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Associative photoproduction ab meson and\* (1440) on nucleonsy+N— w+N*(1440), in the near
threshold region is investigated in a framework employing effective Lagrangians. Besebeshange in thé
channel, baryon exchanges, i.¥.andN* exchanges, in the 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 @NN* (1440) vertex, which are assumed to be equal to the values of these
couplings foroNN vertex. Using our previous estimation ®NN coupling constants obtained from a fit to
available experimental data on photoproductioneoimeson in the near threshold region, we produce the
necessary numerical predictions for different observableg-4iiN— w+ N* (1440). Numerical results show
that at low|t| dominant contribution comes fromchannels exchange while the effects of nucleon and
N*(1440) pole terms can be seen at lattle Our predictions for the differential cross section and beam
asymmetry for the processes+ N— w+N*(1440), whereN is proton and neutron, & ,=2.5 GeV are
presented with zero width approximation and also with the inclusion of width effed{s (440).
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[. INTRODUCTION oNN*(1440) couplings, measurement of above reactions
with linearly polarized photon will be more decisive. Con-
Baryon resonances, in particular the Roper resonanceidering both these mechanisms alone will also result in
N7/141440), have a special interest at the moment from thérivial polarization phenomena that can be predicted without
theoretical and experimental points of view* (1440) is the the knowledge of exact values of coupling constants and
first excited state of a nucleon with a broad full width of Phenomenological form factors. For example, the beam
350+ 100 MeV, which is twice as compared to those of the@SymmetryX induced by the linear polarization of the pho-
neighboring resonancel* (1520) andN* (1535) [1]. Al- ton beam, and all possiblBodd polarization ob_ser\_/ables as
though the Roper resonance was discovered first during th#ch: for example, target asymmetry or polarization of final

phase shift analysis of-N scattering[2], it has not been proton produced in collisions of unpolarized particles, will
observed directly yet. Some qua[B—?]’and bag models be zero identically for any kinematical conditions of the con-

[8,9] try to explain its nature, but it is still not well known. sidered reaction. Analogously, it is possible to predict that

Photoproduction of vector mesons in a particular channelpll:l' and all other elements .Of tlz_nemeson density matrix
. . must be zero. Evidently, contributions other than the above

where the t*arget nucleon is excited to Roper resonagce, o hanisms should be estimated to assess the relevance of
+N—V+N (1{140), might prowde.supplem.entary knowl- the proposed measurement.
edge about this resonance and its couplings to meson- |, consideration of other mechanisms, one problem that
nucleon channels. must be stressed is the applicability of Pomeron exchange in

In order to extract information on Roper resonance fronkhe near threshold region. In accordance with resonance-
associative production of vector mesons &fq(1440), itis  Reggeon duality21], at low energies sum of the resonance
essential to understand the production mechanisms. Sing@ntributions in thes channel can be effectively described by
Roper resonance has quantum numbeEn 1/2, isospin  the differentt channel Reggeofbut not by the Pomergn
1/2, and positive parijysimilar to those of a nucleon, the Thus, we face a double counting problem whenglesgannel
corresponding dynamics of the associative photoproductioresonance contributions and thehannel exchanges are con-
of vector mesons andN*(1440), y+N—V+N*(1440), sidered simultaneous[22], and therefore division of thresh-
can be studied analogously to that of the “elastic” vectorold amplitude into resonance and background cannot be done
meson photoproductiony+N—V+N. Theoretical studies in a unique way. In this respect, Born contributions jto
on photoproduction of neutral vector mesdi9-19 in- +N— V+N*(1440) must be considered as background.
volve different combinations of the following mechanisms:  Complex spin structure in matrix elements of the reaction
(i) pseudoscalarit,n) and scalar §) meson exchanges in y+N—w+ N*(1440) as compared with the pseudoscalar
thet channel;(ii) one-nucleon exchange in the{u) chan- meson photoproduction on nucleon, has been a barrier to go
nel; (iii) the Pomeron exchange in thehannel. further to include the resonances. For example, for the spin

