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The exclusive production cross sections éoand ¢ mesons have been measured in proton-proton reactions
at pjp=3.67 GeVkt. The observedp/» cross section ratio is (SiBO.Zéjg)x 10" 3. After phase space cor-
rections, this ratio is enhanced by about an order of magnitude relative to naive predictions based upon the
Okubo-Zweig-lizuka(OZzl) rule, in comparison to an enhancement by a fact@® previously observed at
higher beam momenta. The modest increase of this enhancement near the production threshold is compared to
the much larger increase of thé/w ratio observed in specific channels Bp annihilation experiments.
Furthermore, differential cross section results are also presented which indicate that althoggimélen is
predominantly produced from &P, proton-proton entrance channel, other partial waves contribute signifi-
cantly to the production mechanism at this beam momentum.
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[. INTRODUCTION rule, processes with disconnected quark lines in the initial or

The proton is a complex composite object in which seafinal state are suppressg2-5]. As a result, the production
quarks and gluons make significant contribution to the strucef the ¢ meson is expected to be strongly suppressed relative
ture functions. Investigation of the strange structure of thgo the w meson in hadronic reactions with no strange quarks
nucleon is currently of great interest since strange quarkk] the initial state. Under the assumption that the OZI rule is
appear only as sea quarks in most models of the nucleon igxactly fulfilled, the¢ meson can only be produced by the
contrast to the ||ght quarkw(and d) that appear as both Sma.” admixture Of ||ght quarks to |tS wave funCtiOI’]. Thus,
valence and sea quarks. the relative production cross sections for #eand w me-

An important experimental approach to study the role ofSONs Ry,,) can be calculated by the following formula:
strange quarks in the proton’s wave function is to measure
the relative production o and w vector mesons. Since the
singlet-octet mixing angle of the ground state vector meson . . ,
nonet is close to the ideal valu@e., tanfey=1/2) [1], wher(::\f_ is a correction for the ayaﬂable_p_hase space, &nd
the @ meson consists almost completely of light valence~3:7° 1S the deV|at|_on from_ the _ldeal mixing andle).
quarks and thep meson almost completely of strange va- In certain hadronic reactions it has been observed that the

lence quarks. According to the Okubo-Zweig-lizuk@ZI) ratio of 'the eXC“.JS'Ve cross sections for tlj)eandw meson
production reactions significantly exceeds estimates based on

simple quark models¢see, e.g[7]). For pp annihilation at
*Present address: DAPNIA/SPhN, CEA Saclay, France. rest this enhancement is observed to be particularly dramatic
"Present address: Brokat Infosystems AG, Stuttgart, Germany. [8—10. This apparent violation of the OZI rule has been
*Present address: LPHNHE, Ecole Polytechnique, 91128 Painterpreted as evidence for a non-negligible negatively polar-
aiseau, France. ized ss Fock component to the proton’s wave function
Spresent address: Temple University, Philadelphia, PA 19122. [7,11]. Here it is important to distinguish between extrinsic
Present address: IU School of Medicine, Indianapolis, IN 46202and intrinsic quark and gluon contributions to the nucleon

Ry,=fXtarfd=fx4.2x10"3, (1)

TDeceased. sea[12,13, since other explanations stress the importance of
** Present address: Motorola Polska Software Center, ‘Kvako higher order rescattering proces$#4—19, thereby “avoid-
Poland. ing” the OZI rule.
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Recently, there have been numerous experimental inves 1”‘”""/,\2
tigations on the contribution of strange quarks to the proton:
At low momentum transfersi? there are measurements of
parity violating polarized electron-proton scattering to deter- Comenkey
mine the strange electromagnetic form factors of the <
nucleon. First results indicate very small effe@6,21], and

thus the scale of the strange vector currghisy,s|N) can- :
not yet be determinetsee, e.g[22]). Spin dependent struc-  scintinatof
ture functions have also been measured in a number of inhedescope
clusive [23—-31] and semi-inclusivg32,33 experiments on Edleraister
deep inelastic scattering of polarized leptons from nucleons
suggesting that the strange sea quarks are weakly polarize

against the proton helicity. Furthermore, it has commonly ey o
been discussed that the magnitude of ¥hg, term in low O B 71770 i B
energy pion nucleon elastic scatterifi$4—37 indicates a
possibly sizable, but very uncertain scalar density of strange

sea quark¢N|ss|N) in the nucleon’s wave function.
The negatively polarized intrinsic strangeness model was
in part motivated by the strong correlation of tbemeson

yield to the spin triplet fraction of the annihilatingp system
[38]. Since¢ meson production ipp reactions at threshold

must proceed via the spin friplet entrance channel, fﬂrthe\ciewed from above. The large shaded area represents the effective

insight on the origin of the enhancefl production inpp  field region.
could be provided by studying near-threshgld reactions,

where predictions based upon the strange sea quarks in the

nucleon and meson rescattering models might be expected #509en target of 2 cm length, and multiple charge particle
differ. final states were measured with the DISTO spectrometer

To address this problem we have measured the productid$9): Which is shown schematically in Fig. 1. Charged par-
of ¢ and w mesons in proton-proton reactions with the ticles were tracked through a magnetic spectrometer and de-
DISTO spectromete39] at the Saturne accelerator in tected by a scintillator hodoscope and an array of watgr C
Saclay. We present here total and differential cross sectior@nkov detectors. The magnetic spectrometer consisted of a
that were determined for a beam momentum of 3.67 @®eV/ dipole magnet(1.0 Tm), 2 sets of scintillating fiber hodo-
which corresponds to a much lower available energy abovecopes inside the field, and 2 sets of multiwire proportional
the ¢ production threshold @=\s— \s,=83 MeV) than chambersMWPC) outside the field. The large acceptance of
the existing data@>1.6 GeV)[40-43. In previous letters the spectrometer~ +15° vertical, =48° horizonta) al-
[44,49 we have presented the first results close to ¢he lowed for coincident detection of four charged particles,
meson production threshold in proton-proton reactionswhich was essential for the kinematically complete recon-
where it was determined that th#/w cross section ratio struction of many final statespprn*nw~, ppm @ °,
increases slightly toward threshold. Since these publicationspK*K~, pKA, pK3). Particle identification and
we have made several improvements to the data analysig.momentum conservation served as powerful tools for
including refinements of the acceptance correction, improvepackground rejection. Event readout was triggered by a mul-
ments in the tracking algorithm and calibrations, as well as;pjicity condition on the scintillating fiber and hodoscope
the analysis of a factor four more statistics. These results al§etectors, selecting events with at least three charged par-

presented here in more detail, together with differential crosgicjes. petails of the experimental apparatus can be found in
section distributions that were previously not available. All 5¢ [39]

of the previously published data are consistent with the re-
sults presented here.

