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The study of the directional properties of a modified Bonner type spectrometer, are reported in this paper. It was established in a previous
publication [1], that a small radial hole on each polyethylene sphere gives rise to a directional sensitivity when used on this apparatus. Now,
the directional properties are further improved by adding a thin cylindrical cadmium shell inserted in the radial holes of each sphere. The

angular response for a set of six spheres is reported using, both, a fast (non-moderated) and a moderated neutron source provided by tl
9Be(d,n)°B reaction by bombarding a thick beryllium target with 4 MeV deuterons.
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En este trabajo se presenta el estudio de las propiedades de direccionalidad de ubnesipedipo Bonner modificado. Como ya fue
establecido en una publicéci previa [1], hacer peqties hoyos radiales a las esferas de polietileno da lugar a una sensitividad direccional
cuando se usa en este dispositivo. En este reporte, las propiedades direccionales son mjulizda® ainaascara cihdrica delgada

de cadmio que se inserta en los hoyos radiales de cada esfera. Se reportan las respuestas direccionales (angulares) para un conjunto de
esferas, usando un espectapido (no-moderado) y un espectro moderado de neutrones generados a partir deda t8a¢din)°B, al
bombardear un blanco grueso de berilio con deuterones de 4 MeV.

Descriptores:Espectometro de neutrones; esferas de Bonner; dosienetr

PACS: 29.25 Dz; 29.30 Hs; 87.53.Qc

1. Introduction 2. Experimental procedure

It has been shown that polyethylene spheres with a mino/r\s, stated preyiously, the detector used consists of a small
modification consisting of a radid/s inch drilled hole, are SLil(Eu) scintillator crystal set at the center of (selected)_
able to detect the spatial distribution of a neutron field wherPOlyethylene spheres, known as a Bonner spectrometer. This
they are used in a Bonner spheres spectrometer [1]. Thg)ectrometerwas modified by drilling3a |nch—d|ameter ra-
spectrometer, proposed in late 1960 by Brambtea!. [2], dial hole on each polyethylene sphe_re (p_erpgndmular_tp the
consisting of a thermal neutron scintillatSi.{I(Eu) crystal) ~ &luminum detector support tube). With this minor modifica-
surrounded by moderating material (replaceable polyethyliOns, the spheres -upon rotation- were able to scan the spatial
lene spheres of different diameters), has a relatively lovdistribution of mixed neutrons fields, as was reported previ-
gamma sensitivity and a reasonable efficieneyd(01 %) in  OUsly [1].

an ample neutron energy range (0 - 15 MeV). The scintillator In order to improve the directional properties of this
(4x4 mn¥ in size), supported by a 30 cm long aluminum tube(modified) spectrometer and study the detector’s angular re-
with a 3/8 inch diameter lucite light guide inside, is placed atsponse, we used a thermal neutron absorber made of cad-
the center of each sphere through appropriate radial holeglium in the form of a cylindrical shell (0.5 mm-thick and 12
This geometry renders an isotropic response of the apparatgs-long), made to fit the radial holes of the spheres and cover
to an external neutron field, which is adequate for many apthe cylindrical surface, as shown in Fig. 1, and took a set of
plications. The minor modifications proposed adds a featurangular distributions using the 4, 5, 6, 8, 9 and 10 inches
that allows to determine the relative directional intensity of apolyethylene sphere for a pair of neutron fields generated for
neutron field, without changing substantially the spectromethe purpose.

ter's response. These two neutron sources were generated from a thick

During many years, several authors have been reportingBe€ target bombarded with 4 MeV deuterons provided by the
the use Of Bonner Sphere Spectrometer as re"ab'e neutr(ﬁ{\l tandem accelerator Of the InStituto NaCional de InVeStiga'
monitors [3-5]. Techniques for dose rate determinations usciones Nucleares (bkico).
ing a Bonner type spectrometer, both, as a single and as a The broad neutron energy spectra coming from the thick
multisphere neutron monitoring device are well establishedarget’Be(d,n}°B reaction can provide two different neutron
methods. However, little effort has been done in order to defields: using it directly (without moderator material) and by
velop devices or techniques capable of determining the neuwsing a thick 26 cm-long by 28 cm-diameter paraffin block
tron angular distribution in mixed neutron fields for radiation surrounding the Be target assembly, as is shown in Fig. 2.
protection purposes, when one is interested in evaluating th€he average neutron energy for the first neutron field (with-
effective doses [6]. out paraffin) is larger than 4.5 MeV and the source strength
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FIGURE 1. Detector geometries tested.
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is about 5X16 neutrons/s in the forward direction. The ar-
rangement with the paraffin block produce a neutron field
whose energy is less than 1.5 MeV, rendered a source streng
of approximately 5X16 neutrons/s in the forward direction.
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FIGURE 2. Schematic view of the target assembly used. FIGURE 4. Typical angular response for 5 inch sphere with cad-

mium shell inserted in the radial hole.

