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ABSTRACT

A study is presented of the reactions K+p > (K+w)p at B8.25 and 16 GeV/c
and K-p - (wa)p at 10 and 16 GeV/c. The (K+w) and (K—m) mass spectra both
present a strong enhancement very near threshold, while a second peak
at v 1.7 GeV is evident only with incident K . The threshold peak has very
weak energy dependence and is mostly due to the 1+S state which is produced
conserving s-channel helicity. As these properties are the same as known
for the Kp decay system of the diffractively produced 1* resonance Q,(1290), it
is suggested that the (Kw) is another decay mode of that resonance. The ratio
of the Q, coupling constants to the Kw and Kp decay channels, RG = gsz/gzKp
is determined to be 0,21 * 0,04, For (Kw) masses above 1.4 GeV, the production
cross section decreases rapidly with increasing energy, suggesting Reggeon
exchanges. The enhancement at 1.7 GeV is predominantly, but not exclusively,
due to the 2 state, which is found to be 1.5 times stronger in.K than in
K+ reactionsa, The favoured preduction of (K w) over (K+w) is explained |
in the framework of the Deck model by the fact that in K exchange processes,
the virtual K_p scattering, non-exotic, is favoured over the exotic K+p

scattering.



INTRODUCTION

Diffraction dissociation of the incoming kaon in Kp scattering has
recently been shown to have rich internal sfructﬁre. A 1+.resonance at a
mass of v 1290 MeV, Q,, mainly decaying into Kp, has been established by
partial wave analysis of the (KTF) system [1,2] and two more resonances
with JP - 17 (Q2(1400)) and 0, respectively, have been claimed [2,3] in
the Q region (1.2 - 1.4 GeV). Less is known about the nature of the second
enhancement in the (Km7m) mass spectrum - the L region (1.6 = 1.9 GeV).

Its cross section, masszshape and resonance content were found to be

. . + -
different in K p and K p scattering [4].

Important additional information about diffractively produced

resonances and the production mechanisms involved can be obtained from a

study of low mass (Kw) systems in the reaction
Kp > (Kw)p . , (1)

Compared to the (Kﬂﬂ) system which contains several resonant substates

K (890), K (1420), K, p, £ and €), the (Kw) system is simple.

Reaction (1) has been studied at several enexgies both in K+p and in
K_printeractions [5-8]. With incident K  at 10 and 12 GeV/c, a strong
broad threshold enhancement was observed, but no distinct state could be
resolved in the L region. On the other hand, a (Kw) decay mode of the
L was observed in K p interactions at 10 GeV/c [6]. Significant structure
in the mass spectrum and in the moments of the (Kw) angular distribution
were found in Kfp interactions at 7.3 GeV/c [7]. There and in another
publication on K p data at 10 and 16 GeV/c [8], the production of the
1+S (Kw) state near threshold was found to be close to s channel helicity
conservation. A possible relation of this result to the 1"s (Kp) state

at the same mass has been discussed in ref. [9].

In this work we intend to re-investigate the (Kw) system in reaction

+ —-—

(1) with increased statistics and to compare systematically the K and X
induced reactions. To do this, we use data from four bubble chamber

+ - .
experiments, two K p experiments at 8.25 and 16 GeV/c and two K p experiments

at 10 and 16 GeV/c.
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The data selection is described in sect. 2. Sect. 3 presents the
experimental results on the (Kw) mass spectra, cross sections, momentum
transfer and angular distributions. The partial wave content of the (Kw)
system, determined by maximum likelihood fits, is described in sect. 4.
Sect. 5 contains a discussion of the results and sect. 6 summarizes the

conclusions.

2. DATA SELECTION

-+
The four—prong events of K interactions at 8.25 and 16 GeV/c, and of
Kfp interactions at 10 and 16 GeV/c, observed in the CERN 2m hydrogen '

bubble chamber, were measured, reconstructed and fitted to the hypothesis

(2)

+ 4+ - 5
Kp>XTTT% T'p.

Details of the selection procedure based on fit probabilities and

missing mass of the neutral system have been described elsewhere [8,10].

The number of events found in the four experiments are listed in

table 1.

Many of the fits to reaction (2) are ambiguous with other hypotheses,
as ambiguities of Ki with ﬂt, of p with 7' and of ® with ¥ or neutrons cften
cannot be resolved by kinematic fitting. However, the problem of ambiguities
is greatly reduced and becomes, in practice, unimportant for the subset of events
that we consider in this work, namely those corresponding to the reaction (1},
Kp + (Kw)p, where the (Kw) system has invariant mass smaller than 2 GeV, First
of all, because of the small L-momentum transfers observed, the small (Kw)
mass implies that the proton has low momentum, and hence is recognizable by
jonisation. Furthermore, requiring that the three pions have effective mass
in the w meson band and attributing weight one to all hypotheses fitting
reaction (2) guaranties that no true event of reaction (1) is lost and

relegates possible false hypotheses to lie in the background.

