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The production ofy’ mesons in the reactiongo— p»’ and pp— pp7’ is described consistently within a
relativistic meson exchange model of hadronic interactions. The photoproduction can be described quite well
over the entire energy range of available data by considerin§ aand aP,; resonance, in addition to the
t-channel mesonic current. The observed angular distribution is due to the interference betweematires|
and the nucleon resonanseandu-channel contributions. Our analysis yields positions close to 1650 MeV and
1870 MeV for theS,;; and P4, resonances, respectively. We argue that, at present, identifying these states with
the knownS,;;(1650 resonance and the missifg; resonance predicted at 1880 MeV, respectively, would be
premature. It is found that the nucleonic current is relatively small and thadkhg coupling constant cannot
be much larger thagyn,, =3. As for thepp— pp7’ reaction, different current contributions are constrained by
a combined analysis of this and the photoproduction reaction. Difficulties to simultaneously account for the
47 MeV and 144 MeV angular distributions measured by the COSY-11 and DISTO collaborations, respec-
tively, are addressed.
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[. INTRODUCTION sections for the reactions induced by pseudoscalar mesons,
s . 7P, 7' p— P, 7'p, K'A and7 p— #n, »'n, provide a sen-
The §tudy of th(’." Intrinsic properties of the MEeson as  qitive test for the presence of thes component in the
well as its production processes in elementary particle anaucleon wave functiof14].

hadron physics is of particular interest for various reasons. pe to its nontrivial properties, the QCD vacuum exhibits
The properties ofy" are largely governed by the dynamics of strong gluonic fluctuations with pseudoscalar quantum num-
the QCDU,(1) axial vector anomalyl—6]. Expressed inthe pers to which ther, s States can couple via thg,(1) axial

(pseudoscalamuark-flavor basis, the physically observgd  gnomaly. The nonperturbative gluon dynamics and the axial

and ' mesons may be written as anomaly[3-5,15 are thought to be responsible for the gen-
" cosa —sina\(7 eration of the much larger mass gf as compared to the
( ,> = ( ) )( “), 1) masses of other members of the (8lUpseudoscalar meson
7 SiNa CosSa /\ 7 nonet known as the Goldstone bosons. The masses of the

_ _ = = ) Goldstone bosons are generated by the spontaneous breaking
wherens=ssand 77,= (uu+dd)/ 2 describe the strange and ¢ .hiral symmetry[2,6,16. The 7 meson is, therefore,

nonstrange quark-antiquark states, respectively. Uhel) thought to couple strongly to gluons via thé,(1) axial

anomaly mediatesyy-7; trgnsitions’ and therefore plays a anomaly coupling17,18. The unexpectedly large branching
central role in understanding thg " mixing [7]. The mix- (a4 measured recently for the inclusive decay of beauty

ing angle « is shown to be fairly coonstarit7,8], and a  particles,B— 7' +X [19], has been interpreted as possible
we|ght9d average value af=39.3°+1.0 _has been extracted experimental evidence in this respei@d]. To date, the
[9]. Quite recently, the KLOE collaboratiqi0] has reported | O collaboration has recently found that the gluonium
a value ofa=41.87;. As can be seen from E(L), sucha  content in they' is consistent with a fraction below 15%
value of the mixing angle results in a considerable amount 0[10]. In any case, if there is a strong couplingsgfmeson to
ssin both thez and 7" mesons. By contrast, the correspond-gjyons, it would be conceivable that short-range reaction
ing mixing angle for the vector mesons and ¢ is quite processes such asp— ppy’ might reveal the gluonic de-
small(~3.4°[11-13), providing anw with nearly nossand  grees of freedom in the low energy interactions involving
a ¢ being almost a purss state. nucleons andy’ [21].

Therefore, instead of using the vector mesenand ¢, One of the properties of thg’ meson of extreme impor-
production processes involving' and n offer an alternative gnce is its yet poorly known coupling strength to the
way of probing the strangeness content of the nucleon. Dugycleon. This has attracted much attention in connection
to the fact that bothy and 7’ contain a significant amount of ith the so-called “nucleon-spin crisis” in polarized deep
ss_but of opposite phase with respect to the nonstrange jne|astic lepton scattering22]. In the zero-momentum limit,
+dd component, significant interference effects involving thethe NN»' coupling constangyy,, is related to the flavor
strange-quark piece of the nucleon wave function are possinglet axial charge G, through the flavor singlet
sible[14]. In fact, it has been proposed that the relative crosssoldberger-Treiman relatiof23] (see also Refd24,25)
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F2 P11(1440 andS;1(1535 resonances, in addition to the Born
2myGa(0) = Fanyy (0) + Nmn'gNNG(O)* (2) and vector meson exchange contributions, to describe the
F data[30]. Quite recently, Chiangt al. [35] have put forward
— a model forn’ photoproduction that considers thehannel
whereF ~V2NgF is a renormalization-group invariant de- yector meson exchanges in terms of Regge trajectories to
cay constantiNg andF ;. denote the number of flavors and the comply with high energy behavior. In their calculation,
pion decay constant, respectivelyyng describes the cou- which was applied to the SAPHIR dafa0] (that cover an
pling of the nucleon to the gluons arising from contributionsenergy region<2.6 Ge\), the interference of the Regge tra-
violating the Okubo-Zweig-lizuk426] rule. The EMC col-  jectories with arS;, resonance is the underlying mechanism
laboration[23] has measured an unexpectedly small value Oéesponsible for reproducing the data and no need offypy
Ga(0)~0.20-0.35. The first term on the right-hand side ofresonance contribution was found. In contrast, also in a quite
the above equation corresponds to the quark contribution tgecent calculation, Sibirtseet al. [36] have described the
the “spin” of the proton, and the second term to the gluonSAPHIR data by considering thtechannelp- and w-meson
contribution[25,27. Therefore, ifgyy,, (0) is known, Eq(2)  exchange contributions with an exponential form factor at
may be used to extract the coupliggng(0). However, un-  the y7'v vertex(v=p,»). The observed forward rise of the
fortunately, there is no direct experimental measurement ofingular distribution is then largely accounted for by the
Onny(0) so far. Reaction processes where tflemeson is  (t-dependent exponential form factor. In addition, the
produced directly off a nucleon, such ap— p#%’ and pp S;1(1535 resonance is introduced in order to account for the
—pp7’, may thus offer a unique opportunity to extract this energy dependence of the total cross section. Sibiesel.
coupling constant. Of course, other production mechanismg37] have also speculated that the photoproduction at high
such as meson exchange and nucleon resonance currerdgergies and largemay be useful in determining tHeNz’
must be taken into account before a quantitative determinasoupling constangy,,. New experimental investigations of
tion of gyn, is possible. 7’ photoproduction are currently being carried out at JLab

Yet another interesting aspect in studying production by the CLAS collaboratiori37] and at ELSA by the Crystal
processes is that they may provide an alternative tool to exBarrel collaboratior{38].

