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In this work, an improved quark model approach to themeson photoproduction with an effective La-
grangian is presented. Thechannelnaturalparity exchange is taken into account through the Pomeron
exchange, while thannaturatparity exchange is described by th@ exchange. With a very limited number
of parameters, the available experimental data in the low energy regime can be consistently accounted for. We
find that the beam polarization observables show sensitivities to sanannel individual resonances in the
SU(6)® O(3) quark model symmetry limit. Especially, the two resonarRg$1720) andF,5(1680), which
belong to the representati¢pb6, 28,2,2,]], have dominant contributions over other excited states. Concerning
the essential motivation of searching for “missing resonances” in meson photoproduction, this approach
provides a feasible framework, on which systematic investigations can be done.
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[. INTRODUCTION nificantly reduce the number of free parameters.
In Refs.[16,17], a quark model for the resonance excita-

The nonrelativistic constituent quark mod@RCQM)  tions has been developed. Taking the advantages of the self-
[1,2] predicts a much richer baryon spectroscopy than obeonsistent quark model framework, the authors introduced an
served inmN— 7N scatterings. This initiates the efforts of effective Lagrangian for the quark-vector-meson vertex,
searching for those so-called “missing resonances” in otheivhere the vector meson was treated as a pointlike elementary
meson coupled channels, for exampigy, Am, KA, K3, particle. At quark level, only two universal parameters for
pN, oN, ¢N, etc., to which those resonances might havethe vector and tensor couplings would appear in the reso-
stronger couplings and could be detected in experiment. Nance excitation terms. . _

The availabilities of high-intensity electron and photon However, that approach needs to be improved since the
facilities from JLab, ELSA, ERSF, and SPring-8 provide ac-t-channelnaturatparity exchange ha}s nc())t been taken into
cesses to exciting the nucleons with the clean electroma iccount there. Only thennaturatparity m exchange was .
netic probes. Abundant informations of the internal struc—nC|Uded to describe the forward peaking phenomenon in

tures of nucleons and their excited states can be then deriv%yﬁ[; Tn(toeefe?:r?cfstgitsvbes:nnft?e?qfa:[tr&?;gZtiﬁ)iggcﬁ;%gzngreu’j

in their consequent meson decays. Namely, the meson phﬂq— . : )
. ; T . es andu-channels might be overestimated in some polar-
toproduction via resonance excitations might be able to pro-.

. ; . L ization observables.
vide an ideal tool for the essential motivatiorgs-6]. It can In this improved version, theaturakparity exchange will

be anticipated that in the near future, a large database for the, i cjuded through a Pomeron exchange phenomenology
study of baryon structures as well as their couplings to variy, our preliminary study18], we have shown that the intro-
ous meson channels can be established. Theoretical interegigction of thenaturakparity exchange can improve the de-
are also revived in this QCD subfield, which is nonperturba-scription of the cross sections very significantly. Here, for
tive in nature. Empirical or phenomenological prescriptionsyye first time, a quantitative result is derived by following a
with QCD-inspired ingredients are therefore developed inyarameter constraint scheme, although more rigorous con-
history[7—11], which will be tested by the forthcoming data. giraints to the parameters are expected from the forthcoming
In this work, we will concentrate on the exclusiveme-  §ata from GRAAL and JlLab. The roles played by the
son photoproductionyp— wp. Exploring the available, but {_channelnatural and unnaturatparity exchanges are em-
very limited, data in the literaturel2—15, we aim at estab- phasized since a reliable estimation of this part should be the
lishing a consistent framework for the study of the interme-irerequisite for further study relevant to the nucleonic reso-
diate resonance excitations in this channel. Since large dgrance excitations. One will see as follows, over a large en-
grees of freedom will appear at the resonance rebioe, ergy region, the interferences between thatural and
adopt the quark model description of the baryon states fognnaturatparity exchanges provide good constraints to the
the nucleons and resonances in this reaction, which will sigr.channel processes, which makes it possible to highlight the
roles played by the intermediate resonances. We also show
that thenaturalparity exchange is necessary to account for
*Present address: Dept. of Physics, Univ. of Surrey, Guildfordihe missing cross sections WhEr;,>~2.2 GeV.
GU2 7XH, U.K. Electronic address: giang.zhao@surrey.ac.uk In Sec. II, an introduction of the quark-vector-meson cou-
Yin principle, for each resonance 24 numbgr independent am-  pling is presented in the SU(8)O(3) quark model symme-
plitudes are required to determine its transition matrix elements intry limit. Also, the t-channel Pomeron exchange model is
vector meson photoproduction. In pseudoscalar meson photopréummarized. In Sec. I, the numerical study of the resonance
duction, eight numbers are required. effects in the cross sections and beam polarization
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observables are presented. The conclusions and discussighgrefore vanish in the neutral vector meson productions.
are given in Sec. IV. The nucleon pole terms have been explicitly includid].

