 
that the multiplicity is caused by a high-energy hadron 
penetrating into the lead shell surrounding NM counters 
in a NM and creating multiple neutrons. Most of the 
multiplicity investigations were based on data acquisition 
systems registering just a count rate: the number of 
events of the given multiplicity M per time unit. The 
detailed information on pulse distribution inside the 
event, the duration of the particular event, and its struc-
ture was lost. In this paper we present a new approach to 
the multiplicity investigation. We have created an ad-
vanced data acquisition system for our NMs [1, 2]. The 
system continuously registers all NM pulses. For each 
pulse the channel (counter) number and the time elapsed 
since previous pulse are recorded. Time accuracy is 1 μ s. 
The search for multiplicity events, their selection accord-
ing to any additional parameter is fulfilled afterwards by 
the data processing software. The parameters of search 
and selection can be altered in accordance with a task. 

We have analyzed the data of the two NM stations for 
more than 700 days to search for events with M = 5 - 35. 
Main result is that small multiplicity events (M<7) are 
localized in 2 or 3 adjacent counters. Events with large M 
(7-35) are distributed over the larger area enveloping all 

the NM section (6 counter tubes) or even more counters. 
We carried out a simulation of processes of the second-
ary neutrons generation inside a NM and their detecting 
by the BF3 counter tubes with the help of the GEANT4 
toolkit. The results of simulation show that cascades of 
secondary neutrons generated in lead inside a NM create 
multiplicity events with M no more than 7. These cas-
cades do not extend further than 1-2 adjacent counters. 
Thus, events with small M are caused mainly by cas-
cades of secondary neutrons in the lead shell surrounding 
counters in a NM. All the large multiplicities (M>7) are 
caused by the local atmospheric cascades (showers) of 
hadrons having lateral dimensions from 3 up to 5-10 m 
and a time scale of 1 ms. A multiplicity spectrum (de-
pendence of a number of multiplicity events on M) was 
obtained too. The multiplicity spectrum may be recalcu-
lated to the energy spectrum of neutrons incident on a 
NM. 

2 Looking into multiplicity 

A multiplicity event (ME) is an isolated sequence (clus-
ter) of pulses with short time intervals among them. For 
selection such clusters in the flux of NM pulses we used 
the algorithm comprising two parameters TP and Tw. TP 
defines a minimum time interval during which there are 
no pulses before a ME. The function of this parameter is 
to detect the beginning of a cluster. Tw determines a 
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maximum possible time interval between adjacent pulses 
in a cluster. An appearance of an interval longer than Tw 
means the end of ME. In this work we used the following 
values: TP = 5 ms, Tw = 0.5 ms. The reason of such a 
choice and more detailed description of the algorithm are 
given in [2]. In this paper our new results of multiplicity 
investigation are presented. 

We have processed NM data of the two stations: 1) Ba-
rentsburg, Spitsbergen, and 2) Baksan, North Caucasus 
for the period 2009-2010 years (totally more than 700 
days) and selected a large array of MEs with multiplici-
ties М  = 5 – 50. For example, in Baksan the number of 
MEs with M=40 is 5900. 

2.1 Spatial structure of multiplicity 

Counters (channels) in a NM are located in a line in one 
plane closely to each other. Therefore study of distribu-
tion of relative frequencies of appearance (RFA) of num-
bers of channels in the given multiplicity M will show us 
its space structure. RFA, built on all an array of multip-
licity events for the fixed M, does not depend on the 
channel, and it is quite clear: multiplicity events originate 
in all channels with equal probability. 

Initially simulation of response of a NM on a single high-
energy hadron (a neutron or a proton) with the help of 
GEANT-4 toolkit has been carried out. Values of energy 
of a hadron 0.3, 1, 3, 10, 15 GeV were set. The number 
of particles of each value of energy has made 105. Par-
ticles were emitted sequentially by a random fashion, 
however so that they always hit on a lead covering of the 
fourth counter. Trajectories of primary and secondary 
particles were tracked inside an NM until their detecting 
or leaving an NM. After that the next hadron was emitted. 
Thus, everything, that registered a NM after each prima-
ry particle, was a multiplicity event. Results of simula-
tion are shown in Fig. 1a. 

