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~DISAGREEMENT
of the angular correlation

coeflicient as($) of Alder and Winther' (AW)
with experiment has been recently reported. ' By means
of improvements it has proved possible to remove most
of the discrepancy. The work made use of the following
steps.

The correspondence' between the semiclassical (SCT)
and the quantum mechanical theories (QM) combined
with numerical agreement for zero excitation indi-
cated the likelihood of a similar connection of QM and
SCT radial matrix elements (RME) for finite excita
tion. It has been ascertained that QM and SCT values
of the RME are nearly the same, provided SCT values
for mean energies and only the integrals of Eq. (2')
of reference 3 are used.

On account of the disagreement between the signs of
cross product terms in the AW formula with their
numerical work and with a published' quantum formula
for as, the SCT and QM formulas have been rederived.
The A% formula was confirmed except for a sign in
front of the whole coeKcient of I'4. Calculations have
been carried out for Pt employing the excitation energy
AE=330 kev of Pt'". The combined effect of Ruther-
ford scattering and of admixture of Pt"' with AL&'=358

kev was inferred to be small by comparison of SCT
calculations employing the signs of AYV's number& with
calculations of McGowan and Stelson' on the effect of
Rutherford scattering in which they use the sign just
mentioned. The agreement with experiment is usually
within the combined spread of statistical errors and
differences between multichannel and single-channel
values, as shown in Table I.
TABLE I. Comparison of angular factor a2 with experiment for

Pt for three proton energies E„.

By
Mev

3.0
4.0
5.0

C2
Theory

0.72
0.56
0.44

C2
Experiment

0.71 &0.03
0.59 &0.03
0.472&0.012

~

~
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The somewhat arbitrary exaggeration of the experi-
mental error appears justifiable in view of the absence of
corrections for hE= 358 kev and Rutherford scattering
corrections with cross term sign opposite to that of
A% formula. Agreement with experiment regarding the
slope of the (tJs,E„) curve is improved mainly by the
correct cross term sign; agreement with the absolute
value of the experimental a2 is improved by the change
to the QM formula. After the present work was
completed, the authors were kindly informed by Dr.
L. C. Biedenharn of a slip in his derivation found
independently and agreeing with the signs used here.

*This research was supported by the OQice of Ordnance
Research, U. S. Army.' K. Alder and A. Winther, Phys. Rev. 91, 1578 (1953).' P. H. Stelson and F. K. McGowan, Phys. Rev. 98, 249 (1955);
F. K. McGowan and P. H. Stelson, Phys. Rev. 99, 127 (1955).' G. Breit and P. B. Daitch, Phys. Rev. 96, 1447 (1954).

4Daitch, Lazarus, Hall, Benedict, and Breit, Phys. Rev. 96,
1449 (1954).' L. C. Biedenharn and C. M. Class, Phys. Rev. 98, 691 (1955);
Biedenharn, McHale, and Thaler, "Quantum Calculation of
Coulomb Excitation" (preliminary version).
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' EASUREMEXTS have been made of the 14-Mev

(st,n) cross sections of the isotopes Zn' Zr"
Zr'4, and In"'. The results obtained differ radically
from the trend reported in a previous survey of (rt,n)
reactions' and, in contrast with the earlier work, ' are
in order-of-magnitude agreement with the predictions
of the statistical theory of nuclear reactions. ' The
agreement with statistical theory is (on the basis of
these four measurements) of approximately the same
degree as was found in a survey of (p,n) reactions' done
at this Laboratory. Measurements of additional (rt,n)
cross sections are being made to ascertain the range of
validity of the trend indicated by the four measure-
ments reported here. Results of these additional meas-
urements along with a more complete account of the
present work will appear in another paper.

Cross sections were measured by a comparison
technique in which the activity resulting from the
reaction to be measured is compared with the activity
resulting from a reaction of known cross section. For
the known cross section, the value of 110 mb4 for the
14-Mev (ts,p) reaction on Fe" was used. Targets
consisted of a sandwich formed from a foil of zinc (or
Zr, In, etc.) between two 1-mil iron foils. The activities
of the front and back iron foils, which were equivalent
to within about 2%, were averaged to determine the
neutron Aux passing through the target material in
the center of the sandwich. After bombardment, the
target material (atomic number Z) and the material
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for much useful discussion. The Cockcroft-Walton
accelerator of the ORNI, Biology Division provided
the neutron source for these experiments.

' E. B. Paul and R. L. Clarke, Can. J. Phys. 31, 267 (1953).
2 J. M. Blatt and V. F. Weisskopf, TheoreticaL NucLear Plzysics

(John Wiley and Sons, Inc. , New York, 1952).' D J..Coombe (to be published).
4Neutrorz Cross Sectiorls, U. S. Atomic Energy Commission

Report AECU-2040 (Technical Information Division, Depart-
ment of Commerce, Washington, D. C., 1952), Supplement 2.

'Brolley, Bunker, Cochran, Henkel, Mize, and Starner, Phys.
Rev. 99, 330 (1955).

Mass Values of the X Mesons*

1

55

I I I l

95
MASS NUMBER

115 135

FIG. 1. (a,Ir) cross sections in millibarns. + (n,n—) cross
sections observed in present experiment; e—(N,n) cross sections
observed in reference 1 for this mass region; '—partial (e,n)
cross section leading to an isomeric state.
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DDITIONAI- data have been obtained from the
stack of emulsions' exposed to 1.14-Mev E mesons

at the Bevatron and from another stack exposed to
170-Mev E mesons. Both exposures were made with
the use of the strong-focusing magnetic spectrometer. '

of atomic number Z—1 were removed from the sample
by radiochemical techniques. Samples were then
counted under end-window Geiger counters and the
induced (e,n) activities were determined by analysis of
decay curves. In the case of zirconium, the decay curves
were analyzed with the Oracle, the I aboratory's
digital computer.

The cross section values obtained were: Zn", 7.6~0.8
mb; Zr", 3.3+0.6 mb; Zr", 3.6&0.5 mb; and In"'
2.5+0.4 mb. In Fig. 1, these results are p1otted a]ong
with the results from reference 1 for this mass region;
the distinct diGerence between these results and the
trend indicated by reference 1 may be seen. Zr" is the
only isotope included in both sets of measurements.
For this isotope reference 1 reports a cross section of
194&107mb. It should be noted that our value for the
cross section on this isotope is in agreement with the
results of recent measurements at Los Alamos by
Brolley et a/, ' In view of the fact that chemical sepa-
rations were not performed in the work of reference 1,
it seems quite likely that the reported large (n, n) cross,
section on Zr" is in considerable measure a result of
(e,P) reaction on Zr" which leads to a similar half-hfe.
Examination of the (e,u) cross sections reported in that
work indicates the possibility of a similar error in a
number of the measurements so that the indicated
trend is perhaps also in error. It is hoped that additional
measurements now being undertaken will clarify this
situation.

The authors which to express their deep indebtedness
to Dr. B, L. Cohen for suggesting this experiment and
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FrG. 1. Masses of 459 EI, and 55 7- mesons found in stack 16,


