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Production of ¢» and @ Mesons in Near-Thresholdpp Reactions
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The ratio of the exclusive production cross sections dorand @ mesons has been measured in
pp reactions afly.,m, = 2.85 GeV. The observed /w ratio is (3.7 + 0.754:3) X 1073. After phase
space corrections, this ratio is about a factor of 10 enhanced relative to naive predictions based upon the
Okubo-Zweig-lizuka rule, in comparison to an enhancement by a facter3opreviously observed at
higher energies. The modest increase of this enhancement near the production threshold is compared to
the much larger increase of tlfe/ w ratio observed in specific channelsjp annihilation experiments.
[S0031-9007(98)07664-9]

PACS numbers: 25.40.Ve, 13.75.Cs, 13.85.Hd, 14.40.Cs

It is by now widely accepted that the nucleon’s struc-space factors (i.e., when assuming an energy independent
ture is substantially more complex than the simplest picmatrix element).
ture of three valence quarks. Pioneering results from It should be pointed out that the observed apparent
deep-inelastic lepton scattering have revealed the impor4olation of the OZI rule inpp is most dramatic for
tance of sea-quark and gluon contributions to the nucleonhannels with the following features: (i) dominance of
structure functions. In this context, the question has beefi-wave annihilations, (ii) low relative momentum of the
raised as to what extent heavier quark pairs contribute tp p system, and (iii) large invariant momentum transfer
the nucleon wave function. to the ¢ meson. These findings have been interpreted in

Experimental information on the nucleon’s structureterms of a polarized intrinsies contribution [7] to the
functions with polarized beams [1] and thg,y term in  nucleon’s wave function, which would yield OZI-allowed
pion nucleon elastic scattering [2,3] suggest a significanguark-line diagrams for¢ meson production. Alter-
contribution of strange sea quarks to the nucleon’s waveatively, kaon exchange models involving two step
function. In addition,pp annihilation studies [4] have processes [8,9] have been proposed to explain ¢he
observed thatp and w meson cross section ratios are meson production. Further insight into the origin of the
enhanced by up to 2 orders of magnitude relative tenhancedp/w ratio in pp could be provided by study-
predictions based on a naive application of the Okuboing near-threshold proton-proton reactions, where the
Zweig-lizuka (OZI) rule [5]. According to the OZI rule, kinematics are similar tgp but predictions based upon
processes with disconnected quark lines in the initiaintrinsic strangeness in the nucleon and kaon exchange
or final state are suppressed. As a consequence of tlmodels might be expected to differ.
near ideal mixing of the SU(3) singled; and octetwsg The existing proton-proton data abovgs = 4 GeV
states, the production of thg meson should be strongly show a slight enhancement with respect to predictions
suppressed compared to the meson in reactions of based onthe OZI rule [10]. Unfortunately, there is a com-
hadrons with negligible strange quark content. In factplete lack of data in the literature fgf¥ meson production
the small deviation from the ideal mixing angle can bein pp reactions at energies close to the threshold. In this
used to estimate the to  cross section ratio to be Letter, we report on the first measurement of thgw
R/f = 4 X 1073 [6,7], wheref is the ratio of the phase cross section ratio at an available energy in the center
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of mass of less than 100 MeV above the production §9)
threshold. In this experiment both meson channels were %
measured simultaneously. O
The experimental setup (the DISTO spectrometer at
SATURNE) is described in detail elsewhere [11]. A
proton beam from the SATURNE proton synchrotron 10000
with kinetic energy Tpyeam = 2.85GeV was directed
onto a liquid hydrogen target of 2 cm length. Charged
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particles were tracked through a magnetic spectrometer 0 L Ll Ll Ll
and detected by a scintillator hodoscope and an array of 0 025 0.5 %o, 1
water Cerenkov detectors. The magnetic spectrometer Mniss)” [GeV7/eT]

consisted of a dipole magnet (1.5 T), two sets of sCing ) gy, spectrum of Myr,)? for events of the type
tillating fiber hodoscopes inside the field, and two sets tr-0 after selecting a missinar® via M7’ "

of myltiwire proportional chambers (MWPC) outside q’ﬁis projection shows si%nals corrgponding nt]gs the re-
the field. The large acceptance of the spectrometejctions pp — ppw — ppwta «° and pp — ppn —

(= *=15° vertical, =48° horizontal) allowed for coin- ppz*7~#°. The structure neafMil,)* =~ 0.1 results from
cident detection of four charged particles, which wasfeedthrough of theyp7* 7~ final state.