With the selection

0.76 < M(T' % T°) < 0.81 GeV , 3
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the & signal to background ratio is found to vary from 6 close to the

(K3m) threshold to about 3 at (K3m) masses of = 2 GeV. The number of events
with M(K3m) < 2 GeV and satisfying conditiom (3) are also listed in table 1.
In the following, these two conditions will be used to define the event
sample for reaction (1). Comparing this sample with events having M(3m)
outside the w mass band, we have verified that background effects are in

general smaller than the statistical errors.

EXPERTMENTAL RESULTS

3.1 (Kw) mass distributions

In fig. 1 we show the (Kw) mass distributions of our four experiments,
together with the spectra obtained in 7.3 GeV/c K p [7] and 10 GeV/c K+p
interactions [5]. At all energies the production cross section is large
close to threshold. As in the spectrum at 7.3 GeV/c, a clear second
maximum at around 1.7 GeV is seen in K_p interactions at 10 GeV/c, which
is reduced to a pronounced shoulder at 16 GeV/c. In K+p reactions there
are indications of a shoulder around 1.7 GeV at all three energies shown,

but, as at 12 GeV/c [5], no clear enhancement is seen.

The differences between K+'and K induced reactions become more
obvious when the sample of events is split into two subsets according to
the sign of cos@GJ(w), the Gottfried-Jackson angle of the w in the (Kw)
rest frame. The mass spectra for the positive and negative values of
cosGGJ(w) are shown in fig. 2 for the K and K exgerimenti. When events
with cosGGJ(m) < 0 are selected, the spectra for K p and K p experiments
look similar and have only one broad threshold maximum. For coseGJ(w) >0
a narrow spike close to threshold is seen for both K+ and K . With
increasing mass, the spectra look quite different, however. Whereas an
enhancement peaking around 1.6 GeV is seen for K+p, a relatively narrow
structure peaking at 1,7 GeV appears for K_p. These differences between
K+p and Kfp data are also observed when comparing only the lower energy
spectra (8.25 GeV/c K+p and 10 GeV/c K p) or only the spectra at the higher

+
energies (16 GeV/c K'p).
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3.2  Energy dependence of the (Km) production cross section

Information about the production mechanisms involved can be obtained
from the energy dependence of the production cross section. To determine the
(Kw) production cross section, the mass of the (3m) system was plotted in
several intervals of the (K3m) mass and in each interval the number of omegas
were determined by subtracting a hand-drawn background. The results and the
topological microbarn equivalents used are listed in table 1. The errors given
are the combination of the statistical error with a 5 to 10% systematic error
accounting for the uncertainty in the background substraction and in the

microbarn equivalent.

Fig. 3 plots our cross sections as functions of PLaB® together with those
. . + . . - .
obtained in the 10 and 12 GeV/c K p experiments and in the K p experiment at

7.3 GeV/e.

These data have been fitted with the function

°=¢C pI:b @
and the results for the exponent n are shown in fig. 4. The n values
in Kfp reactions are found to be consistently larger than in Kup.
The increase of n with (Kw) mass is similar, however. The small energy
dependence close to threshold indicates a strong diffractive component in
the production of low mass (Kw) systems, especially in the K_p case.
In the L region n is ~ 1, showing that non-diffractive mechanisms
contribute substantially in the energy range considered. The different
energy dependence for the low and high mass (Kw) svstems is clearly seen in the
change with energy of the relative strength of the two enhancements in K-p

reactions (fig. 1).

3.3 Momentum transfer distributions

In fig. 5 the distributions in t' = it -t . | of the events of

PP min

reaction (1) are presented for four (Kw) mass intervals, combining data of all
+ - ] 3 L[] -

our four experiments. This combining of K p and K p data is justified by

the fact that, within our limited statistics, no significant differences

. . . + - . .
in the t' distributions between K p and K p reactions or among the different

energies could be observed,

The t' distributions have been fitted with a simple expomential

(excluding the point in the first t' bin, 0 - 0.05 GeV?). The values obtained
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for the slopes, reported in the figure, range from 7.2 * 0.5 GeV_z

-2
at {(Kw) masses below 1.4 GeV, to 5.3 + 0.6 GeV = for M(Kw) = 1.8 = 2.0 GeV.
These values are similar to those reported for the (Kp) system in the

reaction X p > (K Oo)p, and are smaller than those obtained for the (K1rm)
. -2
system of reaction (2), where the slopes vary from & 9 GeV  near the (Kyy)
-2 . .
threshold, to ~ 7 GeV for (Kmw) masses in the 1.8 - 2,0 GeV interval [9].

