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The energy distribution of the neutron background was measured for the first time at Hall A of the Can-
franc Underground Laboratory. For this purpose we used a novel approach based on the combination of
the information obtained with six large high-pressure *He proportional counters embedded in individual
polyethylene blocks of different size. In this way not only the integral value but also the flux distribution

as a function of neutron energy was determined in the range from 1 eV to 10 MeV. This information is of
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importance because different underground experiments show different neutron background energy
dependence. The high sensitivity of the setup allowed to measure a neutron flux level which is about four
orders of magnitude smaller that the neutron background at sea level. The integral value obtained is
Duaia = (344+0.35) x 10 ° cm 2571,

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Deep underground laboratories provide a low radioactive back-
ground environment that is suitable for a large set of experiments
aiming at very low count rate. These include astroparticle physics
and nuclear astrophysics experiments, but also biological and geo-
logical studies. Specifically the large reduction of the cosmic ray
muon flux compared to that at surface laboratories is of great
advantage for rare event searches, otherwise hampered by
muon-induced background at the surface. A further advantage of
the use of underground laboratories for physics experiments is
the reduction of the neutron background (in part muon induced)
by several orders of magnitude with respect to sea level
(®sea ~ 1072 cm~2 s-1). The neutron background is a limiting factor
in many rare event experiments because of the large penetrability
of neutrons and the possibility of inducing background signals in
the detection system. A precise determination of the background
is therefore important in order to design shielding strategies and
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quantify sensitivity limits or systematic corrections. Given its
importance for all the underground experiments, the neutron field
has been measured with a number of techniques and in different
energy ranges in the majority of the underground science laborato-
ries [1]. In general these measurements provide the neutron flux
integrated over wide neutron energy intervals. However in view
of the strong energy dependence of the different neutron interac-
tion mechanisms, with varying impact on the different under-
ground experiments, it is extremely important to know the
energy distribution of the neutron flux.

In experiments aiming at the direct detection of neutral Weak
Interacting Massive Particles (WIMPs) by the induced nuclear re-
coils, neutrons can easily mimic their interaction and become the
most dangerous source of experimental background [2-5]. Anti-
neutrino detection experiments using the inverse f-decay reaction
Ve + p — n+ e* and aiming at the detection of the neutron also suf-
fer from the presence of background neutrons. A similar problem
occurs in other neutrino experiments based on the breakup of deu-
terium and the subsequent detection of the neutron [6]. Neutrons
can produce also y-rays through inelastic scattering and, after
velocity moderation, through radiative capture. This radiation
constitutes a background for experiments using y-ray sensitive
detectors [7].
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At the Canfranc Underground Laboratory (LSC) several experi-
ments under construction or being planned, from dark matter
searches to nuclear astrophysics reaction cross-section measure-
ments, require a good knowledge of the neutron background. In
fact in the course of the preparation of the IGEX-DM experiment
the neutron background has been already investigated [8] at the
old LAB2500 of LSC. A value of ®aprs00=3.82(44)x
10"® cm~2 s~! was estimated, due essentially to radioactivity-re-
lated neutrons coming from the rock. This number was obtained
from a comparison of the low energy part of the spectrum regis-
tered in the HPGe detector with Monte Carlo (MC) simulations of
assumed neutron fields. The method is sensitive to neutron ener-
gies above 10-100 keV. The muon-induced neutron component
has been obtained in the aforementioned work to contribute only
to the level of 107 cm2s-!, almost three orders of magnitude
lower than the neutron flux due to the rock radioactivity.

In our case, we are concerned with the possibility of carrying out
measurements of («,n) reaction cross-sections of astrophysical
interest down to values of 1 pb or lower by direct detection of the
outgoing neutron. Such reactions are a key ingredient of the scien-
tific program of the CUNA project at LSC [9]. In particular the mea-
surement of >>Ne (o, n) [10]) and '3C («,n) reactions down to the
lowest possible energies is the main goal of the project. These reac-
tions are believed to be the source of neutrons for the slow neutron
capture process (s process) leading to the formation of about half of
the elements in the Universe beyond iron [11]. Neutron background
represents a limiting factor for such measurements at sea level [12]
hence the need for going underground. Both the design of the
experiment and the evaluation of the expected detection limits re-
quire a good knowledge of the neutron flux energy distribution.