essential for the kinematically complete reconstruc-

tion of many final states {p7 7, ppm mw =°  suppression can be achieved by requiring 4-momentum
ppK*K~, pKA, pKY). Particle identification and conservation. In this case, the invariant mass of the kaon
4-momentum conservation served as powerful tools forandidatesMX,% ) must equalM?l. This is demon-
background rejection. Event readout was triggered bytrated in Fig. 2, where the yield is plotted as a function
a multiplicity condition on the scintillating fiber and of (MX,X)2 — (M20.)2. The upper histogram shows the
hodoscope detectors, selecting events with at least threaw distribution, and the lower histogram corresponds to
charged particles. In totall.3 X 107 events with four the remaining distribution after kaon conditions have been
charged particles in the detector acceptance and a vertepplied to theCerenkov amplitude. The narrow peak
inside the liquid hydrogen target were reconstructed. near(MX, X2 — (MPF)? = 0.0 results from events of

Particle identification was achieved using the lightthe typeppK K. The peak nead.9 GeV?/c* is from
output from the waterCerenkov detectors, which pro- misidentified events of the typep 7" 7~ which survived
vided goodw *-proton separation spanning a wide rangethe Cerenkov conditions. After applying an additional re-
of momentum, as well ak* identification in a re- quirement thal(MX,X )2 — (M27,)?| < 0.08 GeV2/c?,
stricted range above the ka@rerenkov thresholgx., =  a sample ofppK*K~ events can be selected with a
Mgc/y/n* — 1. Water was chosen as teerenkov radia-  signal-to-background ratio of 4. The background is due
tor (n = 1.33, px.n = 560 MeV/c) in order to match the primarily to incorrectly reconstructed events and forms
momentum range of the kaons from the reactjgn —  a structureless contribution to the* K~ invariant mass
ppK ™ K™, which is distributed aroun@00 MeV/c. distribution presented below.

The reaction pp — ppw was identified via the
a7t o 7% decay of the w meson (branching ratio
88.8%). Since ther® decays primarily into two photons
(branching ratio 98.8%) and is therefore not detected
in the spectrometer, this channel is identified via a 10
missing mass analy§is. For this analysis the 4-particle
missing mass(M.le: " ) and the 2-particle missing
mass (Mpi,) must correspond to a missing® and
a missing w, respectively. The spectrum diih.)?
is shown in Fig. 1 after selecting events of the type 10
ppm @~ ba+sed on theCerenkov signals and requiring
0.0 < (MX7T ™ )2 <0.04GeV?/c*. This spectrum 1
shows prominent signals from the* 7~ 7° decay of 0 9.5 1
both thew andn mesons. M )P-(MP )% [GeV/c]

The reactionpp — pp ¢ was observed via th& " K~
decay of the¢ meson (branching ratio 49.1%), where

the kaons are identified using the wat€erenkov de- (M””). assuming that the mesons have the kaon mass
H H H + = £ miss/ 1 .
tector. Since all four particles in thppK™ K~ final The upper histogram is the raw distribution, and the lower his-

State are detected, events Of '[hIS type are k|nemat|ca”wgram is for a samp|e which is prese|ected@renkov kaon
overdetermined. Thus, an additional, drastic backgroundonditions.

Counts
[y
o

FIG. 2. Kinematical identification oppK* K~ events. Plot-
ted here is the yield as a function of the differerigg), © )2 —