3.4 Moments of the (Kw) angular distribution

To study the internal angular structure of the (Kw) system and to
take into account information on the polarization of the w derived from
its decay distribution, we calculate the double moments in the Gottfried-

Jackson frame

L

L -
H(LM,R:[‘R) “ <DM'['{I (Qs @, 0) . Dmo ({b’ e) 0)) - (5)

® and O are the azimuthal and polar angles of the w in the (Kw) rest framé;
¢ and 6 are the angles of the normal to the decay plane measured in the

w helicity frame with the standard choice of axes [11]. The moments
H(ILM,00) with £ = m = Q0 are proportional to (Y; (cos@, é)), the moments

of thée spherical harmonics.

In fig. 6 we show the most significant normalized moments as functions
of the (Kw) mass for K+p and K_p data (combined in energy). Specially
interesting is the moment H(10,00) which simply measures the forward-
backward asymmetry in the Gottfried-Jackson system. This asymmetry is
related in an obvious way to the shape of the mass spectra shown in fig. 2.
At low (Kw) masses we find the asymmetry characteristic of many diffractively
produced systems: forward going kaons are preferred over backward going

ones. This asymmetry changes sign at (Kw) mass of ~ 1,6 GeV .and flips back
+ -
at higher masses. This is true for both K p and K p data, although the

exact position of the change in sign may be different for the two cases.

H(20,00) is strongly positive throughout the mass region considered
and also H(30,00) seems different from zero. Moments with L > 4 are

compatible with zero up to ™ 2 GeV. We conclude that spin states with
at least J = 2 are present in the (Ku) system below 2 GeV. Moments with
M = 1 are also found to be different from zero, e.g. H(11,00) and H(21,00),

indicating the presence of states with t channel helicity 1.



The moment H(00,20) is related to the helicity X of the w in the

(Kw) rest frame. 1In fact, the combinations

To =% [H(00,00) + 5 H(00,20)]
(6)
and T, = % {H(00,00) - g— H(00,20)]

measure the amount of w's with helicity 0 and 1, respectively (the sum

Lo + Z; = H(00,00) is 1 for normalized moments or equal to the number of
events for unnormalized ones). The unnormalized combinations I, and I,

are shown in fig. 7. For the K—p experiment, I, is largest at low masses
and does not show an enhancement in the L region, which, however, is clearly
seen in L,. As already observed by Chung et al. [7], this result seems

to indicate that the L enhancement is mainly related to helicities X = 1.

+ . . .
In K p, however, the situation is less clear.

4. PARTIAL WAVE ANALYSIS

A modified version of the Illinois partial wave analysis program [12]
was used to determine the partial wave content of the (Kw) system in given
mass intervals, integrated over t' from O to 0.8 GeV2. The states are
labelled by JP IMn, where JP denote spin and parity of the state, L the
relative angular momentum between K and w, M the spin projection onto the
z axis (either of the Gottfried-Jackson or of the s channel helicity frame)
and n the naturality of the t channel exchange [13]. To increase statistics

we have always combined the data at different energies.

The analysis consists of three parts:

(i) First we reinvestigate (Kw) systems at very low masses, namely from
threshold up to 1.35 GeV. In this mass interval we find 110 events for
the combined K+ experiments and 113 events for the K experiments. The
states 0 PO+, 1+SO+ and 1+Sl+ are‘sufficient to describe the data. Fits
were done both in the s and t channel helicity frames and gave comsistent
results. The number of events assigned to 0 and 1+ and the density

+ . .
matrices of the 1 § state in both frames are presented in table 2. For

ETE TR O E O LT Tt
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K p, excellent agreement with s channel helicity conservation is found (p;+
and Re 0,4 consistent with zero in the helicity frame), confirming previous

+ .
results. For K p, the situation is less simple: the element p,, deviates

from unity by 2-standard deviations, while Re p is consistent with 0

g1+
in the s channel, but not in the t-channel helicity frame.

(ii) VNext we present results of fits to (K+u)) énd (X w) data in several
mass intervals from 1.3 to 2.0 GeV. With increasing (Kw) mass, higher
partial waves start to contribute and the number of possible states becomes
large. Because of limited statistics we are unable to decide on the
contributions of states at the 10-15% level in individual mass intervals.
Therefore, we try to find a minimum set of states which describes the data
reasonably well in comsecutive mass intervals. With such a requirement
we can study the mass dependence of the dominating states, but we are not
sensitive to narrow states which contribute less than v 15Z in a single

mass interval.

To fit (K+w) and (K w) data separately, we chose overlapping intervals
of the (RKw) mass, 200 MeV wide, in steps of 100 MeV. The results are
presented in table 3 together with the number of events in each bin.

