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The role of the nucleon resonancdd*( in  photoproduction is investigated by using the resonance
parameters predicted by Capstick and RobgPtsys. Rev. D46, 2864(1992; 49, 4570(1994]. In contrast
with the previous investigations based on the SU{©®)3) limit of the constituent quark model, the employed
N* — yN and N* — wN amplitudes include the configuration mixing effects due to the residual quark-quark
interactions. The contributions from the nucleon resonances are found to be significant relative to the nonreso-
nant amplitudes in changing the differential cross sections at large scattering angles and various spin observ-
ables. In particular, we suggest that a crucial test of our predictions can be made by measuring the parity
asymmetry and beam-target double asymmetry at forward scattering angles. The dominant contributions are

found to be fromN%*(lQlO), a missing resonance, alNé’(l%O) which is identified as thB,5(2080) of
the Particle Data Group.
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I. INTRODUCTION it would be interesting to see how these predictions differ
from those of Refs[2—4] and can be tested against the data
The constituent quark models predict a much richerof vector meson photoproduction.

nucleon excitation spectrum than what has been observed in We will focus onw photoproduction in this work, simply
pion-nucleon scatterinfll]. This has been attributed to the because its nonresonant reaction mechanisms are much bet-
possibility that a lot of the predicted nucleon resonanceder understood. It was fairly well establishf@-13 already
(N*) could couple weakly to the'N channel. Therefore it is during the years around 1970 that this reaction is dominated
necessary to search for the nucleon excitations in other reay diffractive processes at high energies and by one-pion

tions to resolve the so-called “missing resonance problem,’€xchange at low energies. The diffractive part can be de-
Electromagnetic production of vector mesons, g, ) is scribed by the Pomeron exchange model. The calculation of

one of such reactions and is being investigated experime he one-pion exchange amplitude has been recently revived

tally, e.g., at Thomas Jefferson National Accelerator Facility,I y Friman and Soyell4]. It is therefore reasonable to fol-

ow the earlier theoretical analysgkl] and assume that the
g:;ﬁf]‘;?PHIR of Bonn, GRAAL of Grenoble, and LEPS of nonresonant amplitude @ photoproduction can be calcu-

o . lated from these two well-established mechanisms with some
The role of the nucleon excitations in vector meson pho

. . s refinements. The resulting model then can be a starting point
toproduction was studied recently by Zheibal. [2-4] using ¢4 jnvestigating theN* effects. This approach is similar to

an effective Lagrangian method within the SU6Q(3) the previous investigation by Zha al. [2,3].

constituent quark model. With the meson-quark coupling pa- | sec. 11, we give explicit expressions for the nonreso-
rameters adjusted to fit the existing data, they found that thaant amplitudes employed in our calculations. The calcula-
single polarization observables are sensitive to the nucleofions of resonant amplitudes from Refs,6] are detailed in
resonances. Sec. lll and the results are presented in Sec. IV. Section V is

We are motivated by the predictions by Capstick anddevoted to discussing possible future developments.

Roberts[5,6]. They started with a constituent quark model

which accounts for t_he configuration mixing_due to the re- Il. NONRESONANT AMPLITUDES

sidual quark-quark interactionl&]. The predicted baryon

wave functions are considerably different from those of the We assume that the nonresonant amplitude is due to the

SU(6)X0O(3) model employed by Zhaetal. in Refs. Pomeron exchangdFig. 1(a)], pseudoscalar-meson ex-

[2—4]. The second feature of the predictions from RE8s6]  changeFig. 1(b)], and the direct and crossed nucleon terms

and [6] is that the meson decays are calculated from th¢Figs. 1(c) and(d)]. The four momenta of the incoming pho-

correlated wave functions by using ti€, model[8]. Thus  ton, outgoingw, initial nucleon, and final nucleon are de-
noted ask, g, p, andp’, respectively, which defines=(p
—p")?=(q—k)?, s=W?=(p+k)?, and thew production
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FIG. 1. Diagrammatic representation of photoproduction

mechanisms(a) Pomeron exchangé) (7, ) exchange(c) direct

nucleon term{d) crossed nucleon term, artd) s-channel nucleon

excitations.