This paper is organized as follows. In the next section
experimental details of the detector and data analysis are The exclusive reactionpp— pp#» and pp—ppw were
presented. The resulting andw meson total and differential  identified via thew 7~ #° decay of they and w mesons

cross sections are presented in the ensuing section, followegith partial widthsI'/T',,;=0.232 and/T",,,= 0.888, respec-

polarimeter
scintillator

magnetic
field

Scintillating

FIG. 1. Schematic layout of the DISTO experimental apparatus,

B. Data analysis

by a discussion of these results and a summary. tively [1]. For thepp—pp¢ reaction, the¢ was observed
via its K"K~ decay withI'/T",,;=0.491. Since these chan-
Il. EXPERIMENT nels all have four charged particles in the final stdteee

positive and one negatiyethese events could be recon-
structed by applying particle identification and kinematical

A proton beam from the SATURNE synchrotron with constraints on an event-by-event basis to the same sample of
momentump,,,=3.67 GeVE was directed onto a liquid hy- four track events.

A. Apparatus
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1. Tracking R ‘

After calibration, the data from the magnetic spectrometer
consist of a collection of points in space determined by the 2
various detector components. Thus, the first major step in the I
data analysis is to determine the trajectories of the charged
particles from the detector position information. In general, a
particle’s trajectory is defined by five independent param-
eters. These parameters can be chosen in numerous ways,
however they must span the space of allowed possibilities.
The choice of track parameters used in this experiment to
define the trajectories was motivated by the dipole magnetic
field geometry, and was based on a right handed coordinate

system with its origin in the center of the targetin the

beam direction at the target, aﬁxdverticab along the mag-
netic field direction. The five track parameters used were

and Y to describe the intersection of the track with tke
—§/ plane through the origing to describe the angle of the
track’s projection onto th&— 2z plane at the pointX,Y,0), FIG. 2. Plots of the €renkov light output versus particle mo-

mto describe the ratio of the particle’s momentum algrig ~ Mentum for negatively(a) and (b)] and positively[(c) and (d)]
h in thet— > ol for th . | charged particles. The figures on the left are inclusive distributions
the momentum in the&—z plane, andpy, for the reciproca and the figures on the right are the same distributions after requiring

of the momentum in the&—z plane. that the other €renkov amplitude is consistent with kaon identifi-
The observed positions in the detectors can be calculateshtion and that the four observed particle momenta are consistent

as a function of these five parameters by detailed Montevith 4-momentum conservation for the event hypothegi& K ~.

Carlo simulations of the detector performance. The goal of

the tracking algorithm is to invert this function, i.e., deter- —ppK*K™). The remaining yield after imposing these re-

mine the track parameters from the measured position inforstrictions is shown in Figs.(B) and 2d), where signals from

mation. This is done in a two step procedure: In the first stephe K* andK ™~ mesons are now clearly visible.

(track-searchit is determined which hits belong together to

form a track. Then, in the track-fit procedure the five track 3. Event reconstruction

parameters are determined from the hits in an iterative,

guasi-Newton procedure by interpolating within a matrix of

reference trajectories.

L
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~
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o

Lo v b b b by

! | 1 | |

500 0 500
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The data sample analyzed here with four charged particles
contained events from many different types of reactions. The
individual reactions were identified by a combination of par-
2. Particle identification ticle identification of the charged particles in the final state
_ ) o _ . . and kinematic constraints on the measured particles. The
Particle identification was achieved using the light charged particles in the final state, predominantly protons,
output from the water Qenkov de_tectors,'whlch provided pions, and kaons, were identified with the watesréhkov
good 7" -proton separation spanning a wide range of MO-yetectors as described above. However, since the same final
menta, as well aX~ identification in a restricted range gtate could be produced via several reaction channels, kine-
above the kaon @enkov thresholgy v, = Mgc/Vn“—1.  matic conditions were required to discriminate among the
Water was chosen as thes@nkov radiator if=1.33, p particular reaction channels.
=560 MeV/c) in order to match the momentum range of Al reaction channels studied here contained at most one
the kaons from the reactiopp—ppK"K™, which are dis-  unmeasured particle in the final state, thus the measured four
tributed around 700 Me\. | track events were kinematically complete. As a result
The inclusive correlation of &enkov amplitude versus 4-momentum conservation was imposed as a powerful con-
momentum is shown in Figs(@ and Zc) for negatively and  straint to select events of a given hypothesis. For this the
positively curved tracks, respectively. These figures have gvariant mass and missing mass of various particle configu-
logarithmic intensity scale with a factor of 2.4 between in-rations were calculated: The invariant madd,{) is the
tensity contours. In Fig. () there is a clear band from the total energy in the reference frame of a given number of
7~ mesons. Thé& ™ mesons are not visible in this inclusive observed partideg\ﬂ inv €an be calculated from the total en-

distribution because of the-10° larger pion yield. On the ; = P ;
ergies (E) and momenta ff) of the n individual particles
other hand, there is already a weak indication of Kie us?ng t(h(g following formullcgz P

mesons in Fig. @) in addition to the prominent™ meson
and proton lines. The relative yield of a given kaon species n 2 n 2

can be enhanced by imposing two requirements on the data (Minv)zz(E Ei) _(E 5.) ) 2

set: The first is that the oppositely charged meson is consis- i=1 i=1

tent with being a kaon, and the second is 4-momentum con-

servation for the given event hypothesif.e. pp  The missing mass analysis was used to determine the rest
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(M is9 is given by the following formula: o .
FIG. 4. Distribution of MPP™ ™ )2 versus MEP.)? (upper

m 2 m 2 frame. The lower frame shows prominent peaks from thand w
(Mmiss)2:<Ebeam+Mp_z Ei) _( 5beam_2 Ii) , mesons in the projection onto theMfP )2 axis after requiring
':1 o (MRRE ™ )2~ (M )2

)

where the index runs over allm observed particles. The fthe t o with MPP <M i dall
specific application of these constraints is discussed in thgons ot the typ&pm “a - WIth Mmiss™ M, 1S partially sup-
following sections. pressed b)+/ requiring the invariant mass of the pion pair to
The results presented here on the production of ghe fulfill (M7, ™ )?<(M,—M 0% After these requirements,
meson were determined by selecting events of the ype the distribution of the four particle missing mass squared
—ppK*K ™. For this event hypothesis, the proton-proton(Mﬁq'i’;;“T )2 versus the proton-proton missing mammgz
missing mass M55 must equal the invariant mass of the is shown in Fig. 4 with a linear scale for the intensity con-
kaon pair Q\/Iff“'f). Since all four particles in the final state tours. As seen in this figure, there is a very strong signal for
have been measured, the event reconstruction has been pgie pp—ppw—ppr" 7 #° reaction at ngfg;”’ﬁ
formeKcil( requiring that the four p.artl_cle_ mlssmgK MasS~ (M ,0)? and (MPP.)2~(M,)2. The projection of this dis-
(Mfiss) be equal to zero. The distribution O"V_'G?w)z_ tribution onto the ¥PP.)? axis is shown in the lower frame
—(l\_/lﬁ%s)z is plotted in Fig. 3 including kaon identification of Fig. 4 with the additional requirement thdt/l(;‘?””f 2
(solid histogram based on the €&enkov detectors. The peak 5 I 1SS
at (MKK)Z—(M”PS)2~O results from events consistent with ~(M,0)°. In this figure, there are clear peaks from the
inv L miss . : ) w70 decay of they and w mesons. The structure at
the pp—ppK™K _hypothe_5|s, and is supenmposgd on avery low (M ﬁﬁs)z is due to contamination of four body
background resulting from imperfeet— K separation in the events of the t;p@ e
Cerenkov detectors in a small fraction of events of the type '
pp—pK"A—ppK 7~ or pp—ppm* 7 X. The dashed _
histogram is an estimate of the background by scaling the C. Acceptance correction
inclusive distribution without kaon &€enkov requirements The relative acceptance of the apparatus for phpe;,
by a factor 0.002 in order to match the data in Fig. 3 abovgypw andppK*"K~ production channels has been evaluated
0.15 GeVf/c*. The background from nompK*K™ final  py means of Monte Carlo simulations, which after digitiza-
states comprises only about 2.2% of the yield in the rangéon, were processed through the same analysis chain as the
[(M{s)2—(MPP)?/<0.09 GeVf/c*, which marks the measured data. The relative acceptance could be determined
range where events were accepted for the further analysis.independent of the actual phase space distribution of the par-
The exclusive reaction channgp— ppw was measured ticles in the final state, because the following two require-
via the w— 7" 7~ 7° decay and was selected by a missingments are fulfilled with the DISTO spectrometéi: the de-
mass analysis since the’ decays primarily into two photons tector acceptance was determined as a function of all
(I',, /T ,=0.988) which are not detected in the spectrom-relevant degrees of freedom in the final state, &éndafter
eter. Events of the typppw* 7~ #° were selected by first accounting for the azimuthal and reflection symmetries, the
requiring that the €renkov amplitudes associated with the detector acceptance was nonzero over the full kinematically
four charged tracks be consistent with the hypothesisllowed region.

