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~ Introd~£1!2~ 

Dispersion relation approach is one of the most 

fundamental methods for exploring the strong interactions 

of elementary particles, In the present paper the disper­

sion relations for S and p waves obtained in 

ref(~are exploited in order to investigate the K7\ 
interactions in energy region ~ 1 Gev. 

Experimental data analyzed here are taken from 
12/ (:' 'h ('- }f.l 

the review talk' • The work lists 0
0 

, 0
0 c::--'12. 

and C1 phase shifts of the K 7\ -scattering 

obtained from an analysis of experimental data on the 

KtN scattering. 

The phase shift analysis was carried out under 

the following assumption(2/: 

a) Only s and p waves contribute to the 

cross sections for energies <. 1.1 GeV ('this 
""" 

assumption was then checked by a subsidiary analysis 

involving d waves). 

b) Below 1.1 Gev no inelastic channels contribute. 

c) The phase shift 
~ 

~ 2 is negligible in the 

energy region from threshold to ~ GeV. 

d) In the energy region under consideration the 
~b 

phase C
1 

- is determined well via the Breit-Wigner 

formula (with resonance situated at the point 891 MeV 
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~ 
and with the width 5o MeV i.e. the K 
Four solutlons have been obtained for 

resonance). 
~I.' oc~2 ( 11down 11 , 

11 up-down", 11 small 11 and "up-small") and two solutions 

have been obtained for s·~G ("gentle" corresponding 
0 

$::~~ 
"'o and to the "down" and "up-down" solutions 

"large" corresponding to "small" and "up-small" 
c--~ solutions for c

0
' ). However the "small" and 

"up-small" solutions for b~' and "large" solutions 

for 8' 3/z. give the very larg: values for cross sections 
0 ·+- ~ + ~ 

of the reactions K i\ --" \<. 7\ and 
K-7\-~ K-7\-

(i.e. ~0 mb instead of the expected 2.-"3 WI b) 
and thus it can be neglected. The remaining ·two solutions 

~ 'l for the o 2 phase shift and "gentle" for the 
' 0 

D ~~ phase shift are shown in Figs. 1,2. These 
1: 

phases together with the Breit.JVigner O.'lz. -phase 
I 

shift (see Fig.J.) have been employed here, to verify 

their self-consistenoy 

f 
. ..,.,
1 

1h. -1 'Ia 
or c ' o 

using the dispersion relations 

and '11 ~ -partial waves 

taken from the work1): 
otO - 00-

T. p ~ Jm ~~(lA:') 1 \~~(v)) I T Ttw)~- · dw+..l- . dw+\\(w)+ e 7\ w'- "'-' 37\1 £..)
1
-t w e 

t i (1) 

1~~ I( (\,~<.) 1 
+ Ne. j lz JW\ T;. Cc.:')1t~,') Cc.J)w)J &w', 

e: \'1.01 I 
K• Y,., ), 

41-

4 

<:: 

e, ... o, i T ... r.l. t! 
J 

·- t ~ 'T' I, 
where 'e (w)= . .Le q 

energy of pion : and W= 4 v ~ ~1.' the total 

c.m. s. of 7r K -system; ~ = 1 J V .. 92
-

the )-momentum of pion squarred', \.I - _!_ 
Na- :>-.._,, 

.... k'/z. . t, - '12. ' 
'-Ye, (w') ·= ~ Jw, 1 t (u:)- 'Jm \ t. ( 

~~ 42 . 
<\=>IZ lw') = 2 JW\ \t lw')+ 'Jm \ 1 

n; (w) is the sum of the pole contribution 

? -and 0 -mesons (the f) -meson is 

7'\7\ -system with th resonance state in the 

isospin T-= 0 and eco ) and from 

pole which describes the high-energy con~ributi 

nT · C1" l i, i<) , 
Explicit functions e. lw) and j ce

1
T)(w1 

presented in the work1). We have calculated the 
~· 

and imaginary parts of the \.¥.2. T 2 
and 

0 i 0 

amplitudes from the experimental phase shifts g 

in work2). The imaginary parts of partial arnpli 

obtained in this way were inserted into the dis 

relations (1), and then the theoretical values 
~~ ·r'Y2 

the real parts of the amplitudes 1.0 ) 0 
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th the width 5o MeV i.e. the K:lt" 
solutlons have been obtained for 

resonance). 
~I. 
0 c12 ("down 11 , 

n, "small" and "up-small") and two solutions 

for s·~ 
c ("gentle" corresponding 

~¥z 
"'o e ''down" and "up-down" solutions and 

" corresponding to "small" and "up-small" 
C'-~ 
0

0
' ). However the "small" and 

" solutions for b 1~ and "large" solutions 
0 

give the very large values for cross sections 

K+- • K+~+-
reactions A ~ '' and K7\-~ K-~-

instead of the expected 2.-"3 WI b) 
it can be neglected. The remaining .·two solutions 

