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pN\vN in a coupled-channel approach
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We describe thepN→vN cross section from threshold to a center-of-mass energy of 2 GeV in a unitary
coupled-channel model and analyze it in terms of rescattering and resonance excitations. The amplitude is
mainly composed ofD13, P13, andP11 contributions, where theD13 dominates over the complete considered
energy range. We also outline the generalization of the standard partial-wave formalism necessary for the
decomposition of thevN final state.
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I. INTRODUCTION

The reliable extraction of nucleon resonance proper
from experiments where the nucleon is excited via eit
hadronic or electromagnetic probes is one of the major iss
of hadron physics. The goal is to be finally able to comp
the extracted masses and partial decay widths to predict
from lattice QCD~e.g.,@1#! and/or quark models~e.g.,@2,3#!.

With this aim in mind we developed in@4# a unitary
coupled-channel effective Lagrangian model that already
corporated the final statesgN, pN, 2pN, hN, andKL and
was used for a simultaneous analysis of all available exp
mental data on photon- and pion-induced reactions on
nucleon.

In an extension of the model to higher c.m. energies,
up to center-of-mass energies ofAs52 GeV for the inves-
tigation of higher and so-called hidden nucleon resonan
the consideration of other final states becomes unavoid
and hence the model is extended to also includevN andKS.
As can be seen from Fig. 1 forAs.1.7 GeV it is mandatory
to take into account thevN state in a unitary model. Fur
thermore,v production on the nucleon represents a possi
ity to project outI 5 1

2 resonances in the reaction mechanis
However, thevN channel resisted up to now a theoretic
description in line with experiment. Especially the inclusi
of nucleon Born contributions@5# overestimated the data a
energies above 1.77 GeV and only either the neglec
these diagrams@6,7# or very soft form factors@8# led to a
rough description of the experimental data.1 However, none
of these models included rescattering effects or a deta
partial-wave analysis of interference effects. As recen
pointed out @11# both lead to strong modifications of th
observed cross section; see also Fig. 2.

The aim of this paper is to present the results ofpN
→vN within a coupled-channel model that simultaneou
describes all pion-induced data forpN, 2pN, hN, KL,
KS, andvN. Hence this analysis differs from all other in
vestigations ofpN→vN in two respects: First, a larger en
ergy region is considered, which also means there are m

*Electronic address: gregor.penner@theo.physik.uni-giessen.
1Note that Ref.@8# did not use the correct experimental data, b

followed the claim of Ref.@9#; see Sec. IV.
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restrictions from experiment, and second, the react
process is influenced by all other channels and vice ve
This leads to strong constraints in the choice ofvN contri-
butions and it is therefore possible to extract them m
reliably.

We start with a short review of the model of Ref.@4# in
Sec. II, where we also present the way thevN final state is
included. As a result of thev intrinsic spin, the inclusion of
this final state requires an extension of the standard par
wave decomposition~PWD! method developed forpN/gN
→pN and gN→gN ~see, e.g.,@4#!. Such an extension is
provided in Sec. III. In Sec. IV our calculations are com
pared to the available experimental data and we concl
with a summary.

II. MODEL

The scattering equation that needs to be solved
the Bethe-Salpeter~BS! equation for the scattering ampl
tude:

M ~p8,p;As!5V~p8,p;As!

1E d4q

~2p!4
V~p8,q;As!

3GBS~q;As!M ~q,p;As!. ~1!

Here, p (k) and p8 (k8) are the incoming and outgoin
baryon ~meson! four-momenta. After splitting up the two
particle BS propagatorGBS into its real and imaginary parts
one can introduce theK matrix via ~in a schematical nota
tion! K5V1*V ReGBSM . Then M is given by M5K
1 i *M Im GBSK. Since the imaginary part ofGBS just con-
tains its on-shell part, the reaction matrixT, defined via the
scattering matrixS5112iT, can now be calculated fromK
after a PWD inJ, P, andI via matrix inversion:

T~p8,p;As!5
K~p8,p;As!

12 iK ~p8,p;As!
. ~2!

Hence unitarity is fulfilled as long asK is Hermitian. For
simplicity we apply the so calledK-matrix Born approxima-
tion, which means that we neglect the real part ofGBS and
thusK reduces toK5V. The validity of this approximation

t
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G. PENNER AND U. MOSEL PHYSICAL REVIEW C65 055202
was tested by Pearce and Jennings@12#. By fitting the pN
elastic phase shifts also using other intermediate propaga
for GBS these authors found no significant differences in
extracted parameters.

