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ABSTRACT

,

“THE TRANSPORT CROSS SECTION OF HELIUM FOR FAST NEUTRONS o Olum and Weisskopt

On the basis of’experimental work by Stsub and others on the baok-

scatteri~- of neutrons by helium between 0.5 and 2 l~ev$whioh shows resonance

peaks at about 1 and 1.2 Kev, Bloch has given s Ereit-Vigner formula for the

cross section in this region. After generalization of thi8 formula to energy

re~ions outside the immediate resonance, there is here derived from it m ex-

pression for the transport crt.sssection of helium, which is also show graph-

ically for re%souable z’al.uesof ths experimental constants. 9
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THE TRANSPORT CROSS S3CTION OF H2LIUK

The scattering of neutrons by helium has

FOR FAST -NEUTRONS

been investigated by

2)1) and Staub and Tatel .Slaub anti Stephens They measured ihe back scatter-

ing in a region between 0.5 and 2 h!evand they found two resonance peaks at

about 1 Mev and 1.2 Mev.

Blooh has interpreted these results as due to resonanoe with a P3/2

and a W level ‘f ~~es’
The Breit+’i$ner formula (formula (1) in ref. 2)

desol”ibingthis resoname can be adjusted to fit the experimental values by a

suitable ohoioe of the constants, which are the width of the levels 1;, the

resonance energies, E3/2 and E1/2 and the residual $-scat~=in~ cross sec~~~n

&o as a function of the energy. The latter contribution is only a small cor-

rection in the resonance re~ion. l’heexperimental curves do not portnita de-

cision between an inverted or a normal doublet but theoretical investigations

by Dancoff~) make a normal doublet

ditions, the following values have

periments on back.scattering: I’=

% = 1.5 x 10-24 cm2, and

?rom those data

of the cross seotion. In

larger than the inmediate

negative

(fi-3@E1/2) very probable. Under these con-

been found by Staub and Tatel to fit the ex-

0.4 Wv, E3/2‘1”351Jev’ %/2=1”05 ‘ev”

phase for the saaktori~.

it is possible to culculate the transport average

order to obtain this cross section over a region

resonance the following generalizations have been

made: The energy depr?ndenoeof’the width r has been taken into aooount.

Since this !.sa p-level the neutron width was assumed to hve the forms

1) Staub and Stephens, I’hys.Rev. Q, 131 (1S39)
2) Staub and Tatel, Fhys. Rev. 53, fj20(1940)
3) !)ancoi’f’,Phys. ?kv. EXJ,3&?4~939)
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r = Cons*. J% (kR)2/~1+ (kR)z]

The factor, (kR)2/~lW{kR)2] i$ the reciprocal of the intensity, at the nuclear

radius R, of an.out~oing p-wave with a wave number k, the intensity being nor-

malized to unity for r~- . With a nuclear radius of 3 x 10-13 om, one obtains

r .& = 3177i7Fr ~
where ~ is the width at 1 ?tevand E is neasured in ?Jev.

in order to determine do, two other experimental values are used,

namely, the thermal cross seotion of 1.5 barns detennineciby Carrel and Dunning4)

and the baok scattering cross seotion at 2,8 Mev measured by Barschall and Kan-

ner5) also of about 105 barns. At this energy there is still a oonsiderahle

contribution from the rosonanoe leyels and an evtiluati~nof the Breit-~Ji2ner

formula (1) in ref. (2) shows that the minimum cross section at 2.8 !&v with

the above values of ~, E3/2 and E1/2 is 1,3 barns, This would correspond to a

&oZC.77 barns at that ener~y. The probable course of’do is therefore: 1.5 barns

at E=O and a slow deorease to 0.77 at 2!.8Yev.

The transport cross section at an energy E oxn be oaloulated from

expression (1) in ref. (2) and is given by

I* 251 ‘(4-%)% 1* 2[(6+%)% 1] - 4X2
E

[(6-X)2+ j [(6+X)2+ g. 1}
UNCLASSIFIED

~ Carrel and DurI.iKG,phys. ROV. ~, 541 (1938)
5) 13arschalland Kanner, Phys. Rev~~, 590 (1S40)
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whera

(
‘3/2+”%/2 ~

)

%/2~=+ ——- - ‘3/2
2

~a
r ‘=6 + “.

4~fi2sine$Osdo so<c)

and ~= the wave length of the neutron in m in the oenter of Gravity sys%om

The value of S“ is given ~y

and do= 0.77 barns throughout. Also

the heavy curve in J’ig.1 for ~=0.4

E3/2=1.35 and E~/2=1.050 Some pOitltS

were cmputod for ~=0.3 and 0.5 and for &o=3.5 and 0.77 barns in order to

estimate the dependence on those mag~itudes. The latter values represent about

the limits which are still possible on the basis of present evidenoe. The

circles in the fi~ure represent the l’~rgest(deviationsfrom the heavy m.zrve

obtainable with~n these limits. The transport cross sections of sc~.ttering

in deuterium and hydro~en are added for comparison.
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