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One-loop corrections tov photoproduction near threshold
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One-loop corrections tov photoproduction near threshold have been investigated by using the approxima-
tion that all relevant transition amplitudes are calculated from the tree diagrams of effective Lagrangians. With
the parameters constrained by the data ofgN→pN, gN→rN, andpN→vN reactions, it is found that the
one-loop effects due to the intermediatepN and rN states can significantly change the differential cross
sections and spin observables. The results from this exploratory investigation suggest strongly that the coupled-
channel effects should be taken into account in extracting reliable resonance parameters from the data of vector
meson photoproduction in the resonance region.
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I. INTRODUCTION

Experimental data of vector meson photoproductions
now being rapidly accumulated at Bonn@1#, Thomas Jeffer-
son National Accelerator Facility@2#, GRAAL of Grenoble
@3#, and LEPS of SPring-8@4#. The study of photoproduction
of vector mesons (v,r,f) is expected to be useful to resolv
the so-called ‘‘missing resonances’’ problem@5#. In addition,
the extracted resonance parameters can shed lights o
structure of nucleon resonances (N* ) and can be used to tes
the existing hadron models. In recent years, some theore
progress has been made@6,7# in this direction. In this work
we will address the question about how these earlier mo
should be improved for a more reliable extraction of theN*
parameters from the forthcoming data. To be specific,
consider the photoproduction ofv meson.

It is well known that the extraction ofN* parameters
from experimental data depends strongly on the accurac
the treatment of the nonresonant amplitudes. In all of
recent studies ofv photoproduction at resonance regio
@6,7#, the nonresonant amplitudes are calculated from
tree diagrams of effective Lagrangians. This is obviously
satisfactory for the following reasons. First, the tree-diagr
models do not include the hadronic final state interact
~FSI!. The importance of FSI in interpreting the data h
been demonstrated in the study of pion photoproductio
For example, the calculations of Ref.@8# have shown that the
magneticM1 amplitude of thegN→D(1232) transition can
be identified with the predictions from constituent qua
models only when the pion rescattering effects~i.e., pion
cloud effects!, as required by the unitary condition, are a
counted for appropriately in analyzing the data. Second,
vector meson productions occur in the energy region wh
several meson-nucleon channels are open and their influ
must be accounted for. This coupled-channel effect was
ready noticed and explored in 1970s for vector meson p
toproduction@9#. In this paper we make a first attempt
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reinvestigate this problem in conjunction with the approa
developed in Ref.@7#.

In a dynamical formulation, such as that developed
Ref. @8#, the most ideal approach is to carry out a couple
channel calculation. At energies near thev photoproduction
threshold, the meson-baryon channels which must be
cluded in a coupled-channel calculation are many, such
pN, pD, rN, andKY. Such a full coupled-channel calcu
lation is not feasible at the present stage, mainly beca
some of the experimental information that are needed to c
strain the transitions between relevant hadronic mes
baryon channels are not available. For example, there is
information aboutpD→vN and KY→vN transitions. We,
therefore, are only able to consider just the effects due
intermediatepN andrN channels. In this exploratory inves
tigation, we will follow Ref. @9# to further simplify the cal-
culations by only considering the one-loop corrections wh
are the leading order terms in a perturbation expansion
full coupled-channel formulation, as will be explained
Sec. II. Nevertheless, our results will shed some lights on
importance of coupled-channel effects and provide inform
tion for developing a much more complex full couple
channel calculation. In many respects, our investigation
similar to a recent investigation of coupled-channel effe
on kaon photoproduction@10#.

