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ABSTRACT

The reaction T p = KYK n has been studied on a hydrogen target (27,000 events)
at 18.4 GeV/c and on a polarized target (54,000 events) at 17.2 GeV/c. A com-
bination of results of both experiments allows a partial-wave amalysis of the
K™ system between 1.1 and 1.74 GeV mass without any model assumptions. In
general our fits yield unique solutions. Using results of our previous analysis
of 11~ final states, the branching ratios BR(KK/TT) of partial waves into KK and

T are determined. The S wave appears to be mainly a broad £(1300) with

+ 0.017

- 0 21+ The weak P wave can be described by a tail of the

BR(RR/TT) = 0.068

+ 0,029

_ 0. 025+ The D wave is interpreted in terms of a

0(770) with BR(KK/TT) = 0,081

superposition of £({1270) + A,(1310) + £7(1515) resonances. The fit vields

BR(RR/7m) = 0.069 * °*92% for the £(1270) and BR(rm/all) = (2.7 T ['))% for the
£7(1515). The F wave shows the g(1690) meson with BR(RK/mm) = 0.191 F 727, 411

the above values refer to the t bin between 0.0l (GeV/c)?® and 0.20 (GeV/c)?,

Some results are also given for the high-t region,






INTRODUCTION

The KYK™ system produced in the reaction 7 p = K*K"n is intrinsically more
complicated than the m*1T system in the reaction T p m17n, owing to the absence
of a G-parity requirement. The allowed natural spin parity states, i.e.

JP =9t 17, 2+, 3, ..., can be produced with isospin I = 0 and I = 1. Their
G-parity is G = (—1)J+I. Thetefore contributions from the resonances listed in
Table 1 are expected in the KYK™ system up to a mass of 1740 MeV.

The negative G-parity resonances, e.g. §(980), ¢(1020), A,(1310) and w(1670),
do not couple strongly to the 71~ channel. Therefore they cannot be produced by
one-pion—exchange (OPE), which is a dominant production mechanism in 7-induced
reactions at least at low four-momentum transfer t. Oun the other hand, they can
be produced by other exchanges relatively stronger at high t. OPE production of
£7(1515) is suppressed by the Okubo-Zweig-Iizuka rule.

The K'K™ system was extensively investigated by the Effective Mass Spectrometer

group [1—&] at Argonne. They studied 110,000 events of the reaction

™p > K'kn (1)
and 50,000 events of the reactiom

mn -+ KYKTp (2)
at 6 GeV/c. A simultaneous analysis of both reactions allowed for a decomposition
of the K'K~ system into its I = 0 and L = 1 components. Nevertheless, the number
of observables was still too small for a model-independent analysis. Therefore

the Argonne group assumed an OPE model with absorption similar to some studies [S~7]

of the reaction
"p > miTTn . (3

Specifically these assumptions were the following:
i) the helicity m = O amplitudes are of s-channel spin-flip type,
ii) the unnatural spin-parity exchange (UPE) amplitudes with m = 1 arise from

absorption of the dominant m = 0 amplitudes,
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iii) the phase between these two amplitudes at the same spin J is either 0° or
180° (phase coherence assumption),
iv) the moduli of natural spin-parity exchange (NPE) and unnatural spin-parity

exchange (UPE) amplitudes with helicity m = 1 are equal for a given spin J.

The last assumption was motivated by the vanishing of the relevant M 2 2
moments of the angular distribution for low four-momentum transfer [t| < 0.08 (GeV/c)Z,
Using the above assumptions, the Argonne group performed an energy-independent
partial-wave analysis up to v 1600 MeV. The main results [4] were:

The intensity of the D, wave rises rapidly up to 1300 MeV, then falls down
more slowly. This intensity has not been investigated any further. Instead the
tg moment for 0.08 < |t| < 0.40 (GeV/c¢)? [3] was interpreted in terms of a super-
position of £(1270) + A, (1310) + f'(1515) resonances., This yielded the parameters
of the f'(1515) resonance and the £(1270) branching ratio into XK. A similar
analysis of the t{ moment of our data is described elsewhere [8].

There are two solutions peaking at v 1300 MeV either in the § or the P wave.
Combining the results for reactions (1) and (2), the S and P waves were decomposed
into I = 0 and I = 1 components. Counting phase ambiguities, eight mathematically
allowed solutions were found. The solution with the larger T = 0 S wave was
favoured by several physical arguments. They were: agreement with the OPE domi-
nance, consistency of the I = 1 P wave with a tail of the p(770) resonance, and

proper description of the tﬁ moments in the reaction

T > KgKgn . (4)
Thus the Argonme group concluded, contrary to some earlier studies [9] of reac~
tion (4), that the S—wave enhancement at ~v 1300 MeV was an I = 0 and not T = 1
effect. This would be essentially similar to €(1300) seen in reaction (3); how-
ever, its substantial coupling to the K*K™ chammel could be inconsistent with the
large elasticity of this object observed in the T+r~ studies [5—7]. |

Recently the Durham-Geneva Collaboration has reported a series of investiga-

tions of the reaction

T p > K_Kgp (5)
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at 10 GeV/c [10—12]. Studying a pure I = 1 channel, they have observed, in addi-
tion to a very strong 4;(1310) and g(1690) resonances, an enhancement in the §
wave around 1300 MeV in their favoured solution. This effect, observed for

0.07 < [t] < l.Ot(GeV/c)z, has again complicated the picture of the § wave in the
K*K™ channel.

