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Associative photoproduction of Roper resonance andv meson
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Associative photoproduction ofv meson andN* (1440) on nucleons,g1N→v1N* (1440), in the near
threshold region is investigated in a framework employing effective Lagrangians. Besidesp exchange in thet
channel, baryon exchanges, i.e.,N andN* exchanges, in thes andu channels are also taken into account in
calculations of differential cross section and beam asymmetry. Important inputs of this model are the vector
and tensor coupling constants ofvNN* (1440) vertex, which are assumed to be equal to the values of these
couplings forvNN vertex. Using our previous estimation ofvNN coupling constants obtained from a fit to
available experimental data on photoproduction ofv meson in the near threshold region, we produce the
necessary numerical predictions for different observables ing1N→v1N* (1440). Numerical results show
that at low utu dominant contribution comes fromt channelp exchange while the effects of nucleon and
N* (1440) pole terms can be seen at largeutu. Our predictions for the differential cross section and beam
asymmetry for the processesg1N→v1N* (1440), whereN is proton and neutron, atEg52.5 GeV are
presented with zero width approximation and also with the inclusion of width effects ofN* (1440).

DOI: 10.1103/PhysRevC.67.055208 PACS number~s!: 13.60.Le, 13.88.1e, 14.20.Gk, 25.20.Lj
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I. INTRODUCTION

Baryon resonances, in particular the Roper resona
N1/2,1/2* (1440), have a special interest at the moment from
theoretical and experimental points of view.N* (1440) is the
first excited state of a nucleon with a broad full width
3506100 MeV, which is twice as compared to those of t
neighboring resonancesN* (1520) andN* (1535) @1#. Al-
though the Roper resonance was discovered first during
phase shift analysis ofp-N scattering@2#, it has not been
observed directly yet. Some quark@3–7# and bag models
@8,9# try to explain its nature, but it is still not well known
Photoproduction of vector mesons in a particular chan
where the target nucleon is excited to Roper resonancg
1N→V1N* (1440), might provide supplementary know
edge about this resonance and its couplings to me
nucleon channels.

In order to extract information on Roper resonance fr
associative production of vector mesons andN* (1440), it is
essential to understand the production mechanisms. S
Roper resonance has quantum numbers~spin 1/2, isospin
1/2, and positive parity! similar to those of a nucleon, th
corresponding dynamics of the associative photoproduc
of vector mesons andN* (1440), g1N→V1N* (1440),
can be studied analogously to that of the ‘‘elastic’’ vec
meson photoproduction,g1N→V1N. Theoretical studies
on photoproduction of neutral vector mesons@10–19# in-
volve different combinations of the following mechanism
~i! pseudoscalar (p,h) and scalar (s) meson exchanges i
the t channel;~ii ! one-nucleon exchange in the (s1u) chan-
nel; ~iii ! the Pomeron exchange in thet channel.

In Ref. @20#, the associative neutral vector meson (r and
v) and N* (1440) production near threshold ingp interac-
tion has been analyzed within an approach based on the
level diagrams of thet channelp ands exchanges and ef
fective Lagrangians. For such exchanges, although it is p
sible to obtain some constraints onpNN* (1440) and
0556-2813/2003/67~5!/055208~8!/$20.00 67 0552
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sNN* (1440) couplings, measurement of above reactio
with linearly polarized photon will be more decisive. Co
sidering both these mechanisms alone will also result
trivial polarization phenomena that can be predicted with
the knowledge of exact values of coupling constants a
phenomenological form factors. For example, the be
asymmetryS induced by the linear polarization of the pho
ton beam, and all possibleT-odd polarization observables a
such, for example, target asymmetry or polarization of fi
proton produced in collisions of unpolarized particles, w
be zero identically for any kinematical conditions of the co
sidered reaction. Analogously, it is possible to predict t
r1151, and all other elements of ther-meson density matrix
must be zero. Evidently, contributions other than the ab
mechanisms should be estimated to assess the relevan
the proposed measurement.