with

o1 1 [ My 1 [ My
" (2m® 2E,(q) Y En(p') " V2K Y En(P)

)

whereE ,(p) = VM2 +p? with M, denoting the mass of the

particle «. The invariant amplitude can be written as
li=120+1% ()
where the nonresonafivackground amplitude is

bg_ P N
IEP=15+ IR+ 15 4

with 1£, 1P5 and I} denoting the amplitudes due to the
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spinor of the nucleon with momentumand spin projection
m. The Pomeron exchange is described by the following
Regge parametrization:

s ap(t)—1
Mo(s,1)=CyF1()Fy(t) 3_0)
i
><exp{ - ?[ap(t)—l]], (6)

whereF,(t) is the isoscalar electromagnetic form factor of
the nucleon and-\(t) is the form factor for the vector-
meson—photon—Pomeron coupling. We also follow [RES]

to write

. AMZ—2.8&
O Mz -t
2 2
Fu(t)= a @)

1-t/IM2 2u3+MZ—t’

wheret,=0.7 Ge\f. The Pomeron trajectory is known to be
ap(t)=1.08+0.25 (see also Ref19]). The strength factor
Cy readsCV=12\/47memB§/fv with the vector meson de-
cay constantf, (=17.05 for the ® meson and agny
=e?/4+r. By fitting all of the total cross section data far,
p, and ¢ photoproduction at high energies, the remaining
parameters of the model are determinﬂ@.: 1.1GeV:, By
=2.05 GeV !, andsy=4 Ge\~.

The pseudoscalar-meson exchange amplitude can be cal-
culated from the following effective Lagrangians:

€0uye
Lyo=—T"€""Py 0,0,Az0,
Ye My " B
‘CszN:_ingNNYSTSNWO_ignNNN‘ySNﬂv (8)

where o= (7°,7) andAg is the photon field. The resulting
invariant amplitude is

|p.3— inpNN(t)Fwwp(t) egqupgq:NN

e p=m7 t—Mi My

X U, (P') ¥sUm (P)&""*Pq K85 ()8 4(7). (9

Pomeron exchange, pseudoscalar-meson exchange, and di-
rect and crossed nucleon terms, respectively. The nucledmn the above, we have followed Réfl4] to include the fol-

. . * . . .
excitation terml}y will be given in Sec. IIl.

For the Pomeron exchange, which governs the total cross

sections and differential cross sections at lojin the high

energy region, we follow the Donnachie-Landshoff model

[16], which gives[17,1§

15=1Mo(8,) U (P& (@){Kg"" = k" "} & ,(¥) U (P),
(5)

wheree ,(w) ande ,(y) are the polarization vectors of tlhe
meson and photon, respectively, ang(p) is the Dirac

lowing form factors to dress theNN and w y¢ vertices:

A2—M? A2 —M?
Fonn()=—5—2, F,()=—2"—. (10
AZ—t A2 —t

We useg? /47 =14 for the wNN coupling constant. The
7NN coupling constant is not well determinf2D]. Here we
usegnyN/4w=O.99 which is obtained from making use of
the SU3) symmetry relation[21] together with a recent
value of F/D=0.575[22]. The coupling constant,,,,, can
be estimated through the decay widths wf>y7 and o
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—yn [23] which lead tog,,,,=1.823 and,,,,=0.416. The with r=s or t. The cutoff paramete’A will be specified

cutoff parameters\ , andA ,,,, in Eq. (10) will be specified later in Sec. IV.

in Sec. IV. The amplitudeg(13) is not gauge invariant because of the
We evaluate the direct and crossed nucleon amplitude®rm factorsFy(s) and Fy(u). (Note that the terminology

shown in Figs. {c) and (d) from the following interaction ‘“gauge invariance” here only means the “current conserva-