For masses below v 1.6 GeV, the states O_PO+,11+SO+; 1+Sl+, 2+Dl+, 2+D0—.
were found sufficient to describe the data. A remarkable difference between
(K+w) and (K_m) data is found for the states 0 PO+ and l+Sl+. In the mass
interval 1.4 — 1.6 GeV, a much stronger contribution ofAlfSI+ and less O'PQ
are required for (K_w) than for (K+w). This reflects the difference in the
moment H(11,00) which is strongly positive in_(K"w), but compatible with

0 in (K+w). A possible interpretation of this difference will be presented"

in sect. 5.

For masses of the (Kw) system above 1.6 GeV, the contributions of the
states 0 P and 1+S are much smaller than at lower masses. For both (K+w)
and (K_w), a substantial amount of 2 0 was found and the fits improved
significantly by including both P and F waves. However, the . amount of
2 is 7% 1.5 times stronger in (K*w) than in (K+w), which may be related
to the fact that a peak in the mass distribution in the L-region is better
seen with K than with K+. The 2 states with nelicity 1 were tried and gave

some contribution, but well below the 15% level. The states with J = 3 account
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for background of higher spin. The state 3 F improved the fits in the highest mass

interval (1.8 - 2.0 GeV); 3+D was found to be present in (K+w), but not in
(K_w). However, with the present statistics, we prefer to consider these
states as background parametrization rather than interpret them as

physical states. The goodness of the fits was studied by generating Monte-—
Carlo events according to the fit results, calculating moments H(IM,im)

for these samples and comparing them to the moments obtained from the
experimental data. The calculated moments are indicated by crosses in fig. 6..
Most of the moments 3re reasonably well described by the fit. The worst
disagreement is for H(10,21) in K+p, where the fit cannot reproduce the
values different from zero found experimentally. For H(11,00) in K_p,
the Monte-Carlo results have the correct trend, but cannot fully account

for the experimental values.

(i1i) Finally, in order £0 study the mass dependence of the partial waves
in more detail, (K+w) and (K ®) data were combined, and fits were done in
100 MeV intervals from threshold up to 2 GeV. Combining K" and K-‘data seems
justified by the approximate similarity of the moments and of the fit results
for (K+w) and (K—w). The existing differences, specially in the 1,4-1.6 GeV
region, will be averaged over, and interference terms will only have limited
physical significance. The same set of states was used as for the fits in
200 MeV intervals (to account for background only 3 F was included, 3"D was
omitted). The results found are conmsistent with the sum of those for (K+m)
and (K-w) obtained previously in 200 MeV intervals. The overall mass
distribution and the contributions of the individual JP states are shown in
fig. 8. The state l+S peaks at threshold and falls off smoothly with
increasing mass, No evidence for an enhancement corresponding to Q,{1400)
is seen. The state O P has its maximum between 1.4 and 1.5 GeV and also
decreases smoothly at higher mass. A broad structure between 1.6 and 1.9.GeV
is observed for the state 2 which is the dominating state and accounts for

(35 £ 5)% of the events irn this mass region.

DISCUSSION OF RESULIS

The production of (Kw) systems in reactions (1) has a strong threshold
enhancement. The weak energy dependence of its production cross section
suggests a substantial diffractive component. It has been observed

previously [9] that the mass spectrum peaks much closer to threshold than
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for diffractively produced K 7 states and that in this it resembles the
3 [ - - +
Kp state. We confirm the similarity of the 1 § (Kp) and (Kw) states close
to threshold, not only in the mass spectra but also in the production mechanism

which is consistent with s channel helicity conservatiomn.

+
The 1 S (Kp) state close to threshold has been interpreted as a resonance,
Qi , with mass My = 1290 MeV and width I'q = 150 MeV [14]. Because of the
gsimilarities between (Xp) and (Kw) mentioned above, we assume the {Kw) threshcld

enhancement to be another decay mode of Q.

The cross sections for production of the state 1’s (Kp%) with mass
between 1.25 and 1.35 GeV and |t'! < 0.8 (GeV/c)? was found to be
17.3 + 1.6 Lb averaging results from an analysis of combined K p data
at 10, 14.3 and 16 GeV/c beam momenta [1]. This value is consistent with
11.4 ub found for K p at 13 GeV/e [ 2] in the mass interval 1.24 - 1.34 GeV
and |t']| < 0.3 (GeV/c)?. 1In the same experiment, for K+p, the cross sectilon

was found to be slightly higher (14,8 ub) in the same mass and t' regions.