r:- 'I o
0
2 phase shift and "gentle" for the 

phase shift are shown in Figs. 1,2. These 

s together with the Breit-Wigner '5.'1z. -phase 
I 

(see Fig.J.) have been employed here, to verify 

self-consistency using the dispersion relations 

and -~ 11 -partial waves -~, 'lz.. T 1t2 
c ' 0 

from the work1): 
DO - C)O ·-

) p ~ Jm ~~(i4.•') d I . I \~~(Wi) J I. n'c ) 
W .: - · W + - 'lW -t- W + 

7\ w·- ~~ 37\ t:J'+ w e 1 

i i 

1{~ I( (ilK) ~ 
e. J l JWI T1. (c.:')1tQ.;·n Cw\w)J c1w

1
• 

e: 'l-::.o, \ 

(1) 

K~ Y,,)".z_ 

4 

~· where e,,. o, i 
and W = 4 v + ~ z.' 

T ... 'J, o/~ 
"") 

the total 

·- t '-e ( ... :) 
Te'fw)= ·q e ~111 o;(~:) 

energy of pion in the 

c.m.s. of 7t K -system; ~= i 
2 

J v.,. 9 -
N::...L · N-= 

a 2.1\ J 1 67\) 
the )-momentum of pion squarredj 

...-k'/z. ~... - '11.. • 
~ (wi) ·= ~ J~'V\ -L (u:)- 1m\ t-lw') 

~ ~ ) 

. ~2. . lf2. . . - 3,2. 
<\=> lw') = 2 JW\ \ lw')+ 'Jm I e. (~1 ) 

e. t 

nT . 
e. (w) is the sum of the pole contributions from 

? -and 0 -meso!ls (the ~ -meson is the 

resonance state in the J\7\ -system with the 

isospin T-:: 0 and ec 0 ) and from the 

pole which describes the high-energy con~~ibution. 

nT. . <1'" lt,K) I . 

Explicit functions e. lw) and j (eJT)(w
1
w) are 

presented in the work1). We have calculated the real 
~­

and imaginary parts of the Tk ·T 2 
0 j () 

and T¥z 
I 

amplitudes from the experimental phase shifts given 

in work2). The imaginary parts of partial amplitudes 

obtained in this way were inserted into the dispersion 

relations (1), and then the theoretical values for 

.. ~ ·- Y2 Tlf2. the real parts of the amplitudes J
0
_ I and 

) o I 
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were computed. Next, the ratio 

R - Re Te.T (theoretical) = J 
Re TT (experimental) 1 

e.. 

was checked in the energy interval from threshold up 

to 1 GeV. We did not pursue to get the exact value 

of the ratio R,.i so far as this is not 

required by the current situation in the K ~ -inter-

action. 

As our calculation indicate, the ratio = i. can 

be in principle achieved for the whole energy interval 

under consideration. We confine ourselves to 2o~ 
,,2. p*i 

accuracy for large 5 and waves and 
0 '¥ 

to 5~ accurac7 :!or small S :Z -wave. An exam1 nation 

has shown that the s;¥z phase shift remains 

negligible 

the K7\ 

0 
(smaller than i ) throughout. In anal7zing 

interaction, an attention has been drawn to: 

1) the possibilit~ of theoretical selection of one from 
0.~ 

0 the two investigated solutions for the 

phase shift; 

2) validit7 of the Breit-Wigner approximation in the 

to a rather unnatural growth of the 

vicinity of threshold and as a possible consequence, 
C'-1/z. ~ 'l!l 
0 0 and 0 0 

phase shifts within the same energy domain (see experi-

mental points in Fig.J in the energy region <. ~MeV). ,...., 

& 

. / 

I 
:f;;: 

We have not suooeeded in finding strict a.: 

against one of the solutions for s:lz (name: 
11 up-down 11 solution) though objections contain· 

work are convincing enough. 

We think that in the vicinity of thresholc 

Breit-Wigner approximation gives the value of 

phase shift around two times smaller. An incrc 

S/'a contribution near threshold would c 
~'h.. C"" ~· 
0 and 0 2 phl 

0 0 
an appropriate way the 

and possibly would smooth out the unnatural g: 

those phases in the energy region ~ 8oo lrieV, 

2. Scattering Lengths and Cou111~.o~ 

The dispersion relations (1) include thre• 

two products of coupling constants. giii\D ~ 1 
(+) J J> 

~i\~CS'~~I<ii: and the constant A describj 
\{+) high-energy contribution, " ") 0 • Thes1 

are contained in the pole terms n~ only, 

parameters should be chosen in such a way tha1 

be possible to get reasonable values for the 1 

a ,, 't'.z. 
lengths 2. and Q , in a.ddi 1 

0 0 

consistency of the energy behaviour of the 

and 0
1 

Vz. phase shifts. 
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computed. Next, the ratio 

R 
R e Te T (theoretical) = J 
Re TT (experimental) 1 

e. 

