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One-loop corrections tow photoproduction near threshold

Yongseok OH
Institute of Physics and Applied Physics, Department of Physics, Yonsei University, Seoul 120-749, Korea

T-S. H. Leé
Physics Division, Argonne National Laboratory, Argonne, lllinois 60439
(Received 15 April 2002; revised manuscript received 16 July 2002; published 3 Octobgr 2002

One-loop corrections ta 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 datayhf— 7N, yN—pN, and wN— wN reactions, it is found that the
one-loop effects due to the intermediatd and pN 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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[. INTRODUCTION reinvestigate this problem in conjunction with the approach
developed in Ref[7].

Experimental data of vector meson photoproductions are In a dynamical formulation, such as that developed in
now being rapidly accumulated at Bohh|, Thomas Jeffer- Ref.[8], the most ideal approach is to carry out a coupled-
son National Accelerator Facilit}2], GRAAL of Grenoble channel calculation. At energies near thehotoproduction
[3], and LEPS of SPring-B4]. The study of photoproduction threshold, the meson-baryon channels which must be in-
of vector mesonsd, p, ¢) is expected to be useful to resolve cluded in a coupled-channel calculation are many, such as
the so-called “missing resonances” probl¢hj. In addition, 7N, 7A, pN, andKY. Such a full coupled-channel calcu-
the extracted resonance parameters can shed lights on thgjon is not feasible at the present stage, mainly because
structure of nucleon resonanceg*() and can be used to test some of the experimental information that are needed to con-
the EXiSting hadron models. In recent years, some theoreticg{rain the transitions between relevant hadronic meson-
progress has been mafig7] in this direction. In this work  haryon channels are not available. For example, there is no
we will address the question about how these earlier modelgformation aboutrA — wN andKY— wN transitions. We,
should be improved for a more reliable extraction of Mie  therefore, are only able to consider just the effects due to
parameters from the forthcoming data. To be specific, WentermediaterN andpN channels. In this exploratory inves-
consider the photoproduction of meson. tigation, we will follow Ref.[9] to further simplify the cal-

It is well known that the extraction oN* parameters cylations by only considering the one-loop corrections which
from experimental data depends strongly on the accuracy gfre the leading order terms in a perturbation expansion of a
the treatment of the nonresonant amplitudes. In all of they coupled-channel formulation, as will be explained in
recent studies ofw photoproduction at resonance region Sec. II. Nevertheless, our results will shed some lights on the
[6,7], the nonresonant amplitudes are calculated from th@mportance of coupled-channel effects and provide informa-
tree diagrams of effective Lagrangians. This is obviously notion for developing a much more complex full coupled-
satisfactory for the following reasons. First, the tree-diagranthannel calculation. In many respects, our investigation is
models do not include the hadronic final state interactiorsimilar to a recent investigation of coupled-channel effects
(FSI). The importance of FSI in interpreting the data hason kaon photoproductiofi.0].
been demonstrated in the study of pion photoproductions. This paper is organized as follows. In Sec. Il, we intro-
For example, the calculations of RE8] have shown that the duce a coupled-channel formulation N reaction and in-
magneticM 1 amplitude of theyN— A(1232) transition can dicate the procedures for calculating the one-loop corrections
be identified with the prEdiCtionS from constituent quarkto w photoproduction_ Section Il is devoted to specify vari-
models only when the pion rescattering effedts., pion  ous transition amplitudes which will be used as the inputs to
cloud effects, as required by the unitary condition, are ac-our calculations. Numerical results are presented and dis-
counted for appropriately in analyzing the data. Second, theyssed in Sec. IV. The conclusions are given in Sec. V. Some

vector meson productions occur in the energy region whergetails on therN— N reaction are given in the Appendix.
several meson-nucleon channels are open and their influence

