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Starting with the Mandelstam representation Integral equations for the lowest partial 

waves of K N- and K N - scattering are obtained on the basts or dispersion relations 

for forward and bacltward scattering. In the approximation used, the two <'~ystems of Integ

ral equations are not coupled. As an estimate for the '1jt.wave an expression Is given 

which depends only on s- and p- waves. 

I 

Recently, in a paper by MacDowellll the analytic properties of partial waves for K N- scattering 

were investigated on the basis of the t.landelstam-representation. In the present paper integral equa
.;y 

tions are set up for s-, p- and d- waves of these processes. 

1/ . 
In contrast to the program outlined in paper and to the Chew-Mandelstam approach for 1fTr -

scattering, we obtain equations for partial waves using fixed angle dispersion relations. Thus we can 

avoid serious difficulties ocurring in reference21, which were investigated in3•4/. 

Especially, in the present paper we get partial wave equations from dispersion relations for for

,;,ard and backward scattering. 

The kinematical cut arising from the square root dependence of the invariant variables s and 

s on 1<" can in principle be removed by symmetrization with respect to the square root ( see refe

rence5/). However, as a consequence of the particular kinematics of the K N -processes,_we here can 

take into account the nearest singularities on the negative cut without symmetrization by introducing a 
\ & 

cut -off at - m, := - 13 J't' . 

According to the general idea of Mandelstam we consider the following reactions 

<
1 ' K-+N-. K:-tN' 

(II) K' + N ~ R + N I 
( III ) K' + K ~ N t N I 
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The unitarity condition in two particle approximation for reaction II leads further to the process 

K+N~Y-\ott 

( Y: .A: or l: -hyperon) .ancf for the thirdreaction (taking only lowest mass states ) to the ampli

tudes 

K- -+ K ~ 'it + tt J 

'\l'-ttl'~ N:+N ) 

which were investigated in6 •7~ All these !eactions have to be considered as known amplitudes; in 

KN _,. Y1f it would be possible, for example, to take into accountthe pole .contributions or to 

put in experimental dates c;malysed in8/. 

u 

The matrix elements for the processes I, II, III are written as 

$ - J . i J( ) . M - T 
ii ' f• ~· '(tn.J" p • .,,. - P1. -,.. V • • • , • '"- ""'- 1 

tr P• P~1· i,. 

where the Green function has the structure 

T= ~ +rh4 +,,.)r s 
J ( Y1: y.,. -ti) · 

For A and B· we have 
f' 

A "(+I .. .. A'"l 
:; n + t" tf4 • 

li 1 l'i.\ . . . 
The A , B are in the following way connected with the isotopic spin amplitudes of the 

corresponding processes 

r~·)~ (1 -~)(~' .. ') 
\ ~" 1 1 . ~ (•\ 

( 1 ) 

i 
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, ( ~· \ : (~ o \ ( A ctf l 
~4 ) " t J N-' 

The matrix elements for the reactions I, II can be written as 
·..;,~ 

- T = y ,; {+ + (aj.H~,.) i j t 
.M,.. """" M A.N' j1 ~.. 1. . ~ I 

. -

( II ) 

( III ) 

where W 

,process; the 

is the total energy, 

1 and A, B 
~,1. 

K"' the square of momentuin in the c.m.-system of the given 

are connected by the r~lations 

(I} 

where 

~ = (r..arnHw- h) 
h·W 

( f• ,.., nucleon energy) • 

'"=~A-~ B I 
( II ) 

1~=-r~-Jrs, 

_ P•- h 

r- '" w 

S = (r·- h1(VH ~\ 
.hW 

. The connection of 1-•,1. with the partial waves is given by 

( 2.1 ) 

( 2.2) 
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1. {.~ .. ) • L. ( { .. P:., (,). { •. r.:,{•lj , 

f~(K~t} = L. \ {t.- {e.j ~ \t). 
Taking into account partial waves up to {t. = {.t.\ 
t.,\(-i): f ... t(k\~d_1); 