In Ref. [20], the associative neutral vector mesgnand  J=23/2 case, there are six independent multipole amplitudes
w) and N*(1440) production near threshold iyp interac-  with six unknown coupling constants different from zero and
tion has been analyzed within an approach based on the treelarge number of nucleon resonands in the considered
level diagrams of thé channelr and o exchanges and ef- reaction. Therefore, the effects of each resonance cannot be
fective Lagrangians. For such exchanges, although it is posonsidered with good accuracy. The determination of
sible to obtain some constraints orNN*(1440) and VN*N*(1440) isalso another problem in consideration of
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resonance mechanisms of these reactions because there is W?ere k n and m are defined ak— IZ/|I2| A=k G/IIZ
information directly available from experiments. Without
having the polarization data with polarized beam, polarizedx q| m= n><k k and q are the three-momentum of the
target, and the measurements on polarization properties ghoton and the vector meson in CMS, respectively( ¢,)
final vector meson for they+N— w+N*(1440) reaction, is the two-component spinor for initial nucledfinal Roper
the inclusion of resonance mechanisms does not seem suiesonancg and transversal amplitudds, i=1,...,12, are
able for the analysis of these reactions. complex functions of andt, f;="f;(s,t).

In the present work, we investigate the role played by the Differential cross section and beam asymmetry are given
(s+u) channel [N+N*(1440)] exchanges, y+N—w by
+N*(1440), in the associative photoproductionsofmeson
and Roper resonance in the near threshold regigy ( do —N]-']-'T )

<3 GeV). Our model containgN+ N* (1440)] exchange dQ 2
mechanisms together with the exchange but without
Pomeron exchange. The advantage of this model comparéH‘d
to the oversimplifiedr exchange model is that it allows one
to find nonzero values for the polarization observables, _ doy/d0—do, /dQ2
which are inT-even character, such as beam asymmgtry doy/dQ+do, /dQ’
induced by linear photon polarization, and density matrix
elements of the vector meson produced in polarized and utwhere N’=|q|/64m?s|K| anddo|/dQ (do, /dQ) is the dif-
polarized particles. In the proposed model it is also possibléerential cross section induced by a photon whose polariza-
to discriminate the isotopic spin effects in observables oriion is parallel(perpendicularto the reaction plane in which
proton and neutron targets dued® N interference and dif- all other particles in the initial and final states are unpolar—
ferentN contributions. ized. The corresponding differential cross section and beam

The paper is organized as follows. In Sec. Il we give thedSymmetry, which are obtained by using E¢B, (2), and
model independent formalism for the calculation of differen-(3), can be written in terms of transversal amplitudes
tial cross section and beam asymmetry and describe our
model in the framework of exchange mechanisms. The re- d_‘T:N(h +h,)

. : . . 2

sults of our calculations for the differential cross section and
beam asymmetry are presented and are discussed in Sec. lll.

()

In the last section conclusions extracted from the discussion s (hy—hy)
of our results are given with a few remarks. "~ (hy+hy)’
1
I FORMALISM AND MODEL hy =351 [ a2 fal2+ [£al2+ [f6l2+ |12+ [ 10/2]

Calculations of different observables for the associative
photoproductiony+N— N* +  are performed by using the |g|sir?o
formalism of so-called transversal amplitudes in the center of m>2
mass systeniCMS) of the considered reaction. The advan- 0
tage of this formalism is that it is effective for the analysis of |q|225|nﬁcos9
polarization phenomena in photoproduction reactions. e

The matrix element of any photoproduction mechanism
can be written in terms of 12 independent transversal ampli- 1
tudes as hz=§[[|f2|2+|fe|2+|f8|2+|f9|2+|f11|2+|f12|2]

|g|?cog6
a1+ g

v

Re(f13)+(f4f5)]},

v

lql%c o§9

M= ¢lFo,, {|Q|25n2 [fol2

v

[Ifgl+1f141%1+ [

>

F=if(5-m)(G-m)+if,(5-m)(G-K)+if(5-n)(G-n) o |G|?2singcosd
S

v

. . . . ~ Re (fgfg)+(fyyf 2)]}
+(o-n)[fa(e-m)(U-m)+fg(e-m)(U-K)