must be accounted for. This coupled-channel effect was al-
ready noticed and explored in 1970s for vector meson pho- Il DYNAMICAL COUPLED-CHANNEL FORMULATION
toproduction[9]. In this paper we make a first attempt to
In the considered energy region, thll reaction is a mul-
tichannel multiresonance problem. In this work we follow
*Electronic address: yoh@phya.yonsei.ac.kr the dynamical approach developed by Sato and [I83€0
"Electronic address: lee@theory.phy.anl.gov investigate this problem. It is done by simply extending the
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scattering formulation of Ref8] to include moreN* states Yk, o(q,Ay)
and more meson-nucleon channels. The resulting amplitude r
T,n,on(E) for the yYN— wN reaction can be written as et
MK Ay P
r TITeooon, 0 gy 77
_ + yN—N*1 N* —wN B m
Ton,on(E) =ty on(E) NE vt & v

p(p.Ay) B(pp.Ap) P’ )

wheret,y ,n is the nonresonant amplitude. It is defined by

k - . FIG. 1. Diagramatic representation of the intermediate meson-
the following coupled-channel equations:

baryon(MB) state inw photoproduction.

tyN,wNszN,wNsz BoN,eCo(BE)ta on s (2 of resonance parameters from the data depends heavily on
“ the accuracy of this dynamical input. At energies neardhe
production threshold, the hadronic meson-baryon channels
t, ﬁ:vaBJrE Ve sGo(E)ts g 3 that must be included in solving Eg&) and (3) are many,
' ’ 5 ’ such aswN, wN, pN, 7A, andKY. Because of the data
which are needed to constraint the interactign of Eq. (3)
dre very limited, we are only able to consider the effects due
to the intermediaterN andpN channels. To further simplify
the investigation, we make the one-loop approximation that
the amplitude in Eq(2) is evaluated by setting, s~v, s-
No attempt is made to solve the coupled-channel equation
(3). Furthermore, we assume that the interactigr, can be
(4) calculated from the tree diagrams of effective Lagrangians.
This is certainly not very satisfactory, but it should be suffi-
cient for this exploratory study.

Our task in this work is, therefore, to investigate the non-
resonant amplitude,y ,n defined by Eq.(2), with t, ,n
replaced by, ,~. The second term of Ed2) is then the
Pne-loop correction represented graphically in Fig. 1. Explic-
itly, the matrix element of this one-loop amplitude in the
center of mass frame is

where «, 8 denote the considered meson-nucleon channel
such aswN, 7N, pN, 7A, andKY. B,y , is the nonreso-
nant photoproduction amplitude,, ; are the nonresonant
meson-nucleon interactions, ard, is the free meson-
nucleon propagator defined by

CalB)= E—(Ho)oti€’
Here Hy), is the free Hamiltonian in channeél. For chan-
nels containing an unstable particle, suchpi and 7A,
their widths must be included appropriately. Here we follow
the procedure of Refll].

The N* excitations are described by the second term o
Eqg. (1). It is defined by the dressed vertex functions

FyNHN* = 1—‘yN~>N"" + 2 UyN,aGa( E)FEYHN*’

ORontKGE)= > | da'Byyun(k,a'sE)

FN*—»wNer*—»wN+§ FN*—»aGa(E)ta,mN! (5) XGMN(q”E)vMN,wN(q,!q;E)! (7)

*
and theN*® self-energy wherek andq are the momenta for the incoming photon and

the intermediate mesons, respectively. The propagator for the
o N state is
S (E)= 2 T oGl E)T e ©

1
S (e e ®

The bare masM ﬁ* of Eqg. (1) and the bare verticds, .y
andI',_ \+ of Eq. (5) can be identified with the predictions
from a hadron model that does not include the continuuntor thepN propagator, we account for the width of theoy
meson-baryon states. using the the approach of Rdfl1l]. Neglecting the energy

In this paper, we focus on the calculation of the nonresodependence of the mass shift term, fie propagator takes
nant amplitudes defined by Eq®) and (3). The extraction the following form

1

Tlw(q,E)]
E—En(q)—E () +i——

Gon(a',BE)= , (€)

olw*(q' ,E)—4M?2]
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where w(q',E)=[(E— EN(qr))Z_q’2]1/2 is the energy TABLE I. Coupling constants of the effective Lagrangidi).

available for thep meson in its rest frame, and the step
function is #(x)=1 for x=0 and 0 otherwise. The width is

Coupling Value  Coupling Value Coupling Value

0.70 g 13.26 g 6.12
2 2\ 4 gp‘y‘n’ 7NN pNN

F(w)= o KEL(K) [ A,+kg 10 9o 182 g 3.53 K, 3.1

pkgEﬂ.(ko) A§+k2 , wyn 0.42 go‘NN 10.03 ngN 10.35

gwp‘n 129’;‘ gpw 3.0 K 0.0

where k is defined by w=2E_(k) and k, by M,

=2E (ko). (The above form can be derived from a resonan

model for fitting thew« scattering phase shifts in thke=| ) .