ecked in the energy interval from threshold up 

did not pursue to get the exact value 

R,.i so far as this is not 

current situation in the K?'\ -inter-

calculation indicate, the ratio = i can 

principle achieved for the whole energy interval 

consideration. We confine ourselves to 2o* 

that the phase shift remains 

,,2. p~ 5 and waves and 
0 ¥ 

small 5 ~ -wave. An examination 

sVz 
I 

0 
(smaller than i ) throughout. In analyzing 

interaction, an attention has been drawn to: 

pcssibilitF of theoretical selection of one from 

two investigated solutions for the &~ 
0 

ty of the Breit-Wigner approximation in the 

ty of threshold and as a possible consequence, 
('- fz. ~ ¥.z unnatural growth of the 0 0 and 0

0 

shifts within the same energy domain (see experi-

points in Fig.J in the energy region <:, t';()() lie V) • 
"' 

6 

I 

We have not succeeded in finding strict arguments 

against ODe Of the SOl Uti ODS for s:/2,. (namely, the 

"up-down" solution) though objections contained in the 

work are convincing enough. 

We think that in the vicinity of threshold the 

Breit-Wigner approximation gives the value of the svz. 
\ 

phase shift around two times smaller. An increasing of 

b/1
2. contribution near threshold would decrease in 

an appropriate way the b 'h.. and b );? phase shifts, 
0 0 

and possibly would smooth out the unnatural growth of 

those phases in the energ.r region ~ Boo !.ieV. 

2. Scattering Length§ and Cou:Ql~gDllf&Ats. 

The dispersion relations (1) include three parameters: 

two products of coupling constants @i\A'D ~~K; and 
\(+) J " ~1\ii\~~IS'I<'ii: and the constant 1\ describing the 

M high-energy contribution, X >0 . These parameters 

are contained in the pole terms n• e. only. The 

parameters should be chosen in such a way that it would 

be possible to get reasonable values for the scattering 

a II . .,L 
lengths 2. and a , in addition to 

0 G l 
consistency of the energy behaviour of the 0 1~ s .:l 

I) ) 0 
and 0

1 
f2. phase shifts. 
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As anr calculations show, the values of the ·rf: 1')i -vz 
integrals from imaginary parts of the z \. 

0 I 0 ) I 

partial amplitudes depend weakly on the choice of the 

scattering length. Therefore one can obtain bound on 

the scattering lengths and on the above-mentioned 

three parameters, computing values for all dispersion 

integrals in the point W ·• i . 

As a result of such calculations , the following 

system of equations (or sum rules) has been obtained 
~If for"down" c ~ -solution: 

0 

u:z.-oHb ~ .L(g,.1; ~<~ + Sni\G"Str\(~ _ ~+)) 
l 2 ~ vr"+ \) ~i6(vE\t\) 

a~~- 0 0~~ ':. l (- s.r~ -~ + SAAG g. K .. -ttl\ , 2) 
0 , 2. & ;J r + \) ~16 < ~ 6 '" ') J 

00~~: l. ( ~Jt.l\,P~f~~ + Q7i'I\S~G'\(~-\- *~}\ 
' 6 ~ lvr+l) .lf16 (v6+\) J. 

Here V 6' and Y are parameters determining 

the position~ of ~ f and f resonances via the 

formula M~f ~ ( VCS:jt \) • 

In the system (2) the members in the left-hand 

side are correct within an accuracy up to 15-2c~. 

8 

I 
'• 

By solving the system (2) we obtain the 

relations and restictions: 

( .. ) l 0.) )\:.026-U~~ ) c ) 

"5 
~) 16 

9~Jtr~rK~ ~ u:2.- o.~L- o,o'3~ 
vf~' 

<:.) 31t7\6'~ G'~i 

~·-\6 ('vs+ \) -

'lz. U
0 

t 0
1
0.2.b-

(All the constants in (1) and (2) are norma 

the factor 47\ ). 

Now, choosing an interval of the allowe 

1. ·~ s"~.r3r l("i '~ and taking ".r-= 6) 5 (w 
corresponds to the position of the p -re 

J 
at the point M f- 76o MeV) and V 5 - ~ 
position of the 6 resonance at the ppi 

89o MeV), we find the corresponding interva 

difference of the scattering lengths: 

16. rz 
0 Ob ~ U0 - Qc ~ 0 \~ 

J ) 

9 



As anr calculations show, the values of the 

·r+< T')i -vz ntegrals from imaginary parts of the 2 \. 
0 I 0 j I 

amplitudes depend weakly on the choice of the 

ttering length. Therefore one can obtain bound on 

e scattering lengths and on the above-mentioned 

e parameters, computing values for all dispersion 

w. i . 

a result of such calculations , the following 

of equations (or sum rules) has been obtained 

0 lfz. -solution: 
0 

a:z.- o "o -~ 1. ( 9r.~ ~~ + Sr.AG'Str~<i _ ~+)) 
l 2 ~ vr"+ \) ~i6(v()t\) 

~~-oot~-: l(- a~77ft\i. + Qi'\}1\G'~fi\(~ ·-*+)) (2) 
0 I 2. & 'V f + I) J,iG ( \16 t- \) 

0 0 ~ ~: l. ( ~Jt~,P~f~i + Q1i'1\S ~6"\<~ + *-+-)) 
' 6 )-j Cvf+l) .lf-{6 (\ls+\J . 

