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Department of Physics, Banaras Hindu University, Varanasi-5, India 

Received 24 July 1973 

Abstract. A method to evaluate the dispersive part of the box diagram amplitude is 
given. The dispersive part thus obtained is shown to be smaller than the absorptive 
part in the energy region from an incident meson momentum of 1.5 GeV/c to a 
momentum of 4 GeV/c. 

Recently we have calculated (Agarwal et al 1971, Singh and Agarwal 1969) the con- 
tribution of the rescattering box diagram to the amplitude for the reactions which are 
forbidden in single-meson exchange. In performing these calculations, we have 
assumed that the imaginary part of the amplitude gives the dominant contribution 
in the energy region from an incident meson momentum of 1 a 5  GeV/c to a momentum 
of 5 GeV/c. The purpose of this letter is to show the justification of the above assump- 
tion by evaluating the real part of the box diagram amplitude. 

For the reaction 

K- + p  -+ Z-  + T +  ( 1 )  
the absorptive part of the box diagram amplitude can be extracted by putting the s 
channel particles on the mass shell, and thus reaction (1) can be treated as a two-step 
process (Singh and Agarwal 1969): 

K- +p +p0+A -+ Z- +n+. (2) 
We thus evaluate the s channel discontinuity. The T matrix is related to the invariant 
amplitudes for the reaction (1) as follows : 

c(Pz)Tu(pi) = f i ( p 2 > ( -  A(s, t)  + iy.QB(s,t))u(pi) (3) 
where Q = 4 (ql +q2), andpl,p2, ql, q2 are the momenta of initial and final baryons and 
mesons, respectively. To separate the imaginary part of the box diagram amplitude 
in terms of Im A and Im B, we use (Kubis and Gammel 1968), 

(4) 
YO(Pl0 +410) 

4 s  
Yo = 

Here plot and ql0 are the energies of the initial proton and kaon, respectively in the 
s channel centre-of-mass system, as s is the square of the total centre-of-mass energy. 
From equation (4), it is easy to get, 

( 5 )  
Using (3) and (5),  we can easily write the T matrix for the process (2) in terms of Im A 

% P Z ) Y O U ( ~ ~ )  = -%Pz)B(~~ +md + i~*Qlu(pJ/l/s* 
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and Im B as follows: 

IQ’I ,) IQl I IQ‘I -410po] 
x 42.41 + Qa*Q1--42040 I- ( IQ11 mP2 

’ 

IQ’ I  ’) lQ111P’I-41040‘] 
x q 2 4 +  Q241--42090 [ ( IQ11 mp2 

with 
1 1 ~ 1 ~ 2  -COS 8 + 1/ -PI 

Y =  In 

p1 = 1 - cos28 - a12 - a22 + 2ala2cos 8, 

a1 = 

4 IQ1 I IQ’ l2 IQ2 I d -81 ala2 -cos 8 - 1/ -A’ 

2q1040‘ -mp2 

21% I IQ‘I ’ 
242042‘ -mp2 

21q2llq’l , 
a2 = 

where Jqll, IQ’/ and 1q2) are the magnitudes of the centre-of-mass momentum of the 
initial, intermediate and final mesons, respectively. Also po’ (qof) is the centre-of-mass 
energy of the intermediate A(p0) particle, and pzO (420) is the centre-of-mass energy 
of the final Z(7r) particle. 

Dispersive parts of the amplitudes (6) can be calculated by using the unsubtracted 
dispersion relations for the invariant amplitudes A and B, separately in the forward 
direction as follows : 

p ImB(s’) 
T S I - s  

ReB(s) = - 1 ~ ds’. 

(7) 

These integrals are undoubtedly convergent as the asymptotic behaviours of the 
amplitudes are : 

1 
ImA(s’)-- 

S’ 

1 
ImB(s’) N - 

s!2’ 

We have evaluated the numerical value of the integral by applying an arbitrary upper 
cut-off at 400 (GeV)2. 

I A* 
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In figure 1, we have plotted a( = Re A/Im A )  and (= Re B/Im B)  as a function of 
the incident kaon momenta. The results thus clearly indicate that the real parts of the 
box diagram amplitudes are smaller in magnitude than the imaginary parts in the 

Incident kaon momenta (GeV/c) 

Figure 1. a( = Re A/Im A )  and B( = Re B/Im B) are plotted against the incident kaon 
momenta. 

energy region from a kaon momentum of 1.5 GeV/c to a momentum of 4 GeV/c and, 
therefore, can be safely ignored while calculating the amplitude of the box diagram. 

I wish to thank Dr J J Kubis for his valuable suggestions. 
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