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A THEORETICAL STUDY OF �0-PHOTOPRODUCTIONON NUCLEONS NEAR THRESHOLDH. Baba
an, T. Baba
an, A. Gokalp and O. YilmazPhysi
s Department, Middle East Te
hni
al University06531 Ankara, Turkey(Re
eived November 15, 2001)We investigate the possibility that the pro
ess of �0-meson photopro-du
tion on proton, 
+p! p+�0, in the near threshold region E
 < 2 GeV,
an be 
onsidered in the framework of model with �-, �- and N -ex
hanges.This suggestion is based on a study of the t-dependen
e of di�erential 
rossse
tion, d�(
p ! p�0)=dt, whi
h has been measured by SAPHIR Collab-oration. We �nd that the suggested model provides a good des
ription ofthe experimental data with new values of �NN -
oupling 
onstants in theregion of the time-like �0-meson momentum. Our results suggest that su
hmodel 
an be 
onsidered as a suitable nonresonant ba
kground me
hanismfor the future dis
ussion of possible role of nu
leon resonan
e 
ontributions.Our predi
tions for �0-meson photoprodu
tion on neutron target and forbeam asymmetry on both proton and neutron targets are presented.PACS numbers: 13.60.Le, 13.60.�r, 13.88.+e, 24.70.+s1. Introdu
tionThe photoprodu
tion of �- and !-mesons on nu
leons, 
 +N ! N + V ,near threshold E
 < 2 GeV, is 
onsidered typi
ally as a possible way forthe study of the physi
s of nu
leon resonan
es N� in the interesting denseregion of its masses,MN� > M+mv = 1:7 GeV, whereM(mv) is the nu
leon(ve
tor meson) mass. Espe
ially, su
h experiments 
ould be interesting forthe sear
h and subsequent study of the so-
alled missing resonan
es [1, 2℄.Typi
al opinion here is that due to possible large width of the de
ay N� !N + V (�; !), the rea
tions of ve
tor meson photoprodu
tion on nu
leonswill be sensitive to these resonan
es. Therefore, the future intensive �uxof new data from JLAB will be e�e
tive for the solution of this problem.Multipole analysis of experimental data on di�erent observables in pro
esses
 + N ! N + V 
an be realized only in the 
ase of an appropriate and arealisti
 model for the nonresonant me
hanisms for 
 +N ! N + V . This(691)
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an et al.is espe
ially important for the photoprodu
tion of neutral ve
tor mesons,where N� 
ontributions do not seem as the main ones [2�4℄.In the literature [1�10℄ the following nonresonant me
hanisms are dis-
ussed: the pseudos
alar (�,�) and s
alar (�) ex
hanges in t-
hannel, onenu
leon ex
hanges in s- and u-
hannels, and the Pomeron ex
hange. Thisintrodu
es a large enough set of unknown parameters, 
hara
terizing di�er-ent 
ontributions, su
h as the 
oupling 
onstants, their relative phases, andthe 
ut-o� parameters of numerous phenomenologi
al form fa
tors, as well.In prin
iple di�erent 
ombinations of these ingredients are presented in theliterature. For example, in Ref. [5℄ the model for 
+N ! N+�(!) 
ontainsthe following two 
ontributions: (�+�)-ex
hanges in t-
hannel; with spe
i�
form fa
tors in ele
tromagneti
 and strong verti
es of pole diagrams. Thesame nonresonant ba
kground, i.e. (� + �)-ex
hanges, is also 
onsidered inRef. [2℄, with the same 
oupling 
onstants but with di�erent form fa
tors.The 
orresponding model in Ref. [3℄ 
ontains three ingredients: (� + �)-ex
hanges in t-
hannel, (s + u)-
hannel one-nu
leon 
ontribution and thePomeron ex
hange.Our aim here is to suggest a simple enough model for the pro
ess 
+N !N + �0 in the near threshold region whi
h will des
ribe relatively well theexisting experimental data [11℄ on di�erential 
ross se
tions for 
 + p !p + �0 and will produ
e nontrivial polarization phenomena, more ri
h, forexample, than in the 
ase of (�+�)-ex
hange. For su
h ex
hanges almost allpolarization phenomena are trivial and 
