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We investigate the possibility that the process of p°-meson photopro-
duction on proton, y+p — p+p°, in the near threshold region E, < 2 GeV,
can be considered in the framework of model with 7-, o- and N-exchanges.
This suggestion is based on a study of the t-dependence of differential cross
section, do(yp — pp°)/dt, which has been measured by SAPHIR Collab-
oration. We find that the suggested model provides a good description of
the experimental data with new values of p/N N-coupling constants in the
region of the time-like p°-meson momentum. Our results suggest that such
model can be considered as a suitable nonresonant background mechanism
for the future discussion of possible role of nucleon resonance contributions.
Our predictions for p°-meson photoproduction on neutron target and for
beam asymmetry on both proton and neutron targets are presented.

PACS numbers: 13.60.Le, 13.60.—r, 13.88.+¢, 24.70.+s

1. Introduction

The photoproduction of p- and w-mesons on nucleons, v+ N — N 4+ V,
near threshold E, < 2 GeV, is considered typically as a possible way for
the study of the physics of nucleon resonances N* in the interesting dense
region of its masses, My~ > M +m, = 1.7 GeV, where M (m,) is the nucleon
(vector meson) mass. Especially, such experiments could be interesting for
the search and subsequent study of the so-called missing resonances [1,2].
Typical opinion here is that due to possible large width of the decay N* —
N + V(p,w), the reactions of vector meson photoproduction on nucleons
will be sensitive to these resonances. Therefore, the future intensive flux
of new data from JLAB will be effective for the solution of this problem.
Multipole analysis of experimental data on different observables in processes
v+ N — N 4+ V can be realized only in the case of an appropriate and a
realistic model for the nonresonant mechanisms for y + N — N + V. This
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is especially important for the photoproduction of neutral vector mesons,
where N* contributions do not seem as the main ones [2-4].

In the literature [1-10] the following nonresonant mechanisms are dis-
cussed: the pseudoscalar (m,n) and scalar (o) exchanges in t-channel, one
nucleon exchanges in s- and u-channels, and the Pomeron exchange. This
introduces a large enough set of unknown parameters, characterizing differ-
ent contributions, such as the coupling constants, their relative phases, and
the cut-off parameters of numerous phenomenological form factors, as well.
In principle different combinations of these ingredients are presented in the
literature. For example, in Ref. [5] the model for y+ N — N + p(w) contains
the following two contributions: (w4 0)-exchanges in ¢-channel; with specific
form factors in electromagnetic and strong vertices of pole diagrams. The
same nonresonant background, i.e. (r 4+ o)-exchanges, is also considered in
Ref. [2], with the same coupling constants but with different form factors.
The corresponding model in Ref. [3| contains three ingredients: (7w + o)-
exchanges in ¢-channel, (s + w)-channel one-nucleon contribution and the
Pomeron exchange.

Our aim here is to suggest a simple enough model for the process y+N —
N + p% in the near threshold region which will describe relatively well the
existing experimental data [11] on differential cross sections for v +p —
p + p° and will produce nontrivial polarization phenomena, more rich, for
example, than in the case of (7+o)-exchange. For such exchanges almost all
polarization phenomena are trivial and can be predicted without knowledge
of exact values of the coupling constants and phenomenological form factors.
For example, the beam asymmetry Y induced by the linear polarization of
the photon beam, and all possible T-odd polarization observables such as,
for example, target asymmetry or polarization of final proton produced in
collisions of unpolarized particles will be zero identically for any kinematical
conditions of the considered reaction. Analogously, it is possible to predict
that p11 = 1, and all other elements of the p-meson density matrix must be
zero. Let us note also that (m + o)-model will not produce any difference
in cross section on proton and neutron targets due to the absence of o- and
m-interference.