In this paper the results of a partial-wave analysis of the K'K~ system, pro—
duced peripherally in the reaction mp + K'K n, are presented, This is based on
two experiments performed by the CERN-Munich group in 1973-75. The first has
yielded 27,000 events on a hydrogen target at 18.4 GeV/c. The apparatus and data
processing are described elsewhere [13,14]. The second experiment has used a
polarized (butanol C,H,0H) target at 17.2 GeV/c. The apparatus and details of the
analysis are described in other works [15,16]. In addition to ~ 1,200,000 events
of the reaction T p > w'mn, 54,000 events of the reactiom T p K*K™n have also
been recorded. The additional selection and processing of the K'K~ events were
performed analogously to that in ref. [14].

Only v Y3 of the K*K™ events in the polarized-target experiment originate
from collisions with free protons. Only these events can contribute to the
polarization-dependent part of the angular distribution (average free proton
polarization P = 68%). Combining this polarization-dependent part with a
polarization-independent part of the angular distribution from the earlier hydro-
gen experiment, one has enough observables for a model-independent partial-wave
analysis without any assumptions on the production mechanism.

This paper is organized as follows. In section 2 the kinematic variables,
moments of the angular distribution, partial-wave amplitudes, and fits are de-
scribed. This description closely follows our analysis of the n'7™ system given
elsewhere [16-18]. 1In section 3 resonances and their branching ratios into KK
and 1T are discussed. Section 4 is devoted to a non-OPE contribution to reac-
tion (1). Section 5 deals with the relative phases of partial waves and the
Barrelet zeros of the 77 > KK amplitude. All these results have been obtained at

low four-momentum transfer [0.01 < [t| < 0.20 (GeV/c)zj. In section 6 some
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results at high t [0.2 < |t} < 1.0 (GeV/c)z] are also shown. Some concluding re-

marks are given in section 7.

VARIABLES, MOMENTS, AMPLITUDES AND FITS

At a given energy the reaction p + K*K™n can be described by the following
five variables (see refs. [16—18] for figures showing the y, 6, and ¢ angles):

: effective mass of the KYK™ system,
K 7

t : square of four-momentum transfer of the initial proton to the final
neutron,
P : polarization angle (the angle between the normal to the reaction plane

and the polarization direction),
6} decay angles of the K~ in the K*K™ rest system,
¢ [the Gottfried-Jackson reference system (i.e. t-channel)} has been used].

Owing to parity comservation and spin % of the nucleon, the general form of

the angular distribution for the reaction (1) is the following:

WO, 0,0,mppst) = Z: tﬁ(mKK,t) Re Y;(cos 8,¢) +
L,M

+ P cos U Z: pﬁ(mKK,t) Re Yﬁ(cos B,d) +
L,M

+ P sin ¥ 2: r&(mKK,t) Im Y;(cos 9,¢) ,
L,M

where
P is the polarization perpendicular to the beam direction,
Y§(cos 8,0) are the spherical harmonic functioms.
The mormalized moments tﬁ, p§ and r; of the angular distribution are defined

as:

tr = &, (Re Yh(cos 8,8) =.;§ jJCfW(e,¢,w) Re Y_(cos 6,¢) d cos & db dy

= 26, (Re Yy(cos 8,¢) cos ¥} = 2?_[]]'W(e,¢,w) Re Yy(cos 8,¢) cos ¥ d cos & do dy
1y = 4{Im Y, (cos 8,0) sin ¥) = %ﬁﬁﬁf W(6,0,9) Im Yy(cos 8,0) sin ¥ d cos 8 dd dy

where € =1, &

M=0 M#£0

LR CE T IR R TR T
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For our partial~wave analysis the t; moments from the hydrogen-target experi-
ment [13,14] at 18.4 GeV/c are combined with the p; and rﬁ moments from the
polarized-target experiment at 17.2 GeV/c. The difference in the primary momentum
has been corrected by assuming a pI;b dependence of the cross—section for the re-
action Tp + K"K n.

Figure 1 shows the mass dependence of the t-channel moments for 0.01 < |t| <
< 0.20 (GeV/e)?. The upper limit of 1740 MeV of the K'K™ effective mass in our
analysis is motivated by the fact that the h(2040) resonance in the G wave is ex-
pected to be important above this mass. The lower limit of four-momentum transfer
of |t! < 0.01 (GeV/c)? has been chosen to be above the kinematic limit at
My = 1740 MeV. The upper limit has been set at 0.20 (Gev/c)?, because there is
no strong t-dependence of the normalized moments below this value. Therefore a
single t-bin analysis is performed instead of an extrapolation to the 7T pole, The
t and the mass binning Am,. = 40 MeV is identical to that in ref. [17], thus
allowing an easy comparison with 7*71~ results, The following conclusions can be
drawn from fig. 1.

i) The mass distribution exhibits a broad peak centred at 1350 MeV and a smaller

one around 1700 MeV. An inspection of the tL

y Tmoments immediately shows that

these are D and F wave effects, respectively,

ii) The absolute values of the p, and p> are smaller than those for the T
channel, shown as continuous lines in the figures. This indicates a dif-
ference in the production mechanisms at least below Vv 1400 MeV.

1ii) The r; moments are small; thus contributions from NPE must be small.

iv) A1l M 2 2 moments are consistent with zero. Therefore all m > 1 amplitudes
are neglected in our analysis. Contrary to the analysis of the Argonne group,
identical vanighing of M = 2 moments has not been assumed. This enables us
to extend our analysis to high four-momentum transfer using the same formulae
and programs {(see section 6).

For the following analysis we will use the nucleon transversity amplitudes.

The moments are related to the nucleon transversity (spin component perpendicular
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to the reaction plane) amplitudes by the following formulae (explicitly derived

in ref. [18]):

L _ M U Uy U U.x . N K g NN*]
ty S cjk Re [ i B hj hk + ; g, t hj hk
3
L _ LM [U Usx U Ux N N4 NN*]
Py 2: cjk Re i B hJ hk gj g h. hk
ik
rL_ZCLMRe[_ Nox , Uy Nx, N U*_NhUh*]
5 Cik " 5 M & k)’

where

U{N) denotes umnatural (natural) spin-parity exchange,

j or k stands for the K*K™ spin £ and helicity m indices,

c%& contains the Clebsch-Gordan coefficients, etc.,

g(h) stands for amplitude with nucleon transversity down (up).