an be predi
ted without knowledgeof exa
t values of the 
oupling 
onstants and phenomenologi
al form fa
tors.For example, the beam asymmetry � indu
ed by the linear polarization ofthe photon beam, and all possible T -odd polarization observables su
h as,for example, target asymmetry or polarization of �nal proton produ
ed in
ollisions of unpolarized parti
les will be zero identi
ally for any kinemati
al
onditions of the 
onsidered rea
tion. Analogously, it is possible to predi
tthat �11 = 1, and all other elements of the �-meson density matrix must bezero. Let us note also that (� + �)-model will not produ
e any di�eren
ein 
ross se
tion on proton and neutron targets due to the absen
e of �- and�-interferen
e.But the model suggested in this work will be more ri
h and more �ex-ible,allowing to predi
t nontrivial polarization phenomena. Su
h model(� + � + N) will be suitable enough as starting point for the dis
ussionof possible 
ontribution of nu
leon resonan
es. And presen
e of di�erentinterferen
e 
ontributions su
h as � 
N and � 
N in the di�erential 
rossse
tion even with unpolarized parti
les will be important for establishingrelative signs of 
oupling 
onstants. That will be 
ru
ial for more 
ompleteinformation about these 
onstants, whi
h is ne
esssary for predi
tion of po-larization phenomena.
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hange me
hanisms and amplitudesFor t-
hannel, we 
onsider the pseudos
alar (�), and s
alar (�) ex
hanges,shown in Fig. 1(a). The pseudos
alar ex
hange amplitudes 
an be obtainedfrom the Lagrangian,L� = em� g��
�������V���A�� � ig�NNN
5N� ; (1)and where A�(V�) is the photon (ve
tor meson) �eld. Then one-pion ex-
hange amplitude takes the formMt = e g��
m� g�NNt�m2�F�NN (t) F��
(t) (�u(p2) 
5 u(p1)) (����� "� k� U� q�);(2)where t = (k � q)2, m� is the mass of �0-meson, "�(U�) is the polarizationfour ve
tor of photon(ve
tor meson). Notation of parti
le four momenta ispresented in Fig. 1. We shall use the 
oupling 
onstants as g��
 = 0:54and g2�NN=4� = 14:0. The 
oupling 
onstant g��
 is obtained from theexperimental partial width of �0 radiative de
ay �0 ! �0+
 [12℄. The formfa
tors used in our 
al
ulations areF�NN (t) = �2� �m2��2� � t ; F��
(t) = �2��
 �m2��2��
 � t ; (3)where �� = 0:7 GeV and ���
 = 0:77 GeV [5℄.
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N(p1) V(q)Fig. 1. Me
hanisms of the model for �0-photoprodu
tion: (a) t-
hannel ex
hanges,(b) and (
) s- and u-
hannel nu
leon ex
hanges.The s
alar (�) ex
hange amplitude 
an be obtained from the Lagrangian,L� = em� g��
(��V ���A� � ��V ���A�)� + g�NNNN�: (4)The above Lagrangian leads to the following expression for s
alar ex
hangeamplitude:M� = eg�
�m� g�NNt�m2�F�NN (t)F��
 (t)(�u(p2)
5u(p1))(" � U k � q � " � q U � k);(5)
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� and g�NN are the 
oupling 
onstants for the verti
es �
� and�NN . Following Ref. [5℄, they are taken as g2�NN=4� = 8:0, and g�
� = 2:7.The form fa
tors for this ex
hange me
hanism are given byF�NN (t) = �2� �m2��2� � t ; F��
(t) = �2��
 �m2��2��
 � t ; (6)where �� = 1:0 GeV and ���
 = 0:9 GeV [5℄.The Lagrangian for V NN and 
NN intera
tions 
an be written in thefollowing way:LN = N  gV�NN V̂ � gT�NN2M �����V �!N + eN(QN Â� �N2M�����A�)N; (7)where we use the notation â = a�
�, and �� = (
�
� �
�
�)=2. The s- andu-
hannel amplitudes 
an then be obtained by using the above LagrangianasMs = e gV�NNs�M2 �u(p2)�Û + ��2M Û q̂� (p̂+M)�QN "̂� �N2M "̂ k̂�u(p1); (8)Mu = e gV�NNu�M2 �u(p2)�QN "̂� �N2M "̂ k̂��f̂ +M��Û + ��2M Û q̂�u(p1); (9)where s = (k + p1)2, u = (k � p2)2, f = p1 � q, p = p2 + q, gV�NN and gT�NNare the ve
tor and tensor 
oupling 
onstants for �NN -vertex, QN = 1(0) isthe ele
tri
 