tract information on nucleon resonanchs, Current knowl- The pp— pp7’ reaction has been a subject of increasing
edge of most of the nucleon resonances is mainly due to thettention in the last few years. Experimental data on total
study of 7N scattering and/or pion photoproduction off the cross section exist for excess energies upte 24 MeV
nucleon. Reaction processes suchyaghotoproduction pro-  [39], in addition to the total cross section and the angular
vide opportunities to study those resonances that couple onljistribution atQ=143.8 MeV from the DISTO collaboration
weakly to pions, especially, in the less explored higNer  [40]. The new total cross section data in the excess energy
mass region of “missing resonancefZ8]. Missing reso- range ofQ=26—-47 MeV and an angular distribution @t
nances are those predicted by quark models but not found #46.6 MeV have been just reported by the COSY-11 col-
more traditional pion-production reactiof23]. laboration [41], filling in partly the gap between the near
In the present work, we concentrate on the reactigms  threshold[39] and higher energy DISTO daf40]. Theoreti-
—pn' and pp—ppy’. So far there exists only a limited cally, the pp— pps’ reaction has been investigated by a
number of studies of the;’ photoproduction both experi- number of authors[42,43 within meson-exchange ap-
mentally[29,30 and theoreticallf31-34. Zhanget al.[31],  proaches of varying degrees of sophistication. In particular,
in their theoretical investigation using an effective Lagrang-in Ref. [43], we have explored the possible role of the nucle-
ian approach, have emphasized the role of Eng(2080  onic, mesonic, and resonance current contributions. The
resonance in the description of the, then, existing {28 S;1(1987 and P1;(1986 resonances as determined by the
while Li [32] has described those data within a constituentSAPHIR collaboration[30] have been considered for the
quark model with the off-shelf;,(1539 excitation as the resonance current. Due to the scarcity of the then available
dominant contribution. The authors of R¢B0] described data(total cross sections up @~ 10 MeV), it was not pos-
their data — obtained with much higher statistics than thesible to quantitatively constrain each of these currents. With
previous measuremenf29] — in the energy region from the increase of the data base since then, we are now in a
threshold to 2.6 GeV under the assumption of resonanceuch better position to learn about this reaction than was
dominance. They considered 8n and aP;; resonance with  possible before.
extracted masses of 1897 and 1986 MeV, respectively. The The major purpose of the present work is to perform a
former resonance was needed to explain the energy depesembined analysis of thep— p#»’ andpp— pp#’ reactions
dence of the total cross section which exhibits a steep riswithin a relativistic meson-exchange model of hadronic in-
and falloff close to threshold. The;;(1986 resonance was teractiongsee Figs. 1 and)2For the’ photoproduction, in
needed to account for the measured forward rising angulahe s and u channels, we consider contributions due to the
distributions. In a calculation similar to that in ReB2], intermediate nucleon and the nucleon resonances and in the
Zhao [34] introduced also &;3 and anF,; resonance to t-channel, we take into accouptand o meson exchanges.
describe the SAPHIR dat@0]. In both these quark model Since we employ the physical coupling constants and physi-
calculations, n@t-channe) vector meson exchange contribu- cal masses for all intermediate particles in all the channels,
tion was considered. Based orlU&3) baryon chiral pertur- the s-channel diagrams also account for the pole part of the
bation theory, Borasoy[33] introduced the off-shell N#’ final-state interactioFSl) [44]. For the nonpole part of
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basic ' production amplitude is referred to as thé pro-
duction current following the nomenclature employed in Ref.
[43]. Thepp— pp7n’ reaction is then described in a distorted-
wave born approximatioDWBA) which includes both the
nucleon-nucleorfNN) final-state interaction and the initial-
state interactioniISl).

The present paper is organized as follows. In Sec. Il our
model for the yp—p#n' and pp— ppn’ reactions is de-
scribed briefly. The numerical results are discussed in Sec.

FIG. 1. Diagrams contributing tgp— %’ p. Time proceeds from Ill, and in Sec. IV, we present our Summarizing conclusions.
right to left. The intermediate baryon states are dendiefdr the
nucleon, andR for the S;; and P;; resonances. The intermediate
mesons in theé channel are and w. The external legs are labeled 1l. EFEORMALISM
by the four-momenta of the respective particles and the lahals

andt of the hadronic vertices correspond to the off-shell Mandel-  The dynamical content of our approach is summarized by
stam variables of the respective intermediate particles. The threg,q graphs of Figs. 1 and 2. For th¢ photoproduction, we

diagrams in the lower part of the diagram are transverse individu-emp|Oy the tree graphs of Fig. 1 with form factors at the

ally; the three_diagrams in the upper part are made gauge irlV"?"ri"’"\]}ertices to account for the hadronic structure. The gauge in-
by an appropriate choigsee text of the contact current depicted in variance of this production current is ensured by adding a

the top-right diagram. The nu.deon'c 9“”"3"”? referred to in the henomenological contact current, according to the prescrip-
text corresponds to the top line of diagrams; the meson-exchande

current(meg and resonance current contributions correspond, re-Ion of Refs.[44,49. This contact terngsee belowmay also

spectively, to the leftmost diagram and the two diagrams on th € tho_ught of_as mocking up the neglected par_ts of the final-
right of the bottom line of diagrams. state interaction. The hadronjgp— pp#’ reaction is de-

scribed according to the model put forward in R¢#43,48.
The DWBA amplitudeM for this process is given bj48]

the FSI, theu andt channels correspond to the Born approxi-

mation of the correspondiny»’ T matrix. Phenomenologi-

cal form factors are attached to each vertex in all channels. M=(1+T;G)I1+GT), (3

The total amplitude is constrained to obey gauge invariance

following the prescription of Refg45-47. The photopro-

duction amplitude thus obtained is then used in the construayhereT,, with n=i, f, denotes th&IN T-matrix interaction in

tion of the basicy’ production amplitude irpp— ppy’ by  the initial (i) or final (f) state, and3, is the corresponding

replacing the photons with relevant mesons which, in turntwo-nucleon propagatamhich absorbs the factarfound in

are attached to the second nuclé¢see Fig. 2 Hereafter, the  the DWBA formula given in Ref[48]). J sums up the basic

7' production mechanisms depicted in Fig. 2. In the absence

of models capable of providing a reliable off-shBIN IS,

we consider it only in the on-shell approximation following

Ref.[48]. This is shown to be a reasonable approximation for

calculating cross sectiorjd9]. The NN FSI is generated by

using the Bonn potentigl50]. We use the Blankenbecler-

Sugar propagator for the two-nucleon propagderin Eq.

(3) in order to be consistent with thdN interaction used.

The Coulomb force is ignored in the present calculation; its

effect is known to be relevant only in the energy region very

close to threshol@excess energies less than 5 Md¥3]. In

the present work we concentrate our attention on the higher

excess energy region where the Coulomb effect is negligible.
The interaction Lagrangian used to construct our model

FIG. 2. Basic production mechanisms fop— pp7'. Time pro-  for the basic production amplitudes is given below. For fur-
ceeds from right to left. The full amplitude, with additional initial- ther convenience, we define the operators

and final-state contributions, is given by E8). As in Fig. 1,N and

R denote the intermediate nucleon and resonances, respectively, and

M incorporates all exchanges of mesofis 7, p, w, o, and ag = vs and ro=1 (4)
(=) for the nucleon graphs and, p, and  for the resonance

graphs. External legs are labeled by the four-momenta of the re-

spective particles; the hadronic verticgsu, andt here correspond

to the same kinematic situations, respectively, as those identified A. Electromagnetic interaction Lagrangians

similarly in Fig. 1. The nucleonic, resonance, and meson-exchange

contributions referred to in the text correspond, respectively, to the The electromagnetic vertices are derived from the follow-
first, second, and third lines of the diagrams on the right-hand sideéng Lagrangian densities.

