the dislocation distribution, leads to an additional thermodynamic force that tends to homoge-
nize the superconductor, to rarefy the dislocation clusters, etc. Conversion of this force
into the effective mechanical stress o.pp acting on the dislocation yields

oers = OF/8e. (2)

Here 8¢ is the deformation produced when the dislocation density is equalized over the crystal.
When typical superconductor parameters and data on the dislocation structure are used (see, e.
g., [18]), the estimate (2) shows that the stresses ogpp can reach values on the order of 10°
dyn/cmz. Such stresses, being small in comparison with the applied stress, are nevertheless sig-
nificant under special deformation conditions (for example, when the number of mobile dislo-
ations is depleted under creep conditions).

To assess the relative roles of the quasistatic and dynamic effects, it is highly desir-
able to perform experiments on samples with different dislocation structures and to analyze
the change occurring in the dislocation structure as a result of the N-S transition. Great
interest attaches to experiments on the mobility of individual dislocations in the N and S
states, which make it possible to exclude the quasistationary effects.
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New measurement data on the differential scattering cross sections of high-energy protons
by nuclei were recently reported [1, 2]. The present article is devoted to a comparison of the
theoretical caleculations with the data on elastic and inelastic scattering of 1-GeV protons by
58Ni and 298 Pb nuclei, obtained at Saclay [2]. The excited states 2% (1.145 MeV) in °®Ni and
37 (2.62 MeV in 298Pp are interpreted as collective. The excitation of these levels is descri-
bed within the framework of Glauber's theory [3] on the basis of a generalization of the method
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proposed in [4]. This generalization includes an analysis of collective levels with different
multipolarities (one~ and two-phonon) and high rotational states, The method is based on the
adiabatic approximation and makes use of perturbation theory in the nonsphericity parameter

gr, = (a1 + l)ﬁwL/ECL, where'ﬁwL is the energy of a phonon with angular momentum L, and CL is the
surface tension. The resultant expansion for the scattering amplitude can be intepreted as a
Born series in terms of a potential ~gyRfp'Yry, where f is the paired amplitude of the nucleon-
nucleon scattering and p(r) is the nuclear density, which we chose in the form of a Fermi dis-
tribution, p ~ {1 + exp[(r - R)/al}"l. The distorted waves in the input and output channels

are described by an optical potential ~fp(r). The amplitude was chosen in the form f = ikc'/bn,
o' = ¢g(1 - ie), ¢ = - 0.33, and ¢ = 4.4 F2 for Ni and ¢ = 4.32 F3 for Pb (average over the pro-
tons and neutrons in Pb). The angular dependence of the paired amplitude was not taken into
account explicitly, since p(r) was regarded not as the distribution of the particle centers, but
as the distribution of the density of the medium with allowance for the finite dimensions of the
nucleons. As noted in [5], allowance for the finite dimensions is numerically equivalent to al-
lowance for the angular dependence of the paired amplitude at 1 GeV energy. Therefore p(r) for
protons yields the experimental charge form factor of the nucleus directly, without a correction
for the proton form factor.

We present the basic formulas. The excitation cross section of the one-phonon state with
angular momentum I (first order in Br,) is of the form

d ‘g2 L ke'R ; ~ 2
( a) = Bi 3 7 [d*bef9PE [dzp Y W(Z,8)],
dQl.— 2L+ 1 M=-L 47
A R E:exp(—i.fdzp}
Vzlth? Z

The elastic cross section, with allowance for the contribution of the oscillations, in second
order in By, is given by
2

L 2
F +3 ——  S-1nMF
° L2(2L+1)M( b LMI !

F, =ik [bdbJ (qb)(1-E),

o
iko’R?

7

i o’ ’ ~ ,
fd’be qu[7 fdzip " Y m(Zy #) fdz,p" Y _y(z,, ¢) -

- fdzp”YLM(;, (f))Yl_ M (z, ¢)} .

We now proceed to discuss the calculation results. The magic nucleus ggNi has almost as
many protons as neutrons; the charge and neutral distributions p, and Pn Were therefore chosen
equal. The dashed curve in Fig. 1 describes elastic scattering with a spherical Fermi distribu-
tion with parameters R = L.28 F and a = 0.566 F obtained from electron scattering [6]. The
corresponding elastic charge form factor is shown in Fig. 2 (dashed curve). It is compared
with the data of [6] (circles) and [7] (squares). Allowance for the vibrational oscillations of
the nuclear surface leads to an effective change of the distribution parameters. The quantities
R, a, and B; where therefore determined from a comparison of the cross sections and of the form
factors with experiment. The elastic and inelastic (2+, 1.45 MeV) cross sections and form fac-—
tors are shown in Figs. 1 and 2 by solid lines, for R = 4.4 F, a = 0.56 F, and By = 0.2. The
obtained value of B, agrees very well with the data on inelastic scattering of protons and
electrons of low energy and on Coulomb excitation (82 = 0,2). The necessary references can be
found in [8].

