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trometer at SATURNE. The �rstobservation of the � meson near the produ
tion threshold and the �=! 
rossse
tions ratio has been 
ompared to predi
tions based on the OZI rule andon one-boson-ex
hange models. Measured in
lusive 
ross se
tion for K�mesons produ
tion is about a fa
tor of 20 lower than for inl
usive K+ pro-du
tion at the same CM energy above threshold. This fa
t is in strong
ontrast to 
ross se
tions observed in sub-threshold heavy ion 
ollisions.The produ
tion of � and �0 mesons has also been measured, in an e�ort togain information on the �0-nu
leon 
oupling. The normal spin transfer 
o-e�
ient (DNN ) has been determined for ex
lusive hyperon produ
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2420 P. Salabura et al.1. Introdu
tionThe large a

eptan
e of the DISTO spe
trometer allowed many di�erent�nal states to be 
olle
ted simultaneously, providing a data base for a verybroad physi
s program:Pseudos
alar �; �0 and ve
tor ! and � mesons produ
tion have beenstudied. As a result, various questions ranging from: OZI rule violation inhadroni
 rea
tions, antikaons produ
tion 
ross se
tion important for sub-threshold K+,K� 
reation in heavy-ion 
ollisions to the exoti
 properties ofthe �0 meson 
an be addressed, as will be presented in the up
oming se
tions.One of the major questions being addressed is the hyperon produ
tionme
hanism. Polarization observables in hyperon produ
tion are importantto distinguish between di�erent meson-ex
hange models reprodu
ing near-threshold 
ross se
tion measurements [1℄. In pursuit of this problem we havemade the �rst measurement whi
h 
ombines polarized beam with ex
lusivehyperon produ
tion kinemati
s.2. ApparatusA polarized proton beam from the SATURNE proton syn
hrotron within
ident momentum pbeam = 3:67 GeV/
 was dire
ted onto a liquid hydro-gen target of 2 
m length, and multiple 
harge parti
le �nal states weremeasured with the DISTO spe
trometer [2℄. The 
harged parti
les weretra
ked through a magneti
 spe
trometer and dete
ted by an array of s
in-tillator hodos
opes and water �erenkov dete
tors. The magneti
 spe
trom-eter 
onsisted of a dipole magnet (� 1:0 T � m), 2 sets of s
intillating�ber hodos
opes inside the �eld and 2 sets of multi wire proportional 
ham-bers (MWPC) outside the �eld. The large a

eptan
e of the spe
trometer(� �15Æ verti
al, �48Æ horizontal) allowed for 
oin
ident dete
tion of four
harged parti
les, whi
h was essential for the kinemati
ally 
omplete re
on-stru
tion of many �nal states (pp�+��, pp�+���0, pp�+���, ppK+K�,pK�, pK�). Parti
le identi�
ation was a
hieved using the light outputfrom the water Cherenkov dete
tors and energy loss measurement in thehodos
ope. 3. � and ! meson produ
tionIt is by now widely a

epted that the nu
leon's stru
ture is substantiallymore 
omplex than the simplest pi
ture of three valen
e quarks. Experimen-tal information on the nu
leon's stru
ture fun
tions with polarized beams [3℄and the ��N term in pion nu
leon elasti
 s
attering [4, 5℄ suggest a signi�-
ant 
ontribution of strange sea quarks to the nu
leon's wave fun
tion. Inaddition, �pp annihilation studies [6℄ have observed that � and ! meson 
ross



