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Btre energy dependence of the croee sections near the threshold of any inelastic process

reveals root singularit les (t 'cusps") [ l]. For nuclear reactions, a, cusp extentls over several

d,ozen keV.

We investigate in this paper the behavior of the cross sectlons of reactions in an

enerry interval ln vhich there exists a set of thresholtls of excitation thresholds of unstable

particle states J (J = O,1, ...1 N) having conmon clecay channels. lhe ctistance betveen

thr€sholds can be much smaller than the size of the cusp.

Let us consider the case when the vldth of one of the levels (vith index O) satisfies

the inequality

Fo>>  r t ( t - l r 2 r . , . t  N l .

We assume henceforbh that the states i are lsolated from one anotherr l.e.r f i/D << It

vhere D le the distance betveen neighboring tevels. As shown i.n [2], the condition (1) leatls

to the apBearance of a flne structure of the giant resona.nce in the cross section of the

reactions that proceed via the channel (u + c) (see the figure).

Tlre sought reactlon arnplltude will be d.etenrined by a sum of dia,gra,nsr one of which is

shorn in the figure:l)
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He have introducecl here the notation
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i in i" the kinetlc energy of particles A a,nd B in the cont.s., tJ. i" the r"educed mass, F

is a constant, and p" is the particle mornenturn in the c.m.s. of the reaction. 'Ihe calculations

yie ld

I)see 
thu revLev [3] concerning the nonrelat i .vist ic t t iagran technique.
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tteterainecl as follolts:
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It ls seen fron (?) and ln (f) ft ls neceesary to take

tion of the integrals I' and IrO. Ttre renalnlng qua.ntitles

qua.ntit ies of the ortler of t./D.

Ttre sought crose gection of the reactlon le wrltten in
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where

vhere 0O is a real

coincicies vith the

in this reglon
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Folloning [1], I 'e represent the analytic expreselon for

to elastic scattering in the fonn
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phase. In the case vhen there are no inelastic chalnefst the phase $O

elastic-scattering phese 60. This yields elast ic-scatterlng crosg seetlon
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Tlre singularlt ies near each threshold Q, should be considered in the region In - Q.l>> l,/2,

rn (10) ve have introd.uced the follovinl eynuors, ft = lral"ld is the elastic-scat:":ld

ampl i tude. ,  kn is  the nave nwnber in  the c.m.s.  of  the channel  (n + s) ,  RJ = {n j+ Cj) t t t ,

y. = tan-r C./D. ls the phase obtalnetl as a result of the overlap of the broad a.nd narrov
J J J

poles in forroula (2). I t  fol lovs tron (tO) that the el"ast ic-scattering crose section is de-

termi.nedby the srrrn of the lndependent eusps sltuated at the polnts QJ (J = 01 11 .. . ,  N).

If the vj.d.th lO is coroparable vith the extent of tbe cuep, then the cusp corresponcling to the

thresholai 
$ 

vill be srneared. out and vl1l not &ppear ln fornula (10). Hovever, the presence

of a broad pole in (2) feaas to a,change in the type of the remaining cusps near the point

QO, oving to the additional phases yJ. 'Ihese phases reach a ma:cimu.n value for cusps located

in  the  v lc ln i ty  o f  the  po ln t  QO,  and van ish  nhen le ,  -  
%l  

>> f  
o /2  

(see fonnu l "  ( f ) ) .

ftrus, a study of the cross sections of the reactions at the procluction threshold of the

giant resonence can ansver the question vhether the giant reaonance ls ilue to the presence of

a broad pole or gome other causes. In the latter case, the phases yJ wll l  not appear, and

the change of the type of the cusp will be tletennlned by the region of appreciable change of

the elast ic-ecattering phases.

This question can be investigated experinentally by studyingr say pp scattering fron

redj.um nuclei in the region of the direct pn reaction vith anaLog-resonance production [ l+].

The author ls deeply grateful !o. ' I .  S, Shapiro and D. E. Khmelrnitski i  for useful-

d iscusg ions .

l I ]  A .  r .  Bazr ,  Zh .  Eksp.  Teor .  F iz .  Er  92S ( tg> l )  [ z ] r .  Eksp.  Teor .  F iz .  9 r  709 (1958)1 .

Lz) r .  s.  shaplro, zrrETF pis.  Red.9r-158 (rSgA) lJerp Lett .9. ,  g5 (1968)] ;

[3]  I .  S. Shapiro, U"p. Fiz.  Nauk gV, >t+g (tg6l)  [Sov.Plrys.-U;p. 10, 515 (rg58)] .
t l+]  J.  D. Anderson, C. Wong, J.  W. Mc. Clure, and. B. A. Walker,  Pnys. nev. 51i ,  Af:-8 ( fge!) .


