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Abstract. Hyperbolic dispersion relations are used
to examine elastic KN and KN amplitudes in the
resonance region, and to extrapolate them to the
annihilation channel. By evaluating the relations on
a set of paths interior to the elastic channel physical
regions, a spin separation of t-channel contributions
is effected, and resonance couplings deduced. The
results show clear evidence for effects attributable to
exchanges with J <3, several of which have not
previously been isolated. The special problems
associated with the isoscalar S-wave states are
discussed, and an estimate made of the ¢ — $* mixing
angle.

1. Introduction

Dispersion relations, by imposing general constraints

from analyticity and crossing symmetry, have been

powerful tools for the phenomenological analysis
of data on two-body processes, both in the resonance
region [ 1], and at intermediate energies [ 2]. However,
most dispersion relations have drawbacks in practice.
For example, in partial-wave relations large regions
of the left-hand cuts are usually unknown, and in
fixed-¢ relations substantial extrapolations outside
the physical region are required. Such problems are
largely absent in dispersion relations where the
integrations are performed along hyperbolas in the
Mandelstam plane, chosen to avoid passing through
double spectral regions. Moreover, by varying the
hyperbola parameter, a simple spin separation of
t-channel amplitudes is effected, which is difficult
to achieve by other means (e.g. by using backward
dispersion relations).

Hyperbolic dispersion relations have been used to
study t-channel couplings in nN scattering [3,4],
and have produced new values for the couplings of
mesons with J <3, as well as interesting evidence
for states with J = 4 and 5 close to the N N threshold.
In this paper we apply similar techniques to the
kaon-nucleon system.

This system has a number of additional complica-
tions. For example, G-parity provides no restric-
tions on the t-channel, and amplitudes for both
strangeness S= + 1(KN) and — 1(KN) channels
are needed as input, both of which are subject to more
uncertainties than the corresponding 7N ones. We
have therefore to examine the mutual compatibility
of different possible sets of input data before extra-
polating a consistent set to the t-channel to obtain
resonance couplings. The results show clear evidence
for effects attributable to states with J < 3, several of
which have not previously been isolated. The isoscalar
S-wave is particularly interesting and leads to
couplings which, together with decay information,
enable the &— $* mixing angle to be estimated.

2. Formalism

2.1. Kinematics and Amplitudes

We work with the usual KN (s-channel) invariant
amplitudes [5] A" and B for isospin I =0 and 1,
and in addition the amplitude

= —1[4p*A— MvB],

where p? = (t/4 — M?); v = (s — u); M is the nucleon
mass; and st and u are_the usual Mandelstam
invariants. Amplitudes for K N scattering (u-channel)
are denoted by A', B! and €. Useful isospin com-
binations are

At =434+ A%], A= =L4[4' - 4],
and similarly for B, 4 etc. Under s<> u crossing
A*, 0= £ A5(=v,1, BE(y,)) > F B (—v,2).

Amplitudes with definite su crossing symmetry are
defined by

Ff=C*+C*Ff=C FC,
Ff=B*¥B*,F; =B +B"

These have the following ¢-channel partial-wave
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expansions:
Fi,(tz)= 2n§(2J + 1)(pg)’ P,(2)
[1£(= IO, | @1
2J/+1
_2 J—1
F3,(t,2) Z ot )( pq)’” " P;(2)

T+ (- 1)J]h’_<° (),

where g% = (t/4 — m?); m is the kaon mass; z is the
cosine of the ¢-channel scattering angle; and h’ D is the
t-channel (taken to be KK—-N N) partlal wave
helicity (+) amplitude for ¢-channel isospin I =0, 1.
For example, the p-meson contributes to F, and F.

2.2. Hyperbolic Dispersion Relations

Dispersion relations may be written for any crossing
symmetric amplitude along hyperbolas

s—au—a=>H
in the Mandelstam plane [6]. In our case we choose
b=[(M+m)?—a][(M—m?—a],

so that all paths pass through the KN threshold
s=(M+m)*t=0, and lie interior to the elastic
channel physical regions, leaving a as the hyperbola
parameter. Other paths are possible [4], but all
have the disadvantage of involving unphysical values
of the s and u-channel scattering angles, which causes
an undesirable enhancement at low energies of
poorly known higher partial waves.

