PHYSICAL REVIEW D VOLUME 57, NUMBER 9 1 MAY 1998
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A study has been performed of the reactﬁm—>4K: using in-flight antiprotons from 1.1 to 2.0 Gey/
incident momentum interacting with a hydrogen jet target. The reaction is dominated by the production of a
pair of ¢ mesons. Thngﬂd)d) cross section rises sharply above threshold and then falls continuously as a
function of increasing antiproton momentum. The overall magnitude of the cross section exceeds expectations
from a simple application of the Okubo-Zweig-lizuka rule by two orders of magnitude. In a fine scan around
the ¢&/f,(2230) resonance, no structure is observed. A limit is set for the double branching rgﬁa@_ﬁo
XB(é— @) <6X 105 for a spin 2 resonance of #2.235 GeV and =15 MeV. [S0556-282(98)02511-9

PACS numbegs): 14.40—n, 13.75-n, 25.43+t

[. INTRODUCTION tence of these unusual hadronic bound systems is fundamen-
tal and should lead to a broader understanding of the

Beyond the common families of baryoniqqd) and me- behavior of QCD in the non-perturbative region. The experi-

LT = . — ment described below investigates the existence of gluonic
sonic (qq) states, glueball@g_or 999), hybrids @qg) and hadrons in the mass range between 2.1 and 2.4 GeWhe
multi-quark systemse.g.,qqqq) are predicted to exist based (ochnique requires a state, if found, to couple appreciably to

on the current understanding of QCD and QCD-inspired pheboth antiproton-protorithe entrance channeand ¢ (the

nomenological models of hadrons. The question of the exisg, it channel. The parameter space explored is of particular

interest in a search for the tensor glueball.
Gluonic hadrons are expected to populate the low mass

*Deceased. . . —
TPresent address: University of Connecticut, Storrs, CT. region of the hadr_on spectrum tOg?ther with norno
tpresent address: Creative Services. St. Genis. France. states. Recent lattice QCD calculations locate the scalar
$Now at National Science Foundation, Washington, D.C. (JP€=0"") glueball mass in the range of 1.5 to 1.7 GeV
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Several experimental approaches have been used &is (PWA) of the exclusive data revealed the presence of
search for glueballs. The common theme is to choose a prdhree interfering J°°=2"" resonances, thef,(2010),
cess, where a kinematical or dynamical filter strongly re-f,(2300) andf,(2340), originally calledy; states. The in-

duces the large production of standagimesons. Reactions clusive data §how 'evidence for two structures with param-
intensively explored are peripheral hadron interactifls eters compatible with those measured for ghestates, but a

o : ; PWA was not possible.
J/¢ radiative decayg3], central productiori4], colli- . .
,'ﬂ 1ative ¢ y,i,] i productior{4], yy I We report below on the evaluation of 58 independent
sions[5] and pp annihilations[6].

The study of theor tion | ivated by th measurements of the reactiﬁ)—>4Kt from which we de-

€ study o gpp—uﬁq& reaction Is motivated by the termine the cross sections fpp— ¢ ¢, pp— $K K~ and
expectation that, with essentially no common valence quarks™ . i _ .
between the initial and final states, the reaction is forbidde®P—4K™. A threshold enhancement is evident in e

in first order. Indeed, a strict application of the empirical cross section data. In the narrow region around the

Okubo-Zweig-lizuka(OZI) rule [7] suggests a cross section g./ f3(2230) resonance, 17 measurements oi;tbte:_ ross sec-

— , , ) tion are reported in narrow energy steps covering a range of
for pp— ¢ ¢ of approximately 10 nb. In a previous publica- 45 pey. Limits are set on the non-observation of this state.
tion [8], we reported the cross section at 1.4 GeWicident

antiproton momentum to be 3t0.8 b and thus two orders
of magnitude greater than estimated. The lage— ¢¢
cross section has bee_n interpr_eted as coming from two-step the JETSET(PS202 [25] experiment is designed to mea-
proqes§e$.9,10], from |ntgrmed|ate glugll], and/or from g re the reaction
the intrinsic strangeness in the nucledag].

