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ABSTRACT—-, ..

Recoil protons in photographic emulsions have beeii.usdd to measure the

energy distribution of the neutrons from a Po-Be scurce. ?he inferred nw.dmon

q?ectrum has a broad maximum

of about 4.1 ?dov. There are

earlier meammoments of this

in the anorgy ragion bdow 2

and in the interval 2-4 Uev and has an average energy

a few neutrons above 10 ?&w. 3h contrast with other

6poctxllm~’=’*) s relatively few neutrons are found

Mev.

inferred f?omthe presc+ntdata if

ia taken into conRiderntion.
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The speotrum

the different

of Ra-Be ~ouroes n?e.ybe rougnly

?morgy of the Ra alpha particles
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ENERGY SPECTRUM OF Po-Be NEUTRONS

INTRODUCTION

Beaause of the large yield, oompaotness, constancy, and sph@rioal BYM-

metry~ Ra-Be and Po-Be have been widely used in laboratories as neutron sou:c~~.

Despite their wide use there was little aocurate knowledge of the energy distribu-

tion of the emitted neutrosys. Early measuremeMx3’2~3’4) agreed only with rocpect

to tha presenoe oi’high energy neutrons. Beoause of the conflicting data ooncern-

in~ the spectrum and because neutron measuring techniquee.have greatly improved in

recent years, a new measurement of the energy ~poctrum was detmtedworthwhile.

Ra-Be sources were uwxl in the first attempts but the photographic plates were

fogged by gamma raya before sufficient neutrons could be recorded. Henoe a Po-M

t30urce5)was used fcm the meawreinont.

Experimental Arrangoxmnt

160 miaron thick

.

Ilford ~ilftone emulsions wore placed 15 cm from the

3/8’~x ti4° Po=Be Isouroo(100 milliouries) end exposed for two days. The process-

ing and measuring techniques have been desoribed in earlier reports of xvmtron

energy measuremonlm by the emulsion techniquo6,7).

— !-.-.--s.. —

5) Loaned by G. Farwell

6) Richnrds, H. T., L&60, 84, 86

7) Richards, E. T., Phys. Rev., 5&, 796 (1941)

I)NCLASSIFIED

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



-4-

WtCLA5SlFlED

1000 recoil proton tra~ko on these plates have been measured. Those

data have been plotted in energy intervals,

seotion and for geomotry (greater chance of

henoe not being acceptable for m~asurerwwrt)

other recent neutron epeotra studies by the

corrected for n-p scattering cross-

Iong tracks leaving the emulsion and

im the same manner a6 waa done on the

1)emulsion technique . The neutron

spectrum thus inferred from the recoil proton data is plotted in Fig. .1.

Discussion

Sinoe tho scurce oonsists of an intimate mixture

will be reaorded which wore emitted at all anglea relative

partioles. Furthermore, since the beryllium particles are

of Po and Be, neutrons

to the bombarding

thick relative to the

range of the impinging alpha particles, the disintegrationswill not be proc?uood

by monochromatic alphas. These two factors will tend to obliterate any sharp

groups of neutrons which would correspond to po~sible excited

present data corroborate these conclusions and throw doubt on

group~ reported by the earlier workers.

From mass values, one should expsct the spectrum to

12
leve18 of C ~ The

the many neutron

extend to about 11 Mev

The loii.gesttraok in the present d~tawas about 10.25 Mev, but the geometry is so

unfavorable for reoording these very long tracks that it is not unlikely that

there my be

state of C12

limit of the

a few higher energy neutrons. Also if the transition to the ground

is not very probable, it might be difficult to detect the high energy

apactrum. Another possibility i6 that the stopping power of the

emulsion relative to

aignifioantlyat the

air (calibrated in the interval from 0.9-3.7 Mev) may increase

higher energies.
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The relatively small numbsr of neutrons below 2 Mev appears to bo in

marked diaai~reamentwith earlier zneasurement~1,2,3,4). However, thio disagreement

is not as much as is indicated by & casual oompari~on of data sinoe the early

workers made no attempt to correct for n-p scattering oross-seotion or for the

faot %hat usually their geometry (cloud chambers, etc.) discriminated greatly

against high energy recoils. Also no particular attempt was mado to keep ticatter-

ing mateeial to a minimum.

The average energy of the present spectrum is about 4.1 WV. This is in

satisfaotor,vagreement with tho ‘Qoffectivot’energy of 4.4 Mev for Ra-Be neutrons

8) deduce from the absorption cosffi.ciontof theso nou-vrhichChristy and Manley

trona in water siuce, as they point out, their method weights the more energetic

neutrons and resultm in an effective energy which is greater than the average

energy. Al~o a Ra-Besource will have some neutrons of considerably higher energy

than a Po-Be source because of the more energetic alphas which are pre6ent.

——!s—. .—.—

8) Christy, R. F’.,and Manley, J. ii.,CF-209
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