(4)
+fe(z-n)(U-n)]+ (o -m)[f,(e-m)(U-n) wherem, is the mass of the vector mesof,is the angle
N N betweenk and q in CMS, andh; andh, are the structure
+fg(e-n)(U-m)+fo(e-n)(U-Kk)] functions of the considered reaction.
S IR LA LA Due to the large width of Roper resonance, width effects
+ (o K)[f1ole-m)(U-n)+fy(e-n)(U-m) must be included in the calculation gfp— wN* (1440) re-
LA L action near threshold. We introduce these effects by the
+fi(e-n)(U-K)], (1) Breit-Wigner parametrization as
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1 N a
—_— N -
N(p,) N*(p ) N(p,) N*(p » N(p,) V() X ( GMVO(BSMKVU an) , (9)
(@ (b) (©)

wheret=(k—q)?, m,(m,,) is the mass of the () meson,
FIG. 1. Mechanisms of the model for associative photoproduc< ,(U ) is the polarization four-vector of photdmector me-
tion of Roper resonance ana photoproduction{a) t channel ex-  son), u(p,)[u(p,)] is the Dirac spinor for the initial nucleon
changes(b) and(c) s andu channel nucleon exchanges. (final Roper resonangeandg yn« andg,,,, are the strong
and electromagnetic coupling constants of #i¢N* (1440)
do and wmy vertices, respectively. Notation of particle four-
m['yp—»wN*(144Q—>w7Top] momenta is given in Fig. 1. Form factors that appear in the
above matrix element are of the form

max do
- f e B0 [ yp— N (1440 1B(My+ ) dMys AZ e — M2 A2, —m?
mo+my F s (1) = > Fwﬂy(t): AZ—’
(5) et omy ™

(10

in which M2 is the maximum mass of the Roper resonancevhere A .y« (A, 5,) is the cutoff parameter of the consid-

for fixed s andt, andB(M y«) is the Breit-Wigner function in ~ €red vertices in pole diagrams. _
the form The nucleons channel contribution is described by the

following amplitude:

2 M M,?I*FN*(1440)—>7TOp(MN*) e gT
B(Mn«)=——; 02 -2 : M= U Ve U —2 (g
77(MN*_MIZ\]*)2+MN*FN*(144O)(MN*) s S—M2 (pZ) ngN (M+M*) a
(6)
X Pyt kM) Que —Nailutpy, (D)
Energy dependent partial and total widths are given by ! N oam v

wheree-k=U-q=0, a=y*a,, M (M*) is the mass of the
' (1440)- 70p (M) initial nucleon (final Roper resonangeQn=1 (0) is the

Tyl M) B e R e
M [ [EM)) DL e nceon eichange b renamel anol
My | E(M s —My) |PLE(M ) ] is considered, which is given by
and e - A KN o) s o
Mu:u_M*ZU(pz)(QNS_ 2M*8k)(p2_k+ M*)
1ﬂ;\(13’$(1440)(|\/|N*) . O e o
=T aaiof M) ( o WUQ) WP 2
» Mﬁ‘* E(Myx—My) [PIE(My#) ] ® whereu=(k—p,)?, ;i;; is the anomalqus magnetic moment
My E(Mﬁ,*— My) p[E(Mﬁl*)]' of Roper resonancl* (1440). Neglecting their possible de-

pendence on the virtuality iis and u of the intermediate
nucleon and Roper resonang%NN* andglNN* (vector and
where E(My«) and p[E(Myx)] are the energy and three- tensor coupling constantare chosen to be the same in both
momentum ofMyx in the rest frame of decal*(1440)  channel matrix elements.