This paper is organized as follows. In Sec. II, we intr
duce a coupled-channel formulation ofgN reaction and in-
dicate the procedures for calculating the one-loop correcti
to v photoproduction. Section III is devoted to specify va
ous transition amplitudes which will be used as the inputs
our calculations. Numerical results are presented and
cussed in Sec. IV. The conclusions are given in Sec. V. So
details on thepN→vN reaction are given in the Appendix

II. DYNAMICAL COUPLED-CHANNEL FORMULATION

In the considered energy region, thegN reaction is a mul-
tichannel multiresonance problem. In this work we follo
the dynamical approach developed by Sato and Lee@8# to
investigate this problem. It is done by simply extending t
©2002 The American Physical Society01-1
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scattering formulation of Ref.@8# to include moreN* states
and more meson-nucleon channels. The resulting ampli
TgN,vN(E) for the gN→vN reaction can be written as

TgN,vN~E!5tgN,vN~E!1(
N*

ḠgN→N* ḠN* →vN

E2MN*
0

2SN* ~E!
, ~1!

where tgN,vN is the nonresonant amplitude. It is defined
the following coupled-channel equations:

tgN,vN5BgN,vN1(
a

BgN,aGa~E!ta,vN , ~2!

ta,b5va,b1(
d

va,dGd~E!td,b , ~3!

where a,b denote the considered meson-nucleon chan
such asvN, pN, rN, pD, andKY. BgN,a is the nonreso-
nant photoproduction amplitude,va,b are the nonresonan
meson-nucleon interactions, andGa is the free meson-
nucleon propagator defined by

Ga~E!5
1

E2~H0!a1 i e
. ~4!

Here (H0)a is the free Hamiltonian in channela. For chan-
nels containing an unstable particle, such asrN and pD,
their widths must be included appropriately. Here we follo
the procedure of Ref.@11#.

The N* excitations are described by the second term
Eq. ~1!. It is defined by the dressed vertex functions

ḠgN→N* 5GgN→N* 1(
a

vgN,aGa~E!Ḡa→N* ,

ḠN* →vN5GN* →vN1(
a

GN* →aGa~E!ta,vN , ~5!

and theN* self-energy

SN* ~E!5(
a

ḠN* →aGa~E!Ga→N* . ~6!

The bare massMN*
0 of Eq. ~1! and the bare verticesGgN↔N*

andGa↔N* of Eq. ~5! can be identified with the prediction
from a hadron model that does not include the continu
meson-baryon states.

In this paper, we focus on the calculation of the nonre
nant amplitudes defined by Eqs.~2! and ~3!. The extraction
04520
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of resonance parameters from the data depends heavil
the accuracy of this dynamical input. At energies near thev
production threshold, the hadronic meson-baryon chan
that must be included in solving Eqs.~2! and ~3! are many,
such aspN, vN, rN, pD, and KY. Because of the data
which are needed to constraint the interactionva,b of Eq. ~3!
are very limited, we are only able to consider the effects d
to the intermediatepN andrN channels. To further simplify
the investigation, we make the one-loop approximation t
the amplitude in Eq.~2! is evaluated by settingta,b;va,b .
No attempt is made to solve the coupled-channel equa
~3!. Furthermore, we assume that the interactionva,b can be
calculated from the tree diagrams of effective Lagrangia
This is certainly not very satisfactory, but it should be suf
cient for this exploratory study.

Our task in this work is, therefore, to investigate the no
resonant amplitudetgN,vN defined by Eq.~2!, with ta,vN
replaced byva,vN . The second term of Eq.~2! is then the
one-loop correction represented graphically in Fig. 1. Exp
itly, the matrix element of this one-loop amplitude in th
center of mass frame is

tgN,vN
one-loop~k,q;E!5 (

M5p,r
E dq8BgN,MN~k,q8;E!

3GMN~q8,E!vMN,vN~q8,q;E!, ~7!

wherek andq are the momenta for the incoming photon a
the intermediate mesons, respectively. The propagator for
pN state is

GpN~q8,E!5
1

E2EN~q8!2Ep~q8!1 i e
. ~8!

For therN propagator, we account for the width of ther by
using the the approach of Ref.@11#. Neglecting the energy
dependence of the mass shift term, therN propagator takes
the following form

FIG. 1. Diagramatic representation of the intermediate mes
baryon~MB! state inv photoproduction.
GrN~q8,E!5
1

E2EN~q8!2Er~q8!1 i
G@v~q8,E!#

2
u@v2~q8,E!24Mp

2 #

, ~9!
1-2
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where v(q8,E)5@„E2EN(q8)…22q82#1/2 is the energy
available for ther meson in its rest frame, and the ste
function isu(x)51 for x>0 and 0 otherwise. The width i

G~v!5Gr
0 k3Ep~k!

k0
3Ep~k0!