ppm* 7. Furthermore, background from four body reac-
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TABLE I. Kinematic variables and the number of bins per variable associated with the acceptance
correction matrices for thepK*K ™ final state(matrices A and B and for theppX final states, wher&

=7n,0.
Kinematic variable (MPY2 - (mP2y2 e, B, WER OMED 0% ¢k
Matrix A (X=K*K") 4 4 1 1 4 1 10 4
Matrix B (X=K*K™) 1 1 10 1 4 40 1 1
PP—pPX(X= 7,0) 10 10 20 1 4

In order to determine the detector acceptance, the relevaangles are measured relative to the beam directidhe
degrees of freedom were each subdivided into a specifibeam direction is chosen as the reference direction foXthe
number of bins, thus defining a multidimensional matrix.decay to facilitate comparison in Sec. Ill B with simple ex-
Next, the number of both the generated and the reconstructéigctations for¢-meson decay when it is produced near
events from the simulations were stored in separate copies dfreshold inpp reactions.
this matrix. Finally, the bin-by-bin ratio of the number of ~ The differential cross section foX production must be
generated to the number of reconstructed events provided tfgotropic as a function of the azimuthal angi€ , . There-
efficiency correction matrix. fore, in the simulationsp’ . has been integrated with an

When analyzing the data the acceptance correction procésotropic distribution to determine the detector acceptance as
dure was performed on an event-by-event basis by first de2 function of the remaining seven degrees of freedom.
termining the phase space bin of the particular event and Due to the high dimensionality of this problem, even a
then incrementing the distributions by the corresponding acSMall number of bins per kinematic variable result in an ac-
ceptance correction factor from the acceptance correctioR€Ptance correction matrix that is too large to calculate with
matrix described below. These correction factors include thd€ available computational facilities. For a subdivision of
appropriate partial widths and the simulations account for th&2ch degree of freedom inté=10 bins, and an average of

lifetime and different decay modes of all unstable particlesM =20 000 events 7simulatedl per bin of the acceptance ma-
involved. trix, a total of M x N’~2x 10" would have to be simulated.

Thus, in order to explore the dependence of the detector
1. ppK*K~ final state acceptance on the remaining seven kinematic variables, two
subsets of the general acceptance correction mtatrix A
nd matrix B have been generated by integrating over sev-
ral of the kinematic variables as discussed below and sum-
anarized in Table I.
The simulations for matrix A contain two simplifications

Although there are in general 16 degrees of freedom fo
four particles in the final state, numerous constraints exis
which significantly lower the total number of independent
degrees of freedom. For instance, particle identification an
4-momentum conservaﬂop rgdupe the number of de_gr_ees M order to make the calculations tractable. The first simpli-
freedom to 8 for theppK™ K™ final state. The remaining fic

) . ation is the requirement that the mass of the intermediate
degrees of freedom can be parameterized in numerous way§, ;v e equal to theb meson mass. Of course this require-

with the only restriction that the variables chosen must SPal ant restricts the use of matrix A to thees reaction only:
the space of allowed pos§|b|lltles._ . . fhowever, little systematic error is introduced because the
Without loss of gfnta_ra!|ty the eight kinematic degrees 0 shape of the mass distribution of tilemeson is well known
ffreter]dom fort_theppK K q f'(;'@' sttate catm be parametrlzexd a5 and the detector acceptance varies little over it. Furthermore,
It the r}fff('_onl prt%qee € '?_ Wo S‘_elfls' I-e-p—l;plpz dt an isotropic angular distribution of the differential cross sec-
;egégée the t.hrge blc?dcasses:t |veX V;r:?th?asr:;g'n'ﬁ utieree Otion for ¢ meson production versu8? . has been assumed
' y systep A, ining for matrix A. This assumption is consistent with the obser-

?heegE::aOfJ;iﬁgoir:t;ﬁetg; Teri?;(';e_?hfg gﬁg?g:lgfdlgzeg_mm%tion that this angular distribution turns out to be isotropic
Y when matrix B(see below, which includes explicitly the

matic variables provides a complete basis and does not resx dependence. is used for the acceptance correction
quire that the reaction actually proceeds via the intermediat?c-m- per ! ; ptal ) '
herefore, in the simulations to calculate matrix A, the inter-

stateX. Thepp X system is parametrized by the two invariant

mass combinationsMP)? and MP2)? (i.e., Dalitz plot

variables of theppX systen), and three Euler angles to de-
scribe the orientation of thep X decay plane in the center of
mass reference frame.m): the polar and azimuthal angles

of the X intermediate stat®? . , ¢X .., and a rotation of the

1The following conventions are used to label the various angles
that appear in this repor® corresponds to polar angles measured
with respect to the beam axis, add corresponds to polar angles

cm.> ; bp measured with respect to any other quantization axis, which will be
ppX decay plar_1e around the Q|rectlon Xf ‘_/’C-m-' Further- explicitly stated. Azimuthal angles are labeled #yand ¢, respec-
more, three variables are required to describe the decay of ey, The subscript denotes the reference frame in which the angle
the massMy=M, and the emission angles of one of the i measured, and the superscript denotes the particle being mea-
kaons in theX reference frame®¥ and ¢% where these sured.
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mediate statX was given thep meson mass and the angular _g UL i I ™
variables®Z . and ¢, were integrated over with isotropic =107 pp—=pPn E
distributions when determining the acceptance as a function 10k .
of the remaining five variables.