" For the productidgﬁag the i*S (Kw)"system we find76_5 + 0.8 Ub for
Kfp aQeraged over the 10 and 16 GeV/c data and 7.7 % 1.2 ub for K+p
averaged over the 8.25 and 16 GeV/c data, again in the mass interval 1.28 to
1.35 GeV and for lt'| < 0.8 (GeV/c)?. These values are obtained from the
PWA results listed in table 2 after corrections for background and the
Breit-Wigner tails of the w. Uncertainties in the background subtraction

are included in the error.

The fact that the central mass of Q; lies very close to the thresholds
of the Kp and Kw decay channels and the non-zero widths of p and w
make it difficult to determine relative branching ratios. As discussed
by Dunwoodie and Lasinski [15], a more meaningful quantity to quote
is the ratio of the coupling constant of Q, to the Kp and Kw final

states, R . Unlike the branching ratio, the ratio of coupling

w ¥ Kw/g Ko
constants is rather independent of the exact knowledge of mass and width

of the resonance. Using the method described in details in the Appendix, this
ratic is found to be

= o2 2 =
R(.U = g%°kw/8 Kp = 0.21 £ 0.04 . (7)
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The couplings of Q, and Q, to Kw are crucial parameters for correct
SU(3) classification of these resonances and for an overall description of
masses, widths and branching ratios of the members of the 1. multiplets [16,17].
In these classifications, the Q, and Q, are related to the miltiplet members
QA(1++) and QB(1+—) by a mixing angle GQ. Our final value of Rw and our
observation of a strong Kw signal below M(Kw) = 1.35 GeV are consistent with
the description of ref. [16] having, in particular, GQ = 41% + 4%, ' This
description made use of our preliminary value of the branching ratio
{Q1 > Kkw)/(Q; ~ Kp%). Our results contradict, however, a description proposed
in ref. [17] with a much smaller value of Gq, in which the Q; should decouple

from Ku.

The similarity between (Kw) and (Kp) systems seems to hold not only at
threshold for the state 1+S, but also at higher masses., We can compare
our results for (Kw) with the detailed results for (Kp) reported in
refs [2,3] for M(Kw) up to v 1.6 GeV. Differences between K+p aﬁd K_p
data found for (Kw) production are also observed for (Kp). In both
systems l+Sl appears to be stronger for K“p than for K+p around 1.5 GeV and,
in the mass interval 1.5 - 1.6 GeV, 0P in K+p is about twice as strong as
in K_p.

In sect. 3.2 we have related the marked difference in the states
l+Sl+ and 0 PO+ for (K+w) and (K_w) systems to differences in the moments
H(11l, 00), which in turn can be related to differences in the distributions
of the azimuthal angle. Following 2 suggestion by E.L. Berger [18], we
plot the event distributions in ¢S, the azimuthal angle of the w in the
s channel helicity system for (Kw) masses between 1.4 and 1.6 GeV (fig. 9).
The differences between (K+w) and (K_w) are obvious. This angle ¢S,
related to the momentum transfer from the incoming K to the w, can be used
to separate events according to different exchange mechanisms in a Deck model
(fig. 9). With our conventions, events with [@S(w)| <90% will be produced
mainly by w exchange and events with F¢S(w)§ > 90% mainly by K exchange.
Indeed, for |¢S(w)| > 90° the cross section is larger for virtual K—p
scattering, which is non-exotic, ‘than for K+p scattering, which is exotic.
As in other reactioms [19], the Deck model thus provides at least a qualitative
interpretation of the data. The model would predict also differences
for K+ and K exchanges in the slope of the do/dt' distributions, but

our samples are too small tc allow such a test.
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The relatively large amount of 0 P in the (Kw) mass interval 1.4 to

1.6 GeV found by partial wave analysis is consistent with the fact that the

momentum transfer distribution in this mass interval does not show any
indication of flattening near t' = 0 (see fig. 4). The 0 states are
in fact known to have steeply falling t' distributions [1-3] which

compensate the flattening caused by helicity flip amplitudes.

Significant differences between (K+w) and (K ®) data are also present
in the L region. A clear peak is seen in (K w) mass spectra, mainly when
selecting events with cos@j(w) > 0 (fig. 2) or l¢s(w)| < 90° (not shown).
This peak is absent in (K+m). The fits described in sect. 3.2 suggest this
peak to be mostly due to a state with JP = 2_,-with cross section larger
in K p than in K+p reactions. A Deck mechanism similar to that described
above for the (Kw) mass region 1.4 — 1.6 GeV may be at work also here,

with possible resonance production by final state interaction.

CONCLUSIONS

+ +

The (Kw) systems produced in the reactions K'p » (K w)p have been

. ) . +
investigated, for (Kw) masses from threshold up to 2 GeV, using two K

experiments at 8.25 and 16 GeV/c, and two K experiments at 10 and 16 GeV/c.