The challenge here is the measurement of the background neu-
tron field at the expected very low rates. The detection system to
be employed should have large neutron efficiency, large neutron
discriminating capability, long term gain stability and a low rate
of unwanted signals. The most popular device to measure neutron
fields in dosimetry is the so-called Bonner Sphere Spectrometer
(BSS) [13]. It consists of a small thermal neutron detector sur-
rounded by neutron energy moderator spheres of different thick-
nesses. Neutrons of different energies have diverse detection
efficiencies depending on the thickness of the moderating sphere.
Combining the information of each of the spheres it is possible to
deduce the absolute value and spectral shape of the neutron flux
in the range of thermal energies up to tens of MeV. High-density
polyethylene (PE) is normally used as the hydrogenated modera-
tion material. Several options exist for the neutron detector, but
a popular choice is a small gas proportional chamber filled with
3He. Thermal neutrons have a large capture probability on he-
lium-3, leading to the reaction: He +n — 3H + p, with a positive
Q-value of 764 keV. This reaction produces a well-isolated signal
in the counter. Additionally, such type of detector is known to be
relatively insensitive (as compared to other neutron detectors) to
gamma-rays which could interfere the measurement. However,
such BSS would have a disadvantage for our purpose, namely the
limited efficiency due to the small detector size.

Our idea was to overcome the limitation of conventional BSS by
using large high-pressure He proportional tubes. Preliminary MC
simulations showed that an increase in efficiency of two orders of
magnitude could be readily obtained when compared versus the
standard BSS detectors. We should point out that a similar mea-
surement was carried out in the eighties at the Laboratori Nazionali
del Gran Sasso but using BF; counters [14] instead of *He counters.

The use of large 3He counters embedded in PE moderators has
another advantage for our purposes. Among the different methods
of detection employed to measure low (o, n) reaction cross sections
above ground, a popular one has been the use of 47 neutron coun-
ters based on arrays of >He tubes embedded in large PE matrices

[12,15]. In our opinion such a device is possibly the best candidate
for measurements underground with high detection sensitivity.
Therefore our setup provides also very valuable information con-
cerning rates, stability, noise and additional background sources,
for the future CUNA neutron detector.

This document reports on the first direct measurements, the
analysis and the results concerning the neutron background spec-
trum at LSC using such device.

2. Experimental apparatus
2.1. Detection setup

The measurement setup consisted of six large >He proportional
tubes, each one embedded in a PE block of different thickness. The
proportional tubes, fabricated by LND [16], are part of a neutron
detector developed for the study of g-delayed neutron emitters
of importance for nuclear structure, astrophysics and reactor tech-
nology [17]. The most relevant characteristics of the tubes are an
effective volume corresponding to a diameter 2.54 cm and a length
of 60 cm and a filling pressure of 20 atm.

For the measurement at LSC the optimal number of detectors
and the size of the moderating volumes were determined by
means of a series of MC simulations. In the latter, several neutron
energies were selected in the range from 10 meV to 100 MeV. The
simulations were performed with the code MCNPX [18], which is
considered a standard for neutron simulations in this energy re-
gime. As a result it was decided to use six detectors with PE blocks
of sizes given in Table 1.

The set-up was positioned in the middle of Hall A (almost
empty at the time of the measurement) on a light structure which
hold the counters, one meter above ground. The counters were dis-
tributed in a fan-like arrangement in order to maximize the dis-
tance between them, while minimizing the length of the cable
connecting the proportional tube to the preamplifier, situated at
the center of the arrangement, for electronic noise reduction. A
schematic picture of the experimental setup is shown in Fig. 1.

2.2. Electronics and data acquisition

An schematic drawing of the electronic connections is shown in
Fig. 2. Each proportional counter was connected to one of the in-
puts of the MPR16-HV Preamplifier from Mesytec [19]. A single
HV module connected to the preamplifier powers all the counters
connected to it. The differential output of the preamplifier was
connected to a STM16 + Shaping Amplifier from Mesytec. The out-
put of the amplifier was sent to the waveform digitizer of the data
acquisition system (DACQ). A fix low frequency (10 Hz) pulse gen-
erator was connected to the test input of the preamplifier to deter-
mine the measuring time (acquisition live time).