Here we review the appropriateness of the energy range _
of our study with respect to the possibility of exciting a pp— pp—K K KTK™ @
gluonic resonance. As evidence, consider the current picture
of candidate quebaII.states. Thg(1500), discovered by the_ as a function of incident antiproton momentum from
Crystal B_arrel experiment at_the CERN Low-Energy Anti- 1 1 geVe to the highest momenta available at LEAR
proton Ring(LEAR), has a width ofl'~120 MeV and h_as (2.0 GeVk). The experiment makes use of the LEAR anti-
been observed to decay t7°, 77 [13], 77’ [14]andKK  proton beam incident on an internal target provided by a
[15] following pp annihilation at rest. The existence of this hydrogen-cluster jet system. To obtain a measure of the ab-
state has been confirmed in in_ﬂing annihilations by ex- solute (End relativeé luminosity at different antiproton mo-
periment E760 at Fermilafl6]. It has been interpreted as menta,pp elastic scattering events were recorded in parallel
the leading scalar glueball candidate. Alternate explanationdsing a special dedicated trigger.
feature strong gluonic content; the state could be a mixture One key feature of reactiofi) in the energy range cov-
of a glueball and nearby ordinaryg systemg17]. If iden- ered by this experiment is the fact that the outgoing kaons
tified with the scalar glueball, the implication from the lattice € constrained to a forward cone below 60°. Dominant in
calculations is that the tensor mass should be in the 2.1 to 2@p annihilation are the production of charged and neutral
GeV range, where candidate glueball states have alreadyions. These unwanted background reactions produce rela-
been identified. These states include #g;(2230) which is  tively fast charged particles and photons spread over a much
observed in radiativel/¢s decays toKK [18] and also in larger angular range. The design of the detector and elec-

— . . _ tronic trigger takes advantage of these facts by providing
decays torrm and pp [19], The width of this state [(~30 good charged-particle tracking and particle identification

=20 MeV) is unexpectedly small, and has stimulated CONPID) for forward angles, fast charged-particle multiplicity
ls_,ld_er?jble Interest. Tl—]he ipm'p?r.'ty f's. undetermg\ed, but Iigor triggering, and a large-acceptance photon rejection sys-
|m|te. 0 (ev.en)F ; Is channel Is of interest to the present o, T philosophy followed to record and identifik 4
experiment since it couples fip. In another study20] from  events is to trigger only on the proper multiplicity pattern. In
this experiment, stringent limits were established on thene offline analysis, events are required to have four well-
double branching ratio &(ﬁpp)xB(gﬂKgKg) for the determined tracks in the right kinematical range. Finally,
case of a narrowi.e.,I'<30 MeV) state. these tracks are associated with hits in the PID detectors to
Resonances in the¢ system have been observed in determine compatibility with identification as kaons from the
JIp— vy by Mark 1ll and DM2. Each group saw a wide 4K final state.
bump abovep¢ threshold peaking near 2.2 GeV and having A schematic view of the apparatus is shown in Fig. 1. Its
a width of approximately 100 MeV. The preferrdd assign-  basic structure is a hydrogen-cluster jet tar(reit shown
ment is 0, however, 2 contributions cannot be excluded [26] with a densityp=4x 102 atoms/cmi, surrounded by a
[21]. compact detector. The jet is oriented horizontally and inter-
The ¢¢ system has been studied in exclusive p sects the circulating antiproton beam at right angles. Around
[22,23 and inclusiverr” Be induced interactiong24]. This  the interaction volume the LEAR ring is equipped with an
reaction is expected to be highly suppressed based on tlwval vacuum chambe(0.03 radiation lengths thigkhaving
above OZI argument related to disconnected quark-line diahorizontal and vertical half-axes of 78 and 38 mm, respec-
grams. However the suppression is not observed near threstively. This limits the geometrical acceptance of the detector
old, a fact which could be explained by the production ofto polar anglesé,,,>7°, with complete coverage of azi-
intermediate gluonic resonancikl]. A partial wave analy- muthal angles only fog,,,>15°.

Il. THE EXPERIMENT
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region the shower counter is divided into 300 towers. Each
tower is 12.5 radiation lengths thick and has individual pho-
totube readou30]. In the barrel, 24 trapezoidal bars of Pb/
SciFi form a hermetic cylinder with six radiation lengths
thickness at normal incidence. The barrel calorimeter, in
conjunction with the outer barrel scintillator array, has a spe-
cial electronic pattern unit enabling the fast identification of
isolated high-energy photons. The forward calorimeter is
passive, used only in the offline analysis for evidence of
high-energy gammas in the event.

The online trigger was based on a charged-particle multi-
plicity of four (with no more than one track in the barrel
region coupled with a crude transverse momentum balance
requirement based on the forward straws multiplicity. Events
with more than two of the thresholde@nkov counters re-
sponding or with high-energy gammas in the barrel calorim-
eter were vetoed. These trigger conditions were tested using
special runs in which such conditions were relaxed in order
to determine the sensitivity of the detector acceptance to the
trigger. For events meeting the trigger conditions, informa-

FIG. 1. Layout of theJETSEYPS202 experiment, showing the tion was recorded from multiple parallel VME-based sub-
major detector components. A typical event with three forward andsystems onto a common data stre@®i] which was re-
one barrel track is shown. corded on magnetic tape. Approximately 500 million events
were recorded in eight running periods spanning the time