{o: ~{ ,1(+) ~ i.l-lJ~·t {i,(tl-i\H! I 

{1 .. tti.ltJ .. \1t-l\ ~tt ],l+l ~),l-lJ, 

k!l1·H-1JI\ I 

{t. '1 t1~+l -\iH1 · 
The unitarity condition for reaction I gives 

, 
Jm {h ; K \ ~tt I 1 

for II we get 

- , 
)WM {u :t(\{u\"t iC,s\-Fh\ 

1 

( 2.3 ) 

we get the following expressions, where 

( 2.4) 

( 2.5) 

( 2.6) 

where F(t are the partial waves of K N -. Ytt , and 'ttr _ is given by 

K ._ 1 * t S - ( 'llt1 t r r l { S .. ( 'llt, • rl 'l 1 

whereas 

K~;~ts·- Ct\tml' 1 r s -(h .. mi'J i 

here ml I f denote the masses of hyperons and Tf -mesons respectively, M and m 

those of nucleons and K-mesons. 



8 

" "' t ... .. 1fll"':' •J(•' •J' $ • t\ 't M .. 1c 1. - k 'th IU .. 

( II ) s. h"+,.. '\~ tt\"-+1 ftk' .. l\"l(k"'1 -.•1 ( 2.11 ) 

t : -1 i' (1- i 1 I { i : '0) ~ 1 j 

s & h"- .., '\- 1 i ".-\ 1. ')( ~ .. p~ 

(III) ... " , " '~ i = n - "' .. "'1 - 1" 1;· p' ( 2.12 ) 

t: lt(nt"'-\,·)= Lt(M\p"'), fx=c.o$~J. 

m 

The Mandelstam double representation for the functions liJ B ( s, s, t ) has the form 

Cil ('3] r ! L(~l ( I -•) B l~.i.·l}· P. 4- ~ +.1. J.sJ.i' o"'\s,s 
.A. -"\ I 11" ls'-s Hi'- i) + 

(M•l' ('\'lt4~M .. 

+ ~, rcii' fJ1' bu (s', t:') 
'It ~· J (;'-~)(i'-t) 
(11t~r\~ 't,.'" 

where the pole terms are 

" 4- 1?. = _i! 
y /Wr.. -

'Ill - s-
l 

<'1:' 
' 

t -"' (J.A. ~ l4 I ~ .. r~ .. ·~.t:· b li' ·} 
t . (t'-i:l ($- s) 
,,: u, .... ,J· 

( 3.1 ) 

1. 
The renormalized coupling-constants 1-l ... 

and 1t are dE)fined as residue of the pole terms 

of 8( s, s, t ) for the isotopic transitions 0 -J> 0 and •1 ~ 1 of the second process. 

For A l~l hold analogous representations where the corresponding pole terms are multiplied 



l 
I 

I 
\ 

~re 

m 

7 

,.. 
For the partial waves of reaction III and for 1tll - NN we have 

( 2. 7) 

where J..,. and 'J,.. are the helicity states of these reactions ( see7/). For the process 

mL lu and ] 4 • are connected with A, B by 

] ,. a • ]_ i •l; ~ 1 - x" I ]3 ° 

For the partial waves of reaction III the unitarity condition gives 

I 11 t l \I 
and 

(. 
and T. · are the partial waves of - -K K-~> Itt and 1'1 ~ N N 

( 2.8 ) 

( 2.9 ) 

respectively, 

.. ... .. . . 
Here, ~ , I( and 1 denote the squares of momentum for the respective processes in 

l
l their c.m. - systems. The invariatnt variables introduced by Mandelstam9/ have in the c.m. -systems 

of the reactions I, II and III the following form 

( I ) ( 2.10 ) 
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·by ( M i 1tl
7
); here the signs ( ± ) refer to scalar and pseudoscalar K~mesons, respectively. 

The bounderies of the region in which the spectral functions are not equal to zero can be calculatE 

on the basis of the results of reference101. It is found that the nearest boundary is determined by a 

'diagram of the type shown in Fig. l.In the plane of the invariant variables we obtain the curves of 

Fig.2, where A has the coordinates 

s ~ - 20f"-... 