For the amplitudes F;*, the unsubtracted dispersion
relations take the form

Fi{st(as)} = Pf + T Im {F*{t’ s’(a,t)}}t -

a2 VN
1 [eo)
+ [Im FE{s,¢(a,s)}{s,sa}* ds, (2.2)
T
where P is the contribution of pole terms; T =

(M, +p? is the lowest u-channel threshold;
u=m ;N=0() for F}(F7);

1 1 1
{Sli S’a}+ = 7 + 7 ai|7 (23)

and
{s,s,a}” = ,l — ,1 ] (2.4)

In the kaon-nucleon case the single-particle terms
PZ¥ are due to the 4 and X poles. These Born terms
are given by

Pf,=+ ZCl LY)Py GE{M3,s,a}*

and
Pi,=7F an JYV)GE{ME,s,a}*,

where the sum is over Y =4,%;Gy is the usual
pseudoscalar KNY coupling constant;

Py =pi(My — M)+ Mvy/4;
and the coefficients are given by
C(A)=Cy(4A) = C3(A) = C,(2)
= - C4(A) = %» C1 (Z) C (2)
Subscripted quantities are evaluated on the relevant
hyperbola at s = M3, and are thus functions of a.
In practice the below-threshold X* state P13 (1385)
is also treated in the narrow-width approximation,
and so additional contributions which must be
added to (2.2) are:

P{,(E%) =+ D, P Gi{M}.s a}*,

P3,(Z*) = F Dy o (B, + B, 1)) GL{ M3, 5,a} %,

where D, =D; =% D, =D, = —1;G;. is the KNZ*
coupling; ¢y, is the value of ¢ such that on the hyper-

bola defined by a, u = MZ, ; and the other kinematical
quantities are defined as follows:

- Cz(z)

Jw I

My,
Py, = — Pg*(oﬁ + oy by + —*4—2(181 + B3,

&= 3(Mz*+.M)qg*+(Mz*_M)[

(My. + M = m*
= 2 —_
Bl 3 qE* [ 2ME* s

/32:%'

(ME*""M)Z"‘mZ 2
2M;. ’

(12 = %(ME* + m):

3. t-Channel Extrapolations

3.1. Kaon-Nucleon Data Input

To extract information on the ¢-channel process
KK — NN we first form the “discrepancy” function

DE(t,a)=Re F{ (s,t) — P{ (s,a)
—%jIme(s’,t’){s’,s,a}ids, (3.1)
T

which consists of those parts of the dispersion relations
which can be evaluated with currently available
s and u-channel data.

In the s-channel we use the amplitudes from Ref [ 7],
which is the latest and most extensive analysis of
both KN isospin channels. The upper momentum
of this analysis (kg, =1.5GeV/c) determines the
upper limit §.

The latest analysis of u-channel data below 1.5 GeV/c
is by a Berkeley group [8] (which we denote by BK).
This extends to lower momenta than previous
analyses, fits new low-momentum K ~ p elastic polari-
zation data, and includes some constraints from
forward dispersion relations. Hence it is intrinsically
more reliable than earlier work, and we use it as
our preferred input in this region. Nevertheless,
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for the purpose of comparison, and to estimate
errors, we also use the amplitudes of the Rutherford
Lab.—Imperial College collaboration [9] (denoted
RLIC), and those of the University College group
[10] (denoted UCL), which analyze most of the
data used by BK. In the case of the UCL solution
an explicit resonance form for the D03 (1520)
resonance must be added, as the lowest energy of the
analysis is 1540 MeV. This is done using a Breit-
Wigner formula with a standard Blatt and Weisskopf
barrier factor.

The u-channel amplitudes in the resonance region
must be supplemented by amplitudes at very low
energies. Here we use the results of the K-matrix
analysis of [ 117, which is the most reliable available,
mainly because of the simultaneous use of data and
forwatd dispersion relations. In particular, consis-
tency was required, via forward dispersion relations,
with the forward K~ p charge-exchange differential
cross-section, which had previously been neglected.
We analytically continue the K-matrix amplitudes
below the KN threshold to provide a model for
the KN unphysical region also.

Another result of the analysis of [11] is a more
reliable determination of the K N A coupling constant
(GEna/4m =137 +27) which we use to evaluate
the A-pole term in (2.2). In the case of the Z it proved
difficult to separate its contribution from that of the
X*, the best-value (G%/4m=3.7) being obtained
with the Z* coupling essentially zero. Since away
from t =0 even a small 2* coupling could give rise
to important contributions, we also consider the
possibility of a non-zero Z* coupling, G2./4n =2.6
(which is somewhat less than the SU(3) value), and
in this case reduce G% so that the total contribution
of 2 plus Z* to the forward amplitude at threshold
is conserved, thereby preserving the consistency
between the K-matrix predictions and the forward
dispersion relation fits of [ 11]. The actual value used
for G2/4= in this case is 2.5.

3.2. Use of Fixed-t Dispersion Relations

Two problems are raised by the use of the above
u-channel input. Firstly, there are discontinuities
at the joining momentum between the K-matrix
amplitudes [11] and those from the analyses in the
resonance region [8-10]. Although the matching
problem is less severe for the BK analysis, which
imposed forward dispersion relation constraints [11],
even this solution has problems away from t=0.
Part of this trouble could well be due to the fact
that the K-matrix analysis only includes_S-waves.
This raises the second problem, that Re B’ will be
very poorly reconstructed at low momenta because
threshold effects enhance P-waves there.