But the model suggested in this work will be more rich and more flex-
ible,allowing to predict nontrivial polarization phenomena. Such model
(m + o + N) will be suitable enough as starting point for the discussion
of possible contribution of nucleon resonances. And presence of different
interference contributions such as ¢ ® N and # ® N in the differential cross
section even with unpolarized particles will be important for establishing
relative signs of coupling constants. That will be crucial for more complete
information about these constants, which is necesssary for prediction of po-
larization phenomena.
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2. Exchange mechanisms and amplitudes

For t-channel, we consider the pseudoscalar (), and scalar (o) exchanges,
shown in Fig. 1(a). The pseudoscalar exchange amplitudes can be obtained
from the Lagrangian,

e , _
£7r = m—gpme“”o‘ﬁauvyaaAﬁw — ’LgWNNN’)’5Nﬂ—, (1)
p
and where A,(V),) is the photon (vector meson) field. Then one-pion ex-
change amplitude takes the form

My = e Im1t ITNN_ g (8) B (8) (@(p2) v5 w(p1)) (P &, by Uy ),
m, t—mz
(2)

where t = (k — q)2, m,, is the mass of p’-meson, ¢,(U,) is the polarization
four vector of photon(vector meson). Notation of particle four momenta is
presented in Fig. 1. We shall use the coupling constants as g,r, = 0.54
and g?rNN /4m = 14.0. The coupling constant g,r, is obtained from the
experimental partial width of p° radiative decay p’ — 7%+~ [12]. The form
factors used in our calculations are

AQ - mg /12 _ mQ
F NN(t) 7T 7 ’F (t) — M’ (3)
T A2 —t ey A2 —t

where Ar = 0.7 GeV and A)r, = 0.77 GeV [5].
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Fig. 1. Mechanisms of the model for p°-photoproduction: (a) t-channel exchanges,
(b) and (c) s- and u-channel nucleon exchanges.

The scalar (o) exchange amplitude can be obtained from the Lagrangian,
gzgmmmW%%—mw%%w+meW. (4)
p

The above Lagrangian leads to the following expression for scalar exchange
amplitude:

M, = 907 IONN o (8) Fpon (1) (@lp2)ysu(pi)(e - U kg —-q U - k),
my, t—mg
(5)
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where g,,, and g,nnN are the coupling constants for the vertices pyo and
oNN. Following Ref. [5], they are taken as g2y /47 = 8.0, and gpyo = 2.7.
The form factors for this exchange mechanism are given by

/13 - mg A20’ 3
Fonn(t) = 5= Fon(t)= ;1277, (6)
o poy

where A, = 1.0 GeV and A,,, = 0.9 GeV [5].
The Lagrangian for VNN and yNN interactions can be written in the
following way:

T
24 K;N 24
Ly = (gpNNV M 00 V“) N+ eN(QnA = 53200 AN, (7)

where we use the notation & = a,v*, and o, = (7,7 — 7 Yu)/2. The s- and
u-channel amplitudes can then be obtained by using the above Lagrangian
as

Mszesgvaﬁ;( ) (U + 540 a) (p+ M) (Qné = 5222 k) ulpr),
(8)
My = e i) (@uwe = X2 1Y (F+00) (04 220 ) aip)

where s = (k+p1)*, u=(k=p2)®, f =p1 —¢, P =p2 + ¢, gyyy and gl xy
are the vector and tensor coupling constants for pN N-vertex, Qn = 1(0) is
the electric charge for proton(neutron), ky = 1.79(—1.91) is the anomalous
magnetic moment of proton(neutron), and &, is defined as k, = gZN N/ g;/N N-

The values of the coupling constants g;/N ~ and ngN ~ Will be given in the
next section.

Let us note that the suggested model for the matrix element of the
process ¥ + N — N + V namely M— M, + M, + M, + M, satisfies
the gauge invariance of hadron electromagnetic interaction at any values of
the coupling constants and form factors in the whole region of kinematical
variables s and t. Futhermore, we would like to mention that we do not
introduce any form factor in My and M. Problem here is that in general the
form factors for M and M, must be different, having s- or u-dependences,
respectively. But this “natural” form factors will destroy the gauge invariance
of s + u contribution to the total matrix element for y+p — p+ V. In
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principle, it is possible to introduce some common phenomenological form
factor in front of My + M, [13] with s- and u- dependences simultaneously
as F(s,u). Such a “form factor” F(s,u), depending on two variables seems
more like as some amplitude, but not as form factor which typically depends
on one variable. So this dependence differs from the case of t-channel where
the corresponding form factors are the functions of ¢-variable only.