S Lr
21k0

2

Lr
21k2D 4

, ~10!

where k is defined by v52Ep(k) and k0 by M r

52Ep(k0). ~The above form can be derived from a reson
model for fitting thepp scattering phase shifts in theJ5I
51 channel with ar→pp vertex interaction.! We setGr

0

5150 MeV andLr50.5 GeV.
In the following section, we describe how the matrix e

ments ofBgN,MN and vMN,vN are calculated from effective
Lagrangians and constrained by experimental data.

III. NONRESONANT AMPLITUDES

We assume that all nonresonant amplitudesBgN,MN and
vMN,vN in the one-loop term in Eq.~7! can be calculated
from the tree-diagrams defined by the following effecti
Lagrangian:

L5LVgw1LVVw1LwNN1Ls1LgNN1LVNN , ~11!

where

LVgw5
egrgp

2M r
«mnabTr@]mrn]aAbp#

1
egvgp

2Mv
«mnabTr@]mvn]aAbpt3#

1
egvgh

Mv
«mnab]mvn]aAbh,

LVVw5
gvrp

2
«mnabTr@]mvn]arbp#,

LwNN5
gpNN

2MN
c̄gmg5]mpc1

ghNN

2MN
c̄gmg5c]mh,

Ls5gsNNc̄sc1
egrgs

2M r
Tr@t3]mrn~]mAn2]nAm!s#,

LgNN5ec̄S gm

11t3

2
Am2

kN

2MN
smn]nAmDc,

LVNN5
grNN

2
c̄S gmrm2

kr

2MN
smn]nrmDc

1gvNNc̄S gmvm2
kv

2MN
smn]nvmDc, ~12!

wherep (5t•p), h, rm (5t•rm), andvm are the pion, eta
rho, and omega meson fields, respectively. The photon fi
is represented byAm , andc and s are the nucleon ands
meson fields, respectively.MN (MV) is the nucleon~vector
04520
t

-

ld

meson! mass andkN is the anomalous magnetic moment
the nucleon,kp51.79 and kn521.91. Throughout this
work we use the convention that«0123511.

The coupling constants of the Lagrangian~12! are deter-
mined as follows. First the coupling constants inLVgw are
determined by the vector meson radiative decay widths gi
by the particle data group~PDG! @12#. In LVVw , the coupling
gvrp has been estimated by many models including the m
sive Yang-Mills approach@13#, the hidden gauge approac
@14#, the vector meson dominance model@15#, the unitary
effective resonance model@16#, and QCD sum rules@17#.
All of these models predict that the value ofgvrp is in
the range of 10–16 GeV21. In this work we usegvrp

512.9 GeV21 @18#.
For LwNN , we use the well-known valuegpNN

2 /4p
514.0 andghNN

2 /4p50.99 determined@7,19# by using the
SU~3! relation. Fors meson, its mass and couplings to th
nucleon and the vector mesons are highly model depend
Following Ref.@20#, we setMs50.5 GeV and determine the
coupling constants of thes meson by reproducing the ex
perimental data ofr photoproduction at low energies, as e
plained in Refs.@20,21#. Since the branching ratio ofv
→ppg is very small @12#, we do not consider thevgs
coupling in this model.

Following Refs.@7,21#, the values of the coupling con
stantsgvNN and grNN are taken from the analyses ofpN
scattering, pion photoproduction, and nucleon-nucleon s
tering @8,22#. All of the coupling constants used in our ca
culations are summarized in Table I.

In addition to the tree diagrams which can be calcula
by using the Lagrangian~12!, we also include the Pomero
exchange in the amplitudes of vector meson photoproduc
@23–25#, although its contribution is, relatively, small at low
energies. The details of the Pomeron exchange can be fo
for example, in Refs.@7,26#, and will not be repeated here

The considered tree diagrams are then illustrated in Fi
for gp→vp, Fig. 3 forpN→vp, Fig. 4 forgp→r0p, and
Fig. 5 for r0p→vp. The calculations of these tree diagram
are straightforward and therefore, are not detailed h
These amplitudes are regularized by form factors as follo
For thet-channel exchanges, we use

Ft~ t !5
L22Mex

2

L22t
~13!

for each vertex, whereMex is the mass of the exchange
particle. For thes andu channel diagrams, we include@27#

TABLE I. Coupling constants of the effective Lagrangian~11!.

