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Due to its low background, alpha spectrometry is capable of determining very low activity concentrations of
alpha emitters in all types of samples, including environmental samples. This low background can be lost due to
detector contamination caused by recoil nuclei, which can even render the detector useless. In this paper, the
thickness of a thin film used to cover the source is calculated analytically. This film, capable of retaining these
nuclei and avoiding this contamination, allows all the alpha particles emitted by the source to reach the detector.
The energy loss of the alpha particles passing through it was also estimated in order to identify the peaks in the
spectrum, including the unexpected ones. The validity of the calculations carried out and the effectiveness of the
film in retaining the recoil nuclei were verified using thorium samples. Finally, the effect of applying a negative
potential to the source on the retention of these nuclei was studied. The study was carried out using a PIPS
detector under vacuum conditions (0.1 mm Hg) with the samples placed at a distance of 5 mm from the detector.

The recoil suppression systems of some commonly used commercial instruments were also tested.

1. Introduction

The analysis of radionuclides by alpha spectrometry involves the
prior preparation of the sample, including the radiochemical separation
of the element to which the radionuclide to be analysed belongs, and its
subsequent electrodeposition on a stainless steel planchet (alpha
source), which is placed in front of the detector. Due to its low back-
ground, alpha spectrometry is a very useful method for the analysis of
alpha-emitting radionuclides, especially for the measurement of envi-
ronmental samples. However, this capability can be reduced if the de-
tector is contaminated by recoil contamination. This contamination is
the result of recoil nuclei: when an alpha decay occurs in the alpha
source, not only alpha particles are emitted, but also recoil nuclei, the
decay product. Depending on their kinetic energy, the recoil nuclei can
reach the detector and, if they manage to implant themselves on the
detector, they will contaminate it if they are also alpha-emitting radio-
nuclides. Alpha emissions from these recoil nuclei will not only affect
the suitability of the activity measurement by interfering with the signal
of the radionuclide being analysed, but will also increase the detector
background and thus the detection limit of the measurement. The
importance of keeping the detectors free from contamination by recoil
nuclei is that it guarantees the adequacy of the activity determination
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carried out in the detector, since in the peaks associated with the iso-
topes whose activity is to be determined, only the number of counts
corresponding to their emission is recorded, since it is not affected by the
recording of counts from these recoil nuclei. Similarly, maintaining a
low background and therefore a low detection limit (LD) makes it
possible to comply with the regulatory standards set by the competent
authorities, both within the framework of the surveillance plans carried
out around nuclear power plants and in their decommissioning plans,
with regard to the determination of the activity concentration in envi-
ronmental samples: a low LD makes it possible to detect trace levels of
activity concentration, if any, and to ensure that, if activity is present, it
is below the limit set by the competent authorities, which is always very
low. In the same way, a low LD makes it possible to adequately deter-
mine the value of the natural radiological background in the environ-
ment of a nuclear installation, a value to which it is necessary to return
once the installation has ceased its activity, and guarantees the safety of
the detector when measuring samples with high activity, such as sam-
ples from the NORM industry or from nuclear power stations undergoing
decommissioning, since direct measurement of this type of source
without taking precautions to avoid this type of contamination would
greatly increase the probability of the detector being effectively
contaminated. The significance of such contamination depends largely
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on the half-lives of both the radionuclide of interest and its decay
products. If the decay product is a short-lived nucleus (a few hours), this
is not too serious as the contamination will disappear within an
acceptable period of time, but if it is a medium-lived nucleus (more than
a few weeks or months), the contamination will take an unacceptably
long time to decay [1]. In the case of longer-lived alpha emitters that
decay to isotopes that are also long-lived alpha emitters, they do not
pose much of a problem in terms of recoil contamination because the
activity produced by these decay products will be small over a reason-
able counting time (typically less than 600000 s); however, it is always
important to keep it as low as possible. Based on the experimental re-
sults, two methods have been commonly used to avoid recoil contami-
nation: applying a negative polarisation to the base where the alpha
source is placed in the detection system, together with an air cushion
between the alpha source and the detector, and covering the alpha
source with a thin film. In fact, based on these results, some commercial
detection systems have introduced different systems to avoid this
contamination: from applying 3 V to the base to applying 5 V together
with an air cushion.