A self-triggered DACQ developed originally for nuclear decay
experiments [20] was employed to acquire the information from
the detectors. The DACQ is based on the SIS3302 VME module, a
100 MHz 16-bit sampling digitizer from Struck Innovative Systems
with Gamma Firmware [21]. Every signal in an ADC channel above a

Table 1
Dimensions of the neutron moderating polyethylene blocks.

Detector No. PE block size (cm?)

4.5 x 4.5 x 70.0
7.0 x 7.0 x 70.0
12.0 x 12.0 x 70.0
18.0 x 18.0 x 70.0
22.5 x22.5x70.0
27.0 x 27.0 x 70.0

AU WN =
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Fig. 1. View of the arrangement of the six detector modules: *He tube inside a

polyethylene block.
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Fig. 2. Sketch of the electronic chain.

predefined threshold in the fast trapezoidal filter provides a time
mark (in 10 ns steps with a range of 48 bits) and starts the energy
filter that provides the signal amplitude. The ADC threshold was
determined independently for each counter, in such a way that
some amount of electronic noise was registered by the system
(see Fig. 3). Module control and data transfer to a PC is carried out
via the Struck SIS1100/3100 PCI/VME interface. Each channel stores
the time-amplitude data pairs into a 64 MB memory. The memory
space is divided into two data banks which are working in alternat-
ing mode: while one data bank is filled with the incoming data, the
other one is being read-out through the VME bus. In this way a sys-
tem with minimum dead time is achieved. The software, developed
at IFIC-Valencia, allows the configuration and control of the system
and performs the online analysis and visualization of the data.
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Fig. 3. Spectrum recorded in one of the detectors with the 2°Cf source. Signals
below 100 keV correspond to noise.

3. Measurements

Before starting the neutron background measurement at Hall A,
an efficiency calibration of each counter was performed placing a
400 n/s 252Cf source on top of each detector. The uncertainty in
the activity of the source was 10%. The main purpose of this mea-
surement was to verify the accuracy of the MC simulation of the
set-up, in particular the correctness of the geometrical description
of the detector. The same simulation package is used to calculate
the efficiency versus energy response matrix of the assembly that
is needed in the analysis of the neutron background data.

Fig. 3 shows the spectrum recorded in one of the detectors with
the 252Cf source. The characteristic response of >He proportional
counters to very low energy neutrons is visible. The peak at
764 keV corresponds to the full absorption of the proton and triton
energy in the gas. The tail to the left is due to the partial energy
absorption for one of the two particles when the break-up reaction
occurs close enough to the inner-wall of the counter. The lower
edge at 191 keV occurs when no energy is deposited by the proton,
while the edge at 573 keV occurs when no energy is deposited by
the triton. Notice the clear separation of neutron signals from elec-
tronic noise, concentrated below 100 keV, and the very small num-
ber of counts registered above 900 keV. The experimental
efficiency is determined from the integral number of counts in
the region 100-900 keV. The values are given in Table 2. The
quoted uncertainty includes both the statistical uncertainty and
the systematic uncertainty in the activity of the source which dom-
inates the result.

The MC simulations were performed with the MCNPX code. The
MC calculated efficiency is given in Table 2. The quoted uncertainty
is due to the event statistics of the simulation. As it can be seen in
Table 2 an excellent agreement between measurement and simu-
lation is reached. This was only possible after including in the sim-
ulation a detailed geometrical description of the counter and of the
source (1 cm® liquid solution in a thick plastic vial). In spite of the
good agreement, the uncertainty in the source activity sets the lim-
it in the uncertainty on the absolute value of the calculated effi-
ciencies, which accordingly we set to 10%.

The neutron background measurement at the Hall A of LSC
lasted 26 days. In the off-line analysis it was observed that some
of the counters became very noisy for (very) short periods of time
and the corresponding data was excluded from the analysis. The
total accumulated spectra for the six counters can be seen in Fig. 4.

In all spectra one can clearly distinguish counts in the region
between 150 and 900 keV, which are associated with neutron
detection events. It is also clear that these signals are superposed
to other background signals whose relative importance changes
for the different detectors. However, it is possible to disentangle
the different contributions using the neutron response measured
with the 2°2Cf source and a linear function to fit the region between
700 and 1500 keV as it is shown in the figure. The major compo-
nent of the remaining background counts is concentrated between
100 and 600 keV. It is not totally clear at present the origin of these
additional background contributions. One could speculate that the
low energy component is due to y-rays and eventually -particles

Table 2
Comparison of experimental and simulated efficiency for the 25Cf calibration source.