Outgoing from results of simulation the criterion is de-
fined: the multiplicities begin from the given channel 
should be selected from all array of ME given by M; in 

our case it is the channel 4. Form of RFA on experimen-
tal data for M = 5 and 40 also is shown in Fig. 1a. Ap-
parently, width of RFA for M = 5 is wide enough, and 
for M = 40 it is approaching to a uniform distribution. 
While model RFA only at M = 1 (i.e. single pulse) occu-
pies several channels, but already for M = 3 it turns into 
the δ  function. 

Besides, it has not been noted any event with М>10 
though it has been released on a NM 106 high-energy 
hadrons. Hadrons with energies of ≥ 3 GeV make in a 
NM more than two tens of secondary neutrons. But only 
the small part of them, and frequently only one or two, 
however, is registered. Simulation has shown that it is 
impossible to obtain a ME of a large value (for example, 
М>10) from one energetic particle. Therefore, ME with 
large M should be produced by a cloud of the particles 
covering a NM. Only thus it is possible to explain ob-
served wide RFA. 

2.2 Temporal structure of multiplicity and 
related sets into it 

The time structure of ME has been investigated. First of 
all, average durations D of ME for each value of M = 5-
50 were obtained. Thus D varies from 700 μ s up to 2 ms. 
Dependence D(M) is very well approximated by an ex-
ponential function with an index 0.46. Having accepted 
average duration 1.5 ms, under known formulas of a law 
of small numbers [3] we shall estimate probability wk 
that there are k background pulses inside ME. For k=1 it 
makes less than 9%, for k=2 - less than 0.5 %. At first, it 
is not too a lot of. Second, presence of one background 
pulse at ME of the given M means only, that this event 
(М -1) is real. However, the ME of M and (М -1) differ 
on the parameters unessential. Therefore effect of back-
ground pulse in our study is insignificantly. A depen-
dence D(M) shown in Fig. 1b. It represents the power 
law function T ~ M0.5. 

A study of temporal profiles of ME has been carried out. 
For each given M the average value of the first interpulse 
interval, second, etc. was determined. In the total the 

Figure 1. a. Distributions on channels of multiplicities ME depending on M: circles are M=5, boxes are 
M=40, histograms are results of GEANT4 simulations: open is for M=1, filled one is for M=3,  b. Depen-
dence of mean duration of ME on M: T(M)~M0.5, c. Temporal profiles of interpulse intervals inside a ME for 
stations Baksan (Bk, M=07, 20 and 35) and Barentsburg (Br, M=30). 
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temporal profile of ME for the given M was obtained. In 
Fig. 1c profiles of station Baksan for M = 7, 20, 35 and a 
profile of station Barentsburg for M = 30 are given. Near 
profiles of large multiplicities the profile of M = 7 with 
appropriate shift is reproduced. The study has detected, 
that profiles at M>10 for both stations consist of two 
parts. The first (principal) part shows provisional persis-
tence of intervals on all of its duration, second (final) - 
their monotonic growth. And, the form of a final part 
iterates a profile of M=7, and its duration for all M for 
both stations remains to a stationary value and equal 
~800 μ s. It is especially remarkable, that two stations 
differ on a cutoff rigidity and a height above sea level. 
However, stations are very close on a construction of the 
NM. If to accept, that the final part of a profile is a relax-
ation of NM on exterior action identity of final parts of 
profiles for two stations becomes apparent. The main 
body with approximately equal intervals between pulses 
specifies that the neutron density in the NM at this time 
is maintained on a fixed level. It requires the presence of 
some source of neutrons completing a loss. Then the 
source runs low, the neutron density in a NM evenly 
drops, and intervals between pulses monotonically in-
crease, as is observed in a final part of a profile. 

We mark, that number 7 does not express absolute boun-
dary between the indicated parts of ME. The boundary is 
in the field of 7-10 pulses, and for a determinacy is taken 
7. Besides, due to presence of the detailed information on 
each ME, there is a possibility to test presence of connec-
tivity of intervals (i.e. pulses) inside ME of given M. We 
shall build an average temporal profile for such ME of 
given M in which the interval with number L is more 
than value t0. If pulses in ME are independent, such par-
tial temporal profile will coincide with a common aver-
age profile in all points, except for interval L. 