VI) and Y are parameters determining 

position~ of ~ f and f resonances via the 

M~f ~(v~( \). 
In the system (2) the members in the left-hand 

are correct within an accuracy up to 15-2o~. 

8 

I 
' 

By solving the system (2) we obtain the following 

relations and restictions: 

(•) 
~) >\-=026-0.~ ) c ) 

"3 
~) 16 

a a- Y:z. 1~ 
o~'~1tfeJfK~ ~ Q

0
- U., - 0

1
033 > 

vf+l (J) 

<:.) 8~1\6'8 s-~i< 

~-(6 ( Ys+ \) 
It,_ fk"t!K~ -: Uo t Ol 0 2. b - .4 -t I) 

p 
~ 

(All the constants in (1) and (2) are normalized to 

the factor 4A. ). 

Now, choosing an interval of the allowed values 

1 -~ g "".?~ f I( 'i ( lt and taking v.r,.. 6, 5 ( whi oh 

corresponds to the position of the p -resonance 

at the point H f- 76o MeV) and "Y 5 -9 (the 

position of the 6' resonance at the ppint H
5

-:. 

89o MeV), we find the corresponding interval for 

difference of the scattering lengths: 

I~ Yz 
0 ob ~ ao - Qc ~ 0 \~ 

J ) (4) 

9 



~ 

supposing a:4 >0 and o.:Z, < 0 we obtain 

If 

0 ~ 0 0 l. ' \)) I 3 ) 
. ¥z 

- 0 ~~ ~ Q<; <. 0 . 
) ) 

(-t-} . 

0)26) 1\ ~OJ'~) ~ }'\}\~ ~cs-~ i ~ 2/1- . 
(5) 

The system (2) for the "up-down" solution of the 

phase shift has not been analyzed for the reasons we 

shall speak later, in the following section. The 

quantity ~J\J\6' ~ ~~ i( turned out to be the most 

sensitive to small variations of other parameters. 

This quantity becomes negative in a number of oases. 

Since we want to preserve its value equal to about 

unity and positive we have taken the following values 

for the scattering lengths: 

(6) Q~ .... o,o~ '~ 0.0 :- 0,02 

~nsistenoy of Phases o:( the K 7r Scattering 

and Choice of farameters of the Problem. 

¥ 
An analysis of the "up-down" solution for 1;·~ 

0 

was carried out for three different variants of the 

phase shift behaviour in the high-energy region 

10 

(see Figs. 4a, b, c). In (1) the contribution 

'J VV\ 'T "bfz. have been neglected. For 
I 

4a) the values for contributions of the indiv 

terms at the point 

relations (1) for 

W .. !. from the diapers 
ll Re T

0 
Z..are as follows: 

the first integral tera l'Ji) = 0.180 

the second integral term ('l~) = 0.015 

the pole term ( \\) .. o.l2J 

the third integral term ( 'J..,) = o. 008 

the scattering length Q ''2. 
0 

= o.o8 

(Contributions from analogous terms for vari~ 

differ. slightly from (7) ). For the values 

constants ~ii7\f~fl(i .. ~JG and. <!~~6"~45"\<.~ 
it is possible to determine the contribution 

from the pole term: 

\ (- 37\7\t~f~i-
0)12.?> = 2. 4~(\) 

~7\7\~af!\(.~ 
.it-(6Cv6-+ 1 

Hence, (at ·.;? = f,,S and . 
follows. Comparing the value 

v6 -= <a, o ) 
Aerto1£ w 

- J 

value from (7) we see that the 'ft+) tel'l 

contribution dominates over the contribution 

from the ? 
the resonance 

and 

b ~.t 
0 

6" mesons but als 

phase shift c~i ter 

II 



supposing Q ~.t >0 
Q 

}J. 
and 0 0 z < 0 we obtain 

'lz.. . 
0 ~ 0 0 ~ 10/3 ) 

~· 

- 0 I~ ' Q., z. <. 0 · ) ) 

(t-} 

0/6) X~~~~) g.l'\}\6 ~IS"~i ~ 2/1-·. 

The system (2) for the 11 up-down" solution of the 

phase shift has not been analyzed for the reasons we 

shall speak later, in the following section. The 

quantity ~l\J\6' ~ <'i"'KK turned out to be the most 

(5) 

sensitive to small variations of other parameters. 

This quantity becomes negative in a number of oases. 

Since we want to preserve its value equal to about 

unity and positive ·ne have taken the following values 

for the scattering lengths: 

(\~It.,._ o,o ~ '%. 
Q ; - 0 02 0 ) 

(6) 

~~nsistenoy of Phases of the ~7r Soatter\ng 

~hoice of farameters of the Problem. 