Lagrangians: tion” conditionsM , k"=qg*M ,,=0 as considered in most
147 « investigations. To restore the gauge invariance, we follow
Loun= _eﬁ( yMTSA#_ 2|\/,|\|N (T’”(%AM)N, Ref. [26] and modify the amplitudév ,, by using the pro-

jection operatoiP,,=g,,—k,d,/k-q,

Kw — ’ v !
'CwNN:_ngNN( [Ty qu‘?vw#)Na (11 Muv= Pup ME TPy (16
" which leads to the following modifications in evaluating the

with the anomalous magnetic moment of the nuclagp, amplitude(13):
=1.79 (—1.91). There are some uncertainties in choosing 1
the w_NN coupling constants. In this work, we con3|der rz(q)ﬁrz(q)_k._kﬂq.rw(q)’
gonn=7-0—-11.0 and«,~0, which are determined in a q
study of N scattering and pion photoproducti¢®4]. The 1
resulting invariant amplitude reads r2(k)—T(k)— ﬁqyk-l“y(k). (17

N =Un (P)e (@M " (Up(p), (12 o , .
The above prescription is certainly very phenomenological,
where while it is similar to other accepted approaches in literature.
Perhaps a more rigorous approach can be developed by ex-

o, PTK+My tending the work for pseudoscalar meson producfs] to
M= ~€dunn| 1.(Q) M2 PI(F(s) the present case of vector meson production. This is, how-
N ever, beyond the scope of this investigation. For our present
p—d+My exploratory purposes, the prescription defined by Ef6)
+F;/(k)TFz(q)FN(u) (13 and (17) is sufficient.
u—NMy
with IIl. RESONANT AMPLITUDE

K K In order to estimate the nucleon resonance contributions
o@)=y,—i #Uﬂaqaa FZ(k)=7V+iﬁUVBk5, we make use of the quark model predictions on the reso-
N N (14) nance photoexcitationyN—N* and the resonance decay
N* —wN reported in Refs[5,6] using a relativised quark
ands=(p+k)?, u=(p—q)?. Here we have followed Ref. model. The resonant amplitude is illustrated in Fig)1The

[25] to include a form factor crossed\* amplitude, similar to Fig. @), cannot be calcu-
lated from the informations available in Re{$§,6] and are
A4 not considered in this work. Here we follow R¢24] and
FnD) = (15  write the resonant amplitude in the center of mass frame as
AN—(r=My) [in the convention defined by Eqg&l) and (2)]

Mis v o @M, My, 53, M) Moy ns (KM N3 3,M )

iy m, m (GK)= 2 (18)

i
M s=ME+5T(s)

whereM}, is the mass of alN* with spin quantum numbers discussed in Ref§24,27. We however do not have infor-
(J,M;), andm;, mg, N, andm,, are the spin projections of mation about the total decay widfi’(s) for most of the

thg initial nucleon, final .nucleon, incoming photon, and out-\;x s considered here. For simplicity, we assume that its en-
going @ meson, respectively. Here we neglect the effect due

to the nonresonant mechanisms on e decay amplitudes ergy depepdence 'S_ similar to .the width of thef — N
and the shift of the resonance position. Then the resonan@&cay within the oscillator constituent quark model. Follow-
massMp, and theN* decay amplitudes\y« .,y ,n Can be  ing Ref. [27] and neglecting the real part of the mass shift,
identified with the quark model predictions of R€fS,6], as  we then have
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TABLE |. Parameters for positive parity nucleon resonances from R&f. The helicity amplituded,
is given in unit of 10% GeVv Y2 G(L,S) and T are in units of MeW2 The resonance massy, is in