The overall structure of the detector includes a “forward” from April 1991 through September 1994.
and a “barrel” sector with polar angular coverage from 7°—
45° and 45°-135°, respectively. Immediately outside of the
beam pipe is an “inner” scintillation hodoscope array seg-
mented in azimuth into 4(forward) and 20(barre) compo- A. Event reconstruction

‘r]ents.”These are used in conjunction with a triple-layer g offline analysis proceeds as follows. Since the detec-
outer” hodoscope(144 total elementg 27] to form multi- 1, i hon_magnetic, only the directions of the four outgoing
plicity patterns for use in the trigger. In the reactipmp particles in the reaction

—4K™* at least three charged tracks are required within a

forward 45° cone around the beam axis. The fourth kaon has pp—K K KK~ 2

a maximum polar angle of 60°. The inner scintillator array

extends to this angle, while the barrel outer array includes :
o . are measured. The four momenta therefore are obtained by
angles up to 135° to veto events with large angle tracks.

Between these scintillator arrays are cylindrical drift solving the four equations of energy-momentum conserva-

chamberg*straws”) which are used for trackin®8]. They tion.

; ) . . The conservation of three-momentum from the well-
are arranged in 12 planes with alternating horizontal and Vel afined initial state(e.q., Ap/p~10"2 for the antiprotop
tical orientation in the forward region. In the barrel, 1400 9., 2P/P P

straws are formed into a tightly packed bundle aligned withﬁif?ﬁgr;gz‘:%'ggi Orfe;hseegqgg]ﬁ:;rfcf){"ﬁzg;?:rol]fao?]résu":,_
and surrounding the beam pipe. P

; . . known parameter, which can be taken to be the momentum,
Three separate devices are incorporated with the purpose of the fourth kaon. The total energy in the laboratory of

of providing PID information. These include 3500 silicon- Pa, C .
pad counters which measure energy loss. They are particifl€ final state == ypj+mj can then be written as a func-
larly effective at the low end of the expectg@irange. A  ton of this one parametep,. The functionE(ps) has a
hodoscope consisting of 24 forward and 24 barrel threshol§eughly hyperbolic shape that divergespas- =« and pos-
Cerenkov counters is positioned just inside of the outer scinS€SSes a single minimum. We defile =E(p,) —E, as the
tillator array. These counters are used to limit the number offinimum of the functiorE(p,) minus the total energl, of
“fast” particles that are accepted at the trigger levsipi- the mmgl state in the laboratory system. Thl_s vana&glé is
cally <2) and, for those events which induce light in the constrained tAAE<0 for events from reactioil), with a
Cerenkov counters, as a measure of ief that passing Singularity appearing in the available phase-space &t
particle. Finally, a ring-imaging &enkov countefRICH) ~ =0. The width of this spike is determined mainly by the
detector, having a quartz radiatog,(=0.64), was intro- resolutlor_1 of the straw_ chamber _tracklng system which is
duced into the forward detector compartment following thewell studied. The resulting resolution on the momentum de-
first year of data taking29]. It is capable of providing a termination is 8% at a typical kaon momentum of
precise measurement of the for typically one of the 0.5GeVk. o

forward-going tracks in each event. Outside of all of these A Monte Carlo simulation of purpp— 4K ™= events, with
components an electromagnetic calorimeter made from leatthe experimental resolution and all other material effects in-
and scintillating fibergPb/SciF) is placed. In the forward cluded, results in @\E distribution as shown in Fig.(2).
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FIG. 2. AE (see text distributions for(a) Monte Carlo simulation of the reacticﬁp—>4Kt at 1.5 GeVE; (b) Raw four-prong data for
different momenta ranges: Light line: 1.2 Gey/gray line: 1.65 GeW, black line: 2.0 GeV¢; (c) Application of thed E/dx criterion only
to data in the 1.4—1.45 GeV¥/egion;(d) Adding the threshold €enkov compatibility condition to this daté) Adding the criterion from

the RICH and from they veto; (f) Final AE distribution for all the data taken in the experiment. The shaded area shows the cut used to select
the reaction.