¥ An analysis of the "up-down" solution for b·~ 
0 

was carried out for three different variants of the 

phase shift behaviour in the high-energy region 

10 

1. 

(see Figs. 4a, b, o). In (1) the contributions from 
11' 'J W\ \ f2. have been neglected. For variant 

I 

4a) the values for contributions of the individual 

terms at the point W • 1 from the dispersion 
'i relations (1) for Re T

0 
'are as follows& 

the first integral tera ('1;) = 0.180 

the second integral term ('Jz.) "' 0.015 

the pole term ( f\) = O.l2J 
(7) 

the third integral term ( 'J...,) = o. 008 

the scattering length ifz 
Qo = o.o8 

(Contributions from analogous terms for variant 4b) 

differ. slightly from (7) ). For the values of coupling 

constants ~iih'P~c-'Ki.,~,6 and. ~Ti?\6"~6"\(~-= i 
' ~ (+) it is possible to determine the contribution A 

from the pole term: 

l (- 37\7\t~tl(i- @7\7\S'@EtK~ -+ ~-t)) 
o,12.?> = 2 1.,~f: 1 ) .q.(6(v6+\) (8) 

Hence, (at VI>= b,S and Yfl -::: gj 0 ) (+) 0 ~p, 
,>.; ... J . 

follows. Comparing the value AErto~ - ) with any 

value from (7) we see that the ~·> term 

contribution dominates over the contributions not only 

from the ? 
the resonance 

and 

b~~ 
0 

E) mesons but also from 

phase shift (~i term). 

II 



In variant 4o) the 
~+) term contributes more 

than in the previous two variants. The contribution 

from far singularities to the scattering length might be 

of course considerable but have not to be definitely 
~~ large. The magnitude of the A contribution 

depends mainly on a difference of values of ~1 and 

the scattering length. If the ~~~ phase is taken 
0 

to b~ resonant and the resonance point not far from 

a threshold then the quantity 'Jl is always 
• 

several times larger than the scattering length, and 

this difference can be compensated only through large 
~(t) 

values of 1\ • Thus, the choice of the 

resonance "up-down" solution for ~ ~6. results in 

too large contribution from far singularities 
.. J-t-) 

low-energy region. The large values of I\ 

b'6. '& ·~~ 
considerably a selection of such t' ) 0 

that R.., i throughout the energy domain 

to the 

complicate 
~'I and 0

1 
:.t 

< 1 GeV. 
"' 

We have not succeeded in fitting such phases for the 

"up-down" solution of the ~ 1~ phase shift. 
0 

For this reason we consider the "up-down" solution 

for c~6. to be unaccep\able, from theoretical point 

of view, and therefore we did not analyze the system 

of equations (2) corresponding to the "up-down" ~~~ 
0 

solution. 

12 

For the "down" z'b. solution there 
0 

found the variants of S''~ ' 
o %. and 

r. 0 

which ensure R-= i to be fulfilled i 

phases simultaneously through a wide energJ 

(from 64o MeV up to looOMeV). 

These variants have been obtained by V! 

experimental phase shifts
2
). 

Tables 1,2 and J list values of J,J~ 

and R for three partial amplitudes 

and T'~ which are determined by phase 
I 

in Figs 1,2,3 (solid lines). Parameters ta 

following values: ~i\7\, ~~\<.~ = "3) \I 

(:,t.) iJ 
~,...11:5~51\"i =-\,\CO·> A -= 0/~~) U0~,.. o1 o~ · 

For the "experimental" curves (dotted 

1,2,3) the ratio R changes with inc 

unacceptably (see Tables 1,2,3 column 

To preserve the ratio R ~ i the 

should be deformed in the way shown in Fi! 

should be decreased in the energy region 

Relatively small values of 
~ ¥,). 

0 

~\ 
0 

) are obtained because all b! 

-"· contributions to ~ \
0 
~ computed by 

with 

dispersion relations (1) are slowly varyi 

13 



In variant 4c) the ~+) 
term contributes more 

than in the previous two variants. The contribution 

far singularities to the scattering length might be 

course considerable but have not to be definitely 
\(+) arge. The magnitude of the A contribution 

on a difference of values of J1 and 

length. If the ~~ phase is taken 
0 

o b~ resonant and the resonance point not far from 

threshold then the quantity 'Jl is always 
• 

than the scattering length, and 

difference can be compensated only through large 
. (t) 
)\ • Thus, the choice of the 

esonance "up-down" solution for t;" :6. results in 

oo large contribution from far singularities 
(+-} ow-energy region. The la:r ge values of )\ 

