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The cross section for excitation of nuclei by slow charged particles is obtained by taking into
account not only Coulomb but also the nuclear forces which give rise to resonances. In a
number of cases the role of interference in the total excitation cross section is shown to be
small. The results agree with the experimental data.

K. ALDER et all!] cite the experimental results
of Temmer and Heidenburg on the excitation of

Na?® by protons. These data (including the exper-
imental errors) are shown in the figure by vertical
lines. It follows from these results that for proton
energies somewhat less than the Coulomb barrier
height, nuclear forces become important and lead
to the formation of peaks on a smooth curve. To
the right and left of the indicated peaks the smooth
curve coincides with the calculated Coulomb excita-
tion cross section which is depicted on the figure
by a broken line.

On the basis of this we computed the nuclear
excitation cross section neglecting the nuclear
forces in comparison with the Coulomb, except at
resonances associated with the formation of an in-
termediate nucleus. Since we can apply perturba-
tion theory to Coulomb interaction ( V'), we can
use the dispersion formulal?] for inelastic scat-
tering in a Coulomb field
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We represent (1) in the form
(2)

do = do, - do,, + do,,

where do; is the differential cross section for
Coulomb excitation and coincides with the expres-
sion obtained by Alder et al.,':lj doyy is the inter-
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ference between the Coulomb and nuclear-resonant
excitation[?J, and doy is the nuclear-resonant
excitation.3]

For the calculation of doy and do, we have
that (3]
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where the quantities Uﬂj are reall3:4ID Also real

(cf. (1] ) are the radial matrix elements Ml_ﬁf and

the reduced matrix elements for multipole transi-
tions <Ij Il A Il I >, which enter into the Coulomb
amplitude.

Substituting (3) in (1), summing over magnetic
quantum numbers, and integrating over angles we
obtain the following expressions for the inter-
ference term

DThe partial width y{J is associated with the quantities
U/, by the relation
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and for oy, the nuclear-resonant excitation cross
section (or, equivalently, the inelastic scattering
cross section)
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For incident particle energies near the level
| Wyg — WNiI of the compound nucleus, oy takes
the form
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From the deviation of ¢ from oy + oy it is pos-
sible to obtain information about the matrix ele-
ments Uirliji and Ufli‘jf’ and to determine the sign
of <Ij IA IlIf >. According to (4), the contribution
of the interference term is zero for the S-wave,
small for the P-wave, and noticeable only for the
high levels of the intermediate nucleus when the
large number of terms yield simultaneously an
important contribution to o; and o;. However, at
resonance, i.e., for Ej = Wpy — Wy, we have that
oy = 0.

In conclusion we examine the case represented
in the figure. From experiments':5 563 observing
other decay channels of the excited state of the
intermediate Mg24 nucleus, which is excited when
the incident proton energy E, = 0.877 MeV, it is
known that the spin and total width of this level
are respectively J =1, I = 8 + 2 kev. In addition,
it is known[!] that | <I; 11 A 11 I > = 0.228e b.
Substituting this additional data into (4) and (5), we
obtain
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where €= 0 for U%ll/z U%13/2, €= =1 for
Uly1/, Ujg3/,» and <Ij Il X 11 Ig> = $0.228 e barns.

Constructing the corresponding curves by least
squares, we find that the curve for € = —1, indi-
cated by the heavy line, is in somewhat better
agreement with the experimental data of Temmer
and Heidenburg than the other two curves close to
it. The curve corresponding to € = 0 is indicated
by a thin continuous line. Thus, (4) and (5) are
found to agree with the experimental data. For
I‘iI‘f/l"i. we find the value 1.78 x 107 which is in
agreement with the result of Baumann et al [57; in
addition the small contribution oy, implies that
the quantities U%l% and Uhg 4 have opposite signs

and that <T; Il A Il L> = +0.228e b.

We note that insofar as the influence of the
higher order approximations in the Coulomb part
of the cross section is very small 1] (for exam-
ple, in the present case the contribution of the
second approximation is two orders less than the
contribution of oy at the maximum) then the
initial formula (1) describes the effect sufficiently
well.
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