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ABSTRACT

The energy spectrum of the neutrons emitted when a thick boron target

is bombarded by polonium alpha particles hag been studied by the photographie

emilsion method. From 355 recoil proton tracks a neutron distribution is in=~

ferred which shows a broad maximum at ebout 2.5 Mev and extrepolates to zero

at about ¢ Mev on the high~energy end. A suggestion is made for producing a

moek fission=neutron source, and s brief discussion is inclvded of the photo-

é;raphic vs. ionization-chamber techniques of measuring neutron energies.
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THE ENERGIES OF THE NEUTRONS FROM POLOMIUNM ALPHAS ON BORON

Introduction
The energy spectrum of the neutrons from natural alphe source on
boron wes studied by several workers shortly after the neutron was first

discoversd 1’2’3).

These early measurements (made by meesuring the renge
of protons knocked out of pareffin or by nroton recqils in a cloud chamber)
gave inpufficient and discordant deta. Neutron energy measuring techniques
were not well developed at that time and the natursel alpha sources were often
so weak thet satisfactory stetistics wore seldom obtained.

Recently 180 millicuries of Po on eight 3 x 3 cm Pt foﬁlsé) were avail=
able for experimentsl vse. 4 neutron source wss made by interleaving the
Po foils between sintefed B)G slabss), the whole Po~B assembly being placed in
the breoss box ovaig. 1, evacuated, end sezled off by means of a Xovar to

glaes seal. Thils source was later used by Staub and Nicodemus for the measure-

ments recently reported in I A Report 48.

Lapogure Arrangepent

For the present experiment the above neutron source was suspended in the
center of -the room and Ilford Ealftone Plates (lOO/u thick) were placed 14 cm

from one of the faces of the box (see Fig. 2).

1) Chedwick, Proc. Roy. Scc., 142, 1, (1933)

2) Curie and Joliot, J. de Phys. et Rad., 4 278, (1933)

3) Bonner, T. W. and Mott-Smith, L., Phys. Rev., 46, 258, (1934)
4) Prepared by R. J. Prestwood

5) Prepared by the Metellurgiecal Groun “
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A fourtcen-dey exposure geve a sufficient number of tracks per field of

view. Beckground prlates {with the source removed) were later left in the
room an equal length of time. Examination of thése plates indicated that
there was no apprecisble backeground.

The processing and messuring techniques are those desecribed in earlier
6,7) ,

Teporss The actual treck measurements vere made by Y. H. Perlman,

Results

355 reccil proton tracks have been reasured and plotted in energy inter-
vals. (The stopping power of the emulsion had previously been carefully cal-
ibratedé).) Each energy interval wes decreased by 1/2 102 because recoils
out to 8 = 170 vere measured, The results given in Fig. 3 have also been
corrected for n-p scattering crogss seetion and for a geometry correction arising
from the fact thet long tracks are more likely to leave the emulsion7). &lso
{or comparison Staub's ionizetion chamber measureménts with the identicel Po-B

source are included on Fig. 4Le The ionization~-chamber data have been normal-

ired to the same area as the photogrephic data.

Discusgion

If one uses the latest mass valuess), one calculates G = 1.18 % 0,1 Mev
for B0 (x,n)i3 and Q = +0.28 * .09 Mev f:or B! (o ,n)N4, Henee for
Po- 2., the maximum neutron energies would be 6.13 Mev and 5.19 Yev respectively.

Since the present svectrum extrapoletes to zero at ebout 6 lfev, this 3s a

6) H. T, Richards, L A Report 60

7) H. T, Richards, Phys. Rev., 59, 796 (1941) —

8) Chicago Handbook, CL-697, Chap. IIT, Part A
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satisfactory check of the mass values, particularly since only a small fraction
of the neutrons are supposed to be from the 310 isotopeg). Neutrons of 4.2 wev3)

vere the highest observed by eny of the carly workers.