II. @ MESON PHOTOPRODUCTION AMPLITUDES B. t-channelnatural and unnatural parity exchange amplitudes

We use the Pomeron exchange model by Donnachie and
Landshoff [19-22 to account for thenaturalparity ex-
change. In such a model, the Pomeron mediates the long
range interaction between a confined quark and a nucleon,
A. s- and u-channel transition amplitudes and behaves rather like @= +1 isoscalar photon. In Ref.

In the SU(6)0(3) symmetry limit, the quark-vector- [23], the formula for the¢ meson photoproduction off pro-

meson coupling is described by the effective Lagrangiarion has been derived. Based on the Regge phenomenology
[16,17): and the SUB) flavor symmetry, the same picture can be ap-

- - plied to thew andp meson photoproduction. Here, we sum-
Letr= — ¥y P i+ dy oAy marize the main points as follows.
" The Pomeron-nucleon coupling is described by the vertex
ibo,,q"
+d ay,+——— d

2my

In this section, the three contributing processes indhe
meson photo-production are summarized.

Pt 1) F.(D)=3Boy,Fa(l), )

_ wheref is the coupling strength of the single Pomeron to a
where ¢ and ¢ represent the quark and antiquark field, re-jight constituent quark u,d,s), and is the only adjustable
spectively, andpf, denotes the vector meson field. The two parameter in this Pomeron exchange model(t) is the
parametersa andb represent the vector and tensor couplingsisoscalar nucleon electromagnetic form factor, and has the
of the quark to the vector meson, respectivefy.ande, are  following expression:
the mass and charge of the constituent quark, respectively.

For the quark model parameters, and « (harmonic oscil- (4Mﬁ,—2.8t)
lator potential strength the commonly used values 330 and Fi(t)= AMZ—1)(1-1/0.7)2
385 MeV are adopted, respectively. It should be noted that (4My=1( '
the values fora are different from that used in the previous
study[17,18. In this work, an overall investigation favors
smaller values.

With such an effective coupling, the transition amplitudes
for the s- andu-channel can be explicitly derivdd 7]. The
intermediate resonances will be introduced in the harmoni

4

For the yoP vertex (P denotes the Pomergnthe lowest
order diagram for the quark pair creation in Ref2] is used

for the qq creation, but has been extrapolated to the limit of
Q?=0, namely, the process with real photons. Meanwhile, a
pare photon vertex is introduced for the quark-photon inter-
oscillator basis. Resonances with masses less than 2 GeV &§loN: which has the same form as the quark-photon cou-
assigned to the states n&2 in the harmonic oscillator ba- pling in Eq. (1). —

sis, and therefore can be taken into account explicitly in the The “on-shell approximation™” is adopted for theqw
NRCQM. Then, in the helicity space the amplitude for eachvertexV,:
resonance with spid can be expressed as