Studies of mass spectra, t distributions, energy dependence of the
cross sections, moments of the decay angular distributions, as well as

partial wave analyses have produced the following results:

+ -, . .
(i) In both K p and K p interactions, the (Kw) mass spectrum shows
a strong threshold ephancement. At higher masses, -a second

enhancement at v 1.7 GeV is seen with incident K , but is not

. +
evident with K .

(ii) The threshold enhancement (M(Kw) < 1.35 GeV) is found to be
similar in K+ and X induced reactions. In both cases it peaks

closer to threshold than the enhancement observed in the mass




(iii)

(iv)

LR N T T T Y TR et W L e P TRt
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spectrum of the (Km7w) system. Its energy dependence is found
to be very weak, specially for K. A partial wave analysis
shows that the states JPLMn = 0_P0+, l+SO+ and 1+51+ are
sufficient to describe this mass region, that the 1+ states
are largely dominant and that they are produced by a mechanism

which conserves s channel helicity.

The properties observed here for the (Kw) system are very
similar to those reported for the system (Kp); where the
threshold enhancement in the 1 state has been interpreted as
a decay mode of a diffractively produced resonance, Q;{(12%0),
It is therefore suggested that the threshold enhancement in
the 1+S state of the (Kw) system corresponds to another decay

mode of the same resonance.

The ratio of the coupling constants of Q; to the Kw and Kp
decay chanmels, Rw = gsz/gzKp, is determined to be Of21 * 0,04,
This value is consistent with the SU(3) classification of the

1% multiplet.

In the (Kw) mass region 1.4 - 1.6 GeV, the states JP = 2+D
becomes important besides O P and 1°S. Here, remarkable
differences are found between (K—w) and (K+w) data namely a

much stronger contribution of 1751+ (and less 0 PO+) is present
with K than with K+. A study of the events in this mass region
in terms of ¢s’ the azimuthal angle of the w in the s channel
helicity system, indicates that the production processes involved

are predominantly of the Deck type.

The relatively large amount of 0 P found in the analysis is
consistent with the observation that the t' distribution for

this mass region show no indication of flattening near t' = 0.

. . P - ]
Above 1.6 GeV, in the L region, the state J = 2 begins to
contribute and becomes dominant, with its maximum at v 1.7 GeV.
+ - : , . -
Here, again, K and K interactions are different, the 2 state

) - ; +
having a cross section v 1.5 times larger in K than in K .
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Possibly, a Deck mechanism similar to that operating in the

1.4 - 1.6 GeV region is at work also here. This justifies the
facts that the enhancement at v 1.7 GeV is seen almost
exclusively in K interactions and that the amplitude of the
signal decreases rapidly with increasing energy as expected for
Reggeon exchange processes. It is important to remark that the
JP = 2 state alome is not sufficient to describe the enhancement
observed in the L regioa, which therefore cannot be a pure

resonant state.

In conclusion, the production of (Kw) systems with masses less than
2 GeV in the reactions Kip - Kiwp contains diffractive compoments which,
at low masses, are basically similar for K+ and X and are dominated by
the Q) resonance. With increasing mass, non-diffractive exchange
mechanisms start contributing, generating differences between the K+ and
K induced reactions. The excess of (K w) over (K+w) production can be
interpreted in the framework of the Deck model by nom~exotic virtual K_p

. . . + .
scattering being favoured over exotic K p scattering.
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APPENDIX

PARTTAL WIDTHS AND COUPLING CONSTANTS OF THE Q,(1290) DECAY CHANNELS

In the determination of partial widths and branching ratios for the
various decay modes of the.Q1(1290) resonance thefe are not only stétistical
limitations, but also cdnéeptual problems. In fact, its decaﬁ éﬁannels ére
numerous (Kp, Kw, K*(SQO)F, kT and Ke) and all have thresholds close to the
resonance mass. The number of events found in each of these final states
is consequently strongly influenced by phase-space effects which distort
the shape of the mass distributions. The situation is further |
complicated by the fact that p and w have different and not negligible
width., As discussed by Dunwoodie and Lasinski [15]; it is preferable
to determine, instead of branching ratios, the relative coupling éonstants,
of Q, to the various decay channels, as these are less critically dependent
on the exact knowledge of the resonance parameters. The coupling constant,
g for a given decay chamnel is related to the partial width Fi at the

resonance mass My by

where Q) is a suitably defined average decay momentum,

A simplified solution to this problem was presented in ref. [iS] and
was discussed together with alternative solﬁtiOns_in ref. [17]. Here we
propose a solution which treats all decay channels simultaneously by
defining a mass dependent total widtﬁ. In this way one arrives at a more
coherent picture on how the opening up of a new channel modifies the other

channels.