Meson and Hyperon Produ
tion Results from : : : 2421se
tion ratio is enhan
ed by up to two orders of magnitude relative to predi
-tions based on a naive appli
ation of the Okubo�Zweig�Iizuka (OZI) rule [7℄.A
ording to the OZI rule, pro
esses with dis
onne
ted quark lines in the ini-tial or �nal state are suppressed. As a 
onsequen
e of the near ideal SU(3)mixing, the � meson produ
tion should be strongly suppressed as 
omparedto the ! meson in rea
tions of hadrons with negligible strange quark 
ontent.The observed apparent violation of OZI rule in �pp is most dramati
 for 
han-nels with : (a) dominan
e of spin triplet 3S1-wave annihilations at rest (b)small invariant mass of a �nal state parti
les (
 or �0) and small invariantmomentum transfer [6℄. These �ndings have been interpreted in terms of po-larized intrinsi
 �ss 
ontribution to the proton's wave fun
tion. In parti
ularrearrangement diagrams of spin-triplet initial �pp would yield preferentiallyspin triplet �ss state su
h as the � [8℄. Alternatively, kaon ex
hange modelshave been proposed to explain the � produ
tion [9℄. Further insight on theorigin of the enhan
ed �=! ratio in �pp annihilation 
ould be provided bystudying near-threshold proton-proton rea
tions, where the kinemati
s aresimilar to �pp but predi
tions based upon intrinsi
 strangeness in the nu
leonand kaon ex
hange models might be expe
ted to di�er. One should notethat due to the momentum and parity 
onservation spin triplet state is theonly allowed spin 
on�guration for the � produ
tion in pp rea
tions at thethreshold [10℄.The rea
tion pp! pp� was observed via K+K� de
ay of the � meson,where kaons are identi�ed using the �erenkov dete
tors [11℄. Sin
e the 4-momenta of all parti
les in the �nal state have been measured, the events arekinemati
ally over�determined. Therefore, 4-momentum 
onservation 
anbe used for a drasti
 ba
kground suppression by requiring that the proton-proton missing mass (Mppmiss) be equal to the K+K� invariant mass (MKKinv ).The distribution of the di�eren
e of these two quantities is plotted in theleft frame of �gure 1 with 
lear signal from events 
onsistent with K+K�produ
tion. The right frame of �gure 1 presents K+K� invariant massdistribution. It 
an be seen that at this beam energy a large fra
tion of kaonpairs is produ
ed via intermediate � meson.The rea
tion pp! pp! was identi�ed via �+���0 de
ay of ! meson withundete
ted neutral pion [11℄. For this analysis the 4-parti
le missing massMpp�+��miss and 2 parti
le missing mass Mppmiss must 
orrespond to a missing�0 and a missing !, respe
tively.The �=! ratio from our experiment (�lled square) is shown on �gure 2together with existing higher energy proton-proton data [12℄. All errorbars shown are the sum of systemati
 and statisti
al errors. The dashedline 
orresponds to the OZI predi
tion multiplied by the ratio of available3-body phase spa
e for � to ! produ
tion. Our result shows that the �=!ratio appears to rise slightly 
ompared to the OZI rule expe
tations as one
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hes the threshold. The solid line results from a model 
al
ulationby Sibirtsev et al. [13℄ using a one pion ex
hange model and in
ludingthe proton-proton �nal state intera
tions. Although the higher energy dataagree well with the predi
tions of Sibirtsev et al., near threshold the mea-sured ratio is enhan
ed by about a fa
tor 3. In other models of [14℄ and [15℄� produ
tion dominantly arise from the known 
oupling to the �� 
hannel.The angular distributions of the � and ! mesons are shown in Fig. 2.Sin
e the entran
e 
hannel is symmetri
, the observed symmetry about
os(�
m) = 0 is expe
ted. From the upper distribution we 
on
lude thatthe � meson is predominantly in a S-wave state relative to the pp system.The ! meson's angular distribution has been �t with an expansion using the�rst three even Legendre polynomials. The deviations from isotropy indi
atethat higher partial waves are involved in the ! produ
tion.The produ
tion 
ross for � and ! produ
tion 
an be determined usingnormalization to simultaneously measured � yield. The 
ross se
tion forthe rea
tion pp ! pp� at our beam energy has been derived from a �tto a