Sill and Olson [1] demonstrated experimentally that recoil contam-
ination of Fr-221 could be significantly reduced by applying a negative
potential of 6 V and providing an absorbing air layer of 12 pg/cm?
available at a vacuum pressure of 5-6 mm Hg and placing the detector
1.28 cm from the source. Inn et al. [2], using a source of Th-229,
confirmed the validity of the method they had used to prevent recoil
contamination [3]: a thin film collodion (about 12 pg/cm2 thick) com-
bined with a negative potential of up to 10 V; they proposed this film as
an alternative for those who did not have detector units equipped with
recoil suppression systems; they also pointed out that this collodion film
showed damage after several weeks of exposure. Gels et al. [4] also
analysed the use of a collodion film used by Inn et al. [2]) to avoid recoil
contamination; they used a film of 8-16 pg/cm? thickness covering a
source of Th-228 and analysed its effect on resolution. Vainblat et al. [5]
analysed the effects of Mylar film coatings (0.25 mg/cm?, 0.53 mg/cm?
and 0.85 rng/cmz) at different distances (1.7 cm, 2.9 cm, 4.1 cm and 4.9
cm) on resolution, efficiency and detection limit using a calibration
source of Am-241, Cm-244 and Pu-239; they finally selected a Mylar film
of 0.25 mg/cmz. Janda et al. [6] heated the source in muffle furnace up
to 1200 °C instead of establishing an air thickness and a negative po-
tential or a film coating. Cosma et al. [7] studied the effect of formvar
films [8] on alpha spectrometry parameters. All these studies are based
on experimental measurements, but none of them has theoretically
analysed the characteristics of the film in such a way that its effect on the
emitted alpha particles would be negligible and would completely stop
the recoil nuclei for any of the radionuclides usually determined by this
technique and also for the tracers used. This is the aim of this work.

This work investigates, both analytically and experimentally, the
ability of a thin film cover on the source to prevent recoil contamination.
The study was carried out under the same conditions in which our
laboratory performs alpha spectrometry: in low vacuum conditions (less
than 0.1 mm Hg) and close to the detector (0.5 cm). It should be noted
that our laboratory is dedicated to the measurement of environmental
samples that are expected to have very low activity. As a result, alpha
spectrometry measurements are carried out giving priority to high ef-
ficiency at the expense of better resolution (at 0.5 cm, the efficiency of
the detector is about three times that obtained at 4.5 cm, while the
resolution may decrease from 25 keV to 3.5 keV). The film used to cover
the source is a mixture of cyclohexanone and poly(vinyl chloride-co-
vinyl acetate-co-vinyl alcohol) called VYNS.

The first step is to analytically determine the thickness of the film
that must be placed over the alpha source to avoid recoil contamination
while still allowing the emitted alpha particles to pass through and reach
the detector. This calculation takes into account all the recoil nuclei and
alpha particles emitted by all the radionuclides whose activity is likely to
be determined by alpha spectrometry. After determining the thickness of
the film to be used, the energy loss that this film will cause to the alpha
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particles passing through it was also calculated in order to evaluate the
spectral shift and thus to be able to identify possible interferences that
might be observed in them.

Experimental measurements were then carried out on six samples of
medium-high activity of Th-228, Th-229, Th-230 and Th-232 to validate
the theoretical results obtained and thus the ability of this film to pre-
vent recoil contamination. The samples were chosen because these ra-
dioisotopes decay to products with medium and low half-lives. All the
samples were measured in three different situations: a) without applying
any system to prevent recoil contamination, b) after covering the source
with the VYNS to prevent recoil contamination and c) without covering
the source but using the recoil suppression system provided by the
equipment used to carry out the measurements: the application of 3 V to
the base of the alpha source. After studying the results obtained from
these measurements, four different negative potentials (3 V, 6 V, 18 V
and 39 V) were also applied to the source, in order to study the possi-
bility of applying only a negative potential to avoid recoil contamina-
tion. All the spectra obtained were also analysed in order to know the
effect of the film used on the energy resolution. Finally, the state of the
film was checked, which shows that it is in good condition despite the
passage of time (after almost a year). As mentioned above, all calcula-
tions were carried out under our laboratory conditions: a low vacuum
(0.1 mm Hg) is created and the alpha source is placed at a distance of 0.5
cm from the detector. In addition, and under our laboratory measure-
ment conditions, the ability to avoid recoil contamination of the recoil
suppression system, consisting of the creation of an air cushion together
with the application of 5 V, was verified.

This paper presents the results of both analytical and experimental
studies.

2. Analytical calculation and materials
2.1. Analytical calculation

Prior to the experimental measurements, and for all the main ra-
dionuclides whose activity can be determined by alpha spectrometry,
the range in which all the recoil nuclei and alpha particles emitted by
these radionuclides can be present in the VYNs was calculated, as well as
the energy loss suffered by these alpha particles during their passage
through these VYNs. These calculations were carried out taking into
account the need to know both the kinetic energy of the recoil nuclei and
that of the emitted alpha particles.

These calculations were therefore been carried out not only for
natural emitters - the actinium, neptunium, thorium and uranium series
- but also for other artificial radioisotopes such as Po-209, Am-241, Cm-
242, Cm-2343, Cm-244, Cm-245 and Am-243, Pu-239 + 240, Pu-238
and Pu-242, although these are long-lived radionuclides with long-
lived progeny. As a result, the emission of alpha particles from 2 MeV
to 10 MeV was analysed.