The potentialV is built up by a sum ofs-, u-, t-channel
Feynman diagrams by means of effective Lagrangians wh
can be found in@4#. The background~nonresonant! contribu-
tions to the amplitudes are not added ‘‘by hand,’’ but a
consistently created by theu- and t channel diagrams. Thu
the number of parameters is greatly reduced. This holds
for the reactionp2p→vN in the same way, where we als
allowed for the nucleon Born diagrams and ar exchange in
the t-channel. In our model the following 14 resonances
included: P33(1232), P11(1440), D13(1520), S11(1535),
P33(1600), S31(1620), S11(1650), D33(1700), P11(1710),
P13(1720), P31(1750), P13(1900), P33(1920), and a
D13(1950) ~as in@4,13#! which is listed asD13(2080) by the
Particle Data Group@14#.2

The resonancevN Lagrangians have been chosen as
compromise of an extension of the usualRNg transitions@4#
@for vector meson dominance~VMD ! reasons# and the com-
patibility with otherRN vector meson couplings used in th
literature@3,8,15#; the latter point is discussed in Sec. IV. F
the spin-12 resonances we apply the samevN Lagrangian as
for the nucleon (vN→R):

L52R̄S 1

2 ig5
D S g1gm2

g2

2mN
smn]v

n DNvm, ~3!

where the first coupling is the same one as in@3,8# since the
v is polarized such thatkm8 vm50. For the spin-32 resonances
we use

2Note that the mass of this resonance as given by the referenc
@14# ranges from 1.8 to 2.08 GeV.

FIG. 1. Total cross sections for the reactionsp2p→X with X as
given in the figure. All data are from Ref.@10#; the lines are to guide
the eye.
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L52R̄mS ig5

1 D S g1

2mN
ga1 i

g2

4mN
2

]N
a1 i

g3

4mN
2

]v
a D

3~]a
vgmn2]m

vgan!Nvn. ~4!

In both equations the upper operator~1 or ig5) corresponds
to a positive- and the lower one to a negative parity re
nance. For positive-parity spin-3

2 resonances the first cou
pling is also the same as used in@3,8#; for negative parity a
combination of our first two couplings corresponds on sh
to theirs. The above couplings have also been applied in@15#
in calculations of ther spectral function.

Each vertex is multiplied with a cutoff function as in@4#:

F~q2!5
Lq

4

Lq
41~q22mq

2!2
, ~5!

wheremq (q2) denotes the mass~four-momentum squared!
of the off-shell particle. To reduce the number of paramet
the cutoff valueLq is chosen to be identical for all fina
states. We only distinguish between the nucleon cutoff (LN),

the spin-12 (L 1
2
) and spin-32 (L 3

2
) resonance cutoffs, and

the t-channel cutoff (L t), i.e., only four different cutoff pa-
rameters.

From the couplings in Eqs.~3! and ~4! the helicity decay
amplitudes of the resonances tovN can be deduced:

A 1
2

vN
57

AEN7mN

AmN
S g11g2

mN6mR

2mN
D ,

A0
vN57

AEN7mN

mvA2mN
S g1~mN6mR!1g2

mv
2

2mN
D , ~6!

for spin-12 , and
in

FIG. 2. p2p→vn total cross section. Solid line: full calcula
tion. Dashed line: calculation withgNNv57.98, kNNv520.12.
Dotted line: no rescattering. Dash-dotted line: nucleon contribut
ignoring rescattering. For the data references, see Sec. IV.
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A 3
2

vN
52

AEN7mN

A2mN

1

2mN
S g3

mv
2

2mN
2g1~mN6mR!1g2

mR
22mN

2 2mv
2

4mN
D ,

A 1
2

vN
56

AEN7mN

A6mN

1

2mN
S g3

mv
2

2mN
6g1

mN~mN6mR!2mv
2

mR
1g2

mR
22mN

2 2mv
2

4mN
D , ~7!

A0
vN56mv

AEN7mN

A3mN

1

2mN
S g17g2

mR
21mN

2 2mv
2

4mRmN
7g3

mR
22mN

2 1mv
2

4mRmN
D ,
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for spin-32 resonances. Again, the upper sign holds
positive- and the lower for negative-parity resonances. T
lower indices correspond to the resonance helicities and
determined by thev and nucleon spinz components:32 : 1
1 1

2 5 3
2 , 1

2 : 12 1
2 5 1

2 , and 0: 01 1
2 5 1

2 . The resonancevN
decay widths are then given by

GvN5
2

2J11 (
l50

l51J

Gl
vN , Gl

vN5
k8mN

2pmR
uAl

vNu2 ~8!