harge for proton(neutron), �N = 1:79(�1:91) is the anomalousmagneti
 moment of proton(neutron), and �� is de�ned as �� = gT�NN=gV�NN .The values of the 
oupling 
onstants gV�NN and gT�NN will be given in thenext se
tion.Let us note that the suggested model for the matrix element of thepro
ess 
 + N ! N + V namely M= M� + M� +Ms + Mu satis�esthe gauge invarian
e of hadron ele
tromagneti
 intera
tion at any values ofthe 
oupling 
onstants and form fa
tors in the whole region of kinemati
alvariables s and t. Futhermore, we would like to mention that we do notintrodu
e any form fa
tor inMs andMu. Problem here is that in general theform fa
tors forMs andMu must be di�erent, having s- or u-dependen
es,respe
tively. But this �natural� form fa
tors will destroy the gauge invarian
eof s + u 
ontribution to the total matrix element for 
 + p ! p + V . In
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iple, it is possible to introdu
e some 
ommon phenomenologi
al formfa
tor in front of Ms +Mu [13℄ with s- and u- dependen
es simultaneouslyas F (s; u). Su
h a �form fa
tor� F (s; u), depending on two variables seemsmore like as some amplitude, but not as form fa
tor whi
h typi
ally dependson one variable. So this dependen
e di�ers from the 
ase of t-
hannel wherethe 
orresponding form fa
tors are the fun
tions of t-variable only.Another point whi
h must be stressed here 
on
erns the values of the
oupling 
onstants, gVV NN and gTV NN for the vertex V NN . Typi
al way inthe literature is to use for these 
onstants from NN -intera
tion [14, 15℄ orpion photoprodu
tion pro
esses, 
 + N ! N + � [16℄, where ve
tor mesonex
hange plays a role. But the 
ase we 
onsider, 
 + N ! N + V , onone hand, and N + N ! N + N , for example, on the other hand, are
ontrolled by the V NN -
onstants in the di�erent regimes of ve
tor mesonmomentum: spa
e-like in the 
ase of NN -intera
tion or 
+N ! N +� andtime-like for 
 +N ! N + V . Therefore, to 
onne
t N +N ! N +N and
+N ! N + V , a long extrapolation in momentum transfer must be done.So V NN -
oupling 
onstants for these 
ases 
ould be essentially di�erent.And another important di�eren
e in V NN -
onstants for di�erent pro
esses,whi
h must be mentioned here, 
on
erns the high virtuality of one of thenu
leons for the V NN -vertex in the 
ase of the pro
esses 
 +N ! N + V .These 
omments 
ould be 
onsidered as a justi�
ation of our strategyin the 
onsideration of these 
oupling 
onstants: namely, we shall 
onsiderthese 
onstants as free parameters, whose values must be adjusted by some�t to the existing experimental data on di�erential 
ross se
tions for pro
ess
 + p! p+ �0 in the near threshold region.Moreover, in our 
onsideration here we will negle
t the Pomeron 
ontri-bution to the matrix element for 
+N ! N+V in the near threshold region,E
 < 2 GeV. It is possible to justify su
h an approa
h by observation thatthe Pomeron, being an e�e
tive high energy phenomenologi
al phenomenon,does not seem to be the adequate produ
tion me
hanism in the near thresh-old region. For example, in another pro
esses, where the Pomeron ex
hangeis de�nitely allowed, su
h as the elasti
 �+N ,K+N orN+N -s
attering [17℄,its 
ontribution is 
onsidered typi
ally at higher values of invariant variables in 
omparison with the near threshold values of s for 
+N ! N +V . Forexample, Wth(NN ! NN) = 2M > Wth(
N ! NV ) = M +mv, wheres =W 2, but it is evident that in N +N ! N +N the Pomeron ex
hange istaken into a