The practical effect of these problems is to produce
an unsmooth behaviour in DF, as calculated from
(3.1), as functions of ¢ (at fixed-a) for — ¢t < 0.3 GeV?,

which is particularly unfortunate as this region is
expected to play an important role in the inter-
pretation of the discrepancies in terms of ¢-channel
poles.

A solution to this problem is to calculate the real
parts appearing in (3.1) from fixed-t dispersion
relations, since the S-wave approximation for the
imaginary parts at very low momenta is expected
to be adequate. For the amplitudes F; the relations
have the unsubtracted forms [ 5],

Re Fi(s,t)=

@ 1 1
PE(s,1) +£ {Im F# (s’,t)[,—— +
T §—35

s —u

]ds’, (3.2)

where the fixed-t poles (including the X* (1385))
are given by

Pli,zz t ZCLZ(Y)QYG%/<My>i
Ly

+D1,2Q2*G§*<Mz*>i:],

P§,4 =+ ZC3,4(Y)G%’<MY>i
Y

+ Ds 4B, +B2t)G§*<M2*>i:|>

1 1
M?— sth2 —u
Qy= ——(t/4—M2)(M~MY)+M(2M12,+t— 2)/4,
Oy = —(t/4~ Mz)(% + o, t)
+MQME+t— )P, + B,0)/4,
and
Z=2(M*+m?).

These relations may be evaluated using the input
data discussed above, and a model for the small-¢
high-energy behaviour. For the latter we use the
Regge-pole solution of [12].

Although the use of fixed-t relations is strictly neces-
sary only for —1<03GeV? in practice we use
them for the entire t-range considered to avoid
generating further discontinuities. The latter range is
—t < 0.8 GeV?, which is slightly larger than allowed
by a strict application of Manderlstam analyticity.
Both s- and wu-channel real parts were calculated
in this way, and to ensure convergence of the integrals
a subtraction was made at V5= 175GeV, where
all three wu-channel phase shift analyses [8-10]
are in excellent agreement.

It is, of course, important to check that the predicted
real parts are in agreement with those from the
phase shift analyses in the physical regions appro-
priate to each t-value. In the s-channel the agreement
is satisfactory. In the u-channel the BK amplitudes
have overall the greatest degree of consistency (which

where { M > *

If
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is another reason for using them as our preferred
u-channel input), although ReB' is sensitive to
the precise values of the 2 and 2* couplings. The
RLIC and UCL solutions are also satisfactory, with
the exception of Re B® and the UCL case. However,
since only the imaginary parts will be explicitly
used in the hyperbolic dispersion relations, we retain
all three sets of amplitudes.

As a byproduct of the fixed-t analysis we evaluate
(3.2) at t =0 to obtain estimates of the KN S and P-
wave scattering lengths (the notation is af?) corres-
ponding to J =14 1/2):

a® = —1.79 +0.16fm,

d® — a®) =0.04 + 0.02fm>,
) =041 + 0.07fm,

adl —afl) =0.02 +0.07fm?.

The errors arise from using the different inputs
described above.

3.3. t-Channel Models
From equations (2.2) and (3.1)

v [FEEs)] ar
D (t,a) = WH (ba) +- | Im[g__s_)] |

‘N ’
7'C4uz v t—t

(3.3)

where the function H (t,a) is the sum of the high-
energy parts of the s and wu-channel integrations
above the phase-shift region (M +m)* < s’ <3, and
the t-channel integration above t=#, which varies
with the particular amplitude but is of the order
of 4 M2,

Since is far from the region of evaluation of D} (t,a)
(0< —r<08GeV?), we may safely assume that
the physical region of the t-channel gives only a
t-independent contribution to the discrepancy (or a
contribution proportional to v(¢, @} in the crossing-odd
case). We make the same assumption for the high-
energy s and u-channel contributions also, although
here we are on less sure ground. However, the relevant
Regge exchanges are either exotic or exchange—
degenerate, so it is likely that the total s- and u-
channel contribution is very small, in which case
this assumption will make negligible error. Since
in practice none of the functions D7 turns out to
have more than one turning point as a function
of a at any fixed value of f, the simplest model for
H?(a) is a quadratic. A more satisfactory procedure
is to make a fixed-a subtraction, and hence remove
HE. Thus, if the discrepancies are subtracted at
t=t,, and evaluated at t=t,, we work with the
quantities.

Dii(tl,a)_Dii(tz,a)
vN(tlaa) VN(t2=a) )

The subtraction will also improve the convergence

AF(ty,ty,0) = (3.4)

of the integrals. Using the subtracted forms, and the
unsubtracted forms with H(a) a quadratic, produces
negligible changes in the t-channel couplings, which
suggests that the effects of distant cuts have been
satisfactorily separated from the lower-mass ex-
changes.