065212-3



K. NAKAYAMA AND H. HABERZETTL PHYSICAL REVIEW C 69, 065212(2004)

NNy Lagrangian (9) and(10) (B=N,N") is multiplied by a phenomenological
cutoff function
— ot’a,
;CNN,y:_e <’)/J'_Kp )A,U« N, (5) 4
2my Ag
) GB(X) = 4 mz 21 (ll)
where A, and N stand for the photon and nucleon fields, Ag+(x—mg)

respectivelymy is the nucleon mass,the elementary charge which is normalized to unity, i.eGB(mé):l. The variablex

unit, andx,=1.793 the anomalous magnetic moment of the. . .
proton “ 9 is the squared four-momentum of the intermediate off-shell

* : baryonB, whose masmyg is equal to either the nucleon mass
NN’y Lagrangian (resonance S, Py). my or the mass of the resonanceys. The cutoff Ag
— =1200 MeV is taken as the same for all baryons. The param-
NTo, (’AN+H.c.,  (6) etersh =\yg,, in Egs.(9) and(10) describing the mixing of

pseudoscalar and pseudovector contributions and the cou-

whereN" stands for the resonance field. The upper and lowepling constantg)g,, are individual fit parameters for each of
signs on the left refer to the ever) and odd(-) parity  the three baryon states considered héhes. the subsequent
resonance, respectivelyny: is the resonance mass and discussion shows, the fits prefer couplings that are almost
g ,€ the coupling constant. Both parameters are fit paramentirely pseudovector for the nucleon, i.&yy, =0, and

E(J_,) _ OnneH©
NNY T s +m
N N

eters. almost entirely pseudoscalar for the resonances,Nugy.,,
7'vy Lagrangian (vector meson=p, w). ~1)
vvn' Lagrangian (vector meson=p,w).
gn’vye
Lopoy= = eap (VA@AY Y () Gyt
Mo ‘Cppn’ == om 8aﬁvy(aaﬁﬁ) ' (ﬁyﬁ#) 77,! (lza)
wheree*"*# is the Levi-Civita tensorvV? stands for the vec- 4
tor meson field=p4, w). The resultingy’vy vertex is mul-
tiplied by the form factof~,(t) which describes the off-shell _ Yoy . . ,
behavior of the intermediate vector meson with squared mo- Lowy =~ 2m,, Eapnuld W) 7', (12b)
mentum transfet=(p—-p’)? (cf. fourth diagram in Fig. 1 In
general, we use the dipole form wherep* and w? stand for thep and w meson fields, respec-
5 ) tively. Each of the resultingv 7' vertices is multiplied by a
F, (1) = (sz;mf) (8)  product of form factorsF,(q})F,(q3), whereq,=p; -p; and
Aj -t 0,=pP,— P, (cf. last diagram in Fig. 2 The form factor
(see, however, Fig. 10 below and its discussion in the).text 5 A2 )2
The cutoff A, taken to be identical for both and w, is a fit F, (g% = (2—”2> (13
parameter. The coupling constagts,, in Eq. (7) are taken A,-q

from radiative decayg12]; their signs are inferred from
SU(3) symmetry considerations following Rg#3] in con-
junction with the sign of the coupling constag},, deter-
mined from a study of pion photoproduction in the 1 GeV
energy regior{51].

associated with one of the intermediate off-shell vector me-
sons is the same as in E@), with the same cutoff masses
A, except for the normalization point, consistent with the
kinematics at which the coupling constargg,,, are ex-
tracted. They,,,, are obtained from a systematic analysis of
the radiative decay of vector and pseudoscalar mesons based

B. Hadronic interaction Lagrangians on SU3) symmetry considerations in conjunction with

) ) ) ) . vector-meson dominance argumeifds]. Hence, there are

The following Lagrangians describe the hadronic vertices,, freeindependenparameters for this vertex.

NN7" Lagrangian NN 7 Lagrangian (resonance N¥S;;,P;y).

[ 1],
ﬁNNn’:_gNNn’N{75|:”\+ om 0’]7] }N, 9

N

ONN*

NT®E(d7) -N+H.c., (14
mN + mN*

o= =
whered=1y, 3. -
NN"7' Lagrangian (resonance NS;,P;,). where 7 denotes the pion field. Again, each of the resulting
NN7 vertices is multiplied by a product of form factors,
5:\7&*”/ - gNN*n'ﬁ*{F(i)[”\Jf 1-) *4 77,},\” H.c.. ng*c()ﬁGig(?E()a; sqw is the pion’s four-momentu_m ang, as
, qguared four-momentum of the intermedi&te
(10) state. The fozm factoGy+ here is exactly the same as in Eq.
(12) for B=N", with A\»=1200 MeV.G,, is the pion form
where the upper and lower signs on the left refer to the evefactor parametrization from the Bonn potential, with a
(+) and odd(-) parity resonances, respectively. Following cutoff-mass value of 900 MeV. For this vertex, therefore, the
Refs.[43,48, each of theNB%' vertices obtained from Eqs. coupling constangyy: . is the only additional fit parameter.
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NN'v Lagrangian (vector meson=p,w; resonance N _ (2p + k)~ R
=811, P10 1GIP= €Ny V5 ——[Gn(s) —F]
s—my
(2p" - k)" ~
4 o o -e s Gn(u) — F, 17
e = O NT®e, (#VAN+Hc., (15 Gy Y57 e [Cn(w ~F] (a7

mys + My
is necessary because our model employs form factors at the
vertices. As far as gauge invariance is concerned, the func-

product of form factorsGN*(x)Fv(qi); g, is the vector me- tion F here is arbitrary. Analyticity, on the other hand, re-

son’s four-momentum andhas the same meaning as before quires that this current be free of singularities, i.e., it must be
The parameters ddy: andF, are fixed already; the coupling @ contactcurrent. One of the simplest choices férin the

whereV#=p*- 7, w*. Each resulting vertex is multiplied by a

constantgyy,, therefore, is the only fit parameter here. present context then'is
All of the remaining MNN vertices (meson M .
=7, 73,p,w,0,38y) are parametrized as in the Bonn potential F=1-[G\(s) - 1J[Gn(w) - 1]. (18)

[51]. The only exceptions are the values of the coupling conThis corresponds to the choice advocated in &S] on the

stantgnn, =10, the pseudoscalar-pseudoveqims-py mix-  grounds of crossing symmetry. The resulting GIP current
ing parameter\yn,=0, and the cutoff-mass value of then is

900 MeV at theNN7 vertex used in the resonance and me-

son exchange currentsee discussion in Ref§48,52). o u Gn(s -1
Throughout this work, the widths of the nucleon reso- JGIp= ~ €GNy ¥s(2p +K) GN(U)—S_mﬁ
nances are fixed to b&y=150 MeV (N'=S,;,,P;;). We ne- Gu(u) - 1
. . . u —_—
g_Iect their energy dependence in order to keep _the analysis — eguny ¥5(2p' - k)“GN(s)N—z, (19)
simple. Certainly, such a feature should be taken into account u-my

when aiming at a more quantitative extraction of the reso-

hance parameters with data more accurate than what al% e Kroll-Ruderman terni16) and the GIP curren(l9)
available at present. . . -
restores gauge invariance for the present model; in Fig. 1,

In the present work we restrict ourselves to contributions ev correspond to the riahtmost diaaram in the top row of
from , p, andw meson exchanges in the resonance currents. y P 9 9 P

in describing thepp— pp#’ reaction. Also, in contrast to lagrams.
Ref. [43], we omit theon7'-exchange current in the present
work because it is much less under control than the dominant
vv 7' -exchange contribution and its inclusion would intro-
duce additional uncertainties in the model. The basic strategy of our model approach is to first fix the
free parameters of the photoproduction reaction and then go
o ) to the hadronic process to fix the remaining parameters.