From these calculations, the amount of VYNS needed to cover the
source is obtained.

2.1.1. Kinetic energy

The kinetic energy of the recoil nucleus (Tg) and the alpha particle
(T,) produced during an activity measurement of an alpha emitter are
calculated as follows [9]:

To= 3 (Qu — E)[MeV] &

A4

Tb!

1 (Qu — Ei)[MeV]

= (2
Where A is the mass number of the alpha emitter, Q, is the alpha decay
energy or the energy available when an alpha particle is emitted, and E;
is the excited energy state of the recoil nucleus, where i indicates its
energy level (the values used for Q, and E; are those provided by
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Nucleide Lara [10], which also gives the kinetic energy of alpha
particles).

2.1.2. Range of alpha particles in the film

The mean range of the alpha particles, i.e. the thickness at which the
number of alpha particles emitted falls to half of its initial value, of alpha
particles in the film was analysed to determine the maximum film
thickness that could be used to ensure that all the alpha particles emitted
for each isotope analysed reach the detector, so that the use of this film
does not reduce the number of counts recorded.

The mean range in the film can be calculated from the mean range of
the same particles in air at normal temperature and pressure, whose
values can be obtained by using semi-empirical equations (3) and (4)
[10]. The mean range should be about 5 % less, or even less, than the
extrapolated range or thickness required to stop all the alpha particles
emitted [10]. In this paper, when the term range is used, unless other-
wise stated, it is the mean range.

Ruar [mm] —exp [1.61 \/Ta] 1<T,<4MeV (3)
Ryair [mm] = (0.05T, +2.85) ¢ T,** 4 <T, <15 MeV “

Where T, is the kinetic energy of the alpha particle in [MeV] and R, q;r is
the range of this alpha particle in the air in [mm].

Once the range of the alpha particle in the air R, q; has been calcu-
lated, the range of the alpha particle in the VYNS (R,, vyns) is given using
the Bragg-Kleeman rule to relate the range of the alpha particle in air at
normal temperature and pressure to that in the VYNS [9,11,13]:

Pair VvV Aef,VYNs
R c=—- 2 oY """ @R
a,VYNs /—Aef.air

Where p;r is the density and A, q;r is the effective molecular weight of
the air at normal temperature and pressure (1.29 kg/m® and 14.74 g/
mol, respectively). Az yyns is the effective molecular weight of the VYN,
calculated taking into account its composition (mixture of cyclohexa-
none and poly(vinyl chloride-co-vinyl acetate-co-vinyl) alcohol)) using
the following expression:

()

Where @; is the weight fraction of the ith element (H, C, Cl and O) that
makes up the VYNS and A; is its corresponding atomic weight.

(5)

a.air
Pvyiis

Wi
i )

2.1.3. Range of recoil nuclei in the film

The range of the recoil nuclei in the VYNs (Rg yyns) is determined to
establish the minimum film thickness required to stop them and it can be
estimated using Eq. (7) [9,11] which, for the same material, relates the
range of a recoil particle starting to move at v velocity to that of the
alpha particle starting to move at the same v velocity.
_ARZE

2 u,VYNs
AZ2

™) ()

Rg s (V)

Where Ag and A, and Zg and Z, are the atomic weight and the atomic
number of each particle (recoil nucleus and alpha particle, respectively),
Rg, vyns (v) is the empirical function relating the initial velocity v of the
alpha particle to its range in the VYNs [ecm], and Ry yyns (v) is the range
in the VYNs [cm] of a recoil nucleus that starts moving at the same initial
velocity v. The initial velocity v of alpha and recoil particles is calculated
from their kinetic energy.

Equation (5) was used to calculate the range of alpha particles from
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1 keV to 1000 keV in the VYNs (R, vyns) and their initial velocity v was
calculated from their kinetic energy. The empirical mathematical
expression that relates this initial velocity v of the alpha particle to its
range in the VYNs (R,, vyns(v)) is obtained (equation (8)):

®

Rovyns(v) =9 @ 10-5¢2107"
When v is in [m/s] and R, vysis (v) is in [em].

Using this mathematical expression (Eq. (8)), and following equation
(7), the range of recoil nuclei in the VYNS ((Rg, yyns(v)) is estimated.

It should be noted that equation (7) does not take into account the
change in charge state of the recoil particle as it approaches the end of its
trajectory [11]. To account for this, the effective charge of the particles
(Zef) must be taken into account. The effective charge of the recoil
particles analysed ranges between 10 and 8 [12] and that of the alpha
particles has values of about 0.2 or even lower for the range of velocities
analysed [13], but since in this particular case the effective charge of
both particles decreases by the same order of magnitude, there is no
difference between taking this effect into account or not.

2.1.4. Alpha particles’ energy loss

This calculation has been made because knowing this energy loss
makes it possible to correctly identify all the peaks observed in the
spectrum, including possible interferences.