In consideration of other mechanisms, one problem t
must be stressed is the applicability of Pomeron exchang
the near threshold region. In accordance with resonan
Reggeon duality@21#, at low energies sum of the resonan
contributions in thes channel can be effectively described b
the differentt channel Reggeon~but not by the Pomeron!.
Thus, we face a double counting problem when thes channel
resonance contributions and thet channel exchanges are co
sidered simultaneously@22#, and therefore division of thresh
old amplitude into resonance and background cannot be d
in a unique way. In this respect, Born contributions tog
1N→ V1N* (1440) must be considered as background

Complex spin structure in matrix elements of the react
g1N→v1N* (1440) as compared with the pseudosca
meson photoproduction on nucleon, has been a barrier t
further to include the resonances. For example, for the s
J>3/2 case, there are six independent multipole amplitu
with six unknown coupling constants different from zero a
a large number of nucleon resonancesN* in the considered
reaction. Therefore, the effects of each resonance canno
considered with good accuracy. The determination
VN* N* (1440) isalso another problem in consideration
©2003 The American Physical Society08-1
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resonance mechanisms of these reactions because there
information directly available from experiments. Witho
having the polarization data with polarized beam, polariz
target, and the measurements on polarization propertie
final vector meson for theg1N→v1N* (1440) reaction,
the inclusion of resonance mechanisms does not seem
able for the analysis of these reactions.

In the present work, we investigate the role played by
(s1u) channel @N1N* (1440)# exchanges, g1N→v
1N* (1440), in the associative photoproduction ofv meson
and Roper resonance in the near threshold regionEg
,3 GeV). Our model contains@N1N* (1440)# exchange
mechanisms together with thep exchange but withou
Pomeron exchange. The advantage of this model comp
to the oversimplifiedp exchange model is that it allows on
to find nonzero values for the polarization observabl
which are inT-even character, such as beam asymmetryS
induced by linear photon polarization, and density mat
elements of the vector meson produced in polarized and
polarized particles. In the proposed model it is also poss
to discriminate the isotopic spin effects in observables
proton and neutron targets due top ^ N interference and dif-
ferentN contributions.

The paper is organized as follows. In Sec. II we give
model independent formalism for the calculation of differe
tial cross section and beam asymmetry and describe
model in the framework of exchange mechanisms. The
sults of our calculations for the differential cross section a
beam asymmetry are presented and are discussed in Se
In the last section conclusions extracted from the discus
of our results are given with a few remarks.

II. FORMALISM AND MODEL

Calculations of different observables for the associat
photoproductiong1N→N* 1v are performed by using th
formalism of so-called transversal amplitudes in the cente
mass system~CMS! of the considered reaction. The adva
tage of this formalism is that it is effective for the analysis
polarization phenomena in photoproduction reactions.

The matrix element of any photoproduction mechani
can be written in terms of 12 independent transversal am
tudes as

M5w2
†Fw1 ,

F5 i f 1~«W •mŴ !~UW •mŴ !1 i f 2~«W •mŴ !~UW •kŴ !1 i f 3~«W •nŴ !~UW •nŴ !

1~sW •nŴ !@ f 4~«W •mŴ !~UW •mŴ !1 f 5~«W •mŴ !~UW •kŴ !

1 f 6~«W •nŴ !~UW •nŴ !#1~sW •mŴ !@ f 7~«W •mŴ !~UW •nŴ !

1 f 8~«W •nŴ !~UW •mŴ !1 f 9~«W •nŴ !~UW •kŴ !#

1~sW •kŴ !@ f 10~«W •mŴ !~UW •nŴ !1 f 11~«W •nŴ !~UW •mŴ !

1 f 12~«W •nŴ !~UW •kŴ !#, ~1!
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where kŴ , nŴ , and mŴ are defined askŴ5kW /ukW u, nŴ 5kW3qW /ukW

3qW u, mŴ 5nŴ 3kŴ , kW and qW are the three-momentum of th
photon and the vector meson in CMS, respectively,w1 (w2)
is the two-component spinor for initial nucleon~final Roper
resonance!, and transversal amplitudesf i , i 51, . . .,12, are
complex functions ofs and t, f i5 f i(s,t).

Differential cross section and beam asymmetry are gi
by

ds

dV
5

1

2
NFF † ~2!

and

S5
ds i /dV2ds' /dV

ds i /dV1ds' /dV
, ~3!

whereN5uqW u/64p2sukW u andds i /dV (ds' /dV) is the dif-
ferential cross section induced by a photon whose polar
tion is parallel~perpendicular! to the reaction plane in which
all other particles in the initial and final states are unpol
ized. The corresponding differential cross section and be
asymmetry, which are obtained by using Eqs.~1!, ~2!, and
~3!, can be written in terms of transversal amplitudesf i :

ds

dV
5N~h11h2!,

S5
~h12h2!