In order to overcome the restrictions on the usage of the 1 E
acceptance correction matrix A mentioned above, the avail- A i
able degrees of freedom in thepK*K ™ final state were 10 £ 3
subdivided differently, as listed in Table I, resulting in the — B
acceptance correction matrix B. Here the variah)!éﬁf and 'gi o ol iy ]

X Co . . : o 10°E PP—pPPw® E
07, were explicitly included in matrix B. However, an iso- g E
tropic distribution for the decaX—K*K~ was used in or- 10 £ =
der to reduce the dimensionality of the matrix to a solvable g 3
level. The validity of using an isotropic decay of 1 & E
—KTK™ can be judged by the data presented in Sec. Il B AF . Phage Shace + FSI+ 1]
using matrix A. Furthermore, the variables/f)? and R Y 2". S R

10 10 10

p2X 2 . . . . . 1 1

(M;27)° were integrated ove.r with a We.|ght|ng according to 5 - V5. [GeV]

three body phase space. This was motivated by the observa- 0

tion that the physical distributions show only small devia- g, 5. Exclusive cross section as a function of the total c.m.

tions from isotropy and double checked to give consistentnergy above threshold for the reactipp—pp7 (upper frame

results with a different generator for tipg X system. and of the reactiopp—ppe (lower frame. The data points are
o referenced in the text. The solid and dashed curves in the upper
2. ppa” @~ @ final state frame are parametrizations of the data in order to estimatepthe

For the measurements of theand @ meson production meson production cross section at the energy in this experiment,
there are five particles in the final state of each channel oNich is marked by the vertical dotted line. The filled square in the
served. The 20 degrees of freedom associated with five paLc_)wer frame is the result of this experiment. In the lower frame the
ticles are reduced to 12 because of 4-momentum conserv. ashed curve shows the c.m. energy dependence of the three-body

tion and four particles have been identified. Two further Ppw) phase space volume. The solid curve additionally includes
- S the finite width of thew meson and the proton-proton final state
degrees of freedom are eliminated by requiringb?.

. interaction(FSI).
=M, respectively, andMhi% ™ =M 0. Of the remain-

ing 10 degrees of freedqm, five are related to_pfp@( SYS" duction were calculated for the forward hemisphere only
tem whereX=7,» and five to the corresponding decXy

PR (and then multiplied by twp The differential cross sections
omm T . . _ _ however could be extended to backward angles, up to the

The pr?z(( gystem "% gazrametnzed by the Dalitz plot vari- jinits of where the acceptance correction method remained
ables M;)° and M;7")%, as well as three Euler angles to yajid, thereby providing an additional check of the calcula-
describe the orientation of thepX decay plane:®% ., tions.
ox ., and yPP . As discussed above, the differential cross
section is isotropic ingy,,, thus there are in effect four o
independent degrees of freedom plus those associated with D. Absolute normalization
the decay of the mesoX. The matrix element associated  The absolute cross section normalization was determined
with the w— 7" 7~ 7° decay was taken froff46] and veri- by measuring the yield of a given channel relative to that of
fied to be consistent with the data frd@7,48, thus allow-  a simultaneouslymeasured channel with known cross sec-
ing the corresponding variables to be integrated over. Théion. This method to determine the absolute normalization
matrix element for then decay was taken frof49-51.  was chosen because it reduced the large systematic uncer-
Furthermore, we have assumed an isotropic orientation of theiinty associated with the absolute calibrations of both beam
o decay plane, which was verified to be consistent with théntensity and trigger efficiency. For this work the reference
data. Thus, four dimensional efficiency matrices were calcuehannel was the reactiopp—pp#, for which a large
lated for then andw production reactions, as summarized in amount of existing datgs2—63 are summarized in the upper
Table I. frame of Fig. 5.

Although all bins that are kinematically allowed have a In order to provide the absolute cross section calibration,
finite acceptance, there are some phase space bins with vethye existing published data were interpolated to estimate the
low acceptance. These bins are associated with backwargl production cross section at the beam momentum of the
emission of they or o meson(in the c.m. framg Because present measurement. The solid and dashed curves presented
the initial system involves two identical particles, the physi-in the upper frame of Fig. 5 correspond to two different
cal distribution must have a symmetry abdaﬁ_m_: 90°.  parametrizations of the measured cross section values. The
Thus, in order to reduce the systematic error associated witholid curve corresponds to a polynomial of sixth order and
the very large acceptance corrections at backward angles, d@he dashed curve corresponds to a parametrization of the fol-
integrated cross section results for theand @ meson pro- lowing form:
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TABLE IlI. List of systematic error sources and their effect for the various measured particle ratios.

Systematic error ¢lw wln K"K /7y bl n
Acceptance correction 5% 5% 5% 5%
o background 15% 15%
n background 15% 15% 15%
¢ background 15% 15%
Trigger bias 10% 10% 10%
Tracking efficiency 10% 10% 10% 10%
Drift in electronics 10% 10% 10% 10%
K*K™ identification 10% 10% 10%
«* 7 identification 10% 5% 10% 10%
Total 32% 27% 27% 32%
S b/sg\© more, effects due to the finite binning of the kinematic vari-
Opp—ppy™ @ 5_0_ ) (g) ) 4 ables, as well as the finite detector resolution have been con-

sidered. Moreover, an additional cross check of the
acceptance corrections was provided by the observation that
the total ¢ meson yield is identicalwithin the error range
when determined using both acceptance correction matrices

where \sy=(2M,+M ) is the c.m. energy at the meson
production threshold, ana,b andc are free parameters. The
vertical dotted line marks the available energy (

=0.554 GeV) of this measurement. A and.B._ , Lo
Both parametrizations describe the existindotal cross A significant source of uncertainty is related to the meson

section data well with the exception of the measurement afi€ld determination(back- ground subtraction and peak
Poean= 2.8 GeVE by Pickupet al.[56], which is underesti- shape param_etrl_zatlmnThls gﬁect was studied by varying
mated. In the upper frame of Fig. 5, both values cited in Refthe parametrization of the line shapes and background, as
[56], for identification via the —a 7 #° and 5  Well as by varying the fit ranges.

—neutralsdecay channels are plotted at the corresponding The four track trigger used to record the data presented
c.m. energy above threshol@=0.275 GeV. This discrep- here had a slightly different efficiency fqupz" 7~ and
ancy has been neglected since that measureff6his sub- PPK K™ events. Although this effect has been corrected
ject to a large systematic error associated with a quite subfor, as discussed below, effects such as noise and cross talk
stantial background subtraction. The average of these twi the multianode photomultipliers used for readout of the
interpolations atQ=0.554 GeV is our estimate of 135 scintillating fiber detectors introduce an uncertainty to the
+35 ub for the total cross section of the reactigp  Magnitude of this correction, which we denote as “trigger
—pp7 at our beam momentum. The systematic error frompias.”

the absolute normalization(26%) is determined from the ~ Similarly, the tracking efficiency of the data analysis pro-
range of the parameterizations and is similar to or smallefedure may vary slightly between measured and simulated
than the systematic error from the combination of all otherdata, primarily due to uncertainty of the actual wire chamber
sources(i.e., 32% for theg/ » ratio, see Table )I Further- efficiency. In particular, the single track effi_ciency anq cor-
more, our estimate is in good agreement with one bosofelated efficiency losses due to small spatial separation be-

exchange model calculations by Vettgral. [64], who pre-  tween tracks have been studied in detail.
dict ~120 ub at this energy. Since the data presented here were collected over an ex-

tended period of time, residual efficiency losses due to long
term drifts in the calibration of the electronics may remain.
This effect was examined by comparing the reconstructed

Due to the large amount of data collected, the statisticaparticle ratios in temporally separated subsets of the data.
errors are relatively small, and the experimental error is Finally, uncertainty arising from the particle identification
dominated by systematic uncertainty and systematic biasn the CGerenkov detectors and the kinematic conditions has
This section summarizes the effects studied to estimate thgeen estimated by comparing the efficiency loss due to each
magnitude of the systematic uncertainty, as well as systemindividual restriction between the simulated and the mea-
atic deficiencies of the acceptance correction method ansured data.