1 1
Vi|p=5a.p+ 50 =f,M,7,, (5

2M
. > A A (OALAL, (@

Hi\ =
Mo s—ME+iMRI(q) T

wheref , represents the coupling strength and is fixed by the
w radiative decay width",_ o+.-=0.59 keV[24] with the
wheres is the c.m. energy square aMiy is the resonance following relation:
mass.I'(q) is the momentum dependence of the resonance 9ro ) o
width, which has been given in Reffl7]. A; and A; are I _ 87Taeeq(f_w)
defined asA ;=\, —\,, andA;=\—\y. Here,= =1, \, w—ete 3 \m,)
=0,=1, \q=*1/2, and\,= *=1/2 denote the helicities of

the photonw meson, initial, and final state nucleon, respec-where éq is the charge factor of quarf in terms of the
tively. A[{i andAXf are the helicity amplitudes for the photon charge of electron.

excitation and vector meson decay of an intermediate reso- Therefore the current matrix element can be written as
nance, respectivelydf\f ,Ai(a) is the Wignerd function

which rotates the vectoﬂk}(i from the initial state coordinate

system to the final state coordinate system. States with =2Bot"*"(K, Q) em,(Q)Gp(S,HU(Pr) Fo(Du(py),  (7)
>2 are treated as degenerate. .

In the case of th@ meson photoproduction, tliechannel  whereu(p;) andu(ps) are the initial and final state Dirac
and the seagull term from E¢l) vanish since they are pro- spinors of the protons with four-momergaandp;, respec-
portional to the charge of the outgoing vector meson, andively. k andq are the four momenta of the incoming photon

(6)

w

(psmy,qN, [ I pim;)
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and outgoingw meson, respectively:r,, is the polarization  neutron ground state 456, 28,0,0,1/2.

vector of the produced meson, and the factor 2 counts the  Notice that Y. Ohet al. recently studied the resonance
equivalent contributions from Pomeron-quark and Pomeronexcitations in thew meson photo-productiof27]. In their
antiquark interactiongj,(s,t) is related to the Regge trajec- approach, theN* resonances are introduced by employing

tory of the Pomeron and has the form the quark model prediction®,10] on the resonance photo-
excitations and their decays intoN. Therefore only those
Gp(s,t)=—i(a's)*®O"1, (8) resonances with masses abovedii¢ threshold can be taken

into account. In our model, the low-lying resonances, for
where a(t)=1+€+a't is the Regge trajectory of the exampleS;;(1535) andD5(1520), are found still have con-
Pomeron. The form factoﬂg/(ﬂg-{- p?) is introduced for sid_era_ble contributio.ns, which can be seen in the t_)eam po-
each off-shell quark line with four-momentum The same larization asymmetries. We expect that forthcoming data
parameter values as used in Rg¥2] are adoptede=0.08,  Should be helpful to clarify the roles played by those below-
a'=0.25 GeV 2, uo=1.2 GeV. threshold resonances.

In Eq_(7, (k) represent the loop tensor and it has, BETOe proceeding o th detal of e numerica calcul
the following expression for the contributing terms: ' 9 P

eters as follows.

Since it has been well established that the high-energy
production is dominated by the diffractiveaturalparity ex-
change, we take the advantages of high energy measure-

Yents for thew meson photoproduction by applying this

e (k,q) = (k+q) "gh” — 2k"g~. ©)

To preserve gauge invariance, we have adopted the transf

mation given in Ref[25]. o Pomeron exchange model te 10 GeV, where other pro-

In Ref.[23], we have shown that the polarlzatlon observ-asses become negligible. Then, the parameger1.27 can
ables at large angles depend more on the spin structures gf gerived. In fact, this parameter is the same as used in Ref.
the s- andu-channel transition amplitudes rather than on the[23], which shows that the SB) flavor symmetry has been
Pomeron exchange amplitude structure even the Pomerqipnserved for the light quark sector.
exchange plays dominant role there. This feature suggests Apbove the resonance regiot (=2.2 GeV), the interfer-
that the Pomeron phenomenology does not influence thences between thechannehatural andunnaturatparity ex-
large angle behaviors significantly. Otherwise, the largechanges can be seen at forward angles up 50GeV[14],
angle behaviors might be “distorted” in the polarization ob- where thes- and u-channel contributions are negligible. It

servables. provides an important constraint to th€ exchange terms.
The formulas for ther® exchange terms in the meson  Therefore the parameter, =290 MeV can be determined.
photoproduction have been derived in REf7]. Since the Concerning the two parameters introduced forglaadu