Detector No.

Experiment eff. (%)

MCNPX eff. (%)

1 0.33 (3) 0.37 (2)
2 1.44 (14) 139 (4)
3 2.36 (24) 2.19 (5)
4 1.52 (15) 1.55 (4)
5 0.91 (9) 0.92 (3)
6 0.52 (5) 0.53 (2)
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Fig. 4. Spectra accumulated during 26 days for all six detectors. The peak below 100 keV corresponds to electronic noise and the peak at 1.8 MeV corresponds to the pulse
generator. The filled gray histogram represents the neutron response and the gray dashed line represents a high-energy linear background. The black histogram represents

the fit.

Table 3
Neutron background rate measured at LSC with the different counters.

Detector No. Neutron rate (s~!)

438 (20)x 1074
5.04 (21) x 1074
3.79 (19) x 1074
2.33(16) x 1074
1.28 (12) x 1074
7.70 (97) x 1074

A LA W N =

coming from residual radioactivity in the counter materials. On the
other hand, there is enough previous information [22] to conclude
that the high-energy background component is due to o-radioac-
tivity coming from the counter walls. This should be further inves-
tigated and in particular the possibility of reducing these
additional background components with the prospect of using this
type of detector for the measurement of neutron producing reac-
tion cross-sections of astrophysical interest at LSC.

4. Data analysis

From the area of the histogram representing the neutron counts
and the area of the pulse generator peak located around 1.8 MeV
(measuring time) in Fig. 4 we can determine the neutron back-
ground rate for each detector. The result is given in Table 3. The
quoted uncertainty (one sigma), ranging between 4% and 13%, is
coming from the uncertainty in the area fit parameter. The chosen
fit region (700-1500 keV) produces the best fit results, with re-
duced chi square values ranging from 0.8 to 1.3.

The count rate in each detector C; is related to the neutron flux
energy distribution @; through the efficiency versus energy re-
sponse matrix Ry:

Fig. 5. Detector versus neutron energy response matrix.

Gi=> Rj® (1)
J

The response matrix R;; relates the counts registered in detector
labeled i with the number of neutrons with energy labeled j. The
response matrix is obtained by MC simulation with the simulation
package validated by the calibration measurement. Neutron ener-
gies range from 107'° to 100 MeV. This energy interval is distrib-
uted into 24 energy bins. The first bin covers the thermal peak.
The range between 5 x 1077 and 0.1 MeV is distributed in ten log-
arithmic bins. Ten additional logarithmic bins cover the next range
up to 10 MeV. The next three bins reach 20, 50 and 100 MeV
respectively. In the simulation, neutron energies are randomly
sampled within each bin. Neutrons are assumed to fall isotropically
on all surfaces of the PE block. The area of the PE block surface is
used to scale the result of the simulation in order to obtain the
proper normalization. Fig. 5 shows the calculated response func-
tion for each detector (in units of cm?) as a function of the energy
bin. It can be appreciated that the peak of the response function
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Fig. 6. Upper panel: reconstructed counting rate compared with data. In gray the
result of the BAYES code and the dashed black line corresponds to the result of
CHIMEM code. Lower panel: neutron flux obtained using the two codes.

moves to higher energies as the PE volume dimension increases. If
we compare the scale of Fig. 5 with the scale of Fig. 1 of Ref. [23],
the large increase in efficiency for our setup in comparison with
conventional BSS using a small volume neutron detector becomes
patent.

In order to obtain the neutron flux distribution ®; we must
solve the linear inverse problem represented by Eq. (1). It belongs
to the class of ill-posed (ill-conditioned) inverse problems for
which a variety of methods of solution have been developed [24].
The solution ®@; of the problem represented by Eq. (1) is not unique
since is one that reproduces the data C; within the experimental
uncertainties. Therefore different codes produce different solutions
depending on the method of solution, the adjustable parameters of

Table 4
Flux values and uncertainties for every energy bin.

the method, or computer numerical round-off errors. It is generally
recognized that the best way to investigate this type of systematic
uncertainty is to apply different codes and compare the results.

