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ABSTRACT

?

‘ THE TRANSPORT CROSS SECTION OF HELIUM FOR FAST NEUTRONS = Olum and Weisskopf

On the busis of experimental work by Stsub and others on the backe=
scattoring of neutrons by helium between 0.5 and 2 Mev, which shows resonance
peaks at about 1 and 1.2 Mev, Bloch has ziven & Breit-VWiizner formula for the
cross section in this region. After gencralization of this formula to energy
resions outside the immediate resonance, thers is here derived from it an ex-
pression for the transpori cruss sectlon of helium, which is also shown graph-

ically for rersonable 7alues of the experimental constants.
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THE TRANSPORT CROSS SECTION OF HEZLIUM FOR FAST NEUTRONS

The scattering of neutrons by helium has been investigated by
Staub and Stephensl) and Staub and Tatelz). They measured the back scatter-
ing in a region between 0.5 and 2 Mev and they found two resonance peaks at
about 1 Mev and 1.2 Mev.

Blooch has interpreted these results as ¢ue to resoanance with a Ps/é
and a PI/E level of Heg. The Breit-Wizner formuls (formule (1) in ref. 2)
desoribing this resonance can be adjusted to fit the experimental values by a
suitable choice of the constants, which are the width of the levels I1I°, the

resonance enerzgies, 33/2 and El/% and the residual g-scattering cross section
6y 88 o function of the energy. The leatter contribution is only a small cor-
rection in the resonance region. %The expcrimental curves do not permit a de-
cision betwsen an inverted or a normal doublet but thecretical investigations
by Dancoffs) make a normal doublet (E3/2>>E1/?) very probable. Under these con-
ditions, the following values have been found by Staub and Tatel to fit the ex-
perimente on back scattering: T = 0.4 Mev, 33/2= 1.35 Mev, El/2= 1.05 Mev,
Og = 1.6 x 10~%¢ cm?, and negative phase for the scattering.

From these date it 1s possible to calculate the transport average
of the cross section. In order to obtein this cross section over a rezion
larger than the immediate resonance the following generslizations have been

made: The energy dependence of the width T has been teken into account.

Since this is a p-level the neutron width was assumed to have the forms

1) Staub and Stephens, Phys. Rov. 55, 131 (1$39)
2) Staub and Tatel, Phys. Rev. 58, 820 (1940)
3) Dancoff, Phys. Rev. 56, 384 (1939)
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T = Const. VB (1kR)2/[1+ (xr)?]
The factor, (kﬁ)z/@ * (kR)E] is the reciprocal of the intensity, at the nuclear
radius R, of an.outsoing p~vave with & wave number k, the intensity being nor-

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

r=E i'r32 E L
where I is the width at 1 Mev and E 1is measured in Uev.

In order to determine o‘o, two other experimental values are used,
namely, the thermal cross section of 1.5 barns determined by Carrol and Dunning‘“
and the back scattering cross seotion at 2.8 Mev measured by Barschall and Ken-
ners) also of about 1.5 burns. At this energy there is still a considerable
contribution from the rosonance levels and an evuluation of the Breit-Wigner
formula (1) in ref. (2) shows that the minimum cross section at 2.8 Mev with
the above values of I}, E3/2 and El/2 is 1.8 barns. This would corrospond to a
Oy, = 077 barns at that enerjy. The protable course of &, is therefore: 1.5 barns
at E=20 and a slow decrease to 0.77 at 2.8 Mev.

The transport cross section at an energy E cun bs caloulated from

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

. e s7%2N 3 sin2 § - T ein b, cos B 2l -x) =LX
Oy= A 3 8% O - 75 sl Bg 008 Vo | gt * T

— I gin? § 2 & L + 2 - ax?
60 of (€-x)%1 G+x)2e1 | 5 [lex)%+ Pllerx?+ 1]

4 281 (e-x)24 14 2[(erx)2+ Y -
140 {(6 -x )%+ ]} [(ﬁi-x)z-& 3-]}
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4) Carrocl and Dunnirgz, ﬁ;ys. Rov. 54, 541 (1938)
5) Barschaell and Kanner, Phys. Rev. 58, 590 (1£40)
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whera

' B - B
<-_=.%( Ez/p + E1/2 _‘E> . Da/e - B/ reff 3

2 T 1+2/E }

amh2 5in? § = o, Be< 0

and A = the wave lenzth of the neutron in c¢m in the cent:r of Zravity system

= '.32‘"35 > 107 ey

The value of 0y is ziven by the heavy curve in ¥ig. 1 for = 0.4
and o= 0.77 barang throughout. Also E3/2= 1.35 and E1/2=»1.05° Some points
were computed for N=0.3 and 0.5 and for ¢6,>1.5 and 0.77 barns in order %o
estimate the dependence on these magnitudes. The latter valuses represemt about
the limits which are still possible on the basis of present evidence. The
cireles in the fijure represent the largest deviations from the heavy curve
obtainable within these limits. The transport cross sections of scattering

in deuterium and hydrogen are added for comp.rison.
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