As a model for the latter we evaluate the integral
in (3.3) using the partial-wave helicity expansion
(2.1) truncated after n terms, and for each discrepancy
we perform fits with n = 1, 2 and 3. Using the relation

z=1+at/pg,

in the Legendre polynomials, gives the a dependence
of the various helicity amplitudes. For each dis-
crepancy the n't contributing amplitude in order of
increasing spin has an a dependence given by an
(n— Dth polynomial. Each helicity amplitude is
assumed to be dominated by at most two states,
and for each we use the narrow-width approximation,
ie.

R
BO=
* Mp—t—ie

where R denotes the appropriate t-channel resonance.
In the case of the isoscalar S-wave amplitude, where
the states are probably very broad, an alternative
to the narrow-width form was used, and this will be
discussed in Sect. 4. The masses M, were taken to
be those of known mesons, or for the higher spin
states from an assumed linear Regge trajectory,
although in the final solutions only known states
were needed to fit the discrepancies. The free para-
meters are the couplings I'{, and these are determined
by simultancously fitting the discrepancies over
the entire grid of a and ¢-values (or the grid of a,¢,,
and t, in the case of the subtracted discrepancies).
The range of the former, —1.8GeVZ<a<0, is
determined by the convergence of the ¢-channel
helicity expansion on the hyperbolic paths used,
assuming Mandelstam analyticity.

4. t-Channel Couplings

4.1.p and g M esons

These contribute to the discrepancies D; and Dj,
and in both cases a satisfactory fit is obtained with
just the two lowest spin partial-wave helicity ampli-
tudes. In fact the p alone gives quite reasonable
fits. However, inclusion of the g-meson produces
a small, but significant, improvement, and the
subtracted discrepancies 47 and 4; show some
a-dependence at fixed-f, indicating the presence
of an amplitude with J > 1. Moreover, the various
choices of input lead to consistent values for the
residues I'%, . The fit to D} and D; /v using the BK
amplitudes as the main u-channel input, are shown
in Fig. 1.
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Fig. 1. Fit (—), using p and g contributions, to the t-dependence
of Df and D;/v(x), for a=0 (a), a= —0.6GeV? (b), and
a= —1.8GeV? (c). Some typical error bars are shown

The fitted values for the p-residues are
I, =—089+0.12, I'” =—41+04, 4.1)

where the units are appropriate powers of GeV.
It is convenient to relate these residues to conven-
tional coupling constants, and since we work in
Born approximation this may be done by defining
effective Lagrangian densities. For definiteness we
use the conventions of [ 13], which lead to dimension-
less coupling constants. The relations are

MG, .z m?
and
2G, .z
= —% PR (G + GLR). 43)

Using (4.1) gives
Goni/ G =42 £ 24, (44)

in reasonable agreement with the best estimate
from nN analyses [13] (6.3 4 0.9). The large error
on this ratio is due to cancellations in equations (4.2)
and (4.3), and so it is probably more reasonable
to use the intrinsically more reliable value from
n N analyses. We then obtain from (4.2) and (4.3)
estimates for G,,zG%)5/4m, which when averaged
give 2.6 1 0.4. Since the best estimate of G, G05/4
is 24 + 0.4 [13] we have

G/ Gpmn = 108 + 035,

in excellent agreement with the pure SU(3) prediction
of unity, and an application of hyperbolic dispersion
relations to K scattering [ 14] which finds 0.95 + 0.09.
(Using (4.4) leads to G,xz/G,,. = 1.4 +0.6).

The fitted values of the g-residues are
I, =-030+014, I'" =-0354+0.14. (4.5)

These are related to dimensionless coupling constants
by

o _ 128 Gug( o) P o))

"% =35.00 an | Cont g2 G ) (49)
and ’

o - =256 GuxGils @n

T 35/3uME 4n
where the latter are defined by the effective
Lagrangian density
4i _ > 8 _

& = <PG9KI?K6<1M tK + 25 Gany N7a0, tN

8i _
+ MEG;?ﬁaaNTaﬂVN>'gaﬂya (48)
and the field notations follow [15,16]. Using (4.5)
gives

GR:/GNy =03 + 438, (4.9)

the very large error being due to strong cancellations
in (4.6) and (4.7). However, there is satisfactory agree-
ment with the result —25+25 obtained from
TN analyses [3].

To estimate the g N N couplings separately we first
obtain G i from the decay g » KK via the width
relation

32q]

g

gKE

The g > KK branching ratio is poorly known the
best estimate being [17,18] (1.5 4+ 0.5)%. This gives
|GgK12| =0.012 4+ 0.003, and leads to the estimates
GN5/4n =018 +0.12,

|Gy +02G%;] = 1.7+ 10.
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The value of |G{y5| is far smaller than obtained in
n N analyses [3], and may reflect the difficulty of
extracting the very small g-contribution in the
presence of a dominant p-term.