In Fig.2 partial profiles for M=20 with a value t0 = 70 μ s 
are shown. It is well seen, that for L = 2 in ME connec-
tivity of intervals (see Fig. 2a) occurs. The condition that 
the value of interval L was not less than t0 reduces to that 
average values of other intervals in neighborhood L also 
vary. Noticeable increment of values is tracked up to an 
interval with number (L+4). If the procedure of definition 
of a partial temporal profile to fulfill for M>L>(M-10), 
the result is gained other. In this case the modification of 
an average temporal profile touches only one interval: 
that with number L. Analogous results are gained for any 
values t0>30 μ s and all possible values L. 

This study of connectivity of intervals (or pulses) in ME 
shows the various nature of the processes which are in-
cluded in a ME. Introduction of an extra condition on 
interval L over the range M>L>(M-10) (a final part of 
ME) does not affect in any way average value of adjacent 
intervals and means independence of appearance of 
pulses. It corresponds to the supposition about a relaxa-
tion of a NM. The rest after some action wander neutrons 
in a NM and the moment of detecting of everyone does 
not depend in any way on others. At the same time the 
modification of average values of intervals over the 
range (L±4) under the same condition for L directly 

confirms, that in a main body of ME any special mechan-
ism of a production of neutrons operates: neutrons appear 
during a main body of ME not on a singleton and inde-
pendently, but by small packages. 

 

Figure 2. Dependence of an interpulse interval on its 
number for station Barentsburg, M=30. 
 

3 Local Atmospheric Hadronic Shower 
as a Multiplicity Source 

Having taken into consideration the results obtained 
above (wide RFA, results of simulation of response of a 
NM with the help of GEANT-4, persistence of a neutron 
density during a main body of ME, connectivity of 
pulses), we can offer the following explanation to the 
detected effects in a multiplicity. In [1, 2] preliminary 
outputs have already been made, that the ME originates 
from local atmospheric hadron showers (LAHS). Here 
researches in this direction are prolonged. Wide RFA 
specifies that the ME of a large multiplicity originate in 
all extent of NM. Such effect can provide the cloud of 
primary particles incident on a NM. This cloud corres-
ponds to the LAHS in the atmosphere above a NM. It is 
supposed, that hadrons enter into composition of the 
LAHS with energies not less than 50 MeV. Otherwise 
the NM would not register them [4]. 

For the period of transiting a cloud the stationary value a 
density of secondary (born in the NM) neutrons should 
be observed, as their loss (an absorption or leaving a NM) 
is completed with the detector new, generated from par-
ticles of a hadron shower, hitting in a NM. Upon termi-
nation of an operation of a shower there occurs a relaxa-
tion of the NM during which there is a monotonic de-
crease of a density of secondary neutrons in a NM as is 
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observed as a final part of ME. Outgoing from RFA we 
can spot, that transversal sizes of LAHS make from ~1 m 
(for M = 10-20) and up to 5-10 meters (for М>35). 

Connectivity of pulses in a ME is additional argument for 
the benefit of LAHS since high-energy hadrons are capa-
ble to create some of secondary neutrons in a NM. Intro-
ducing a side condition on duration of an interval in any 
position L in that part where operates LAHS, we elimi-
nate a part of initial hadrons from it, and it affects all a 
set of secondary neutrons which are made by them in a 
NM (Fig. 2). During the relaxation time of a NM LAHS 
has already stopped the operation, all registered in this 
time neutrons genetically are not interlinked with each 
other, as is observed. 

4 Conclusions 
With the help of a new advanced registration systems on 
two NM stations the study of a multiplicity phenomenon 
with an exclusive accuracy and detail is carried out. For 
events of M = 5-50 distribution of pulses on channels of 
a NM is investigated. As a result of simulation of re-
sponse of a NM on a flux of energetic particles it is 
shown that such wide distribution cannot be created from 
a single primary particle. A dependence of the complete 
duration Т of multiplicity event on a number of multip-
licity M, representing the simple power law function T ~ 
M0.5 is retrieved. The time structure of a ME has been 
studied. It is found that the ME at М>10 has a body de-
scribed by persistence of intervals between pulses, and a 
final part in which values of intervals monotonically 
grow. 

It is remarkable, that the final part (both on number of 
intervals, and on duration) is equal to all ME with М> 10 
and for both stations. It allows us to consider it as the 
relaxation process in a NM after some action. The re-
search also has shown presence of connectivity between 
intervals in a body part. The obtained results testify that 
the ME with М  > 10 originates not from a single energet-
ic particle, but from a cloud of such particles covering a 
NM. The supposition is made that such clouds can be 
local atmospheric hadronic showers. 
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