E. Systematic errors

trigger bias. These results are summarized in Table Il. The total sys-
Systematic uncertainty of the results quoted here havéematic uncertainty quoted is determined by quadratically
been studied in detail for the following effects. adding the individual terms applicable for a given measured

For the acceptance corrections, the statistical uncertaintyross section ratio.
of the simulations has been studied by comparing the recon- In addition to the systematic uncertainty, several effects
structed particle ratios using acceptance correction matricdead to a systematic bias of the calculated cross section ra-
based on different subsets of the simulated data. Furthetios. To estimate the magnitude of the systematic bias we
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TABLE llI. List of systematic biases and their effect for the TABLE IV. Ratios of the total meson production cross sections

various measured particle ratios. for various reaction combinations including the corresponding sta-
tistical and systematic uncertainties. N.B., the values and errors
Systematic bias dlw wlny bl corresponding to the/ » and ¢/ w ratios have been multiplied by
10°.
Nontarget events 1.05 1.00 1.05
Trigger bias 0.93 1.00 0.93 Ratio  Statistical error  Systematic error
¢ identification 1.07 - 1.07
 identification 0.93 1.08 wln 0.37 +0.02 +0.1-0.08
7 identification 0.94 0.94 ¢l nx10° 1.42 *0.1 +0.45-0.34
Total 0.97 1.02 0.98 ¢lwx10° 338 =02 +1.2-0.9
have examined the following effects. solute » meson production cross secti¢see Sec. Il D to

The liquid hydrogen target was contained in a vessel irfletermine the absolute cross section results presented below.
which background reactions were produced. These “nontar-
get” events could be well separated by the vertex location in A. @ meson production
those events with complete scintillating fiber information.
Since this separation was not possible in the remainin
~50% of the events, the relative contamination determine
in those events with full fiber information was subtracted . . 4 . .
from the complete data sample. tical and systgmatl_cal_ error, respectively. Th_|s value is plot-
The data collection trigger required that three of the fourted as the solid point in the lower frame of Fig. 5. The other

charged particles must be observed in the scintillating ﬁbepat_lri\hpo(ijntsharg from Rif$58—€;]3,65. d d q
detectors. Since the fiber detectors had a different response e dashed curve shows the energy dependence accord-

for minimum ionizing pions compared to kaons, which were!"d t0 three-body gpw) phase space and has been normal-

slower, the trigger efficiency was higher fopK* K~ events ized to the point directly above this measuremér., \'s
than for ppm" 77— events. The variation of the fiber effi-

—/s,=0.41 GeV). The solid curve shows the expected be-

ciency has been studied as a function of particle velocityhavior when taking into account the finite width of the
The magnitude of the trigger bias was thus determined by€son and the proton-proton final state interactig®l)
combining the average kaon and pion efficiencies with thé66.67. Although the energy of this experiment is suffi-
“three of four” trigger condition and an estimate of the cross Ciéntly high that pureS wave production is not expected, a
talk in the fiber detectors. smooth variation of the cross section witfs is expected
Finally, in the data analysis, conditions were placed orsince there are no known baryonic resonances with signifi-
the Gerenkov amplitude of the individual tracks, as well asCcant branching ratios tpw. Thus, the good agreement of the
on several kinematical quantities. The efficiency with whichtotal cross section fow meson production determined here
a particular event type is accepted by all these conditions i%ith the curves in the figure, is a strong indication that the
strongly related to the detector resolution, which may be imabsolute normalization used here does not introduce an error
perfectly modeled in the simulations, leading to a bias in thdarger than the quoted systematic error. Furthermore, our re-
efficiency correction matrices. The magnitude of this effectsult is in good agreement with the value (4%) wb deter-
was examined for each meson production reaction by comined in[67] by an interpolation between the existing data.
paring the acceptance loss from each individual selection cri- The differential cross-section fes meson production has
terion in the data to the simulations. been plotted versus cé¥ ,, in Fig. 6. This distribution has
The individual contributions to the systematic bias arebeen fit with the sum of the first three even Legendre poly-
summarized in Table Ill as the factor by which they modify
the given particle cross section ratio. Based on these consid-
erations, the reconstructefd o, ¢/ 7, andw/ 7 cross section
ratios have been multiplied by the factors 0.97, 0.98, and
1.02, respectively, to account for the systematic bias. The
correction factor for the totak " K ~/# cross section ratio is 4
the same as for the)/ 7 ratio.

Using then meson yield as the absolute normalization, as
iscussed above, the total cross section for the reagton
— ppo is determined to be (503719 wub with the statis-

s [ s

do/dQ [ub/sr]

L b by by ]
Ill. RESULTS O-1 -0.5 0 0.5 1

cos(O%)

After full acceptance corrections, the relative yields for
exclusive »,w, and ¢ meson production in proton-proton FIG. 6. Differential cross sectiofin the c.m. framg for the
reactions at 3.67 Ge¢/have been determined. These re-pp—ppw reaction as a function of c@?,, . The solid curve is a
sults are summarized in Table 1V, including the statisticalfit to the data with the sum of the first three even Legendre poly-
and systematic error, and have been combined with the almomials.
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3 TABLE V. Total production cross section for the reactipp

- —ppK*K™ at 3.67 GeVt and for the resonantg{ meson and

T nonresonant contributions, together with the statistical and system-
atic error, respectively.

B Production channel Cross sectipab]
| NonresonanK “ K~ 0.11+0.009*+0.046
_ d—KTK™ 0.09+0.007+£0.04
B Total KT K~ 0.20+0.011+0.08

& (p—K T K)XT ot/ T~ 0.19+0.014+0.08

1.1
M::: [GeV/cZ]

production has been included after correcting for the branch-

FIG. 7. Acceptance correcteM s distribution. The dashed | : _ : Ry
curve is an estimate of the nonresonant contribution, and is baselgg ratio (I + - /T'or=0.491) and rounding to two signifi

cant digits.
on theMKS dependence of four body phase spap@KK). The . '
solid curve is the sum of the nonresonant and ghmeson contri- The pp¢ final state can be defined by two angular mo-

butions. menta,l; is the orbital angular momentum of the two nucle-
ons relative to each other ahgis the orbital momentum of

nomialsP; . The best fit has been obtained with the expres—the ¢ meson relative to the two nucleon ¢.m. system. At

sion below and shown as the solid curve in the figure: tmh;istgfli lth_e%pqs final state has the orbital angular mo-
1— 12— V-

do The differential cross section fap meson production is
go ~(4.0:0.1)Po+(3.1+0.2P; plotted versus co®?,, in Fig. 8. This distribution must be
symmetric around cd®?,,=0. The fact that the observed