Another point which must be stressed here concerns the values of the
coupling constants, gg Ny and g‘T, yn for the vertex V.NN. Typical way in
the literature is to use for these constants from N N-interaction [14,15] or
pion photoproduction processes, ¥ + N — N + 7 [16], where vector meson
exchange plays a role. But the case we consider, vy + N — N + V. on
one hand, and N + N — N + N, for example, on the other hand, are
controlled by the VN N-constants in the different regimes of vector meson
momentum: space-like in the case of N N-interaction or y+ N — N + 7 and
time-like for v + N — N 4 V. Therefore, to connect N + N — N + N and
v+ N — N +V, along extrapolation in momentum transfer must be done.
So VN N-coupling constants for these cases could be essentially different.
And another important difference in V N N-constants for different processes,
which must be mentioned here, concerns the high virtuality of one of the
nucleons for the V. N N-vertex in the case of the processes y+ N — N + V.

These comments could be considered as a justification of our strategy
in the consideration of these coupling constants: namely, we shall consider
these constants as free parameters, whose values must be adjusted by some
fit to the existing experimental data on differential cross sections for process
v+ p — p+ p° in the near threshold region.

Moreover, in our consideration here we will neglect the Pomeron contri-
bution to the matrix element for y+/N — N4V in the near threshold region,
E, <2 GeV. It is possible to justify such an approach by observation that
the Pomeron, being an effective high energy phenomenological phenomenon,
does not seem to be the adequate production mechanism in the near thresh-
old region. For example, in another processes, where the Pomeron exchange
is definitely allowed, such as the elastic 7+N, K+ N or N+ N-scattering [17],
its contribution is considered typically at higher values of invariant variable
s in comparison with the near threshold values of s for y+ N — N+ V. For
example, Wih,(NN — NN) = 2M > Wi,(yN — NV) = M + m,,, where
s = W?, but it is evident that in N+ N — N + N the Pomeron exchange is
taken into account at higher W-values. Therefore, it is difficult to find some
specific theoretical reasons to justify the Pomeron exchange in the thresh-
old region for processes v + N — N + V. This region can be considered as
the transition regime from the contributions of s-channel nucleon resonances
to the Regge approach in accordance with the duality hypothesis [17-19].
Namely, in this region there is the delicate problem of double counting if
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both above mentioned contributions are considered simultaneously. There-
fore, to avoid this problem we will not consider the Pomeron contribution
in the near threshold region £, < 2 GeV for v+ p — p + p(w).

We do not consider in our work the nucleon resonances as well. Diffractive-
like behaviour of the differential cross sections for v+ p — p + V processes
even very near to the threshold can be considered as some indication that
this mechanism cannot be the main one here. For example, the analysis in
the quark model of the contribution of large number of nucleon resonances
demonstrated that they cannot reproduce such diffractive ¢-dependence [2].

Let us note that the contribution of nucleon resonance N* with the def-
inite value of spin J and parity P, J¥, to the amplitude of y + N = N+ V
process is complicated generally, being characterized by six independent con-
stants or partial amplitudes, for J > 3/2. These amplitudes correspond to
two possible initial (y+N)-states with the electric and magnetic multipolari-
ties of real photons in the chain of the transitions: y+N — N*(JF) = N+V
and three different final (V' + N)-states with definite combinations of total
VN spin, Sy = 1/2 and 3/2, and the orbital angular momentum of the
vector meson. Even for J¥ = (1/2)* there are two independent transitions,
i.e. the situation with N* in processes v+ N — N + V is more compli-
cated in comparison with vy + N — N 4+ 7 or v+ N — N + 7, where the
N* contribution with some J* is characterized by two multipole amplitudes
only.