—aN. We use the values forl yx 440y »0p(Mnx) For s andu channel amplitudes it is possible to dress the
=76 MeV andrﬁ:(144o)(l\/lg,*)=350 MeV[1]. form factors withs andu dependencies either in the form of
The suggested model for the reactiop+N—w F(s) andF(u) or F(s,u). Use of the form factor as in the
+N*(1440) containg, s, andu channel exchange mecha- first case causes the violation of the gauge invariance. Even
nisms, which are shown in Fig. 1. Following the discussionif the latter form preserves the gauge invariance, this type of
of Ref.[19], we consider only ther exchange mechanism in phenomenological form factdi23], being the function of
thet channel. The matrix element for this exchange mechaboth Mandelstam variables, behaves like an amplitude rather

nism can be written as than a form factor. Therefore, following the prescription of
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Ref [24], we use the constant form factoF(s)=F(u)
. In th|s case the effects are absorbed by the couplmg 1F (a) 7 0.1

constantsg Ve andgl . of oNN*(1440) vertices. —
Let us note that these couplings are free parameters of our:s \ - ] 0.01

model and their values must be different from the values in s | N i

spacelike region of the vector meson momentum. In litera- = S -

ture the values of thngN* and ngN* coupling constants =

are obtained from the reactiof§+N—N*+N and N*

+N—N+N [25] following arguments of Ref[26]. How- OS5 O

ever, the values of such coupling constants obtained from the —t(GeV?) —H(GeV?)

NN andNN* potentials will be different from those of the

coupling constants used in the associative photoproduction FIG. 2. Differential cross section for the processés, yp

of w meson and Roper resonance because they are consig~-wN*(1440) in the zero-width approximation,b) yp

ered in different regimes, spacelike in the first case whereas oN* (1440)—w =, atE, —2 5 GeV. SOlld dashed, and dot-

timelike in the latter case. Another approach in the calculadashed lines correSpond g) e =05 andg] . =0.1; g e

tion of transition couplings for a virtual meson is suggested=—0.01, andg, ,«=0.6; g\ = — 1.4 andg_ . = 0.4, respec-

in the framework of constituent quark model7], but the tively.

values obtained are suggestive rather than being definite

quantitative predictions. At this stage determining the valueghe fit to the experimental data abali#] yp— pw]/dtin the

of @NN*(1440) coupling constants is also not possible dughear threshold regiof28], are chosen for the coupling con-

to the fact that there are no direct experimental data on theﬂantsgw,IN* ;

coupling strengths. To overcome this problem we assume Set 1,

that the values oy NN* (1440) coupling constants are equal

to those ofwNN coupling constants. With this assumption it Oonns=—14, gl =04, x?=22;, (13

is possible to determine the values of these constants from

the fit to experimental data on the differential cross section Set 2,

TV

T~ 0.001

for the photoproduction of» meson[28].
PRotop (28] 0 =05 g =01, x?=16 (14
I1l. RESULTS AND DISCUSSION Set 3,
In the preceding section, we have defined all the neces- gVNN*:_o_oL gTNN*:0‘6’ x?=1.9. (15)
sary parameters in, s, and u channel amplitudes of our ¢ ¢
model for the process+ N— w+ N* (1440). Let us specify To obtain set 1, we use the standard values of cutoff pa-

here in more detail the coupling strengths and cutoff paramrameters A ,yy« = A ,yy=0.7 GeV andA,,,,=0.77 GeV.
eters of the considered model. For the coupling constani analyzing the sensitivity of the best fit th _yn« and
9., We take the most commonly used value 1[&2] ob- A, ., we discover that the standard values/of do not
tained from the experimental partial decay width of  give the best solution. If the values af yy« andA,, ., are
—y decay. The situation is, however, not clear for cou-changed to 0.5 GeV and 1.0 GeV, respectively, we flnd better
pling strength ofrNN* (1440) vertex. Because of the large sets for the coupling constarg$ .« , namely, set 2 and set
uncertainty in the partial decay width 6f*(1440) into the 3 \ye follow the same minimization procedure as used in
N7 channel (22& 82) MeV the coupling constard .y« Ref.[29] for the determination of vector and tensor coupling
cannot be determined precisely. Following Re0] we will constant values.
use the value 3.4 fog ;s - The values of the above coupling constant obtained from