The distribution is asymmetric, and its width increases withheen obtained frompp— pp#* =~ data. Application of the

increasing incidenﬁmomentum. dE/dx compatibility requirement on a sample of the 1.4 to
The four-prong data, prior to application of any PID in- 1.45 GeVE data results in a\E distribution as shown in

formation, show a broad\E distribution with no obvious Fig. 2(c). At this stage thepp— 4K events are already in
structure. This is consistent with expectations since thesgvidence

events are dominated by background. The shape variation of The Gerenkov effect produces a resporigg) in photo-

such rawAE distributions over the span of incident mo- electrons that is monotonically increasing B& . Two
menta explored by our experiment is shown in Figh)2 different radiators were used: liquid fredRC72 [33], in the

very first data taking only, having a threshold @&t 0.79,

and subsequently water having a threshold at 0.75. The result
of the 8 measurement from theeCenkov response events of

In order to isolate thepp—4K= events from the very the water radiator is compared in Figato the expectegs
large background, use of different selection criteria based oftom elastic events.

the particle identification devices is made. First we require  For the freon data, we show in Fig(b} the “efficiency”
an energy lossdE/dx) compatibility as measured in the versusg, where we have defined efficiency as the ratio be-
silicon detectors. This is evaluated by forming a confidenceween theg distribution of the tracks crossing thee2nkov
level for each measurement, using a parametrization of thgounters which give light to theg distribution of all the

Landau distribution ar_ld integrating the tail beyond the Meay ks This study is based on events of the tyﬁe
sured value. The confidence levels for each measurement are— | _ A hi functi i

then combined into dE/dx confidence level. The detectors thphw' g : eroot mcregseh asr? Igngt'ﬁn ‘6 IS _?ﬁen
were calibrated using a sample of well-defined tracks with’1¢1 1N icates the expected threshold behavior. The non-

— ffici below threshold i d by light produced
known momenta. They come from fully identifiggp elastic Zers SHCIeNcy Helow tresnold 1s causec by 1gnt produce

) — ) in the plexiglass containment wall of the counters.
scattering events and fropp—pp# ™7~ events. This latter The response function of the liquide@nkov counters is

reaction was isolated almost background free by making usgsed to calculate the expected signal from a passing track of
of the Gerenkov identification and bl the requirement of ag given hypothesized momentum. The expected and mea-
large energy deposit from the outgoipgn the forward elec- sured responses are compared on the basis of Poisson statis-
tromagnetic calorimetef32]. A plot of the pulse height in tics. The resulting confidence levels for the four tracks are
the silicon pads v$8 is shown in Fig. 83 for the barrel then combined with the one obtained from the/dx infor-
region and in Fig. @) for the forward region. The first plot mation to form an overall particle identification confidence
makes use of elastic events, while the second distribution hdsvel which is required to be at least 5%. The effect of add-

B. Particle identification



5374 C. EVANGELISTA et al. 57
200 90 E_ -
L 80 | o
180 o) - (b)
140 60
120 50 [
S 100 40 E
80 50 |
60 -
20
40 2
10
20 KN . E| ) L L | ) ! | ) )
0.3 0.4 0.5 0.6 0.7 0.4 0.6 0.8 1

FIG. 3. (a) Pulse height in analog to digital convert&DC) units for the barrel silicon pads y&for a sample of elastip_p events.(b)
Pulse height in ADC units for the forward silicon pads&$rom a sample op or p from the reactiorpp—pp7* 7.

ing the Gerenkov information can be seen in FigdR 1.6 GeVk. Reaction(3) is identified by the same selection

The response function of the RICH is determined by meagyiteria as those applied to ﬁrﬁb_AKi events. Events so

surements of elastic events in which the forward-scatteregy iitied are removed from the finaK& sample.
antiproton of known momentum penetrates the detector. De- ¢ the final stage of event selection, those events with
tails of this detector performance are found elsewme@, isolatedy’s in the barrel region are removed. This eliminates
however, a representative example of {feresolution iS gt of the events with multiple’s or 7%'s. The final AE
shown in Fig. 5. The dlffe_re.nce betwegn the expecteq aNfistribution after applying all the above selection criteria is
measureq3 distribution exhibits a Gaussian behavior with a shown in Fig. 2e) for the 1.4 to 1.45 Ge\W sample and in
resolution ofA/5~2%. In analyzing the response of the pjy ) for gl of the data taken in the experiment combined.
detector, we find that a large fraction of background events, “jear signal, peaked at AE of zero, is seen which is
produces a RICHS measurement which is unphysically evidence for events of the tygep—4K™*. The final selec-

KE YHEP .

reater than 1. The most effective cut eliminates this back= : = )
g afion of events is made by requirinljE<20 MeV. This cut

round, yet retains the good events, by simply requiring th ) . .
'?heﬁ me)fasured by the gRICH be less t)kllan Opg q g selects approximately 32 000 events which are retained for
e durther study.