In the case of the Breit—-Wigner parametrization of the N* contribution
to the matrix element for v+ N — N + V process, each such contribution
is characterized by five constants: two electromagnetic ones, magnetic and
electric, and three strong constants for the decay N* — N + V. In principle,
it is possible to use information about the electromagnetic vertex, N* —
N + 7, from the multipole analysis of processes v+ N — N + w(n). So, the
processes ¥+ N — N + V will be used for the study of the spin structure
of strong vertices: N* — N + V. But it is not the case for the missing
resonances, with the small N* — N 4+ 7 branching ratio, s.e. with a weak
signal in v+ N — N + 7, with unknown electromagnetic constants.

It is evident that the successful solution of the missing resonance prob-
lem, using the processes v + N — N + p(w), needs a large amount of po-
larization data with polarized beam, polarized target, with measurements
of polarization properties of produced vector mesons. Only in that case the
corresponding multipole analysis can be done more or less uniquely.

We would like to note that the model suggested here produces real am-
plitudes and as a result all possible T-odd polarization observables must
be identically zero, independently on the relative role of the considered
mechanisms. But N*-contribution in s-channel will change the situation
qualitatively, introducing a new essential property, namely complexity of



A Theoretical Study of p°-Photoproduction on... 697

amplitudes with a rich T-odd polarization phenomena. Therefore, these
observables will be especially sensitive to possible N*-contribution to the
matrix element for v +p — p 4+ p°. Even not so intensive N*-contribution,
through its interference with large o-contribution, can produce a detectable
signal in target asymmetry, for example. But before that the following prob-
lem must be solved: are there some other sources of amplitude complexity
in the near threshold region for v +p — p + p? Evidently the complex
Pomeron exchange through its specific signature cannot be considered as a
good mechanism near threshold. Of course, it is necessary to keep in mind
final V N-interaction, which will modify the real = and ¢ contributions. This
way we will not meet the delicate problem of double counting in the case of
additional N*-contributions.

In any case, the problem of missing resonances in vy + N — N + VO,
being very interesting, will introduce necessity of solution of some serious
problems. And one such problem is the choice of the adequate model for the
nonresonant mechanism in y+N — N + V9 (o, w), where this nonresonant
background is the main mechanism in the near threshold region. Intensive
study of polarization phenomena in v+ p — p 4+ VY will be very important
for a successful solution of this and other related problems.

And we must repeat here once more, that the construction of an adequate
model for the nonresonant contributions to the matrix element for v + p —
p+ p(w) in the near threshold region is an important task, especially taking
into account the large number of possible N* with many free parameters.
Interference of different mechanisms must be intensive enough, and that will
introduce additional problem of relative phases of different contributions.

3. Results and discussion

Even such relatively simple model contains large number of unknown
parameters: Az, Ay, Apovy, Aprys Gpoys GoNN, gXNN, ngNN. The o-meson
mass in principle can also be considered as a parameter, being limited in the
wide interval: 400 < m, < 1200 MeV [12|. Only two coupling constants,
namely gryny and g,y can be considered as well known. Evidently any
attempt to find all these parameters by fitting the limited set of experimental
data concerning only differential cross section for process v +p — p + p°,
with unpolarized particles, cannot be successful. Therefore we follow the
literature [5], and we will fix all four cut-off parameters, 4;, choosing their
values as it was indicated in Sec. 2.

After this we have only three parameters, g;/N N gZN - and g,q-, assum-

ing g2y /4T = 8.0, as it follows from N N-interaction [14]. We fit our model
with all the do/dt data from SAPHIR Collaboration at three energy inter-
vals: 1.45 < B, < 1.64 GeV, 1.64 < E, < 1.82 GeV, 1.82 < E, < 2.03 GeV.
Note that we choose the “standard value” for o-mass: m, = 500 MeV, evi-
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dently another value of m, from allowed wide interval can change the results
of fitting.

We choose specially only the above mentioned three energy intervals for
do /dt ones from existing six measured by SAPHIR Collaboration [11], to
have the possibility to predict do/dt for another three energy intervals, and
to test in some sense the validity of the suggested model.

The best results for the fitted coupling constants are the following two
sets of coupling constants: g;/N Ny = 0.4, ngNN = 1.0 for the fixed value of
coupling constant g,s, namely , g, = 2.7, following Ref. [5] and gXN N=
1.0, gZNN = —1.2,9p5y = —3.0. In the last case we consider g,,~ as a fitting
parameter, as well.