urately measured data [16, 17℄ with ex
eption of the measurementat pbeam = 2:8GeV=
 by E. Pi
kup et al. with a large systemati
 errordue to ba
kground subtru
tion. From the �t we estimate the total 
rossse
tion for the rea
tion pp! pp� at pbeam = 3:67 GeV=
 to be 135� 35�b.Based on this normalization, the ! and � produ
tion 
ross se
tions are50 � 3 � 19�b and 0:19 � 0:014 � 0:08�b, respe
tively, in
luding both thestatisti
al and systemati
 errors for the ! and � meson results. The !produ
tion 
ross se
tion is in good agreement with existing data [17,18℄ (nearps�psth � 0:41 GeV), whi
h provides a very important indi
ation that thea

eptan
e 
orre
tion pro
edure and absolute normalization method do notintrodu
e a systemati
 bias signi�
antly larger than the quoted systemati
errors. 4. In
lusive K� meson yieldCurrently there is mu
h interest to determine the total K� produ
tion
ross se
tion in nu
leon-nu
leon rea
tions near threshold. This 
ross se
tionis of parti
ular importan
e for heavy ion physi
s. In heavy ion 
ollisions ithas been observed that the K� and K+ produ
tion 
ross se
tions are thesame in sub-threshold rea
tions that are measured at the same 
enter of massenergy relative to the respe
tive thresholds [19℄ (see also 
ontribution of P.Senger to this 
onferen
e). The ne
essity to in
lude pro
esses in 
al
ulationsof heavy ion 
ollisions that enhan
e the K� yield relies on the expe
tationthat the K� 
ross se
tion is mu
h lower in pp rea
tions. However, the K�meson 
ross se
tion data have either been before dedu
ed from K0 results[20℄, or taken from di�erent ex
lusive 
hannels with one or two pions in



2424 P. Salabura et al.the �nal state. Furthermore, there is a la
k of pp ! K�X data for theregime ps � ps0 < 0:5 GeV where most of the K� mesons are produ
edin heavy ion 
ollisions [22℄. Therefore, the DISTO [23℄ (Fig. 1) resultprovides an important 
omparison for the heavy ion data sin
e it is the �rstK� 
ross se
tion measurement in the near threshold region. This resultis equivalent to the in
lusive 
ross se
tion sin
e no other 
hannel in
ludinghadrons is kinemati
ally allowed (N.B. Q = ps � ps0 = 0:11 GeV=
2 <M�0). Re
ently, COSY-11 has also reported on K� near threshold 
rossse
tion measurement (see P. Moskal 
ontribution to this 
onferen
e).The total in
lusive K� 
ross se
tion, with the absolute normalizationdis
ussed above, of (0:21 � 0:11 � 0:08)�b has been determined. This 
rossse
tion is about a fa
tor 20 lower than pp ! K+ + X data at a similaravailable energy [24℄.5. �0 meson 
oupling to the nu
leonThe �0 meson has unusual properties related to important aspe
ts ofQCD. For instan
e, 
hiral symmetry gives rise to a group of nearly masslesspseudos
alar parti
les (so 
alled Goldstone bosons). However, the mass ofthe �0 meson is mu
h larger than the remaining eight pseudos
alar mesons(�; � and K). This was the 
ause of mu
h 
on
ern until it was realized thatquantization e�e
ts in QCD lead to the 
hiral UA(1) anomaly whi
h allowsthe SU(3) singlet state (�1) to a
quire mass by mixing with pseudos
alargluon states. Due to the small pseudos
alar mixing angle (�P � �10Æ to�20Æ) [25℄, a gluoni
 admixture would primarily in
rease the �0 meson'smass. Nevertheless, it is still disputed how to appropriately des
ribe the
onstituents of this meson.The produ
tion of the �0 meson in proton-proton rea
tions has beenobserved dire
tly above the threshold [27, 28℄, however, an extra
tion ofg�0NN is di�
ult due to the large Final State Intera
tions (FSI). On theother hand, the preliminary DISTO results presented here were measuredat a beam momentum su�
iently above threshold so that the FSI no longerdominates the produ
tion me
hanism.The �0 mesons were identi�ed by observing the �0 ! �+��� ! �+��+neutrals de
ay 
hannel [26℄. After sele
ting events with four 
harged parti-
les (pp�+��) it was required that the proton-proton missing mass (Mppmiss)be equal to the �0 mass and that the four parti
le missing mass (Mpp�+��miss )be equal to the � mass. The obtained proton-proton missing mass distribu-tion with 
lear �0 signal is shown on Fig. 3. The dashed 
urve represents theba
kground 
ontribution and the solid 
urve shows sum of the ba
kgroundand the signal (dotted 
urve). After full a

