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The energy dependence of the cross sections near the threshold of any inelastic process
reveals root singularities {"cusps") [1]. For nuclear reactions, a cusp extends over several
dozen keV,

We investigate in this paper the behavior of the cross sections of reactions in an
energy interval in which there exists a set of thresholds of excitation thresholds of unstable
particle states § (J = 0, 1, +.., N) having common decay channels. The distance between
thresholds can be much smaller than the size of the cusp.

Let us consider the case when the width of one of the levels (with index 0) satisfies

the inequality
re>> T, (i=1,2,04.y N (1)

We assume henceforth that the states i are isolated from one another, i.e., Fi/D << 1,
where D is the distance between neighboring levels. As shown in [2], the condition (1) leads
to the appearance of a fine structure of the giant resonance in the cross section of the
reactions that proceed via the channel (b + c) (see the figure),

The sought reaction amplitude will be determined by a sum of diagrams, one of which is

1)

shown in the figure:

| 2mg M7 MT - 2m M7 ML
M--[ — § . (2)

: 1 =1 2
Pq _Zmofo - imL, P, =2mE, -imT,

The total cross section of the reaction, determined by the amplitude M (Eq. (2)), is

conveniently written in the form
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We have introduced here the notation
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B is the kinetic energy of particles A and B in the c.m.s., mja is the reduced mass, F
is a constant, and Py is the particle momentum in the c,m.s. of the reaction., The calculations
yield

l)See the review [3] concerning the nonrelativistic diagram technique.
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The constants in {6) are determined as follows:
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It is seen from (7) and in (3) it is necessary to teke into account only the contribu-

tion of the integrals I,jj and I, The remaining quantities Ii,j (i # J # 0) contain small

Ol
quantities of the order of I'i/D.

The sought cross section of the reaction is written in the form
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Following [1], we represent the analytic expression for the S-matrix element corresponding

to elastic scattering in the form ’
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where ¢0 is a real phase. In the case when there are no inelastic channels, the phase ¢»0
coincides with the elastice-scattering phase 60. This yields elastic-scattering cross section

in this region

do kg N —_—
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2
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The singularities near each threshold Qj should be considered 1n the region IE - Q |>> r /2.
In (10) we have introduced the following symbols: £, If le is the elastlc-scatterlng
amplitude, kp is the wave number in the c.m.s, of the channel (A + B), R y = (D2 + C2)l/2

J

yJ = tan™t CJ/DJ is the phase obtained as a result of the overlap of the broad and narrow
poles in formula (2)., It follows from (10) that the elastic-scattering cross section is de-
termined by the sum of the independent cusps situated at the points Qj (J =0, 1, ¢ov, N).
If the width FO is comparable with the extent of the cusp, then the cusp corresponding to the
threshold Q0 will be smeared out and will not appear in formula (10). However, the presence
of a broad pole in (2) leads to a change in the type of the remaining cusps near the point
QO' owing to the additional phases YJ' These phases reach a maximum value for cusps located
in the vicinity of the point Qy, and venish when IQJ - Q| >> ry/2 (see formula (7).

Thus, a study of the cross sections of the reactions at the production threshold of the
glant resonance can answer the question whether the giant resonance is due to the presence of

a broad pole or some other causes. In the latter case, the phases y, will not appear, and

the change of the type of the cusp will be determined by the region gf appreciable change of
the elastic-scattering phases,
This question can be investigated experimentally by studying, say pp scattering from
medium nuclei in the region of the direct pn reaction with analog-resonance production [4].
The author is deeply grateful {o. I. S, Shapiro and D, E, Khmel'nitskii for useful
discussions,

(1] A. I, Baz', Zh. Eksp. Teor. Flz. 33, 923 (1957) [Zh. Eksp. Teor. Fiz. 6, 709 (1958)].
(2] I. S. Shapiro, ZhETF Pis. Red. 8, 158 (1968) [JETP Lett. 8, 95 (1968)]7

(3] 1. S. Shapiro, Usp. Fiz, Nauk 92, 549 (1967) [Sov.Phys.-Usp. 10, 515 (1968)].

{4 J, D. Anderson, C. Wong, J. W. Mc. Clure, and B, A. Walker, Phys. Rev. 136, B118 (1964).



