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In a previous paper we studied the asymptotic behaviour of the elastic scattering amplitude of 

neutral pseudoscalar particles. The present work offers an alternative and more accurate approach to the 

problem. Let us start once again with the scattering of pseudoscalar particles on each other. 

The partial wave amplitudes At possess analytic properties in f similar to those in potential 
· · a; ' scattering . { This is an almost trivial consequence of the Mandelstam representation for the amplitude 

and of the properties of the Legendre functions/3/ ). 

K h 
.. A . 121 h . 

nowing t e analytic properties of t~e l , one can perform the same operations is in ref. : t us we 

find that the asymptotic behaviour inc osS of the third channel will be determined by a Regge-pole. By 

crossing symmetry, we expect that the same pole will dominate the high energy, low momentum transfer re

gion of the first channel. 
. . . 

Let us write down the generalized unltarity condition in elastic approximation in the third channel .. 
A,l{a.,t):: ,9-;::'lo)V¥ Jf ~t.,.C.t.t ~(k) ~ (z 1,t) A"\ (~1 ,t~ 

. 'Z.;Ct(z,z.,,zt> 

'Z.~ ~+ls(i-4)-f '> 2.o =i-f- &(!-4)-~ 
(11 

and assume that for S _. 110 , , 

·At ( z, i > fV et {-t) B.c.t> (z) (2) 

Here L (i) is the position of the Reggi:!-pole, <:J.. (~)- essentially the residue of the partial wave amplitude 

at t~e pole L . From the dispersion relations for S :: C.o"' S i it follows that o(. (-~;land L £-£ J must 

be analytic in the cut t plane, the cut running from t: ltfO(S- 1
) to infinity along the real axis. 

Let us now divide the integration region in (1) irito three parts: 

I.) '1 .. ~oc .. l, 
and 'Z 1 : 0( 1) , 

'22.: 0(1). 
) 

2.., = 0 ( -z.) • 
) 

-.ID. ) 'Z ·' ~ 0 (z >, z z. :: Orz J 

A closer investigation of (1) together with (2) shows that the largest contribution to the integral comes 

from the region II. Jnserting (2) into (1) for the regions where the integratio~ variables are large, after some 

calculation .we arrive at the expression: 

• We follow the notations of ref/ 11, 
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·· Taking into account (2), ~e see th~t (3) 0m be' satisfied identically in. z. . , if , 
. ' . . . -·. ., . ' ·- . •, ' ,. 

• . · : : · . . . ~ \ ft:i·.:·r~ot:i~A,Coz~.,t> Q.;...:(%J=i--~·-
. . ~ ... 'L v .::..rt .· .) - •.· •· •. ·.. ... . . (4) . . . "' " . . 'Jo . • ., 

Let us notice th~t the. integral'in (3) and '(4) is·- apart fr~~ con~tant factors- Just the gen'eralized paitial 
. ··' ' . : . . . . ; . . - . . ~. . ·.... ' . ·. : . ' . " . . ·.' . .. . ... ' 

. wave amp~itude .in the third channel. Introducing the corresponding phase· shifts, (4) i~ equivalept to: . 

_ . ·c~~ S~(i) = t . . . . . . . ~ . . (4'> 

. (4') is obviously the collditi?n for a Reg~~:pole, a~d.knowing. c."lci&.(t) cfs all ~n~lyU~functionbf .t· 
and · t , we can det~rmine therefrom • the position' of the p~l~ a~ a function of.. t. . ' . 

• ~- • c • ' • • ' • ~ ~. 

Going ove; tci 7t N scattering, we write the invariani amplitude in standard ~otati~n as:·· 
. . . . ~- l:t>-: A (:t> . n 'ti c:t> . 

~Q~ - -~ v~D . - ' . ~ u ~ . . . ·' ' ,. ' -. ' . . 
It followsfrom the requirement of asyinpt~tic- ~r :_ inv~riancE/41that fors~~pllly.Bwill_'s~r~ive • 

. Carrying out analogous operation~.as those leading to (3) .~nd (4) 'and taking into account the partial wave · 

-~xpa~sionof B in the thfrd.channe/51, ~~find:'. ' " · .. · .> :. .··.· .· .. · . ·, . · · · . 1 , • 

.···a·,_.l/i>'-~ -~~:.tlJ~t+4t~.·. rCL+fJ,> :~',-~:)·sL-. f 
. . " :. ) . . ' . ( )'. . . \. . '. /51· .· . I· · . . . . / \( l { L+ c) ·> r .L . · _. · ' . 

,. . ' ·-· ' . 1 ,~ . • ·' ' ·. ' • ' .,, .· .• • ' •. ·- ' . ' " .• ' ' 

·. Here, < (t) is· once again the residue of the p~rtiaLwave a~pliti.tde at . L . and in (S) we have made use ~f .· 

' the well-known as~~ptotic expansion f~r the Legendre fl!nction~: If.t~e total 1t N cross secti~n is to tend 

t,·;t_ 

/ 

amplitude, through ·the generalized iinitarity condition. . 

Calculations to determine· L l-t) are in ~r~gress; how~ver, wi~ho~t th~ detailed kn~wledge of ~he latt~r,' 
,I ' . / ' - • • 

we. can mention some inter~st.ing properties of the theory sketch~d above; 
'' , . I ~ ' -. . ~- ~ ' - . . • '. '.. ' ,, ' 

.1. Th~ two-particle unitarity condition does not say anything about the iesidue of the Regge-pole •. In 

particul;~, . it follows therefrc;>m that ~{t) and.~ (t)do :: n~t have a brcmch ~oint at ~ =- ~ and the - \, ., . ·. -' 

values of th~ total cross sections remain undetermined; ' /. I ·'v 

2. The.fun~tio~ L (-() is the s~me for both .It Jt and 1C f\1 sc~tt~rfnq. For t ~ 0 , L Cf}sauift-, -. - . . . . ~ . 

es the ineq~ality: 0 ~· L /, i and is a monotonqusly-increasing fun6"uo~ ~f · i > 
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3. ,: ~. (s,i.) ~.o fo" :i ~ -·oo. • · · · 
I f , '- · '. , ' •· '' • ' 

· 4. In. the case of a. ~onstant total c;oss section,. the total elastic 'cross section decreases logartthmice;lly ' 

with S . (The l~tter ~roperty h~s· been first noticed by L~velace fot ~· s~ecial ca~e/61). . 
' . .':) ' ' ·, . •': ..... . : ·.. . '· ' '· (. ' ' . 

The above mentioned statements can be easily deduced from the general propertins of the scattering 
I \ ' \ -' , ' •· ' \ ~ • • ' • 1 ;._ : • 

'i . amplitudes>and from e~s. (1) 'of (5). . ·' 

i · \ D~t.ails of these calculations together ~ith numerical results wlil be published soo~~;; 

• . ·1 
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