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Introduction,

1.

Dispersion relation approach is one of the most
fundamental methods for exploring the strong interactions
of elementary particles. In the bresent paper the disper-
sion relations for S and P waves obtained in
ref./l'/are exploited in order to investigate the Kx

interactions in energy region S 1 Gev.

Experimental data analyzed here are taken from
y ¥
the review ta.l{y. The work lists Sol ’ 802

U
and Sf" phase shifts of the Kr ~scattering
obtained from an analysis of experimental data on the

KII N scattering.

The phase shift analysis was carried out under

the following assumptions/Z/:

a) Only & and P waves contribute to the
cross sections for energles s 1.1 GeV (this
assumptlion was then checked by a subsidiary analysis

involving Cl waves),

b) Below 1.1 GeV no inelastic channels contribute.

>,
¢) The phase shift 8 2 is negligible in the

i
energy reglon from threshold to 11 GeV,

d) In the energy region under consideration the
[/
phase Sl f2 is determined well via the Breit-Wigner

formula (with resonance situated at the point 891 MeV



and with the width 50 MeV i.e. the K¥  resonance).

Fow solutlons have been obtained for Scllé ("down",
"yp—down", “small" and "yp-small") and two solutions

have been obtained for 8:‘3 ("gentle" oorresponding
to the "down" and "up—~down" solutions SOI/Z and

"large" corresponding to "small" and "up-small"

p
solutions for 8'0/1 ). However the "small" and

"yup-small® solutions for S//Z and "large" solutions
for 8:’/-1 give the very la.rge values for cross sections
of the reactions K KA and K7 — K7™
(1.e. A0 mb instead of the expeoted 2-3 mb)

and thus it can be neglected. The remaining -two solutlons
]
for the 8012 phase shift and "gentle® for the
RS
Ec /e phase shift are shown in Figs. 1,2. These
[/

phases together with the Breit-Wigner 8\;/1 -phase
shift (see Fig.3.) have been employed here, to verify
their self-consistenoy using the dispersion relations
snd T ¥ Th
| Ty |

’ and

< 1

for ~partial waves

taken from the workl)
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where 6=0,1 y T= ’/,),)72 ) T(! (w)= .c_'l_e Sin gé(w)

and (U= Vi Mt the total energy of pion in the
. - . = 2
cemos. of A K ~-system; rA_ i v C1 -
the 3-momentum of pion squarred) N = -l_— : N = A
s aw 'oeR)

'/?. 74 .
<‘\>0, (@)= ll UW\TK (&) - I ZU""),

N . _ S _
P (W)= 29w T, @+ Tm g w)
¢

T
”(’. (w) 1s the sum of the pole contributions from
P -and 6 —mesons (the 6/ ~meson 1s the

resonance state in the AN  -system with the

isospin T= 0 and <O ) and from the
pole which describes the high-energy con?ribution.
T. . LK) o

Explicit functions ﬂe(w) and ?('Q T)(wlw) are

)
presented in the workl). We have calculated the real

o
amplitudes from the experimental phase shifts given

¥,
and imaglnary parts of the sz’ T 2 and T."’-
)

in worka). The imaginary parts of partial amplitudes
obtained in this way were inserted intoc the dispersion
relations (1), and then the theoretical values for ‘
the real parts of the amplitudes T;‘i) _‘;‘72 and T‘lb'



were oomputed. Next, the ratio

R _ Re TQ‘ (theoretical) 1

Re TJ (experimental)

was checked in the energy interval from threshold up
to 1 GeV. We did not pursue to get the exaot value

of the ratio R =i so far as this 1s not
required by the ourrent situation in the KK -inter-

aotion.

As our calculation indicate, the ratio = i can
be in prinociple achieved for the whole energy interval
unier consideration. We confine ourselyes to 20%
acouracy for large S;’Z and P/Q waves and
to 5ob acouraoy for small 53/2 -wave, An examination
has shown that the S.VZ phase shift remains
negligible (smaller than i° ) throughout. In analyzing
the KK interaotion, an attention has been drawn to:
1) the possibility of theoretical selection of ome from

the two investigated solutions for the Sob
phase shift; {
2) validity of the Breit-Wigner approximation in the
vioinity of threshold and as a possible oonsequence,
to a rather unnatural growth of the 8:" and 8:3
phase shifts within the same energy domain (see experi-
mental points in Fig.3 in the energy region é 300 ueV).