7NN and w7y couplings are quite well known, the only channels, we require that a flattened behavior appearing at
parameters left is the form factor from the quark model large angles for the differential cross section as shown by the
which is to describe the combined effects from the two non©ld data[13], as well as the preliminary data from SAPHIR
perturbative vertices. Taking into account the diffractive[12] and CLAS[28]. Meanwhile, the total cross sections
Pomeron exchange contribution, we have to adopt a smalléA3—15 can provide constraints to the magnitudes of the
value a_= 290 MeV for the form factore*(q*k)z’G“i. The parameters. Here, we find that wigh= — 2.5, andb= — 6.5,
determiqr;ation ofr_ will be discussed later. a flattened structure is produced at.Iarge angles, and the en-
g ergy evolutions of the cross sections can be reasonably
reproduced.
. NUMERICAL RESULTS It should be pointed out that in this scheme the roles

In this section, the unpolarized differential cross sectionsPl@yed by thet-channel processes and thend u channel

density matrix elements of the vector meson, and beam chave been highlighted. We stress this feature since it is the

larization observables in the meson photoproduction are prerequisite for the motivation of studying resonance ph_e—
investigated. Inyp— wp, the isospin conservation elimi- nomena when other processes are present. Although the final

nates contributions from intermediate states with isospin 3/2(.1eterm|_nat|on of the tvx_/o para_meteasar_ld b ne_eds more

In addition, the Moorhouse selection rul€26] eliminate constraints from experiment, it can still provu_je us with
those nucleonic states of representafia, 48,n,L,J] in the quantitative |nform_at|or_1$ related to thfa nucleonic resonance
NRCQM from contributing. Therefore only eight intermedi- excitations, especially in the polarization observables.

ate nucleonic resonances contributerfef2 in the harmonic
oscillator basis, i.e.,P11(1440), S;1(1535), D3(1520),
P.14(1720), F15(1680), P14(1710), P;5(1900), F,5(2000) Using the parameters determined through the above
[24]. In the notation for the quark model representation, thescheme, our first step is to study the cross section.

first three bold digitals denote the dimensions of the@U

(spin-flavoy, SU2) (spin), and SW3) (flavor) groups, re-

spectively.n, L, and J denote the main quantum number, 2 Ref.[18], the values for parametessand b have been pre-
total orbital angular momentum, and total Spin of a threesented by inappropriately multiplying [2+-1) for each resonance
quark baryon system in the harmonic oscillator basis. In thisyith total angular momenturh. a and b lost their original mean-
convention, one can express, for example, the proton aniédgs. This problem has been corrected here.

A. Cross sections
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' L [(GeVI)] ' L 1(GeViey] However, for the transitions of thg70,48,2,2]] to the

nucleon ground state, the only nonvanishing amplitude is the
FIG. 1. Differential cross sections foyp—wp. The solid  AY, due to the spin-splitting operatpt7]. This feature sug-
curves denote the full calculations, while the dashed, dotted, anaests that states p&6 28 2 2] have larger transition space
dot-dashed curves denote the exclusive calculations oﬁrf’nex-_ to wN than those of 70, 28,2,2,]]. The second feature comes
change,s- and u-channels, and Pomeron exchange, IreslOecu\/e'yfrom the mass differences between these two sets of reso-
The data are from the SAPHIR Collaborati .
bre] nances. Thé&5(1720) and~,5(1680) have the masses close

