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ABSTRACT —

The neutron Spgctrum from a boron=polonium source is measured by
use of mathods and apparatug previously used for measurement of the fission
spectrun. The neutrous havo erergles considerably too hign to be used as
a mock source to represent the fission spectrum as measured by Blech and
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THE NEUTRON SPFCTRUM (F BCRON BOMBARDED BY POLONIUM=-ALPHAS

INTRODUCTION

£n investigation of the neutron speétrum of the reaction

$0 4 jmeh 5 pl 4 w13

and 5311 + gﬁel*-—-?onl +7N14

was carried out using the oc-vpartibles of polcunium in order to determine
wnesher such a natural source could be used in integral experiments %o re-
present approximately the neutron spectrum arising from the fizslon process
of 25. Previously only scant knowledge of this spectrum was available, From
the known mass values one would expecet the upper limit of the neutron spee-
txwa to be 6.2 M for B0 and 5.3 WV for DL, Since 1t hos been shom®)
that most of tt_xe neutrong arise from Bl one would expect the neutron s;:;ee-
trum to bresk off at about 5.3 MV. Furthermove, if uncollimated neutrons
are used, one would expect a more or less continuous spectrum since the energy
sproed of the neutrcns due %o the angular spread of the g from o to T
would spread the neutrons (in the case of 7N11* in the ground state) from

5.3 to 2.8 W. For a thick B target an additional spread will be caused

and gince several excif,ed states of 7N1"* are lmov_m to exist the neutron
spectrum of the resction may be expected to be quite continuous up to 5.3 M.

Previous experimonts of Chadwick2) and Cwrie=Joliot” ) have shown that the

1) Bonner, T.W, and Mott~Smith, L.M., Phys. Rev. 46, 258 (1934)
2) Ghadwick, J., Proc. Roy. Sus. A 142, 1 (1933)

3) COwie, I, and Jolio.,, F., Natﬁre, _1_3,3, 721 (;934) ‘
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nunber of neutrons drop off very markedly at 3.3 MV, indieating that a
large fraction of the neutrons aerisss from a reaction leading to an excited
7N14. Cloud=chamber dats taken by Bonner and MbttaSmithl) howaver showed
that there are a number of neutrons with energles up to 4.2 WV energy. These
data do not give any accurate information on the ghape of the spsctrum since
the number of tracks observed is quite small and no correction for geameiry
aend cross-gection has teen spplied.

FETHMD OF NEASURENENT

The method for determining the Po-B spectrum used in tha present in-
vestigatlon is the seme as was uged for the fission spectrum at Stanford.A)
The neutron source consisted of 8 Pt foils 3x3 cm, covered with & total of
about 200 millicuries of polon;um,'lf?a" plates of boron cerbide being in-
serted between the foils. ¥he whole system was placed in an evacuated
trass box. The source was placed at 5 en distance in front of the lighter
of the pressure vessels previously used at Stanfprd, containing a.multiple
olectrode ionization chamber and filled with 12.0 Atm. of Ky and 3.33 Atm,
of Argon. This mixture has a stopping power equal to thgt naed in the second
and third measurement of the fission spectrum at Stanford, so that the same
values for wall corrections could be applied. No appreciable amcunt of
naterial of any kind was closer to the chamber than 3 f£t. 4 field of 7200 V/em
was used to collect the ions of both signs. From the observed distribution
of number of recoil pulses versus their size the neutron spectrum waes ob-

tained in the menner deseribed in report L A 17. The same preamplifier end

4) L A Beport - 17
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linear amplifier as in the Stanford work was used and slso the same diff-
erentinl selector for the detarmination of pulse size. The only change
was that the time constants of the amplifier hed been decreaced elightly,
and thus a new calibration with D=D neutrons had to be made,

Two separate measurements were taken, with a three-day interval be-
tveen the two. In every run the number of pulses of the differentisl se-
lector at various blases was vecorded for 5 to 10 minutes with the source
in front of the chamber gnd with the source removed. At the same time the
readings off an integrel counter were recorded. _The average integral counter
rate of the first run was 115.3 * 7,0f the sscond 113.1 .6, The differ-
ence of (_1._9 t.g%) is consistent with the change expected from the decay
of the polonium which should be 1.5%. The total number of differential
counts (sum of a1l counts at all blases) however differed in the two rume
by 8.6%, Since between the two runs the width of the intervel had been
changed and reset it was believed that the settlng was not roproduced ex-
actly and since the two measuremsnts agreed except for this constant fac-
tor, tae numbers of the second run were simply inereased by 9% and then
the two measurements were combined. This combined result is given in Fig. 1.
The errors indlcated are the true gstatistical probable errors since during

the meesurements no fluctuations beyond the stetisticel ones were observed,

INTERPRETATION OF MEASUREMENTS
A most probable "emooth® curve was drawn through the me2asured points
a8 showm in the figure and the derivative of this curve tsken off the var-