We have not succeeded in finding strict arguments
agailnst one of the solutions for Sc//z (namely, the
"up—-down" solution) though objections contained in the
work are convincing enough.

We think that in the vioinity of threshold the
Breit-Wigner approximation gives the value of the g‘”;:
phase shift around two times smaller. An increasing of

8‘”"- contribution near threshold would decrease in
an appropriate way the Bolb' and 8073 phase shifts,
and possibly would smooth out the unnatural growth of
those phases in the energy region < 8oo MeV,

-~

2, Soattering Lengths and Counling Constants.

The dispersion relations (1) include three parameters:
two products of coupling constants g/'\'/“'\'fg?k'\‘« and
gKKGQGKE and the constant }\M descrivbing the
high—energy contribution, )‘(6)> O . These parameters
are oontained in the pole terms n; only. The
parameters should be chosen in suoh a way that 1t would

be possible to get reasonable values for the scattering
Y

c sy in addition to

[/
lengths QO’?- and a
/7 ¥,
consistency of the energy behaviour of the 8 2 80 <

©

and Slilz Phase shifts,



As anr calculations show, the values of the
integrals from imaginary parts of the TV"' -‘-’/2. —-‘Iz
partial amplitudes depend weakly on the choice ;f the
scattering length. Therefore one oan obtain bound on
the scattering lengths and on the above-mentioned
three parameters, oomputing values for all dispersion

integrals in the point W =4 .

As a result of suoh caloulations , the following
system of equations (or sum rules) has been obtained

4
for"down" 80/1 ~-golutions
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Here \)6" and V are parameters determining

the position of € and J"J resonances via the

formula M Y‘l((‘, *\)

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

side are ocorreot within an aocuracy up to 15-20%.



By solving the system (2) we obtain the following
relations and restiotlons:

a) X=oz6- al

L~ v T
6) ;5-6 _gﬂéﬁ‘& = QOL_ uc - 0;035 )

v{,+| &)
) SmEdewk aky 002n- 81" ‘:g
46 (Ve+1) ‘P*

(A1l the constants in (1) and (2) are normalized to
the factor -ZI'K' ).

Now, ohoosing an interval of the allowed values
1< ngfg \&E<l‘ and taking \)Pz 6)5' (which
corresponds to the position of the P ~resonance

v
at the point M = 760 MeV) and \75-9 (the
position of the 6 resonance at the peint Hs‘-
890 MeV), we find the corresponding interval for

difference of the soattering lengths:

0 'QI/2 07é< |
O,E)§ 0—'0 \O,‘z) (4)



supposing Q:J'>O and 0:’2<Q we obtaln

W Y
0¢ G, €913, -013¢0Q.7<0;

) (5)
5 Tm ., - o 5
O)'-6>/ N 2015 xxs dewr < 2F.
The system (2) for the "up-down" solutlon of the
phase shift has not been analyzed for the reasons we
shall speak later, in the following section. The
quantity §;;cQexx turned out to be the most
sensitive to small varlations of other parameters.
This quantity beocomes 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:
h, K

Q. =008 Q. “=-002

: 0 T (6)

3. Consistenoy of Phases of the Kﬂ' Soatterlng.
and Cholce of Parameters of the Problem.

An analysis of the "up-down" solution for So%‘
was carried out for three different varlants of the

phase shift behaviour in the high-energy region



(see Figs. 4a, b, o). In (1) the oontributions from
T T 3’2 have been negleoted. For variant
4a) the va.lues for oontributions of the individual
terms at the point W= i from the dispersion
relations (1) for ReTOI/Lare as followst

the first integral term (J,) = 0.180
the second integral term ('];) = 0.015

the pole term (ﬂ) = 0,123 n
7
the third integral term ('J‘s) = 0.008
i
the soattering length 00’2 = 0.08

(Contributions from analogous terms for variant 4b)
differ. slightly from (7) ). For the values of coupling
constants  Qrr gbk?gﬁﬁ and. Qrze Yk = 4

v +
it is possible to determine the contribution A )

from the pole term:
dpxk Inrs ek | (“)
123 = (
% 4 f\) D chsm (8)

, NED)
Hence, (at \)P= 6,5- and \?s= QO Yy A 05?’
follows. Comparing the value )\&) 0—65 with any
value from (7) we see that the )(ﬂ term
contribution dominates over the oontributions not only
from the ‘P and G mesons but also from

3 3

the resonance o phase shift ( j term).