~upright letters denote the absolute value of the correspo
ing three-momentum!. As a result of the limited amount o
experimental data~we included 114vN data points in the
fitting procedure; cf. Sec. IV!, we tried to minimize the set o
parameters and only varied a subset of thevN coupling con-
stants. This also means that it is not possible to distingu
with certainty between the different choices of theRNv cou-
plings, especially for those resonances with only small c
tributions tovN. Only morevN data in the higher-energ
region, i.e., aboveAs51.77 GeV, and the inclusion of pho
toproduction data in the analysis@16# could shed more light
on the situation. However, as shown in Sec. IV, the choice
couplings presented in the following allows a complete
scription of the angular and energy dependences of thevN
production process.

In the process of the fitting procedure we allowed for tw
different couplings (g1 andg2) to vN for those resonance
which turned out to couple strongly to this final state, i.
P11(1710), P13(1720), P13(1900), andD13(1950), and one
coupling (g1) for the S11(1650). Since the usual values fo
theNNv couplings~cf. Ref. @4# and references therein! stem
from different kinematical regimes than the one examin
here, we also allowed these two values to be varied du
the fitting procedure. But at the same time, the cutoff va
in the vertex form factor is not allowed to vary freely; in
stead, the same value is used for all final states~see Sec. IV!.
It is also important to notice that as a result of the coupl
channel calculation, there are also constraints from
other channels that are compared to experimental data, l
ing to large restrictions in the freedom of chosing thevN
contributions.

III. v PRODUCTION

Since the orbital angular momentuml is not conserved in,
e.g.,pN→vN, the standard PWD becomes inconvenient
many of the channels that have to be included. Hence we
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here a generalization of the standard PWD method wh
represents a tool to analyze any meson- and photon-ba
reaction on an equal, uniform footing.

We start with the decomposition of the two-particle c.
momentum states (p52k, p5upu) into states with total an-
gular momentumJ andJz5M @17#:

upJM,lklp&5NJE ei (M2l)wdMl
J ~q!upqw,lklp&dV,

~9!

where lk (lp) is the meson~baryon! helicity and the
dMl

J (q) are Wigner functions. The normalizationNJ is given
by A(2J11)/(4p) andl5lk2lp . For the incoming c.m.
state (q05w050⇒ l 50) one getŝ JM,lklpuq0w0 ,lklp&
;dMl , and one can drop the indexM. By using the parity
property@17# P̂uJ,l&5hkhp(21)J2sk2spuJ,2l&, wherehk
andhp (sk andsp) are the intrinsic parities~spins! of the two

particles, the construction of states with parity (21)J6
1
2 is

straightforward:

uJ,l;6&[
1

A2
~ uJ,1l&6huJ,2l&)

⇒ P̂uJ,l;6&5~21!J6
1
2 uJ,l;6&, ~10!

FIG. 3. p2p→vn total cross section. The contributions of var
ous partial waves are given byJP5

1
2

2(S11): dashed line;12
1(P11):

dotted line; 3
2

1(P13): dash-dotted line;3
2

2(D13): dash-double-
dotted line~in brackets thepN notation is given!. The sum of all
partial waves is given by the solid line. For the data references,
text.
2-3
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FIG. 4. p2p→vn differential cross section. Data are fromd: @22,23#, s: @24#, andh: @25#. For the data points extracted from Ref.@25#
see text. At energiesAs>1.8 GeV also a calculation withgNNv57.98, kNNv520.12 is shown~dashed line!.
ith

c-
where we have defined

h[hkhp~21!sk1sp1
1
2 . ~11!

They can be used to project out helicity amplitudes w

parity (21)J6
1
2 :

T l8l
J6 [^J,l8;6uTuJ,l;6&5T l8l

J
6hT l82l

J , ~12!

with
05520
T l8l
J

~As![^l8uTJ~As!ul&

52pE d~cosq!dll8
J

~q!^q,w50,l8uTu00,l&.

~13!