units of MeV.
N* ME A Ag G(L1R2)  G(1,32) e PDG[23]
N%+ 1880 0 —4.3 —-1.6 4.6
N+ 1975 —-12 -3.1 -0.8 3.1
2
G(1,12) G(1,312) G(3,32)
NER 1870 -2  —15 0.0 +4.4 +0.6 45 P,4(1900)*
N%+ 1910 -21 —27 —-5.8 +5.7 =05 8.2
N%+ 1950 -5 2 —-54 —-3.2 +0.7 6.3
N%+ 2030 -9 15 —-1.6 —-2.9 +0.7 3.3
G(3,12) G(1,312) G(3,3/2)
Ng+ 1980 —-11 -6 +2.1 —-1.7 -1.1 2.9
NER 1995 —18 1 -0.3 +3.1 ~-16 3.5 F 15(2000)"*
G(3,12) G(3,32) G(53/2)
NI+ 1980 -1 -2 -0.8 +1.4 0.0 1.6 F,/(1990)*
N%+ 2390 —-14 —-11 -0.8 +2.1 +2.0 3.0
N%+ 2410 +1 -1 -0.7 +1.3 0.0 1.5
G(51/2) G(3,32) G(53/2)
NER 2345 —29  +13 -0.3 -2.9 -0.6 2.9 Hyo(2220)***
(k) [ kg |25 My _nro(di Mg ,m,, ;,M )
P(s) =132 | 2| exi2(k3, —K2)/A?), N ’
p(Kor) \ Kor J
(19) 2My
=2 m Lm};m <|_m|_an3|JmJ>
wherelL . is the orbital angular momentum of the considered e
7N state and X(1m,3m{SMy) Y m (Q)G(L,S)
(k)= KENE (20) X (|al/|go)"f(a,q0), (22
P T ENTE,
N T

In the above _equatignkw(z|k7|) is the piJon momen_tum at whereG(L,S)’s are listed in Refs[6,28], andqy is the o
energyy/s while ko, is evaluated at/s=M3. Our choice of

the total average widtﬂl“f, and cutoff parameteA for Eq.
(19 will be specified in Sec. IV.

By setting the photon momentum in tlzedirection, the
N* — yN amplitudes in Eq(18) can be calculated from the

meson momentum a{s=M%. Here we also include the
extrapolation factof (q,qo) = exd (q3— %)/ A?] like that for
the N* — yN vertex in Eq.(21).

In this study, we consider 12 positive parity and 10 nega-

helicity amplitudesA, listed in Ref.[5] from tive paritanucIeon resqr)ances up to spin-9/2. The resonance
massesMy, the transition amplltudesAMJ, and G(L,S)
Moy nx (KM N5 3,M ) = \/EA,\AJé,\AJMeri f(k,ko), needed to evaluate Eqd.8)—(22) are taken from Refg5,6]

(21  and are listed in Tables | and Il. Three of them were seen in
the N channel with four-star rating, five of them with two-
wherekg is the photon momentum at the resonance positionstar rating, and one of them with one-star rating. THé¢$&s
i.e., atys=Mg, and the factorf (k,k,) was introduced to are indicated in the last colum@®DG) of Tables I and II.
evaluate the amplitude in the region where the photon moc€learly the majority of the predictel*’s are “missing” so
mentum is off the resonant momently To be consistent far. Here we should also mention that we are not able to
with the form factor of the total decay widtfi9), we set account for the resonances with its predicted masses less
f(k, ko) =exd (k3—k?)/A?]. than thewN threshold, since their decay vertex functions
The N* — wN amplitude takes the following forrf28]: with an off-shell momentum are not available in R¢ts6].
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TABLE II. Parameters for negative parity nucleon resonances from Re6f. The units are the same as

in Table I.
N* My Ay, Ay G(0172)  G(2312) Jree PDG[23]
NL- 1945  +12 -0.9 -5.6 5.7 S14(2090)"
N%, 2030 +20 -0.1 —-2.8 2.8
G(2,1/2) G(0,3/2) G(2,32)
NER 1960 +36 —43 -43 -0.2 -4.6 6.3 D,4(2080)*
N%, 2055 +16 0 +2.0 -1.3 2.7 3.6
Ng, 2095 -9 —-14 —-3.2 +1.9 +3.8 5.3
G(2,1/2) G(2,32) G(4,32)
N%‘ 2080 -3 —14 —2.2 -0.3 +2.0 2.9
NS~ 2095 -2 -6 -31 +3.3 +0.8 46 D,5(2200)*
G(4,112) G(2,3/2) G(4,3/2)
NZ- 2090 -34 +28 -15 -3.7 -1.7 44  G2190)***
N%, 2205 —-16 +4 -0.2 -51 +0.3 5.1
G(4,1/2) G(432) G(6,3/2)
NS~ 2215 0 +1 -1.0 +1.7 0.0 2.0  Gyo(2250)***
IV. RESULTS AND DISCUSSIONS observed and listed in the last coluf®PDG) of Tables | and

