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Gas filled proportional counter employed for neutron spectrometry may introduce distortion on the resulting spectrum due to the so called
wall effect. This can be studied with passive detectors such as PADC and to estimate the spectrum uncertainty. Results giving information
on the charge particle rate entering the proportional counter active detection zone provide the extent of the perturbing effect due to different
cathode wall material. In this study we point out some case material (Pt, Al, Ni) response to a radioisotope produced neutron field employing
passive detectors. Comments on the resulting data and suggestions on possible materials to build a low wall effect proportional counter for
neutron spectrometry are given.

Keywords:Neutron spectrometry; PADC; wall effect; proportional counters.

Los detectores proporcionales rellenos de gas utilizados en espectrometrı́a de neutrones introducen una distorsión en el espectro debido a
la produccíon de reacciones nucleares con el material de la pared. Este efecto se puede estudiar con detectores pasivos del tipo PADC y se
puede estimar el error en el espectro. Los resultados obtenidos sobre la tasa de los productos de reacciones nucleares dan una orientación
sobre el efecto de perturbación debido al material utilizado como cátodo. En este estudio se establece una selección de materiales (Pt, Al,
Ni) utilizando trazas nucleares y se sugiere aquello que ofrece la menor perturbación en el espectro de neutrones.

Descriptores:Espectrometrı́a de neutrones; PADC; efecto de pared; contadores proporcionales.

PACS: 29.30.Hs; 29.40.Cs; 29.40.Wk

1. Introduction

During the past decade, space dosimetry becomes an impor-
tant issue. Professional astronauts are exposed to a relatively
high radiation dose suggesting to be one of the limiting fac-
tors for long term permanence in the space, (e.g.for 3 yr Mars
mission estimated dose is 1.2 Sv). Dose limitation could ap-
ply even at earth low orbit (LEO), due to the existing ion-
izing radiation including energetic neutrons especially in the
so called zone of Atlantic anomaly. The practical importance
to astronaut-dose inside the International Space Station (ISS;
around 0,15 mSv/mission), given by Armstronget al. [1],
rely on the neutron component being the most important of
the total induced effects. On the other hand, as Palfalviet
al. [2,3] pointed-out, that incongruence arises when experi-
mental and predicted data are under scrutiny. Therefore, ad-
ditional measurements is required to assess the contribution
of the primary Galactic Cosmic Radiation (eGCR) as well as
the secondary particles to the ISS crew dose including the ef-
fect due to the cosmic radiation field anisotropy [4] and space
radiation gradient in LEO [5].

Gas filled proportional counter as neutron spectrometers
are often employed to measure the field around an accelerator
or radioisotope neutron source [6], including the determina-
tion of the Solar Flare other than Galactic Cosmic Radiation
(extra-GCR) that contribute to increase n-doses on the ISS.
To determine the neutron field around or inside the station
has its importance since the 60% of the total dose is related
to neutrons [3].

Metals often employed as case for high pressure propor-
tional n-detector, are bare stainless steel having an active vol-
ume filled with gaseous material (e.g.10 Atm hydrogen with
5 mbarr of He-3) to enhance the counter efficiency to a rela-
tively broad energy region of neutrons (above 10 MeV [7]).

Prediction on fast neutron induced reaction and prod-
ucts decay mode is suffering from low accuracy therefore
the neutron dynamical behaviour and its energy spectrum in-
cluding effect in thin coating or extended media, it could
lead to wrong results [8]. Therefore, the wall effect,i.e.
the unwanted perturbation introduced by the detector mate-
rial through production of charged particle mainly protons,
is the main source of error in the measured neutron spec-
trum. Several metal or coated surfaces for a stainless steel
case cathode can be devised to reduce significantly its wall
effect providing a neutron spectrum with lower uncertainty.
We suggest possible materials to be employed as a counter
cathode based on experimental evidence employing nuclear
track detectors (NTD). To determine the metal for the detec-
tor cathode which introduces the lowest spectral perturbation
we study the neutron induced reaction for charged particle
that relates univocally to track density, shape and size pro-
vided by the NTD. It is well established that etched track
density provides the reaction rate for charged particle emis-
sions (e.g. protons and alphas) and consequently character-
izes the proportional counter cathode material for its nuclear
property revealing its weight in the resulting n-spectrum due
to wall effect interference.
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TABLE I. Values related to the analysed NTD. Etching time 1h.

Sample Code Ave. track area Rangeµm2 Scanned area Area of tracks

SS-360 30.6 µm2 10.74 - 664.59 93.2 106µm2 1.53 106µm2

Pt-SS360 29.3 “ 10.74 - 568.54 147.3 “ 1.56 “

Ni 29.5 “ 10.74 - 568.54 79.8 “ 1.47 “

Al 30.7 “ 10.74 - 568.54 65.8 “ 1.54 “

Pt 29.3 “ 10.74 - 568.54 210.4 “ 2.04 “

FIGURE 1. SS-360 (n,p) and (n,α) related Etched track histogram.
Picture (left) and graph (right).

2. Experimental set up

The experiment consists exposing to a neutron source with
a broad energy similar to that existing in the ISS (e.g. 3mCi
Am-Be, 5mCi Pu-Be) different metals or layers of metals
in close contact with PADC forming a stack wrapped in
a 0.5 mm thick cadmium foil. This set-up provides a limi-
tation to the (n,p) and (n,α) reaction rate taking place below
thermal energy. Protons and alphas as reaction products leave
the metal with random direction at any given layer. It is ex-
pected that those impinging on the NTD with energy above
200 keV may induce latent tracks in the passive detectors.

