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ABSTRACT

The reaction pp = pf(K+K-w+w-)ps, where the K K v'»  system is cen-
trally produced, has been studied at 300 GeV/c. The K*oﬁ*o final state
has been observed and the cross sections for its central production are
found to be the zame at 300 and 85 GeV/c. The K*OE*O final étaté:appears

to be produced as a non-resonant threshold enliancement.
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1. INTRODUCTION

Production of pairs of vector meson resonances has been intensively
studied in J/¢ decays and hadronic and two-photon reactions, by several
experimental groups. One of the strongest motivations behind these
studies is a search for gluonic and 4—quark states. For a recent review

see ref. [1], in which a brief survey of theoretical models is also given.

Experiment WA76 has been designed to study exclusive final states

formed in the reaction
5 pAX)
PP_ Pf Ps,

where the subscripts f and s indicate the fastest and slowest positive
particles in the laboratory, and x° represents the central system which is
assumed to be produced by double exchange processes. At high centre-of-
mass energies these double exchange processes are believed to be dominated
by Double Pomeron Exchange, where the Pomeron is thought to have a large
gluonic component, leading to the conclusion that Pomeron-Pomeron

scattering could be a rich source for the production of gluonic states.

In this paper we present the results of the analysis of the K+K-w+w"
final state at 300 GeV/c, show evidence for associated vector-vector meson
production and compare these results with the results previously published
at 85 Gevlc [2]1.

2. DATA SELECTION

The data come from the WA76 Experiment which has been performed using
the CERN Omega Spectrometer. Details of the trigger conditions and the
data processing have been given in a previous publication {3]. The
trigger was designed to enhance double exchange processes with respect to

single exchange and elastic processes.

The exclusive reaction

B - = L . .
PP 2 pf(K K« ‘IT )ps , . . 7 . . (L



has been isoclated from the sample of events with six outgoing tracks in
the final state. The slow proton, which triggered a system of scintil-
lation counters, was identified by means of a pulse-height momentum
correlation; the fast particle was assumed to be of the same nature as the

incident beam.

Momentum balancing events were selected requiring |missing le <
20.0 GeV/e, |missing pyi < 0.16 GeV/c and |missing pzl < 0.06 GeV/c, where
the x axis is along the beam direction. After these cuts the sample
congisted of 83 072 events. In order to overcome mass identification

ambiguities, the following procedure was adopted:

(a) Using available Cherenkov information, an event was accepted if it
contained at least one {(positive or negative) particle identified as

K or smbiguous K/p among the four particles.

(b) In each event, the four centrally produced tracks were momentum
ordered. Using the method of Ehrlich et al. [4] with cuts on Ehrlich

mass sgquared,

0.16 < M% < 0.56 (GeV/c*)?, (2)

we extracted 2184 events with one fast K+ and one fast K . From the
remaining events we extracted 1514 events with one fast Ki and one
slow Kx, and then 94 events with one slow K+ and one slow K . 1In
these configurations, the other two remaining central tracks were
required, if reaching the Cherenkov system, to have a mass assignment
compatible with the pion. Fig. 1 shows the total distribution of
Ehrlich mass squared, where the first peak centred at the square of
the pion mass is due to a residual contamination from the 2«+2w_
channel and the two other stuctures are due to the signals of the
reactions having centrally produced K+K_ﬂ+«_ and p§w+ﬂ_ systems,

respectively.

This selection procedure gave in total 3792 events belonging to
reaction (1). The estimated contamination from the 4w channel is 12%.

The distribution of the Feynman x, for the slow proton, the central system

and the fast particle, is shown in fig. 2, where the central system is

produced mainly in the range IxFI £ 0.2.



3. MASS SPECTRA

The 2-body effective mass spectra are shown in fig. 3. Resonance
production is observed mainly in the two-body mass distributions, e.g.
K*°(892) in the Kv combinations, and A++(1232) and 60(1232) in the mass
spectra which include the fast track (not shown). There it some indication
of $(1020) and p°(770) production in the K'K™ and # v combinations
respectively, and no resonance production is observed in the 3-body

combinations. Fig. 4 shows the 4-body effective mass distribution.

The scatter diagram of H(ﬁ+ﬂ-) vs H(K+K-) {not shown)} reveals no
accumulation of events in the region corresponding to associated production
of ¢$(1020) and p°(770} final states. On the other hand, figs 5 and 6,
which are the scatter diagram and the Lego plot respectively of H(K“w+) vs
H(K+1—), show an accumulation of events in the K*OE ° region. Fig. 7
shows the Kr effective mass distribution for which the other Kw

*x
combination lies in the K D(892) band; the selection used is

0.83 < M(Kw) < 0.95 GeV/c . (3)
4
A strong K o(892) signal is seen with a relatively low background, which
KX
confirms the presence of a strong K °k° signal. The method of "nine

o X
regions” {2] was used to determine the amount of K OK ° production.