In the case of Pb we havg o # Pps owing to the large neutron excess. We have therefore
introduced an average density p, the parameters of which were obtained by comparison with data
on the elastic and inelastic cross sections (Fig. 3). We obtained R = 6.85 F, a = 0.57T F, and
B3 = 0.1. For the sake of completeness, we mention the charge density parameters [9] R = 6.47
F and a = 0.52 F. The obtained values of R and a can be interpreted by assuming that the

h71



10’

102

T T

T

2*(145 mev)

TTYITT

T

w0t

T T T

T

10"

T lll|‘ll

=
QQ

=TT

0’

TTTT7]

A
Q
8

B

[

8

>

Te
o
o

5]
=

I (2615 meV)

52|

10
i i | i 1 l7 ;g 211 EAJ__
N TR TR R T R T T T R /
F 3o q(F)
| [0 2
$
ot t
10-3_—
g
L i 1 1!
lll7 ajy 1,11 1,':' 1_‘5 17 19 21 gfF7)
Fig. 2
Pig. 1. Elastic and inelastic proton scatter-

ing by 58yi; dashed - with electron parameters
from [6], solid - with allowasnce for the oscil-
lations (R = 4.4 7, a = 0.56 F, B, = 0.2).

Fig. 2. Elastic and inelastic charge form fac-
tors for 58Ni; dashed - with parameters of [6],
solid with allowance for oscilletions (R = L.k
F, a = 0.56 F, 8, = 0.2). Circles - from [6],
squares - from [7].

Fig. 3. Elastic and inelsastic scattering of
protons by 208pb; density distribution param-
eters: R = 6.85 F, a = 0.5T F, g3 = 0.1.



excess neutrons fill the states above the doubly-magic "82-82" core, without essentially per-
turbing it, and lead to an increase of R. The obtained value of B3 agrees with the data on
inelastic proton and electron scattering at low energies: B3 = 0.11 [10], 0.14 [8], o.107 [6],
and 0.12 [11]. It is interesting to note that the course of the cross sections of Ni and Nb
agrees with the Blair's phase rule [12], namely, the elastic and inelastic cross sections vary
in phase for transitions with change of parity (3~ in Pb), and in counterphase for transitions
without change of parity (2% in Ni).

We note in conclusion that the oberved good agreement between theory and experiments
proves that the employed approach is adequate. Although the collective states are described
phenomenologically, the parameters that enter in the theory are compared simultaneously with
data on elastic and and inelas tic scattering of protons, and also of electrons where possible
(Ni). This comparison increases the reliability not only of the parameters themselves, but
also of the method.

The author thanks L. A. Sliv, V. Efimov, and A. A. Vorob'ev for valuable discussions.
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The shell approach to the description of nucleon scat-
tering by nuclei is used to parametrize the scattering matrix
averaged over the resonances of the compound nucleus. Concrete
calculations are performed for the s-neutron strength functions.
It is shown that, in contradiction to the predictions of the
optical model, the magnitude and the isotopic dependence of the
strength function at the minimum (A ~ 100 - 140) are determined,
in the main, by the spectroscopic factor of the 3s state.

The phenomenoclogical description of the scattering of nucleons by nuclei is based on the
use of the optical model. In this model, the excitation of the compound-nucleus levels during
the scattering process is taken into account by introducing an imaginary part in the optical
potential. The parameters of this part are chosen to fit best the experimental data. A more
consistent approach to the description of the excitation of the compound-nucleus levels is based
on the use of the shell model {1, 2]. Within the framework of the shell approach to the theory
of miclear reactions it is also possible to calculate the average S matrix (§) and to trace its
dependence on the shell-model parameters and on the quantities that determine the binding force
of the single-particle states with the compound-nucleus levels. Since, unlike the optical
model, the shell approach takes into account effects connected with the existence of Fermi fil-
ling of the single-particle states, the average S matrix can depend alsc on the structure of the
Fermi boundary.

In the shell model, the wave functions of the excited states of the nuclei (systems of
A + 1 nucleons) can be classified in accordance with the number of particles and holes. In
addition to the single-particle states of the continuous and discrete spectra |lp> z ]E>, there
exist also multiparticle configurations of the type 2p - 1lh, 3p - 2h, etc. As a rule, at exci-
tation energies on the order of or larger than the binding energies of the nucleon, the multi-
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