ount at higher W -values. Therefore, it is di�
ult to �nd somespe
i�
 theoreti
al reasons to justify the Pomeron ex
hange in the thresh-old region for pro
esses 
 +N ! N + V . This region 
an be 
onsidered asthe transition regime from the 
ontributions of s-
hannel nu
leon resonan
esto the Regge approa
h in a

ordan
e with the duality hypothesis [17�19℄.Namely, in this region there is the deli
ate problem of double 
ounting if



696 H. Baba
an et al.both above mentioned 
ontributions are 
onsidered simultaneously. There-fore, to avoid this problem we will not 
onsider the Pomeron 
ontributionin the near threshold region E
 � 2 GeV for 
 + p! p+ �(!).We do not 
onsider in our work the nu
leon resonan
es as well. Di�ra
tive-like behaviour of the di�erential 
ross se
tions for 
 + p! p+ V pro
esseseven very near to the threshold 
an be 
onsidered as some indi
ation thatthis me
hanism 
annot be the main one here. For example, the analysis inthe quark model of the 
ontribution of large number of nu
leon resonan
esdemonstrated that they 
annot reprodu
e su
h di�ra
tive t-dependen
e [2℄.Let us note that the 
ontribution of nu
leon resonan
e N� with the def-inite value of spin J and parity P , JP , to the amplitude of 
+N ! N + Vpro
ess is 
ompli
ated generally, being 
hara
terized by six independent 
on-stants or partial amplitudes, for J � 3=2. These amplitudes 
orrespond totwo possible initial (
+N)-states with the ele
tri
 and magneti
 multipolari-ties of real photons in the 
hain of the transitions: 
+N ! N�(JP )! N+Vand three di�erent �nal (V + N)-states with de�nite 
ombinations of totalV N spin, Sf = 1=2 and 3/2, and the orbital angular momentum of theve
tor meson. Even for JP = (1=2)� there are two independent transitions,i.e. the situation with N� in pro
esses 
 + N ! N + V is more 
ompli-
ated in 
omparison with 
 + N ! N + � or 
 + N ! N + �, where theN� 
ontribution with some JP is 
hara
terized by two multipole amplitudesonly.In the 
ase of the Breit�Wigner parametrization of the N� 
ontributionto the matrix element for 
 +N ! N + V pro
ess, ea
h su
h 
ontributionis 
hara
terized by �ve 
onstants: two ele
tromagneti
 ones, magneti
 andele
tri
, and three strong 
onstants for the de
ay N� ! N+V . In prin
iple,it is possible to use information about the ele
tromagneti
 vertex, N� !N + 
, from the multipole analysis of pro
esses 
 +N ! N + �(�). So, thepro
esses 
 + N ! N + V will be used for the study of the spin stru
tureof strong verti
es: N� ! N + V . But it is not the 
ase for the missingresonan
es, with the small N� ! N + � bran
hing ratio, i.e. with a weaksignal in 
 +N ! N + �, with unknown ele
tromagneti
 
onstants.It is evident that the su

essful solution of the missing resonan
e prob-lem, using the pro
esses 
 + N ! N + �(!), needs a large amount of po-larization data with polarized beam, polarized target, with measurementsof polarization properties of produ
ed ve
tor mesons. Only in that 
ase the
orresponding multipole analysis 
an be done more or less uniquely.We would like to note that the model suggested here produ
es real am-plitudes and as a result all possible T -odd polarization observables mustbe identi
ally zero, independently on the relative role of the 
onsideredme
hanisms. But N�-
ontribution in s-
hannel will 
hange the situationqualitatively, introdu
ing a new essential property, namely 
omplexity of
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h T -odd polarization phenomena. Therefore, theseobservables will be espe
ially sensitive to possible N�-
ontribution to thematrix element for 
 + p! p+ �0. Even not so intensive N�-
ontribution,through its interferen
e with large �-
ontribution, 
an produ
e a dete
tablesignal in target asymmetry, for example. But before that the following prob-lem must be solved: are there some other sour
es of amplitude 
omplexityin the near threshold region for 
 + p ! p + �0? Evidently the 
omplexPomeron ex
hange through its spe
i�
 signature 
annot be 
onsidered as agood me
hanism near threshold. Of 
ourse, it is ne
essary to keep in mind�nal V N -intera
tion, whi
h will modify the real � and � 
ontributions. Thisway we will not meet the deli
ate problem of double 
ounting in the 
ase ofadditional N�-
ontributions.In any 
ase, the problem of missing resonan
es in 
 + N ! N + V 0,being very interesting, will introdu
e ne
essity of solution of some seriousproblems. And one su
h problem is the 
hoi
e of the adequate model for thenonresonant me
hanism in 
+N ! N +V 0 (�0; !), where this nonresonantba
kground is the main me
hanism in the near threshold region. Intensivestudy of polarization phenomena in 
 + p! p+ V 0 will be very importantfor a su