~h11h2!
,

h15
1

2H @ u f 1u21u f 2u21u f 4u21u f 5u21u f 7u21u f 10u2#

1F uqW u2sin2u

mv
2 G @ u f 1u21u f 4u2#1F uqW u2cos2u

mv
2 G @ u f 2u21u f 5u2#

1F uqW u22sinucosu

mv
2 GRe@~ f 1f 2* !1~ f 4f 5* !#J ,

h25
1

2H @ u f 2u21u f 6u21u f 8u21u f 9u21u f 11u21u f 12u2#

1F uqW u2sin2u

mv
2 G @ u f 8u21u f 11u2#1F uqW u2cos2u

mv
2 G @ u f 9u2

1u f 12u2#1F uqW u22sinucosu

mv
2 GRe@~ f 8f 9* !1~ f 11f 12* !#J ,

~4!

wheremv is the mass of the vector meson,u is the angle
betweenkW and qW in CMS, andh1 and h2 are the structure
functions of the considered reaction.

Due to the large width of Roper resonance, width effe
must be included in the calculation ofgp→vN* (1440) re-
action near threshold. We introduce these effects by
Breit-Wigner parametrization as
8-2
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ds

dV
@gp→vN* ~1440!→vp0p#

5E
mp01mp

M
N*
max

(s,t)ds

dt
@gp→vN* ~1440!#B~MN* !dMN*

~5!

in which MN*
max is the maximum mass of the Roper resonan

for fixed s andt, andB(MN* ) is the Breit-Wigner function in
the form

B~MN* !5
2

p

MN* MN*
0 GN* (1440)→p0p~MN* !

~MN*
02

2MN*
2

!21MN*
02 GN* (1440)

2
~MN* !

.

~6!

Energy dependent partial and total widths are given by

GN* (1440)→p0p(MN* )

5GN* (1440)→p0p~MN*
0

!

3
MN*

0

MN*
FE~MN* 2MN!

E~MN*
0

2MN!
Gp@E~MN* !#

p@E~MN*
0

!#
~7!

and

GN* (1440)
tot

~MN* !

5GN* (1440)~MN*
0

!

3
MN*

0

MN*
FE~MN* 2MN!

E~MN*
0

2MN!
Gp@E~MN* !#

p@E~MN*
0

!#
, ~8!

where E(MN* ) and p@E(MN* )# are the energy and three
momentum ofMN* in the rest frame of decayN* (1440)
→pN. We use the values forGN* (1440)→p0p(MN* )
576 MeV andGN* (1440)

tot (MN*
0 )5350 MeV @1#.

The suggested model for the reactiong1N→v
1N* (1440) containst, s, and u channel exchange mecha
nisms, which are shown in Fig. 1. Following the discuss
of Ref. @19#, we consider only thep exchange mechanism i
the t channel. The matrix element for this exchange mec
nism can be written as

N

N

V

π , σ

(a) (b) (c)

(q)

N(p1)

γ (k) γ (k) V(q)

N(p1)

γ (k)

N(p1)              V(q)N*(p   2  ) N*(p   2  )

*

     2   N*(p   )

FIG. 1. Mechanisms of the model for associative photoprod
tion of Roper resonance andv photoproduction:~a! t channel ex-
changes,~b! and ~c! s andu channel nucleon exchanges.
05520
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Mt5e
gvpg

mv

gpNN*

t2mp
2

FpNN* ~ t !Fvpg~ t !@ ū~p2!g5u~p1!#

3~emnab«mknUaqb!, ~9!

wheret5(k2q)2, mv(mp) is the mass of thev(p) meson,
«m(Um) is the polarization four-vector of photon~vector me-
son!, u(p1)@u(p2)# is the Dirac spinor for the initial nucleon
~final Roper resonance!, andgpNN* andgvpg are the strong
and electromagnetic coupling constants of thepNN* (1440)
and vpg vertices, respectively. Notation of particle fou
momenta is given in Fig. 1. Form factors that appear in
above matrix element are of the form

FpNN* ~ t !5
LpNN*

2
2mp

2

LpNN*
2

2t
, Fvpg~ t !5

Lvpg
2 2mp

2

Lvpg
2 2t

,

~10!

whereLpNN* (Lvpg) is the cutoff parameter of the consid
ered vertices in pole diagrams.

