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Abstract: We present some measurements of surface thermal neutron concentration in air as a function of the altitude above 
sea level for three sites. We used a thermal neutron scintillation detector based on compound 10B + ZnS(Ag). The sites are: 
Moscow (200 m a. s. l.), Assergi (1000 m a. s. l.), Baksan Neutrino Observatory (1700 m a. s. l.). Altitude dependence of the 
thermal neutron concentration can be understood better in the framework of a model of radioactive activation of surface 
ground by cosmic radiation. 
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1 Introduction 
 
In 2003, a long term experiment began at the Baksan 
Neutrino Observatory (BNO; 43E, 43N; 1700 m a. s. l.), 
the objective of which was continuous registration of the 
thermal neutron flux near the Earth’s surface.  The neu-
tron flux was measured using a stationary detector of 
thermal neutrons based on the inorganic scintillator 
6LiF + ZnS(Ag). The latter was sprayed in a thin layer 
onto the bottom of a diffuser made in the form of a 
truncated tetrahedral pyramid with sides measuring 70 
x 70 x 70 cm and a weight of ~15 kg. There was a pho-
tomultiplier at the apex of the pyramid. The thermal 
neutrons produced the reaction 6Li(n,a)3H + 4.78 MeV. 
Alpha particles and tritons produced scintillations in 
ZnS that were registered by an FEU-200 photomultip-
lier. The parameters of the detector were described in 
more detail in [1]. Signals from the neutron detector are 
now registered using standard fast ADC (digital oscil-
loscopes) connected to a computer via a USB port. The 
shapes of the neutron pulses differ from those of the 
background pulses produced by relativistic charged par-
ticles. This allows us to select neutron signals based on 
the pulse shape even under conditions of high back-
ground and bad detector geometry. The data on neu-
tron count rates and discarded pulses are returned every 
five minutes, and useful events are selected by their pulse 
shape and energy release. The rejected pulses are 
thought to be associated with decays of heavy nuclei 

accompanied by cascade emissions of gamma quanta. In 
addition, data from sensors providing the temperature 
of the surrounding air, the humidity, and the atmospheric 
pressure are also received. The amplitude spectra of 
signals are stored every 24 hours. The thermal neutron 
flux registered just above the Earth's surface is provided 
by two sources: first, a) is the neutron flux of ground 
origin wherein neutrons are generated during the spon-
taneous fission of uranium and thorium nuclei as well as 
in (�, n) reactions occurring in ground elements from a 
particles produced by the daughter and active nuclei of 
these series after radon (to a first approximation, this 
flux is not assumed to be dependent on meteorological 
factors); second, b) is the neutron flux of atmospheric 
origin from cosmic rays. The latter is known to depend 
considerably both on its depth in the atmosphere (the 
less altitude, the flux is lower) and on changing atmos-
pheric parameters, i.e., pressure and temperature. It is 
quite natural that at a certain depth underground, only 
the a-type flux (which is not dependent on meteoro-
logical variations) would remain. In measuring the 
value of the barometric coefficient during ground level 
measurements and comparing this value with the results 
for the neutron monitor, we were able to estimate portions 
of thermal neutron fluxes of different types. Earlier, we 
obtained for the portion of “soil neutrons” a value of 
about 40% [2], indicating comparatively equal contri-
butions from the two types of sources at the BNO's 
altitude. In 2008, four additional stationary detectors 
were installed and started the data acquisition at the 
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Moscow Engineering Physics Institute (38E, 56N; 200 
m a. s. l.). As was anticipated, the absolute flux detected 
in Moscow proved to be appreciably lower than that at 
the BNO. The results from long-term registration of the 
neutron flux both at ground level and underground [2,3] 
showed that temporal variations in the flux were depen-
dent on the lunar half-day, day, and month periodicities; 
i.e., there was a function of lunar phases. The periodici-
ties revealed in variations of the neutron flux are 
thought to be determined in turn by variations in the 
radon concentration in the sub-surface ground layer 
that are modulated by the gravitational influence of 
the Moon (tidal waves in the Earth's crust are ana-
logous to tidal waves in the ocean). In late 2009, 
another stationary detector was set up at ground level at 
the Gran Sasso National Laboratory, Italy (LNGS; 13E, 
43N; 1000 m a. s. l.) as part of the international cooper-
ation under the Russian Foundation for Basic Re-
search. The installation of detector at Moscow and 
LNGS was aimed primarily at confirming the tidal 
gravitational effect in variations of the thermal neutron 
flux registered at the BNO. Naturally, that partial con-
tent of atmospheric and ground-origin fluxes of neu-
trons depends on the site. Hence, to make results of 
measurement more understandable, we, along with the 
development of the network of stationary detectors, de-
signed and constructed a compact portable detector of 
thermal neutrons to be used at various locations and at 
various depths both in the atmosphere and underground. 
So, we have used the portable detector for two tasks: 1) 
in inter-calibration procedures and 2) to measure an 
altitude dependence of thermal neutron flux; the results 
of the measurements are presented in this article.   
 