'6. ~~ onsiderably a selection of such t;., 'S J. 
... ) 0 

hat R '= { throughout the energy domain 

to the 

oomplioate 
~~~ 

and 0
1 

:.t 

( 1 GeV. 
"' e have not succeeded in fitting such phases for the 

~ 1~ phase shift. 
0 

own" solution of the 

For this reason we consider the "up-down" solution 

0~ to be unacceptable, from theoretical point 0 

view, and therefore we did not analyze the system1 

~I/ equations (2) corresponding to the "up-down" 0 ~ 
0 

12 

For the "down" z'6. solution there have been 0 

found the variants of o''~ , D" ~.i.. and o-Y.t. 
~ 0 I 

which ensure R~ i to be fulfilled for all three 

phases simultaneously through a wide energy interval 

(from 64o MeV up to looOMeV). 

These variants have been obtained by varying the 

experimental phase shifts2). 

and 

Tables 1,2 and J list values of ~LJ 'J2. 'J"3 \\ 
R J 'I ) y· 

for three partial amplitudes T 
0 

l. T ~ 
~ ) 0 

lr1 ~ which are determined by phase shifts presented and 

in Figs 1,2,J (solid lines). Parameters take the 

following values: ~Ni, ~~\\¥: ~ "3) II OJ 

~1'Qt6~5"11."i:. 1,1~ .) f\::. il l 
01~~- u:.t.-::.oo?>· a -t-=--002 

J )C J) 0 l 

For the "experimental" curves (dotted lines in Figs. 

1,2,J) the ratio R changes with increasing energy 

unaooeptably (see Tables 1,2,J oolumn R (dotted)), 

To preserve the ratio R ~ 1. the phase shift t5~6.. 
should be deformed in the way shown in Fig. 1 (i.e. 

should be decreased in the energy region ~ 9oo MeV). 

with 

Relatively small values of 
o-'(1. c ) 

~ o/.). 
0 (as compared 

are obtained because all but one ~~ 
-~-

contributions to R£ l
0 

:.l. computed by using the 

dispersion relations (1) are slowly varying functions of 
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uu and they are relatively large compared 

with 'J (as it can be seen from Table 2). 
I "!f, 

Therefore the experimental values of ~ ~ cannot c 

change rapidly otherwise the ratio R, will turn 

out to be smaller than unity in that energy region 

1n which the fast growth of the phase shift will 

occur (see dotted line in Fig.2 and the corresponding 

numbers in Table 2, column R(~o\Y• For this reason it 
~· 

is necessary to take the 0 ~ phase shift of the 
0 

slow growth. 

. ..,....,'-
The partial wave I :.l. , which is decribed by 

I * the Breit-Wigner formula corresponding to the ~ 

meson of mass MK1t =891 MeV and width rK* = 5o MeV, 

satisfies well the ratio R"" i th:r~oughout all 

energies except for the vicinity of threshold (see 

Table J, column R (M1Qcl))• The increase of the Breit­

W~gner curve at the threshold around two times does not 
lui 4GeS Tl 

change in pract_ice the value of J ~creases ~ I 1 (CIIlfl) 

approximately twice which makes it possible to correct 

the ratio R at the point w =l.Jl 

(see Table J, columns R and R. cdd\ttd) ) • 

Thus, the set of 
~~~ b \~ 

0 ) 0 
and ~·~ I phase shifts 

given in Figs. 1,2 and J through the solid lines, agrees 

very well with the dispersion relat±Pns(l). 

14 

4. Resonance Behaviour of the b~.t l"hase 

in the Resion tv( (~~~;)z 1 GeV. 

The ratio.. R at uu aJ.21 (which c 

to the total energy of 7\ K -system H(lOI.) 
for the T~ amplitude is equal to -0.092 

0 

higher energies this ratio remains negative. I 

A 
2 does not cross at the energies k( 

then the experimental value of Re. T 'IJ. (w ~ c ' ,. 
positive with increasing energy. However • 

an energy N ( ~ i\) ) :i 6-e.V , as from eq. 

-If \ ~ follows, changes necessarily its s: 
0 

(becomes negative) and this occurs in the ene: 

1.05 ~ \v\ (~7\J ~ 1.2 GeV. Thus, at th• 

M('(7-i:) "> 1 GeV and under the condition t: 
~ 
2 b '6.. phase shift remains smaller than 

0 

the quantity Q. becomes negative. 

To conserve the quantity R posit 

equal to unity it is necessary either a) to d 

strongly the '8 ~6.. phase shift in the domai 
1\ 

and set it large and equal to about ~ 

energy range k (\(?t) > 1 GeV; or b) to as 

that in the r~gion 1.05 GeV ~ t-.\ ('ti\) ~ 1. 

the t If,_, phase shift crosses E.. 
o a 

15 



~~ 

and they are relatively large compared 

(as it can be seen from Table 2). 

experimental values of ~~~ cannot 
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the fast growth of the phase shift will 

(see dotted line in Fig.2 and the corresponding 

s in Table 2, column R(J~y. For this reason it 
~· 

to take the 8' ~ phase shift of the 
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growth. 
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The partial wave I :.1. , which 1s decribed by 