We have chosen to use two different codes which were origi-
nally developed [25] to analyze spectra obtained in p-decay total
absorption spectroscopy experiments, but which otherwise are
based on commonly employed inversion methods. The code BAYES
is based on the Expectation-Maximization method while the code
CHIMEM is based on the Maximum Entropy method. Both algo-
rithms are iterative and require a starting guess solution and a
stopping criterion. The code CHIMEM requires also a regularization
parameter but it has been found that the solution depends little on
its value if convergence is obtained. In the present case we have
chosen a flat flux distribution as initial guess and the stopping cri-
terion was set to obtain a reduced chi-square y?/v between the
experimental data and the reconstructed data close to unity.

The reconstructed counting rate obtained using the two differ-
ent algorithms is compared with the experimental counting rate
in the upper panel of Fig. 6. As it can be observed the difference be-
tween both methods is very small, practically indistinguishable in
the figure. Differences are larger with the experimental rates
although in both cases the value of y?/v is close to one. The de-
duced neutron flux has been plotted in the lower panel of Fig. 6.
The flux values and uncertainties are given in Table 4 for every en-
ergy bin. The quoted flux uncertainty is due solely to the uncer-
tainty in the rates and is calculated by error propagation (see
Ref. [25] for details). Since this uncertainty is quite small (2.5-
5%) it does not show up in the lower panel of Fig. 6. The shape of
both flux distributions is very similar although large differences
can be observed for particular energy bins. This is the case for
thermal energies, for energies around 10-100keV and for
energies above 10 MeV. In spite of this differences the integral
value of the flux obtained with both codes differs by less than
10%: (DBAYES = 361(8) X 1076 cm2s ! and (DCHIMEM = 331(9)><
107® cm~2 s~1. The quoted error was obtained using the full covari-
ance matrix calculated by the codes.

Energy bin (MeV) ® (cm2s 1 Mev!)

Lower limit Upper limit BAYES CHIMEM GRAVEL MAXED
1.00 x 1071° 5.00 x 1077 0.64 (2) 6.45 (15) x 1072 1.12 0.01

5.00 x 1077 1.69x 1078 0.24 (1) 0.18 (1) 0.22 0.14

1.69 x 1076 5.74 x 10°° 6.68 (17) x 1072 8.49 (26) x 1072 0.06 0.1

5.74 x 10°° 1.95 x 107> 1.81 (5) x 1072 3.04 (9) x 1072 0.02 0.04

1.95 x 107° 6.60 x 10~° 485 (12) x 1073 7.86 (24) x 1073 3.90 x 1073 7.02 x 1073
6.60 x 107> 224 x107* 1.29 (3) x 1073 1.91 (5) x 1073 8.32 x107* 1.06 x 1073
224 x107* 7.58 x 1074 3.46 (8) x 1074 400 (11)x 1074 220x107* 1.98 x 1074
7.58 x 1074 257 x 1073 9.44 (22)x 107° 7.24 (19) x 107° 7.33 x107° 418 x107°
257 x 1073 8.71 x 1073 258 (6) x 107° 1.45 (4)x 107° 272 %x107° 117 x 107°
871 x 1073 2.95 x 1072 7.01(17) x 10°° 2.78 (6) x 1076 8.66 x 10°° 316 x 107
2.95 x 1072 0.10 1.90 (5) x 10°° 8.76 (21) x 1077 3.05 x10°° 138 x 10°°
0.10 0.16 2.18(5)x 107 1.16 (3) x 10°° 1.65 x 10°® 1.04 x 10°°
0.16 0.25 1.32(3)x10°° 8.46 (22) x 1077 1.08 x 107 7.52 x 1077
0.25 0.40 8.13(2)x 1077 6.17 (16) x 1077 9.79 x 1077 8.63 x 1077
0.40 0.63 4.88 (14) x 1077 4.94 (14) x 1077 5.51 x 1077 5.57 x 1077
0.63 1.00 3.00 (9) x 1077 393 (12) x 1077 3.93 x 1077 592 x 1077
1.00 1.58 1.83 (6) x 1077 3.37 (11) x 1077 254 x 1077 6.12 x 1077
1.58 251 1.07 (4) x 1077 2.10 (7) x 1077 9.74 x 1078 1.42 x 1077
2.51 3.98 6.26 (23) x 1078 7.06 (26) x 1078 448 x 1078 3.23x10°8
3.98 6.31 3.63 (15) x 1078 291 (11)x 1078 2.08 x10°8 721 x107°
6.31 10 2.11(9)x 1078 5.91(20) x 10°° 9.51 x 10°° 1.50 x 107°
10 20 7.25(33)x 107° 417 (10) x 1071° 6.01 x 107° 891 x1071°
20 50 223 (11)x 107° 2,08 (3)x 107" 363 x107° 265 x107°
50 100 1.23 (6) x 107° 471 (4)x 10712 0.00 0.00
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Fig. 7. Same as Fig. 6. In gray the result of the GRAVEL code and the black dashed
line corresponds to the result of MAXED code.