An advantage of nucleon transversity amplitudes (hereafter referred to as
transversity amplitudes) is the possibility of determining them without any model
assumptions from our data. More exactly, one can find all amplitudes for a given
transversity of g or h, but the phase between these two sets of amplitudes remains
unknown. For the determination of this phase, a measurement of the recoil polari-
zation would be necessary (see ref. [18]). However, even without this phase, one
can calculate |gi[2 + |hi|2, the intensity of the partial wave characterized by
the K'K~ spin £ and helicity m.

The transversity amplitudes are related to the helicity amplitudes by the

following formulae:

Ul 1 {U L. .U 2] N
g =—imn +1 f
m ‘/'2- juil m
» recoil transversity down
N 4 1 (N &2 . N_&
%m = — n,o- 1 fm
J3 /
"
R [U Lo_ oy Uf,Q]
o m m
recoll transversity up
Nhl _ L [NHE + 3 Nfﬂ] ’[
m ‘/5 m m
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where ni and fi are helicity amplitudes corresponding to nucleon spin non-flip
and flip, respectively.

For s-channel nucleon helicities the ni amplitudes are zero for pure OPE,
for any %,m, In the language of transversity amplitudes this corresponds to

UL _ UL
e | = by

. In this case, the pﬁ and rh moments should vanish almost identi-
cally. Although these moments are indeed very small, the Ugi and Uhi amplitudes
are still left free in our fits. The reason is that within errors of the p; and
rﬁ moments there still might be a considerable difference between the g and h
amplitudes. This will be discussed in sections 4 and 7.

Determination of the transversity amplitudes from the t-channel moments

exactly follows our analysis of the 7t system described in refs. [16,17]. The

whole mass interval has been divided into two regions of 1100-1460 and 1460~1740 MeV.

The mass region below 1100 MeV has been excluded from cur analysis owing to ex-
perimental difficulties. Below 1460 MeV the F wave can be neglected. This has
been checked by performing fits with and without this wave. Below 1740 MeV the
G wave (£ = 4) is not taken into account. The characteristics of both regions
are given in table 2.

We perform an enetgy-independent analysis, i.e. each mass bin is fitted sepa-
rately with many starting values independently of neighbouring bins. The starting
values are either several sets of random quantities or analytical solutions of a
simplified version of the equation system relating moments to amplitudes (see
refs, [17 and 18] for details). In addition, once a solution is reached, the
method of Barrelet zeros [19] is used to search for other solutions.

The fits are good and usually yield a unigue solution or two solutioms with
overlapping errors. The results-are presented in the following section; the

problem of ambiguities will be discussed in section 5.

INTENSITIES OF PARTIAL WAVES

As has already been mentioned, the intensities of partial waves can be cal-

culated as
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57 = =29 (gl ]2 + [n21%)
KRR
walt = g (a1
ERE JT,K; (V2 + [Unl|7)
[Byl? = df;fﬂ N RR IR

The errors of the cross—section per event in each experiment (v 5%) have been in-
cluded in the errors of our intensities. These intensities are shown in fig. 2
in units of microbarns per 40 MeV mass bins.

Before proceeding with the description of the dominant m = 0 waves, let us
make some remarks on the branching ratios into KK and 7T. Except for the f',
their calculation is based on a direct comparison of the KK~ intensities with
the T~ intensities determined in ref, [17]. Since both partial-wave intensities
have been determined from experiments performed with basically the same apparatus
and analysed in the same way, systematic errors will cancel out., The only assump-
tion made here is that on the same production mechanism in reaction 77p + K'K™n
and reaction T p + T'T n. Both reactions are assumed to be dominated by OPE with
a small admixture of other exchanges. This admixture is different for the two
reactions, as odd G-parity states are allowed in the K'K~ system. The branching
ratios are calculated, neglecting the difference in the admixture. The quality
of this assumption will be discussed for each partial wave separately. The ex-—
perimental values of branching ratios are compared [20,21] in table 3 with the
quark-model calculations of Feynman, Kislinger amd Ravndall [21]. Their model
assumes a four-dimensional harmonic oscillator potential for the mass squared
operator and uses‘phenomenological parameters and formulae.

3.1 The § wave

Our S-wave solution exhibits an enhancement around 1300 MeV, similar to that
cbserved by the Argonmne group [4]. However, their S-wave solution is nearly as
strong as the D, wave, while ours is much weaker. The difference may be partially

attributed to the m = 1 amplitudes (PU,PN,DU,DN). The Argonne group has explicitly
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assumed the absorption-model relations between PU(DU) and P,(D,) amplitudes as

well as |P | = |P D |D_| equalities. On the other hand, in our fits, all

S = 12l Ing] = Iy

m = 1 waves have been left free. As will be seen im the next section, the m =1
P-wave intensities obtained in our fit are stronger than the absorption-model
predictions, probably at the expense of the § wave. This effect cannot, however,
account for the whole difference, even if the full PU and PN intensities are added

to that of the S wave. Moreover, the absorption-model constraint would reduce

the PU’ and consequently the P_ intensities, but would increase the P, one. There-

N
fore a possible net effect on the S wave would be even smaller.

In the mass region from 1100 MeV to 1500 MeV, the shape of the S-wave enhance-
ment is fairly similar to that in the 77~ $ wave of ref. [17]. Therefore we tend
to follow the comclusion of the Argonne group [4] that the K¥K~ S wave is mainly
an I = 0 state, This seems to contradict a recent partial-wave analysis by
Martin et al. [10,12] of the reaction T p K'Kgp, a pure I = 1 state. The S-wave
enhancement at 1250 MeV in their favoured solution is stronger than the A,(1310)
resonance in the Dy wave by at least a factor of 2.