In Fig. 1, we restudied the differential cross sections ato the » production threshold, thus they have larger absorp-
four energy scaless = 1.225, 1.45, 1.675, and 1.915 GeV. tion amplitudes than the?15(1900) andF;5(2000) near
As a comparison, the exclusive contributions from the thredhreshold. The dominan®,3(1720) andF,5(1680) can be
channels are also presented. At forward angles, the pion eseen significantly in the beam polarization observables.
change(dashed curvesaccounts for the steep forward peak-  In Fig. 2, the total cross sections for the three different
ings. The Pomeron exchangeot-dashed curveshas quite  processes are explicitly illustrated. Near threshold strend
small contributions at this energy region. However, we can,-channel contributions dominate over thehannel=° ex-
see below, this small part will play important roles in somechange. As shown in the angular distributions, the cross sec-
polarization observables. . tion is dominated by the large angle mechanisms which are
_ Notice that near threshold, tise andu-channel cogtrlbu— essentially governed by the resonance excitations. However,
tions (dotted curvep dominate over the-channel@” ex-  ihis contribution falls down quickly with the increasing en-
change. This character can be justified by the precise me%'rgy. Above E.=3 GeV, thet-channel processes become
surements of the angular distributions. Nevertheless, thSominant espécially at £he forward angles. The energy evo-
polarization observables should be able to provide more riCrlhtion of t,he cross sections indicates the change of the rela-
information r.elevant fo the the res_onancze interfergnces. tive strengths for these three mechanisms. As shown by the

The multiplets of repregentgtloﬁ56, 8,2,2)] in the_ dashed and dot-dashed curves, above 3 GeV the interfer-
quark mOdeI are found dpmmatmg over the other IOW'Iymgences between the Pomeron anmfl exchanges will deter-
states in the cross sections. In the quark model, the "Sine the forward angle behaviors for most observables. This

nances P43(1720) and F,5(1680) are attributed to the : : o
[56,28,2,2]] representation with)=3/2 and 5/2, respec- I)efatt#éifk:g:g:fs us the opportunity of fixing the parameters

tively, in the harmonic oszcillator basis, while Flﬁq3(1900) With the Pomeron exchange contribution, the model im-
andFls(ZOOQ), to the 70, 8'2'.2’3] representation. With the proves the calculations when the energy goes adbBye
same couplings of the constituent quark to theneson as ~2.2 GeV[17,29

other intermediate states, the contributions from the reso- T

nances5(1720) and~5(1680) are found much larger than

that from resonanceB;5(1900) andF5(2000). Comparing  B. Density matrix elements and parity asymmtry observables

the two representatior$6, 28,2,2,)] and[70,28,2,2,)] we

find that two main features in their excitations lead to such a In vector meson photoproduction, the final state vector
large difference. The first feature is that the configuration ofmeson decays«{— 7+ 7~ #°) provide access to the mea-
[56,28,2,2,)] permits its transitions to the nucleon ground surements of the vector meson decay density matrix ele-
state via the spin and orbital angular momentum splitting oments, which can be related to the vector or tensor polariza-
nonsplitting terms. Therefore the three independent mesotions of the vector meson, or angular distributions of the
transition amplituded\y,,, A}, andS;, are all contributing. ~ cross sectionf30]:
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W(cosé, ¢, ®)=WO(cosb, ¢,p2 )
B A= 2 H}‘v )‘Z'A}‘lH;\cv VRV (16)
—P,, cos 2bW'(cosb, ¢.p;) ARy |

_ i 2 2
Py sin20W*(cosb, ¢,p;g) wherep;, stands forp, , , and\,,\,, denote the helicity
Ui Uy

+)\7P7W3(cos«9,¢,piﬂ), (100 of the produced vector meson.is the cross section func-
tion. With the linearly polarized photon beagf, , p3, and
where pizk can be measured while with the circularly polarized pho-
3 /1 1 ton beamp? andp>, can be measured. With the additional
WO(Cose,¢,pr):_(_sir]20+ Z(3c0€6-1)p%, relations, poo+2p3;=1, which represents the normalized
4m\2 2 cross section, only 11 elements are linearly independent.