eptan
e 
orre
tions and absolutenormalization via the � 
ross se
tion, a total produ
tion 
ross se
tion has
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les(pp�+��) in the �nal state and 4-parti
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onsistent witha missing � meson. (right) Total 
ross se
tion for the pp ! pp�0 produ
tion asa fun
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ir
le data point and the other points are taken from the literature.The 
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al
ulations des
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hange model
al
ulations in
luding (solid line) and ex
luding (dashed line) proton-proton�nal state intera
tions [30℄.6. Spin transfer in ex
lusive hyperon produ
tionStudy of polarization observables in the produ
tion of hyperons is a verypromising tool in the identi�
ation of the most e�e
tive degress of freedomin hadroni
 intera
tions. Transition from quark and gluons to mesoni
 de-grees of freedom 
ould be elu
idated for example by examining the evolutionof spin observables in � produ
tion in proto-proton rea
tions where a largebody of experimental data for in
lusive rea
tions appears to span the tran-sition regime (5 < ps < 60 GeV).We 
on
entrate here on spin transfer 
oe�
ient (DNN ) from the polar-ized beam to the produ
ed hyperon be
ouse they are sizable and and subje
tto simple interpretation withinh either meson ex
hange or 
onstituent quarkrea
tion models [34℄. The subs
riptsN label quantization axis normal to theprodu
tion plane formed by the beam proton and the produ
ed hyperon mo-
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tors. Hyperon produ
tion 
andidates were sele
ted from eventswith four re
onstru
ted tra
ks, 
onsistent with identi�
ation as p and K+from a primary vertex within the target volume and p and �� from a de
ayvertex displa
ed by � 1 
m [31℄. Ex
lusive � produ
tion events were identi-�ed as those with both the invariant mass of the p�� pair (Mp��) and themissing mass re
onstru
ted from the pK+ pair equal, within resolution, tothe � mass.
-0.5 0.0 0.5 1.0

xF

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

D
N

N

  3.67 GeV/c (exclusive)
  3.67 GeV/c (semi-inclusive)
  13.3 GeV/c
  18.5 GeV/c
  200 GeV/c

0.0 200.0 400.0 600.0 800.0
pT (MeV/c)

-0.8

-0.6

-0.4

-0.2

0.0

0.2

D
N

N

(a)

(b)

   