In Eq. ~12! we have used, that for parity conserving intera
tions T5 P̂21TP̂:

^J,2l8uTuJ,2l&5h~h8!21^J,l8uTuJ,l&. ~14!
5

FIG. 5. pN→pN inelastic (s as extracted
from SM00 @18#, calculation: solid line! and
pN→2pN partial-wave cross sections (d as ex-
tracted by@28#, calculation: dashed line!, both for
I 5

1
2 . For the discrepancy ofpN→2pN in the

3
2

1(P13) partial wave between 1.52 and 1.72
GeV see text.
2-4
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FIG. 6. pN→pN inelastic (s as extracted
from SM00 @18#, calculation: solid line! and
pN→2pN partial-wave cross sections (d as ex-
tracted by@28#, calculation: dashed line!, both for
I 5
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The helicity amplitudesT l8l
J6 have definite, identicalJ and

definite, but oppositeP. As is quite obvious this method i
valid for any meson-baryon final state combination, ev
cases such as, e.g.,vN→pD. In the case ofpN→pN the
T l8l

J6 coincide with the conventional partial-wave amp

tudes:T 1
2

1
2

J6
[Tl 6 .

IV. COMPARISON WITH EXPERIMENT

For the fitting procedure we modified the data set used
Ref. @4# in the following way.

For pN→pN we used the updated single-energy parti
wave analysis SM00@18#. For 2pN, hN, andKL we con-
tinue to use the same database as in@4#; however, forhN the
data from@19# and for KL the data from@20# were added.
For KS production we used the total cross section, ang
differential cross section, and polarization data from@21# and
from the references to be found in@10#.

Furthermore, we have included all thepN→vN data in
the literature@22–25#. At this point we wish to stress that w
do not follow the authors of Refs.@9,26# to ‘‘correct’’ the
Karami @24# data. The authors of@9# have claimed that the
method used in@22–24# to extract the two-body cross sectio
from the count rates was incorrect. However, a careful re
ing of Ref.@22# reveals that the two-body cross sections w
indeed correctly deduced and the peak region of thev spec-
tral function is well covered even at energies close to thev
production threshold. The conclusion of Ref.@9# can be
traced back to the incorrect reduction of the integration o
the v spectral function to the experimental averaging o
the outgoing neutron c.m. momentum interval binning; a
tailed discussion can be found in@27#. See also the discus

TABLE I. x2 per degree of freedom from the present calculat
for pN→X with X as given in the table.

Total pN 2pN hN KL KS vN

3.08 3.78 6.95 1.78 2.05 2.43 2.53
05520
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sion about thepN inelasticities below.
The results presented in the following are from ongoi

calculations to describe the data of all channels simu
neously~cf. Table I!. The coupling set used for the present
results leads to an overallx2 of 3.08 per degree of freedom
~by comparison to a total of 2360 data points!.

As can be seen in Figs. 3 and 4 our calculation is in l
with all total and also with the differentialvN cross sections
of Refs. @22–24#.3 To get a handle on the angle-differenti
structure of the cross section for energiesAs>1.8 GeV we
also extracted angle-differential cross sections from the c
rected cosine event distributions given in Ref.@25# with the
help of their total cross sections. These data points stron
constrain the nucleonu-channel contribution because of th
decrease at backward angles; see the end of this sec
Moreover, for these energies the contribution of ther ex-
change contribution leads to an increasing forward peak
behavior.

The totalvN cross section~cf. Fig. 3! is dominantly com-
posed of two partial waves contributing with approximate
the same magnitudeJP5 3

2
2(D13) and 3

2
1(P13), and also a

smaller 1
2

1(P11) contribution, while the 1
2

2(S11) partial
wave is almost negligible~in brackets thepN notation is
given!. The main contributions in these partial waves ste
from the D13(1950), theP13(1720), the nucleon, and th
P11(1710). TheD13(1950) is especially interesting, since
is only listed in the PDG@14# at 2.08 GeV, but was alread
found as an important contribution inpN andKL channels
~cf. @4,13#! at around 1.95 GeV. In our calculation it turn
out to be an important production mechanism as well,
particular at threshold. These findings are also contrary to
conclusions drawn in@24#. Guided by their angle-differentia
cross sections they excluded any noticeableJ5 3

2 effects and
deduced a production mechanism that is dominated bJ

3The total cross sections given in Refs.@22,23# are actually angle-
differential cross sections~mostly at forward and backward neutro
c.m. angles! multiplied by 4p.
2-5
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51
2 contributions. However, our coupled-channel calculat

shows that their angle-differential cross sections can ind
be described by dominating32

2 and 3
2

1 waves. Furthermore
since the data in all other channels~includingpN inelastici-
ties and 2pN partial wave cross sections in the isospin1

2

partial waves; see below! are also very well described in th
vN threshold region (1.72 GeV,As,1.76 GeV), our
partial-wave decomposition ofpN→vN is on safe grounds