Coupling Value Coupling Value Coupling Value

grgp 0.70 gpNN 13.26 grNN 6.12
gvgp 1.82 ghNN 3.53 kr 3.1
gvgh 0.42 gsNN 10.03 gvNN 10.35
gvrp 12.9a grgs 3.0 kv 0.0

aIn GeV21 unit.
1-3
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Fsu~r !5
LB

4

LB
41~r 2MB

2 !2
, ~14!

where r 5(s,u) and MB is the mass of the intermediat
baryon, i.e., the nucleon in our case. For the cutoff para
eters in the tree diagrams forgp→vp, we use the values
adopted in Ref.@7#,

LpNN50.6, LhNN51.0, Lvpg50.77,

Lvhg50.9, LN50.5 ~15!

in GeV unit and the other cutoff parameters used for
other reactions will be specified later in Sec. IV. The gau
invariance of the nucleon pole terms are restored by mak
use of the projection operators as in Ref.@7#.

The gN→pN amplitudes are not discussed here beca
no tree-diagram model until now can describe the data in
considered energy region. Instead we construct the n
resonant amplitudes forgp→p0p and gp→p1n by sub-
tracting the resonance amplitudes from the empirical mu
pole amplitudes of the SAID program@28#. The gN→pN
resonant amplitudes are calculated by using the proce
given in Ref.@29# except that we use the resonance para

FIG. 2. Tree diagrams forgp→vp which include Pomeron ex
change,p and h exchange, and the direct and crossed nucle
terms.

FIG. 3. Tree diagrams forpN→vN which includer and b1

exchanges and the nucleon pole terms.
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eters from PDG, not from those of Capstick and Robe
@30#. Clearly, this is very model-dependent approach,
should be sufficient for this very exploratory investigatio
The procedures introduced above only define the on-s
matrix elements ofgN→pN transition. For the loop integra
tion ~7! we need to define its off-shell behavior. Guided
the work of Ref.@8#, we assume that

BgN,pN~k,q!5BgN,pN~k,q0!S L21q0
2

L21q2D 2

, ~16!

whereL50.5 GeV is chosen. To be consistent, the off-sh
extrapolation~16! is also used in the loop integration ove
rN state.

IV. RESULTS AND DISCUSSIONS

We can now perform the calculations based on Eqs.~1!
and~7!. To proceed, the resonant term of Eq.~1! can be fixed
by using the quark model predictions@30# and the procedures
detailed in Ref.@7#.

In this work, we first consider the one-loop correctio
due to the intermediatepN channel in Eq.~7!. As discussed
in the previous section, the nonresonantBgN,pN is generated
by using the procedure of Ref.@29# to subtract the resonan

n
FIG. 4. Tree diagrams forgp→rp which include Pomeron,p,

ands meson exchanges and the nucleon pole terms.

FIG. 5. Tree diagrams forrp→vp which include one-pion ex-
change and the nucleon pole terms.
1-4
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amplitudes from the empiricalgN→pN amplitudes. Thus
our results depend on the employedpN→vN amplitude. To
proceed, we adjust the form factors of the tree diagram
Fig. 3 to fit the pN→vN data. In addition to ther and
nucleon exchanges allowed by the Lagrangian~12!, we also
consider the exchange of the axial vectorb1(1235) meson
that was considered to explain thepN→vN reaction at high
energies. However, we find that its contribution is negligib
small in the considered energy region. The details on
b1-exchange amplitude are summarized in the Appen
Our numerical results show that thep2p→vn data @54#
near threshold can be described to some extent by choo
the following parameters:

Lvrp5LrNN51.55 GeV, Lb1vp5Lb1NN51.4 GeV,

LN50.5 GeV. ~17!