The curve r is ?ymmetric under the exchange of s and s 
correspond to other diagrams~ 

< 
•• r!9 

t - 25 f-.... 

, r" 

The double representation gives for the functions ~( k", z ), 
!jl \ 

B ( IC, z ) the cuts of 

Fig.3 (reaction I ), The line ,P represents the two poles at 
...... .. .,.. '12''2' t. 

IC" 2 IC~ , where for z = + 1 

1\o\, = -11,0/A- 1 .. t; II - I; lfA- • 

Fig. 4 gives th~ cuts of reaction II. Here,, P denotes poles at \C.!, :; - 8.9 14-" 
k~ • . -7.2 f-A-._· From the value -l·· -5.4 f4' starts the cut of ~ N-.. 

this cut is the consequence of the inequality ( 1lt '\~ /"" ),( ( M + m )2• 

and 

Y1t 

In equation ( 3,1 ) the integration over begins with 4 r=- . On the other hand the kinema-
. 'l 

tical cut from the square root begins with the mass of the K-meson; that means the interval from - /4 

up to -II)"'= .-13,.. .. on the negative axis of t'" or i" remains free fromthis kinematical cut. 

-In the following, therefore we shall restrict the integration over negative k" or k' to the interval 
(- m~ -r-4']. 

Note that all kinematical coefficients .c (k" ), 
give no new singularities. 

~ (IC'- ) etc. are reaJ in this interval; they also 

According t<? the analytic properties shown in fig.3 and 4 wrp can apply the Cauchy- theorem to 
the functions A ('t)(tf, z.c i' 1)

7
B

1
t
1 

( k',, i; ±' 1) and Alil (i" , z • tl), .&'( i" , z • ;t-1 ), 

As an example we write the dispersion relations forB~il (k'\., + 1) 

'B'~'lK~ 4 1) ' z. B'"l"'J + .1 -I J.l('"' 'J ! ctl ('fl'~ + 1) -t 
1 l ~ K'"'-lf" ... I . 

" _,. ... 

+ 1.. r. J."'·"' 1 tM B'~'( \( ... + 11 
I J 1('"· lf' . . ' 

(3.2) 
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Here 
t. 

''11 .. j-"'"· .. f ~ (.). '\-~{.~)(~ -• ... 1 ) 

t. 

+ 3 ~E 
(-1 11-~ (t~J(k~- ~·J 

and 

h(l\'l = \cl.sCK1.\ \· 
.l_K1. . 

We remark, that in B11' nl; -1) there are no pole terms and for the second process the integration 

from the right hand cut begins with -a. . 
Now, using the abbreviations ~· .::. odk'"), "'l""(kf t.) etc. and 

l: l'' ='I. (M i 'nt ) B'11 
y T , 1 Y , 

(in the following we suppress z: ) we obtain from (3.2), (2.4) and (2.1) the equations for the first 
T 

partial waves of process I: 

»'1' ,~, . r ft\ ~J eL '" ~' 1• {.t): tl3~, .. l,) A, ; 1;-{l~T+J,jBl t i 1<"·;..\ ... J ~ ~· (k''lt 

~ ! ·r J.~·.. 13«.·-,·"' l(tl( ..... 1 i 0 , ~\J' 1 BU'("'I ... ti) t 
. .. ~~'"-k' ' oltM 1\ k ,+-~ ' Mo1 I 

·!.:,.;. 

-•" I I ' /1.' J I l "'" ~"'(, .~rr 1m A'tt c~·>1l + 1,~- 3 ~ t>u·'( \(~-11 . ' (3.3) 

lt\ o., 
J , . "~~~ I' , .. , r J. 11. Ctt t.Y I' t i~·-~.,.) 1\1 ... H~ .. >d,) B, + ~ •.• \. 1,. { •. ( ~").. 

+ ~ r J.l(... { --·- sr· J . A't,( " ..... -tJ. ~· ... lS' .. Bt:tl( ... I 
lT ~· "''""- t<"' G ... I :.+ ' ,... k I H (3.4) 

• .... 
_ ~t'• "' J .. ~"'(•~-1) + 1J>i\' 1 .. s"'f•>1lJ

1 -(tJ . ( 1 J. If. (1.\ · f .. kl = t .t~ A;1 
... t fl1 s;""' i ... ~ •. 1.., { .. (I<'') ... 