In varlant 4c) the )\” term contributes more

than in the previous two variants. The ocontribution
from far singularities to the scattering length might be
of course considerable but have not to be definitely

s
large. The magnitude of the )S)

oontribution
depends mainly on a difference of values of 3, and
the scattering length. If the 8016- phase 1s taken

to be resonant and the resonanoe point not far from

a threshold then the quantity /J‘ is always
several times larger than the soat:tering length, and
this difference can be compensated only through large
values of )\(” . Thus, the choice of the
resonance "up-down" solution for S;b' results 1n

too large contribution from far singularities tc the
low-energy reglon. The large values of /\CH oompliocate
considerably a selection of such 8})80%’ and 8‘1/‘2'
that R= { throughout the energy domain s 1 GeV.
We have not succeeded in fitting such phases for the

[/
%yp—down" solution of the 806‘ phase shift.

For this reason we consider the "up—down" solution
for St:b' to be unaccept\able, from theoretical point
of view, and therefore we did not analyze the system
of equations (2) -gorresponding to the “"up-down" 801/"'

solution.

12



For the "down" ‘Sf’- solution there have been
found the variants of 8:/-\- ’ 80%-' and Xlll'l’
which ensure R = i to be fulfilled for all three
phases simultaneously through a wide energy interval
(£rom 640 MeV up to loaOMeV).

These variants have been obtained by varying the
experimental phase shii’tsz).

Tables 1,2 and 3 list values of J, T, 'J fl
and R for three partial a.mplitudes ’/‘ T Y
and T‘I/’“ which are determined by phase shifts presented
in Figs 1,2,3 (solid 1lines)., Parameters take the

following values: =3\

3m{>3 KK

T T ) )\—O\% QI"-OO% ak- =-002.

For the "experimental" curves (dotted lines in Figs.,
1,2,3) the ratio R changes with increasing energy
unacceptably (see Tables 1,2,3 oolumn Q (dotted)),

y
To preserve the ratio Rm d_ the phase shift 80&
should be deformed in the way shown in Fig. 1 (i.e.
should be decreased in the energy region X 9Joo MeV),

~

%
Relatively small values of g 2 (as compared
[/
with 806' ) are obtained because all but one ’Jl
oontributions to Ry l K oomputed by using the

dispersion relations (1) are slowly varying functions of

I3



w and they are relatively large compared
with ':]‘ (as it oan be seen from 'l‘a.ble 2).
Therefore the experimental values of 8 2 cannot
change rapidly otherwise the ratilo R will turn
out to be smaller than unity in that energy region
in whioh the fast growth of the phase shift will
occur (see dotted line in Fig.2 and the oorresponding
numbers in Table 2, oolumn R(,M_Q. For this reason 1t
is necessary to take the 8:&' phase shift of the
slow growthe.

The partial wave 1 ','1'

, which is decribed by

the Breit-Wigner formula oorresponding to the K*

meson of mass MK* =891 MeV and width \—‘(;(- = 50 MeV,

satisfies well the ratio R‘= f‘_ thrvoughout all

energles exoept for the vioinity of threshold (see

Table 3, column R (dcﬁed))' The inorease of the Breit-

Wigner owve at the threshold around two times does not
fut does Ié’

change in practice the value of D%creases QQ,T| (exp)

approximately twice which makes it possible to correot

the ratio Q at the point w =1,31

(see Table 3, oolumns R and R (detted) ).

7 15/ Y,
Thus, the set of Sl % 4 and % 4 phase shifts
given in Figs. 1,2 and 3 through the so0lid lines, agrees
very well with the dispersion relations(l).
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",
4. Resonanoe Behaviour of the bc Phase Shift
in the Begion M¥R)>1 gev,

The ratio.. R at (G  =3.21 (which corresponds
to the total energy of ~K -system H(M) =1120 MeV)
for the T;Z’- amplitude 18 equal to -0.092. And at
higher energles this ratlo remains negative., If So,/""
does not cross g. at the energies M (KX) > Cev
then the experimental value of RQ Tclll‘(;w) remains
positive with inoreasing energy. However 'J‘ at
an energy H (KK) > :{_Gw y as from eg.(l) for

To'/cl. follows, ohanges neocessarily its sign
(beoomes negative) and this ocours in the energy rapgge
1.05 ¢ M(Kx) S 1.2 GeV. Thus, at the energy

M(XK)> 1 Gev and under the condition that the

8:’;\- phase shift remains smaller than g ’
the quantity Q beoomes negative.