Since E, = a+Mac2, where E, is the total energy of the alpha par-
ticle, T, is its kinetic energy and M,c? is its rest mass. Since the rest mass
is constant, dE,/dx=dT,/dx, and therefore the loss of energy suffered by
the alpha particle is that suffered by its kinetic energy.

The total stopping power for alpha particles in the VYNs (dE/dx)yyns,
being a mixture of different compounds, is calculated according to
equation (9). The total stopping power includes the stopping power due
to ionisation and excitation.

dE ", 1/dE
bt - o=
<d—x> VYNs ; Pi <dx)l

Where @; is the weight fraction and p; is the density [g/cms].of ith

1

%

€©)

element (H, C, Cl and O) making up the VYNs. <%> is the stopping

power due to ionisation and excitation for alpha particles in each of the i
elements making up the VYNs [MeV/m]. This stopping power is deter-
mined by equation (10) [9]:

() o]

Where ry is the classical electron radius [m], mc? is the rest mass energy
of the electron [MeV]; z is the charge of the alpha particle; N; is the
number of atoms per m° of the ith element, calculated as N; = p; Na/A;,
where N, is Avogadro’s number and p;, A; and Z; are the density [kg/
m3], the atomic weight [kg/mol] and the atomic number [—] of the i
element, respectively; and ; is the mean excitation potential [MeV] of it
[9]. As for y and f, they are calculated as follows [9]:

2
(%) = 4fcr02z2n;—§NiZi (10

T+ M,c?

M,c?

[-1p 1D

Where T, is the kinetic energy of the alpha particle in [MeV] and M,c? is
the rest mass of the alpha particle [MeV]. The energy loss suffered by
alpha particles as they pass through the VYNs has been calculated for the
energy range of interest in this study, from 2 MeV to 10 MeV, the energy
of alpha emitters whose activity is usually determined by alpha
spectrometry.
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2.2. Materials

Recoil contamination generally results from radioactive chains in
which short-lived alpha emitters are produced either directly from alpha
emitting parents or by decay of short-lived beta emitters; its extent and
severity in terms of activity depends on the half-lives of the recoil nuclei
and their progeny:

In order to analyse the ability of the alpha source cladding to avoid
recoil contamination, 2 matrices with medium and high activity con-
centrations of Th-228, Th-230 and Th-232 were analysed: ilmenite and
soil. These matrices were chosen because Th-228 and Th-229 (used as
tracer) are long-lived radioisotopes which, due to the short half-life of
their progeny, can cause significant recoil contamination in the detector
within a reasonable counting time the. Table 1 shows the activity of each
matrix for each isotope.

The activity concentration of the sample is calculated as follows:

rg — T
mR

A= (12)
Where A is the activity concentration of the sample [Bq/kgl; ry is the
gross count rate in the thorium spectral ROI (region of interest) of the
sample spectrum [s~'] and ry is that of the same ROI’s of the background
spectrum [s’l]; m is mass of the test-portion mass [kg] and R is the total
yield of the radiochemistry and measurement process [—], which is
calculated as follows:

~ Tatg —Taco

R A

13)

Where ra; is the gross count rate observed in Th-229 spectral ROI of the
sample spectrum [s~!] and raco is that of the same ROI's of the back-
ground spectrum [s~'1 and A, is the activity of the tracer added to the
sample [s~!] when the radiochemical separation process is carried out.

The combined standard uncertainty has been calculated following
the guide to the expression of the uncertainty in measurement of ISO/
IEC Guide 98 [14]:
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Fig. 1. Connecting 13 batteries in series to obtain 39 V and later connecting
them in parallel to the base.
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Where u(A) is the uncertainty of the activity concentration [Bq/kg]; t
and ty are the sample and background counting times [s]; u.i(A;) and
u,;(m) are the relative uncertainties of the activity of the tracer added to
the sample and that of the mass, respectively.

For each matrix, 3 aliquots were prepared and measured, all of them
in the same detector, a Canberra alpha particle spectrometer equipped
with 450 mm? passivated implanted planar silicon (PIPS) detectors,
whose energy and efficiency calibration is established using a standard
electroplated calibration source of 96.5 Bq; the efficiency obtained is
28.52 % and its background is of 5.8107° cps. Measurements were
performed for 300000 s after establishing a vacuum of 0.1 mm Hg in the

Table 1
Activity concentration [Bq/kg] of Th-228, Th-230 and Th-232 for each matrix.
This table also shows the uncertainty of this activity (k = 2).

MATRIX Activity + Uncertainty [Bq/kg]

Th-228 Th-230 Th-232
ILMENITE 177,9 £ 13,7 108,6 & 8,9 343,7 £ 25,2
SOIL 24,7 +£2,5 46,5+ 3,9 44,2 £ 3,6

4664

+u2,(m) (14

chamber and at a detector-source distance of 5 mm.