The nucleons channel contribution is described by th
following amplitude:

Ms5
e

s2M2
ū~p2!S gvNN*

V Û1
gvNN*

T

~M1M* !
Ûq̂D

3~ p̂11 k̂1M !S QN«̂2
kN

2M
«̂ k̂Du~p1!, ~11!

where«•k5U•q50, â5gmam , M (M* ) is the mass of the
initial nucleon ~final Roper resonance!, QN51 (0) is the
electric charge for the proton~neutron!, kN51.79 (21.91)
is the anomalous magnetic moment for the proton~neutron!.
Different from the nucleon exchange in thes channel ampli-
tude, Roper resonance exchange in theu channel amplitude
is considered, which is given by

Mu5
e

u2M* 2
ū~p2!S QN«̂2

kN*

2M*
«̂ k̂D ~ p̂22 k̂1M* !

3S gvNN*
V Û1

gvNN*
T

~M1M* !
Ûq̂D u~p1!, ~12!

whereu5(k2p2)2, kN* is the anomalous magnetic mome
of Roper resonanceN* (1440). Neglecting their possible de
pendence on the virtuality ins and u of the intermediate
nucleon and Roper resonance,gvNN*

V andgvNN*
T ~vector and

tensor coupling constants! are chosen to be the same in bo
channel matrix elements.

For s andu channel amplitudes it is possible to dress t
form factors withs andu dependencies either in the form o
F(s) andF(u) or F(s,u). Use of the form factor as in the
first case causes the violation of the gauge invariance. E
if the latter form preserves the gauge invariance, this type
phenomenological form factor@23#, being the function of
both Mandelstam variables, behaves like an amplitude ra
than a form factor. Therefore, following the prescription

-

8-3
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Ref. @24#, we use the constant form factorsF(s)5F(u)
51. In this case the effects are absorbed by the coup
constantsgvNN*

V andgvNN*
T of vNN* (1440) vertices.

Let us note that these couplings are free parameters o
model and their values must be different from the values
spacelike region of the vector meson momentum. In lite
ture the values of thegvNN*

V andgvNN*
T coupling constants

are obtained from the reactionsN1N→N* 1N and N*
1N→N1N @25# following arguments of Ref.@26#. How-
ever, the values of such coupling constants obtained from
NN and NN* potentials will be different from those of th
coupling constants used in the associative photoproduc
of v meson and Roper resonance because they are co
ered in different regimes, spacelike in the first case wher
timelike in the latter case. Another approach in the calcu
tion of transition couplings for a virtual meson is sugges
in the framework of constituent quark model@27#, but the
values obtained are suggestive rather than being defi
quantitative predictions. At this stage determining the val
of vNN* (1440) coupling constants is also not possible d
to the fact that there are no direct experimental data on th
coupling strengths. To overcome this problem we assu
that the values ofvNN* (1440) coupling constants are equ
to those ofvNN coupling constants. With this assumption
is possible to determine the values of these constants f
the fit to experimental data on the differential cross sect
for the photoproduction ofv meson@28#.

III. RESULTS AND DISCUSSION

In the preceding section, we have defined all the nec
sary parameters int, s, and u channel amplitudes of ou
model for the processg1N→v1N* (1440). Let us specify
here in more detail the coupling strengths and cutoff para
eters of the considered model. For the coupling cons
gvpg we take the most commonly used value 1.82@19# ob-
tained from the experimental partial decay width ofv
→pg decay. The situation is, however, not clear for co
pling strength ofpNN* (1440) vertex. Because of the larg
uncertainty in the partial decay width ofN* (1440) into the
Np channel (228682) MeV the coupling constantgpNN*
cannot be determined precisely. Following Ref.@20# we will
use the value 3.4 forgpNN* .

The remaining inputs of our model are thevNN* (1440)
coupling constants and cutoff parametersL i . In consider-
ation of the coupling constants not only their absolute val
but also their relative signs are important because of the
sential interference effects. Cutoff parameters are in any c
positive and by conventiongvpggpNN* is chosen as positive
Therefore, the signs ofgvNN*

V andgvNN*
T that appear in our

results are their relative signs with respect to thep contribu-
tion, and not their absolute signs. Since the applicability
the same form factor for different processes is not pro
rigorously we can fix absolute values of cutoff parameter
some plausible values. Consequently, we are left with
fitting parametersgvNN*

V andgvNN*
T .