I, their widths are all very large in the range of about 200—

The model defined in Secs. Il and Il involves some free ) i .
parameters which must be specified. The Pomeron exchanfgo MeV[23,30. The otherN*'s considered in our calcu-

model parameters, as given explicitly in Sec. II, are take ations are expected to have similar large widths. We there-
from a global fit to the total cross sections @f p, and ¢ fore choose the average of the values listed by PDG and set

photoproduction at high energies and will not be adjusted if o=300 MeV for allN*'s included in our calculation. The
this study. The Pomeron exchange becomes weak at lo#gsultingN* contributions are the dotted curves in Fig. 2.
energies, as shown by the dot-dashed curves in Fig. 2. We With the pseudoscalar-meson exchange and resonant am-
therefore will determine the parameters of the other ampliplitudes fixed by the above procedure, the parameters for the
tudes mainly by considering the data at low energies. direct and crossed nucleon amplitugggs. (12)—(15)] are

The pseudoscalar-meson exchange amplitude in(8q. then adjusted to fit the data. Here we considgfyy
depends on the cutoff parametets,) andA () 0f EQ.  =7-11 andk,=0 as determined in a study afN scatter-
(10). The 5 exchange is very weak for any choice of its ing and yN— 7N reaction[24]. This range ofwNN cou-
cutoff parameters. For definiteness, we choodg,  pling constant is very close @, yy=10.35 determinei31]
=1.0 GeV andA,,,,=0.9 GeV as determined in a study recently from fitting the nucleon-nucleon scattering data.
[29] of ¢ photoproduction. At low energies, theexchange  Thus the only free parameter in the fit is the cutoff parameter
completely dominates the cross sections at forward angles  of the form factor in Eq(15). It turns out that the con-
Its cutoff parameters\, and A, thus can be fixed by tributions from the direct and crossed nucleon terms are
fitting the forward cross section data. Our best fit is obtainethackward peaked, antly can be fairly well determined by
by settingA ,=0.6 GeV andA,,,=0.7 GeV. These val- total cross sections at backward scattering angles. Our best
ues are slightly different from those of R¢14]. The result-  fits are obtained from setting\y=0.5 GeV with g,y
ing contributions from the pseudoscalar-meson exchange are10.35 andk,=0. The corresponding contributions from
the dashed curves in Fig. 2. the direct and crossed nucleon terms are the dot-dot-dashed

The resonant amplitude defined by Eq$8)—(22) de-  curves in Fig. 2.
pends on the oscillator parametérand the averaged total  Qur full calculations including all amplitudes illustrated
width T'}. We find that our results are rather insensitive toin Fig. 1 are the solid curves in Fig. 2. The data can be
the cutoff A in the rangeA=0.5-1.0 GeV. We take the described to a very large extent in the considered energy
value A=1 GeV which is the value of the standard har-regionE,<5 GeV. It is clear that the contributions due to
monic oscillator constituent quark moddl]. For the aver- theN* excitations(dotted curvesand the direct and crossed
aged total widthl"}, we are guided by the widths listed by nucleon termgdot-dot-dashed curveselp bring the agree-
the Particle Data Grouf®23]. For theN*'s which have been ment with the data at large angles. The forward angle cross
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FIG. 3. Total cross sections gfp— pw reaction as a function
L of invariant mas$V. The solid curve is from the full calculation and
-2 the dotted curve is from the calculation without including Pomeron
1 exchange. The Pomeron exchange contribution is given by the dot-
dashed line. Data are taken from Rdfs2,33,34.
1
1 other amplitudegdashed curveare comparable. It is inter-