Six spectra were recorded for each sample: in the first, a thin VYNS
film covers the sample to avoid recoil contamination; then, after
removing the film, four potential differences of 3, 6, 18 and 39 V are
applied to the plate on which the alpha source is deposited; finally, to
quantify the effect of both methods (covering the alpha source (CS) and
applying a negative potential (NP)), a measurement is made on the
sample without applying any system to avoid recoil contamination
(Source). The detector on which the experimental measurements were
carried out can provide a potential difference of 3V using 4 batteries
connected in parallel to apply this negative potential uniformly to the
base. To apply the other voltages (6V, 18 V and 39 V), the number of
batteries required to obtain the desired potential difference were con-
nected in series and then in parallel with the base, as is shown in Fig. 1
(connection of batteries to apply 39 V).
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Fig. 3. The range of the recoil nuclei range in the VYNs (Rg, yyns [cm]) as a function of the kinetic energy [MeV] of the recoil particles.

3. Results and discussion
3.1. Range of alpha particles in the film

The range values of the alpha particles in the film range from 9.03
10~* ¢m for alpha particles of 2 MeV-9.81 10~ c¢m for 10 MeV.

Fig. 2 shows the range of alpha particles in the VYNs (R,, vyns [cm])
as a function of their kinetic energy.

3.2. Range of recoil nuclei in the film

The kinetic energy values of the recoil nuclei of the analysed alpha-
emitting radioisotopes, i.e. those emitting by alpha particles between 2
and 10 MeV, range from 0.001 to 0.168 MeV. The value of the range of
the recoil nuclei in the VYNs is calculated using equations (7) and (8),
and the maximum value of the thickness required to stop the recoil

4665

nuclei is slightly more than 3-1 07% cm of film, as we can see in Fig. 3, but
lower than 3.5107° cm.

This Fig. 3 shows the range obtained for the alpha emitters of the
neptunium, thorium, actinium and uranium decay chains and for the
artificial alpha emitters (Others).

3.3. Amount of VYNs required to prevent recoil contamination but to
allow the passage of all alpha particles

The film required to cover the source must be uniform and as fine as
possible. However, from a practical and routine point of view, it is quite
complicated to produce these films over the source thinner than 60 pg/
cm?, with typical values between 60 and 70 pg/cm?. Therefore, these
mass thicknesses, corresponding to a thickness in the range (4.41-107° -
5.90:107°) cm, are considered a realistic value for this parameter.

This thickness is smaller than the minimum range of alpha particles
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Fig. 4. The energy loss of the alpha particle [keV] as it passes through the

in the VYNs (9.03-10-4 cm), so it can be concluded that all emitted alpha
particles will reach the detector and therefore the detection efficiency is
not affected by the use of the film. Furthermore, since the maximum
range of the recoil nuclei in the VYNs (3.5-10’6 cm) is an order of
magnitude smaller than the film thickness, the recoil particles will not
pass through the film. It is concluded that a thickness between 4.41-10-5
cm and 5.90-10-5 cm meets both objectives.

3.4. Energy loss of alpha particles crossing the film

Fig. 4 shows the energy loss of alpha particles as a function of their
kinetic energy, when passing through the VYNs film for the two typical
values considered for the thickness of this film, 60 and 70 pg/cm?. As
can be seen in the figure, the expression relating the loss of the energy
[keV] to the kinetic energy of the alpha particle [MeV] is a power
function, not linear and is useful for identifying any interference that
may appear in the spectrum. The fitting of these equations is also shown
in the figure.

The energy loss suffered by the alpha particles as they pass through
the film will shift all the peaks obtained in the spectrum towards lower
energies, but this shift will not be the same for all the peaks, as it de-
pends on the energy of the alpha particles and the mass thickness of the
VYNs. For example, the value of the shift observed for 4 MeV varies
between 48 and 64 keV (and for 8 MeV between 28 and 38 keV) for the

film, for 60 and 70 pg/cm? as a function of its kinetic energy [MeV].
two mass thicknesses considered.

3.5. Activity measurements

First, 6 alpha sources covered with the film VYNs are measured for
300000 s. The background is measured for 600000 s.

Table 2 shows the activity concentration and its uncertainty
(coverage factor k = 2) [Bq/kg] obtained when measuring ilmenite and
soil samples after covering the source with a foil (CS), after applying a
negative potential after removing the foil (NP) and finally after
measuring the source without covering it or applying any negative po-
tential (SOURCE). These activity concentrations and their uncertainties
have been calculated using equation (12 13 and 14). In this first case, the
negative potential applied to the base on which the source is placed (3 V)
is that specified by the commercial equipment used to carry out the
experimental measurements. This negative potential is obtained by
connecting four batteries in parallel to the base.

The results in Table 2 show that the two methods used to avoid recoil
contamination may be more or less effective, but they do not affect the
evaluation of the activity present in the sample, since, taking into ac-
count their uncertainties, there is an overlap in the value of the activity
concentration.