To conserve the quantity Q positive and
equal to unity it 1s necessary etther a) to decorease
strongly the 3 h phase shift in the domain M(KX)< 1 Gev
and set 1t large and egqual to about g- s 1n a wide
energy range H(KK) > 1 @eV; or b) to assume
that in the region 1.05 Gev § M(YR) § 1.2 Gev

the % 2 phase shift crosses g— .



The assumption a) results in considerable disagreements
with the Sg&. rhase shift data available in the low-
energy reglon. In practioe the only assumption remalns
that the Sol/"' phase shift possesses the resonant
behaviour and the resonance 1s situated in the region
1.05 GeV S M (K’K> ,é 1.2 GeV., This conclusion

agrees with the results of worksl’J).

5. Conclusion,

In the work an analysis of the K'/—\ scattering
phase shifts has been performed in the energy region
from 640 MeV up to 1 GeV. The analysis was performed by

means of the dispersion relation method.

Qur results are as follows:

1. Connectlons between parameters of the problem
and their restrictions have been derived (see the
relations (3) - (5) ).

The following values for the parameters were
{

employed:
I % : R )
Qé‘ = 0,0 &') Q= '0|0°1‘) 3T\Kf% \&--5,\\) %RRGC‘\G'KK= ‘)‘&J
e 0123,

Y /. !
2. "heoretioal %0’1)%0 Y ana S\b‘ phase shifts

of the k'/'\' soattering have been found which are



denoted by solid lines in Figs.1,2,3, These agree well

with dispersion relations.

3+ An approximation of the threshold behaviour of
the 8‘,6» phase shift by the Breit-Wigner formula with
the oonstant value of the width FK* 1s not successful,
If it 18 neocessary to increase about . twice a contribution
from the P//l' wave near the threshold compared
with that of Breit-Wigner. This resultslin a smbothing
of unmaturally large values of the %:OIA' and 8:‘5'
Phase shifts at the threshold.An analogous phenomenon
must be observed also in analyzing the AR scattering
phase shifts, A

4. Theoretioal arguments are given against the
/,
"up-down® solution for the %;/'L phase shift.

5+ In the energy region 1.05 GeV % N(EK) < 1.2 Gev
[/
the %ol’* Phase shift has the resonance behaviour,

17



Table 1 The value of j, ’ 7,_ ’ 7, ’ /-I

and R for 7';'/‘ amplitude.
R(Jt“)
( for
e ot
w G 7, 7, 1, l R Fig. 1)
1.0 o.e4 0,0835 -0,0I2I1 0,0I56 -0,01I4 1I,00 1,00
1.31 0,69 0,105 -0,0II3 0,0I53 -0,00II I,I3 0,947
1,91 o,82 0,15 -0,0099 0,0147 +0,0078 I,I8 0,829
2.33 0,91 0,209 -0,0093 0,0I43 +0,0II3 I,I2 0,715
2,91 1,05 0,100 -0,0093 0,0I38 +0,0I00 0,97 0,323
Table 2. The value of 74 ’ 7-7' ’ 73 ’ /7 » and :Q
¥
for T, * ~amplitude,
:()(49((/
for
M) otted
curve
w G 7
ev ! % Js fn Fig. 2 )
1,0t o,64 0,00393 0,0278 0,033% -0,0892 I 0,89
1,31 0,69 0,00516 0,0259 0,0312 -0,0935 0,7 0,43
1,91 0,82 0,00310 0,0228 0,0268 =-0,I0I 0,65 0,I%
2,33 0,91 -0,000765 0,02I11 0,0238 -0,I03 1,03 0,II
2,91 1,05 -0,00307 0,0192 0,0201 -0,I03 1,7 0,32




Table 3. The value 74 » 71 ’ 7& ’ /7 s and ’e

T %
¢ —amplitude.

for
e{Jon
(for
dotted
H(I(IJ curve
w Gev 71 7‘_ 73 [] e Fig. 3)
1,0 0,64 0,03% -0,0056 0,0086 -0,0422 I I
1,31 0,69 0,0637 =-0,0052 0,0083 -0 ,0454 I,I4 1,91
I,91 0,82 0,I53 -0,0046 0,0078 -0,0489 0,% 1,09
2,33 0,9I -0,I32 -0,0043 0,0068 -0,0497 I,03 0,955
2,91 1I,0I -0,0668 -0,0034 0,0070 ~0,0493 0,99 0,9
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