However, the CERN-Munich results [22,23] at 9.8 GeV/c, 12,7 GeV/c and
18.8 GeV/c show that the A,(1310) production dominates the reaction Wip - KiKgp.
The total background, including a possible $ wave, amounts to only (10-15%Z) of the

cross—section,

Assuming that the S—wave enhancement is mainly an I = 0 € state, the branching

+ 0.017

ratio BR(RK/mm) = 0.068 _  ° -,

has been obtained., Further, assuming absence of
any other decay channels, one can calculate x(e =+ KK) = (6.4 i ;:E)Z, where x de~
notes the partial branching ratio for a given channel. Contrary to the Argomne
results [4], the S wave can still be reconciled with a high elasticity of the
£(1300) known from T7W studies [6,7]. Thus the KK~ S-wave enhancement can be in-
terpreted as being mainly the £(1300).

The FXR model [20,21] predicts a branching ratio of x(g ~ KK) = 0.237, sub-
stantially higher than our result. This discrepancy, contrasting with the good
agreement for the £(1270) and g(1690) resonances, might be due to the fact that

the FKR model is sometimes wrong in details, while giving a correct over-all pic-

ture as discussed by Hey and Morgan [21].
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3.2 The Py wave

The Py, wave is relatively weak in the entire mass range. It is probably in
a fairly pure I = 1 state. From the simultaneous study of reactions (1) and (2),
the Argonne group [4] has concluded that the I = 0 P, wave intensity is at least
an order of magnitude lower than the I = 1 one, as expected by OPE dominance. The
I = 1 state can be associated with the tail of the p(770) resonance. TFollowing
this assumption, we have determined the p(770) branching ratio. TIn order to com—
pare our result with the SU(3) prediction, we separated out the kinematical fac-
tors for each mass bin calculating:

2 3

=y | 2
— = —— || =,
gp—*’ﬂ"’ﬂ'_ [ Po ('TT+'1T*) I qK D1 (q,nr)
where
& is a p coupling constant to the KK or 7w channel,

G (qK) is a decay 7 (K) momentum in the nm (RK) rest system,
Dy{qr) =1 + (qr)?,

r =1 fm.

+ 0.051

— 0.038 is clearly smaller than the SU(3) prediction of Y.

The average 0.051
Without the centrifugal barrier functions D(qr)}, as in ref. [12], we obtain the
value of 0.109 1 )17 still below the SU(3) prediction.
3.3 The Dy wave

Our Dy-wave solution exhibits a broad enhancement between 1200 MeV and
1500 MeV., The emhancement cannot be described by a single resonance. Such an
attempt leads to X°/NDF = 24.9/10 and yields a mass = (1331 * 9) MeV and
width = (165 t ii) MeV. Fixing this resonance to be the £(1270) yields an even
larger value of ¥°/NDF =55.2/13, Therefore, as in refs. [3,8], the D, wave is de-
scribed by a superposition of 3 possible resonances, i.e £(1270), A,(1310) and

£/(1515). Thus the D, intensity has been fitted by the following formula:

2

> kx| rr BV () KK idy By, () KK idg? BW ¢ (myy)

D40% = 7= o 15w oy e Tt Yt ® BW 7 (mey)
U £(mg) 2 A, ", £7 0

2
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myvl T
Bl () = —y—g for R = f,£’
TR T "Rk TR tot
vI,. T
RUKKCR for R = A, .

BW_( ) o= -
RVRK mp - Mg ~ 1 mglee

The Breit-Wigner formula for the A, resonance has been taken from the recent

+
studies [22,23] of A, production in reaction (4) at 9.8, 12.7 and 18.8 GeV/c.

5 R
r _ o EE. Dz(qwr)
T R R D r
q 2(qTr )
5 R
< I D, (gyr)
KK R R| D,;(g,r)
ax K

s Dz (qu)
T =17 &) —,
tot R (qR] D, (qr)

where

q : c¢.m. momenta of secondary particles in the dominant decay channel
of the resonance R - 77 for £, pT for A, and KK for £’ [24];

Qrsdg c.m. momenta for the ww, KK decay;

? c.m. momentum of the decay particle i, at the resonance mass 3

FR : resonance width;

D,(qr) = g + 3(gr)? + (gr)";

GEK : magnitude of the amplitude at the resonance R position;

¢R : relative production phases with respect to the f resonance.

Obviously our parametrization of the D, wave is a simplification, as each
resonance in fact consists of two components (e.g. nucleon spin-flip and spin mon-
flip omes). Our formula correspomds to full nucleon spin coherence. This is
based on the assumptions that the £(1270) and £1(1515) are produced by the same
production mechanism (OPE) and the A, (1310) production is small., These assumptions
are consistent with the results of our fits.

In our fits the parameters of the £(1270) and A4,(1310) have been fixed at
their table values [25] of m; = 1271 MeV, T = 180 MeV, my, = 1312 MeV, Tp, =

= 102 MeV, while the contributions ¢ of all amplitudes and their relative phases
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have been left free. The results of the fits are given in table 4. In fits 1
and 2 the A,(1310) was allowed, whereas it was neglected in fit 3, In fits 1 and
3 the £'(1515) parameters have been left free, while in fit 2 they were fixed at
their table values.

All these fits show that the D, is dominated by the £(1270), with a small
admixture of the A,(1310) and a considerable contribution of £'(1515). 1In further
discussions, we will use the results of fit 1 to determine the branching ratios
of £(1270) and £'(1515) resomances.

Comparing the magnitude of the amplitude a?K in this fit with agﬂ = 0,540 %

* 0,010, obtained in a fit of £(1270) to the D, wave in reaction w_p -+ ﬁ+v_n,

yields the following branching ratio:

x(f > KK) _

+ 0,023
X(E > T = 0.069 :

o 2 - 0,031
f

where Y% and ¥ are isospin factors for the KK and 77 systems, respectively.