To see the effect of both methods on the peak shape, the FWHM (Full
Width at Half Maximum) and FWTM (Full Width Tenth Maximum) of

Table 2
Activity concentration and its uncertainty [Bq/kg] of Th-232, Th-230 and Th-228 for ilmenite and soil.
ILMENITE SOIL
SOURCE CS NP SOURCE CS NP
Th232 327.1-23.83 314.7-22.58 323.7-23.72 42.53-3.745 41.78-3.785 42.79-3.909
Th230 106.2-8.604 96.96-7.832 98.24-8.141 41.48-3.745 44.91-4.00 42.62-3.898
Th228 171.5-13.15 166.8-12.58 162.9-12.64 23.85-2.508 24.86-2.597 22.18-2.440
Th232 320-20.83 354.9-23.23 325.1-44.32 41.92-3.437 45.92-3.798 43.53-3.648
Th230 98.06-6.985 115.4-8.198 110.9-14.07 42.67-3.487 48.44-3.963 43.00-3.614
Th228 163.0-11.04 180.2-12.27 163.4-22.51 21.67-2.105 24.33-2.360 22.75-2.256
Th232 322-26.25 349.2-28.50 339.5-29.20 40.38-3.556 44.60-3.683 43.10-3.633
Th230 108.3-9.997 104.3-9.779 104.8-10.40 42.66-3.406 45.78-3.761 42.67-3.607
Th228 165.3-14.36 182.0-15.75 165.2-15.28 22.67-2.226 24.80-2.373 21.84-2.205
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Fig. 5. The spectra obtained for SM131TH for three realised measurements: SOURCE, CS and NP.

each peak are measured directly from the spectra The result shows that,
covering the source significantly increases the FWHM values, on average
of 61 % higher, for example in the case of soil where the peaks of Th-232,
Th-230, Th-229 and Th-228 change from 35 keV to 66 keV, from 37 keV
to 56 keV, from 77 keV to 108 keV, and from 35 keV to 53 keV
respectively, whereas using a negative potential has no effect. As far as
the FWTH is concerned, it is observed that this value increases by an
average of 28 % when the source is covered, whereas there is hardly any
change in its value when a potential difference is applied to the source.
This expected result is due to the energy loss of the alpha particles as
they pass through the film. However, even in this case, the peaks
observed are sufficiently well defined to be analysed (Fig. 5).

Fig. 5 shows the spectra obtained for the same source of soil
(SM131TH): without covering the source or applying a negative

potential (SOURCE), after covering the source with a film (CS) and after
applying 3 V (NP).

Only the region where the isotopic peaks of Th-230, Th-229, Th-228
and Ac-225, a descendant of Th-229, appear in the spectra, to see that
they are indeed perfectly distinguishable from each other.

With regard to the number of counts collected under each peak, a
similar number of counts has been collected in each isotopic peak of the
three measurements; therefore, the activity evaluated from these peaks
in the three measurements is equivalent (Table 2). With regard to the
difference observed in the number of counts representing the maximum
point of each peak, it is observed that the lowest number is recorded in
the measurement of the source made after the covering (CS); this is due
to the loss of energy that the presence of the film causes in the alpha
particles emitted by the source, causing the peaks to broaden in spite of

Table 3
Counts [—], FWHM [keV] and FWTM [keV] of Th-232, Th-230, Th-229 and Th-228 for SMTH131.
SOURCE COUNTS [-] NP SOURCE FWHM [keV] NP SOURCE FWTM [keV] NP
(& CS (&
Th-232 1056 1022 1003 32 73 39 114 163 108
Th-230 1034 1100 1001 38 57 36 115 171 117
Th-229 2493 2435 2352 74 124 60 295 331 271
Th-228 592 611 523 42 50 46 157 171 151
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Fig. 6. Background after measuring all the sources covered with a film (B (C)S), after measuring the sources without using a film but applying 3V negative potential
(B (NP) and after measuring the sources without using a film or applying a negative potential ((B (source)).

having a similar number of counts. Table 3 shows the number of counts
[-], FWHM [keV] and FWTM [keV] obtained when measuring
SM131TH in the three different ways defined.

Fig. 6 shows the spectra obtained for the backgrounds recorded
during 600000 s after carrying out the measurements corresponding to
each group of samples. The first one shows no recoil contamination after
measuring the sources covered with the film (B (CS)), the second one
shows the background obtained after measuring the samples with a
relative potential of 3 V applied to the source (B (NP)), and the last one
after measuring the source without covering it or applying a negative
potential (B (SOURCE)).

These three backgrounds were measured in the same detector and
under the same vacuum conditions (0.1 mm Hg) for a counting time of
600000 s; therefore, after each series of sample measurements, the de-
tector was left at rest for the time necessary for the contamination to
disappear (until the number of counts recorded in the spectra was equal
to the usual number of counts in the spectra of the backgrounds). The
detector has thus been dedicated to this work for just over two years.