esting to note here that if we increase the Pomeron exchange
strengthC,, of Eq. (6) by about 10%, the total cross section
data can be much better described without too many changes
FIG. 2. Differential cross sections fopp—pw reaction as a N describing the low energy data. However, the Pomeron
function of |t| atE,= (a) 1.23,(b) 1.45,(c) 1.68,(d) 1.92,(e) 2.8, exchange parameters are constrained by a global fit to all of
and (f) 4.7 GeV. The results are from pseudoscalar-meson exdata forp, w, and¢ photoproduction, and therefore such a
change (dashedi Pomeron exchangddot-dasheyj direct and change is not desirable. Instead, we must explore other
crossed nucleon ternfdot-dot-dashed N* excitation(dotted, and ~ mechanisms, such as the absorption effects due to the inter-
the full amplitude (solid). Data are taken from Ref33] (filled mediateNp state as discussed in R¢fl0]. Since theN*
circles and Ref[12] (filled squares excitations considered here are in the regis2.5 GeV,
we need not to resolve the problem in this transition region

sections are mainly due to the interplay between thd€arW=5 GeV. . _
pseudoscalar-meson exchangeashed curvés and the To have a better'und'erstandlng of t'he resonance contribu-
Pomeron exchangglot-dashed curveésThe main problem t|pns, we compare in Flg. 4 'Fhe contrlbutlops from the con-
here is in reproducing the dataBt=1.23 GeV. This per- sideredN*’s to the differential cross sections @t=90°.
haps indicates that the off-shell contributions froth’s be- Here theN* states listed in Tables | and Il can be identified
low wN threshold are important at very low energies. Thesd their massM. As also indicated in Fig. 4, the contribu-
subthreshold\*'s cannot be calculated from the informa- tions fromN2*(1910) and\3 ~(1960) are the largest at all
tions available so far within the model of Ref5,6] and are  nergies. From Tables I and 11, we see thatite (1910) is
neglected in our calculations. The investigation of this pos- = sl _ o
sibility is however beyond the scope of this work. The qual-& Missing resonance, whité; ~(1960) is identified by Cap-
ity of our fit is comparable to that of Zhaet al. [2]. stick[32] as a two star resonan@5(2080) of PDG. In the

It is important to note here that various cutoff parameters$tudy of Zhao and co-worker$2,3], they found that
determined above also fix the high energy behavior of ouf 15(2000) dominates. This resonance is identified with
predictions. Thus the accuracy of our model must be testet3 *(1995) in Table | and is found to be not so strong in our
by examining whether we are able to describe the total crossalculation, as also indicated in Fig. 4. This significant dif-
sections from threshold to very high energies. Our predictiorference between the two calculations is not surprising since
(solid curveg are compared with the available data in Fig. 3.the employed quark models are rather different. In particular,
We see that our model indeed can reproduce the data venur predictions include the configuration mixing effects due
well except in the region close t&/=5 GeV where the to residual quark-quark interactions.
Pomeron exchangélot-dashed curyeand the sum of the In Fig. 4 we also see that the relative importance between

o]

| (GeV®)

[l (GeV?)

025201-6



NUCLEON RESONANCES INw PHOTOPRODUCTION

PHYSICAL REVIEW C 63 025201

N,,(1910) N;,(1960)  Ng,(1995) N,,(1910) N;,(1960) N, (1995) 10T T T T TS 10" grr T
PR e [ E 3 = 3
10 L D L E — - . (a) 1 ~ F 3
o I 3 o E L —- —= r 7
c § @31 % : 3 10E T 3 b .
O 10| 4 O . S E T 10 : e
& i ;2 ; 20k 4 2 F ]
= 102 | ~ E E u 7
o 10 \ 3 g = — £ 3 —
z | .3 3 F iR E
< v H|j <4 & N s10F 18 E
g ] 8 : ; - :
‘8 g ‘g 2| 10~2 P I ST B 10—1 RS AYENE ATEN AU
_4
1075 5 22 24 26 5ic 0 02 04 06 08 0 03 06 09 1.2 1.5
2 2
M (GeV) M (GeV) It (GeV) It (GeV?)
N, N, (2090;
2 v ) ]02=||‘||r|t|||l|41= 102§||||'|Hxlr|||[|||l