The results are the solid lines in Figs. 6 and 7. In the sa

FIG. 6. Differential cross section forp2p→vn at W5 ~a!
1.726 GeV,~b! 1.734 GeV,~c! 1.746 GeV, and~d! 1.762 GeV. The
solid lines are obtained withLvrp5LrNN51.55 GeV and the
dashed lines withLvrp5LrNN51.3 GeV. The experimental dat
are from Ref.@31#.

FIG. 7. Total cross section forp2p→vn. Notations are the
same as in Fig. 6. The experimental data are from Refs.@31,35#.
04520
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figure, we also show the results~dashed curves! calculated
with

Lvrp5LrNN51.3 GeV. ~18!

The dashed curve in Fig. 7 is close to the results from
coupled-channelK-matrix model of Ref.@34# when the reso-
nance contributions and the coupled-channel effects are
glected@55#. We thus interpret that the model correspondi
to the dashed curves of Fig. 7 can be used to generate
nonresonantpN→vN amplitude for the calculation accord
ing to Eqs.~2! or ~7!.

With the nonresonant amplitudes ofgN→pN and pN
→vN transition obtained above, we now use Eq.~7! to com-
pute the one-loop corrections due to the intermediatepN
channel. As shown in Fig. 8, its magnitudes~dashed lines!
are smaller than those of the tree-diagrams~dotted lines!.
However, it can have significant effects through its interf
ence with the tree-diagram amplitude. This is evident
comparing the results~solid curves! from the full calculation
and the dotted curves. The one-loop corrections are e
more dramatic in determining the polarization observab
An example is shown in Fig. 9. We see that the one-lo
corrections can change the photon asymmetry in magnitu
at all angles.

We now turn to investigating the one-loop corrections d
to the rN channel. From the very limited data@36,40#, we
know thatr6 photoproduction is much weaker thanr0 pho-
toproduction. We, therefore, only keepr0p in the loop inte-
gration ~7!. The rD channel also is not considered by th
same reason. Thegp→r0p amplitude is generated from th

FIG. 8. Differential cross section forgp→vp at Eg5 ~a!
1.125 GeV,~b! 1.23 GeV,~c! 1.45 GeV, and~d! 1.68 GeV, which
corresponds toW5 ~a! 1.73 GeV, ~b! 1.79 GeV, ~c! 1.90 GeV,
and~d! 2.01 GeV, respectively. The dotted lines are obtained fr
the tree diagrams and the dashed lines are from the interme
pN channel. The solid lines are the sums of the tree diagra
and the intermediatepN channel. The experimental data are fro
SAPHIR @1#.
1-5
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tree diagrams in Fig. 4 and ther0p→vp amplitude from the
tree diagrams in Fig. 5. We note that the tree diagrams
Figs. 2 and 5 are related in the vector dominance mo
except that the Pomeron and theh exchanges are not a
lowed inr0p→vp transition because of their quantum num
bers.

We find that the constructedgp→r0p amplitude~Fig. 4!
can reproduce the total cross section data, if we use the
lowing cutoff parameters~in unit of GeV! @21#

LpNN50.6, Lrpg50.77, LsNN51.0,

Lsrg50.9, LN50.5. ~19!

Our results are shown in Fig. 10. On the other hand, ther
no data to constrain our model forr0p→vp ~Fig. 5!. Moti-
vated by vector dominance model, we therefore calcu
these tree diagrams using the same form factors, given in
~15!, of Fig. 2 for v photoproduction. The predicted tota
cross sections ofr0p→vp reaction are shown in Fig. 11. W
find that its magnitude at the peak is a factor of abou
larger than that in Fig. 7 for thep2p→vn reaction. This
assumption may lead to an unrealistic estimation of the o
loop corrections due torN channel. Another uncertainty in
the calculation of Eq.~7! with rN intermediate state is tha
the correct input to the loop integration~7! is the nonreso-
nant amplitude, not the full amplitudes constructed abo
But there is no experimental information we can use here
extract the nonresonant part from the full amplitude. F
these reasons, we perform therN loop integration~7! using
the constructed full amplitudes of both thegp→r0p and
r0p→vp transitions. Therefore, our results for therN loop
can only be considered as an upper bound.