One background reaction which frequently satisfies th
trigger conditions of the experiment is
- IV. ACCEPTANCE AND LUMINOSITY
pp—ppm 7 ©) _
. The experiment accumulated data at 58 incidgnno-
which is particularly important forp momenta above mentum settings with different luminosities over a period of

1

1
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FIG. 4. (a) Measured versus expectgdor elastic events in the forwardeEenkov counters with the water radiat@) The fraction of

tracks giving light in the @renkovs as a function ¢8 for the freon radiator. Events of the tymTqa—>Epw+7r’ are used. Light observed
below threshold results from the plexiglass walls of the counters.
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detect the recoil particle from low-angle elastic scattering
[34]. The data have been normalized as a function of time by
using minimum bias scalers which were found to be very
reliable and stable over the lifetime of the experiment. The
relative luminosity error is 2%.

The acceptance for the elastic an{ 4vents was com-
puted by aGEANT [35] based Monte Carlo simulation of the
physical detector and trigger conditions. The Monte Carlo
events were subjected to the same reconstruction criteria and
analysis cuts as the real data. We generated Monte Carlo
events for each of the 58 momentum settings, taking
into account the changes in the layout of the apparatus
and trigger conditions. For the physics analysis, three reac-

tions were generatedpp— ¢¢, pp—dK* 'K~ and pp
—K*K"K*K™. The simulation assumed phase space dis-
FIG. 5. Expected minus measurgdrom the RICH detector for  tributions for all three reactions. The distributions of the total
elastic events. acceptance as a function of the incidgntmomentum are
shown as fitted polynomials in Fig(d&.
four years. However, in the following analysis, measure- The differential acceptance function fQTp_>¢¢ is
ments at the same or nearly the same momentum have begfeatly affected by the kinematics of the reaction and the
grouped together in order to reduce statistical and systematjgyout of the detector. The distribution of c®s,, is shown
errors. The distribution of luminosities as a function of thejn Fig. 6b) for all the data. Here@,,, is defined as the
momentum are summarized in Table I. center-of-mass scattering angle of the outgofagA strong
The luminosity was monitored via the known cross sec-depletion of events occurs in the forward region, due to loss
tion of elasticpp scattering. Two independent methods wereof tracks in the beam pipe. On the other hand, the acceptance
employed to measure it. In the first method, the rate of coin the y angle is almost flat as it can be seen in Fi¢c)6
incidence between opposite pixels formed in the outer triggeHere y is defined as the angle formed by the tyis decay
scintillator hodoscope was used to count elastic events negtanes, in thep¢ center of mass system. Figurécbshows
90° in the c.m. system. The second method made use dhe distribution of the y angle for the data in the
small microstrip detectors placed near 90° in the barrel td.26—1.65 GeW region (points with error bars together

2500

2000

0.006

1500

/

1000

events

500

C—)0,15—0.1—0,05 0 0.05 0.1 0.15

5 kinematics — ﬁ RICH

TABLE I. Cross sections fopp— ¢, $K K™ and XK.

c.m. c.m.

Momentum region  energy Luminosity o(pep) o(pKTK™) energy o(4K™)
GeVic GeVic? nb! ub ub GeVic? ub

1.188-1.200 2.147 26.8 2.88).46 0.25-0.49 2.158 0.1%0.15

1.237-1.278 2.168 32.8 3.4%.31 0.96-0.32

1.300-1.330 2.190 69.1 3.50.18 0.23:0.21 2.195 0.56:0.13

1.360 2.205 334 3.840.24 0.270.26

1.390-1.400 2.218 60.7 3.59.17 0.63:0.22 2.219 0.58:0.17

1.404-1.405 2.220 53.9 3.88.17 0.540.21

1.410-1.415 2.223 38.0 4.61®.20 0.39:0.25 2.225 0.520.15

1.420 2.226 25.7 3.840.24 0.710.29

1.425-1.430 2.228 26.4 3.69.22 0.97-0.32

1.435 2.231 47.7 3.380.17 1.16-0.235 2.233 0.580.15

1.440-1.450 2.235 35.1 3.4D.19 1.19:0.26

1.465-1.480 2.242 48.7 3.820.15 1.0720.22 2.247 0.440.26

1.500-1.506 2.255 42.7 3.68D0.16 1.770.25

1.550 2.272 24.3 2.260.17 1.90:0.31 2.282 0.340.33

1.600 2.289 20.1 2.150.21 2.46-0.40

1.650 2.307 13.6 1.970.24 3.26:0.45

1.700-1.750 2.333 32.6 2.60.14 3.56£0.30 2.348 0.950.52

1.800 2.360 39.3 2.040.12 4.30:0.25

1.900-1.950 2.404 15.4 1.6D0.18 3.63:0.41 2.424 2.5%50.93

2.000 2.430 52.1 1.980.11 3.910.24
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FIG. 6. (a) Acceptance for the three reactiopp— b, pp— ¢K K~ and pp—4K ™. Distribution of (b) cos®,, and (c) y for the

reactionpp— ¢¢ in the momentum range between 1.26 and 1.65 GeWhe data are represented with error bars(dnthe solid line
represents the distribution expected for phase space.

with the distribution ofy for Monte Carlo phase space gen- mixture of 4K and background and cannot be separated at
erated data folded with the acceptance of the apparatus. Thikis stage The different channels have been described by
missing forward angle acceptance@n,, affects our ability the following amplitudes:
to extract totalp¢ cross sections as described later.