4.2.0,¢ and w* Mesons

These contribute to D and D7, and again only the
two lowest spin states are necessary to obtain a
satisfactory fit, although now there is the complication
of two J=1 resonances. Because of the relative
closeness in mass of the two latter states, compared to
their distance from the fitted region, it is not possible
to effect a reliable separation of their contributions,
and we therefore present results for a single pole
placed at the mass of the . Neglect of the ¢ has some
support from the validity of Zweig’s rule [19], which
predicts that the ideally mixed ¢ decouples from N N.
However, phenomenologically, this result is not
exact, and so the o terms should be viewed as effective
couplings, probably containing some effects of the
¢ meson. The spin-3 w* (which itself could possibly
be a mixture of two isospin states) is unambiguously
present, both from its important role in achieving
a fit to DF, and the fact that the subtracted dis-
crepancies show a marked a-dependence at fixed-t.
The fit to D and D; /v using the BK amplitudes as
the u-channel input are shown in Fig. 2.

The fitted values of the w-effective residues are

I'*=-16+031I?=~-~30+04.
These are related to the  couplings of [13] by

(4.11)

—2M G+ m,
re -— :;(K(G%ﬁJFM;ng&N)’ (4.12)
250
200
£ T
3 3
<150 2
Q 1
' o
100
0 0.2 0.4 0.6 0.8
-t (GeV?)

Fig. 2. Fit (—), using c-effective and w* contributions, to the t-dependence of Df and Di/¥(X), for a=0 (a), a

a= — 1.8 GeV?2 (¢). Some typical error bars are shown
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and
2
re=-— G“’K"(Gg;sﬁ +GDR). (4.13)
Using (4.10) gives
GoNn/Gos =04 107, (4.14)

which is consistent with both the often made
assumption [20] that Gz~ 0 (which is supported
by extrapolating Regge-pole fits of kaon-nucleon
data [12]), and the value 0.69 found in a recent
extensive fit to NN data using one-boson- exchange
(OBE) potentials [ 21]. Individual values of G, .z Gop 5
follow from (4.13) and (4.14), and when averaged give

G gz GPs/Am =23 1017, (4.15)

in excellent agreement with values in the region of 2.1
obtained from particle-exchange model fits to low-
energy K*p data [207], which also replaced the w
and ¢ by an effective-w pole. If we assume that our
results are dominantly due to the true w, then we can
calculate G,y using an estimate of GmKK The latter
may be obtained via the ¢ — K K partial width

GiKIE

4z )’
and the SU(3) relation Gz = —/2G,4z.
a ¢ — K K branching ratio of 0.84 yields
|Gukil =29 10.2,

and hence
Giyi/dn =79 +29,

4q¢

6KR = 3
m2
¢

Using

(4.16)

T | T T I :’

- .

- X —
X

F a |

1 | 1 1 ]

o

0.2 0.4

-t (GeV?)

— 0.6 GeV? (b) and
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Fig. 3. Fits (—:including w*---excluding w*) to the a-dependence of A and 47 (X), for ¢, =0 (a), t, = —0.25GeV? (b) and
t; = — 0.8 GeVZ (¢}, all subtracted at ¢, = — 0.6 GeV?. Some typical error bars are shown

which is compatible with estimates from OBE fits
to NN data [13].

The spin-3 w* is found to be necessary to produce
an acceptable fit to the discrepancies. Moreover, the
subtracted discrepancies show a significant a-
dependence which is well approximated by a spin-3

contribution as is shown in Fig. 3. The values of the.

fitted residues are

I =—07+401,I"=-09+02, (4.17)

and are stable with respect to the inclusion or not of
a separate ¢ pole. The residues lead, via formulas
analogous to (4.6) and (4.7) (identical except for an
overall sign change), to the estimates

Gg‘)NN/Gg*)Nﬁ =-02+13,
G ok G Dyr/4m = 3.7+ 0.7)1073,

4.3.6 and A, Mesons

The scalar & resonance contributes to D5 only,
whereas the A, contributes to both D and Dj.
No higher spin states need be invoked, and the result-
ing fits are shown in Fig. 4. The dispersion relation
evaluations show considerable noise, due largely to
strong cancellations between terms. (Note that the
errors shown are due solely to the range of hyperon
couplings used). The effect of these cancellations is
that in D} the 4, contribution is found to dominate
that of the . The importance of the A, can also be
seen from the plot of 45 (Fig. 5) which exhibits a
greater variation over a than the variation of the mean
value (the dotted line, which is the § contribution)
over t. Thus the situation is qualitatively different
than that observed for the spin-3 mesons g and w*,
which were secondary effects. The curvature might

Dz+ (GeV)

0 0.2 0.4 - 06 0.8 0

-t (GeV?)

0.2 0.4 0.6 0.8
-t {GeV?)