At high energies, the experimental data for vector meson
photoproduction exhibit characters a@fchannel natural
parity exchange dominance aesa¢thannel helicity conserva-

: (1)) tion (SCHO. From high energy down to the resonance re-
gion, deviations from these features are expected due to the
3 resonance excitations and thehannelunnaturatparity ex-
Wl(cose,gb,piﬁ):—(p}l SiN26+ pgy COL0 change. Such an interference due to the different relative
am strength and mechanisms can be illustrated by the density
matrix elements. Concerning thechannel natural and
unnaturatparity exchanges, some model-independent fea-

—Pifl Sir?6 cos 2¢), (12)  tures can be learnd®0]:
(i) Supposing only theaturatparity Pomeron exchange

-2 Repd, sin 20 cos¢

—pY_, sirfdcos 2

— V2 Repi, sin 26 cosé

contributes in the diffractive phenomena, it can be justified

3
W2(0080,¢,Piﬁ):4—(\/§ Imp%, sin20sine that except thapd;, pi_,, and Imp2_, have a value of 0.5,
7T other density matrix elements vanish.
+ |mpifl sir?0 cos 2¢), (13) (i) For the exclusivaunnaturatparity exchange, one has

p3,=0.5, p}_,=-0.5, and Inp?_,=—0.5, while the other
3 elements will vanish.

W3(cos¢9,d>,piﬁ)=—( \/E ReP:fo sin264sing (i) In the 7° exchange terms, the spin operator does not
4m flip the helicity of the photon, therefore, the transitibp=
+Impd_, siPosin2g). (14 =1 1ON,=0 vanish.

In the model for the Pomeron exchange, although the

Pomeron behaves rather like @=+1 isoscalar photon,

those spin splitting terms will be significantly suppressed in

the forward angle$23], therefore the transition ,= =1 to

In the above equation®, and ¢ are the polar and azimuthal

angles of the normal direction of the decay plane with

respect to the axis in the production plane, which in the o o ; .

helicity frame is defined as the direction of tlhe meson A, =0 V?‘”'Shei in the forward angles, which makes this

momentum® is the angle of the photon polarization vector process like 2 0™ quantum m_meer_ exchange Process. _Con-

with respect to the production plane. sequently, the glemerp'go vanishes in the forward dlrectlpn
In the helicity space, the density matrix elements can p&lue to the dominamatural or unnaturatparity exchanges in

explicitly expressed in terms of the 12 independent helicityth® Small momentum transfer. L X
amplitudes: In Figs. 3-5, the density matrix elemepf, pii , andpf,

involved in the measurement of R¢14] are studied at small
o 1 . t regions forE,=2.8, 4.7, and 9.3 GeV from left to right |n
Pik= A )\)\E)\ i, aagHX, gy each row. It should be pointed out that the nonrelativistic
2M resonance excitation model might meet trouble when applied
to high energies, for exampl&, >3 GeV. However, notice
that this process decreases exponentially with the increasing
energy, and becomes negligible around 3 GeV; our study of
the constraints to thd-channel processes do not suffer
, . troubles arising from this shortcoming, especially at forward
Pik:KME)\ )\Hxvixz,fanxkaz,mf angles_. _ .
M In Figs. 3-5, the solid curves present the exclusive calcu-
i lations for thet-channel reactions. The full calculations are
3_ " * illustrated through the dashed curves. It shows thakE at
Pik— A gl Mo HX v A9 =2.8 GeV, the resonance excitations have become aegli-
gible for most of the elements. F&r,=9.3 GeV, the dashed
and curves cannot be distinguished from the solid ones. Here,

>+

1_ *
Pik= 2 Hy _>\2,7>\>\1H>\ Ap ANg?
A\oN g Vi Uk
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FIG. 3. Density matrix elemenis, . From left to right for each FIG. 4. Density matrix elemenis . The notations are the same

row, the photon energi,, will be 2.8, 4.7, and 9.3 GeV, respec- as Fig. 3.