The remaining inputs of our model are th&N* (1440)  tne fit to the data regarding the photoproductionwofeson
coupling constants and cutoff parameteys. In consider-  should not be considered well determined because of the
ation of the coupling constants not only their absolute valuegpsence of experimental data for the differential cross section
but also their relative signs are important because of the egng other single and double spin polarization observables.
sential interference effects. Cutoff parameters are in any casgnerefore, it is very interesting to compare our results with
positive and by conventiog,, ,,g.ny+ IS chosen as positive. the quark model predictions of Capstick and Rob¢88]
Therefore, the signs @y« andg, . that appear in our and those determined from the vector meson dominance
results are their relative signs with respect to theontribu-  model (VMD) by Post and Mos€l31]. However, compari-
tion, and not their absolute signs. Since the applicability ofson cannot be done exactly because these two works use
the same form factor for different processes is not provedlifferent coupling schemes, so their relation with ours is not
rigorously we can fix absolute values of cutoff parameters abbvious. On the other hand, the coupling consfapfy+ in
some plausible values. Consequently, we are left with twdRef. [31] corresponds to our tensor coupling constant
fitting parametergXNN* and glNN* . glNN* . Values for coupling constarft, yn« extracted from

For our calculations, the following three different setsthe helicity amplitudes of Refs[32,33 are determined
with almost the same value g, which are obtained from from VMD as 0.61-0.68 and 0.8%0.48, respectively,
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FIG. 3. Different contributions tao[ yp— wN* (1440)]/dt at
E,=2.5GeV for three different fitted parameter value®) FIG. 4. Different contributions talo| yn— oN* (1440)]/dt at
gVNN*:O.S,glNV:O.l,(b) gZNN*:—O.Ol,glNN*:O.G, and(c) E, =25 GeV for three different fitted parameter values)
O nne=— 1.4, gy« =0.4. Solid, dashed, and dot-dashed IinengNN*:O.S,gI)N «=0.1; (b) gZNN*:—O.Ol,gI)NN*ZO.G; and(c)
correspond to totakr, and 6+ u) contributions, respectively. gZ}NN*: —1.4,g,un =0.4. Notations are same as in Fig. 3.
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FIG. 5. Different contributions t&[ yp— oN*(1440)] atE, FIG. 6. Different contributions t&[ yn— wN*(1440)] at E,
=2.5 GeV for three different fitted parameter valuéay gZNN* =2.5 GeV for three different fitted parameter valuéa) gZNN*
=05, glNN*=2.1; (0) gY\=-001, gl \+=0.6; and (c) =05, gLNN*zg.l; b g/w=-001, gl ,+=06; and (0)
g nune = — 1.4, g,y =0.4. Notations are same as in Fig. 3. 9 e = — 1.4, g,y =0.4. Notations are same as in Fig. 3.
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which are close to our values of sets 1 and 3, but the valuaterval of [t|. Moreover, our model results show that beam
obtained by using the helicity amplitudes of Rg¥4] is very  asymmetry is sensitive to the sets of coupling constants in
different. This is not surprising at the initial stage of this our model.
development. Not only can the situation be improved by the At present time, there is no systematic investigation of the
use of experimental data for the spin observables for theole played by the €+ u) contribution in associative photo-
reaction considered in this work, but also more experimentaproduction of the Roper resonance amdmeson in near
data for the spin observables for tkemeson photoproduc- threshold region. In fact, the unknownNN* (1440) cou-
tion are needed. plings have been the barrier to go further to include these
The differential cross section foyp— wN* (1440) reac- contributions. However, our approach to determine these
tion atE,=2.5 GeV using the above sets of coupling con-couplings makes detailed analysis possible for the descrip-
stants of our model and zero-width approximation is showrtion of differential cross section and beam asymmetry. At this
in the left panel of Fig. 2. All these sets give different crossstage, of course, it is very difficult to say that our results are
sections foryp— wN*(1440). We also consider the width decisive because of the absence of any differential cross sec-
effects of Roper resonance on differential cross section, asion and polarization data about the processesN— w
suming thatN* (1440) decays subsequently into thép +N*(1440), but we can test our model by comparing it with
channel. These effects are presented in the right panel of Fithe proposed one-boson exchange model, which include only
2. At —t=0.36 GeV, the differential cross section for the the 7 contribution and is valid in the regiont|<0.5
processyp— wN* (1440)— wmp is about 20 times smaller —0.6 Ge\. In this region our predictions of the differential
than the differential cross section faip— wN*(1440) in  cross section foryp— wN*(1440) are consistent with the
the zero-width approximation. This difference comes frompredictions of Ref.[20] obtained from thew exchange
the partial decay width oN* (1440) into then’p channel, model. This indicates that if the simpte exchange model
which is nearly 20%, and the interval of théy« appearing makes sense, our assumption about the coupling strengths of
in the integral of Eq(5) reduces the strength of Roper reso- NN* (1440) is reasonable. Therefore, this model seems ap-
nance excitation by a factor of about 4 compared to the casgropriate to perform the calculations on the boundary of the
where all strength is concentrated Ma*:1,44 GeV. modern approaches to these processes and it should be con-
Progress on the width effects is directly linked to the avail-sidered as a first approach.
ability of new experimental data providing constraints on the