+(2.0£0.29P, (ub/sn. (5 distribution is indeed symmetric about d®$,,=0 (within

the error barg as it was already observed in Fig. 6 for the

Due to the symmetry of the incoming channel, this angula@ngular distribution for the» meson, is an additional consis-
distribution must have a reflection symmetry abouttency check for the validity of the acceptance corrections.
cos®¢,,=0. Despite the strong variation of the detector ac-Furthermore, no significant deviations from isotropy are seen
ceptance witt®¢, , this symmetry is observed in the data, In these data, indicating that thieis predominantly in ars
providing a very important confirmation of the validity of the Wave state relative to the two protofi®.,1,=0). This ob-
detector acceptance correction method. The deviations fropervation is in good agreement with the expectations of Re-
isotropy indicate that partial waves up to=2 for thew  kalo et al. [68] who claimI,=0 up to a¢ meson c.m.
meson relative to thpp system are involved in the produc- Mmomentum ofp<Mc which corresponds to an available
tion mechanism. Further information such as from polariza€nergyQ~178 MeV (in comparison, this measurement is at
tion degrees of freedom are however required in order t =83 MeV).
make a quantitative measure of the relative partial wave am- Moreover, Rekalo suggests that th@ system may be
plitudes. excited to higher partial waves at much smaller energies
above threshold than needed to excite ¢theneson relative
to the protondi.e.,|;=1],=0 should occur at lower ener-
gies thanl;=0J,=1). To test this expectation the proton-

TheMi'f“*f distribution is shown in Fig. 7 after application proton angular distribution has been evaluated for the events
of the acceptance correction matrix (Bhich explicitly in-  with ¢ meson production. In the upper frame of Fig. 9, the
cludes MKX) and the absolute normalization discusseddifferential cross section is plotted as a function of the polar
above. This distribution has been analyzed to determine what
fraction of the yield is due to nonresonafit K~ production
and what fraction has been produced via theesonance.
The dashed curve shows the estimated nonresonant contribu-
tion. The shape of this contribution is given byt
distribution for final states distributed according to four par- 5
ticle phase spacep@K*K ™). The shape of the resonant con- r —|—_|_++_|_+—|——'—+

B. ¢» meson production

T T T T T T T

do/dQ [nb/sr]
s &
T

il r T i

n
o
I

tribution is given by the natural line shape of tihlemeson 10 = B
folded with a Gaussian to account for the detector resolution. F .
The width of this Gaussian is=3.3=0.5 MeV, in good I '_0J_5‘ — (', — ‘0!5' 7
agreement with the simulationsr&3.4+0.1 MeV). The cos(©,9)

total cross section for thep— ppK* K~ reaction, as well as
the resonant and nonresonant contributions are summarized FIG. 8. Differential cross section fap meson production as a
in Table V. In addition, the total cross section f¢rmeson  function of cosd? ., .
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0 -1 05 0 05 1 FIG. 10. Differential cross section for thep¢ reaction as a
Cos(\{lpg) function of the c.m. momenturg of the ¢ meson(upper framg,

and as a function of the proton momentymin the pp reference

—pp¢ reaction plotted as a function of c@8,, measured in the three body phase space when themeson is in aSswave state
pp reference frame relative to the beam directidrower fram¢  (i-€., 11=1,=0) relative to the protons. The dotted curves corre-
Differential cross section for thep—pp¢ reaction plotted as a SPond to the phase space distribution fgr=0, 1,=1 (upper
function of cosP?_, measured in thep reference frame relative to  frame and forl; =1, [,=0 (lower frame. The solid lines repre-

the direction of t%p(;ﬁ meson. The solid line is a fit to the data with S€nt a simultaneous fit to both sets of data presented here with the

the sum of the first three even Legendre polynomials. combination ofS andP wave contributions in th@p exit channel.

angle under which the protons are emitted relative to the ~ Z M, |.|2d 7)
. o 1050 GP1 1,

beam, measured in the proton-proton reference frame. Here, l1.12

the observed angular distribution is consistent with being ) ) ) . )
isotropic. On the other hand, the proton-proton angular distereM,,  is the matrix element for a given final state with
tribution exhibits a significant deviation from isotropy, when angular momenté , | ,, anddp|l,2 is an element of the three

measured relative to the direction of tle meson, as pre- pody phase space which is given by the following formulas:
sented in the lower frame of Fig. 9. This distribution has

been parametrized with the sum of the first three even Leg- dp,1,2~p2'1“q2'2*2dq, (8)
endre polynomials as listed below and shown as the solid
curve in the figure: where the proton momentum is given by
o (15.060.9Py+ (5.1 2.2)P
d_Q: U UL 0 AT 2. 2 2>< _+ 9

—(0.7=3.6 P, (nb/sp. (6)
and the maximum c.m. momentum of tilemeson and the
available energy are
Odd Legendre polynomials have been omitted due to the
reflection symmetry of the fingdp state about its c.m. mo- [4m;m,Q
tion direction, which is opposite théé momentum in the Amax= my+2m,’ Q:\/g_ \/S_O' (10
overall c.m. frame. These data are well described by using
only the lowest two Legendre polynomials, as evident by the Assuming that the matrix elements have little variation
large uncertainty associated with tfg coefficient. These across the available phase space, then the expected differen-
results indicate that partial waves uplie=1 are involved in  tial cross sections as a function@andp are proportional to
the proton-proton exit channel. the variation of the three body phase space witmdp. To
The momentum distribution of the particles in the final illustrate this, the) meson differential cross section is plot-
state is also related to the relative partial wave contributionged in the top frame of Fig. 10 as a function®fThe dashed
in the pp¢ system. Definingo to be the momentum of a curve shows thg dependence of the three body phase space
proton in thepp reference frame and to be the c.m. mo- for I;=1,=0, which was normalized to give the smallggt
mentum of thegp meson, the total cross section can be writ-relative to the measured data. This curve describes the data
ten as the sum of the individual partial wave contributionswell. In contrast, the first moment of the dotted curve which
[69]: denotes the case where thlemeson is in & wave relative
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to the nucleons|¢=0, I,=1) is significantly higher than = T
for the data. These results are consistent with the observation S, [ 7
from the data of Fig. 8 that theé meson is in a nearly pure a |
Swave state relative to the protons. S 15 Rian W
Although thel,;=1,=0 case describes the data well, a ° - -
slightly better description of the data is generated by includ- 10 E I
ing P wave contributions in the proton-proton systéne., E .
[,=0,1 andl,=0). The relative contributions df,=0 and 5 5 ]
|,=1 has been determined by a combineddiilid curve to F 1
the data in the top frame of Fig. 10 together with the differ- o J ST HE A - -
ential cross section as a functionmfwhich is shown in the ol U5 0 oo L
cos(6K")

lower frame of Fig. 10. The dashed curve in Fig. 10 denotes
the behavior of three body phase spacel{erl,=0. In this . . . )
case the data appear to have a significantly higher first mo- FIG. 11. Differential cross section for tiEp¢ reaction plotted