Due to the coupled-channel calculation, the opening
thevN channel also becomes visible in the inelasticity of t
pN→pN channel. In Figs. 5 and 6 thepN→pN inelastic

s IJ6
in 5

4p

k2
~J1 1

2 !~ Im T 1
2

1
2

IJ6
2uT 1

2
1
2

IJ6
u2! ~15!

and thepN→2pN partial-wave cross sections

s IJ6
2p 5

4p

k2
~J1 1

2 !uT 1
2

1
2

IJ6
u2 ~16!

are plotted together with experimental data from SM00@18#
and @28#. An IJP5 1

2
1
2

2 or 1
2

3
2

2 wave contribution in the
order of svN>3 mb for 1.72 GeV<As<1.74 GeV as
claimed in@9,26# would also be in contradiction with inelas
ticities extracted frompN→pN partial waves: The1

2
1
2

2 in-
elasticity around thevN threshold is already saturated by th
2pN andKS channels; a largevN contribution would spoil
the agreement between calculation and experiment; the1

2
3
2

2

inelasticity allows onlys 1
2

3
2

vN
2<s 1

2
3
2

in
22s 1

2
3
2

2p
2'1 mb in

this energy region.
At this point a remark on theIJP5 1

2
3
2

1 inelasticity be-
tween 1.52 and 1.725 GeV is in order. This inelastic
grows up to 4 mb below thevN threshold, while the 2pN
partial-wave cross section extracted by@28# is still zero. At
the same time all total cross sections from other open ine
tic channels (hN, KL, andKS) add up to significantly less
than 4 mb. This indicates that either the extracted 2pN par-
tial wave cross section is not correct in the1

2
3
2

1 partial wave
or another inelastic channel~i.e., a 3pN channel! contributes

FIG. 7. p2p→K0L total cross section. See Fig. 3 for the not
tion. For the data references, see text.
05520
n
d

f
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significantly to this partial wave.4 Note that we only observe
this effect in this partial wave and are also able to descr
the inelasticity and the 2pN data above thevN threshold in
the 1

2
3
2

1 partial wave. Therefore, we did not introduce a
additional final state but effectively neglected the1

2
3
2

1 2pN
data points in the energy region between 1.52 and 1.
GeV.

Another coupled-channel effect shows up in the to
p2p→K0L cross section. As can be seen in Fig. 7 th
channel exhibits a resonancelike behavior for energ
1.67 GeV<As<1.73 GeV. However, this structure is als
caused by the opening of two new channels, which ta
away the flux in the1

2
2 and 3

2
1 partial waves. First, around

1.69 GeV theKS channel opens up with a strongIJP

5 1
2

1
2

2 contribution. Second, around 1.72 GeVvN opens
up with a small 1

2
1
2

2 but a strong 1
2

3
2

1 wave. ThepN
→KS cross sections are shown in Fig. 8. The pureI 5 3

2

channelp1p→K1S1 is strongly dominated by a32
3
2

1 wave
and also becomes visible in the3

2
3
2

1 pN inelasticity~cf. Fig.
6!, while the other two channelsp2p→K0S0/K1S2 show
the strong1

2
1
2

2 wave rise just above threshold.
As mentioned above we also allowed for the nucle

Born contributions inpN→vN usually leading to an over

4The same problem was observed in a resonance parametriz
of pN→pN andpN→2pN @29#.

FIG. 8. pN→KS total cross sections.
2-6
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pN→vN IN A COUPLED-CHANNEL APPROACH PHYSICAL REVIEW C 65 055202
estimation of the total cross section at higher energies.
can be seen in Fig. 2, the inclusion of rescattering is man
tory to be able to describe the energy-dependent behavio
the totalpN→vN cross section: When we apply our be
parameter set to a tree level calculation—i.e., ‘‘rescatterin
is only taken into account via an imaginary part in the d
nominator of the resonance propagators—the calculation
sults in the dotted line, which is far off the experimental da
This shows the importance of ‘‘off-diagonal’’ rescatterin
such aspN→pN→vN or pN→KL→vN.

The values of theNNv couplings are mainly determine
by the backward angle-differential cross section at hig
energies. During the fitting procedure these couplings
sulted in g154.50 andk5g2 /g1520.70. The total cross
section exhibits almost the same behavior when we use
values from@4# (g157.98 andk520.12; see the dashe
line in Fig. 2!, however, for energies aboveAs51.8 GeV
the angular dependence~see the dashed line in Fig. 4! is not
in line with experiment anymore. TheNN-meson cutoff
value used for alls- and u-channel diagram vertices~hence
also for theNNv vertex! resulted inLN51.15 GeV.