2

& - 2 I 4
[0 E E E 3
Q = E E E 3
Qo = F 3 = _
= 3 r 3 R A
5 : z R
g 3 3 E 3
3 ] c 3 E ]
10 10 2l b by g by 1072||11||||||)|||l|1
18 2 22 24 26 18 2 22 24 26 1070704 08 12 16 0 05 1 15 2
My (Gev) My (GeV) It (GeVd) it (GeVd)

FIG. 4. Contribution from eachN* listed in Tables | and Il to
the differential cross sections @t 90° andE,, = (a) 1.23,(b) 1.45,
(c) 1.68, and(d) 1.92 GeV, which corresponds W=(a) 1.79, (b)
1.90,(c) 2.01, and(d) 2.11 GeV, respectively.

FIG. 5. Differential cross sections for thgg— pw reaction as a
function of|t| at different energie€ = (a) 1.23,(b) 1.45,(c) 1.68,
and(d) 1.92 GeV. The solid and dotted curves are calculated, re-
spectively, with and without includin§l* effects. Data are taken
from Ref.[33].
different resonances depend on the photon energy. As ex-
pected from the resonance part expressith), the higher N2*(1910 and N3~ (1960 are included in calculating the

mass resonances become more important as energy increases : - o
from 1.23 GeV W=179 GeV) to 1.92 GeV W resonant part of the amplitude. Our predictions are signifi-

—2.11 GeV). For example, we also indicate in Fig. 4 thatcantly different from those of Refd.2,3]. As mentioned

L 7 . o ) above, this is perhaps mainly due to the differences between
the contribution fromNz ~(2090), identified in Table Il with  the employed quark models. Nevertheless, we confirm their

G17(2190) of PDG, becomes comparable to that ofconclusion that the single polarization observables are sensi-

N2¥(1910) atW=2.11 GeV.

The total resonance effects are shown in Fig. 5. The solid 0.6 T 0.6
curves are from our full calculations, while the dotted curves . T ]
are from the calculations without including* excitations. 03~ T —0.3
The results shown in Fig. 5 indicate that it is rather difficult - + P
to test our predictions by considering only the angular distri- ~* ° 00Ty
butions, since th&l*’'s influence is mainly in the large scat- 03
tering angle region where accurate measurements are per-
haps still difficult. On the other hand, the forward cross
sections seem to be dominated by the well-understood 0.6
pseudoscalar-meson exchangss-understood; exchange -]
is negligibly small hereand Pomeron exchange. Therefore 703
one can use this well-controlled background to examine the Ty oo Vi
N* contributions by exploiting the interference effects in the r T ]
spin observables. 03~ T 703
We first examine the spin observables discussed in Refs. % PRI RN RPN AR AT AN AU AP
[2,3]. Our predictions for photon asymmetn. ), target 0 45 90 135 180 45 90 135 180
asymmetry T), recoil nucleon asymmetryR(), and tensor 8 (degree) 0 (degree)

polarization {,/,/) are shown in Fig. 6. These single polar-

ization observables are calculated according to the defini- FIG. 6. Single asymmetries &,=1.7 GeV. The dotted curves

tions given, e.g., in Ref$26,35. We see that th&\* exci-

are calculated without includini* effects, the dashed curves in-

tations can change the predictions from the dotted curves telude contributions oN2*(1910 and N2~(1960 only, and the
solid curves. The dashed curves are obtained when only thelid curves are calculated with alf* listed in Tables | and II.
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FIG. 7. Parity asymmetr, at §=0 as a function of. Nota- FIG. 8. Beam-target asymmet6f] at /=0 as a function of\.
tions are the same as in Fig. 6. Notations are the same as in Fig. 6.

tive to the N* excitations but mostly at large scattering N2+(1910) andN2~(1960) are dominant. By keeping only
angles. The vector asymmetry has also been investigated, these two resonances in calculating the resonant part of the
but is not presented here since it is almost impossible tQmpjitude, we obtain the dashed curve which is not too dif-
access experimental(36]. , _ ferent from the full calculatiorisolid curve.