FIG. 9. Single photon asymmetrySx for gp→vp at Eg5 ~a!
1.125 GeV,~b! 1.23 GeV, ~c! 1.45 GeV, and~d! 1.68 GeV. The
dotted lines are from the tree diagrams only while the solid lin
include the intermediatepN channel. The experimental data a
from Ref. @3#.
04520
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The calculated one-loop corrections due to therN chan-
nel are shown in Fig. 12. Comparison with the results giv
in Fig. 8 shows that the effects of therN channel are as large
as or even bigger than those of the intermediatepN channel.
Thus the full calculation~solid lines! including bothpN and
rN channels gives large corrections to the tree-diagram
sults ~dotted lines!. The corresponding coupled-channel e
fects on photon asymmetry are shown in Fig. 13. Again,
see that the polarization effects are sensitive to the one-
corrections.

V. CONCLUSIONS

As a step toward developing a coupled-channel mode
vector meson photoproductions, the one-loop correction
v photoproduction have been investigated. The calculati
have been performed by assuming that all relevant nonr
nant amplitudes can be calculated from tree-diagrams of
fective Lagrangians. Our calculation of the one-loop corr

s

FIG. 10. Total cross section forgp→r0p. The solid line is
obtained with the diagrams of Fig. 4. The experimental data
from Refs.@1,36–39#.

FIG. 11. Total cross section forr0p→vp. The solid line is the
result of the diagrams shown in Fig. 5.
1-6
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tions due to the intermediatepN channel is rather wel
constrained by the data ofgN→pN and pN→vN reac-
tions. On the other hand, our treatment ofrN channel in-
volves some uncertainties, mainly due to the lack of eno
experimental inputs such as the data ofrN→vN reaction.

FIG. 12. Differential cross section forgp→vp at Eg5 ~a!
1.125 GeV,~b! 1.23 GeV, ~c! 1.45 GeV, and~d! 1.68 GeV. The
dotted lines are from the tree diagrams and the dashed lines
the intermediaterN channel. The solid lines are the results inclu
ing the tree diagrams and the intermediatepN and rN channels.
The experimental data are from SAPHIR@1#.

FIG. 13. Single photon asymmetrySx for gp→vp at Eg5 ~a!
1.125 GeV, ~b! 1.23 GeV, ~c! 1.45 GeV, and ~d! 1.68 GeV.
The dotted lines are from the tree diagrams only and the das
lines include the intermediatepN channel. The full calculations
including the tree diagrams and the intermediatepN and therN
channels are given by the solid lines. The experimental data
from Ref. @3#.
04520
h

Therefore, our results forrN channel can only be regarde
as an upper bound.

As discussed in Sec. II, the one-loop corrections are
the leading terms of a perturbative expansion of a f
coupled-channel model. Thus the results presented in
paper can only be taken as a qualitative indication of
importance of channel coupling effects. We have shown t
the one-loop corrections due to intermediatepN and rN
channels are comparable to those of nucleon resonance
tributions investigated in Ref.@7#. The results from this
rather exploratory investigation suggest strongly that
coupled-channel effects should be carefully taken into
count in extracting the resonance parameters from the exp
mental data, in particular the data of polarization obse
ables.
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APPENDIX: THE AXIAL b1„1235…
MESON EXCHANGE IN pN\vN

In this appendix, we discuss the axial vectorb1(1235)
meson exchange inpN→vN reaction. Recently, this reac
tion has been studied by effective Lagrangian method
unitary coupled channel models focusing on the role of
nucleon resonances@18,34,41–43#. In the early investiga-
tions in 1960s and 1970s this reaction was studied in so
detail mostly based on Regge theory and absorption mo
and at higher energies@44–48#. Based on the Regge theor
theb1 trajectory exchange has been discussed as the sec
ary exchange process inpN→vN in addition to the major
r-trajectory exchange. The main motivation for the seco
ary exchange was to account for the experimentally obser
nonvanishing vector meson density matrixr00 that is ex-
pected to vanish if the natural-parityr-trajectory exchange
dominates. Theb1(1235) meson has quantum numbe
I G(JPC)511(112) with massMb1

51230 MeV and width

Gb1
514269 MeV, and it mostly decays into thevp chan-

nel @12#. Thus its exchange can contribute topN→vN as an
unnatural-parity exchange. In this work we consider the o
b1-exchange process~not the exchange ofb1 trajectory! in
pN→vN.