Fig. 4. Fit(-—), using 6 and 4, contributions, to the --dependence of D and D} /w(X),fora=0(a),a= — 0.8 GeV2 (b)and a = — 1.8 GeV? (¢).

Some typical error bars are shown



364 R.A.W. Bradford and B.R. Martin: ~-Channel Couplings in Kaon-Nucleon Scattering

{GeV™)
(8]
!
X
X
X
X
——¢—
X
i

!
(
i
H

-4,

i i 1

0.4 08 1.2 1.6
-a (GeV?)

T T

L
0. 0.8 1.2 1.6
-a(GeV?)

Fig. 5. Fits (———-:4 only, — ¢ and A,) to the a-dependence of 4; and 4; (X) (shown joined by dots in the case of 43), for t; =0 (a),
5= —025GeV? (b), t; = — 0.7 GeV? (¢) in the case of 47, and t, = — 0.15GeV? (a), t; = — 0.45GeV? (b) and ¢, = — 0.8 GeV? (c) in the
case of 4, all subtracted at t, = — 0.6 GeV>. Some typical error bars are shown

suggest the presence of a spin-4 contribution, but
attempts to include such a term produce only mar-
ginally better fits, and a residue which is consistent
with zero. The same is true for the 4 discrepancy
also shown in Fig. 5.

The fitted values of the residues are

I’ =04+02, (4.18)
T2 =023 +006, = —19+05, (4.19)

and despite the poor quality of the fits, these are very
stable to changes in theinput data. Using the couplings
of [13] gives

I = ~ up; Goi Goni/ 4T,

which using (4.18) yields

Gk Gann/dm =454 2.3, (4.20)

The value of G, can in principle be found from the
decay 6 — K K but the branching ratio is very poorly
known. However, a recent analysis [22] of the decay
properties of the ¢ in the reactions K~ p—nyn~ 2*
and K~ p— K°K~ Z* has shown that the SU(3)
prediction Gz =(3/2)G},, is well obeyed, and the
latter may be obtained from
_ki? Go

mm mg . 47'E s
where k is the #7 c.m. momentum.
Using I';,, = 50 + 10 MeV [17] gives

|Gskgl =981+ 1.0,
and from (4.20)
Givi/4n=26+32 4.21)

awhich is also in good agreement with NN analyses
[13,21].

For the 4, residues we have

2
s _ 32 Guki (Gu) . Pa, G@ _>’ (4.23)

+ 154 4= A:NN " p r2 Y 4NN
and
4z — 16/6 G 4,xx Gf‘ilz)Nﬁ, (423)

15uM 4n

which using (4.19) give
GPi/G v =—23+02, 4.24)
and
G 4, kg G yi/4m = — 0.09 + 0.02. (4.25)

Finally, |G ,,xz| may be obtained from the decay
A, - KK via

8k oo
A2KK lsn#ZMiz A2KK*

Using a branching ratio of (4.7 +0.5)% [17] gives
|G 4,kz| = 0.25 + 0.02 and hence

Giys/4n=16£09. (4.26)

r

44.f and f' Mesons

These contribute to Df and D5 . The former also has
ascalar contribution, which presents special problems,
and we defer discussion of this to Sect. 4.5. As in the
w — ¢ case the relative closeness in mass of the f and
f' with respect to their distance from the fitting
region precludes the use of two distinct poles. The
fit to D using a single effective pole at the f mass is
shown in Fig. 6, and the resulting value of the residue is

I'_=65+03 4.27)
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Fig. 6. Fit (—), using a single f-effective pole, to the t-dependence of D3 /v(X), for a=0(a), a= — 0.8 GeV? (b)and a = — 1.8 GeV? (c); and
to the a-dependence of 45 (X), for ¢, =0 (a), ¢, = — 0.45 GeV? (b) and ¢, = — 0.8 GeV? (c), all subtracted at t, = — 0.6 GeV2. Some typical

error bars are shown

0 0.4 08 12 1.6
-a(GeVy)

% 1 | i (
0 02 0.4 0.6 0.8

-t (GeVY)

Fig. 7. Fit (—), using scalar and f-effective contributions, to the t-dependence of D (X), for a =0 (a), a = — 0.6 GeV? (b)and a = — 1.8 GeV?
(c); and to the a-dependence of 47 (X),for t; =0(a), t, = — 0.4 GeV? (b),and t, = — 0.8 GeV?, all subtracted at ¢, = — 0.6 Ge V2. Some typical

error bars are shown

Inclusion of a J =4 term (the h-meson) produces no
significant improvement in the fit, and a residue which
is consistent with zero. The absence of a significant
h contribution is confirmed by the lack of substantial
a-dependence in 45 (Fig. 6). The fit to DI with
f-effective and scalar contributions will be described
later, but the resulting residue

r,=13+02, (4.28)

is very insensitive to the form of the scalar term, even
though the latter contribution is substantial. This
situation is analogous to the g and ®w* cases where
dominance of the lower spin effects with regard to the
t-dependence stabilises the values of the higher spin

residues. The importance of a J=2 contribution
can be seen from the strong a-dependence of A;
shown in Fig. 7.