BR(KK/mm) =

N to

+ 1.9

- Z.G)Z'

Using x(f > mr) = (84.7 = 1.6)% from ref. [17], we obeain xtf + KK) = (5.8
Thus only 107% is left for other decay chanmmels, probably mainly 4m. Another esti-
mate of this branching ratio comes from a direct comparison of the D, intensities -
in both reactions below 1300 MeV, where neither the 4,(1310) nor the f£'(1515)

would strongly contribute. This comparison yields BR(KK/mT) = 0.056 * 0.006 con-
sistent with the above value. Both our values agree with BR(KK/mm) = 0.047 + 0,009
obtained by the Argomne group [4]. While the bubble-chamber experiments (c.f. re-
view in ref. [25]) lead to conflicting results with large errors, the analysis of
the reaction T p -+ KgKgn by the CERN-ETH collaboration [26,27] yields BR(KK/mm) =
= 0.029 £ 0.006, about half of our value. This reduction by approximately a fac-
tor of 2 is also observed for the S-wave threshold enhancement when comparing our
18.4 GeV/c data [14] with their data. On the other hand, the recent paper of the
Notre Dame group [28] on the reaction # p » K;Kgn yields again the low value of
BR(ﬁK/wﬂ) = 0.027 + 0.009. Our values of BR(EK/TT) are consistent with the value

of 0.058 predicted by the FKR quark model.

L L T R T I P PR T
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The fit yields an £ff - £ relative phase of (163 * 20)° consistent with the
OPE prediction of 180°, Assuming that the £7(1515) is produced by an QPE produc-
tion mechanism, the branching ratio x(f’ - 77 can be determined in the following
manner:

From the fit to the D, intensity in the reaction m7p + K'Kn

L KEY? _
£2 1  x(£' > mm) x(£' + KK)
KK| ~ x{(f > mm) =x(f ~ RR) °
“g

Substituting x(f - EK)/(&?K)Z from the previous equation, we obtain

2
4 igr
x(£' > mm)x(f > ) = T | = x(£ > ™M) .
o
£
Taking a§$ =0.070 % 1°7%% ang ag’ = 0.540 £ 0.010 from our fits, x(f + Tm) =

= (84.7 * 1.6)7 from ref. [17] and the SU(3) prediction [29] of x(f' - KK) = 70%,

we obtain

7
x@f+m)=Plejﬁ,

where the large positive error reflects the very asymmetric profile of a x° depen-
dence on a?%. Fits 2 and 3 yield even larger values of x(f’ + M), always at the
same assumption of OPE production of f’(1515).

The value of x(f’ -+ 77) and other parameters of the £!(1515) resonance ob-
tained in our fits are compared in table 5 with those from other works, Three of
them were averaged in the last edition of the Particle Data Group [25] review.

These are the Amsterdam~CERN-Nijmegen-Oxford experiment [30] on the reaction

K'p + KSKSAO(EO) > (6)
the Omega experiment [31] on the reaction

Kp » KYK™A (2% , (7
and the Argonne analysis [é]. The result of the Birmingham- Rutherford - Tel-Aviv -

London Collaboration [32] is also given in table 5. This could be the first direct

observation of £(1515) in the m7~ channel. However, the x(f! > 7m) value obtained
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in this model-independent anmalysis is so large that the authors have been reluc-
tant to identify their D-wave object with the £! (1515) resonance.

The results based on a study of the reaction 7T p > K%Kgn [26-287] are also
quoted in table 5. Let us remark here that the upper limit for x(£! + 1) given
by the CERN-ETH Collaboratiom [26,27] will go up by a factor of 2 if our branching
ratios for £(1270) are used. Thus a branching ratio of the order of 2-3% seems
to emerge from the controversial values listed in table 5.

Table 5 shows that also the width of the £!(1515) is not yet well established
and its true value is probably higher than 65 * 10 MeV quoted in the last PDG [25]
review.

Concluding the discussion of the Dy wave, let us comment on our results and
those of the Argonne group [4]. They are essentially consistent except for the
magnitude of érrors, ours being much larger. An explanation of this difference is
the following. The Argonne group has fitted their unnormalized t: moment, assuming
it to reflect the D, intemsity plus the tail of the g(1690) resonance. In fact
this moment contains contributions from the'DU and Dy intensities, which might but
do not have to follow the D, pattern exactly, and from the P-F wave interferences.
Our solution for the Dy wave is a result of a fit of all amplitudes to all moments
without any assumptions. Therefore the D; intensity is free from any contamina-
tion from other waves, but its errors are relatively large. These errors are ob-
viously propagated into the errors of resonmance parameters,

3.4 The Fq wave
Our Fy wave solution, dominating the high-mass region, clearly shows the

g(1690) resonance. The branching ratio BR(EK/mm) = 0.191 t 0-0%9 ;0 the mass

0,037
range is in perfect agreement with the value of 0.193 * 0.025 obtained [14,33]
by comparing the tg moments in the reaction 7 p + KYKn and the reaction
77p -+ W n. Calculating the branching ratio we have neglected a possible I = 0
component. Let us remark here that the KK decay of the w(1670), which is the only

known isoscalar resomance in this wave, has not yet been observed and its ¢ part-—

ner has mot yet been found.
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Our value of the branching ratio is clearly larger than BR(KK/mT) = 0.056 =
* 0.034 (note a factor of 2 mistakenly omitted in the error calculation) obtained
by Martin et al. [12] in reaction (5) at 10 GeV/c. This value has been calculated
fitting the Chew-Low form to the t-dependence of their F, wave intensity above
|£] = 0.07 (GeV/c). Our estimate is more direct and does not depend on any model.
The SU(3) prediction for BR(ﬁK/Wﬁ) = 0.12 or 0,32, depending on whether the

centrifugal barrier functions Da(qu) are neglected or used.

