View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Juelich Shared Electronic Resources

EPJ manuscript No.
(will be inserted by the editor)

Aspects of ¢-meson production in proton-proton collisions

A. SibirtseV, J. Haidenbauérand U.-G. MeiRnér?

1 Helmholtz-Institut firr Strahlen- und Kernphysik (Thez;iUniversitat Bonn, NuRallee 14-16, D-53115 Bonn, Geyna
2 Institut fur Kernphysik (Theorie), Forschungszentrumiich GmbH, D-52425 Jiilich, Germany

Received: date / Revised version: date

Abstract. We analyze near-threshold cross section data for the oeagii—pp¢ published by the DISTO collabora-
tion and recent, still preliminary results presented byANKE Collaboration. We formulate a procedure to evaluate
the OZlI ratio at low energies by taking into account cor@tdifrom the kinematics and the final-state interaction. Com
bining the new data with the few measurements availablegdiehienergies we give a limit for the OZI rule violation
and estimate the possible contribution from a five-quarldac resonance coupled to the system.

PACS. 13.60.Le Meson production — 14.20.Gk Baryon resonancdsSwb — 12.10.Qk Unification of couplings —
12.38.Qk Experimental tests

1 Introduction (13.4 4 3.2) - 10~3. Apparently, all phenomenological mod-
els [10[ 11,12, 18.14] that directly incorporate ther andwpr

#-meson production in hadronic reactions motivates both e4gtices would be able to reproduce the large ratio given@bo

perimental and theoretical activities for several reasangell | € Sameis alsotrue fof N — N N¢/w calculations[[15. 16]
known argument is the possible violation of the Okubo-Zwei*’h'Ch utilize TN—¢N and 7N —wN transition amp_llz;[udes
lizuka rule [1[2.B8] and the role of the strangeness contighieo T1tted to the data. Therefore, values aroung),,~13-10~" [9]
nucleon. Moreovergp production allows to search for cryp-&'€ not necessarily related to the strangeness conterd otin
toexotic baryons with hidden strangeness. cleon. Only ratios significantly larger than this value ntigk

The OZI rule states that the production of open as well ggnsidered as a possible indication ofzacomponent of the

hidden strangeness from any initial state that does noaaoat |n|tlzl state. Vsi<TL7 d h ducti
ss component is strongly suppressed relative to the prodmctg) \r/]ery recenthanayil- Ih 1 0f an “i photopro ucrt]|0n
of non-strange states. Therefore, studies of the OZI rue 42 the proton shows that the ratg; ., = 0.80.2 at pho-

generally based on considering measurements of corresp(}ﬂa energies above 30 GeV. This was interpreted in terms of

ing p-meson and,-meson production reactions. The cross Seg_uark—antl-quark fluctuations of the photon. Considering t

tion ratio, R,/,,, is then compared with the limit proposed by‘%: dd, s3, cc, bb andtt photon structure one might expect that
Lipkin [&]. The latter follows from SU(3) symmetry and in-at high energies, i.e. in the perturbative QCD regime, thiesa

volves the experimentally known deviatiafid,,=3.7° from ofdifferentvegtormesons approach unity, up to corresite
b y v to the hadronic wave functions. The analy5is[18, 19) afnd

;[.he(? ideal mixing angle between singlet and octet vector mmsoj/w photoproduction results in the rae, g1, —0.04-£0.01
at photon energy aroungt10® GeV, i.e. at the maximal en-
9o 9inn o(TN—¢pX) o(NN—¢X) ergy wherew-meson photoproduction data are available. We
Ryjp=—m—=75—= (7rN—>wX):0(NN—>wX) concluded that the largg/w and[J/¥]/w ratios observed in
Jiopr  JuNN T photoproduction at high energies are related to the nafuheo
=tan®(Afy)=4.2-10"%, (1) photonitself but are irrelevant for the strangeness cawfiche
nucleon. It was also noted that tiiephotoproduction at low
where they’s denote corresponding coupling constants &nhd photon energies and for large four-momentum transfer squar
stands for any inclusive final state that does not contaamgé ¢ could not be understood in terms of perturbative QCD and
quarks. Actually Eq.[{1) is already violated on the levellw t probably the large ratid?,;,,~0.1 at |t|>2 GeV? can be only
¢pm andwpr coupling constants that can be extracted froexplained if one assumes a large ratio of #Mé N andw N N
p—pm, w—3m, w—ny and p—my decays [[E.6]. These de-couplings. Modern dispersion analysgs|[20,21] of the rarcle
cays [7] resultin an average ratity,, = (12.5+£3.4) - 1073. electromagnetic form factors show that the squared ratio of
Note that is also established [8] that the-pr decay alone these coupling constant is abaub.23 (provided one assumes
violates OZI rule. that the whole strength in the spectral functiont at 1 GeV?
A systematic analysi$ [9] of experiments grandw pro- is entirely given by the-meson, therefore such values should
duction inTN and NN reactions led to a ratio of;,, = be considered as upper limits).
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There are still some phenomehal[22] which could be a sig- 104

