


1. Lntroduction 

It is well known that the etudy of the enargy dependence of 

one reaction near the thresh014 of another reaction can provide Ue 

with additional information on the dynamic8 of interaction of 

particlee [I - 4 ) .  One can think that intense monochromatic 

low-energy pion beams are a good tool for searching euch phenomena 

in pion-nucleue interactions. 

The motivation of the present paper is that recent data on 

the pion produotion [ 1,6 ] and abaorption [ 7 ] on nuclei at 

low energies indicate some anomalies in the energy dependence of 

the cross sections. There are several qualitative explanation8 of 

thie phenomenon such a8 the effect of dibaryons [ 8,9 J ,  

excitation of A bounded in the nucleus [ 10 ] or AA-states in 

nuclei ,[ 11 1 .  

Here, we coneider a poesibility to explain the obeerved 

anomalies in the energy behaviour as a threshold effect in 

pion-nucleus reactions. To eimplify the analya'is, we coneider the 

three-channel model for pion induced reactions in the low-energy 

range (below aay 10 MeV), i. e. 

where (1) ia the pion abaorption ohannel, tho seqond ia the 

elastic acattering, and the third i8 tho inelastic reaction in 

which the nucleua in an excited atate appears. 

Tha pion absortion followed by the emiaeion of two nucleonm 

leaving the reat nucleua X in an oxcited atate (three-body final 



state) seems to be the dominant channel for light nuclei [ 12 I ,  

The approximation of the excitation spectra of the nucleus by one 

excited state (channel (3)), the model of two energy levels of 

nucleus, is justified by the analysis of the elastic scattering of 

low energy pions by light nuclei in the framework of the 

UST-approach [ 13-15 1. The mean excitation energy (A) of the 

p-shell nuclei which provided the best description of the 

scattering data is about 15 - 25 MeV. 

2. General formalism 

To describe the influence of the inelastic reaction (3) on 

the elastic scattering (2) .and the absorption (1) cross sections, 

it is necessary to calculate the energy dependence of the 

elements SaS (a,@=1,2,3) of the S-matrix in the vicinity of the 

threshold. It has been shown in [ 1-4 ] (see especially [ 4 1 )  

that using the unitarity condition for the S-matrix and the 

relations s,, = spa following from time reversal invariance one 
can obtain 

~,,=m~k;'~ f o r a = i , 2 ,  
(2.1) 

( 0 )  - - 
'ag = : mamgkA for a,Bt3, 

where S(O) are calculated at the energy of the threshold and the 
aS 

momentum kA = V2M3(E -A) : E is the energy of relative motion of 

particles (n and A) in the initial state, M3 is the reduced mass 

of particles in the final state (n' and A') and A is the energy of 

the excited nucleus A' counted from the ground state; below the 

threshold kA = il kAl . The constants ma (a = 1,2) are proportional 

to the to the square roots of the reaction cross sectins u , ~  and 

C J ~ ~ ,  respectively. 

It should be stressed that relations (2.1) are valid if the 

particles n' and A' (or one of them) are neutral and are created 

in the S-state. For the reactions with pions this case is realized 

if n' is the neutral pion. 

Using (2.1) one can calculate [ 4 ] the energy dependence of 

the differential and total cross sections for the elastic 

scattering and the pion absorption. 

3. Elastic and inelastic scattering 

We consider for simplicity the interaction of a pion with a 

nucleus having the positive parity (P) and both zero spin (S) and 

isospin (T) , i.e. A(S',T] = (0+,0). The reaction of the pion 

absorption by carbon which has been studied in [ 7 1 ,  is just 

this case. The quantum numbers (a) of the partial reaction channel 

are defined as (J,L,S,P,T), where Jaand Laare the total and 

orbital angular momenta; Sa, Pa and Ta are the total spin, parity 

and isospin, respectively. 

Let us consider first the reaction (2) -. (3), i.e. 

n + A(o+,o) + n' + A'(S'~' ,T'). (3.1) 

The total isospin of the reaction is determined by the initial 

state T=tn= 1. Taking into account that the particles n' and A' 

are created in the S-state (LnIA, = 0) and the spin of the pion is 

zero, we can determine the total angular momentum J = S'. Finally, 

from the parity conservation we obtain the selection rule 
L (-1) nA = P', (3.2) 

where P' is the parity of the excited nucleus state. 

From the above analysis it follows that if the parity of A' 



is positive (P'= +l) than the relative angular momentum in the 

initial state must be even, i. e., LnA = 0, 2, etc., and the spin 

of A' is S' = LnA. On the other hand, if the parity of A' is 

negative than L nA= S'= 1, 3, etc.. For example, the latter case !, 

means that the P-wave pion can create near the threshold the 

nucleus A'(1-,l) which has the quantum numbers of the nuclear 

/ giant dipole resonance (GDR). I 

4. Pion absorption channel 

Considering the pion absorption by nucleus we suppose (see 

(1.1)) the dominance of the quasi-deuteron mechanism [ 12 1. As it 

has been shown by Brack and Riska [ 16 ] in their study of pionic 

disintegration of the deuteron, the partial singlet ID2 final 

state of the nucleons dominates in the cross section. For the 

initial n-deuteron state it means the dominance of the P-wave. 

It is natural to suppose that in pionic disintegration of the 

nucleus the P-wave mechanism producing nucleons in the 'D2 is also 

dominant. Taking into account the results of the partial wave 

analysis presented in the preceding section we conclude that the 

most interesting reaction channel, from the point of view of the 

cusp phenomena has the following quantum numbers: 

J=T=l, P=+l. (4.1) 

Hence, the initial state in (1.1) (and the elastic channel) is 

specified by 

L = ~ =  I, s = 0 , A(o+,o), (4.2) 

and the final state in the inelastic channel 

L ,,A, = 0, s = 1, A,(I-,T,). (4.3) 

where the isospin T'= 1,2. The value T'=O is excluded by the 

requirement for the pion to be neutral in the final state. 

The final state in the absorpion channel is determined by 

the total orbital momentum L = LNN (+) LX , the total spin 

S = Sx (nucleons are in the singlet state), and the total isospin 

T = TNN (+) TX = 1 [+)TX . Supposing that the pion is absorbed by 
two closed correlated nucleons (the pion absorption operator is of 

short range) and neglecting the final state interaction in the NNX 

system, one can show that LXz 0. Taking into account that the NN 

state is dominated by ID2 we obtain that L = 2. Finally, in 

conformity with the quasi-deuteron mechanism it is natural to 

suppose that the rest nucleus X has the quantum numbers of the 

deuteron, i. e. SX = 1 and TX = 0. Therefore, one can specify the 

final state of the absorption channel as 

L =  2, S = 1 , NN('D,, TNN = 1) and ~(1+,0) (4.4) 

It is worthwhile to stress that the pion absorption in the 

state (4.3) takes place in the S-wave of the n-nucleus system. It 

provides a strong coupling of the inelastic channel with the pion 

absorption channel due to the well known l/v - law behaviour of 

the total absorption cross section at the threshold. 

5. Total cross sections 

Taking into account the quantum numbers (4.1) - (4.4) of the 

most important (from the point of view of the threshold anomalies) 

S-matrix elements (J=T=lj and their energy dependence near the 

threshold (2.1), we obtain the following expressions for the total 

elastic and absorption cross sections 

gel (E) = vel (E = A ) - " k2 Re[ (S:;(E = A ) - 1 ] kA] , (5.1) 
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