C. Gauge-invariance preserving contact term The results for coupling constants and resonance masses,
etc., given here were obtained by standard best-fit proce-
dures. At present, however, the quality of the data is not good

termediate nucleofsee the first two diagrams in Fig) &nd e_nough to provide real!y stringe'nt constraints for the fits. As
allowing for pseudovector couplings in theN7’ vertex in discussed also in detail below, in many instances, therefore,

general destroys the gauge invariance of the production anj'€ Parameters obtained here may be changed within certain

plitude. Within the present context of a model approach, tdlmits without affecting the overall quality of the fits. In this

restore gauge invariance requires the introduction of lohegituation,)(2 values for the fits carry little information and

nomenological contact-type currents. We_rr?] omitted f.rom th deftelllblefsh d | .
Following here the prescription given in Refist5,44, e steep rise and fall of the measured total cross section

there are two basic contributions necessary to ensure gaudfsYP— P77’ close to threshol@29,30 suggests the presence

invariance for the present application #p— p7'. The first an S;; nucleon resonance contribution. Of course, one
contribution,

hich evidently is free of any singularities. Adding the sum

[lI. RESULTS AND DISCUSSION

Employing form factors for thes- and u-channel contri-
butions to the photoproduction amplitude containing an in

Yn Refs. [45,44, it was argued that, for simplicity, one should

) Yy choose to describE in terms of the existing form factors of the
Jkr=—€0uny (1 _7\NN7/)_2m [Gn(S) —Gn(w], (16)  problem at hand. The most general ansatz then would be
N

Fs,ut) =1~ ayl G TG WIIG(D],
corresponding to the Kroll-Ruderman current of pion photo- Bk
production, cancels the gauge-invariance-violating termsyhereG,, G,, andG, are thes-, u-, andt-channel form factors. The
arising from using pseudovector couplings. The form factorsimplest choice that is free of singularities is then given by restrict-
Gy here correspond to Eq(1l). The second gauge- ing the sum toi,j,k,=0,1 andputting a;=(-1)""* Equation
invariance preservingGIP) contribution, (18) follows with G;=0 andG¢=G,=Gy.
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TABLE |. Model parameters fitted to thgp— #’'p andpp— pp#’ data. The dipole form factor is used at the electromagnetic vertex in
the mesonic curreritf. Eq.(8)]. Below, “Bonn” indicates that the same values as in the Behpotential B(Table A.1) [50] are used(T)
indicates that the values gfy, =10 and(Ang, Anng) =(0,900 MeV) overwrite those of the Bonn potential. The widths of the resonances
N"=S,,, Py, are fixed to bd"y-=150 MeV. Also, the pseudovector couplifig=0) is used at thé\N" 7 vertices. Values in boldface are not
fitted. Column(a) includes only the meson-exchange curr@nég and theS,, resonance current. Adding either the nuclegniac) or aPy;
resonance current contribution produces the results of collrend (c), respectively. In(d), successively strongéas indicated by the
values of thegyn, coupling constant in the square bracketscleonic contributions are added to me;#+P4; contribution.

Coupling constant (a (b (©) (d)

Nucleonic current:

(ONNys Kp) (e, 1.793 (e, 1.793

(O N (2.22, 0.03 (IL 2, 3], 0)

Ay (MeV) 1200 1200

MNN [M=m7,7,p,0,0,89] Bonn Bonn

Mesonic current:

9oy 1.25 1.25 1.25 1.25

Uy'oy 0.44 0.44 0.44 0.44

A, (MeV) 1383 1253 1400 [1286, 1257, 1272b
Uy'op 4.94 4.94 4.94 4.94

9ywo 4.90 4.90 4.90 4.90

MNN [M=p, w]® Bonn Bonn Bonn Bonn

N*=S,; current:

my (MeV) 1760 1536 1646 [165Q 165Q 1650
(O HINNF 7 M) (0.68, 1.00 (4.16, 1.00 (3.56, 0.76 [(2.22, 0.98, (2.45, 1.00, (2.61, 1.00]
Ay (MeV) 1200 1200 1200 1200

ONN 7ONN' 3.62 16.34 11.11 [2.62, 4.37, 4.7

O pINN' -0.49 -2.25 11.25 [11.01, 7.23, 6.6
ONN wONN' 0.24 7.75 -1.93 [-14.44,-5.16,-2.04
MNN [M=7,p, 0] Bonn Bonn Bonn Bonn

N"=P,, current:

my: (MeV) 1873 [1870, 1849, 185
(O INN 7 ) (4.60, 0.82 [(3.28, 0.9, (1.88, 0.90, (0.27, 0.97]
Ay (MeV) 1200 1200

ONN ONN 6.04 [4.61, 6.98, 9.4p
ONN I -2.20 [-6.05,-4.99,-4.71L
ONN wONN' -20.53 [-28.69,-32.24,-28.35
MNN [M=7,p, 0] Bonn Bonn

should always keep in mind that there is also the possibilitydecay of ', " —v++v. Also, since the relevant hadronic
of a threshold cusp effect, as discussed in RB8], that verticesNNv are known from other studies, the only un-
might explain the observed behavior of the photoproductiorknown parameter in the mesonic current is the cutoff param-
total cross section close to threshold in the absence of ar§ter A, in the form factor at thep'vy vertex[cf. Eq. (7)].
resonance. This requires further careful considerations. Herkogether with the free parameters of thg resonance, it has
we assume the observed behavior of the cross section to téso been fitted to the data. The resulting parameter values
due to the nucleon resonance. Therefore, we first considére quoted in Table(&), and the corresponding angular dis-
the N"=S;; resonance current. The mass of the resonance dgbutions in Fig. 3a). Here, the mass of th§,; resonance
well as the product of the coupling constangfiy,9nw ' results to bems =1760 MeV; however, inclusion of other
and the ps-pv mixing parameter at tN&\" 7' vertex are free  currents into the fitting procedure will change its value as we
parameters to be fitted to the measured angular distributiorghall show below. As one can see from the figure, the
from 1.49 to 2.44 Ge\[30]. In addition to theS;; resonance, S;1(1760 current contribution decreases as the energy in-
we also consider the andw meson-exchange currents in the creases while the mesonic current contribution increases with
t channel. For this current, the coupling constants at the prathe energy and rises at forward angles. At lower energies, the
duction verticesy'vy (v=p, w) are known from the radiative constructive interference between the two currents is impor-
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FIG. 3. (Color onling Differential cross section foyp— p%’ according to the mechanisms shown in Fig. 1. Péaeincludes only the
meson-exchange currefmeg and theS;; resonance. Adding either the nucleofcic) contribution or aP,; resonance produces the results
of panels(b) and (c), respectively. In(d), successively strongeas indicated by the values of thgy,, coupling constantnucleonic
contributions are added to the results shown in pé&)eln each case, the model parameters are determined by best fits. The meaning of the
corresponding lines is indicated in the panels. The data are fron|BGf.