Detailed interpretation of I’ + Is difficult because,
unlike in the =N case, Zweig’s rule does not lead to
a strong suppression of the f' with respect to the f.
Thus we have no reason to neglect either the f or
the f" contribution. However, we can make rough
estimates of the relative strength of these two terms.
To do this we write

2

ms—t \
¢~F{t+<*{ >Fjw_1’

my —t

where (...> =0.75 is an average over the range of
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the fit. In terms of f and f” couplings,

32
Ly~ Su[ f""(Gg};N Mga%) (4.29)
p
+0.75 4fKK<G}1,}VN M’za%ﬂ
and
16,/6 (G 1z GN5 Gz G i
I =~ SKK ™ fNN 0 KK NN . .
- 15#M< gt 075 SLEL I ) (4.30)

The modulii of G,z and G,z may be obtained
from the partial widths

8¢s
2 GfKK7

T _;
15 u? m;

fKK —

(similarly for f'— KK), and their relative signs
from S U (3), assuming ideal mixing and the absence
of f/ > nr decay (Zweig’s rule) [19]. (We use KK
branching ratios of (3.1 +0.4)%, and (90 + 10)%/, for
f and f' decays, respectlvely) Also, from analyses
of ©N scattering [13] it is known that G35 ~ 0 and
G5 = 6.3 + 1.0(assuming, for deﬁmteness G frr > 0).
Collectlng these results together, and using (4.29)—
(4.30) yields the estimates

Gf KKG}INN ~02 +O 1 G KIEG‘(fZ/}V]V ~

4n 4

compared with

—0.8+05,

Grx Ovs _ 16 4 0,04, Sk IS o g
47 4n

Thus the f” provides a very important contribution
to the t-channel of K N scattering.

4.5. Scalar M esons

(a) & 8* Residues. The scalar mesons contribute
to D] along with the fand f”, but although the latter
give important g-dependent terms (see Sect. 4.4),
because of their relatively high masses they contribute
only slightly to the t-dependence, which is dominated
by the J =0 amplitude. This function is shown in
Fig. 7, and is qualitatively different from previous
discrepancies in being distinctly non pole-like. To
achieve the observed shape in a pole model with an
essentially t-dependent background requires at least
two nearby poles contributing with opposite signs.
It is tempting to ascribe this behaviour to an inter-
ference between the & and S* mesons, but there is a
difficulty because an acceptable fit can only be
achieved with m,~ 0.7 GeV, whereas the physical
¢ has a mass ~1.3GeV. [17]. The narrow-width
approximation is clearly inadequate, but fortunately
it is possible to do better because detailed analyses
of n N scattering[23] have deduced the form of the
]I=J=0nn—>NN helicity amplitude f2(z) for

\/_ $09GeV. In particular Im f7(¢) is known to

have a broad maximum at ~0.7 GeV, probably
followed by a zero around 1 GeV. In a pole model
the latter is interpreted [4] as the start of the S*
effect. Since m, ~1.3GeV we are led to a picture
of Im f? (t) as havmg a broad maximum due to the
e-meson “interrupted” by a negative minimum due
to the S*. A discrepancy analysis of 7N scattering
along the lines of the present work [4] lends support
to this view. Beyond 1GeVIm f°(¢) is essentially
unknown, but destructive interference between the
negative tail of the S* and the positive ¢ would
tend to occur. Thus the bulk of the & contribution
would arise from relatively low masses, and in a
pole model would require a low effective mass for
the &, as has been found. Unfortunately, in this case
the interpretation of the resulting residues is far
from clear. )

Fortunately, the t-dependence of D is not sensitive
to the higher energy region of the helicity amplitudes,
so we seek a way of inserting the low-t behaviour
of the scalar term without explicitly assuming a
pole behaviour. We do this by assuming that the
qualitative behaviour of h% (¢) in this region is similar
to that of £2(t), i.e. we assume that

Im A9 (t) =2R, Im f?(2), 4.31)

for ./t £0.9 GeV, and we interpret R, as the ratio
of & couplings to K K and nr. (The factor of two is
consequence of our definitions of couplings). This
ansatz has been used before [20] in an analysis of
K*p data, and some support for it comes from
considering the unitarity condition, which in this
region is well approximated by the n7 intermediate
state, and takes the form

t—4p?

1/2
Im A8 (1) = 3[ 7P ] [f207]*g0 ),

where g,(¢) is the J =0 partial-wave amplitude for
nn— KK [13]. Since the imaginary parts of both
12 and g, are numerically far larger than their real
parts [14, 23, 24], and Im g, <0 for ./t <09 GeV
[14,24],equation (4.31) is a reasonable approximation
with R,>0. We retain the narrow-width form for
the S* resonance.