nal of ass component in the nucleon. For example, protonzy 3? o) PP — ppw

i ihilati 10°F —
antiproton annihilation at rest results /., =0.29440.097 \_3; e
forthe¢y andw final states while arati®,, ,,=0.106+0.012 102 e lV"w M4 L/
was found for thepr andwm channels. At the same time the ~ (g [ 6.’-9"
available data for the annihilation in flight yield a ratit, /., ’ AAA T
= (14.5541.92)-10~3, which is compatible with the ratios ex- —1f A AL
tracted fromr NV and N N reactions and from vector meson de- 10_2 E_ -7
cays. Again a substantial violation of the OZI rule was ditéc 10 F i
at low energies. 0 e e i

These observations in thep and pp reactions provide a 107 1072 107" 1

strong motivation to further search for substantial OZerdt .~ g,
olations at low energies. In 1998, the DISTO Collaboratien r £ i p
ported a low energyp — ppV measurement indicating thatZ - *
the ratioR ,, is enhanced by about an order of magnitude re(.® 60 |
ative to the OZI limit given in Eq.[Q1). The experiment was= [ fé 8
done at a proton beam energyBf,;, ~2.85 GeVi,i.e. at an ex- A =—==~= A A $ = —Q ~+
cess energy~82 MeV above thep—pp¢ reaction threshold. -
At such low energies corrections due to the differencesén th 20F A
pp—pp¢o andpp—ppw phase space and the final state inter- [ v
action (FSI) should be implemented for a meaningful analysi e
with regard to an OZI rule violation. Indeed EF] (1) holdsyonl 10 10 10 eV
for high energies and when the cross sections are pragticall € ( € )
energy independent. Fig. 1. (@) Thepp—ppw cross section and (b) the average reaction
Since the corrections mentioned above were not fully inamplitude| M. | as a function of the excess energy. The cross sec-
plemented in the analysis of Reff._]24] the results given lgy ttion data are from Refs[[23] (solid inverse triangles).][2<olid
DISTO collaboration can be only considered as qualitatise esquares)/[29] (solid triangles). [26] (solid circles)dd@ 7] (open cir-
timations. Here we describe a procedure for the data evatuatc'es). respectively. The corresponding values in (b) ameeted from
that allows for an analysis of any 3-body final state. Follow® cross section data via Eg] (2). The open triangles qmnesto
ing that procedure we extract the rafty ., from the DISTO the data of Ref[[29] but using EQI(5). The dashed line cpoeds
results and from preliminaryp—pp¢ cross section data re-10 EG. Q) with | M|=40 ".“' while the dotted line 'T‘d"?ates the re-
ported recently by the ANKE Collaboratidn |25]. Note tha&ethSUItS W|th|_ou(tj FS Cgf.recﬂ"”s- The hatChedf areha |nd|ca'|esa1v§r-
evaluation of the ratid,, ., requires data fopp—ppw as well. age amplitude used in the present paper for the OZI analysis.
High-statisticsv data were published recently by the TOF Col?\jShllgc?ted line 652? phenomenological fit to the data of drenf
laboration[[28, 2I7]. Those data allow us to extractjthesppw =40 fm exp(=0.27c).
reaction amplitude, which can be considered an added bonus

of our present study. _ wheree=,/s—2my—ms,,, /5 is the invariant collision energy
Th_e manuscript is organized as follows. In Sﬂe_m. 2 we presgjfiiten in terms of the proton beam kinetic enef@y, by s =
and discuss our method to extract the OZI ratio from data 8,y (2m +T}.,) andmy, m,, are the nucleon and-meson

vector meson production in proton-proton collisions. Iefs  masses, respectively. The FSI effects are taken into atbgun
plied to data from Saclay and COSY and the results are pfgeans of the Jost function method with

sented in Sedl]3. Sdd. 4 is devoted to the possible coupling of
exotic states to the-proton final state. We end with a summary 4 qtiB [r3? rg? 1 g2 ]
and outlook in Sedl5. |7 (q)] e |2 T At T 3)