For the other background contribution in thevN produc-
tion, i.e. the r exchange, we used the couplingsgvrp

52.056 ~extracted from thev→rp→p1p2p0 width!,
gNNr55.56, andkNNr51.58—the latter values were ex
tracted from the fit and are the same as in calculatingpN
elastic scattering.

In Table II the resonance properties of those resonan
which couple tovN are presented. In contrast to@2,3,8# we
also find strong contributions from theP11(1710) and the
P13(1720) resonances, where the latter one is located
above the vN threshold of 1.721 GeV. Our extracte
P11(1710) width is significantly larger than the PDG@14#
value of'100 MeV,5 but consistent with the value of 48
6230 MeV extracted by a resonance parametrization
pN→pN and pN→2pN @29#. The reason for these larg
differences is the lack of a prominent resonant behavio
the upper energy region of theP11 pN→pN partial wave.
Thus the extraction of resonance parameters is not

5Note that the width of this resonance as given by the referen
in @14# ranges from 90 to 480 MeV.

TABLE II. Masses, total, andvN widths @see Eq.~8!# for I
5

1
2 resonances coupling tovN. All values are given in MeV. For

the vN widths of Ref.@2#, we also cite the upper and lower value
of their extracted ranges.

L2I2J
pN M G tot G0

vN G 1
2

vN
G 3

2

vN

GvN
GvN

of @2#

S11(1650) 1677.5 17720.224a 0.0 a,b – – –
P11(1710) 1786.3 686 76 69 – 145 0.020.0

15.3

P13(1720) 1722.5 252 0.05 0.11 1.18 0.670.020.0
11.7

P13(1900) 1951.0 585 21 0 226 12320.320.0
134.8

D13(1950) 1946.0 948 162 0 289 22639.7221.2
156.3

aThe couplingsg1 , g2 are given.
bNot varied in the fit; see text.
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constrained bypN→pN alone. In our analysis the larg
width comes to about one-fourth fromvN and the remainder
is due to 2pN (268 MeV), hN (160 MeV), and
KS (71 MeV). In the latter two channels strongP11 con-
tributions are needed to describe the corresponding an
differential cross sections and polarization observables.

We can also compare ourS11(1650) andP13(1720) cou-
plings to the one from@3,8# if we choose to take the sam
width for theP13, but only use the first coupling (g1). While
we find only a smallS11 coupling ofg1520.22, but a large
value ofg1529.3 for theP13, @3,8# found 22.56 and 3.17,
respectively. However, as is clear from the discussion abo
a strongP13 and a smallS11 are mandatory results of ou
coupled-channel analysis. For theP11(1710), P13(1720),
andD13(1950) also a comparison to the VMD predictions
Ref. @6# is possible. The authors of Ref.@6# used different
photon helicity amplitude analyses to extract ranges for
RNv transition couplings under the assumption of str
VMD. Using their notation we find from our widths the fol
lowing couplings:P11(1710): 6.3~0–1.22!, P13(1720): 15.6
~0–5.0!, andD13(1950): 2.3~0–2.6!. In brackets, their VMD
ranges are given. As a result of the large uncertainties in
photon helicity amplitudes, which are the input to the calc
lation of @6#, it is impossible to draw any conclusion on th
validity of strict VMD for these resonances.

V. CONCLUSIONS AND OUTLOOK

In this paper we have included thevN final state into our
coupled-channel model and have investigated whether
possible to find a way to describe the hadronicvN data. The
results of our calculations show that for a description of
reactionp2p→vN in line with experimental data a unitary
coupled-channel calculation is mandatory, and the resul
amplitude is mainly composed ofIJP5 1

2
3
2

2 (D13),
1
2

3
2

1

(P13), and 1
2

1
2

1 (P11) contributions, where the12
3
2

2 domi-
nates over the complete considered energy range.

The next step in our investigation of nucleon resonan
properties within our coupled-channelK-matrix model will
naturally be the inclusion of photon induced data to furth
pin down the extracted widths and masses. The results of
study and also more details about the calculation prese
here will be published soon@16#.

Furthermore, since the partial-wave formalism is no
settled, the inclusion of additional final states, in particu
for a more sophisticated description of the 2pN final state,
asrN or pD is rather straightforward. Also, by the inclusio
of several, e.g.,rN final states with different massesmr the
width of ther meson~and similarly for theD) can also be
taken into account. Finally, investigations concerning the
clusion of spin-52 resonances are underway.
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