· .!,. I 11, ' 
-1 elK d,.

1 
111 1\ I (tl 

.... K"-~· h-] .. K (~ ,H)1fl .. S (1<'~·11)-
-...... I ('i) ) a.' (j)( . )J -T JW1 A (t<'~-1 .. f Jm B ~·~-1 J 

(3.5) 
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-J li) "' ·r cttc·, C1, . 

t•· (k') • -~T: ~1 + t S, B~' -T ~ K'- K' lm {,.( •<'').; 
.,.. . 0 . I , . 

+ i I/:·:. \- f- J..,~"(·•~ +1) * f l .. s"'(K·~ .1) of 

-·• 

1

. (~\ 1 J' QC~l, 11. 1J .;:l.."J"'A (•t'-1 --1"'o \~,-1 . (3.6) 
' . I ~ . 

In these equations Imftt is defined by (2.5) . To express the integrals over negative IC 1. by the pro

cesses II and III we need the connection between the variables of the first process with those of the 

second and third: ~.Y 
. "' . 

i(k~l.l:: 1- ~~ (1- ~l, 

K"("4.•1.\: K, t\'·~ .,.'\ +~< .. (1+'1.1 ~ 1l.Y{K1.-t n"l(k'\"' "':1 
M1.-t """'-1 k•z. -1 HK .. .,. h .. l(K"'i m' l 1 

¥(\\~i) ':- 1K"{-1-.~} + t fht+h"Hk4
"'-Rt·) I 

ltr h" + 'l.K1.{~·1.\ 
1 

~'thl"'"\ tK'(-1-i) 
~( ~ K4. , t<:z.): - tn - y(i-"&). 

Therefore 

. 
' 

(3.7) 

J 

(3.8) 

(3.9a) 

where Im 3(i', + 1) can be expressed with the help of (2. I ) , (2.4) and (2.6) through the partial waves -fti . 
Corresponding! y 

JtnB(k~l.=-1\:: J"'~{,~(K"',-1),x:-1] (3.9b) 

can be expressed with (2.7), (2.8) and (2.9) through the partial waves f! of the third reaction. 

For the second process we obtain analogous equations for ~H . The pole contributions in 

f-c.t 1 ( -") {tt) l- ) the equations for s k and 
1 

k' are 

'"" . 

A'1' _ tJ.. B'2' 
o! y y l"y 1 (3.10) 

and 

(3. 11) 
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. 1'"\ (-") i'"' (""') ' respectively; the equations for "t r{ K and 't.l\ tt have no pole contributions. 

Because of the connection between the three reactions we have for the negative region 

1~. B(t<~i::H) ll Jh\Bfk'(i~1),z=+1J 1 
J ~ B(k~i.,-1): J "'B {1'(i(•, .. 1l, r~ .. 1 J} 

(3.12a) 

'(3.12h) 

where ImB(k", i 1) can ~expressed with (2.1), (2.4), (2.5) by the partial waves {tt , and 

ImB(qt , -1) again by f: . 
IV .• In view of the fact that the partial wave development of the imaginary part of the scattering ampli

tude converges better than the development of the real part, we can in (3.9) and (3.12) neglect the con

tributions of the d-waves*. Then (3.3), (3.4) and (3.5) do not depend in explicit form on d-waves; the 

same approximation in.(3.6) leads to an expression .for t,. which depends only on s- and p-waves 

and which should be sufficient to find the order of the l. -waves. 
. '/i1.- . 

We note that the integral equations obtained for K N- and K N - scattering are not coupled ~n our 

approximation. In a following paper we shall set up integral equations without the necessary of a cut

off. The question of subtractions will also be considered .. 

The authors should like to thank D.W.Shirkov, A.W.Efremov and H.Y.Tzu for valuable discussions. 

lf;'.,"'' 

' .............................................................. . 4/ 
* Such a procedure is discussed in detail m for the case of 1!11-scattering. 
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