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ABSTRACT

3

A sensitive boron trifluoride ionization chamber for the detection of
weak neutron sources is described. Its efficiency for Ra=Bs neutrons is about

2 pereent with a background of 15 c/min.
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RORON TRIFLUORIDE NEUTRON DETECTOR FOR LOW !

In several problems interesting for this praject it is important teo
detect the total number of neutrons emitted by a relatively small source. For
example, the number of neutrons emitted by a polonium source mounted on platimm
or the number of neutrons emitted by samples of L9 due te (& ,n) reactions on
impurities or the neutrons emitted by spontaneous fission. A few montho ago the
problem of building a sensitive detector was considered by Dodson and Sagrel) and
two methods looked most prumising; +he use of the Szilard-Chalmers oxtraction
of a suibable substance activated by the naz' reaction or a boron trifluoride
counter,

In this paper we shall report the results attained up to date with

the beron trifluocride chamber,

10 2)

The (n,d ) reaction of B~ has been known for many years ‘ and has
bean extensively used to detect slow neutrons by filling proportionnl counters,
and ionization chambers with gessous boron compcunds, nost commonly BF3’ and
dotecting the alpha-perticles emitted under neutron bombardment., E.g., using

3)

soveral proportionsl ccounters in parellel, Roberts™” has studied the neutron
yields of polenium alphsas bombarding light elements.
In the Roberts sxperiments, the efficiency of the detector for Po-Be

neutrons was L x 10“5 with a background of 20 counts/minute. We define effi-

cieney of the detector as the retio of the number of pulses in the final register

2) Ameldi, D'Agostino, Fermi, Pontecorve, Rasetti, Segre, Roy. Soe, Pros., A-=149,
522 (1935)
3) cP-86L
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te the total rumber of neutrons emitted by the source,
For a weak neutron detector it is very important that this efficiency
be high and at the smme time the background of the apparatus be low. In the

instrument described hereafter, we have an efficiency of about 2 x 10&2

with =
background of 15 pulses per minute for Ra-Be neutrons.

The ionization chambers used are of two models, (Fig. 1 wnd 2) which
differ only in their dimensions. The diagrams are self-explanatory tc s great
extent. The inner collecting electrode is supported by a Covar-glass sesl. The
apparatus i8 made of stesl and ordinary rubber is used for the geskets, The cham=
bare wore filled with specially pure EF5 prepared by decomposition of henzenes
diazon@um fiucborate (CéﬁENEBFu)° This gas was prepared by Mr. H. Ruesell, Jr.
in @Group C-i1 end behaved very dilferently from BF5 vaken from an Ohio chemical
commercial tank or from the commercial gas roughly purified by fracitional dig-
tilletion, v

The lpstrument was connected to a linear amplifier with_a time of
rise of 0.2 «sec and to a conventiopal counting circuit. We often had serious
disturbances due to sparking on the glass surface insulating the high tension
electfode from ground. This defect was satisfactorily remedied by coating the
two surfaces of the glass with ceresin wax and also fastening to the glass, with
coresin, 2 pyrex glass rings inside and cutside the ionization chambher so that
the electric field is perpendicular to the surface of the insuletor.,

The chamber was sunk in the center of & paraffin cube of 50 cm side
and paraffin was piled upon the opening of the chamber, Fig. 8.

In order to have an idea of the efficieucy tc be expected, a Ra-Be
source was put in the center of a8 cylindrical cavity in a weter tank of the same

dimensions as the paraffin block and the neutron density in the cavity wes meas-
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,,

ured by activating indiuvm foils., The source emitted 2 x 10° n/sec. For a

mbm

cylinder 17 em in diameter and 18 cm high with the upper opening on level with
the water surface we ob%ain an nv = 1300 n/bm? sec, With the same cylinder
sunk 10 cm desper we have nv = 2320. A smaller cylinder (& om diameter and
25 cm high) with the upper opening on the ievel of the water gives nv = 2380,

From these numbers, assuming the cavity filled with BF’3 and‘gggiggzigg
the reduction in nv produced by theo gas, one would expect an efficiency of 5.5,
9.9, and 2.0 percent respectively. Thesze numbers should be reduced for the
depression In nv produced by the gas. This correction may be a factor 2 or more
and is larger for the larger chambers.

The typical behavior of the small chamber at constant bias and source
as a function of the collsction potential is given in Fig. 3 in which curve (a)
is for ordinary BF3 and curves {b) and (c¢) for the specially prepared gas.
curve (b) wwus taken at a pressure of 68 cm of Hg and the pressure for curve (c¢)
was 135 cm of Hg. It is seen that saturation is reached only in curves (b) and {e¢).
In Fig, L4 we give the counting rete as & function of bias at constant collecting
voltage .

| More extensive tests have been mads on the large chamber for which we

give the counting rate versus voltage curve at constant bias and constant source
in Fig. 5 and the counting rate versus bias curve at a coustant collection volte
age of LS00 volts in Fig. 6. At this voltage the background is sbeout 15 ¢/min,

The éfficiency of the chamber is expected to be a function of the energy
of the neutrons, being higher for lower ensrgy neutrodse Thig is mainly beceuss
low energy neutrons diffuse away from the chamber with more difficulty and hence

have a better chance of being captured by the boren trifluoride.

In ordser to have a more quapfitative estimate of the importance of these

.
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affectes we have measured the efficisncy for Re-Be neutrons, Po-Bo nsutrons, and
for Y=Be phetoneutrons (energy about 200 keV) under various geemetrical conditiens.
in Tagle I we report the effielencies measured (see Fig. 8), a) with the source
on the axis of the chamber at 2 cm from the bottom of the inmner elrctrode: bj) in
the same position but with a paraffin plug 15 cm in height pleced direstly above
the source; ¢) in the paraffin block on a radius perpendiculer to the axis of

the chamber at 2 cm above the bottom of the inner electrode and at a distance

from the axis given in column 1 of the table, The plug was in the chamber dur-

ing these measurements. This table is represented graphically in Fig. 7.

TABLE I

Percent efficiency

Distance from
chamber axls Ra. = Be Po =« Be Y = Be
{centimeters) )
0 (a) 1.39 1.02 3.72
0 (b) 1.86 1.29 L.52
5.7 1.77 1.33 L.16
77 .67 1,30 3038
9.7 1.38 1,07 2,00
11.7 1..00 0.82 1.13
13.7 0.68 0.61 0.59
15.7 0.42 0.43 0.30
17.7 0,32 0.30 0,13
19.7 0.21 0.23
21.7 0,14 0,14
237 0.10
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It will be noticed that the efficiency at small distances from the
axis of the chember is higher for the low enerpgy neutrons end at large distances
it is higher for the high energy neutrons, At 12.7 em the officlency is the same
for both Y-Be and Re-Bo neutrons, An iﬁ%estigation of the inlensity observed az
e function of the distance is obviously very desirable when using this detector
with an unknown source., In order to use the chamber for absolute measurements
a calibration is obviously neceasary and the most appropriate sources are probe
ably; FRa-Be, Y-Be, Po-Re, Pc-B, apontanecus fission neutrons. For the latter
wo obtain 0.9 counts per gm=hr which on the basis of 54 n/gr hr smltted sponta-
neouely gives an efficieney of 1.67 percent.

The chamber works without ingonvenioncs even when the source emits

gamma reys up to about 2 mC Ra equivalent.
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