=1 channel with a— m vertex interaction. We setl meson mass andcy is the anomalous magnetic moment of

=150 MeV andA ,=0.5 GeV. the nucleon, x,=1.79 and Kn= —1213.91. Throughout this
In the following section, we describe how the matrix ele-WOrk we use the convention tha= +1.

ments ofB,y wn and vy, .y are calculated from effective The coupling constants of the Lagrangidr®) are deter-

Lagrangians and constrained by experimental data. mined as follows. First the coupling constants4p,,, are
determined by the vector meson radiative decay widths given

by the particle data grou®DG) [12]. In Ly, , the coupling
d.p~ has been estimated by many models including the mas-
We assume that all nonresonant amplitugg vy and  sive Yang-Mills approacti13], the hidden gauge approach
Umn.on N the one-loop term in Eq(7) can be calculated [14], the vector meson dominance modeb], the unitary
from the tree-diagrams defined by the following effective effective resonance modgl6], and QCD sum rule$l17].

tain GeV ™1 unit.

Ill. NONRESONANT AMPLITUDES

Lagrangian: All of these models predict that the value gf,,, is in
the range of 10-16 GeVl. In this work we useg,,,
L=Lyyot Lyvet Lonnt Lot Lonnt Lunns (1) =12.9 Gev 1 [18].

For Ly, We use the well-known valuey? /4

where =14.0 andgfINN/477=0.99 determined7,19] by using the
eg, .. SU(3) relation. Fore meson, its mass and couplings to the
Lyye= ZI\F;IY SMVQ'BTI’[O'?Mpvé‘aAB'JT] nucleon and the vector mesons are highly model dependent.
p Following Ref.[20], we setM ,=0.5 GeV and determine the
€00y 5 coupling constants of the meson by reproducing the ex-
+Ws“”“'BTr[ﬁMwyaaAﬁwT ] perimental data op photoproduction at low energies, as ex-

w

plained in Refs.[20,2]. Since the branching ratio ob
€99y uvap —amy is very small[12], we do not consider th&yo
t & IuwdaAg, coupling in this model.
“ Following Refs.[7,21], the values of the coupling con-
9 stantsg,,nn and g,y are taken from the analyses afN
Lyy,= zp”s“”“ﬁTr[aMw,,&apBTr], scattering, pion photoproduction, and nucleon-nucleon scat-
tering [8,22]. All of the coupling constants used in our cal-
g g culations are summarized in Table I.
9NN DaNNTS In addition to the tree diagrams which can be calculated
Lonn ZMNIM LTV NW Vs du by using the Lagrangiafl2), we also include the Pomeron
exchange in the amplitudes of vector meson photoproduction
[23-25, although its contribution is, relatively, small at low
energies. The details of the Pomeron exchange can be found,
for example, in Refs[7,26], and will not be repeated here.
1+ 75 KN The considered tree diagrams are then illustrated in Fig. 2
ﬁyNN:eJ( Y Aol U’”&VAM) i, for yp— wp, Fig. 3 for TN— wp, Fig. 4 for yp— p°p, and
N Fig. 5 for p°p— wp. The calculations of these tree diagrams
g P are straightforward and therefore, are not detailed here.
LVNN:$E( Yupt— 5 d o‘”ﬁ,,p,J W These amplitudes are regularized by form factors as follows.
My For thet-channel exchanges, we use