I * Breit-Wigner formula corresponding to the ~ 
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except for the vicinity of threshold (see 
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in pract_ice the value of ';) 1~creases ~ 11 
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R at the point w =l.Jl 
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~ '6. b ~{t 'b,'!t I 
, the set of and phase shifts 0 , 0 

in Figs. 1,2 and J through the solid lines, agrees 

well with the dispersion relations(!). 
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The ratio.. R at GU •J.21 (which corresponds 

to the total energy of 7\ K -s7stem H(P.) •112o MeV) 

for the T~ amplitude is equal to 
0 

-0.092. And at 
~ 1/ higher energies this ratio remains negative. If o 0 ~ 

does not cross 1 at the energies t..i (~Jt) >i Ce.v 
then the experimental value of Re To'/.z.Cw) remains 

positive with increasing energy. However ~~ at 

an energy N ( \( i\) ) ! 6-e.v , as from eq. (1) for 
-II 
\ ~ follows, changes necessarily its sign 

0 

(becomes negative) and this occurs in the energy ragge 

1.05 ~ M (\(7\J ~ 1.2 GeV. Thus, at the energy 

M(~~) > 1 GeV and under the condition that the 

~~~ phase shift remains smaller than 
0 

R the quant1t7 becomes negative. 

E. 
2. 

To conserve the quantity R positive and 

equal to unitT it is 

strongly the ~ ~6., 
necessary either a) to decrease 

phase shift 1n the domain \-t(lc:Jt)<. 1 

and set it large and equal to about 7\ 
~ 

energy range ~ (\(7t) > 1 GeV; or b) to 

that in the r~gion 1.05 GeV ~ J..t (~i\) ~ 
~ If~ phase shift crosses E.. 

0 2. 
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The assumption a) results in considerable disagreements 
~If. 

with the 00~ phase shift data available in the low-

energy region. In practice the only assumption remains 
~ 'l that the o ~ phase shift possesses the resonant 

0 

behaviour and the resonance is situated in the region 

1.05 GeV ~ tv\(\<~) ~ 1.2 GeV. This conclusion 

agrees with the results of worksl,J). 

5. Conclusion. 

In the work an analysis of the K'i\ scattering 

phase shifts has been performed in the energy region 

from 64o MeV up to 1 GeV. The analysis was performed by 

means of the dispersion relation method. 

Our results are as follows: 

1. Connections between parameters of the problem 

and their res~rictions have been derived (see the 

relations (J) - (5) ). 

The following values for the parameters were 

employed: 
\ 

a.~..,_ o.~o t) ~~- -O,o.l) ~i\"f~P~"i- "3) \\) <},;i\~t5"KK== \)I~ j 
t): 0 ~~~ y 

) ..... 
~ I~ ~ "'J.. ~ 'I~ 

2. 11Theoretioal11 D0 > 0
0 

and 0
1 

phase shifts 

of the ~\i\ scattering have been found which are 

16 

denoted by solid lines in Figs.l,2,J. These ag 

with dispersion relations. 

the 

the 

J. An approximation of the threshold behav 

S '6. phase shift by the Breit-Wigner for 
I 

constant value of the width \K*' is not 

If it is necessary to increase about. twice a 
II from the p ~ wave near the threshold comp 

with that of Breit-Wigner. This results in a s 

of Ullllaturally large values of the b
0 
~ and 

phase shifts at the threshold.An analogous phe 

must be observed al.so in analyzing the 7\i\ 

phase shifts. 

4. Theoretical arguments are given against 
~'I 

11up-down11 solution for the 0
0 

.l. phase shift. 

the 

5. In the energy region 1.05 GeV ~ ~(tK~ 
~'l phase shift has the resonance beha, 

0 
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The assumption a) results in considerable disagreements 
~'I Q0~ phase shift data available in the low-

rgy region. In practice the only assumption remains 

8'~ phase shift possesses the resonant 0 

and the resonance is situated in the region 

GeV ~ M (k~) ~ 1.2 GeV. This conclusion 

s with the results of worksl,J). 

In the work an analysis of the k'A scattering 
se shifts has been performed in the energy region 

64o MeV up to 1 GeV. The analysis was performed by 

the dispersion relation method. 

Our results are as follows: 

1. Connections between parameters of the problem 

their res~rictions have been derived (see the 

tions (J) - (.5) ). 

The following values for the parameters were 
eyed: 

":'. 0)0 & ) ~ ~ I 11o = -o, o.t) ~i\~ ~p(t• "3} \) ~"~&'t5'K 'K== IJ ~ j 
~+)': 0 1:>~ f ~ 
/, ) . . 

~ I~ ~ ~/i_ ~ 1/J.. 
C0 > 0 0 and 01 phase shifts 

2. "Theoret1ca111 

k7\ scattering have been found which are 

16 

denoted by solid lines in Figs.l,2,J. These agree well 

with dispersion relations. 

J. An approximation of the threshold behaviour of 

the S/6. phase shift by the Breit-Wigner fozmula with 

the constant value of the width r-K~ is not successful. 

If it is necessary to increase about. twice a contribution 
II 

from the p :t wave near the threshold compared 

with that of Breit-Wigner. This results in a smoothing 

of unnaturally large values of the ~ iJ ~ \-' 
0 Q.. and 0 1-L 

0 0 

phase shifts at the threshold.A.n analogous phenomenon 

must be observed also in analyzing the 7\'i\ scattering 

phase shifts. 

4. Theoretical arguments are given against the 
~'l •up-down• solution for the o

0
4 phase shift. 

the 

.5. In the energy region 1.0.5 GeV ~ t4(t~) ~ 1.2 Gev 

~~~ phase shift has the resonance behaviour. 0 
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I. 

