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by the Breit-Wigner formula for a single level 3 namely,
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where
r p/r =4.82X 10 Epa' p/4x'gf, r„p&(r„

g;g) =,t i~1/{2i+1)g,

E is the neutron energy in ev, r„and r are, respectively, the neu-
tron and absorption widths in ev, o„ is the potential scattering
cross section of the mixture of isotopes, a is the potential scattering
length of the resonant isotope, i is its spin, and f is its abundance.
The subscript 0 refers to the energy of the resonance. Ualues of
r, 0' p, Ep, 0'~ were obtained from transmission measurements of
Rainwater et al.»

g was taken to be 0.75 in agreement with Beeman, P

corresponding to spin 1 for the compound nucleus Cd'". The
scattering length u was assumed to be (a„/4m)&; i.e., the potential
scattering of the resonant state was assumed to be the same as that
of the average for the element.

The general agreement is excellent, except that in the region
0.180 to 0.250 ev the measured values are low in comparison with
those at lower energies. A possible cause is discussed in the
following letter in connection with scattering by Sm203. This
agreement is further support for the Breit-Wigner formulation, in
particular for the proportionality of neutron width to wave
number.
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A MAM UM.—Scattering of low energy neutrons by samarium
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has been investigated by the method outlined in the preceding
letter. ' The ratio cr,/o for neutrons of energy 0.02 ev to 0.150 ev
is shown in Fig. 1 for two samples of Sm203. The dotted curves are
Breit-signer curves which involve only parameters from the
literature. The resonance at 0.096 ev has been assigned' to Sm'4'.
Since the spin of this isotope is not known, curves for several
values of spin have been plotted, In the formula (see preceding
letter) cr p, r„Ep were taken from the transmission data of
Sturm, ' and a was calculated from the Amaldi' A& relation for
nuclear radii. The potential cross section for this value of a is 9
barns, and if 4 barns is taken as the scattering cross section of
oxygen, the potential cross section of, (Sm203) is r„=9+6=15
barns. The two most recent determinations~ ' of isotope abundance
give f=0.1368 for Sm'4p when weighted according to their stated
accuracies.

The shapes of the experimental and theoretical curves are
closely alike. Comparison of the curves suggests that the spin of
Sm'4P is high {i&~), in agreement with Brix and Kopfermann, 'who
found i&-,', and that the spin of the compound nucleus Sm'p' is
i+(. On the Mayer shell model' the spin of Sm"' is expected to be
9/2. Larger ground-state spins are not observed. The agreement
between theory and experiment for spin 9/2 is within the combined
experimental errors of the transmission measurements and these
results.

In this discussion three related effects have been neglected.
These are Bragg scattering, the Debye correction to the scattering
cross sections, and the change of neutron energy due to recoil of
the nucleus, The 6rst and third do not occur together. Insufhcient
data exist for accurate calculation of these effects but qualitative

examination suggests that they are small. The general result is to
raise the measured value of the ratio o,/o at low energies com-
pared with its value at high energies. It may be signi6cant that the
deviations between theory and experiment shown in Fig. 1, and
also in Fig. 2 of the preceding letter, are in this direction.

The samarium oxide, as received, contained an amount of
volatile material, presumably water and CO&, sufficient to affect
the measurements seriously. This was removed by heating one
sample for 24 hours in a vacuum at 500'C, and the other in air at
700'C. The fact that the two samples of different origin and heat
treatment gave essentially the same result indicates that there was
no serious contamination.

Gadolinium. —Measurements of o;/tr were made on a sample of
Gd20s in the condition received. The experience with Sm20g
suggests that the measured values are about 20 percent too high,
because of contamination. Nevertheless, the results are of some
interest.

Sturm' and Brill and LichtenbergerP Gtted their transmission
measurements in the region 0.01 to 0.20 ev by a one-level Breit-

020-

~CT

~a
OI5—

OIO—

005-

/
/

/
/

/

/

/
/

/
/

/ /

/
/

b/ /
/ P/

/
/

J (rg

l 9
I/ 25
2

&/& 375

~/2 45

9/2 55

&/2 625

I/~ 75

Ep Sm&0&

005 0 IO

ENERGY ev

0 l5

Ftc. 1. Ratio of scattering to absorption cross sections in SmgOg. The
circles and squares are experimental values. with their standard deviations.
for two samples of different origin. The dashed curves are the Breit-Wigner
curves calculated with Eo ~0.096 ev, a'o =15,500 barns, Fo =0.074 ev, a p ~15
barns, a =8 X10» cm, and f=0.1368, for different values of i and g.

Wigner formula for absorption. Our measurements of a,/4r lie
significantly below all the Breit-Wigner curves calculated from
their data, being about 15 percent below the lowest curve, that
with g=0.75. Any correction for contamination increases the
discrepancy.

We believe this disagreement shows that the low energy ab-
sorption in gadolinium cannot be described by a one-level formula.
This is supported by measurements of Lapp et al. 2 which show
cross sections for pile neutrons of 2.5X10' barns for Gd'" and
0.7X10' barns for Gd'pp. The cross section for Gd'p' is the larger
by a factor of 3.5; hence, description in terms of one level of Gd"s
may have a limited meaning. If so, the conclusion may be drawn
that the g-value for Gd'Pv is high and hence that its spin is low, and
that the compound nucleus Gd'" has spin i+-,'.
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