4573



VOLUME 81, NUMBER 21 PHYSICAL REVIEW LETTERS 23 NVEMBER 1998

The raw distribution of MX. X" for events in the data. The acceptance could be determined independent
ppK* K~ peak of Fig. 2 is shown in the top frame of of the actual phase space distribution of the particles in
Fig. 3. It can be seen that a large fraction of i¢K~  the final state, because the following two requirements
pairs is produced via an intermediatemeson. The mass are fulfilled with the DISTO spectrometer: (i) After ac-
range displayed corresponds to the kinematically allowedounting for the azimuthal and reflection symmetries, the
region, where the lower bound is given by the rest massletector acceptance was nonzero over the full kinemati-
of the decay kaons, and the upper bound is defined by theally allowed region; (ii) the detector acceptance was de-
available energy. Th&*K~ invariant mass spectrum termined as a function of all relevant degrees of freedom
shown in the lower frame has been corrected for then the final state. In order to determine the acceptance as
detector acceptance and analysis efficiency over the fult function of these degrees of freedom, the kinematically
mass range, as described below. This spectrum has bealiowed phase space was divided into multidimensional
fit with the sum of a background contribution and a peakbins of suitable coordinates and the efficiency was simu-
from the ¢ resonance. The shape of the backgroundated for each bin separately. This procedure was carried
was assumed to be given by tIMi’ﬂK_ distribution  out separately in five and four dimensions for #heand
for an ensemble of events that are uniformly distributede meson production, respectively.
according to 4-bodyppK* K ~) phase space. The shape Although the reaction mechanism could produce spin
of the ¢ resonance was given by the natural line shap@lignment [12], the observed angular distributions of
folded with a Gauss function to account for the detectothe ¢ and » decays are consistent with the isotropic
resolution. When treating the width of the Gaussian aglistribution assumed in the simulations. Furthermore, the
a free parameter, a width of = 3.7 = 0.5 MeV/c? matrix element of thew — 7+ 7~ #° decay was taken
is determined in comparison to a resolution 2 * from [13] and verified to be consistent with the data from
0.1 MeV/c? obtained from simulations of the detector [14,15].
performance. After application of the full acceptance corrections and

The relative acceptance of the apparatus forppeo  correcting for the decay branching ratios, the produc-
andpp ¢ channels has been evaluated by means of Mont#on ratio pp — pp¢/pp — ppw is determined to be
Carlo simulations, which, after digitization, were pro- (3.7 = 0.7243) X 1073, where the first error is statistical
cessed through the same analysis chain as the measud the second error range is due to systematic uncer-

tainty. The experimental uncertainties are dominated by

systematic errors arising mainly from the simulation of the
rrrTrrrTrer e relative efficiencies fow and ¢ detection and the deter-
mination of the efficiencies of the particle identification.
However, since both meson channels have been detected
in events with four charged particles and measured within
the same experiment, many possible systematic uncertain-
ties, such as those related to determining the absolute lu-
minosity, cancel when considering the production ratio.

In Fig. 4, the ¢ /o ratio (filled square) is compared
to data at higher energies taken from the literature [10].
I T e e All error bars shown are the sum of systematic and
statistical errors. The dashed line corresponds to the OZI
prediction multiplied by the ratio of available 3-body
phase space fap to w production. The solid line results
from a recent model calculation by Sibirtsev [16]. In
this model, ¢ and w production arise from the known
coupling to thewp channel, taking into account the
pp final state interaction. Similar calculations by Titov
et al.[17] predict a¢p meson production rate consistent

o Lol vl i . with that of Sibirtsev. Although the higher energy data
1 1.025 1.05 1.075 1.1 agree well with the predictions of Sibirtsev, near threshold
M., [GeV/c?] the measured ratio is enhanced by about a factor of 3.
The angular distributions of the and @ mesons are
FIG. 3. Top frame: raw distribution of th& "X~ invariant  shown in Fig. 5. Since the entrance channel is symmetric,
mass forppK K™ events. The meson atlL.019 GeV/ ¢®  the observed symmetry about 68s,) = 0 is expected
is clearly visible. Bottom frameM,,~ distribution after ind increases confidence in the acceptance corrections.

efficiency corrections over the full mass range. The dashe th distributi lude that
curve represents the background contribution and the solif@m the upper distribution we conclude that #heme-

curve shows the sum of the background and the resonaton is predominantly in &-wave state relative to thep
contribution. system. Thew meson’'s angular distribution has been fit
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1 an order of magnitude. Although calculations using the
s ' R T known¢ — 7 p coupling are able to explain the enhance-
] ment observed at higher energies, these predictions still
. underestimate the near-threshold behavior by a factor of
1 3. However, more refined calculations may well provide
an explanation for this increase without explicitly requir-
ing a significant contribution ofs to the nucleon’s wave
function. This observed increase of the/ w ratio near
threshold is less dramatic than the rise of th¢w ra-
tio in pp annihilation at low relative momenta. Thus, it
would be very useful to study the evolution of tife/ w
ratio at energies even closer to the production threshold.
This work has been supported in part by the following
. agencies: CNRS-IN2P3, CEA-DSM, NSF, INFN, KBN
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FIG. 4. Ratio of the exclusive total cross sections for phpeb ;

and ppw reactions as a function of the available energy above Present

the ¢ production threshold. Shown is the value measured in Germany.
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