Systematic errors on the cross section measurements have s

been estimated using the known cross section pqr ¢¢3A¢¢:ij221 Bi(mgk) X Bj(mgk)

—pp7 7w~ [32] whose determination was found to be in

good agreement with previous measurements. We also used 6
the fact that the cross sections at several energy points were PKK:A k= >, Bi(My).-
measured several times under different experimental condi- i=1

tions. We estimate the overall uncertainty on the absolute

scale of thep¢ cross section to be 20%. The likelihood function employed is the following:

A A

B V. THE DATA L=x¢,¢|—¢¢+x¢,KK | K (1= X g Xgik)-
For the selecteppp— K"K~ K"K~ event candidates we i oK
show in Fig. 7, in Fig. 8) and in Fig. &b) the scatter plot of
the invariant masses(K;K,) vs m(K;K5). Figure 7 shows
all the available data as a surface plot, where a strong acc
mulation of events can be observed at the nomisalposi-
tion. Figure &) and 8b) illustrate the same data under the

form of a scatter diagram for two different regions of inci-

dentp momentum, i.e. below and above 1.5 GeyVfespec-

tively. Notice that, due to the absence of charge information,
three combinations per event enter in these plots. We ob'800
serve in these distributions a strong enhancement at the pc'6%°
sition of the ¢¢. In the higher momentum region we also 400
observe horizontal and vertical bands which indicate the!200

presence of thep— ¢K K~ final state. Monte Carlo simu- %%
lations confirm that the diagonal bands represent the reflec 5°
tion of the ¢¢ peak due to the multiple combinations. Se- °%
lecting oneg, i.e. requiring onen(K3K,) combination to lie ~ *%°
in the region 1.00—1.04 Gew? and plotting the opposite
combinationm(KK,), we obtain the distributions shown in 0
Fig. 8c) and 8d), where a cleanp peak is visible. The
structure is well centered at the nomirgimass.

In the above expressions,, and X4kx represent the frac-
tions of the ¢¢p and K"K~ channels, respectively,
lé’i(mKK) represents the line shape functiond,,, andl 4k

VI. CHANNEL LIKELIHOOD FIT

In order to separate theb¢ cross section from the
KK~ final state and from the K and other background (K
mixture, the channel likelihood techniq[@6] was used. The "
method performs a maximum likelihood fit to the data using FIG. 7. m(K3,K,) vsm(K;,K,) (three combinations per evént
three amplitudesp¢, KK~ and phase spagavhich is a  for all the events.

2
k) e/
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FIG. 8. m(K3,K,) vs m(K;,K,) (three combinations per evenfor (a) p incident momentum below 1.5 Ge¥/and (b) above
1.5 GeVk. (¢), (d) mass projections ofa) and(b) in the ¢ band, i.e. plots ofn(K,K,) for 1.00=m(K3,K,)<1.04 GeVt2.

represent the corresponding normalization integrals for thén order to describe the line shape, we made use of the
two amplitudes describing the two channels, respectively. Monte Carlo simulations. The best representation of this line
The ¢ width is a narrow resonancé & 4.4 MeV), there- shape is obtained by means of a relativistic spin O Breit-
fore, the observed width in this experiment is dominated byWigner form whose full width varies from 11 to 15 MeV as
the detector resolution which we found to be non-Gaussiarthe incidentp momentum increases from 1.1 to 2.0 GeV/
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FIG. 9. Variation of the normalization integrals for the amplitudes describings#iéK ~ (a) and ¢¢ (b) amplitudes as functions of the
incidentp momentum.
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FIG. 10. Combinatorial mi{K) distribution(six entries per evenfor incidentp_momentum(a) below and(b) above 1.5 GeW. The
white region represents thgg contribution, the gray region shows tigd * K~ contribution and the black region shows the phase space
(background-4K) contribution.