tant in enhancing the cross section, although it is not suffifurther discussion of this issue later. TBg resonance con-
cient to reproduce the forward rise exhibited by the data. Atribution (dashed curvesis larger than that shown in Fig.
higher energies, the mesonic current dominates almost con3(a) at lower energies which improves the description of the
pletely and describes nicely the observed angular distribudata in this energy region. It also exhibits a stronger energy
tion. Therefore, the mesonic current is fixed to a large extendependence. The fitted value of the resonance mass is now
by the forward angle data at higher energies. ms ,=1536 MeV. A comparison with the value oh

Figure 3b) shows the results when the nucleonic current=1760 MeV obtained in Fig. (@) illustrates how this param-
is added to the5;; resonance and mesonic currents. In theeter value changes with the inclusion of different production
nucleonic current, both th&iN7»' coupling constangyy,, mechanisms. Due to a constructive interference between the
and the corresponding ps-pv mixing parameigy, are fit-  nucleonic plus resonance current and the mesonic current in
ted to the data. The parameters in the mesonic@pdeso- the forward angle region at higher energies, the latter contri-
nance currents are refitted to the data altogether. The corrution is somewhat smaller than in Fig(ag The overall
sponding values are given in Tablgb). The nucleonic description of the data is improved with respect to that in
current contributionlong-dashed curveds small at lower  Fig. 3a).
energies but increases with energy at backward angles due to Figure 3c) illustrates the effect of th&;; resonance in
the u-channel diagram, a feature that has been also realizego— pn’. The mass of theP;; resonance as well as the
in Ref. [36]. Therefore, measurements at high energy angroduct of the coupling constangNN YONN' 7 and the ps-pv
backward angleglarge t) will help constrain the poorly mixing parameter at théIN 7' vertex (N'=P,,) are free
knownNN7" coupling constangyy,, . We will come back to  parameters to be fitted to the data together with the param-
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O T N R considered the pseudoscalar couplirgy, =1), but the fits

L Gl 1.59GeV 1.69Gev 179Gev do not support this choice and prefer to have a small value of

Ann,y Close to zer@.For each value Ofnnyy» the parameters

of the resonance and mesonic currents have been refitted to

best reproduce the data; the values are given in Taldje |

Here, the mass of th§;; resonance is fixed at 1650 MeV.

The solid curves corresponding to the chogg,, =0 are

the same results as shown in Figc)3As one can see again,

1.94GeV 2.14GeV 2.44GeV the major effect of the nucleonic current shows up at higher

1 — s, 16461 energies and backward angles in the photoproduction reac-

——- 8,,(1744) tion. Accurate measurements in these kinematic regions are

+ 1 called for. In any case, judging from the overall results, the

/ existing data do not support values much larger thau,

7ARS S 1 =3. In fact, they seem to prefer smaller valueggf,,, com-
patible with 0. This is considerably smaller than the value of

O'°—1I)-6.5 010 0‘.5 -1.0-0.5 010 0‘.5 -1.0-0.5 0.0 ois —1.0-6.5 oio 0‘.5 1.0 gNNn’:6'1 used in our previous worfd4] on pp—pp7’,

cos(8,,) cos(8,,) cos(8,) cos(8,,) and it is more in line with estimates based on the dispersion
method[56].

FIG. 4. (Color onling Two fits resulting in different sets of the As discussed in the Introduction, such a small value of the
extracted resonance mass values. Both fits includ&thand P, NNz’ coupling would have an important implication in con-
resonances as well as the meson-exchange currents. The sofigction to the “spin puzzle” of the nucleon. A recent estimate
curves are the same ones shown in F{g) @ith the mass values of [7] of Oy based on an alternative formula to Eg) (ne-
(ms,,,mp,)=(1646,1873 MeV. For the dashed curves, the corre- glecting the higher excited pseudoscalar states or glueballs
sponding mass values af&744,1879 MeV. which are assumed to be negligipla conjunction with the

eters in the other currents. The resulting parameter values aféasured value of the singlet axial charge yields a value of
given in Table {c). Here, the nucleonic current has been9nny(0)=1.4+1.1. It should be noted that theN7' cou-
switched off[it will be considered in the results shown in Pling constant entering in Eq(2) is at zero momentum
Fig. Ad)]. As can be seen, thB,;; resonance contribution Sauaredgy, (q°=0), while the coupling constargyy,, in
(dotted curvegrises at backward angles; it also rises andthe present work is defined at the on-shell momentum
falls with energy. TheS;; resonance contributioidashed squared,q2=mf7,- We emphasize that the relatively small
curvey is relatively small, but its interference with t&;  value of gyy,, found here is a model-dependent result. In
resonance contribution results in a total resonance curremarticular, what is relevant in our model is the product of the
contribution (long-dashed curvgsthat rises at forward NNz’ coupling constant and the corresponding off-shell
angles. Again, the mesonic currefdash-dotted curvgs form factor. Since the intermediate nucleon in the nucleonic
dominates at higher energies. The solid curves correspond turrent is far off shell due to the large mass of the produced
the total contribution. The overall agreement with the data isy’ meson, the result is sensitive to the choice of the form
excellent, showing that th®,; resonance may be required factor. As mentioned in the preceding section, the form factor
for a quantitative description of the data. For a more definitaused at théNN7»' vertex is the same as that used consistently
conclusion about the role of tH®,; resonance more accurate in our investigation of other meson production processes.
data are called for. The fitted masses of B¢ and P;; In Fig. 4 we show a comparison of two fit results for
resonances arens =1646 MeV andmp =1873 MeV, re-  yp—p7', in which both theS;; and P;; resonance currents
spectively. Since an excellent agreement with the data iwere considered in addition to the meson exchange current.
achieved at this point, we might identify t18, resonance The solid curves are the same results shown in Kig).\8ith

with the known S;;(1650 resonance{12], whose quoted the resulting resonance masses ro§ =1646 MeV and
width is T’ ,=180 MeV. (Recall that, in this work, we have mp  =1873 MeV. The dashed curves correspond to a fit with
used a constant width df-=150 MeV for all the reso- the resulting resonance masses ro§ =1744 MeV and
nances. The P,; resonance does not correspond to anymp =1879 MeV. For this fit, the values of the remaining fit
known resonance; it is tempting to identify it with one of the parameters are very close to the corresponding values quoted
missing resonances Wiﬂmpll: 1880 MeV and with the cor- in Table c), except for the value Ofinn: O =2.07 for
responding width ofl's =155 MeV, predicted by quark N'=S;; which compensates for the change in the value of
models[28,54. Recently, an evidence for this resonance has

been found in a threg-channel unltary. modgl anal{/?ﬂ. %if we choose pure pseudoscalar couplipgy,,=1), we find that
However, we emphasize that such an identification from the,oq is 5 strong transition between the positive and negative energy
present analysis is premature as we shall show later in coRymponents of the nucleon wave functions in the final and interme-
nection with the results in Fig. 4. diate states, respectively, since the intermediate nucleon is far off

The role of the nucleonic current is illustrated in Figd8  shell owing to the fact that the present reaction involves the pro-
Here, each curve corresponds to a given value of\Ney' duction of a massive particle;’). As a result, the nucleonic current
coupling constangyy,, as indicated. The pseudovector cou- contribution becomes large for this choice of the coupling and this
pling (\xn,y=0) is adopted. We mention that we have alsois not supported by the data.
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FIG. 6. (Color onling Target and photon asymmetri&sandX., respectively, foryp— p7’ and analyzing poweA, for pp— pp7’. The
solid lines correspond to the parameters for (tepanels in Figs. 3-5, witlgyy,, =0. The dashed lines are obtained wiwgp,,=3. The
dotted lines correspond to the parameters for(fhganels in Figs. 3-5, where both tRg; and nucleonic currents are absent.