Taking
x(g > M) = [25.9 f i:}7
from ref. [17], we obtain
x(g > RK) = [4.9 * i'i)z .

A NON-OPE CONTRIBUTION TO THE PRODUCTION MECHANISM

Additional observables supplied by the polarized-target experiment allow us
to investigate a possible production mechanism in addition to OPE with absorptionm.
In particular, for the reaction m p + T'7 n, both 2 spin non-flip component in the
dominant m = 0 amplitudes and an excess of m = 1 waves compared to absorption-
model predictions was determined in refs. [16 and 17]. It is more difficult to
find such effects in the reaction mp + KYK™n, since both the statistics and the
polarization effects are smaller here.

The ]g§|/|h§| ratio for the two strongest (£ = 2 and % = 3) waves are shown

b

in fig. 3. For pure OPE one expects |g§| = Ih0

|. The 71~ D, wave in ref. [17]
shows a significant deviation from OPE attributed to the presence of a spin non-—
flip amplitude corresponding to the exchange of an cbject with the quantum numbers

of the A, resonance. A lower limit of non-flip/flip ratio has been determined

from the formula [16—18]:

D

D D
[ 1231 - 18D
no =

min J3

to be v 167 for the £(1270). Since this resonance is also dominantly contributing

to the D, wave in the reaction m"p + K*R™n, a similar effect is expected too. It
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is seen however in fig. 3 that this effect is considerably weakened, the K'K~
points falling between the T*1™ results and the [g?l = [hE, line. Consequently,
the average value of a lower limit of non-flip/flip ratio of 6-9% is only half of
the above value for the reaction T p - T T n. The difference is probably due to
a particular A,(1310) production mechanism at least partially cancelling the A,
exchange effect in the £(1270) production. This will be discussed more quanti-
tatively in ref. [8].

The F, wave in both channels does not show any significant deviation from OPE
as the [gg[/|h§[ ratio fluctuates around unity. The same is true for the D, wave
at high mass., Thus non-0PE mechanisms become relatively less important above
v 1500 MeV.

A similar tendency can be observed for the m = 1 amplitudes. As shown in
fig. 2, they are weak but significant. The relations [PU[ = 'PNl’ JDU| = |DN| and
= |FN| are at least approximately satisfied. In section 6 it will be seen
that the NPE amplitudes become relatively larger at high four—-momentum transfer.
The UPE m = 1 amplitudes were usually interpreted in terms of an absorption of
the dominant m = 0 OPE amplitudes. The "Poor Man's Absorption Model" of Williams

[34] predicts the following relation:

ul vl €A

| o, V2 IR, ke

'p D | ¥

o!
V2 |P

0

where c, represents the strength of absorption. It has been found in reaction (1)

that c, slowly decreases with increasing mass,

The ratios for the K'K~ amplitudes are shown in fig. 4. The relation between
m =1 and m = 0 UPE amplitudes used by the Argonne group [4] roughly corresponds
to our IDUI/(/€|D0|) points. While these and the F-wave points follow the trend of
the 7" data, the P-wave points are systematically higher. We do not see any
explanation for the high IPU}/]PO] ratio, in particular for the apparent enhance-
ment around 1200 MeV in the PU and PN waves. However the P wave is our weakest
and the worst determined wave, For the well-determined D and F waves the ratios

|Dy 17D, | and |Fy[/[¥,| are slowly decreasing with increasing mass as in the Tm™

channel [17], though their values are generally higher.

w1

[P, B TR T R R R R PR UL I 3
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RELATIVE PHASES AND BARRELET ZEROS OF TRANSVERSITY AMPLITUDES

All relations between moments and amplitudes involve the cosines of the re-
lative phases. Therefore our results have a sign ambiguity, i.e. all the relative
phases for a given transversity can be simultaneously multiplied by (-1). 1In
fig. 5 the version most similar to the 7'~ data is plotted, i.e. assuming that
the Py-D, phase is positive. Tt should be remembered that the phases between the
transversity amplitudes are not necessarily equal to those between the relevant
helicity amplitudes. As shown in refs. [16,17], in order to have this equality
it is necessary, for example, that the phase between any g amplitudes is equal to
the phase between the relevant h amplitudes. The main features of the relative
phases are shown in fig. 5. The g and h relative phases show some differences,
but large errors prevent us from concluding a definite discrepancy.

The P,-D, phase falls down from ~ 110° at 1150 MeV to ~v 30° at 1400 MeV.

This is roughly what can be expected for the D, wave rising through £(1270) and
other resonances, while the P, phase is relatively stable at the value of 140°-150°.
The 7*7” phase shift studies [35] favour this value over that of 170° assumed by
the Argonne group in ref. [4].

The S,~Dy phase is very similar to that fitted by the CERN-ETH Collaboration
[26,27]. Their result indicates a slow change of the $§ phase as is expected for
a broad €(1300). Contrary to the %17 results the relative phase is fairly large.

Finally our results on the DU—DD phase represent a test of the phase co-
herence assumption. This appears to be only approximately satisfied, as many
points deviate from 180°.

The relative phases at higher mass generally foliow the trend of the 7Hu~
results [17]. Owing to low statistics, however, they are mot too meaningful. For
detailed results the reader is referred to another work [36].

Before discussing the Barrelet zeros of the K'K™ transversity amplitudes, let
us note the basic formulae. The Tm + KK amplitude for each transversity can be

written as follows {(for % = 3);:
max



o

A(mKK,z = cos B)
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S{myge) + V3B (mpe)z + /5D, (mKK)[% 2* - %’] * ﬁFO(mKK)[% = -3 Z]

3

=CH(z-zi),

i=1
where ¢ and z; are complex functions of Mg Only the modulus of the amplitude
is an observable, i.e.