The normalization of the amplitudes was computed nufect on the values of these integrals as seen in Fig. 9, where
merically using the Monte Carlo simulations of the reactionthese integrals and the fitted polynomials are shown.
p_p_>4|<, The resulting integrals were then fit to polynomi-  The channel likelihood fit gives the fractions of events as
als as functions of the incideptmomentum. Changes in the well as a probability for each event to belong to one of the
layout of the apparatus and trigger conditions have little effhree hypotheses. The results of the fits are visually dis-
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FIG. 11. AE distributions for the nine regions in increasing values of inciq;mnomentum. The gray area represents the estimated
background.
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played in Fig. 10. Here we show the combinatonglKK)

distribution (six entries per evepfor incidentp momentum
below and above 1.5 Ge¥W/ The white region represent the
¢ contribution, the gray region shows tigek *K ™~ contri-
bution, while the black region shows the phase space
(background-4K) contribution. We notice that ne peak 1
has been left in the phase space distribution, indicative of ¢ 0
successful fit. We also notice the strong increase of the 2.
KK~ contribution in the higher momentum region. The

5
(o o
bttt
'
2 ’¢+ * o ¢ 3

cross section ub

215 22 225 23 235 24 245 25

-

b

I\I*\+\I*|+I{I‘II\Il\lllll\l\‘ll\l‘ll\l

215 22 225 23 235 24 245 25

[Il A. For this purpose, in order to reduce the errors, a further ¢
compression of the data was performed, grouping them in 2

nine slices of incidentT momentum. TheAE distributions

analysis gives a total of approximately 11 49@ events. 2 L (b) ¢ KK .
The channel likelihood method is able to separate theg “r + + 4 \
three ¢, K"K~ and (backgroundt 4K) contributions. In Q i
order to separate thek4contribution from the background, , 2 - ot t
we made use of th&E distributions as discussed in Sec. g i .
0 b
A

for all intervals are shown in Fig. 11. A clean peak/dE 3 L (c) 4K

=0 over some background is observed which representsths 4 [

total amount of the reactiopp—4K including ¢¢ and g r *

$K K™ contributions. These distributions have been fitted ;, 2 |-

using a Monte Carlo generated shape for At distribution 3 i +

which includes simulations at all energies ¢t and &K S T AR TE T
1

, >, ; 0
final states, and a background parametrization using the sur 2.
of two Gaussians. The number of non-resonakt évents

was therefore obtained by

215 22 225 23 235 24 245 25
c.m. energy GeV/c?

Nk =N =N g5~ Nk —Np. __ FIG. 12. Cross sections jab for the reactionsa) pp— ¢, (b)
pp— ¢K* K™ and(c) pp—2K* 2K~ corrected for unsee decay

In the above expression, the number df #vents is the modes.
difference between the total number of events in each bin
(N7), the ¢¢ (Nyy) and PKTK™ (Ngkk) Yields which
were obtained from the channel likelihood fits, and the back
ground (Np,) is drawn from the fits to thE distributions.
Due to the uncertainty in the background subtraction, a 50
systematic error has been added quadratically to the statis
cal errors. The background below th& &ignal is relatively
small, being in average of the order of 10% increasing to
20% only in the higher momentum regions.

performed[37]. This analysis shows that thi¢ system is
dominated bylP¢=2""*. Correcting the mass spectrum with
0}ohe results from the spin-parity analysis has little influence
foly the shape of the integrated acceptance as a function of the
&¢ mass.

Notice that:

The ¢¢p, pK K~ and 4K cross sections have different
shapes. Thep¢ cross section, in particular, has a strong
threshold enhancement, while tgK *K~ and 4~ cross
sections have a smooth increase as a function of the center of

Having determined the number of events for each chanMass energy.

nel, we have computed the corresponding cross sections as |N€ ¢¢ cross section is rather large, about 2 in the
threshold region.

events No evidence for narrow structures is found.
The large¢¢ production close to threshold can be inter-
preted as a violation of th€OZI) rule. If the OZI rule is

Due to decreasing performance of the threshote@kov interpreted to forbid strangeness productiorpim annihila-
counters in the last period of the data taking, part of datajons then the procespp— ¢¢ can proceed only via the
suffer an additional 20% systematic normalization error.gmq uu,dd component present in thé wave function.
These data represent about 30% of the total and have NQ¥iin a deviation from ideal mixingd— 6, of only 1° to 4°,
been used in the calculation of the cross sections. Howev?{

VIl. CROSS SECTIONS

7 acceptancgluminosity

properly scaled, these data can be used in the study of t Ee.¢ IS Pearly 100%ss. Y\ée can therefore derive an Upper
angular distributions. These cross sections have been cof 't (6= 6)~2.5< 10" for the ratio of cross sections
rected for unseer decay modes and are displayed in Table? ¢4/ 0. fOr production inpp annihilation. Although the

I and shown in Fig. 12. cross section opp— ww has not been measured directly, an

The ¢¢ cross section has been corrected assuming phasstimate can be obtained from the totat™27~ 27° cross

space in the calculation of the acceptance. This is not reallgection[38], which was measured to be about 5 mb in the
a strong assumption as it can be seen from Fig).@n  energy range of our experiment. There are many reaction
addition, a spin parity analysis of thi&p final state has been channels that contribute to this final state. If we estimate that



