under ordinary conditions transitions between these states, and if they are
formed at all, this occurs somewhere in "singular points" of the universe, for
example in galactic nuclei or in the case of gravitational collapse of stars.

It follows from all the foregoing that the asymptotic saturation condi-
tions are not always an unconditional test in the search for NN potentials.

In conclusion, I am grateful to A.I. Baz' for discussions.
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We have obtained the spectra of soft pilons emitted in direct stripping
and pickup nuclear reactions. It is shown that the pion spectra are not sen-
sitive to the mechanism of the direct nuclear reactions.

We investigate here the applicability of the so-called soft-pilon theorems
(see [1, 2]) against direct nuclear stripping and pickup reactions. In this
connection, we consider two processes: the possibility of extrapolating nuclear
amplitudes with respect to the momentum transfer q2 to a point corresponding
to the mass of the physical plilon, and the possibility of obtaining information
concerning the mechanism of the direct nuclear processes by investigating re-
actions with emission of soft pions.

0f greatest importance in the qguestion of the feasibility of the extrapo-
lation procedure is a determination of the rate of change of the nuclear ampli-
tudes with respect to the momentum transfer g2 when q? ¢ u? (u is the pion
mass).

To this end we have considered a broad class of diagrams with pion emis-
sion by one of the nucleons of the nucleus. This class of diagrams has a

singularity in the momentum transfer to the nucleus at q = Me (M is the
nucleon mass and € its binding energy in the nucleus). In the particular case
of a deuteron, this singularity corresponds numerically to q = 1,2u? It

follows therefore intuitively that extrapolatlon of the amplitude to the physi-
cal pion over a distance on the order of q s u? may turn out, generally speak-
ing, not valid. This situation differs significantly from that in elementary-
particle theory where one can hope the ratio of the pilon mass to the character-

istic mass of the process to be u/mchar <1 [2]. For this reason, the extrapo-

lation procedure turns out to be valid here. On the other hand, in the case

of direct nuclear processes, the characteristic-mass is of the order of Mohar

n vMe [3]. Taking this result into account, we can conclude that the process
of the validity of the extrapolation procedure in nuclear processes should be
considered separately in each concrete case. In this connection, it is ap-
parently necessary to approach the results obtained without such a special in-
vestigation with some caution (see, e.g., [4]).
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The foregoing conclusion drawn con-
d‘hﬂt& cerning the extrapolation procedure is
confirmed by experimental data on pion-
nucleus scattering length [5], which do
not agree with the theoretical calcula-
tions [6]. The reason for these discre-
pancies lies precisely in the fact that
an energy equal to the pion mass is so
high an excitation energy for nuclei,
that the pion at the threshold cannot be
4 regarded as "soft."
200
Ay, MeV Within the framework of the soft-
plon technique [1], the contribution of
the diagrams corresponding to emission of
a plon from the internal lines 1is suppressed compared with the contribution of
the diagrams corresponding to emission from the free lines. However, it is
precisely the emission of the pions from the internal lines which 1s of great-
est Interest, being the principal source of information on the mechanism of
the direct nuclear processes. For this Treason, in calculating the spectra of
the soft pions we took into account not only diagrams with emission of pions
from external lines, but also from internal lines.

The figure shows by way of 1llustration the differential spectra of the
pions in the pickup reaction C!2(p, dm)C!! for the case z = 0, where z is the
cosine of the angle between the momenta of the proton and the deuteron, ob-
tained under the assumption of the pole mechanism of the reaction. The ab-
scissas in this figure represent the total pion energy Ke¢. The ordinates
represent the pion spectrum in arbitrary units. Curve 1 in the figure cor-
responds to an "unphysical" pion with mass u = 0. Curve 2 corresponds to a
physical pion with mass u = 140 MeV. The obvious difference between curves 1
and 2 emphasizes the importance of a correct execution of the extrapolation of
the nuclear amplitude with respective q2 to the point corresponding to the
mass of the physical pion. In addition, it is seen from the curves that in
the pion energy region Ko > u there are no characteristic singularities in the
soft-pion spectrum that are sensitive to the mechanism of the considered di-
rect process. In this sense, the spectrum of the soft photons gives more
critical information concerning the mechanism of the direct nuclear process
[7]. The reason for this difference lies in the fact that diagrams correspond-
ing to emission of a pion from the internal lines are suppressed compared with
the corresponding diagrams in the case of photon emlission. Results analogous
to those given above are obtained also with respect to the direct stripping
process. The values z = 0 lead to analogous spectra. The results reported
here will be discussed in greater detail in a separate paper.

The authors thank Prof. I.S. Shapiro for a discussion of the work and for
valuable remarks, and L.M. Voronina for help with the numerical calculations.
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