T
<«

which at smally goes over into the Watson-Migdal parameter-
ization and at largg approaches unity. In EJ1(3) and3 are

2 Method for extracting the OZI ratio from the parameters that specify the FSI between the protons; the

proton-proton collisions are related to the scattering parameters by
Using non-relativistic 3-body phase space and applyingecer o + 0 — 2 @)
tions due to the FSI between the protons, the avepageppw T af T a+p
reaction amplitudgM|? can be extracted from the reaction
cross sectiom by means of[[28] with a<0 and3>0. In the present study we use the values
) —20.5MeV/c andi = 166.7 MeV/c. Integrating the square of
\/W €2 the Jost functiorf{3) over the nonrelativistic 3-body presce
o(€) = 57 e yields the factor in front ofM|? in Eq. [2).
212 (2my +mo)3? \[s? — dsm3, The presently available data for thg—ppw reaction cross
4% — 402 section 28,24, 26,27, 29] are shown in fh. 1a) as a funaifon
< 1g 3 o M2, @ ion[ZR. 24,26 ] wn in fib. 1a) u

the excess energy. Applying Efl (2) we can extract the agerag

—a++Va? +mye
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reaction amplitudeM|. Corresponding results are displayed

in Fig.[b). To evaluate thé/w ratio for the DISTO and ANKE 10 ;-o) PP — pPpY
data we need thgp—ppw reaction amplitude for excess en-S;
ergies in the range Xx<100 MeV. The only data available

in this energy range are those of the TOH [26,27] and SPES- ;
111 [29] collaborations. The reaction amplitude extracfesim 10-1 [
the SPES-III data via Eq[]2) exhibits a strong energy depen- :
dence near threshold which might be due to (neglecting) the 10-2;_
finite width of thew meson. Indeed one should account for ;
thew width, I"'=8.49 MeV, when analyzing the data at low ex- 10-3'
cess energiese. ate~I". In that case the relation between the 10
pp—ppw Cross section and reaction amplitude is given as

N
S0
\/5727711\] E g
© 1 / de T |M|? o [
ole)= —_—— S F
8735+/52 —dsm?2 21 (z—my,)2+172/4 -
28735/ 52 —4smy; s 7 (r—my,) / = 10_2
(vo—)* :
/d VyE—dym?\/(s—y—x)2—dya? y?—4m?3, +43 5)
Y Y y2—4mi+4a? -
4m?, 10_3 R R T BT
_3 -2 —1
_ S _ 10 10 10 1 10
Replacing thes-meson spectral distribution by tlefunction £ (GeV)

in EQ. one recovers EdL](2) in the non-relativistic limit_. . . .
Indegdttarze relativistic corrggt(io)ns play only a minor rote & '% % (&) Thepp—ppe cross section and (b) the ratio of the ampli-
<10 GeV, which can be checked by numerical integrati tudes M 4|*/| M., |* as a function of the corresponding excess energy.

i . e square is the result from DISTO[24], the stars are thénpre
of Eq. {8). Thepp—ppw reaction amplitude extracted frominary ANKE data [25], while the triangles are from Refs.][20].