As it can be seen in Fig. 6, the spectrums of the backgrounds obtained
were different. If we analyse the number of counts recorded in the same
ROI in the 3 spectrums (from channel 353 (3836.5 keV) to 861 (9343.7
keV)), the region in which the counts resulting from the recoil nuclei
appear, we get the following.
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o In the spectrum obtained after covering the source, 69 counts were
recorded (Fig. 6 (B(CS)); in that obtained after applying a negative
potential of 3 V, 2873 counts were recorded (Fig. 6 (B(NP)); and, in
the last one, that obtained after measuring the sources without
covering them or applying a negative potential, 4074 counts were
recorded (Fig. 6 (B(SOURCE)).

It can be concluded that covering the source avoids recoil contami-
nation. Regarding the effect of applying a 3 V of negative potential to
avoid recoil contamination, even if its application reduces this type of
contamination, it has not eliminated it. In order to analyse how
increasing the voltage could improve the performance of this system, the
voltage required to prevent the recoil nuclei from reaching the detector
was analysed theoretically, and then experimental tests were carried out
at increasing voltages of 6, 18 and 39 V.

Theoretically, an approximation of the potential required (AV) to
stop 100 % of the recoil nuclei can be calculated from Eq. (15),

Tr

1s)
Where AV is the potential required to stop the recoil nucleus, Ty is the
kinetic energy of the recoil nucleus [eV], which values between 0.07
MeV and 0,17 MeV; and zg [—] is its atomic number. Applying this
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formula to the particular case of thorium samples, the values obtained
range from 800 to 3000 V, much higher than those used in the experi-
ments did.

The calculated values are the lowest because it is assumed that the
charge of the recoil nucleus does not change. If we took this change into
account and used Zg instead of Zg, this value would be much higher
[12]. This result is in agreement with Sill and Olsen [1], who stated by
that at short distances and pressures below 0.1 mm Hg, the application
of even several hundred volts does not produce a significant reduction in
contamination in recoil contamination.

From a practical point of view, it is not realistic to think of applying
this voltage to the base supporting the alpha source, so we experimen-
tally analysed how much contamination by recoil nuclei could be
reduced by applying increasing but routinely achievable voltages during
routine use of the equipment: 6, 18 and 39 V. As in the case of the 3V,
these measurements were carried out under low vacuum conditions (0.1
mm Hg), with the source positioned 5 mm from the detector.

The maximum potential value is 39 V because, at most, in our de-
tector and for its use in routine measurements, a maximum negative
potential of 39 V could be applied using 13 batteries in series connected
in parallel on the base (see Fig. 1).

In order to observe the evolution of the number of counts recorded in
the background spectra as a function of the applied voltage, Fig. 7 shows
the number of counts recorded for each of the voltages applied, starting
with the value obtained without applying any voltage (4074), bearing in
mind that a minimum of 800 V would be required to retain these recoil
nuclei. The trend observed in this figure fits well with an exponential.
This trend is consistent with the experimental results observed by Sill
and Olsen [1]: the application of even several hundreds of volts did not
lead to a significant reduction in this type of contamination.

As can be seen from this figure, and as it was expected, the higher the
voltage, the greater the reduction in recoil nuclei contamination.
However, even in the best of the case studied, 39V, the reduction is only
up to 44 % compared to doing nothing to avoid it.

If we compare the spectra obtained after measuring the source in the
three defined ways, we can see that.

e When the source is covered with the film (CS), the number of counts
recorded by the detector is in some cases slightly higher than that
presented by the source alone (SOURCE), and in other cases slightly
lower; on average, the latter is obtained to be % 1 higher. This dif-
ference could be explained by the statistical counting error inherent
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in counting. This fact confirms that, as theoretically demonstrated,
the use of the film does not prevent all the alphas emitted by the
source from reaching the detector. When a negative potential (NP) of
3 V is applied, the number of counts recorded by the detector is on
average 8 % lower, which cannot be due solely to the counting error.
As the value of the applied negative potential increases, the number
of counts recorded decreases, so that when a voltage difference of 39
V is applied, the average number of counts recorded is actually 16.5
% lower than when measuring the source alone (SOURCE).
Regarding the resolution of the peaks observed in the spectra
(FWHM), when the source is covered with the VYNs (CS), this
parameter is always higher, showing an average of 61 % higher with
respect to that observed when no system is applied to avoid recoil
contamination (SOURCE); nevertheless, as can be seen in Figure (5),
there is no problem in distinguishing the peaks between them. On the
contrary, when different voltages are applied to the source (NP), the
values obtained in terms of the resolution show a very low vari-
ability, the values remain almost the same; in fact, the resolution is
on average 1 % lower when 3 V is applied g, and 0.5 % lower when
39 V are applied,.