Synthesis of 2 Mock Fission-Neutron Source

One of tke prineipal reasons for the present neutron energy study was
to determine whethker the Po-B ncutrons could be used as a mock fission-neutron
source. In agreement with the results of Staubloz ve £ind thet the Po=B neu~
trons have a significently higher aversge energy than the fission neutron
spectrun measured by the same techniqueé) (see Fig. 3). However, it may be
possible by making use of other (o« ,n) reections to "doctor” this scurce to
resemble sstisfectorily the fission neutron spectrum. Those resctions most
promising froﬁ the point of viev of intensity and estimuted neutron enefgies
are F12(ef n)Na22, NaR3(e n)A126, ana A227(x n)Po30,

The relative yields with Po alphas (Robert's measurements)ll)

s the
calculated O valueslz), and resultant maxirum neutron energies expected with

Po- «s are given in Table I for scme of the relevant (& n) remctions.

9) Livingston and Bethe, Rev. ¥Mod. Phys., 9, 306 (1937)
10) W, Staub, L A Report 48

11) Roberts, Cf-864 and CN=1190 —

12) Computed from the masses in the Chizcago dandbook, CL~697
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Target Q {Mev) for Po-ob Yield (neuts/loePooc)

136 a9 |

137 ~3.33 0.38 Yev | &7

510 +1.18 6,13 Mev i l oo

pil +0,28 5.19 Mov J |

719 «0.40 L& Mov 12

Ha?3 -1.63 3.4 Wev 1.5

1227 -2.23 1.67 Mov 9.7

The fluorine reactlion svvesrs to bte the most promising method of
weighting the low-enorgy part of the necutron distribution, particularly since
the results of Bonner and Mott-SmithB) indicate thet most of the neutrons are
of much lower energy than the meximum; in fact, most of the neutrons observed
were of energy less than 2.0 Mev.

b suiteble experimental arrengement might be to have the Po deposited
on gluminum foils. The sluminum foils are then mounted in a gas=tight holder
which 1s £illed with B3 gas at such pressure thet the BF; would completely
stob the Po alphas. In such an arrangement the neutron yield f{rom the fluorine
reaction would be ebout 1.6 times that of the boron and the neutron yield from
the aluminum reaction would be about 0.13 that of the boron reection. These
reactions should decrease the average energy quite appreclsbly while the neu-
tron yield from e given emount of Po would still be 0.86 times that of the

errangement used in the present experiment., If the average energy of such a
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source were too low, the aluminum foils could be replaced by platinum and

the yield cut only 7 per cent furiher.

Compari Photogrsphic vs. Ionizetion Chamber Meth T legsuri
Neutroa Energiss

The sécond reason why the present neutron studies rere undertasken was
to provide a comparison of the photographic-emulsion technique and ionigzation~
chember mothod of measuring neutron energies. The two techniques had given
somevhat different results for the fission neutron spectrumﬁ)lB), end hence
it was deslred to test the two methods on other neutron sources.

The sgreement on the Po-B neutron spectrum is better than on the fission
spectrum {see Fig. 4 and L A Report 60).' As was the case on the fission spec-
trum, the emulsion method eprears to be cepeble of extending the spectrum to
higher energies thaﬁ that covered by the ionization shamber. The only signi-
ficant disegreement between the two technioues is on the two low=energy voints
and the region around 3.0 Mev. In the former region the ionization~-chamber duta ar
higher, which result is similer to the fission data. Because of the shortness
of the tracks in the emulsion, this region is the least reliable part of the
range covered by the emulslon téchnique. However, from the callbration studies
reported in L A Report 60, one would expect that the emulsion method would
give too many low energy tracks because of the asymmetric apvearance of the
calibration groups at low energies. The dissgreement at 3.00 lev is also

quite striking. Staub gnd Nicodemus report a rather sharp peak in this

13) Bloch and Staub, L A Report 17 and L A Report 17-A
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region vhich does not appear at all on the emulsion data. From the resol-

uation which the emulsion method shows on d-d neutrons in this energy region

(% & Report 69), it is difficult to understand how a pesk as sharp es that
reported in L A Report 48 could be misred in the present study. 4 pessible
explanation might be that the differentiation of the integral recoil ion-

| jzation data has unduly sherpened the mexivum of the ionlization-chamber data (ses
Fig. 1 of L & Report 48). This possibllity, perheps combined with very |
slight uncertainties in both energy calibrations, mekes it seem likely that

the two scts of data ere in essentinl sgreenent,

—'.
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