Mg, - As one can see, the quality of the fit is essentially theduced. As one can see, the calculated angular dependence is
same in both cases; yet, the extracted valuesgfdiffer by introduced by thé&,;; resonance and it arises due to the recoil
~100 MeV from each Othe(See also the results of a Regge of this resonance in the overall Center-cf-m@m.) frame.
trajectory calculation in Fig. 9, where the mass of g Figure %b) shows the results fopp— pp#»’ which in-
resonance varies substantiglifhis illustrates the order of clude the nucleonic$;,(1536 resonance, and mesonic cur-
uncertainties involved in the identification of the resonancegents. Some of the parameters are fixed from the photopro-
from the differential cross section data or(gt least from duction reaction corresponding to Figbg As before, the
those currently available and from the type of analysis emfemaining parameters are fitted to thp— pp7’ data and
ployed herg For a more definitive identification of the reso- are given in Table(b). Here, for the purpose of consistency,
nances, one probably needs more exclusive data than tige could, in principle, employ the coupling constants at the
cross sections, such as the spin observables shown in Fig. NN vertex (M=, 7,p,w) for N'=S;,(1535 resonance
which can impose more stringent constraints. A further in-as determined from our recent study of the— pp» reac-
vestigation of this issue is certainly required. tion [57]. We would then have the coupling constagk: ,,

The results for theap— pp7x’ reaction are shown in Fig. as the only free parameter to be fitted. However, we have
5. The two panels labele¢h) include theS;;(1760 reso- opted not to do so because REF7] did not aim for a quan-
nance and the mesonic currents; they correspond to the phttative determination of those coupling constants. As can be
toproduction results of Fig.(d). All the relevant parameters Sseen here, th&,;,(1536 resonance curreridashed curves
for the latter reaction are taken over unchanged. Thus, thgives nearly the whole contribution to the cross sections. The
additional parameters to be fitted for the hadronic reactiormesonic current is small followed by the nucleonic current.
concern the three products of the coupling constants, )
ONN 7ONN 0 ONNpONN 7 @Nd OnneuOnne oy [Where N* ~ TABLE II. Same as in Tabl_e I, except that here the angular
=S,,(1760], corresponding to the three mesons exchangedistribution data aQ=46.6 MeV inpp— pp7' were excluded from
between the two interacting nucleons in the resonance cuP—mng' Only those parameters affected by this exclusion in the fit-
rent(see Fig. 2 The resulting values are given in Tablg)l  nd Procedure are displayed.
As can be seen here, the dominant contribution is th
S,1(1760 resonance currendashed curves The mesonic
current is relatively small. The total cross section is nicelyN* =s;, current:
reproduced,sas well as the measured angular distribution B Oy ~0.03 13.33 10.02 [0.05,0.98,3.2B
Q=47 MeV. _The latter exhl_b|ts some angular dep_en_dencegNN* O 549 448 923 [14.53,11.92.8.42
although it might be compatible with a flat shape within the™"" 7™ 7
given experimental uncertainties. The completely flat angulafNN 9NN 12r 230 741 (22563142
distribution measured &=144 MeV, however, is not repro- N*=p,, current:

eCoupling constant (@) (b (©) (d)

_ _ _ ONN* 7ONN 5’ 3.92 [13.01,1.54,16.47
*The excess energ® is defined a)=\s- \;0 wherey's denotes INN pINN —7.83 [10.21;-3.90,8.81
the total energy of the system ane=2my+m,, its 7'-production g . o\ 2070 [5.17,12.23,18.16

threshold energy.
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FIG. 7. (Color onling Same as Fig. 5, except that now the 47 MeV angular distribution data set is excluded when fitting the hadronic parameters.
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FIG. 8. (Color onlineg Comparison of differential cross sections fgs— p#’ using Regge trajectorigeft), similar to the treatment of
Ref. [36], and conventional meson-exchange currénght) for the t-channel vector meson exchang€he figure on the right-hand side is
identical to Fig. 8c); it is repeated here to allow for a better side by-side compaiison.