This allows to obtain some conclusions, concerning the proposed model.

(1) First of all, we can see that |g,s+|ft = gpoy Of Ref. [5]. Note that the
sign of g,,y cannot be determined in the model of Ref. [5] because
in that model do(yp — pp°)/dt = |n|> + |o|?, i.e. there is no 7™ ® o-
interference contribution. But in the model we consider it is possible in
principle to determine relative signs of coupling constants, for example,
to the sign of m-contribution, i.e. choosing the positive value for the
product gprygonN > 0 .

(2) The resulting values for the coupling constants, g;/N N and gZNN, are
different from their standard values, which have been found early from
N N-potential [14,15], where typically, they are ranging from 2.97 to
3.16 for QXNN and 12.5 to 20.8 for QZNN We must repeat here once
more that such a difference could be considered as natural due to the
large difference in momentum transfer.

Relatively small values for the coupling constant g;/N ~» Which we found
in our analysis, can be understood as being some indication of the impor-
tance of the phenomenological form factors F'(s,u) [13], which must be in-
troduced for the s + u contribution to the matrix element for the reaction
v+ N — N + p. Thus, our coupling constant g;/NN is not the “real” pNN-
coupling constant, but it is the result of the modification of this constant
by the form factor F'(s,u), which is evidently less than unity in the physi-
cal region of the considered reaction. However, any phenomenological form
factor F(s,u) cannot change the ratio of the both p N N-coupling constants.
Ratios of tensor and vector pN N-coupling constants, k12 = ngN N/ g;/N N for
which we found two different values, namely x; = 2.5 and k9 = —1.2, have
opposite signs and different values. Let us note in this connection that our
k1-value is near to the so called standard values, which have been obtained
previously from N N-potentials, wN-scattering, nucleon form factors or pion
photoproduction in the space-like region of ¢. We also note furthermore that
these k values are concentrated near the VDM result, k = 3.7, which follows
from the values of electromagnetic characteristics, that is electric charges
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and magnetic moments, of nucleons, therefore for ¢ = 0. In the literature
there is only one attempt [20] to determine g,n n-coupling constants directly
in the time-like region, using the data about the process NN — 7w, where
the value k = 6.6 was obtained which is near to the x values determined for
space-like £. So, our solution k1 can be considered as the almost standard
value, but we have another allowed solution k9 which differs in sign and
value. Meanwhile we did not exclude this solution from our consideration.
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Fig. 2. Comparison of experimental differential cross section data for v+p — p+ p°
at E, = 1.23, 1.31, 1.4, 1.54, 1.73 and 1.92 GeV from [11] with the calculation of
suggested model. Solid and dashed lines correspond to g}y = 1.0, g7y = —1.2,
9poy = —3.0, and gV = 0.4, g7y v = 1.0, g0 = 2.7, respectively.
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The problem we face is therefore that while s- and u-diagrams for the
reaction v+ N — N + p are determined by p/N N-coupling constants, that is
different from the previous analysis in the time-like region [20], because in
our case one nucleon in the p/N N-vertex is characterized by large virtuality.
For the s-channel diagram even at threshold the corresponding virtuality is
very large; s — m? = 2E,m > 2m?. Therefore we cannot exclude the es-
sential dependence of the pN N-coupling constants on the nucleon virtuality
in such a way that the ratio x may change sign if the virtuality of nucleon
is changed from 0 to 2m?. This is really large extrapolation. In this sense
the polarization phenomena in v+ N — N + p reaction, in the near thresh-
old region, being so sensitive to different values of x, could be especially
interesting.

To characterize the quality of our fit, let us mention that the y?-value
for the set of constants given above is x?/ndf = 2.1 for the second set and
2.5 for the first set. We note that in the interval 2.1 < x?/ndf < 2.5 there
are a lot of comparable minima in x? as a function of the three coupling
constants. This means a large correlation between these constants, due to
not so large sensitivity of do/dt to the details of the considered model.