L as a function of the cosine of the polar angle of the daugkter
ment of p, and as a result, the best description of the data . .
includes aP tribution in th i A simult mesons measured in the meson reference frame, relative to the
Inciu es_ wave contribution In thp sys_ em. S"T‘“ & peam direction. The curves represent different assumptions for the
neous fit to thedo/dp anddo/dqg data(solid curve yields

. . . ¢ meson spin alignment along the beam axis: zero alignrfuit
the following ratio of the mean matrix elements for the ted), full alignment as expected at threshdlthsheg, and a fit to

o

=1,1,=0 to thel;=1,=0 states: the data based on partial alignmésolid).
2
%:0_2& 0.07. (11)  tribution and the dashed curve corresponds to é&%dis-
|M oo+ M 1q/? tribution, which is the expected behavior at threshold due to

the complete alignment of theb meson spin(i.e., pgo

Further confirmation that higher partial waves are in-=0.0). Within the statistical errors, the measured data are
volved in ¢ meson production at this beam momentum camot consistent with the sii®’; distribution. The solid curve
be taken from the angular distribution of the daughter kaonss g fit to the data with Eq(12), from which the spin density
from ¢ meson decay. At thresholde.,|;=1,=0) the Pauli  matrix elemenpy,=0.23+0.04 is determined. The deviation
principle requires the outgoing protons to be it%, state,  of p, from the threshold value, together with the result pre-
and thus the total angular momentum and parity of the syssented in Eq(11) and the lower frame of Fig. 9, indicates a
tem must be)"=1". In this case, angular momentum and significant admixture of P, , partial waves in the outgoing
parity conservation require thep entrance channel to be in protons for ¢ meson production at this beam momentum.
a °P; state. Since the orbital projection along the beam di3p, is forbidden in conjunction with,=0, since it would
rectionm_=0 for the incident plane wave, the angular mo- require a I pp entrance channgl.
mentum coupling coefficients require the incidgr spin, Although the angular distribution shown in Fig. 11 devi-
and hence the outgoing meson spin, to be aligned along ates from isotropy, the deviation is sufficiently small that it
the beam axi$7,19,69. Consequently, the angular distribu- jystifies as a reasonable approximation the negle€'in

tion of the daughter kaons in thg meson reference frame acceptance matrix B, used for the total cross section deter-
must display a sﬁ@d, distribution relative to the beam direc- mination.

tion. At finite energies above threshold the spin alignment of
the ¢ meson is diluted by contributions from higher partial
waves, thereby modifying the expected angular distribution IV. DISCUSSION

of thﬁ daughter ka(_)ns.l. . he <oy e ratio of the measured total cross sections forptpe
The ¢ meson spin alignment can be quantified by the spln_>pp¢ and pp— ppe reactions presented in this report is

density matrix. The elements of the spin density matrix arlotted as the filled square in Fig. 12 in comparison to the
related to the emission angles of the kaons fromdfreeson 4o existing data at higher energip#0—43. This data
decay. After integrating over the azimuthal emission angle, it is lower than the other data at higher energy. This is
(¢4) and iImposing11=p-1-1 andp11+poot p-1-1=1.0,  primarily due to the different mass of thi and » mesons,
the diagonal elements of the spin density matrix are relatednq the thereby ensuing strong variation of the ratio of avail-
by the following formula to the angular distribution of the gpie three body phase space volume near ¢gheneson

daughter kaongsee, e.g[19]): threshold. These data are compared to a prediction based on
3 a naive application of the OZI rule, including the variation of
WeK) == SR O5+ po- cof OKT. 12 the available phase spaddashed curve The data point
(©9)=3lrn ¢ Poo o] (12 from this measurement is enhanced by roughly one order of

magnitude relative to the OZI prediction corrected for the
The differential cross section for th@p— pp¢ reaction  available phase space volume.
has been evaluated and is presented in Fig. 11 as a function The ¢/w ratio presented here is based on cross sections
of cos®, based on acceptance matrix A described in Tableneasured at the same beam momentum. In order to reduce
I. The dotted curve in this figure represents an isotropic disuncertainty related to the different phase space volumes, par-
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ET T R without requiring an enhancement®jy over the OZI rule

¥ prediction. The importance of the correlated- p coupling,

| and the small value ofyn, have both been predicted by
I_ MeiRneret al.[15] to result from large cancellations between

] intermediate kaon and hyperon graphs.

1 Although the value ofy,yy is only poorly determined at

1 this point, due to uncertainties in the calculations it appears
as though our measured data can be explained without invok-
ing a large explicit violation of the OZI rule. Nevertheless,
the large decay width',_, ., violates the OZI rule itself and
requires kaon loop diagrams for a quantitative explanation

¢/mw-Ratio

—— Sibirtsev et al. (FSI)
......... OZ| * phase space

10 A [72]. Thus, all these solutions require a dominant role of
10 1 10 intermediate states with open strangeness, thereby indicating
Vs -29 [GeV] that there must indeed be a significant amount of strange sea
quarks available in reactions involving protons.
FIG. 12. Ratio of the total cross sections for the¢ andppw Ellis et al. claim that the enhance@¢ meson production

reactions as a function of the c.m. energy abovedghgroduction
threshold. Shown is the value measured in this w@duare to-
gether with data at higher energies and model calculations d
scribed in the text.

observed inﬁp reactions proceeds dominantly through the
‘rearrangement” proces$ll]. To a large degree this is
%ased on the observation that the enhangedyield is

strongly correlated to the initial spin triplet statep'ﬁanni—

tial wave amplitudes, and proton-proton final state interachilation[38]. Recent results onp annihilation in flight[73]
tions, it is useful to compare thé/w cross section ratio at and pd Pontecorvo reactiong/4] support this hypothesis.
the same c.m. energy above threshold. An evaluation basettcording to their model, the “shake-out” process should
on the solid curve in the lower frame of Fig. 5 indicates thatnot depend upon the initial spin state, and the “rearrange-
the cross section for thep— ppw reaction is about 8.5ub  ment” process should dominantly occur in the spin triplet
at the same c.m. energy above threshold as fortlleeson  state for polarized strange sea quarks, in agreement with the
in this measurementi.e., Q=83 MeV). In this case the data. Following this argumentatiogy meson production in
¢l w ratio would only be enhanced by about a factor 5 rela-proton-proton reactions is also expected to be strongly cor-
tive to the OZI rule, in agreement with the higher energyrelated with the spin triplet initial state.
data. Directly at threshold, the proton-proton entrance channel
The solid curve in Fig. 12 is a calculation from Sibirtsev must be in a®P; state due to parity and angular momentum
et al. [18] using a one pion exchange model and includingconservation, and consequently, the spin of gheneson is
the proton-proton final state interaction. These calculationsaligned along the beam axis. 8&=83 MeV we observe the
which describe the higher energy data well, have an energgpin density matrix elemenigy, to have a large deviation
dependence similar to the ratio of available phase space, arfilom the threshold prediction. This deviation is in qualitative
underestimate our point by about a factor of three. Using agreement with the dilution of the spin alignment expected
—N data, Sibirtsey67] extracts a ratio of the transition am- due to the observed contribution of the=1 partial wave in
plitudes for ppw to pp¢ productionR=|M,|/|[M4=8.5 the exit channel, and suggests that a significant fraction of
+1.0. Assuming thaR is independent of/s near threshold, the ¢ meson production at this beam momentum proceeds
this calculation predicts the® meson cross section to be via the spin singlet'S, and D, entrance channels.