tively. The solid curves denote the calculations of tiebannelr®

and Pomeron exchange. The dashed curves denote the full calcula- For most of the elements, our calculations are in good
tions. Data are froni14]. agreement with the measurement except for theim at

9.3 GeV in Fig. 5, where large discrepancies are found. In-

although the dat414] for the density matrix elements are restingly, as summarized at the beginning of this section, at

very sparse, they provide an interesting test of the model o ; .
t-channelr® and Pomeron exchanges, which will essentially -3 GeV, thenaturalparity exchange becomes dominant,

determine the forward angle behaviors of the density matriferefore it will have the value 0.5 at forward angles. The
elements. calculation consistently output this feature, while, however,

As summarized in former paragraph, the nonzero elethe measurement provi(_jes small nega_ltive values. The data
mentsp?,, pi_,, and Imp_, will reflect the interferences here cannot be explained by the influences from the
between these two processes. In Fig. 3, the calculations ¢fthaturatparity exchange and the- and u-channel reso-
the elementp,, pd_,, and ReY, are in good agreement Nance excitations dpe to their small cross section at this en-
with the data for small. There is no datum available for the €rgy region. A precise measurement for this element should
p%, in experiment. An interesting feature for this element isP€ important to clarify the discrepancies.
that it will have the value 0.5 at forward angles for both
natural and unnaturatparity exchanges. The close-to-0.5
value we find might suggest that this element does not in-
volve strong interferences within these twxehannel pro-
cesses.

Comparing thep]_, at these three energies in Fig. 4, one . . L . L .
can see that the data have been reproduced impressively. The ~0 02 04 0 02 04 0 02 04 06
relative strengths between thé€ and Pomeron exchanges as ‘7z %%
well as the energy evolutions for these two terms are essen- & ¢ k_\\
tial for reproducing this element. At 2.8 GeV, thanaturat 0 L
parity exchange dominates over thaturalparity one, and *i)wq' + +
thus produces negative values for this element. With the in- + | |
creasing energy, theaturalparity exchange becomes domi- 0502 04 0 02 04 0 02 04 06
nant. Therefore, at 4.7 GeV, positive values for fje ; are 1 [(GeV/e)’]
found. At 9.3 GeV, the value reaches 0.5, which suggests
that the Pomeron exchange has absolutely dominated over FIG. 5. Density matrix elemeniss, . The notations are the same
other processes. as Fig. 3.
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©
_ i ﬁ:I o ! o !
05 b I E1.15 GeV I E,~1.25 GeV
} ------ i 0.5 ) 0.5

"0 02 04 O 02 04 0O 02 04 06
4 [(GeVic)]

P
T
T

FIG. 6. Parity asymmetr .. The notations are the same as Gl o b o
Fig. 3. 0 50 100 150 0 50 100 150

0 (deg) 6 (deg)
<1 <1

Concerning the mechanism of thechannel parity ex- | I
changes, one can investigate the parity asymmetry observ- .| 5738V ogl  ErtaeeeV
able P, which can be related to two of the density matrix

1 1.
elementsp; ; andpgg: 0 0
P,=2p1 1~ poo- 7 08 E. 05

Ry e i R I IO PR i AN IR
0 50 100 150 0 50 100 150
6 (deg) 6 (deg)

These two elements can be determined in the linearly polar-
ized photon beam measurement. As discussed above, in the