_ m egpyo' 3 LAV __ AVAM
‘C(r_g(rNlebo-‘//—i_ 2M Tr[T aupv(a A d"A )0]1
p

Ky »
+ngNJ( ’)/y,wﬂ_ M N at ava,) lﬂ! (12) A2_ ix

M
nOT T

(13
wherer (=7 @), », p, (=7 p,), andw,, are the pion, eta,
rho, and omega meson fields, respectively. The photon field
is represented by, , and ¢ and o are the nucleon and  for each vertex, wheré/,, is the mass of the exchanged
meson fields, respectiveliy (My) is the nucleonvector particle. For thes andu channel diagrams, we includg7]
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FIG. 2. Tree diagrams foyp— wp which include Pomeron ex- FIG. 4. Tree diagrams foyp— pp which include Pomerons,

change,7 and n exchange, and the direct and crossed nucleoreand o meson exchanges and the nucleon pole terms.
terms.

eters from PDG, not from those of Capstick and Roberts

Al [30]. Clearly, this is very model-dependent approach, but
Fsu(r)= 4;522, (14)  should be sufficient for this very exploratory investigation.
Ag+(r—Mg) The procedures introduced above only define the on-shell

matrix elements ofyN— N transition. For the loop integra-

wherer=(s,u) and Mg is the mass of the intermediate tjon (7) we need to define its off-shell behavior. Guided by
baryon, i.e., the nucleon in our case. For the cutoff paramthe work of Ref.[8], we assume that

eters in the tree diagrams faip— wp, we use the values

adopted in Ref[7], 2+q§ 2
By (K@) =Bon an(koao)| ——| , (16
Amn=0.6, A =10, A,,,=0.77, (.0 =Bonanl QO)<A2+q2) (19
Ay,,,=09, Ay=05 (159  whereA=0.5 GeV is chosen. To be consistent, the off-shell

extrapolation(16) is also used in the loop integration over
in GeV unit and the other cutoff parameters used for thepN state.
other reactions will be specified later in Sec. IV. The gauge
invariance of the nucleon pole terms are restored by making IV. RESULTS AND DISCUSSIONS
use of the projection operators as in Réf].

The yN— 7N amplitudes are not discussed here because We can now perform the calculations based on Efs.
no tree-diagram model until now can describe the data in thand(7). To proceed, the resonant term of Et). can be fixed
considered energy region. Instead we construct the norBy using the quark model predictiof30] and the procedures
resonant amplitudes foyp— 7°p and yp—7*n by sub- detailed in Ref[7].
tracting the resonance amplitudes from the empirical multi- In this work, we first consider the one-loop corrections
pole amplitudes of the SAID prograf28]. The yYN— =N  due to the intermediateN channel in Eq(7). As discussed
resonant amplitudes are calculated by using the proceduis the previous section, the nonresonBnj; .y is generated
given in Ref.[29] except that we use the resonance paramby using the procedure of R€f29] to subtract the resonant

T 0 = ® p [0} ®
\\\ // \\\ // \\\ // \\\\ //
N N, N7 N
R R ¢
— | — :
I
I Psby :TC
I
— 1 -1
N p N P p P P p
n ® n ) p ®o 0]
‘\\ // \\s // ‘\\ // \\\ //
+ \\ / + \\\ /// + \\ / + \\\\///
\\‘ // ;‘\ \\‘ // PN
N N p N N p p P P P p p
FIG. 3. Tree diagrams fotrN— wN which includep and b, FIG. 5. Tree diagrams fgsp— wp which include one-pion ex-
exchanges and the nucleon pole terms. change and the nucleon pole terms.
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<

solid lines are obtained with\,,,=A ,yy=1.55 GeV and the
dashed lines with\,,,= A ,yn=1.3 GeV. The experimental data

are from Ref[31]. FIG. 8. Differential cross section foyp—wp at E,= (a
1.125 GeV,(b) 1.23 GeV,(c) 1.45 GeV, andd) 1.68 GeV, which

amplitudes from the empiricayN— 7N amplitudes. Thus corresponds toW= (a) 1.73 GeV, (b) 1.79 GeV, (c) 1.90 GeV,

our results depend on the employetl— »N amplitude. To  and(d) 2.01 GeV, respectively. The dotted lines are obtained from

proceed, we adjust the form factors of the tree diagrams ote tree diagrams and the dashed lines are from the intermediate

Fig. 3 to fit the TN— wN data. In addition to thep and  #N channel. The solid lines are the sums of the tree diagrams

nucleon exchanges allowed by the Lagrandib®), we also  and the intermediaterN channel. The experimental data are from

consider the exchange of the axial vechg(1235) meson SAPHIR[1].

that was considered to explain thd\— wN reaction at high

energies. However, we find that its contribution is negligibly figure, we also show the resultdashed curvescalculated

small in the considered energy region. The details on thavith

b,;-exchange amplitude are summarized in the Appendix.