Other equipment commonly used to perform alpha measurements,
Alpha Analyst, have an automatic recoil suppression system: a user-
defined air thickness (between 12 and 16 g/cm?) coupled to a 5 V po-
tential. After activating this recoil suppression system, the vacuum in the
housing decreased, but after a few hours of counting, the vacuum
increased to 7 mm Hg. The range of recoil particles inside was also
estimated to be between 3.25 mm and 4 mm, close to 5 mm, the distance
used in the laboratory to perform an activity measurements. It should be
remembered that the calculated range is the mean range and not the
extrapolated one, since the difference between them is about 5 %;
therefore, this system cannot be guaranteed to prevent contamination of
the detector by recoil nuclei for such close distances to the detector. It
should also be noted that at these vacuum pressure values, the efficiency
of the detector is strongly reduced, since the number of alpha particles
that would reach the detector would also be greatly reduced; in fact,
these devices usually have as reference values pressures lower than 0.5
mm Hg. We can therefore conclude that this contamination reduction
system could only work for very short counting times, so that the vac-
uum would remain below atmospheric pressure for approximately less
than a day.

Background
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Fig. 7. Background obtained after measuring all samples without using film but applying 3V, 6 V, 18V and 39 V.
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4. Conclusions

Experimental measurements, carried out under low vacuum condi-
tions (0.1 mm Hg) and with the source placed very close to the detector
(at 5 mm), confirm the theoretical calculation regarding the effective-
ness of the VYNs film in avoiding recoil contamination and the effect of
its use on the recorded activity:

Based on the analytical calculation carried out to obtain the range of
the recoil particles in the VYNs when performing alpha spectrometry, it
is found that for the most common alpha emitters that this range, less
than 3.5-107° cm, is smaller than the thickness of the film which is used
to cover the source (between 4.41-107° and 5.90-10~° cm). The exper-
imental background obtained after measuring the sources with this film
confirms that this film is very effective in avoiding detector contami-
nation. Again, based on the analytical calculations carried out, the use of
the film (VYNs) does not reduce the number of the alpha particles that
can be recorded by the detector since the small range of alpha particles
in the film, 9.03-10~* cm, is greater than its thickness; the number of
counts obtained from the spectra after measuring the sources without
and with the film confirms this fact, since the difference observed in the
number of counts recorded for each peak can be explained by the
counting error. In addition, the mathematical expression relating the
energy loss of the alpha particle when passing through the film to its
energy allows the identification of any interference that may be
observed in the spectrum. Finally, the effect that the presence of the
VYNs could have on the resolution was also studied and, although the
spectra obtained show that it is much higher than that corresponding to
the source without covering, the peaks observed remain very
distinguishable.

This work also tested the most common systems for suppressing
recoil contamination used by different measuring commercial equip-
ment: applying 3 V to the source and creating an air cushion together
with 5 V. Experimental measurements, also carried out for laboratory
measurement conditions, show that applying 3 V to the source does not
prevent recoil contamination. The effect of increasing the negative po-
tential applied to the source on the ability to avoid recoil contamination
has also been studied using different potential values; the results ob-
tained show that the value required to almost completely eliminate
recoil contamination is too high, around several hundred of volts, which
is very difficult to establish and maintain over a long period of time for
routine measurements. As for the second method, it does not meet the
needs of our laboratory in order to obtain the low LD values sometimes
required, which are obtained by measuring samples under low vacuum
conditions for several days.

Since the experimental measurements were carried out in low vac-
uum conditions (0.1 mm Hg) and with the source very close to the de-
tector (at 5 mm), this covering proved capable of protecting the detector
against contamination by nuclei, even in these conditions, without the
need to combine the use of this covering with other additional measures
commonly used, such as the application of a potential difference, com-
bined or not with the creation of an air cushion obtained by applying a
certain pressure in the detector chamber, which facilitates the handling
of the detector during the measurements. It was also found that the
integrity of the VYNs film used to cover the source was maintained over
time.

It can therefore be concluded that the type of film used to prevent
recoil contamination achieves this objective without blocking the arrival
of all the alpha particles emitted by the source and the detector. It is
therefore confirmed that the use of these VYNs makes it possible to keep
the detector free from recoil contamination, especially when measuring
samples with high activity, where the probability of contamination of
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the detector by recoil nuclei is higher, and even when the sample re-
mains inside the detector for a long time without any possibility of
removal, as was the case during the pandemic. This security of mea-
surement is of vital importance, since it not only prolongs the use of the
detector over time, but also guarantees that the measurements made are
correct, since there are no interferences that affect the correct deter-
mination of the peaks of interest; likewise, keeping the detector back-
ground as low as possible makes it possible to achieve the low LD values
established by the competent authorities, both in the surveillance plans
carried out around the nuclear power plants that are in operation and in
the subsequent decommissioning process that may be carried out.
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