This is in contrast to the results in our previous wd4di8],  sensitivity to theP;; resonance can be assessed by compar-
where due to the scarcity of the then available data, it had nahg the dottedwithout P,,) and solid(with P4,) curves. It is
been possible to constrain the individual current contribuinteresting to note that the influence of this resonance has a
tions. The solid curves correspond to the total contributiondifferent pattern than that of the nucleonic current. The other
They exhibit similar features to those shown in Figa)5 panel shows the sensitivity of the analyzing power in the
Here, the model tends to overestimate the total cross sectiqsph— pp’ reaction. Although the cross sections are rather
at high energies although it still lies within the experimentalinsensitive to bothgyy,, and P;; resonance, this observable
uncertainties. We may conclude, therefore, that the additioexhibits some degree of sensitivity.
of the nucleonic current at this stage does not improve the In order to investigate the discrepancy between our model
agreement with the data. results and the measured flat angular distributionQat
Next, we add thé>;,(1873 resonance to the mesonic and =144 MeV forpp— pp7’, we have repeated the calculation
S11(1646 resonance contributions. The results are shown irshown in Fig. 5 excluding the COSY-11 angular distribution
Fig. 5c). Again, all parameters relevant for the correspond-data atQ=47 MeV from fitting. The resulting values of the
ing photoproduction reaction results of Fig.cBare taken hadronic couplings are displayed in Table Il and the corre-
over. The additional parameters fitted for the hadronic reacsponding cross sections in Fig. 7. Although the total cross
tion are given in Table(t). It is interesting to note that, sections are reproduced with the same quality as in Fig. 5,
unlike in the photoproduction, here th&;(1873 contribu-  the angular distributions shown in panela)—(d) at Q
tion is much smaller than that froi8,,(1646. The latter is =144 MeV are now much flatter and bring the model results
the dominant current. The angular distribution &  in better agreement with the data at this energy. Here, the less
=144 MeV is somewhat improved; however, still in dis- pronounced angular distribution is due to a flatBgy reso-
agreement with the data. This issue is further discussed inance contribution which, in turn, is due to the change in the
Fig. 7. excitation mechanism of this resonance, in particular, due to
Figure %d) illustrates the influence of the nucleonic cur- interference effects among the exchanged mesop, w)
rent in thepp— pp7’ reaction. The corresponding fitted pa- contributions in the5;;(1539 resonance current. This can be
rameters are given in Tabléd). As one can see, this reaction inferred from comparing the resulting coupling constants in
is rather insensitive to the nucleonic current contribution.Tables | and Il. The predicted angular distributionsCat
This corroborates the statement in our earlier wigh§]. =47 MeV in panels(a)(d) are now practically isotropic.
Figure 6 illustrates the sensitivity of some of the spinThey may be considered as being still compatible with the
observables to the coupling constafy,, and also to the data given the experimental error bars. However, the overall
P,, resonance. The figure shows the targBt and photon results in Figs. 5 and 7 may also indicate that the COSY-11
(2) asymmetries in thejp— p%’ reaction. As can be seen, and DISTO angular distribution data could be incompatible
the target asymmetry is sensitivegQy,, at backward angles with each other. In this connection, it is interesting to note
around 1.69-1.94 GeMcompare the solid and dashed that the angular distribution measured recenthypp— ppz,
curves. However, this is the region where the cross sectiorat Q=41 MeV is completely isotropi¢58]. There, the domi-
is very small. The photon asymmetry becomes sensitive @1ant »-production mechanism is th&;,(15395 resonance
higher energies and in a wider range of the emission current [57]. Since in the present model, the dominant
angle. This observable, therefore, may be helpful in con4’-production mechanism is th8;;(1650 resonance cur-
straining gyn,, More than just simple cross sections. Therent, it is natural to expect a similar feature for the angular
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TABLE Ill. Same as Table(t), but using the exponential form 04 —————— T T T
factor at the electromagnetic vertices in the mesonic culiesit 149 GeV 159GeV 1 1.69GeV LIAGeY
umn “exp”) and using Regge trajectoriésolumn “Reggej. = 03 2 i)
3
3.
. 02
Coupling constant Exp Regge % >
Mesonic current: T
Uy py 1.25 1.25 0 Lo
9wy 0.44 0.44 244GeV
Apy(MeV) 930 ~ 03
Uy pp 4.94 g o
Uyrwo 4.90 3
MNNM=p, ] Bonn 8 o1 I
N'=Sy; current: Y PR - - o | Resge
my-(MeV) 1649 1932 "21.0-05 0.0 0.5 -1.0-05 0.0 0.5 —-1.0-0.5 0.0 0.5 -1.0-0.5 0.0 0.5 1.0
(gNN* S )\) (2 11.0 90 (0 620 92 cos(6,) cos(6,) cos(6,) cos(6,)
’}/ 7]’ 1 - 1 - . ) -
An(MeV) 1200 1200 FIG. 9. (Color onling Three fits based on Regge trajectories
ONN' 7ONN 0.95 resulting in different sets of the extracted resonance mass values.
ONN SONN 7 19.20 All the fits include theS;; and Py, resonances as well as the mec.
9 *pg :’, _35.46 The solid curves are the same ones shown in Fig. 8 with the mass
NN @ZNN' ' values of(mg _,mp_)=(1932,1710 MeV. For the dashed curves,
MNNM =1, p, 0] Bonn S Pa
e the corresponding mass values &1€932,1950 MeV. The dash-
N"=P,, current: dotted curves correspond to a fit with the mass values
My (MeV) 1874 1710 (1650,181] MeV.
¢ For s N 4.03,0.8 5.93,0.5 . . .
f“’\l'vrg”“ v oM ( 1200 ? ( 1200 3 [59] — in the low energy regime of the SAPHIR d4@i] is
n(MeV) debatable. Moreover, such an approach cannot be (sed
ONN 7NN 7 8.91 least not straightforwardjyin the pp— pp#’ reaction due to
INN pINN' 57 —29.44 the importantNN FSI which has to be included in any model
INN wINN® 57 —32.26 describing this process. This involves a loop integration for
MNNM=7,p, 0] Bonn which the Regge propagator as given in R&86] cannot be

used. The Regge theory is a theory designed for amplitudes.
Of course, with respect to our approach, one may criticize
distribution in both reactions. Possible differences may, howthe use of a form factor at thg'vy vertex in the mesonic
ever, originate from the eventual difference in the excitationcurrent, whereas we do not use any form factor at any other
mechanism of these tw8;; resonances as mentioned above.electromagnetic vertex. However, the use of such a form
For this purpose, it would be very interesting to measurdactor may be defended based on the results for the radiative
other observables, such as the invariant mass distributioglecay process’ — p+y— 77 +v. One may speculate that
which are more sensitive to excitation mechanisms othe relatively strong form factor needed at the y vertex
nucleon resonancd§7]. In any case, independent measure-simulates effects of the FSI ignored in the present approach.

ments of the angular distribution for energi@s>50 MeV In any case, we have also performed the calculation of the
would help resolve the issue as far as the shape of the angphotoproduction reaction by replacing thehannel vector
lar distribution is concerned. meson exchanges by the Regge trajectories following Ref.

[35]. Apart from the obvious differences in the details of the
treatment of the resonance current, our calculation also dif-
fers in the sign of they’ wy coupling constant from that
Recently, Chianget al. [35] have also investigated the employed in Ref[35]. In the present work the signs of the
vp— p7’ reaction. They concluded that the consideration ofy’yy couplings are inferred from a systematic analygi3]
t-channel vector-meson exchanges in terms of Regge trajeef the pseudoscalar and vector meson radiative decays based
tories is crucial in describing the available data and thapthe on an SW3) Lagrangian in conjunction with the sign of the
and» meson exchanges are unable to reproduce the data. boupling constang,,,, determined from a study of pion pho-
contrast to the present work, they have not introduced a fornoproduction in the 1 GeV energy regigh1]. Our results
factor at then'vy vertex(v=p,w). In their calculations, the using the Regge trajectories are shown in Fig. 8; the corre-
observed forward rise of the cross section is due to the inteisponding parameters are found in Table Ill. We see that,
ference between the Regge and 8¢ resonance contribu- overall, the results are basically the same as those of Fig.
tions. Furthermore, no need for aRy; resonance was found 3(c) using the conventiongb and @ meson exchanges. In
in order to describe the data. In our opinion, the applicatiorparticular, here also the interference between the mesonic
of Regge trajectories — designed for high energies and low and resonance currents is the underlying mechanism respon-

Comparison to other approaches
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sible for reproducing the observed angular distribution. This %
corroborates the findings of R¢B5]. However, the resulting
resonance masses =1932 MeV andnpu: 1710 MeV
differ considerably from those obtained in FigcB It is
natural to ask whether this discrepancy is related to the ung

certainties in the determination of the resonance mass usin® oL b

only the cross section data as illustrated in Fig. 4 or whethet
it is due to different approaches used in the treatment of the
t-channel exchange contribution. To address this question, it
Fig. 9 we show the results of three different fits using the
Regge trajectories. The solid curves are the same resultg
shown in the left panel of Fig. 8. The dashed curves corre
spond to another fit resulting in the resonance masses
(msll,mpll):(1932,195()) MeV. One sees that the qualities
of both fits are comparable to each other but the correspond
ing values ofmPll differ by more than 200 MeV, revealing
once more(cf. Fig. 4) that the cross section data alone are
insufficient to constrain accurately the resonance masses
However, we were unable to fit the dgteith a comparable
quality) with the mass of thes;; resonance much smaller
thanm = 1932 MeV. The dash-dotted curves in Fig. 9 cor-
respond to a fit with a fixed mass msllz 1650 MeV. This
yields a fitted mass ofnpllz 1811 MeV for theP,; reso-
nance. This set of the resonance masssm@,n,mpu)
=(1650,1811 MeV is more in line with the set
(1646,1873 MeV obtained using the conventional vector
meson exchanges in thehannel. Here, however, the quality
of the fit is inferior to that achieved in Fig(&, although the
data are still reproduced within their uncertainties. These
considerations indicate that the determination of the reso-
nance masses is also quite sensitive to different approache
used. Further studies of this issue are needed before a moi
unambiguous identification of the resonances can be mad
from the ' photoproduction process. It should also be noted
that our calculations based on Regge trajectories differ in
details from the results obtained in REB5]. As mentioned
above, these differences should, in part, be due to the differ
ent treatmen{in detail of the resonance current contribu-
tions.