In order to further confirm the results, we decided to analyze
the data with two standard codes that are used in the analysis of
BSS data: MAXED [26] based on the Maximum Entropy principle
and GRAVEL (based on a modified version of SAND-II code) [27],
a non-linear least squares minimization algorithm. Both are dis-
tributed by the Nuclear Energy Agency as part of the package UMG.

The results obtained are shown in Fig. 7. As it can be observed, a
comparable reproduction of the data is obtained and the general
shape of the flux distribution is similar for both codes. Moreover,
the results are close to the ones presented in Fig. 6 as can be ver-
ified in Table 4 where the flux values per bin are given. The largest
differences between both flux distributions are found in the same
energy regions as in Fig. 6. The integral value of the flux is
Deraver = 3.61 x 107° cm 2 57 and ®yaxep = 3.32 x 107° cm2 5!
respectively, very similar to the values found above. No error
was calculated by the codes in this case.

The large differences observed between the four flux distribu-
tions at thermal energies (first bin) and above 10 MeV, actually re-
flect that our setup has a limited sensitivity at those energies. This
can be seen in the response matrix depicted in Fig. 5, where none
of the detectors has a maximum for thermal energies or at high
energies. We plan to enhance the sensitivity for thermal energies
adding a bare counter to the setup, and the sensitivity at high ener-
gies including detectors which combine the PE layers with layers of
material having large (n,Xn) cross sections that acts as a high en-
ergy neutron converter-multiplier. However this requires to have
access to several installations with well characterized neutron
beams at these energies in order to perform the efficiency calibra-
tion and we preferred to restrict the present setup to those detec-
tors that we could calibrate properly with the 252Cf source.

We can calculate the weighted average of the integral flux val-
ues in order to obtain the flux in the center of Hall A at LSC. The cal-
culated uncertainty (less than 2%) reflects the statistical
uncertainty in the data. To this we have to add the 10% systematic
uncertainty coming from the efficiency calibration, which domi-
nates the result:

Ouaip = (344 +0.35) x 105 cm 2 5!

Notice that the maximum difference between the values ob-
tained with the four codes is 9%. This difference is related to the
additional systematic uncertainty due to the inversion code.

The integral of the flux distribution that we obtain above 10 keV
is about 1.4 x 1075 cm~2 s~!. This value can be compared with the

one quoted in [8] (see also Section 1) for LAB2500 of LSC, being a
factor (close to) three lower. Above 10 keV the flux is dominated
by rock radioactivity: i.e. fission neutrons from U and (o, n) reac-
tions induced by the alpha radioactivity of Th-U decay chains on
light elements. These components have maximum contributions
at neutron energies around 0.6 and 3.5 MeV respectively. The dif-
ferences between both measurements can be explained by a differ-
ent rock composition at both sites, the thicker concrete layer on the
walls at Hall A and the much smaller distance of the detector to the
walls at LAB2500.

5. Conclusion

We have measured the neutron background flux in the center of
Hall A of LSC to be @y = (3.44 +0.35) x 10 ° cm2 s~!. For this
we used six large high-pressure >He proportional counters, each
one embedded in a polyethylene neutron moderation block of dif-
ferent size in a manner analogous to a Bonner Sphere Spectrome-
ter. The flux distribution as a function of neutron energy was
also well determined in the range of 1 eV-10 MeV.

We have shown that this type of device can be applied success-
fully to the measurement of very low neutron levels, which are
four orders of magnitude smaller than the ambient background
at sea level. The demonstrated high sensitivity of the setup is also
of importance in view of the planned measurements of very low
(a,n) cross-sections of astrophysical interest using 47 neutron
counters based on 3He proportional tubes, which are part of the
scientific program of the CUNA project.
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