In the following formulation of a mass dependent width we will make
the basic assumption’ that the total width is proportional to the total .-
available phase space, suitably modified to allow for the centrifugal-
barrier effect of angular momentum. This implies summing over all decay
channels and taking into account the probability for the formation of an
intermediate resonance which again will depend on the available phase space.
For simplicity all decays are treated as two-body decays, w = 37 being

approximated by w + (27) + m. We then get
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o =) T, | (a1)
i
M-m;
with T.(M) = j I'.(M,m)dm
i i
thr
.2 . 2L+1 .2 rMg-m. . 2L+1
i rQ].(M’m) Bi 0 1 [Q1(M m)
and I, (M,m) =T, f.(m)}f ) —— — f,(m)dm,
i My | M i ~ M S L M, i
where
M = mass of Q,
m = mass of daughter resonance
m, = mass of the pseudoscalar meson in decay channel i
g, = coupling constant of decay channel i
Qi = relative decay momentum
L = relative decay angular momentum
fi = mnormalized Breit-Wigner distribution for daughter resonance i (see below).

The denominator of‘ I‘i(M,m) in eq. (Al) has been chosen such that
Mo-mi
I'(Mg) = ZI'i(Mo) =z J I’i(M,m) dm =T, .
i i “thr

The Breit-Wigner distributions for the parent and the daughter resonances

are defined as

M M, I'i(M)
Bwi(M) - 242 2 p2 (42)
2 - by I'
(M, M%) + M, tot(M)
nd
2 m mg Yi(m)
BW,.(m) =
t (mp? - m?)? + m,? v, *(m)
q mp y 28+1
with y.(m) = Yi(mo) (—El—;l-*) and q and % the relative decay momentum
1 0

and angular momentum of the daughter resonance {(note that the threshold

1M ML 10 SRR P IR IEIHIEL 0] 1 AR LR IL I RRIE LS M U T Tl L N e e e LR e e e e o
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% 2
factor ¢ has been replaced by (%) , which makes little difference at threshold,

but stops the integral of BW(m) from diverging at large masses).

The normalization of Bwi(m) {(discussed in ref. [17]) is

f.(m) = BW, (m)} J BW, (m) dm.
i i i
thr
In view of the basic assumption that the width is proportional to the
available phase space, the normalization is made to the "undistorted phase
space" [17], i.e. to the complete integral of the BW distribution. Normalising
to the so-called "physical phase space”, i.e. integrating from threshold

to (M - mi), would in fact eliminate this proportionality, to first order.

To apply the formalism outlined above to the decay of the Q; we use
as constraints the shape of the mass spectrum of the Q+ -+ K+p channel, tﬁe
amouh: of (K& + k7) relative to Kp as determined in the SLAC counter
experiment [2] and the amount of Kw relative to Kp determined in this
experiment. Neglecting the decay of K*(89Q)n which is found to be small
[2], we thus try to find the parameters My, Iy, Rm.z g?Km/g?Kp and

R which describe the data. As the integration in

_ .2 2
e+ 8 (K€+KW)/g Kp
eq. (Al) can only be dome numerically, an actual least square fit to

the data is too time consuming. Instead, mass plots for Kp, Kw and

(Ke + x7) have been calculated for many different sets of parameters and

compared to the data.

A good description of the data (fig. Al) has been obtained with
Mg = 1.30 GevV, Ty = 0.18 GeV, Rw = 0,21 and RE = 12. The values of M,
and T, are essentially determined by the shape of the Kp mass spectrum
and depend only weakly on the values of Rw and Re' The error on Rm has
been determined to be 0.04 corresponding to the 1 std limits of o(K w) at
fixed values of My, Iy and Re' The value of R€ is large because in the
definition of gi (eq. (Al)),a normalisation factor of (MQ/QU)Z, necessary
for P waves, has been included into gi for simplicity. Note that the
Ko final state peaks at 1.27 GeV, i.e. 30 MeV below the nominal resonance
mass. This is understandable qualitatively for a total width increasing
with mass [20]. Forgetting the mass dependence in the numerator, one

obtains the minimum of the BW denominator when
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M2 - Moz + Mga I‘ "“"—dr
dM? | M2

il
(=]

Apprbximating the mass dependence of the width near My by a linear expression

inM: T =T, + a(M-My) results in

al
M=M - —2—
4 + a?

The maximum of the distribution is therefore shifted to a mass smaller

than Mp by an amount depending on dI'/dM? . In fig. Al, Ftot(M) is

My
shown for the optimal parameters. It turns out that the parameter a is
close to 2, independent of R€+K, which gives, in this approximation, a maximum

shift of I'/4,

As long as the detailed line shape of the Kw final state is not
known, the width depends entirely on the Kp line shape, i.e. essentially on
the ratio of the Kp cross section at M = 1.5 GeV to its peak value. The
rise at the low mass side adds little information on the width, as it is
determined by the threshold behaviour. This rise is, however, quite
sensitive to the value of the resonance mass My which - in our

parametrization — is determined to better than 10 MeV.