3. Measurements

4. Results
Figure 3 shows a plan view of the scattering room, where

the data was taken. The neutron detector was placed 2 Figures 5 and 6 show the complete set of (differential) count
away from the sources along the zero degree line, at the samate measurements in polar coordinates obtained for the two
height of the target from the floor, 1.75 m. This figure in- neutron fields employed, with the spheres located at the fixed
dicates, as well, the main (scattering) objets near the centrglosition shown in Fig. 2. The data reported here are the dif-
position, where the spheres were located in the various runderential counting rates: [(N - Ng¢) / Nr¢] as a function

Fig. 4 shows a typical histogram of measurements (countf the angle of rotation of the spheres; where, the counting
rates) pertaining to a horizontal scan with the 5 inch sphererates of each sphere rungiNare normalized to correspond-
taking (normalized) countings every 20 degrees by rotatingng counts (N.¢) of a long counter, used as a monitor, lo-
the sphere upon its vertical axis. The zero degree referenamted 4 m away from the neutron sources (as shown in Fig. 2).
is related to the point where the hole is oriented to the tarN g is a so called "background” constant, equal to the mini-
get. The filled lines are the results obtained previously withmum of the measured counts for each angular scan. The filled
the hole drilled polyethylene sphere without the Cd shelllines are the results obtained with the hole drilled polyethy-
whereas the dashed lines are those obtained using the sphérae spheres without the cadmium shell, reported in a previ-
with the Cd shell. For this later case, we have indicated aus paper [1], whereas, the dashed lines are those obtained
background counting rate, ; , shown by a thick dotted using the cadmium shell (for which a horizontal dashed line
horizontal line (see Fig. 4). Above this counting rate, thereindicates the corresponding "background” constant). By ob-
are differential counting rates, which can be associated tgerving these comparative figures, it is evident that the an-
contributions coming from specific directions. gular resolutions for detecting the main source are improved
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with the use of the cadmium shell, besides the fact that con-
tributions coming from specific directions can still be associ-
ated to neutrons scattered by the objects near the place occt
pied by the spheres.

An outstanding point is the ability of the hole drilled o0 }-
spheres with the cadmium shell, to “see” the backscattered |
neutrons. This fact is outstanding in Figs. 5 and 6, since
almost all the differential counts came from the backward
hemisphere; whereas, in the case of the spheres without thi
cadmium shell, the differential counts came from the front
hemisphere, where the main neutron source is located.
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FIGURE 6. Polar coordinate graph of the differential count rate
[(NB- Npg) / Nrc] for 4,5,6,8,9 and 10 inch spheres in the cen-
tral position for the non-moderated neutron source. Filled lines
were taken without the Cd shell, whereas, dashed lines represent
the data from the spheres with the Cd inserted in the radial holes.
Not in scale.
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In order to investigate this, we took several runs using an
Am-Be neutron source and the 10 inch sphere without the
drilled holes and compared these measurements with the de-
FIGURE 5. Polar coordinate graph of _the dif'ferentigl count rate fined background count rate for the modified spheres. The re-
[(N5-Nsc)/Nrc]for4,5,6,8,9 and 10 inch spheres in the central g,¢ o this evaluation are summarized in Table 1, taken for a
pqsmon for the moderated neutron source. Filled lines were takenset of spheres from 4 to 10 inch-diameter. In spite of the fact
without the Cd_ shell, Whgreas, da_shed Ilne_s represent thc_a data frorr]1 he diff b h ’ h -holed
the spheres with the Cd inserted in the radial holes. Not in scale. thatthe di er_e.nces etweent ecomm(_)n_sp ere_s (p_on o_e )

and the modified ones (holed) are statistically significant (in
particular, for the smaller diameters), since, in most practical
situations, the dose evaluations rely on the count rates of big

An essential element regarding the Bonner type spectrometéiameter spheres (8, 10 or 12 inch), the corresponding dif-
is the use of the apparatus as a neutron monitor comprisin§rences are not significant for radiation protection purposes.
a Sing]e Sphere device, which is possib|e, since the 10 an-ﬂhis was an expected result, taking into account the relative
12 inch Spheres responses are, approximatew, proportionﬁ]inor differences in moderator material for sphere sizes of 8
to the Radiobiological Effectiveness (RBE) curve from ther-inches or more. In Table | (and Table II), the deviations of
mal to 10 MeV neutron energy [2]. Several papers have beefach mean value are not given, since the corresponding set of
reported in the literature concerning the use of Bonner typéneasurements (18 in total), per sphere, are all different and,
spectrometers in the single and multisphere neutron monitoach one, related to a particular scattering condition of the
ing techniques [2,3]. A useful question is if this application €xperimental area.

is still valid for the modified spheres.

180° 180°

5. Applications
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TABLE |. Relative (angular average) count rates (cps) taken from TABLE Il. Relative (angular average) count rates (cps) taken from
an Am-Be source, for a set of common spheres and hole-drilledthe Be(d,n) source, for a set of hole drilled spheres with and without

spheres (without Cd). Cd shell.
Average counts Average counts Moderated Non-moderated
Sphere diameter without hole with hole neu.tron source , ne.utron source'
(Inches) (Common) (Modified) Sphere Hgle drilled Holg drilled Hgle drilled Holg drilled

2 1400 1128 diameter without Cd with Cd without Cd with Cd

5 2103 1870 (Inches) shell shell shell shell
6 2767 2531 5 66098 32456 20072 15765
8 3048 2989 6 68006 31246 25811 14945
9 3087 3129 8 59952 31180 27227 17419
10 2913 2906 9 56108 28748 27819 14698
10 51568 20490 22277 11331

Besides, in the case of the hole-drilled spheres with the
cadmium shell, it turns out that the reported differences ir6. Conclusions

the count rates are significant throughout the entire set, due

to the additional neutron absorptions by the cadmium shellThe main purpose of this paper was to search a better deter-
Thus, another set of measurements taken for the moderat&gination of the directional properties of hole-drilled spheres
and non-moderated Be(d,n) sources, summarized in Table IS @ neutron monitor device. Certainly, these properties are
show up major differences in the mean count rates when th@nhanced by adding a cadmium cylindrical shell. However,
cadmium shell is used in relation to the hole drilled sphereghe detector responses could be studied further in detail if
without cadmium. On the basis of these arguments, it can bBYOno-energetic neutrons are used.

stated that the average neutron dose rates can be estimated

from the average count rates of the hole-drilled spheres withAcknowledgements

out using the cadmium shell.
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