-1.0 -0.5 0.0 0.5 1.0
xF

-1.0

-0.5

0.0

0.5

1.0

D
N

N

p→

p→

p→

p→

p

pp

p

π π

K+
K+

K+

K+

K+

K+

Λ
→

Λ
→

Λ
→

Λ
→

p

p

p

p

Fig. 4. left:(a) Measured DNN values vs. transverse momentum transfer for theex
lusive pK+� rea
tion. (b) DNN as a fun
tion of xF for the present ex
lusive� produ
tion and for in
lusive � produ
tion at various higher in
ident momentafrom Refs. [32, 33℄. Also shown for 
omparison are the semi-in
lusive results fromthe present data. right:Theoreti
al 
al
ulation [1℄ of DNN for various ex
lusive �produ
tion me
hanisms: kaon-ex
hange (solid 
urve),pion-ex
hange (dashed), orboth 
ombined with a �� p �nal state intera
tion (dot-dashed). The Feynman di-agrams indi
ate the dominant ex
hange 
ontributions for positive vs. negative xF .The 
al
ulations are integrated over all phase spa
e in other kinemati
 variables.Figure 4 shows the DNN results for the ex
lusive � produ
tion as afun
tion of both (a) the transverse momentum transfer pT (from ~p to ~�)and (b) the �'s longitudinal momentum, expressed as a fra
tion (xF ) of itsmaximum kinemati
ally allowed value. The negative sign signi�es that the
omponent of the � polarization that is 
orrelated with the beam spin isoriented opposite to the beam spin. The error bars in Fig. 4 in
lude statisti-
al, but not systemati
, un
ertainties from the ba
kground subtra
tion andthe ���0 peak �tting. We estimate the asso
iated systemati
 errors to be� �0:02 and �0:04, respe
tively, and do not a�e
t the striking qualitativebehavior observed for DNN or the 
on
lusions drawn below.As it has been mentioned above, DNN parameter is espe
ially sensitiveto the hyperon produ
tion me
hanism. For example, in a meson-ex
hangeframework, DNN distinguishes 
learly between �- and K-ex
hange 
ontri-butions. This is illustrated in Fig. 4 by theoreti
al 
al
ulations employing
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tion Results from : : : 2427the model of Ref. [1℄. At large positive xF , DNN is maximally di�erent forthe two dominant 
ontributions indi
ated in the �gure. To 
onserve angularmomentum and parity, kaon emission at this vertex (bottom right diagram,Fig. 4) 
auses a spin-�ip, yielding DNN = �1 whereas the pion emissionpro
ess (upper right) requires DNN = +1. The predi
ted DNN tends to-ward zero for both me
hanisms at the more negative xF , sin
e the hyperonis then 
onne
ted preferentially to the unpolarized (target) proton.The large negative values observed for DNN at xF > 0 in Fig. 4(b)
an thus be interpreted in a meson-ex
hange framework to suggest kaon-ex
hange dominan
e. The full theoreti
al 
al
ulation (dot-dashed 
urve inFig. 4, not yet folded with the experimental a

eptan
e) is qualitativelysimilar to the measurements. 7. SummaryIn 
on
lusion, the produ
tion of �, �0, ! and � mesons as well as � and�0 hyperons has been studied by measuring their 
harged de
ay produ
tsin pp rea
tions at pbeam = 3.67 GeV/
:The �=! 
ross se
tion ratio has been measured and is observed to ex-
eed a naive appli
ation of the OZI rule by an order of magnitude. Although
al
ulations using the known ���� 
oupling are able to explain the enhan
e-ment observed at higher energies, these predi
tions still underestimate thenear threshold behavior by a fa
tor 3. However, more re�ned 
al
ulationsmay well provide an explanation for this in
rease without expli
itly requiringa signi�
ant 
ontribution of s�s to the nu
leon's wave fun
tion.Furthermore, we have determined the in
lusive K� produ
tion 
ross se
-tion in a energy regime that is very important for the interpretation of heavyion indu
ed rea
tions in whi
h the e�e
ts of partial restoration of 
hiral sym-metry are being studied.The total �0 meson produ
tion 
ross se
tion has also been measured.This result will be useful to help determine the strength of the �0-nu
leon
oupling. Moreover, this 
oupling may provide further insights to the po-tentially strong gluoni
 
omponent of the �0 meson.We have reported the �rst polarization transfer measurements for anex
lusive hyperon produ
tion rea
tion, pK+�. The large negative valuesobserved for DNN at positive xF represent a robust qualitative behaviorsuggestive of a produ
tion me
hanism dominated by kaon-ex
hange, andquite di�erent from high-energy observations for in
lusive hyperon produ
-tion.Finally, these results also provide a very important starting point for theunderstanding of hadroni
 properties in a dense nu
lear environment as willbe measured by the HADES dete
tor whi
h is under 
onstru
tion at GSI.This work was in part supported by KBN 2P03B 115 15.
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