2 Portable detector design 
 

The portable detector (figure 1) is based on the in-
organic scintillator 10B2O3 + KCl + ZnS(Ag). Thermal 
neutrons yield the reaction 10B(n,a)7Li + 2.8 MeV. The 
scintillator is sprayed with a thin layer (of one granule) on 
the outer surface of a cylinder (�=6.3 cm, h=10 cm) 
made from organic glass; due to the latter, the scintilla-
tor is also sensitive to fast neutrons being thermalized in 
the cylinder body. Charged particles produce in ZnS 
scintillations registered by the FEU-52 photomultiplier. 
The PMT’s anode is connected with a digital oscilloscope 
connected with a computer. Here again, signals are 
selected according to their pulse shape analysis. The 
dimensions of the detector are as follow: diameter, 8 cm; 
height, 30 cm; weight, 2.0 kg. Its passport efficiency to 
thermal neutrons is equal to 40%. 
 
3 Concentration of thermal neutrons 

as a function of altitude 
 

The portable detector was used to compare neutron 
fluxes at three locations where long-term measure-
ments of variations in neutron fluxes were performed: in 
Moscow, at Gran Sasso, and at the BNO. Figure 1 
shows neutron concentration in air (m-3) as a function 
of altitude above sea level.  From a qualitative point of 
view, an exponential decrease in concentration with de-

creasing altitude is quite clear in terms of atmospheric 
absorption of the hadron component responsible for 
production of neutrons. The obtained absorption length 
of 703 m was used to estimate the amount of matter 
weakening the neutron flux by a factor of e: (703 x 102 cm) 
x (1.3 x 10-3 g/ cm3) = 91 g/ cm2. This value is in fairly 
good agreement with the hadron free path in the atmos-
phere (~90 g /cm2). 
 
 
 

 
 
 
Figure 1. Portable detector design.  
1- high voltage divider  2- PMT   3 - scintillator  4 – 
light-shielding box. 
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Figure 2.  Dependence of neutron concentration in 
air on altitude. 

 
 
4 Conclusions 
 

By measuring neutron concentration in depen-
dence on the altitude above sea level, we obtained an 
exponential fit function in which the absorption para-
meter was found to be ~ 91 g/cm2. This value is in 
good agreement with the hadron free path in the atmos-
phere, leading us to conclude that the main contribu-
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tion to the neutron flux at ground level comes from pro-
tons passing downward through the atmosphere mostly 
without interactions, rather than by extensive air show-
ers. It should also be mentioned that neutron impurities 
from natural radioactivity in soil (if any) would distort 
this relationship. One possible explanation of this para-
dox could be a situation in which the upper layers of the 
soil (~ several m) are activated by cosmic rays over 
millennia with a cumulative effect. In this case, the pro-
portion of soil (radon) neutrons would be approximately 
constant at any altitude above sea level, while the in-
creased neutron concentration with altitude would fol-
low the exponential law. 
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