essful solution of this and other related problems.And we must repeat here on
e more, that the 
onstru
tion of an adequatemodel for the nonresonant 
ontributions to the matrix element for 
 + p!p+ �(!) in the near threshold region is an important task, espe
ially takinginto a

ount the large number of possible N� with many free parameters.Interferen
e of di�erent me
hanisms must be intensive enough, and that willintrodu
e additional problem of relative phases of di�erent 
ontributions.3. Results and dis
ussionEven su
h relatively simple model 
ontains large number of unknownparameters: ��, ��, ���
 , ���
 , g��
 , g�NN , gV�NN , gT�NN . The �-mesonmass in prin
iple 
an also be 
onsidered as a parameter, being limited in thewide interval: 400 � m� � 1200 MeV [12℄. Only two 
oupling 
onstants,namely g�NN and g��
 
an be 
onsidered as well known. Evidently anyattempt to �nd all these parameters by �tting the limited set of experimentaldata 
on
erning only di�erential 
ross se
tion for pro
ess 
 + p ! p + �0,with unpolarized parti
les, 
annot be su

essful. Therefore we follow theliterature [5℄, and we will �x all four 
ut-o� parameters, �i, 
hoosing theirvalues as it was indi
ated in Se
. 2.After this we have only three parameters, gV�NN , gT�NN , and g��
 , assum-ing g2�NN=4� = 8:0, as it follows from NN -intera
tion [14℄. We �t our modelwith all the d�=dt data from SAPHIR Collaboration at three energy inter-vals: 1:45 < E
 < 1:64 GeV, 1:64 < E
 < 1:82 GeV, 1:82 < E
 < 2:03 GeV.Note that we 
hoose the �standard value� for �-mass: m� = 500 MeV, evi-
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an 
hange the resultsof �tting.We 
hoose spe
ially only the above mentioned three energy intervals ford�=dt ones from existing six measured by SAPHIR Collaboration [11℄, tohave the possibility to predi
t d�=dt for another three energy intervals, andto test in some sense the validity of the suggested model.The best results for the �tted 
oupling 
onstants are the following twosets of 
oupling 
onstants: gV�NN = 0:4, gT�NN = 1:0 for the �xed value of
oupling 
onstant g��
 , namely , g��
 = 2:7, following Ref. [5℄ and gV�NN =1:0, gT�NN = �1:2,g��
 = �3:0. In the last 
ase we 
onsider g��
 as a �ttingparameter, as well.This allows to obtain some 
on
lusions, 
on
erning the proposed model.(1) First of all, we 
an see that jg��
 j�t � g��
 of Ref. [5℄. Note that thesign of g��
 