couplings ofN* (1440) to thewN and wN channels. IV. CONCLUSIONS
The contributions of different amplitudes tdo| yp ) ) ] ] )
— wN*(1440))/dt and dof yn— oN* (1440)]/dt are pre- The analysis done in the preceding section results in the
sented in Figs. 3 and 4. Set 1 and set 3 for the couplindollowing conclusions. .
constants produce negative®[N-+N*(1440)] interfer- The relatively simple model#+N-+N*) is proposed to

ence, while set 2 has a positive interference in the differentiaflescribe the associative photoproduction of Roper resonance
cross section for the associative photoproduction of Ropend @ meson on proton and neutron targets near threshold

resonance and meson on proton and neutron targets. Forregion E,<3 GeV) for the wholet region. Comparison of
all these cases up tet=0.5 Ge\?, our predictions for dif- this model with the one-pion calculations demonstrates the

ferential cross section do not differ significantly from the dpfinite difference in the behavior of differential cross sec-
one-pion exchange results, but beyond this valuepsédic- ~ tion. _ _ _
tions of both models are different. Predicted behavior of dif-  The different solutions for the coupling constants and the
ferential cross section foryn— wN*(1440) as compared _cutoff parameters obtained from the fitting p.rocedure result
with yp— wN* (1440) indicates that differential cross sec- in the_ constructlve and destructives (N+ N*) interference
tion on proton and neutron targets can have differences by gontributions toda{ yp— wN* (1440)]/dt. .
factor of 2 or more, i.e., we can predict definite isotopic ~TheX asymmetry is different from zero and ttbehavior
effects. is sensitive to our model parameters, namgl&NTN* cou-
Another prediction of our model is thedependence of pling constants, which are obtained in the timelike region of
beam asymmetry X[ yp— wN*(1440)] and X[yn vector meson four-momentum.
— oN*(1440)] atE,=2.5 GeV, shown in Fig. 5 and Fig. 6.
For the proton target, all three sets of coupling constants
produce negativ&, but although the absolute value bfis
small for set 1 and set 2, beind|<0.1, it is nearly 0.25 at We thank M. P. Rekalo for suggesting this problem to us
|t|=1.2 Ge\E. However, in the neutron case, especially forand gratefully acknowledge his guidance during the course
set 1, beam asymmetry shows a different behavior, i.e., posbf our work. We also thank our supervisors A.latp and O.
tive in sign for|t|<0.6 Ge\? and negative in the rest of the Yilmaz for their contribution and continuous attention.
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