To further facilitate the experimental tests of our predic-  \ye also find that the beam-target double asymmetry at

tions, we have also investigated other spin observables. Wenyard angles is sensitive to the excitations. It is defined
have identified two polarization observables which are SeNas[26]

sitive to theN* contributions at forward angles, where pre-
cise measurements might be more favorable because the do(1])—da(11)
cross sections are peakedéat 0 (see Fig. 2 The first one ZBZT:d TD+do(11)’
is the parity asymmetry defined E37] 7 7

(24)

where the arrows represent the helicities of the incoming
23) p_ho_ton and th target protons. In _Fig. 8,_We present our pre-

dictions onC,, at =0 as a function of invariant mas.

The striking difference between the solid curve and dotted
where o™ and ¢V are the cross sections due to the naturalcurve is due to theN* excitations. AtW=2.5 GeV this
and unnatural parity exchanges, respectively, ad, are asymmetry vanishes since all amplitudes except the.helicity
the vector-meson spin density matrices. For the dominarf®NServing Pomeron exchange are suppressed at high ener-
one-pion exchange amplitude, which has unnatural parity exdies- The role ofN* here is similar to what is discussed
change only, one expeck, = — 1. Thus any deviation from above forP,,. Again, theN3*(1910) andN3 ~(1960) give
this value will be only due tdN* excitation and Pomeron the dominant contributions. This is evident from comparing
exchange, since the contribution from the direct and crossethe solid curve and the dashed curve which is obtained when
nucleon terms is two or three orders in magnitude smaller abnly these two resonances are kept in calculating the reso-
0#=0 (see Fig. 2 Our predictions foP,, are shown in Fig. nant part of the amplitude. It is very interesting to note that

7. We show the results from calculations witbolid curveé  the N$~(1960) is also found to be important in kaon photo-
and without(dotted curvg including N* contributions. The  production [38], although its identification with the
difference between them is striking and can be unambigup (2080 is still controversial. Our predicions show that

ously tested experimentally. In the considered low energy,notoproduction can be useful in resolving this issue.
region, most of theN* excitations involve both the natural

and unnatural parity exchanges. The rapid energy depen-
dence of the solid curve thus reflects the change of relative
importance between differem*’s as energy increases, as  In this work, we have investigated the role of nucleon
seen in Fig. 4. AtwW=2.5 GeV, the Pomeron exchange resonances i photoproduction. The resonance parameters
starts to dominate and shift the prediction to thg=+1 are taken from the predictions of Ref$,6]. It is found that

limit of natural parity exchange. Here we also find that thethe resonant contributions can influence significantly the dif-

doN—doV 1 1
= =2p1-1~Poos

7 doVN+doY

V. FUTURE DEVELOPMENTS
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ferential cross sections at large angles. We have present&Efs.[5,6] to evaluate these form factors for any off-shell
predictions showing th&l* effects on several spin observ- momentum. It is also needed to generate the form factors for
ables. In particular, we have shown that our predictions cathe N*’s which are belowwN threshold and are neglected in

be crucially tested by measuring the parity asymmetry andhis investigation. The effects due to the subthresidids

beam-target double asymmetry &t 0. The dominant con-
tributions are found to be from2 *(1910), a missing reso-

nance, andN3 ~(1960) which was identifiefl5] as the two
star resonanc® ,5(2080) of PDG. Experimental test of our
predictions will be a useful step toward resolving the so
called “missing resonance problem” or distinguishing dif-
ferent quark model predictions.

To end, we should emphasize that the present investig
tion is a very first step from the point of view of a dynamical
treatment of the problem, as has been done foritNescat-
tering and pion photoproductid24,27]. The main uncertain
part is the lack of a complete calculation of thé*
—yN,wN transition form factors given in Eqg21) and
(22). The use of the extrapolation factd)(k,ko)zexr[(kg

h
#10).

could be important in explaining the data very closewtd
threshold[e.g., Fig. 2a) at E,=1.23 GeV]. An another
necessary step is to develop an approach to calculate the
crossed\* amplitude[similar to the crossed nucleon ampli-
tude Fig. 1d)] using the same relativised constituent quark
model employed in Ref$5,6]. Finally, the effects due to the
initial and final state interactions must be also investigated,
which may be pursued by extending the approach of Ref.
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