Table 1 shows the event distribution on the K « vs K # scatter plot of
fig. 5, in 9 bins centred around the K*°(892) mass. Taking into account
the effects due to K*°(892) Breit-Wigner tails, the total number of K*OE*O
events above background was found to be 305 + 46. The K*OE*O mass
spectrum for the central mass region in Table 1 (481 events) is shown in
fig. 8(a) and shows that the K*oi*o events are concentrated into a

relatively narrow enhancement near threshold.

4. CHBANNEL LIKELIHOOD FIT

In order to separate the different channels which contribute to
reaction (1) and to make a quantitative analysis, we have used the
technique of the Channel Likelihood Fit [5) using a modified version of

the program CHAFIT [6].



The program performs a maximum likelihood fit of different over-
lapping amplitudes. We have used Breit-Wigner amplitudes with parameters
fixed to standard PDG [7} values to describe the resonances observéd. Each
of the amplitudes has to be normalized by integration over the Lorentz
invariant phase space. Because our reaétioﬁ channels are restricted by
the trigger conditions td a rather limited region of phase space it is
difficult, using standard Monte Carlo techniques, to reproduce the phase
space distribution in all the mass combinations. Therefore, a Monte Carlo
generator was used, in which artificial events were generated where each
of the six outgoing tracks was randomly taken from different real events.
The events resulting from this generator wﬁere then.used as phase space to
integrate the input amplitudes for the fit. The results of the fit for

reaction (1) are summarized in Table 2.

As seen from Table 2, we find no evidence for associated ¢ po

. ' Ky K .
production,_but there is evidence for associated K 0K ° production at a
level of (8.1 * 0.9}%, corresponding to 308 % 34 events. This is in

Xg.dkg

Q- ’ ‘
agreement with the number of K K events above background, obtained in

the previous section.

COMPARISON WITH THE 85 GeV/c DATA

To facilitate a comparison with the present data, the proton beam
sample of the 85 GeV/c data [2] was re-anslyzed using the procedure

outlined in sect. 2.

Momentum balancing events were obtained requiring |missing Px| <
3.0 GeV/c, |missing Pyl < 0.10 GeV/c and.fmissing le < 0.08 GeV/c. After
these cuts the 85 GeV/c¢ proton bheam sample contained 43547 events. The
above mentioned selecfion procedure gave in total 3187 events for the
K'K w' % channel, for reaction (1). The estimated contamination from the
4w channel is 13%. Using the cut (3) gave 370 events in the K*OE*O region
and their mass spectrum is.shown in fig. 8(b). The subtraction method of
"nine regions” (Table 3) gave 149 * 22 K °K ©

X
taking into account the effects due to K 0(892) Breit-Wigner distribution

events above background, after

tails. Comparing figs 8(a) and 8(b) it is seen that the 300 GeV/c and



o

* g%
B85 GeV/c mass spectra of the K °k final state are similar, both showing

the same threshold enhancement. Fig. 9 shows a sum of the 300 and
85 GeV/c data in 25 MeV/c® bins.

The continuous curve superimposed in fig. B(a) shows the result of
the Monte Carlo generation of the K+K_«+w_ system using event mixing with
K*°(892) selection cuts. It can be seen that the Monte Carlo generated
spectrum gives the same threshold enhancement, which would seem to indicate
that although we see clear K*OE*O production, we have no evidence for
resonance production in the K*OE*O final state. Thus, the K*OE*O final
state appears to be mainly produced as a non-resonant threshold enhancement

in this experiment.

We have studied, in both the B85 and 300 GeV/c data samples, the
angular distribution of K*°(892) in the K*Oi*o rest system, using the
helicity frame. We define GH as the polar angle between the K*O direction
in the K °K © rest frame relative to the X °K ° momentum in the overall
centre-of-mass system. The resulting cosGH distributions of tge 5*0
(not shown) are flat, compatible with an S-wave decay of the K °k° final

state.