For our calculations, the following three different se
with almost the same value ofx2, which are obtained from
05520
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the fit to the experimental data aboutds@gp→pv#/dt in the
near threshold region@28#, are chosen for the coupling con
stantsgvNN*

V,T :
Set 1,

gvNN*
V

521.4, gvNN*
T

50.4, x252.2; ~13!

Set 2,

gvNN*
V

50.5, gvNN*
T

50.1, x251.6; ~14!

Set 3,

gvNN*
V

520.01, gvNN*
T

50.6, x251.9. ~15!

To obtain set 1, we use the standard values of cutoff
rametersLpNN* 5LpNN50.7 GeV andLvpg50.77 GeV.
In analyzing the sensitivity of the best fit toLpNN* and
Lvpg , we discover that the standard values ofL i do not
give the best solution. If the values ofLpNN* andLvpg are
changed to 0.5 GeV and 1.0 GeV, respectively, we find be
sets for the coupling constantsgvNN*

V,T , namely, set 2 and se
3. We follow the same minimization procedure as used
Ref. @29# for the determination of vector and tensor coupli
constant values.

The values of the above coupling constant obtained fr
the fit to the data regarding the photoproduction ofv meson
should not be considered well determined because of
absence of experimental data for the differential cross sec
and other single and double spin polarization observab
Therefore, it is very interesting to compare our results w
the quark model predictions of Capstick and Roberts@30#
and those determined from the vector meson domina
model ~VMD ! by Post and Mosel@31#. However, compari-
son cannot be done exactly because these two works
different coupling schemes, so their relation with ours is n
obvious. On the other hand, the coupling constantf vNN* in
Ref. @31# corresponds to our tensor coupling consta
gvNN*

T . Values for coupling constantf vNN* extracted from
the helicity amplitudes of Refs.@32,33# are determined
from VMD as 0.6160.68 and 0.8560.48, respectively,

FIG. 2. Differential cross section for the processes,~a! gp
→vN* (1440) in the zero-width approximation,~b! gp
→vN* (1440)→vp0p, at Eg52.5 GeV. Solid, dashed, and do
dashed lines correspond togvNN*

V
50.5 andgvNN*

T
50.1; gvNN*

V

520.01, andgvNN*
T

50.6; gvNN*
V

521.4 andgvNN*
T

50.4, respec-
tively.
8-4
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FIG. 3. Different contributions tods@gp→vN* (1440)#/dt at
Eg52.5 GeV for three different fitted parameter values:~a!
gvNN*

V
50.5, gvNN*

T
50.1, ~b! gvNN*

V
520.01, gvNN*

T
50.6, and~c!

gvNN*
V

521.4, gvNN*
T

50.4. Solid, dashed, and dot-dashed lin
correspond to total,p, and (s1u) contributions, respectively.
05520
FIG. 4. Different contributions tods@gn→vN* (1440)#/dt at
Eg52.5 GeV for three different fitted parameter values:~a!
gvNN*

V
50.5, gvNN*

T
50.1; ~b! gvNN*

V
520.01,gvNN*

T
50.6; and~c!

gvNN*
V

521.4, gvNN*
T

50.4. Notations are same as in Fig. 3.
8-5
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FIG. 5. Different contributions toS@gp→vN* (1440)# at Eg

52.5 GeV for three different fitted parameter values:~a! gvNN*
V

50.5, gvNN*
T

50.1; ~b! gvNN*
V

520.01, gvNN*
T

50.6; and ~c!
gvNN*

V
521.4, gvNN*

T
50.4. Notations are same as in Fig. 3.
05520
FIG. 6. Different contributions toS@gn→vN* (1440)# at Eg

52.5 GeV for three different fitted parameter values:~a! gvNN*
V

50.5, gvNN*
T

50.1; ~b! gvNN*
V

520.01, gvNN*
T

50.6; and ~c!
gvNN*

V
521.4, gvNN*

T
50.4. Notations are same as in Fig. 3.
8-6
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which are close to our values of sets 1 and 3, but the va
obtained by using the helicity amplitudes of Ref.@34# is very
different. This is not surprising at the initial stage of th
development. Not only can the situation be improved by
use of experimental data for the spin observables for
reaction considered in this work, but also more experime
data for the spin observables for thev meson photoproduc
tion are needed.