.SPES'IH data utilizing qu]S) IS Sh(_)wn by th.e open trlal39|el'he open circles in (b) are from ratio measurements in theefod

in Fig.[b). Although again the amplitude deviates from a-Cofemisphere T2L32]. The dashed line shows the result ofBqith
stant at smalt we interpolate it asM| = (40+3) fm for our | M| = 2.3 fm, while the dotted line indicates the results without FSI
further OZI analysis. Finally the dashed line in Hifj. 18)who corrections. The solid lines are the results obtained highinclusion
the result of Eq.[2) withM|=40 fm, while the dotted line of a baryonic resonance coupleddp system, discussed in Sect. 4.
indicates the results without FSI corrections, with a=(3 in The hatched area indicates the ratio extracted previo@lfrgm a
Eq. ). combinedr N and NN OZI analysis. The arrow indicates the OZI

We would like to make a short comment concerning the F&hit given in Eq. [3).
corrections, or more precisely concerning the normabzretf
the lines in Fig[la). Since we choose!|=40 fm we reason-

ably describe the data fexK1 GeV. But the use of a constant

matrix element in Eq.J2) apparently leads to an overestim¥Pich might be related to systematics. Thus, for calcufgtire
tion of the cross section at high energies. However, onelgho[A10 for the DISTO and ANKE data we use the average ampli-

keep in mind that any phenomenological model for that rea¢/de|M| = (40+3) fm for w meson production. The triangles
tion will contain form factors that depend on the squared-fod" Fig.[b) show the ratios obtained from the data on the total
momentum transfer from the initial to the final proton. Thi§fOSS sections of RefS. [23]30]. The open circles are rptibs

t-dependence becomes substanfial [28] at 1 GeV and ef- lished in Refs.[[31,32] which correspond to cross sectioa-me
fectively reduces the value of the integral over the phaaeap surements in the forward hemisphere. Note that at such high

This in turn allows to describe data at high energies withizhs €nergies differences in the phase space are practicalligheg
models [TH,16]. e.
The hatched band in Fi@l 2b) indicates the rafig,,, =

(13.4+3.2)-10~2 extracted from a combined analysis o
3 Results andN' N data in Ref.[[B], which is close to the valug,,,, =

(12.5+3.4)-10~2 obtained from the vector meson decays. The
The formalism for extracting the reaction amplitude!|* for DISTO measurementresults in the rafig,,=(36+16)-10~>.
¢-meson production is the same as described in the preceedihg still preliminary ANKE datal[25] are consistent with the
section, except that now thg mass,m,, appears in EqLJ2) DISTO result. Thus, the central value of the ratio is indeed a
and the excess energy is definedebyy/s—2my—my. Fig.[3 factor of 4 larger than what was found in the other analyses.
shows thepp—pp¢ cross section and the ratio of theandw  Unfortunately, however, the systematic uncertaintiesefiata
production amplitude,M ;|*/|M,,|?, as a function of the ex- on theg/w ratio frompp collisions are rather large and, there-
cess energy. In general, there are no measurements agddablfore, impede the claim for a clear and more substantial OZI
w as well asp production at exactly the sama@nd, in addition, rule violation as compared to the limits found, for instarine
the w-meson data shown in Fifl 1 indicate some fluctuationgctor meson decays.
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In any case, it is clear that the near-threshold cross sec- 3
tion data for the reactiopp — pp¢ are enhanced as compared<™ ~| A oL
to the measurements at>1 GeV. This is demonstrated by © |
the dashed line in Fidll 2a). It corresponds to a calculat®n u_
ing Eqg. [2) and utilizing a constant reaction amplitugef| <Q 27
= 2.3 fm, which is normalized to the high energy data. In or=>
der to demonstrate that more clearly let us now use[Bq. (2) 8
extract the reaction amplitudeM| from the measured cross ©
sections. Corresponding results are shown inHig. 3. Té-facic
itate a comparision with the energy dependence of the ampl
tude for the reactiopp — ppw we include here a fit to that
amplitude (dash-dotted line), taken over from Eig. 1. Githen
few data available and the large error bars there is some fr
dom in how the curve fow production is superimposed on the ®
results for thep production amplitude. Thus, at present ong
cannot rule out that thedependence of thep — pp¢ ampli- o
tude is basically the same as the one obtained for the react@
pp — ppw. On the other hand, the data do suggest that, i
the ranged.1 < € < 1 GeV, thepp — ppe amplitude ex- ©
hibits a significantly stronger variation with energy thahaw }
is seen for thev production. This characteristic energy depen® | 4
dence could be a sign for an additional reaction mechanism in R B S Y P |
the ¢ production reaction, and specifically it might be caused 1.95 2 1.9 1.95
by the excitation of a resonance in the system. We will elab- M,, (GeV) M,, (GeV)
orate on this point in the next section.