3

lc|? H[(z - 2)(z - Z’i‘)] =

i=
3

BE H[(z - Re 2% + |m zijz] .

i=1

dZO(ﬂW - RK)

dmy e dt < |A(m1<1<’z)|2

The observable is invariant under z; Zz zf. A standard method of finding new so-
lutions for amplitudes is to calculate the Barrelet zeros for any reascnable fit,
then to flip the signs of their imaginary parts, calculate the new partial waves
and finally use them as the starting values for the amplitude-fitting program. A
need for refitting comes from the non-0OPE contribution. Thus one would expect
many ambiguities; fortunately, each new zero enters the physical region with the
negative imaginary part; thus Im 2z, < 0 below £(1270) and Im z; < 0 below g(1690).
The Barrelet zeros are usually numbered according to the increasing real part, i.e.
Re z; < Re z; < Re z,,.

In fig. 6 the Barrelet zeros for the KVK™ transversity amplitudes are compared
to the 1*7" ones from ref. [17]. It is immediately seen that Im z, fluctuates
around zero and the z, cannot produce amy ambiguities. This is the zero yielding
the main ambiguities in previous studies, i.e. two solutions differing in the §
and P waves above 1200 MeV in reaction T p ~ KYKn (see ref. [4]), reaction

T"p + 1'% n (see refs. [6] and [7]), and reaction T p -+ K‘Kgp {see refs. [10—12]).

In this mass region only one solution has been found in our analysis, though various

starting points have been used for the fit. Below v 1400 MeV we find Im z, < @ as
expected for a new zero. Above 1500 MeV |Im z,| becomes significant again, con-
trary to the m'1~ results, so one might expect an ambiguity in this mass region,

However, our fits have gone back to the original wvalues. This is slightly

TR B L4 LR LY TE R USRI LRI % M BB R A A
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surprising, since an ambiguity-breaking non-OPE contribution is not strong here.
Im z, is negative below 1600 MeV, but then z, is purely real and produces no am—
biguities.

Except for the second zero above 1500 MeV, the m¥n~ + K*K™ cross-section
vanishes in its minima like the m*n~ =+ 77~ one. The positions of the minima,
however, considerably differ in both reactions, as can be seen from the behaviour

of Re 2y in fig. 6.

PARTTIAL WAVES AT HIGH FOUR-MOMENTUM TRANSFER

The main features of partial waves at high four-momentum transfer of
0.2 < {t] < 1,0 (GeV/c)® are briefly discussed. The results obtained by integra-
tion over such a large t bin should be treated with some caution, since there is
a considerable change of the normalized moments between |t| = 0.2 (GeV/c)2 and
|[t] = 1.0 (GeV/c)*. Nevertheless, it is interesting to obtain some information
on this poorly known region far from the pion pole.

The moments in this t bin are shown in fig, 7. The M = 2 moments are fairly
large. Since their vanishing has not been assumed in our fits, the same amplitude-
fitting programs can be used provided M 2 3 moments are still negligible. 4s is
seen in fig. 7 they fluctuate around zero. Martin et al. [10,12] have found a
significantly non-zero t: moment in the A,{1310) region. This corresponds to the

D,, amplitude (NPE D wave with helicitiy m = 2) accounting for ~ 10% of the D

2N N

amplitude. 1In our data there is no significant deviation of M > 2 moments from
zero except possibly above 1500 MeV, Therefore we proceed exactly as in section 2,
fitting m £ 1 transversity amplitudes to the high-t moments with M £ 2. Again
mostly unique solutions have been obtained for the partial-wave intensities. The
results are shown in fig. 8.

The intensities of the m = 0 waves are of similar shape to those at low t as
described in section 3, We have calculated for each partial wave the ratio of

intensity at low t [0.01 < |t| < 0.20 (GeV/c)?] to that at high t [0.20 < |¢| <
+ 2.1
- 2,0

.2 + 1.5
, for the D, wave and 4.7 _ |

< 1,00 (6eV/c)?]. The ratio is 5.3 for the S wave, 3.6 * 1,4 for the Py

[y

+ .
wave, 7.0 _ for the F, wave. These ratios
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are to be compared with the value of 6-7 calculated by integrating the following

"OPE + absorption"” formulae over the corresponding t ranges:

L
dUO o -t EA(t"Uz)
dt (& - u%)? ’

where
0% is a partial cross-section for the TT wave with spin £ and helicity m = 0,
¥ is a pion mass, and
A = 7-7.5 has been taken from the fits to mfn~ data of another paper [37].
There is a.reasonable agreement with this value. For the P wave the reader is
referred to the discussion in section 4.
The UPE m = 1 waves are reduced by a smaller factor (PU by 4.0 £ 1.2, Dy by
3.1 f ;:; and FU by 2.0 £ 0.8) as could be expected from absorption medels.
Finally the NPE amplitudes are even less reduced (PN by 1.7 = 0.5, DN by
1.4 + 0.3 and FN by 3.5 * 1.7) except for the badly determined FN wave, The DN

wave, which is expected to have a significant comtribution of A,(1310) by the p

exchange, is nearly as strong at high t as the D, wave.