THE CROSS SECTIONS AND COMPARISON WITH OTHER EXCLUSIVE FINAL STATES

In order to calculate the cross sectiong, a cut of 0.0 £ xF £ 0.2 has
been placed on the Feynman x of the central system to select a region for
which the acceptance is good for both the 85 and 300 GeV/c experiments.
After correcting for the geometrical acceptance of the apparatus,
processing and detector efficiencies, 4C cuts, Ehrlich mass cuts, low t
=]

. Ko X
losses, Breit-Wigner tails and unseen decay modes, the resulting X °%

cross sections are

Xo_%g
85 GeV/c: ofK K ) = 33.4 t 8.0 nb, and

Xg—%Xg
300 GeV/c: ofK K ) = 34.3 + 8,0 nb . (4)
N X
The cross sections for K K o‘production at these two beam momenta are the
‘ X g X .
same within errors, which is consistent with the K OK ° final state being
produced by a Double Pomeron exchange mechanism. The same conclusion was

found to be valid for the centrally produced &¢ system [8].
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In Table 4 we summarize the cross sections for various centrally
produced vector-vector meson final states [8,9], in the interval
0.0 £ 2 £ 0.2, derived for the spectra above the ¢¢ mass threshold, for

the 300 GeV/c data. The ratios of cross sections are

Ko X
P /K K /e = 6 21 31 . (5)

. CONCLUSIONS

We have observed production of the K*OE*O final state produced
centrally in the hadronic reaction pp = pf(K+K—w+1r_)ps at 300 GeV/c. The
cross sections for K*OE*O production at 85 and 300 GeV/c (both in the
region 0.0 £ Xg % 0.2) are the same within errors. The K*OE*O mass
spectrum shows an accumulation of events near threshold. This final state
appears to be mainly produced as a non-resonant threshold enhancement, and
decays isotropically in its own rest system into two K*°(892) resonances.
The cross section for formation of the K*OE*O final state above the ¢¢
mass threshold is the same as the cross section for the centrally produced

$$ final state.
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TABLE CAPTIONS

TABLE 1 Event distribution on the K_w+ vs K+ﬂ— scatter plot centred
xo
around the K (892) mass (300 GeV/c data).

TABLE 2 Results from the channel likelihood fit (300 GeV/c data).

TABLE 3 Event distribution on the K_v+ vs K+«— scatter plot
%
centred around the K O(892) mass {85 GeV/c data).

TABLE 4 Cross sections for centrally produced vector-vector final states

at 300 GeV/c (0.0 £ xF £ 0.2).
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TABLE 1
1.01
29 | 76 16
G) (6 )} 9.95
121 a8l 82
(2) (5) ® |5 83
30 99 | 2
(1) €2 D197
0.77 0.83 0.95 1.0t

MK x") CeV/c?

TABLE 2
Channel/final state %
KOk ot 11.9 + 1.2
PeP, .9 + 1.
KOkt 11.9 + 1.2
PeP, .9 % 1.
p° K'Kpp, 7.9 + 1.2
Y 0.3 + 0.4
¢‘H pfps . - hd
n**x*x'ﬂ'ps 1.4 + 0.4
Xa—Xgo
+
K K PeP, 8.1 + 0.9
$o°p, P 0.0 £ 0.2
f°s -
Phase space 58.5 + 2.1




M(K~x*) GeV/c?
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TABLE 3
1
19 89 22
{3) (6) (9)
97 370 75
(2) (5) (8)
39 109 27
() (4) M 1,
0.77 0.83 0.95 1.01

M(K '« ") Gev/c?

TABLE 4
. Cross section above
Central final state the M(4¢) threshold
XgX
K K 18 + 6 nb
o 18 + 6 nb
oo 78 + 30 nb
e p

0.

0.

.01

95

83

.77
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FIGURE CAPTIONS

Fig. 1
Fig. 2
Fig. 3
Fig. 4
Fig. 5
Fig. 6
Fig. 7
Fig. 8
Fig. ¢

The Ehrlich mass squared distribution.
The Feynman X distribution for Pg, the K*K w*y~ system and PE-
The two-body effective mass distributions: (a) K+«f; (b) K w5
(¢) w' o ; (d) K'K™. '
The four-body K'K n'w~ effective mass distribution.

. -+ + -
The scatter diagram M(K o ) vs M(K n }.

The Lego plot H(K-w+) Vs H(K+w“).

The Kr effective mass distribution when the other Xv combination

xg
lies in the K (892) band.

Ko X
The K °K ° effective mass distributions: (a) 300 GeV/c data and
(b) 85 GeV/c data. The superimposed curve in (a) is the
Key-X
normalized Monte Carlo K OK ° effective mass distribution (see

text).

KX
The sum of the K OK ° effective mass distributions at 300 and
85 GeV/c.
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