To visualize them, the detectors were etched in a 6N NaOH
solution at 70◦C. The etched tracks were visible under an op-
tical microscope (20x-40x) and employing a camera, a digital
image is provided. These are analysed by a purpose made
software called MORPHOL (AEKI-Budapest-Hungary) de-
veloped and described in detail by Palfalviet al [9]. Tracks
are divided in classes depending on their size and shape
so that in principle monoenergetic protons and alpha par-
ticles could be distinguished. The PADC, CR-39 type (by

FIGURE 2. Number of track due to (n,p) and (n,α) reactions in bare
and coated SS-360.

FIGURE 3. Number of track comparison between SS-360 and plat-
inum.
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FIGURE 4. Fast neutron response for Pt and Ni.

FIGURE 5. Number of track due to (n,p) and (n,α) reaction in Pt
and Al.

FIGURE 6. Comparison between track areas.

Pershore Moulding Co. U.K., was selected in size of 1 cm2;
1mm thick); etched tracks (under the 6N NaOH, 70◦C con-
dition) are classified according to their area, maximum di-
ameter, roundness, eccentricity and convexity so to provide a

histogram that contain information on the impinging charged
particle size and energy. Therefore a given reactions prod-
uct characteristic and rate can be revealed. Selected met-
als for counter cathode included in this study were: Al, Ni,
Pt, SS-316 (Pt-coated) and bare SS-360. It is expected that
track histograms should be different depending on the coating
thickness; a clear difference is expected for thickness suffi-
cient to stop all charged particle taking place in the SS-metal.
Detectors were etched first for one hour then for two hours
allowing for LET measurements to provide further discrimi-
nating parameters for absorbed charged particles. Due to the
broad neutron spectrum of the neutron sources employed in
this study we expect also the presence of those tracks that cor-
respond to complex nuclear reaction due to fast neutron inter-
action within the NTD materiale.g., 12C(n,n’3α) (∼360 mb).
These are analyzed following a technique developed by Sajo-
Bohuset al. [10]

3. Results and conclusions

Information on the tracks for comparison is given in Table I.
The range of the track area is selected on the base of all the
recorded tracks above 50×103. Scanned area is related to
the number of field view recorded by the digital camera and
the information on the total area is related to the recorded
tracks as indicated. A set of selected metals were exposed for
the same time interval, to a broad neutron field (1-10 MeV)
to determine the relative charged particle production (reac-
tion rate) employing passive track detectors. The number of
tracks, (NT ), is proportional to the number of target atoms
(NA), the flux (φ), the charged reaction cross section,σ
(A,En), and the time of irradiation (t).

NT (t) = KNAσ(A,En)φ(En) (1)

where K = Registration Efficiency.
The main interest to carry out this experiment was to se-

lect a metal to be employed as a cathode in a gas filled propor-
tional counter for neutron spectrometry that offers a low wall
effect to improve commercially available products. For this
purpose, as mentioned, etchable tracks induced by charged
particle were considered appropriate and analyzed from dig-
italized images. These tracks were classified as given in
Figs. 1 to 6 by their diameter and area related to the charged
particle induced by (n,p), (n,α). The track analytical system
resolution does not allow for particle discrimination at this
stage due to the superposition of particles produced with a
large range of energies produced mainly by protons (diam-
eter range around 4 microns): these could not be separated
from tracks produced by the alphas observed in the range of
diameters around 8 microns. We have to note that from the
cathode metal selection point of view the main interest is re-
lated to the total charged particle production ( tracks area)
and in this case the given method provided satisfactory re-
sults. From Table I we observe that the average track diame-
ters are similar for all samples suggesting that they are related
to similar (in mass and energy) particles distribution. Taking
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into consideration the area of the analysed NTD (scanned)
surface and the total area of tracks, we observe that the per-
centage is close to 1.5 % except for the platinum case that
gives only around 1%i.e. lower track density; this is a clear
indication that the charged particle rate is lower for platinum
compared to the others. This result is evidenced much better
comparing the frequency of tracks per unit of increments in
diameter values. For instance this difference can be observed
from Fig. 2 where comparison of results is given for bare and
coated SS-360. This difference is relatively large when sim-
ilarly we compare the reaction rate for the mentioned metals
individually as given in Fig. 3 (instead of a coating a metal,
a thin metal sheet is covering the cathode). We have to note
that these two results lead to the same result when employ-
ing a much thicker deposit of platinum (e.g. 0.5mm thick)
instead of that obtainable by coating methods (tens of mi-
crons). From Fig. 4 we may deduce that for cathode mate-
rial the nickel as a metal cathode produce a larger number of
tracks or perturbation compared to that of platinum or alu-
minium. The latter metal may have a similar or comparable

response to that of platinum. However the mentioned (n,p)
and (n,α) reaction cross section for most of the metals dif-
fers by a factor of ten when the neutron energy range increase
from few MeV to a maximum around 8-12 MeV. To conclude
we show in Fig. 6 the response difference for the studied met-
als; in that there is experimental evidence that platinum and
aluminium (track histogram not shown) would satisfy the re-
quirement to produce a lower wall effect if it is employed as
cathode in a gas filled proportional fast neutron spectrometer.
However, it seems also that the neutron energy region where
to operate the counter coated cathode should be taken into
consideration.
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