CONCLUDING REMARKS

Since the polarization effect is small in the reaction mp -+ K'K™n, one could
wonder whether it is worth while to use the whole apparatus of transversity ampli-
tudes. A simple model assuming spin-flip dominance, phase coherence and identical
vanishing of M = 2 moments as in ref. [5], seems to be a sufficient tool for an
energy-independent partial-wave analysis. This approach has also been tried and
led to worse fits. The most interesting feature of these fits is the reappearance
of an ambiguity in the S and P waves. The relevant results are shown in fig. 9
together with those of the Argomne group. Let us remember that a similar ambiguity
is present in the m*n~ studies [6,7] based on similar assumptions. This suggests
that such an ambiguity may be inherent in these assumptions. The polarization
effect, though not very significant in individual moments, seems to be essential.
The use of all the available moments allows us to obtain unique solutions in a

completely model-independent fashion. Our approach has obvious limitations. The

WA ORI N R E LML b EBY ey T
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convenient helicity amplitudes are not available without assumptions on the
missing phase between the g and h amplitudes. Also the calculation of phase

shifts is impossible without assumptions on the absolute phases. Finally, as we
have already mentioned, our estimates of resonance parameters are usually connected
with larger errors than those coming from direct fits to moments. On the other
hand, our results are free from any uncertainties other than purely experimental

ones. Therefore they can serve as a stringent test for all model-depemdent studies.
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Table 1
Wave JP I =20 I=1
S o s*(980), £(1300) 8(980)
P 1” $(1020) 0(770)
D 2% £(1270), £'(1515) A, (1310)
F 37 | w(1670) 2(1690)
Table 2
I3 2 3
max
W (MeV) 1100-1460 1460~1740
No. of amplitudes {(m £ 1) 14 20
No. of real parameters (m £ 1) 26 38
No. of moments (M £ 2) 31 47
(x2/d.£.) 0.9 1.5
Table 3
Wave S P D F
Resonance R £(1300) p(770) tail f(1270) g(1690)
Mass range (MeV) 1100-1420 1100-1420 1100~1660 1460-1740
BR(KK/TT) 0.068 © """ 1g.081 T ©0%% | g geg T 0+023 [ 197 * 0-0%9
= 0.021 - 0.025% = D.031] = 0.037
FKR model[20,21] 0.237 - 0.058 0.180
x(R ~ RK) (%) 6.4 1 18 - 5.8 % 1.9 b9 T

A A

R T R A Ty I S R T R R
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Table 4
Fit 1 Fit 2 Fit 3
oyt (IB/GeV) | 0.115 T 0027 | 0.128 = 0.018 [ 0.126 F [0 7
e (b/GeT) 0.010 * 0.008 | 0.021 £ 0.006 0 (fixed)
2
a?% (/i57Gev) 0.070 1 2+ 1 0.129 T 00200 | 0.137 £ 0.033
me, (MeV) 1492 + 29 1516 1478 + 21
fixed
Tor (MeV) 150 * 27 65 164 2
o + 22
9, ) -(78 = 23) -(80 _ |y -
ber () (163 * 20) (204 = 7) (206 .
x(£!' > 1) (D) 2.7 770 (8.9 730 (10.1 * 4.9)
¥ /NDF 1.5/7 5.1/9 2.2/9
Table 5
Ref. Reaction Plab Mass Width x(£! =+ 7m)
(GeV/c) (MeV) {(MeV) (%)
[26,27] |77p ~ KiKen 8.9 - - £ 0.9
- 0.0 + 39
[28] Tp + KKen 6.7 - 92 _ ., -
— + 19
[30] K'p > KgKA® (Z7) 4,2 1522 £ 6 | 62 _ |, 3.0
[31] K'p »~ K'KA(Z") | 10.0 1528 + 7 | 72 £ 25 -
77p + K¥K™n
(3] and 6.0 1506 = 5 | 66 = 101 1.2 + 0.4
wtn -+ KtK"p
[32] m7p + wt1Tn 12.0, 15.0 | 1502 * 25 | 165 + 42| 19 % 3
This work | 7p > K*Kn 17.2, 18.4 | 1492 * 29 [150 * 22 f2.7 T 7
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Figure captions

Fig. 1

Fig. 3 :

Fig. 5 H

Fig. 6 :

L T T T T T R T T

The KYK~ effective mass spectrum and moments of the angular distri-
bution for low four-momentum transfer [0.01 < |t| < 0,20 (GeV/c)Zj.
. . ¢ L
The moments are normalized in such a way that t, = 1/v4m, The Py
moments for the mm” results [18] are shown as full lines. Open

circles in the mass distribution show the raw data.

Partial-wave intensities at low t. |S|? represents the S—wave cross-—
section in micrebarns for the t bin from 0.01 to 0.20 (GeV/c)? in

Am = 40 MeV mass bins. Full circles denote the solutions which are
unique or, in cases of ambiguity, more likely from the point of view
of continuity of results, open circles dencte possible other solutions.

2 show the results of the fits de-

The curves on the |D0|2 and IFol

scribed in the text. The curve on the |P0[2 represents the SU(3)

prediction of the p-meson tail decaying inte KYK™.

The ratio of transversity amplitudes for the D and F waves at low .
The dashed line shows the OPE prediction, the full line the ratio

|g0] /|60 for wta= [17].

The ratios IPU]/(JT}POI), |DU|/(/3|DD[) and ]FU|/(/TT|FU]) versus
K'K™ effective mass at low t. Only values with errors below 100%
are plotted. The shaded area shows the trend of the m*1~ results

from ref. [17].

Relative phases of the transversity amplitudes at low t below

1500 MeV.

The Barrelet zeros of the K*K™ transversity amplitudes (g in fig. 6a,
h in fig. 6b) at low t. The real parts are represented by squares,
the imaginary ones by circles. Full lines show the 7™~ results

from ref. [17].

The K*K™ effective mass distribution and normalized moments for

high t [0.20 < |t] < 1.0 (Gev/c)?].




Fig. 8

Fig. 9
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Partial-wave intensities at high t. Units and conventions are as

in fig. 2.

Partial-wave intensities at low t calculated using the model assump-
tions (see text). Two solutions are denoted by full circles and
squares. The results of the Argonne group [4] are shown as open
circles and triangles. They have been mormalized to our solutiom

by demanding the same integrated intensity of the D, wave.
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