Our numerical results show that the p— wn data[54] Aypr=A,nn=1.3 GeV. (18
near threshold can be described to some extent by choosing
the following parameters: The dashed curve in Fig. 7 is close to the results from the
coupled-channek-matrix model of Ref[34] when the reso-
Awpr=A,Nn=1.55 GeV, Ay ,,=Ap =14 GeV, nance contributions and the coupled-channel effects are ne-

glected[55]. We thus interpret that the model corresponding
to the dashed curves of Fig. 7 can be used to generate the
nonresonantrN— wN amplitude for the calculation accord-
The results are the solid lines in Figs. 6 and 7. In the samIengvf/ci)thE?sé(zr)monrrganam amplitudes gN— 7N and 7N

— wN transition obtained above, we now use Ef.to com-

pute the one-loop corrections due to the intermediaté
channel. As shown in Fig. 8, its magnitud@ashed lines

are smaller than those of the tree-diagrafdetted lines.
However, it can have significant effects through its interfer-
ence with the tree-diagram amplitude. This is evident by
comparing the resultsolid curve$ from the full calculation

and the dotted curves. The one-loop corrections are even
more dramatic in determining the polarization observables.
An example is shown in Fig. 9. We see that the one-loop
corrections can change the photon asymmetry in magnitudes
at all angles.

We now turn to investigating the one-loop corrections due
to the pN channel. From the very limited daf&6,4Q, we
know thatp™ photoproduction is much weaker thaf pho-
toproduction. We, therefore, only kee@fp in the loop inte-

FIG. 7. Total cross section forr~p—wn. Notations are the gration (7). The pA channel also is not considered by the
same as in Fig. 6. The experimental data are from R8fs35. same reason. Thgp— p°p amplitude is generated from the

An=0.5 GeV. (17)

40

30

Gn‘p —oh (mb)
N
<

1.0

I
=
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0.5 T T 0.5
I @) 1 [ (b} ]
4 L i 30
> 00 ) ¢ b e o0 ™ i)
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FIG. 10. Total cross section fopp— p°p. The solid line is
ol L 11 T obtained with the diagrams of Fig. 4. The experimental data are
)

45 90 135 180 O 45 90 135 1800 from Refs.[1,36—-39.
6 (degree) 0 (degree)

FIG. 9. Single photon asymmettJ, for yp—wp atE,= (a) The calculat_ed (_)ne-loop correc_tions c_iue to pINachan-_
1.125 GeV, (b) 1.23 GeV, (¢) 1.45 GeV, andd) 1.68 GeV. The _nel are shown in Fig. 12. Comparison with the results given
dotted lines are from the tree diagrams only while the solid lines Fig. 8 shows that the effects of tpé channel are as large
include the intermediaterN channel. The experimental data are aS Or even bigger than those of the intermediatechannel.
from Ref.[3]. Thus the full calculatiorisolid lines including both7zN and

pN channels gives large corrections to the tree-diagram re-
tree diagrams in Fig. 4 and th@p— wp amplitude from the  sults (dotted lineg. The corresponding coupled-channel ef-
tree diagrams in Fig. 5. We note that the tree diagrams ifi€cts on photon asymmetry are shown in Fig. 13. Again, we
Figs. 2 and 5 are related in the vector dominance modefee that the polarization effects are sensitive to the one-loop
except that the Pomeron and thgexchanges are not al- corrections.
lowed inp°p— wp transition because of their quantum num-
bers. V. CONCLUSIONS

We find that the constructegp— p°p amplitude(Fig. 4)
can reproduce the total cross section data, if we use the fo
lowing cutoff parametersin unit of GeV) [21]