Sibirtsevet al. [36] have also reported their study of the
yp— p7’ reaction quite recently. In contrast to RE35] and
the present work, they describe the forward rise of the angu-
lar distribution basically by the and w meson exchanges in
thet channel. They achieve this by includingtadependent
exponential form factor at the)/vy vertex. Moreover, the
S,1(1535 resonance was introduced in order to describe the
steep rise and fall of the total cross section close to threshold
We have also repeated our calculation employing an expo-
nential form factor at the; vy vertex instead of the dipole
form factor; the corresponding parameters are given in Table
[ll. The results are shown in Fig. & which again exhibits
the same features observed in the calculation using the dipol
form factor[see Fig. &)]. We were not able to reproduce
their results using only the mesonic a8d(1535 resonance
currents. The chief difference between the results shown i
Fig. 10 and those in Ref36] is that we have used an expo-

: - . form
nential form factor normalized to unity at the on-mass-shell
point q2:m§, consistent with the kinematics at which the
coupling constany,,,, is extracted. In Ref[36], the form
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the difference being that now th@ %’ vertex functions of dipole
[see Eq(8)] have been replaced by exponential form factors,
FU(t)zexp[(t—mf)/AZ], similar to Ref.[36] (however, with a dif-
ferent normalization; see text
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factor is normalized af?=0 instead. Figures 1B) and 1@c) prefer this current to be compatible with zero. In any case,
show the corresponding results fop— pp#x’ using the ex- the NN%' coupling constant cannot be much larger than
ponential form factor. They are essentially the same as thosgy,, =3. The 5’ photoproduction reaction may impose a
using the dipole form factor. more stringent constraint ogyy,,, provided one measures
The above considerations show that we arrive at the same cross sections at higher energies and backward angles. In
conclusion, namely, that the interference between the mesdahis respect, as we have also shown, spin observables such as
exchange and resonance currents is the mechanism respahe photon asymmetry might be suited better than the cross
sible for the angular distribution exhibited by the photopro-sections. It should be noted that the result pertaining here to
duction data, irrespective of whether one usesghendw  the NNz’ coupling constant is, of course, a model dependent
meson exchanges in thiechannel(with either dipole or ex- one. Indeed, what is relevant in our calculations is the prod-
ponential form factor or Regge trajectories. Certainly, the uct of gyy,, and the associated form factor.
problem of the Regge trajectory versus form factor is an We have also addressed the contradictory conclusions as
extremely important issue that needs to be addressed. Judg-the underlying reaction mechanisms arrived in the recent
ing from our findings so far, it may well be that both simulate work by two independent grougd85,36. In our consistent
the same physics not accounted for explicitly in these calcuealculations, whether introducing a form factor at the elec-
lations. tromagnetic vertex in thechannel meson-exchange current
or using the Regge trajectories instead, one arrives at the
same conclusion; namely, the observed angular distribution
is due to the interference between thehannel and the
nucleon resonancg and u-channel contributions, irrespec-
tive of the particular approach one uses. It is conceivable,
We have described consistently the@—p#’' and pp  therefore, that the phenomenological aspects of the various
— ppn’ reactions within an approach based on a relativisticapproachegincluding the present opemay be simulating
meson-exchange model of hadronic interactions. The modehe same physics not taken into account explicitly.
includes the nucleonic and the mesonic, as well as the As for the pp— pp#»’ reaction, the present study yields
nucleon-resonance currents. The photoproduction process tise S, resonance as the dominant contribution to the produc-
made gauge invariant by adding a phenomenological contagion current. TheP;; resonance, mesonic and nucleonic cur-
current that parametrizes the effect of the final-state interageents are much smaller than ti$g; resonance current. The
tions. Thepp— pp7’ is described within the distorted-wave combined analysis of this and the photoproduction reaction
Born approximation in which both the initial and final state was crucial for these findings. The details of the excitation
NN interactions are taken into account explicitly. mechanism of theS;; resonance, however, are not con-
For %' photoproduction, we have shown that the mesonicstrained by the currently existing data. To learn more about
as well as thés;; andP;; resonance currents are important to the relevant excitation mechanism, observables other than
describe the existing data. Our analysis, where the widths dhe cross sections, such as the invariant mass distribution, are
the resonances were setlig:=150 MeV, yields a position hecessary[57], in addition to measuring then— pnz’
close to 1650 MeV and 1870 MeV for tif; and P, reso- ~ and/orpn—dy’ process. This process will help disentangle
nances, respectively. This suggests that the former resonante isoscalar and isovector meson-exchange contributions.

may well be identified with the knowS,;(1650 resonance '!'he present model cannot describe the flat angular Qistri—
[12], whose quoted width i =180 MeV. ThePy; reso- bution in pp— ppn’ measured by the DISTO collaboration

. 40] at Q=144 MeV, once the recently measured angular
nance, in contrast, does not correspond to any known resqy ] Q y 9

It . identify it with £ th . istribution by the COSY-11 collaboratiof4l] at Q
nance. Itis temp_tlng o identify it wit One o the MISSING — 47 MeV is included in a global fitting for the relevant had-
resonances predicted at 1880 MeV with the corresponding,nic coupling parameters. The calculated result exhibits a

width of I'p =155 MeV [28,54. We emphasize, however, ,onounced angular dependence. If we wish, however, a flat-
that one should be cautious with such an identification of theer angular distribution atQ=144 MeV—compatible with
resonances. As we have seen, the cross section data alonetde DISTO data within the given experimental
not impose enough constraints for an unambiguous determiincertainties—can be achieved provided @47 MeV an-
nation of the resonances. To do so probably requires morgular distribution data is excluded from fitting. Doing so, the
exclusive data than just the cross sections. Moreover, thpredicted angular distribution =47 MeV comes out to be
extracted values of the resonance masses are quite sensitivearly completely isotropic. Although this seems still com-
to the model used in the description of the photoproductiorpatible with the COSY-11 data, the latter exhibits some an-
process. In particular, the issue of Regge trajectories versugular dependence which is too disturbing to be ignored. In-
conventional vector meson exchangesth form factorg is  dependent measurements of the angular distribution for
of extreme importance. These points require further investiexcess energie®>50 MeV will help resolve this issue.
gation before a conclusive identification of the resonances Finally, the results of the present work should provide
can be made. useful information for further investigations, both experi-

Our study also shows that the nucleonic current should benentally and theoretically, of theyN— Nz’ and NN
relatively small. Indeed, the available photoproduction data—NN%' reactions.

IV. SUMMARY
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