The differential cross section forgp→vN* (1440) reac-
tion at Eg52.5 GeV using the above sets of coupling co
stants of our model and zero-width approximation is sho
in the left panel of Fig. 2. All these sets give different cro
sections forgp→vN* (1440). We also consider the widt
effects of Roper resonance on differential cross section,
suming thatN* (1440) decays subsequently into thep0p
channel. These effects are presented in the right panel of
2. At 2t50.36 GeV2, the differential cross section for th
processgp→vN* (1440)→vp0p is about 20 times smalle
than the differential cross section forgp→vN* (1440) in
the zero-width approximation. This difference comes fro
the partial decay width ofN* (1440) into thep0p channel,
which is nearly 20%, and the interval of theMN* appearing
in the integral of Eq.~5! reduces the strength of Roper res
nance excitation by a factor of about 4 compared to the c
where all strength is concentrated atMN*

0
51.44 GeV.

Progress on the width effects is directly linked to the ava
ability of new experimental data providing constraints on
couplings ofN* (1440) to thepN andvN channels.

The contributions of different amplitudes tods@gp
→vN* (1440)#/dt and ds@gn→vN* (1440)#/dt are pre-
sented in Figs. 3 and 4. Set 1 and set 3 for the coup
constants produce negativep ^ @N1N* (1440)# interfer-
ence, while set 2 has a positive interference in the differen
cross section for the associative photoproduction of Ro
resonance andv meson on proton and neutron targets. F
all these cases up to2t50.5 GeV2, our predictions for dif-
ferential cross section do not differ significantly from th
one-pion exchange results, but beyond this value oft predic-
tions of both models are different. Predicted behavior of d
ferential cross section forgn→vN* (1440) as compared
with gp→vN* (1440) indicates that differential cross se
tion on proton and neutron targets can have differences
factor of 2 or more, i.e., we can predict definite isotop
effects.

Another prediction of our model is thet dependence o
beam asymmetry S@gp→vN* (1440)# and S@gn
→vN* (1440)# at Eg52.5 GeV, shown in Fig. 5 and Fig. 6
For the proton target, all three sets of coupling consta
produce negativeS, but although the absolute value ofS is
small for set 1 and set 2, beinguSu<0.1, it is nearly 0.25 at
utu51.2 GeV2. However, in the neutron case, especially f
set 1, beam asymmetry shows a different behavior, i.e., p
tive in sign for utu<0.6 GeV2 and negative in the rest of th
05520
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interval of utu. Moreover, our model results show that bea
asymmetry is sensitive to the sets of coupling constants
our model.

At present time, there is no systematic investigation of
role played by the (s1u) contribution in associative photo
production of the Roper resonance andv meson in near
threshold region. In fact, the unknownvNN* (1440) cou-
plings have been the barrier to go further to include th
contributions. However, our approach to determine th
couplings makes detailed analysis possible for the desc
tion of differential cross section and beam asymmetry. At t
stage, of course, it is very difficult to say that our results
decisive because of the absence of any differential cross
tion and polarization data about the processesg1N→v
1N* (1440), but we can test our model by comparing it w
the proposed one-boson exchange model, which include
the p contribution and is valid in the regionutu<0.5
20.6 GeV2. In this region our predictions of the differentia
cross section forgp→vN* (1440) are consistent with th
predictions of Ref.@20# obtained from thep exchange
model. This indicates that if the simplep exchange mode
makes sense, our assumption about the coupling strengt
vNN* (1440) is reasonable. Therefore, this model seems
propriate to perform the calculations on the boundary of
modern approaches to these processes and it should be
sidered as a first approach.

IV. CONCLUSIONS

The analysis done in the preceding section results in
following conclusions.

The relatively simple model (p1N1N* ) is proposed to
describe the associative photoproduction of Roper resona
and v meson on proton and neutron targets near thresh
region (Eg,3 GeV) for the wholet region. Comparison of
this model with the one-pion calculations demonstrates
definite difference in the behavior of differential cross se
tion.

The different solutions for the coupling constants and
cutoff parameters obtained from the fitting procedure res
in the constructive and destructivep ^ (N1N* ) interference
contributions tods@gp→vN* (1440)#/dt.

TheS asymmetry is different from zero and itst behavior
is sensitive to our model parameters, namely,gvNN*

V,T cou-
pling constants, which are obtained in the timelike region
vector meson four-momentum.
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