annot be determined in the model of Ref. [5℄ be
ausein that model d�(
p ! p�0)=dt = j�j2 + j�j2, i.e. there is no � 
 �-interferen
e 
ontribution. But in the model we 
onsider it is possible inprin
iple to determine relative signs of 
oupling 
onstants, for example,to the sign of �-
ontribution, i.e. 
hoosing the positive value for theprodu
t g��
g�NN > 0 .(2) The resulting values for the 
oupling 
onstants, gV�NN and gT�NN , aredi�erent from their standard values, whi
h have been found early fromNN -potential [14, 15℄, where typi
ally, they are ranging from 2.97 to3.16 for gV�NN and 12.5 to 20.8 for gT�NN We must repeat here on
emore that su
h a di�eren
e 
ould be 
onsidered as natural due to thelarge di�eren
e in momentum transfer.Relatively small values for the 
oupling 
onstant gV�NN , whi
h we foundin our analysis, 
an be understood as being some indi
ation of the impor-tan
e of the phenomenologi
al form fa
tors F (s; u) [13℄, whi
h must be in-trodu
ed for the s + u 
ontribution to the matrix element for the rea
tion
 +N ! N + �. Thus, our 
oupling 
onstant gV�NN is not the �real� �NN -
oupling 
onstant, but it is the result of the modi�
ation of this 
onstantby the form fa
tor F (s; u), whi
h is evidently less than unity in the physi-
al region of the 
onsidered rea
tion. However, any phenomenologi
al formfa
tor F (s; u) 
annot 
hange the ratio of the both �NN -
oupling 
onstants.Ratios of tensor and ve
tor �NN -
oupling 
onstants, �1;2 = gT�NN=gV�NN , forwhi
h we found two di�erent values, namely �1 = 2:5 and �2 = �1:2, haveopposite signs and di�erent values. Let us note in this 
onne
tion that our�1-value is near to the so 
alled standard values, whi
h have been obtainedpreviously from NN -potentials, �N -s
attering, nu
leon form fa
tors or pionphotoprodu
tion in the spa
e-like region of t. We also note furthermore thatthese � values are 
on
entrated near the VDM result, � = 3:7, whi
h followsfrom the values of ele
tromagneti
 
hara
teristi
s, that is ele
tri
 
harges
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tion on... 699and magneti
 moments, of nu
leons, therefore for t = 0. In the literaturethere is only one attempt [20℄ to determine g�NN -
oupling 
onstants dire
tlyin the time-like region, using the data about the pro
ess NN ! ��, wherethe value � = 6:6 was obtained whi
h is near to the � values determined forspa
e-like t. So, our solution �1 
an be 
onsidered as the almost standardvalue, but we have another allowed solution �2 whi
h di�ers in sign andvalue. Meanwhile we did not ex
lude this solution from our 
onsideration.
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1Fig. 2. Comparison of experimental di�erential 
ross se
tion data for 
+p! p+�0at E
 = 1:23, 1:31, 1:4, 1:54, 1:73 and 1:92 GeV from [11℄ with the 
al
ulation ofsuggested model. Solid and dashed lines 
orrespond to gV�NN = 1:0, gT�NN = �1:2,g��
 = �3:0, and gV�NN = 0:4, gT�NN = 1:0, g��
 = 2:7, respe
tively.



700 H. Baba
an et al.The problem we fa
e is therefore that while s- and u-diagrams for therea
tion 
+N ! N +� are determined by �NN -
oupling 
onstants, that isdi�erent from the previous analysis in the time-like region [20℄, be
ause inour 
ase one nu
leon in the �NN -vertex is 
hara
terized by large virtuality.For the s-
hannel diagram even at threshold the 
orresponding virtuality isvery large; s �m2 = 2E
m � 2m2. Therefore we 
annot ex
lude the es-sential dependen
e of the �NN -
oupling 
onstants on the nu
leon virtualityin su
h a way that the ratio � may 
hange sign if the virtuality of nu
leonis 
hanged from 0 to 2m2. This is really large extrapolation. In this sensethe polarization phenomena in 
+N ! N + � rea
tion, in the near thresh-old region, being so sensitive to di�erent values of �, 
ould be espe
iallyinteresting.To 
hara
terize the quality of our �t, let us mention that the �2-valuefor the set of 
onstants given above is �2=ndf = 2:1 for the se
ond set and2.5 for the �rst set. We note that in the interval 2:1 < �2=ndf < 2:5 thereare a lot of 
omparable minima in �2 as a fun
tion of the three 
oupling
onstants. This means a large 
orrelation between these 
onstants, due tonot so large sensitivity of d�=dt to the details of the 
onsidered model.Using both these �ts we predi
t the t-dependen
e of d�(
p ! p�0)=dtfor three another energy intervals 1:19 < E
 < 1:26 GeV, 1:26 < E
 <1:35 GeV, 1:35 < E
 < 1:45 GeV whi
h were not used in our �ts, andwe 
ompare them with the experimental results in Fig. 2 for two sets of�NN and ��
-
oupling 
onstants. In the same �gure, we also show our �tsfor the other three energy intervals. One 
an see that both �ts are goodenough for all measured di�erential 
ross se
tions for E
 < 2 GeV. Only forthe smallest energy with 
entral value E
 = 1:23 GeV the predi
ted 
rossse
tions are larger than the experimental values, su
h dis
repan
y 
ould be
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1Fig. 3. Di�erent 
ontributions to the di�erential 
ross se
tions of 
+ p! p+ �0 atE
 = 1:54 GeV for two di�erent �tted parameter values:(a) gV�NN = 1:0; gT�NN =�1:2; g��
 = �3:0 (b) gV�NN = 0:4; gT�NN = 1:0; g��
 = 2:7.
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-0.2Fig. 4. Predi
ted behaviour of beam asymmetry for 
 + p ! p + �0 at E
 =1:23, 1:31, 1:4, 1:54, 1:73 and 1:92 GeV. Solid and dashed lines 
orrespond togV�NN = 1:0; gT�NN = �1:2; g��
 = �3:0, and gV�NN = 0:4; gT�NN = 1:0; g��
 = 2:7,respe
tively.
onsidered as some indi
ation of possible 
ontribution of nu
leon resonan
es.The 
ontributions of di�erent amplitudes to d�(
p ! p�0)=dt at E
 =1:54 GeV are shown in Fig. 3.In any 
ase, one 
an state that in the 
onsidered energy region E
 < 2GeV the existing experimental data on di�erential 
ross se
tions 
an bedes
ribed relatively well in the framework of a simple model with small
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an et al.number of adjustable parameters. And the quality of the existing exper-imental data allows di�erent models without strong preferen
e of some ofthem as 
ompared to many another possible models. Even our simpli�ed(�+ �+N)model 
an be realized with at least by two di�erent possibilitieswith di�erent values of g�NN and g��
 