Using both these fits we predict the t-dependence of do(yp — pp°)/dt
for three another energy intervals 1.19 < E, < 1.26 GeV, 1.26 < E, <
1.35 GeV, 1.35 < Ey < 1.45 GeV which were not used in our fits, and
we compare them with the experimental results in Fig. 2 for two sets of
pNN and poy-coupling constants. In the same figure, we also show our fits
for the other three energy intervals. One can see that both fits are good
enough for all measured differential cross sections for E, < 2 GeV. Only for
the smallest energy with central value E, = 1.23 GeV the predicted cross
sections are larger than the experimental values, such discrepancy could be
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Fig. 3. Different contributions to the differential cross sections of v +p = p+ p° at

E, = 1.54 GeV for two different fitted parameter values:(a) gy = 1.0, g/xy =

—1.2, gpoy = —3.0 (b) gXNN = 0.4, gZNN =1.0, gpoy =2.7.
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Fig.4. Predicted behaviour of beam asymmetry for v +p — p+ p° at E, =
1.23, 1.31, 1.4, 1.54, 1.73 and 1.92 GeV. Solid and dashed lines correspond to

gXNN = 1.0, gZNN = —1.2, gpoy = —3.0, and gXNN = 0.4, gZNN = 1.0, gpoy = 2.7,

respectively.

considered as some indication of possible contribution of nucleon resonances.
The contributions of different amplitudes to do(yp — pp°)/dt at E, =
1.54 GeV are shown in Fig. 3.

In any case, one can state that in the considered energy region E, < 2
GeV the existing experimental data on differential cross sections can be
described relatively well in the framework of a simple model with small
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number of adjustable parameters. And the quality of the existing exper-
imental data allows different models without strong preference of some of
them as compared to many another possible models. Even our simplified
(m 4+ 0 4+ N)model can be realized with at least by two different possibilities
with different values of g,y n and g, coupling constants.

So, the available experimental data on do(yp — pp°)/dt is consistently
well described in (7 + o + N) approach, and these data are not sensitive
to the details of different possible models. Another case is the polarization
phenomena, even the simplest of them, for example, the beam asymmetry
2/ induced by linear photon polarization

= (10)

o|+oL

with o (o)), induced by photon with polarization orthogonal (parallel) to
reaction plane, is sensitive to reaction mechanism. Being equal to zero iden-
tically for (m+o)-exchange, this T-even polarization observable must be sen-
sitive to the relative value of other contributions. And this is demonstrated
in Fig. 4 for the proton target, where we present the predicted values of X
for the SAPHIR energies. We see that two sets of coupling constants result
in X' which are different in sign for the whole interval of ¢, demonstrating the
importance of the N-contribution, and especially o ® N-interference. So the
future measurement of X-asymmetry even at one energy and at one angle
will be very decisive in the choice of the correct reaction mechanism or in
the set of nonresonant background mechanisms.

Photoproduction of p-mesons on the neutron target, v +n — n + pY,
will be interesting also, especially in the near threshold region. Point here
is that the N-contribution, being controlled by the coupling constants, g;,;p
and gZ;p, will be different due to different electromagnetic characteristics
of neutron and proton. This also results in different interference o @ N
contribution to all observables for processes, v +p — p+ p% and v+ n —
n + pY, such as the differential cross section and beam asymmetry. The
predicted behaviour of beam asymmetry for v +n — n + p¥ is presented in
Fig. 5.

We also note that the ratio of differential cross sections R = do(yn —
np°)/do(yp — pp®) is sensitive to the set of vector coupling constants, es-
pecially at large value of momentum transfer |¢|, with evident deviation of
R from unity, in contrary directions for the considered sets of coupling con-
stants, as shown in Fig. 6.