5380 C. EVANGELISTA et al. 57

7 and a Breit-Wigner form representing ti§éf ;(2230) with
m=2235 MeV andl’ =15 MeV, parameters measured in the
reactiond/ — y¢& whereé— pp by the Beijing Spectrometer
(BES) experimen{19]. The Breit-Wigner form is written as:

5
- ¢ ¢ B (2+1)  4m(hic)?
3 Tow= (W) (58 S 1)(28,+ 1) s—4m?
o3 3o 3;

1"2
X .
(Vs—Mye9)?+T2/4

4

Here (wv,w;) is the double branching ratioyw;=B(X
o= m‘z‘; — 6 —pp)XB(X— ¢¢). TheS; terms are the spins of the initial
m( ) GeV/c? proton and antiproton (1/2), antis the total angular mo-
mentum of the resonance, reducing the angular momentum
FIG. 13. Cross section ipb for the reactiopp— ¢¢ in afine €M, (2+1)/[(28,+1)(2S,+1)] to 5/4 in the case of a
scan over two different periods of data collection corrected for unJJ =2 resonance. A limit on the product of the branching
seen¢ decay modes. Open circles: 1991 data; full circles: 1993ratios of B(E— pp) X B(é— ¢¢)<6x10° at 95% c.l. is
data. The line is the result from the fit described in the text, theobtained.
curve represents a Breit-Wigner resonance whose amplitude is at
the 95% c.l. upper limit for the production of &f ;(2230) with a
mass of 2235 MeV and a width of 15 MeV. IX. CONCLUSIONS

We have performed a_high statistics study of the reaction

pp—4K= using in-flightp from 1.1 to 2.0 Ge\V¢ incident
momentum interacting on a hydrogen jet target of theseT
(PS202 experiment at CERN LEAR. The reaction is domi-
VIIl. SEARCH FOR  £/1,(2230 nated by a strongh¢ production at threshold whose strength

To search for th@/fJ(zzso) resonance, a fine scan of the exceeds by two orders of magnitude the y|e|d extracted from

$¢ cross section was performed during two different dats® Simple interpretation of the OZI rule. _

taking periods. The results from these scans are shown in Several models have been proposed in order to explain

Fig. 13 and displayed in Table IL. the large OZI violations observed in hadron induced reac-
Here the empty and full dots distinguish the two differenttions and patrticularly in somep annihilation channels.

sets of the data, showing good agreement in the size of thdowever, few quantitative calculations exist for the specific

¢¢ cross section. No narrow structure is visible in the datachannel under investigation in the present experiment.

We have fitted thepd mass spectrum using a polynomial A model which interpretgpp annihilations tog¢ as due

to KK rescattering39] is able to predict the order of mag-
nitude of the cross section<(2.4 ub), but not the detailed
shape of the observed spectrum. Other models make use of

it is 10% ww, then the expecteg¢ cross section is 10 nb,
two orders of magnitude lower than our measurements.

TABLE Il. ¢¢ cross section for the fine scan.

C'gé\??cezrgy o(jb@ h_yperon-antihyperon in_termediate sta{ti‘_e@]. In this case the
size of the cross section is underestimated by a factor of
2.219 4.15-0.34 about 4. Other ways to enhance production of #laesystem
2.221 4.16-0.36 have been suggested in REE2] by invoking the hypothesis
2.221 3.87-0.54 of intrinsic strangeness content in the proton. The authors
2.222 3.94-0.35 suggest thatbé production could originate from rearrange-
2.224 4.46-0.36 ment diagrams with strange quarks originating from the pro-
2.226 3.960.34 ton sea which are polarized with total spin$. The authors
2.226 3.680.34 conclude that these connected rearrangement diagrams very
29208 3.00-0.30 likely mask any possible glueball resonance contributions
2229 3.26-0.32 which are expected to be dominant among the disconnected
2231 3.73-0.35 diagrams. Further information_and pos;ible new inputs to the
2931 297-0.33 problem may come from a spin analysis of the obserged
threshold enhancemef&7].

2.233 4.2¢0.35 . .
2935 3.520.34 No ewde;nce for narrow resonance is found and we set an
2936 2 48-0.30 upper limit for the production of &11,(2230)  with
2949 3.38-0.45 m=2235 MeV andl'=15 MeV of: B(¢—pp) X B(é— ¢ ¢)
2.247 2 68 0.39 <6x10° at 95% c.l. Combined with our scan qip
2.254 2.630.35 —>KgKg [20] a consistent and stringent rejection of a narrow

resonancel( <30 MeV) appears.
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