The fit to D; is shown in Fig. 7, and the resulting
parameters are

R, = Gekk _ 41 4007, (4.32)
and

* 2K K G SN N
IS =—pupa 9-“—2% =—-29408, (4.33)

where the errors reflect the use of different inputs
forIm f? [23] as well as u-channel amplitudes.

(b) Scalar Nonet. An SU(3) analysis of the scalar
nonet is fraught with difficulties, not least of which
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is to identify which states comprise the multiplet.
We make the usual assumption [25] that the I =0
members are the ¢ and S* mesons, with the §(980)
as the I = 1 component, although other assignments
are certainly possible [26].

The singlet (g,) and octet (g4) couplings are defined
via the S U (3) Lagrangian density

Lin=g &, n+2KK)

+gs[287+ 6 K1K + Sg(n-n — KK)],

and the ¢ — $* mixing angle is defined by

g=¢g, costl—Sgsin0,

S* =g, sin 0+ Sq cos 0,

Then,

Gaﬂ:n = 291 cos 0 — 2g8 sin 9; (4343)
Goxk =24, c0s 0+ ggsin 6, (4.34b)

Gginn = 2¢, Sin § + 2g, cos 6, (4.34¢)
Goxi =2g,sint —ggcos b, (4.344)

and in terms of these couplings the partial widths
given by

l—v 3k nu' Gamr kKl’l' GsKK

enm = 4m82 4> KR ma2 4’

(4.35)

where k., k, are the appropriate c.m. momenta.
Equations (4.34a, b) may be written

G =R Gan‘n: - 3ng8 sin 0/(1 — Rs);

and using these in equation (4.35), plus the unitarity
constraint

I, +T,z<T, (4.36)

the total width, leads to the upper bound
2 _p2
in0g ST =R
9[/( gS(an + kKRa)

A similar bound for cos? 6 may be obtained in terms
of Rg = Gguxg/Gseny, Dut the precise value of this
ratio is unknown. However, there is strong evidence
that Rg.> 0. This follows from combining the sign
of I'S” in equation (4.33) with the results of a discre-
pancy analysis of # N amplitudes [4], and is supported
by consideration of the qualitative features of the
Legendre coefficients for K* K~ production in
N reactions [25]. An assumed positive value of
Rg. was in fact the basis of the SU(3) analysis of
Morgan [25] which found a large mixing angle
0 ~ 69°, but in Morgan’s solution the ¢ is essentially
decoupled from KK, in contrast with more recent
data [27]. Using (4.34) Rg.may be written

tan? 0(1 + 2R)) + (1 — R))
tan?6(1+2R)—2(1 —R,)’

and for 0 < R, <1, R, > 0 implies the lower bound

(4.37)

Rg=

1.0

06
&
£
" 0.4 :
J |
o
0.2 | !
l |
olu N A N i ! )
02 03 0.4 05 06 07 08

Fig. 8. Upper and Jower bounds on sin’§ as a function of R,.
The shaded region denotes the allowed (R_, sin? §) domain

sin®0 = 2(1—R,). (4.38)

The bounds (4.37) and (4.38) are plotted in Fig. 8
as a function of R,. To evaluate the upper bound
we use m, = 1.3 GeV I',<04GeV[17]and g7 = 434
as calculated from

_ 2k# 98
o = m 4n’

using a partial width of 50 MeV [22]. The shaded
areas on Fig. 8 denotes the allowed regions for R,
and sm 0, from which we deduce our best value
of sin®§=0.52+0.12. From R, and sin? § we find
|91/gs| = 1.6 + 0.5, which is compatible with /2, the
prediction of Zweig’s rule [19]. All other couplings
may now be calculated. For definiteness we use
gz = 48.4, as before. For the ¢ we find

G2 [4n =52, Glz/4n=9,

ERTL

which imply appreciable coupling to both nn and
KK channels (I',,, =286 MeV, I',,z =43 MeV, I, >
329 MeV) in agreement w1th recent production
data [27]. For the $*,R;, = 3.4+ 2.2 and

Gsinn/Am =3, Giyg/4m =34, (4.40)

which imply a satisfactory small $* -7z width
of 23 MeV. The $* - KK width depends critically
on the mass of the S$* because of the phase-space
factor, but for M, <1GeV, I'gpg < 50 MeV and so
23 <« I'g, <73MeV, again in good agreement with
expenment [17]. Finally, using (4.40) in (4.33) gives
Gani/4m =31

Although the above analysis leads to results in
excellent agreement with experiment, it is worth
remarkmg that the ¢ and S* couplings depend on
ga, which we have calculated from 6 — 7y decay.
However, the same coupling can be obtained from
x — K, and although the parameters of this decay
are not precisely known, current estimates imply
a conS1derab1y larger value for g2 and a consequent
increase in the ¢ and §* partial widths.
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