Although we found good fit in our model, even two fits with different
sets of coupling constants, to the existing data on differential cross sections
for the process, ¥ +p — p + p°, in the near threshold region E, <2 GeV,
we do not consider our results to be decisive. Indeed, we miss here some



A Theoretical Study of p°-Photoproduction on... 703

0.1 0.1 T

L (a) By = 1.23 GeV (b) By = 1.31 GeV

Eﬂ/ 0r e - O e —
015 04 08 015 0.4 0.8
—t(GeV?) —t(GeV?)
0.1 0.1

(d) Er = 1.54 GeV

t(c) Ey=14GeV

=
015 04 0.8 T2 OlgTTeTTTOR T TIE 1s
—t(GeV?) —H(GeV?)
0.1 — R I
L(e) By =1.73 GeV (f) By =192 GeV
=
=3
O15T0308 13 16 2 OLTOA08 12 16 2 24
—1(GeV?) —t(GeV?)

Fig.5. Predicted behaviour of beam asymmetry for v +n — n + p? at E, = 1.23,
1.31, 1.4, 1.54, 1.73 and 1.92 GeV. Notation for different graphs is the same as in
Fig. 4.

“traditional” contributions, such as for example the nucleon resonances in
the s-channel. There is no any strong proof that the suggested model for
the nonresonant background is more suitable in comparison with another
possible approaches [1-5]. We can only say that our model is relatively
simple, being free from consideration of such high-energy ingredients as the
Pomeron exchange. In any case the suggested model produces nontrivial
polarization phenomena. We note that the value of coupling constants gZ]’VVN
which are controlled by N-contribution to the matrix element of vy + N —
N + p° proces must be different generally from the values for these constants
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Fig.6.

Ratio of differential cross section on neutron and proton target (R

do(yn — np®)/ do(yp — pp®) ) at E, = 1.23, 1.31, 1.4, 1.54, 1.73 and 1.92 GeV
with the total contributions of exchange mechanisms (7, o, s, u). Notation for
different graphs is the same as in Fig. 4.

that follow from N N-interaction. And the values of g,nn-coupling constants
in the time-like region of p’-momentum can find a lot of applications in
consideration of another process with vector meson production. Clearly, and
not only for our analysis, additional polarization data, about asymmetry X
for example, will help to establish more uniquely the models for v+ N —
N+p°. And this is unavoidable as a way in the solution of missing resonance

problem.
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4. Conclusions

Following are the main conclusions of our study and some general re-
marks.

e It is shown that the relatively simple model (o + 7+ N) can explain the
SAPHIR data about the differential cross section for y+p — p+p°, E, < 2
GeV, and therefore could be considered as a good nonresonant background
mechanism for searching the missing nucleon resonances.

e Results for the V' N N-coupling constants, their absolute values and the

signs as well, g N ~» considered in our work as a fitting parameters, depend
on the value ofp gpor-coupling constant.

e The simplest polarization observable, namely the beam asymmetry X,
is especially sensitive to possible variation of parameters of our models in
some limits, for which the differential cross section is not so discriminative.

e The ratio of differential cross sections of p°-photoproduction on proton
and neutron targets are sensitive to the discussed variants of the suggested
model.

In any case, the V. NN-coupling constants from the fit to do(yp —
pp®)/dt in the near threshold region could be different in absolute values
and in signs from the so called “standard” values of these constants, which
have been extracted from the data about N N-interaction or pion photopro-
duction, v+ N — N + 7, due to essential difference in momentum transfer.

In principle our estimation for the coupling constants gXN N and QZN N will
be useful for analysis of another processes of vector meson production, such
as for example, T+ N - N+V , N+N - N+N+V, e +N — e +N+V,
N+N—=7+V, N+ N —=s~v+V,N+ N =V +V etc., in the framework
of the Effective Lagrangian approach.

e Our fitting procedure demonstrates that even the differential cross
sections are sensitive to the relative sign of the different contributions to the
matrix element of the process, v +p — p + p°.

e Cut-off parameters A; of above mentioned phenomenological form fac-
tors, which typically must be introduced in electromagnetic and strong ver-
texes of the considered pole diagrams, must be object of special consider-
ation, because such universality i.e., applicability of the same form factors
for different process is not proved rigorously. It is only a very simplified
procedure.

We thank M. P. Rekalo for suggesting this problem to us and we grate-
fully acknowledge his guidance and fruitful discussions during the course of
our work.
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