T T T T B T T e U
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TABLE CAPTIONS

: + t + -
Table 1 Number of events of the reactioms Kp > K 7 T ﬁop and number of

* +
_events and cross sections for the chamnels K p > (K wp.

. . +
‘Table 2  Spin-parity decomposition of (K w) systems close to threshold
(1.28 < M(Xw) < 1.35 GeV) and density matrix elements of the

+
1 S state.

. + .
Table 3 Spin-parity decomposition fér (K w} systems with masses

between 1.3 and 2.0 GeV.
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TABLE 1
+ -
Kp K
8.25 GeV/c 16 GeV/e 10 GeV/c 16 GeV/c
Number of events
+ + -
Fitting K p > K"ﬂ+w TToP 6840 15 064 11 824 14 613
Number of events
265 494 389 450
fitting Kp -+ Kuwp
4
nb/event 145 + 10 47.5 + 3.5 82 + 4 55.5 + 3
o(Kp -~ Kuwp) 39.2+ 3.6 |, 22.1 + 1.9 {33.0 + 2.3 |28.3 + 1.9
(ub)
TABLE 2
Kp - (Kw)p 1.28 < M(Kw) < 1.35 GeV
K'p (8.25 + 16 GeV/c) K p (10 +.16 GeV/c)
Number 110 113
of events
0P 15 % 15 17 + 10
1 95 * 15 9 + 10
Density matrix elements of the 1+S state
GJ H GJ . 2 . H
Poo 0.60 £ 0,11 0.78 =+ 0,12 0.75 + 0.12 0.97 £ 0.14
P11+ 0.40 * 0.12 | 0.22 # 0,11 { 0.25 £ 0.12 | 0.03 * 0.13
Repoi1+ -0.24 = 0,08 0.06 = 0,08 ~0.43 * 0.07 0.04 + 0.08
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FIGURE CAPTIONS

° . : + +
Fig., 1 (Kw) mass spectra in the reactions K p * (K w)p at various

energies. The w is defined by the following mass cuts:

+ -
K p at 8.25 and 16 GeV/c, and K p at 10 and 16 GeV/c (this
work): 0.76 < M(37) < 0.81 GeV;

+
K p at 10 GeV/c (private communicationY: 0.74 < M(3T) < 0.83 Gev;

K p at 7.3 GeV [7]: 0.743 < M(31) < 0.823 GeV.

Fig, 2 (Kw) mass spectra for events with going backward or forward

in the Gottfried-Jackson system of the (Kw) rest frame.

Fig. 3 Energy dependence of the cross section for the channels

* +
K'p » (Kwp.

Fig. 4 The exponent n of g « p?ab measuring the energy dependence of
the (Kw) production cross section as a function of the (Kw)
: +
mass. Data at 8.25, 10, 12 and 16 GeV/c are used for K P

 reactions and at 7.3, 10 and 16 GeV/c for K-p reactions,

Fig. 5 do/dt' distributions for the production of (Ku) systems for
several intervals of the (Kw) mass. The data of our four
experiments (K+p at 8.25 and 16 GeV/c and Kbp-at 10 and 16 GeV/c)
have been combined. The solid lines are fits with exp(-Bt')

for t' > 0.05 GeV® and the values of B are indicated.

Fig. 6 Normalized moments H(LM,%m) of the w angular distribution as
functions of the (Kw) mass. Crosses indicate results of maximum
likelihood fits to the data in overlapping mass intervals, 200 MeV
wide. They should, therefore, describe the average of two

neighbouring data points.

Fig, 7 The moments combinations Z; and %, measuring the w helicity as

defined in formula (6), as functions of the (Ku) mass.
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FIGURE CAPTIONS (Condt'd)

Fig. 8 Mass distribution and spin-parity decomposition of the (Kw)

systems for the combined data of all four experiments.

Fig. 9 Distributions of ¢S, the azimuthal angle of the @ in the s channel
helicity system, for (Kw) masses between 1.4 and 1,6 GeV, and

+ +
double exchange diagrams for the reactions K p > K wp.

Fig. Al (Appendix)
Mass spectrum of the 1+ state of the (Kp) system and total width
of the l+ state calculated from eq. (Al) using the values of the
parameters Mo, I'p, R, and RE+K given in the text. The shape
of the (Kp) mass spectrum is compared with the experimental

results (crosses) of the SLAC experiment of ref. [2].
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