The general form of theb1vp interaction can be written
as @49#

Mb1vp52 iM b1
«m* ~v!F f gmn1

h

MvMb1

qnkmG«n~b1!,

~A1!
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wherek andq are the momenta of theb1 andv, respectively,
and «m(b1) and «m(v) are their polarization vectors. The
the total decay width reads

Gb1→vp5
uqu

24p H 2 f 21
1

Mv
4 ~EvMv f 1uqu2h!2J , ~A2!

whereEv is the v meson energy in theb1 rest frame. The
unknown coupling constantsf andh can then be determine
by the decay width and theD/S amplitude ratio in the decay
of b1→vp, where Eq.~A1! gives @50#

f D/ f S52
A2$Mv~Ev2Mv! f 1uqu2h%

Mv~Ev12Mv! f 1uqu2h
, ~A3!

which is defined from

^v~q,mv!p~2q!uH intub1~0,mb!&

5 i f Sdmvmb
Y00~Vq!

1 i f D(
ml

^2ml 1 mvu1 mb&Y2ml
~Vq!, ~A4!

where Ylm(V) and ^ j 1m1 j 2m2u j m& are the spherical har
monics and Clebsch-Gordan coefficients, andmv (mb) is the
spin projection along thez axis for thev (b1) meson. Using
the PDG @12# values forGb1→vp and f D/ f S, i.e., Gb1→vp

514269 MeV and f D/ f S50.2960.04, we obtain

f '3.71, h'211.38, ~A5!

which givesh/ f '23.1. This should be compared with th
valueh/ f 519.0 used by Ref.@45# to fit the high energy data
of pN→vN together with ther-trajectory exchange.

The b1-nucleon coupling can be written as

FIG. 14. Total cross section forp2p→vn. Solid and dashed
lines are the same as in Fig. 6 while the dot-dashed line is from
b1(1235) exchange process~multiplied by 50). The experimenta
data are from Refs.@31,35#.
04520
Mb1NN5
igb1NN

2MN
c̄smng5qnt•bmc, ~A6!

due to theG parity of theb1, wherebm is theb1 meson field
and c is the nucleon. The momentum of theb1 meson is
denoted byqm . The coupling constantgb1NN is related to the
nucleon tensor charge and has been recently estimate
making use of the axial vector dominance and SU~6! 3 O~3!
spin-flavor symmetry in Ref.@51# in a similar way to Ref.
@52#. ~See also Ref.@53#.! The result reads

gb1NN5
5

3A2
ga1NN . ~A7!

Using ga1NN'7.49, one finally obtainsgb1NN'8.83 @51#.

Thus the production amplitude for the reaction ofpN
→vN is obtained as

M5
Mb1

gb1NNCI

2MN@~k2q!22Mb1

2 #

3«m* ~v!H f gmn1
h

MvMb1

qn~k2q!mJ
3H gna2

~k2q!n~k2q!a

Mb1

2 J ū~p8!

3g5sab~k2q!bu~p!, ~A8!

whereu(p) is the Dirac spinor of the nucleon with momen
tum p. The isospin factorCI is

CI5H A2 for p2p→vn, p1n→vp

11 for p0p→vp

21 for p0n→vn.

~A9!

Given in Fig. 14 are the total cross sections forp2p
→vn. The solid and dashed lines are obtained with ther
exchange and the nucleon pole terms with the cutoff par
eters~17! and ~18!, respectively. The total cross section d
to theb1 exchange is given by the dot-dashed line. For
form factor, we use the form of Eq.~13! with Lb1vp

5Lb1NN51.4 GeV. Since its contribution is suppressed

r and nucleon exchange contributions, theb1 exchange is
magnified in Fig. 14 by a factor of 50. This conclusion do
not sensitively depend on the cutoff parametersLb1vp and

Lb1NN , when they are larger than the exchanged me

massMb1
.

e
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