oupling 
onstants.So, the available experimental data on d�(
p ! p�0)=dt is 
onsistentlywell des
ribed in (� + � + N) approa
h, and these data are not sensitiveto the details of di�erent possible models. Another 
ase is the polarizationphenomena, even the simplest of them, for example, the beam asymmetry� indu
ed by linear photon polarization� = �k � �?�k + �? (10)with �?(�k), indu
ed by photon with polarization orthogonal (parallel) torea
tion plane, is sensitive to rea
tion me
hanism. Being equal to zero iden-ti
ally for (�+�)-ex
hange, this T -even polarization observable must be sen-sitive to the relative value of other 
ontributions. And this is demonstratedin Fig. 4 for the proton target, where we present the predi
ted values of �for the SAPHIR energies. We see that two sets of 
oupling 
onstants resultin � whi
h are di�erent in sign for the whole interval of t, demonstrating theimportan
e of the N -
ontribution, and espe
ially �
N -interferen
e. So thefuture measurement of �-asymmetry even at one energy and at one anglewill be very de
isive in the 
hoi
e of the 
orre
t rea
tion me
hanism or inthe set of nonresonant ba
kground me
hanisms.Photoprodu
tion of �0-mesons on the neutron target, 
 + n ! n + �0,will be interesting also, espe
ially in the near threshold region. Point hereis that the N -
ontribution, being 
ontrolled by the 
oupling 
onstants, gV�ppand gT�pp, will be di�erent due to di�erent ele
tromagneti
 