M(KrJ 

w G-£v-

1.01 0.64 

1.31 0,69 

1.91 0,82 

2.33 0,91 

2.91 1,05 

Table 2. 

Table 1 

J1 

0,0833 

0,103 

0,156 

0,209 

0,100 

The 
and 

Jl. 

-o,0121 

-o,OII3 

-o,0099 

-{),0093 

-o,0093 

The value of 

value of J i , 1:... , h , n 
R.. 

y; 
for ~ .t amplitude. 

R (Jofl) 

( for 
dotted 
curve 

]~ n R. Fig. 1 ) 

0,0156 -o,Oll4 1,00 1,00 

0,0153 -o,OOII 1,!3 0,947 

0,0147 +0,0078 1,18 0,829 

0,0143 tO,OII3 1,12 0,715 

0,0138 tO,OIOO 0,97 0,323 

11 , '}3. , 1J , n , and R 
for 

T lft 
., -amplitude. 

/( (4ol{j 

H{llx) 
(for 

dotted 

J1 
curve 

w Ce11 Jl. \7:~ n R Fig. 2 ) 

I,OI 0,64 0,00393 0,0278 0,0334 -{),0892 I 0,89 

1,31 0,69 0,00516 0,0259 0,0312 -o,0935 0,7 0,43 
1,91 0,82 0,00310 0,0228 0,0268 -o,IOI 0,65 0,14 
2,33 0,91 -o,000765 0,0211 0,0238 -o,I03 1,03 O,II 
2,91 1,05 -o,00307 0,0192 0,0201 -o,I03 1,7 0,32 

18 

The value 11 , },_ , h 
T ~ 

for 1 -amplitude. 

n a 
' 

Table ~. 

H(ltJrJ 
w 11 1 .. 73 n (;.ell 

1,01 0,64 0,0394 -o,0056 0,0086 -o,0422 

1,31 0,69 0,0637 -o,0052 0,0083 -o,0454 
I,9I 0,82 0,153 -o,0046 0,0078 -o,0489 
2,33 0,91 -o,132 -o,0043 0,0068 -o,0497 
2,91 I ,OI -{) ,0668 -{),0034 0,0070 -{),0493 

- 19 



Table 1 The 
and 

value of 
R.. for 

Jf , 7L , ~ , n 
Ill T, t amplitude. 

('-tl) 

( for 
dotted 
curve 

J1 JJ. ]~ n R. Fig. 1 ) tr 

.64 0,0833 -o,0121 0,0156 -o,OII4 1,00 1,00 
,69 0,103 -o,OII3 0,0153 -o,OOII I,I3 0,947 
,82 0,156 -o,0099 0,0147 +0,0078 I,I8 0,829 
,91 0,209 -o,0093 0,0143 +0,0II3 1,12 0,715 
,05 0,100 -o,0093 0,0138 +0,0100 0,97 0,323 

e 2. The value of 1., ' 7~ ~ n , and R ' ' r·% for ., -amplitude. 

(qo(fj 

M{l!x) (for 
dotted 
curve Ce~r -;1 71 73 n R I 
Fig. 2 ) 

0,00393 0,0278 0,0334 -o,0892 I 0,89 
0,00516 0,0259 0,0312 -o,0935 0,7 0,43 
0,00310 0,0228 0,0268 -o,IOI 0,65 0,14 

91 -o,000?65 0,0211 0,0238 -o,I03 1,03 O,II 
05 -o,00307 0,0192 0,0201 -o,I03 I,? 0,32 

18 

Table ,3. The value J., , 1,_ , h , fl , and R_ 

T ~ 
for 1 -amplitude. 

I 7l.r.,·HJ 
(for 
dotted 

H(llxJ curve 
w 11 1,_ 7J n R Fig. 3) Gev 

I,OI 0,64 0,0394 -o,0056 0,0086 -o,0422 I I 
I,3I 0,69 0,0637 -o,0052 0,0083 -{),0454 I,l4 1,91 
I,9I 0,82 O,I53 -{),0046 0,0078 -{),0489 0,94 I,09 
2,33 0,9I -o,I32 -o,CI043 0,0068 -o,0497 1,03 0,955 
2,9I I ,OI -o ,0668 -o,0034 0,0070 -o,0493 0,99 0,90 

-
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