I- As a step toward developing a coupled-channel model of
vector meson photoproductions, the one-loop corrections to
o photoproduction have been investigated. The calculations
have been performed by assuming that all relevant nonreso-
Amn=0.6, Aymy=0.77, Aoun=10, nant amplitSdes can beycalculate(?from tree-diagrams of ef-
fective Lagrangians. Our calculation of the one-loop correc-
A,,,=0.9, Ay=0.5. (19

apy

10 T T T T T .
Our results are shown in Fig. 10. On the other hand, there is

no data to constrain our model fpPp— wp (Fig. 5). Moti-

vated by vector dominance model, we therefore calculate s
these tree diagrams using the same form factors, given in Ec
(15), of Fig. 2 for  photoproduction. The predicted total _.
cross sections gf°p— wp reaction are shown in Fig. 11. We E ¢
find that its magnitude at the peak is a factor of about 3 o
larger than that in Fig. 7 for ther™ p— wn reaction. This S
assumption may lead to an unrealistic estimation of the one-_a 4
loop corrections due tpN channel. Another uncertainty in o
the calculation of Eq(7) with pN intermediate state is that

the correct input to the loop integratidi) is the nonreso- 5
nant amplitude, not the full amplitudes constructed above.

But there is no experimental information we can use here ta
extract the nonresonant part from the full amplitude. For 0

these reasons, we perform thBl loop integration(7) using L7 1.8 W (léeV) 2 21
the constructed full amplitudes of both thep— p°p and

p’p— wp transitions. Therefore, our results for thdl loop FIG. 11. Total cross section fap’p— wp. The solid line is the
can only be considered as an upper bound. result of the diagrams shown in Fig. 5.
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YP—op Therefore, our results fgsN channel can only be regarded
10° 10° as an upper bound.

As discussed in Sec. Il, the one-loop corrections are just
the leading terms of a perturbative expansion of a full
coupled-channel model. Thus the results presented in this
paper can only be taken as a qualitative indication of the
importance of channel coupling effects. We have shown that
the one-loop corrections due to intermediat®l and pN
| channels are comparable to those of nucleon resonance con-
08 10 tributions investigated in Ref[7]. The results from this
UL I LI IR E rather exploratory investigation suggest strongly that the
coupled-channel effects should be carefully taken into ac-
count in extracting the resonance parameters from the experi-
mental data, in particular the data of polarization observ-
ables.
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tions due to the intermediateN channel is rather well
constrained by the data gfN— 7N and #N— wN reac-
tions. On the other hand, our treatment@f channel in-
volves some uncertainties, mainly due to the lack of enough | this appendix, we discuss the axial vector(1235)
experimental inputs such as the datap®f— N reaction.  meson exchange irN— N reaction. Recently, this reac-
tion has been studied by effective Lagrangian method and

APPENDIX: THE AXIAL b,(1235H
MESON EXCHANGE IN #N—wN

0.5 T T —— 0.5 unitary coupled channel models focusing on the role of the
(b}

1 nucleon resonancdd8,34,41-43 In the early investiga-
_ tions in 1960s and 1970s this reaction was studied in some
: detail mostly based on Regge theory and absorption models
and at higher energigd4—48. Based on the Regge theory,
theb, trajectory exchange has been discussed as the second-
ary exchange process imN— N in addition to the major
P N B A I T p-trajectory exchange. The main motivatio_n for the second-
050 45 9 135 180 0 45 90 135 18(()) B ary exchange was to account for the experimentally observed
Sttt T prrrorrerreeE nonvanishing vector meson density matgiy, that is ex-
pected to vanish if the natural-pariprtrajectory exchange
dominates. Theb;(1235) meson has quantum numbers
15379 =17(1"") with massM, =1230 MeV and width
Fblz 142+9 MeV, and it mostly decays into thew chan-

nel[12]. Thus its exchange can contributeittd— wN as an

sl L1 AR I I [ unnatural-parity exchange. In this work we consider the one-

T0 45 90 135 180 0 45 90 135 180 b,-exchange processot the exchange db; trajectory in
0 (degree) 6 (degree)
mN— wN.