hara
teristi
sof neutron and proton. This also results in di�erent interferen
e � 
 N
ontribution to all observables for pro
esses, 
 + p ! p + �0 and 
 + n !n + �0, su
h as the di�erential 
ross se
tion and beam asymmetry. Thepredi
ted behaviour of beam asymmetry for 
 + n! n+ �0 is presented inFig. 5.We also note that the ratio of di�erential 
ross se
tions R = d�(
n !n�0)=d�(
p ! p�0) is sensitive to the set of ve
tor 
oupling 
onstants, es-pe
ially at large value of momentum transfer jtj, with evident deviation ofR from unity, in 
ontrary dire
tions for the 
onsidered sets of 
oupling 
on-stants, as shown in Fig. 6.Although we found good �t in our model, even two �ts with di�erentsets of 
oupling 
onstants, to the existing data on di�erential 
ross se
tionsfor the pro
ess, 
 + p ! p + �0, in the near threshold region E
 < 2 GeV,we do not 
onsider our results to be de
isive. Indeed, we miss here some
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ted behaviour of beam asymmetry for 
 + n! n+ �0 at E
 = 1:23,1:31, 1:4, 1:54, 1:73 and 1:92 GeV. Notation for di�erent graphs is the same as inFig. 4.�traditional� 
ontributions, su
h as for example the nu
leon resonan
es inthe s-
hannel. There is no any strong proof that the suggested model forthe nonresonant ba
kground is more suitable in 
omparison with anotherpossible approa
hes [1�5℄. We 
an only say that our model is relativelysimple, being free from 
onsideration of su
h high-energy ingredients as thePomeron ex
hange. In any 
ase the suggested model produ
es nontrivialpolarization phenomena. We note that the value of 
oupling 
onstants gT;V�NNwhi
h are 
ontrolled by N -
ontribution to the matrix element of 
 + N !N+�0 pro
es must be di�erent generally from the values for these 
onstants
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32.521.510.5Fig. 6. Ratio of di�erential 
ross se
tion on neutron and proton target (R =d�(
n ! n�0)= d�(
p ! p�0) ) at E
 = 1:23, 1:31, 1:4, 1:54, 1:73 and 1:92 GeVwith the total 
ontributions of ex
hange me
hanisms (�, �, s, u). Notation fordi�erent graphs is the same as in Fig. 4.that follow fromNN -intera
tion. And the values of g�NN -
oupling 
onstantsin the time-like region of �0-momentum 
an �nd a lot of appli
ations in
onsideration of another pro
ess with ve
tor meson produ
tion. Clearly, andnot only for our analysis, additional polarization data, about asymmetry �for example, will help to establish more uniquely the models for 
 + N !N+�0. And this is unavoidable as a way in the solution of missing resonan
eproblem.
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lusionsFollowing are the main 
on
lusions of our study and some general re-marks.� It is shown that the relatively simple model (�+�+N) 
an explain theSAPHIR data about the di�erential 
ross se
tion for 
+p! p+�0, E
 < 2GeV, and therefore 
ould be 
onsidered as a good nonresonant ba
kgroundme
hanism for sear
hing the missing nu
leon resonan
es.� Results for the V NN -
oupling 
onstants, their absolute values and thesigns as well, gT;V�NN , 
onsidered in our work as a �tting parameters, dependon the value of g��
 -
oupling 
onstant.� The simplest polarization observable, namely the beam asymmetry �,is espe
ially sensitive to possible variation of parameters of our models insome limits, for whi
h the di�erential 
ross se
tion is not so dis
riminative.� The ratio of di�erential 
ross se
tions of �0-photoprodu
tion on protonand neutron targets are sensitive to the dis
ussed variants of the suggestedmodel.In any 
ase, the V NN -
oupling 
onstants from the �t to d�(
p !p�0)=dt in the near threshold region 
ould be di�erent in absolute valuesand in signs from the so 
alled �standard� values of these 
onstants, whi
hhave been extra
ted from the data about NN -intera
tion or pion photopro-du
tion, 
 +N ! N + �, due to essential di�eren
e in momentum transfer.In prin
iple our estimation for the 
oupling 
onstants gV�NN and gT�NN willbe useful for analysis of another pro
esses of ve
tor meson produ
tion, su
has for example, �+N ! N+V , N+N ! N+N+V , e�+N ! e�+N+V ,N +N ! � + V , N +N ! 
 + V , N +N ! V + V et
., in the frameworkof the E�e
tive Lagrangian approa
h.� Our �tting pro
edure demonstrates that even the di�erential 
rossse
tions are sensitive to the relative sign of the di�erent 
ontributions to thematrix element of the pro
ess, 
 + p! p+ �0.� Cut-o� parameters �i of above mentioned phenomenologi
al form fa
-tors, whi
h typi
ally must be introdu
ed in ele
tromagneti
 and strong ver-texes of the 
onsidered pole diagrams, must be obje
t of spe
ial 
onsider-ation, be
ause su
h universality i.e., appli
ability of the same form fa
torsfor di�erent pro
ess is not proved rigorously. It is only a very simpli�edpro
edure.We thank M. P. Rekalo for suggesting this problem to us and we grate-fully a
knowledge his guidan
e and fruitful dis
ussions during the 
ourse ofour work.
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