ious points., The conversion from bims units to energy was done in the same
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way @s in report L & - 17. For this purpose a new calibration with the
noutrons of the D~D reaction was made in the Z laboratory. The procedure
was to take the readings of the differential selector at verious blases
together with the reading of the integral retorder kept at a fixed blas.
The ratio of the two numbers at different bisses gives the relative number
of recoils at the various encrgies and the result is plotted in Fig. 2.
Again a smooth curve wes drawn through the observed points. Beyond the
knee a straight line is compatible with the observed points. However as
discussed in report L 4-17 the slope was bigger then one would expeet for
strietly monochromatic neutrons. We therefore obtained again in the neutron
spactrum a continuous tail of slow neutrons, their total number being about
20% of the total number in the line. From tﬁe derivatives obtained from
the curve the shape of the neutron specirum waes calculeted in the menner
described in L A=17, using for « and » (the wall correction fuactions) the
valuss calculated by Hameresh and Weinstock for the stopping power which
we used. The bias-energy relation vaskfixed 80 thaﬁ the maximum of the
neutron disiribution corrvesponded to 2.5 MV. It was furthermore ascertained
that the amplifier was linear over the whole bias region used, and frequent
éheckquf the emplificetion were mede. No variation beyond about xZwas
noticed. The neutron spectrum thus ealculated'from the recoll gpzctrum of
the D=D neutrons 1s slso represented in Fig. 2. .

With this energy calibration the analysis of the Po-B recoll spec-
tvum was performed in the same manner. The result 1s given in Fig. 1,

together with the recoil distribution. The neutron seale is discussed be-

lew,
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CONCLUSIONS CONCERNING MOCK SPECTRUM

From Fig. 1 it is evident that the neutron speetrum of the polon-~
ium=boron regetion 1s not sultable for a fission spectrum substitute since
it containg far too many high-energy neutrons. The maximum of the distrib-
ution oceurs at 3 MV instead of being eclogse to 1 MV as in the case of the
fission spectrum. The average neutron energy ig 2.3 MV if the spectrum
is extrapolated to higher and lower energies in the menner indicated in
the figure by the dotted lines, whereas the average energy of the Stan=
ford fission spectrum is 1.5 MV, It may be noted that our result shows
quite distinetly & rather sharp £all of the neutron intensity at ébout
3.5 MV, in éood agreement with the previous results of Chadwickz) and Jol-
iot~Curie3) but it also 1ndic€tgs a small number of neutrons above 4 MV

in agreement with the findings of Bonner and Mott«Smithl),

lNTEX§;I§?OF SOURCE

 Our messurements also enable us to compute the total number of neu-
trons emitted by the boron-polon;umvgqurce used in ﬁhig exp@rjment. In
order to do that one has first to determire the width of the differential
selector interval. This was done in two ways. First by direct measure-
ment of the Qistribqtion.of artifielal pulseg. _Thig'gave a yalue of
225 WV, Another more accurate way is the following. It was determined
with artificial pulses that the integral monitor counted all pulgeg gbove
the blas setting of the differential selector eorresponding to l.45 MV.
By comparing the counting rate of ‘the integral monitor (315.3'gpunts per
minutg) with the integral of the recoil Qistributiog.curve abova 1.45 MV
the accurate value for the width W was found to be .196 MV. The total

APPROVED FOR PUBLI C RELEASE
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numaer of.’ neutrons emitted by the source is found in the following way.
The neutron scale shown on the right-hand side cf Fig. 1 is determined

by the use of the formule for the reletive number of neutrcens
=E (GR/dE)/o(E)

which must bs modified by wall corrections as discussed in L A=17, (Here
the factor E arises from the angular distribution of reeoils, and ¢ is

measured in barns)., This scale does not yet take into account the energy-

independent factors deseribing the properties of the chamber and the selee-

tor interval W. If R 1s the integral value of the computed neutron spec=
trum on this scale (extrapolated to high and low energies as indicated)

the number of neutrons is:

y - ¥=R/(wAng) o
where Nis the fraction of the total solid angle 4T subbended by the
chamber, 1 the number of hydrogen nuclei per cc, and d the depth of the

lonization chamber., Thus one obtainss

N = 3.66:10% neutrons/sec.
According %o the Segre group who prepared the polor}ium source its stren_gth
was estimated to bs ghout 180 MC on September 17th. Within the two months
elepsed until the present measurements were taken the source decayed by

e fector e‘éoﬂ% =

«736. The neutron production rate of polonium-boron
is 20 neutrons per 1(?&0( is, Since the targets in our case congisted of

boron carbide this would be reduced to 4/5 x 20 =16 noutrons per 106 ol g,

APPROVED FOR PUBLI C RELEA!!




APPROVED FOR PUBLI C RELEASE

o ]

It has Yo be kept in wind furthermors that only hals of the ¢{!s are

~ aetive for neutron production., Thus the number of neuirons %o be ex=

pected would be:

N=% x 0,18 x 0,736 x 3.5 x 1010 x 16/20%= 3,7 x 10%n/sec.

in pgocd agrecment with the above number,
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