(77+16) nb atQ=83 MeV. A similar model by Chung TABLE VI. Differential cross sections fow (left two columns

et al. [70] including off-shell features of the pion and inter- and ¢ (right two columny meson production as functions of

ference between the direct and exchange diagrams predic(;gs@w ) and cos®?. ), respectively
c.m cm/» :

about 30 nb at this beam momentum. After applying the

rather uncertain absolute normalization to our date Sec. cos@¢,)  do/dQ [ublsi] cos@?,) da/dQ [nbisi
Il D), these predictions can be compared to our measured— " e
value of 190Gt 1480 nb. -0.9 -0.9 8.6:29.5
Another approach by Nakayaned al. [17] explicitly in- -0.7 3.5:2.0 -0.7 15.3-4.5
cludes not only the mesonic current due to the— ¢ cou- -05 3.3:t0.4 -05 17.4-3.3
pling, but also the nucleonic current where tibemeson -0.3 2.9-0.34 -0.3 16.6-2.0
couples directly to the nucleon. The observed angular distri- —0.1 3.0:0.29 -0.1 17.2:2.0
bution, which is nearly isotropic, indicates a dominance of 0.1 3.1+0.23 0.1 13.31.5
the mesonic current in contrast to the T®¢,, distribution 0.3 2.9+0.13 0.3 16.61.4
expected for the nucleonic current. As a result of the domi- 0.5 3.3+0.07 0.5 14.51.2
nance of the mesonic current, they can not extract a unique 0.7 3.9+0.09 07 15.41.2
value for the coupling constaggy,, - In a similar model by 0.85 5.4-0.1 0.9 16.2-1.2
Titov et al. [19,71], our total cross section and differential 0.95 8.0-0.1

cross section as a function 6f¢ . can also be reproduced
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TABLE VII. Differential cross sections for thpp— pp¢ reaction as a function of the angle of a proton
measured in th@p reference frame relative to the beam directiteft two columng and relative to the
direction of the¢p meson(center two columns The right two columns tabulate the differential cross section
as a function of the polar angle of the daugh{ér meson, measured in tkemeson reference frame, relative
to the beam direction.

cos@p,)  do/dQ [nb/si] cos(p)  do/dQ [nb/si] Cos@g*) do/dQ [nb/si]
—0.875 15425 —0.875 18.7#2.7 —0.875 10.32.4
—0.625 16.21.7 —0.625 17.1+3.8 —0.625 15.51.6
—0.375 15.31.9 —0.375 14.2-2.8 —0.375 16.4-1.7
—0.125 14.81.8 —0.125 11.82.4 —0.125 17.421.3
0.125 15.91.9 0.125 12.21.9 0.125 17.61.6
0.375 14.*+1.6 0.375 14.4£2.2 0.375 15.62.0
0.625 15.81.8 0.625 14524 0.625 16.21.8
0.875 13.5:1.5 0.875 18.6¢2.9 0.875 12.62.7
V. SUMMARY AND CONCLUSIONS Further information to help determine the origin of the

ls.trange sea quarks can be taken from polarization observ-

the production ofp andw mesons in proton-proton reactions ables. For instance, bas_ed on a dqmmance of the rearrange-
at3.67 GeVi are presented. The total cross section ratio fof €Nt Process, the polarized intrinsic strange sea quarks pre-
these mesons is observed to be about an order of magnitud@ & SPIn triplet initial state fok> meson production. The
larger than expected from predictions based on a naive al5i_|fferent|al cross sections presented in this report indicate
plication of the OZI rule. This enhancement is slightly largerthat the proton-proton entrance channel is not in a p’_’tIPrg
than the data measured at higher beam momenta, howev&@te at the beam momentum of 3.67 GeVf the polarized
significant uncertainty remains regarding the relative contriintrinsic strangeness model is correct, then the ratio
butions of different partial waves to thg versusw produc- ~ should increase in direct proportion to the fraction of spin
tion processes. triplet in the initial state. Thus, it would be very useful to
Apparent violations of the OZI rule ipp reactions have follow the correlation of theg/w ratio to the spin triplet
sometimes been attributed to a significant contribution ofraction as a function of beam momentum closer to threshold
intrinsic strangeness to the proton’s wave function. On thevhere the triplet fraction must rise.
other hand, most of the observed enhancement oftnee- Another sensitive test of the intrinsic strangeness model
son vyield inap annihilation can be explained in terms of would be to determine thé meson production cross section
rescattering and loop diagrams. However, the laggemp I Proton-neutron reactions. For instance, based on the intrin-
coupling also requires kaon loops, and thus the intermediat8ic Strangeness model, Ellet al. predict the cross section
states are dominated by hadrons with strange quark conterftio to beop .npg/0pp.pps=~0.25 near thresholfil1]. In
Therefore, both interpretations involve a significant contribu-contrast, meson exchange modelf19,68 predict
tion of strange sea quarks to hadronic reactions involvingrnp?nw,/a.ppﬂpw,%5 near threshold. '
protons. Finally, it would also be very important to determine the

In this paper total and differential cross section values fo

TABLE VIII. Differential cross sections for thep— pp¢ reaction as a function of the c.m. momentum
of the ¢ meson (, left two column$ and as a function of the proton momentum in the proton-proton
reference frameg| right two columng.

g [GeVic] do/dqg [ub/(GeVic)] p [GeVic] do/dp [ub/(GeVic)]
0.017 0.01#0.012 0.0145 0.60.55
0.051 0.064:0.015 0.0435 0.0790.040
0.085 0.18@:0.030 0.0725 0.1780.037
0.119 0.37%0.038 0.1015 0.1990.060
0.153 0.5730.052 0.1305 0.4570.058
0.187 0.686:0.078 0.1595 0.8190.087
0.221 0.923:0.097 0.1885 0.9610.083
0.255 1.09-0.087 0.2175 1.250.12
0.289 0.95%0.11 0.2465 1.380.11
0.323 0.5850.083 0.2755 0.9260.087
0.357 0.1480.098 0.3045 0.3820.065
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® meson yield and partial wave contributions at the samevork has been supported in part by the following agencies:
excess energy relative to the threshold as presented here foNRS-IN2P3, CEA-DSM, NSF, INFN, KBN2 P03B 117
the ¢ meson. The angular distributions closer to thresholdlO and 2 PO3B 115 35and GSI.

are needed to disentangle the mechanisms involved iwthe

meson productioi75], and this would eliminate the uncer-

tainty related to the relative contributions of the different APPENDIX: DATA TABLES

artial waves in the@pw and systems.
P PP PPRé sy In this section the differential cross sections presented in

the figures above are listed in Tables VI, VII, and VIII. In
addition to the statistical errors quoted here, there are the

We would like to thank the staff of the Saturne Labora-systematic errors and the overall normalization uncertainty
tory for providing excellent experimental conditions. This discussed above.
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