FIG. 13. Single photon asymmetBy, for yp— wp atE.= (a) The general form of thé, wr interaction can be written
1.125 GeV, (b) 1.23 GeV, (c) 1.45 GeV, and(d) 1.68 Gev. as[49]
The dotted lines are from the tree diagrams only and the dashed
lines include the intermediateN channel. The full calculations

including the tree diagrams an_d the intermediaté _and thepN Mblum': —iM blg;'i(w) fg’+ Vi a’k* e, (by),
channels are given by the solid lines. The experimental data are oVib,
from Ref.[3]. (A1)
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4.0 |gb NN

M, NN= 1//(7’w75q 7b,y, (A6)

due to theG parity of theb,, whereb , is theb; meson field
and ¢ is the nucleon. The momentum of thig meson is
denoted byg,, . The coupling constary nn is related to the

.......... nucleon tensor charge and has been recently estimated by
] making use of the axial vector dominance and®W O(3)
o 7 spin-flavor symmetry in Refl51] in a similar way to Ref.
. [52]. (See also Refl53].) The result reads

1.0

20 2.1 5

9b,NN= ﬁgaINN- (A7)

FIG. 14. Total cross section for~ p— wn. Solid and dashed
lines are the same as in Fig. 6 while the dot-dashed line is from thgSlng Oa, NN=7.49, one finally obtalngb = 8.83[51].

d;(tizaii)freoxn:hsgfgfsi)rgfciesmultlplled by 50). The experimental Thus the production amplitude for the reaction N
—wN is obtained as

wherek andq are the momenta of the, andw, respectively,
ande  (b;) ande ,(w) are their polarization vectors. Then

" oy M. Op.nnC
the total decay width reads b;¥b NN™I

2M[(k—q)?—MZ ]

1

lal

Toyom= g f2+—<EM A2, (A2)

h
* uv v _ 14
Xs#(w){fg + Mwalq (k—q) ]
whereE,, is the ® meson energy in the, rest frame. The

unknown coupling constanfsandh can then be determined (k—q),(k—0q),
by the decay width and thg/S amplitude ratio in the decay vt u(p’)

of b;— w, where Eq.(Al) gives[50] Mbl
( gl X ys0“P(k—q) gu(p), (A8)
2{M (E,— M )f+
fO/f5=— M ) q2 }, (A3)
M.(E,+2M,)f+[g*h whereu(p) is the Dirac spinor of the nucleon with momen-
tum p. The isospin factoC, is
which is defined from
(@(g,m,) 7(—q)[Hin/b1(0,my)) J2  for m p—wn, m n—wp
=ifS85 m Yol Q) C,={ +1 for 7%p—wp (A9)
—1 for 7%n—wn.
+ifP (2m 1 m, |1 my)Yom (Q), (A4)
m

_ _ . _ Given in Fig. 14 are the total cross sections fer p
where Y|(€2) and (jmj,m,|jm) are the spherical har- —wn, The solid and dashed lines are obtained with ghe
monics and Clebsch-Gordan coefficients, and(m,) is the  exchange and the nucleon pole terms with the cutoff param-
spin projection along the axis for thew (b;) meson. Using  eters(17) and(18), respectively. The total cross section due
the PDG[12] values forT, ., and f°/fS ie, Ty ...  to theb; exchange is given by the dot-dashed line. For the
=142+9 MeV andfP/fS=0.29+0.04, we obtain form factor, we use the form of Eq(13) with Ay ,n
=AblNN=1.4 GeV. Since its contribution is suppressed by
p and nucleon exchange contributions, the exchange is
which givesh/f~—3.1. This should be compared with the ma;gnlfle(_jt-ln IF'%' 14 bé/ a falcr:]tor Oft Sf?' This C?ECIUS'On (cjjoes
valueh/f=+9.0 used by Ref45] to fit the high energy data not sensitively depend on the cutolt parameiegg,, an
of WN— wN together with thep-trajectory exchange. Ap,nn, When they are larger than the exchanged meson

The b;-nucleon coupling can be written as massMy, .

f~3.71, h~—11.38, (A5)
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