Fig. 4. The ¢p and pp invariant mass spectra for the reactign —
ppo ate =76 MeV. The dotted lines show the phase space distribu-
tions, the dashed lines are calculations with inclusionhefpp FSI
and the solid lines are results obtained with includinghé-SI and
a By pentaquark resonance with parameter sets A and B froniEq. (7)

4 Speculations on exotic baryons

PP —2 PPy A few years ago Landsberg proposkd|[33, 34] thaproduc-
tion, which is OZI suppressed for non-resonant reactiomns, i
well suited for the search of cryptoexotic baryons with &dd
strangenessB,=uddss. It is expected that these pentaquark
baryons have a narrow width and decay preferentially in¢o th
¢N, KKN orY K channels, wher® stands for ground-state
or excited hyperons. Note that these decays are OZI allowed.
Experimental limits for theB, candidates were reported in
Refs. [31, 30,36, 31, 38.89]. There are two independentrebse
vations of a narrow peak in th8(1385)° K+ spectra, the first
one with a mas9/ = 2050+6 MeV and widthl" < 50+19
MeV [37] and the second one with/ = 195675 MeV and
I'=27 £+ 15 MeV [35]. The high-statistics study of Ref. [39]
of the X° K+ mass spectrum indicates two exotic states with
M = 1807+7 MeV, I' = 624+19 MeV and M = 1986+6
MeV, I' = 91+£20 MeV.
. . . : If cryptoexotic B, baryons indeed exist one expects them
1073 1072 107" 1 to contribute to thepp — pp¢ reaction. That was the basic
£ (GeV) idea of the experiment of Rel._[31] where an upper limit for
Fig. 3. Thepp — ppé reaction amplitudel, M|, as a function of the By — ¢p was provided but the low statistics did not allow
excess energy. The square is the result extracted from the DIST& draw definite conclusions from th& mass spectrum. Note
data [24], the stars are those for the preliminary ANKE d&],[ that these measurements were done at 2 GeV, where the
while the triangles are from Ref§. [23130]. The lines shosules of a non-resonant contribution to the process— pp¢ might dom-
calculation that includes a baryonic resonance ingheystem with inate, as can be estimated from flp. 3. In that sense a stualy of
the parameters sets A and B given by Hg. (7). The dash-datted IpossibleB contribution at low excess energies has advantages

indicates the energy dependence of ppe— ppw amplitude and is and we expect that COSY is well suited for such an investiga-
taken over from Fidl]1. tion [40].




A. Sibirtsev, J. Haidenbauer, U.-G. MeiRn¢rmeson production in proton-proton collisions 5

To estimate the possible effect fromi, state, we intro- the kinematical differences in the procesges— ppw and
duce a baryonic resonance in the subsystem and parameterpp — pp¢, respectively, and for the final-state interactions.
ize the reaction amplitude by The resulting values collected in Fig. 2 are somewhat larger

but still compatible with the extraction @, ., from 7N and
(6) NN reactions. We have also pointed out a strong energy de-
pendence of thep — pp¢ reaction amplitude for excess ener-

. . gies0.1 < e < 1GeV. This might be indicative of a resonance
wh_erejv d a_ndF are the resonance mass and width, reSpeCt'Ve@éupling strongly to thep sysgtlem. We have presented results
while s4, is the squared invariant mass of thg subsystem. assuming the presence of a crvptoexotic barvon with hidden
Here we takeM = 3 fm, in line with the data at higher en- uming P b?{ph X hl yon with 1l
ergies, cf. Fig[B3, and adjust the real constanso that the strangeness. However, to establish such a state, a preezse m

surement of invariant mass distributions, see Hig. 4, isdaan

pp — pp¢ data are reproduced over the whole considered en- ;
ergy range. The possible phagdetween the two amplitude%oeréss;:gtrg%ass\l;rements could be performed with the ANKE

was chosen to be=0 for convenience (note also that the ex-
isting data do not allow to pin down this phase). The curves in
Fig.[d correspond to calculations with two different paréene
sets:

coe'®MT

M= Mo+ M2 = s, —iMT’
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B: M =2000MeV, I'= 40 MeV, ¢g =8fm (7)
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It is clear that, in principle, the largep — pp¢ cross section
at low energies could be explained by3g excitation.
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