pure naturakparity exchange procesg;_,=0.5 and pg, FIG. 7. Beam polarization asymmety, at four energy scales.
=0 will result in P,=+ 1. Similarly, if theunnaturatparity = The solid curves denote the full calculations, while the dashed
exchange process contributes exclusively, one will Bgt  curves denote results of thiechannel#® and Pomeron exchange,
=—1 with p%_1= -0.5 andp(l)0=0. At high energies and at and the dotted curves, ef’ pluss- andu-channels. The dot-dashed
the forward angles, the deviation of the parity asymmetriesurves denote the5(1720)-absent effects in the full calculations.
from +1 or —1 will suggest that bothnatural and
unnaturatparity exchanges exist in the reaction. However,trix elements, here one selects the experimental situation by
such a conclusion cannot be applied to the low energy regiopolarizing the spin of the initial and/or final state
due to the presence of resonance excitations, which will vioparticles.
late thes-channel helicity conservation, and shift the parity  In particular, with the linearly polarized photon beam, the
asymmetry away fromt+-1 or —1. In other words, if one first three terms in Eq(10) can be measured. In the final
expects to disentangle information relevant to the resonancstatew meson decay plane, one can sekdct 0°, thus the
excitations, the prerequisite is to consistently include thehird term in Eq.(10) vanishes and onlyV° and W* have
naturalparity exchange interference. contributions. At the directionp=90° and 6=90°, one
The results forP, at E,=2.8, 4.7, and 9.3 GeV are obtains
shown in Fig. 6. It shows that at 2.8 GeV, thenaturat
parity 70 exchange is dominant, thus negative asymmetries
are produced. With the increasing energy, tiagurakparity
Pomeron exchange becomes more and more important and
then the asymmetry will change to positive. At 9.3 GeV, the
x% and resonance excitations become negligible and the
dominant Pomeron exchange produces the parity asymme-
tries very close tot+ 1. Apparently, the parity asymmetry at
high energies and forwards angles shows great sensitivitieg,s
to the underwaynatural or unnaturatparity exchange

o o 3|11 0 0
W(cos 90°,90 ,Oy:E §—§p00+p171
P, lpbpl ). (18
YA 11 1-11-

With the relation 2%,+pJ,=1, the beam polarization
ymmetry is defined as

mechanisms. ) .
The dashed curves illustrate the effects if theand « pPutpii oj—o,
u-channel resonance excitations are taken into account. One 2= (19

0 0 git+o,’
. ) o +pi_ g|Toy
can see that their effects at smalis quite negligible. It PutPi-1 Tl
confirms the scheme to determine thghannel parameters at

higher energies, and then apply them to the resonance regiofhere o represents the pion cross section of theneson
decay with the pions submerged in the photon polarization

plane, whileo, represents that with the pions perpendicular
C. Beam polarization observables to it.

The polarization observable asymmetries become interest- In Fig. 7,3, is investigated for four energy scales, i.e.,
ing since contributions from individual resonances might beE,=1.15, 1.25, 1.35, and 1.45 GeV within the energy access
amplified in the polarization observables, and therefore proef the GRAAL Collaboration. The solid curves denote the
duce a detectable effect. In comparison with the density matull calculations, while the dashed curves denote the exclu-
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sive calculations with thé-channel processes. The dotted ¢! 1
curves are obtained by eliminating the Pomeron exchange in i E~1.15 GeV I E,~1.25 GeV
the full calculations. 0.5 - 0.5
Note that, for the puraaturalparity exchange process, i i
one hasiA=+1, while for the pureunnaturatparity ex- 0 . or -
change =13 L -
Here, several lessons can be learned:
(A) As shown by the dashed curves, the negative asym-

_1||||I||

. . o T N R S B R R ) T BT R
metries are due to the dominanf exchange at low energy ' 50 100 150 0 50 100 150

regions. 6 (deg) 8 (deg)

(B) Comparing the dashed curves to the solid ones, one f" of
can see that the influences from teeand u-channels are | E;=1.35 GeV I E,~1.45 GeV
very significant, especially near threshold.

(C) The effects from thenaturaklparity exchange are
shown explicitly at forward angles by the dotted curves. This 0
process has very small cross sections at low energies, and
therefore cannot be seen clearly in the angular distributions. -0

However, it intervenes strongly at forward anglesiim and L T
deviates the asymmetries from1. This feature confirms 1o 50 100 150 1o 80 100 150
our argument that a reliable description of thehannel pro- 6 (deg) 3 8 (deg)
cesses should be important in the study of the polarization FIG. 8. Beam polarization observalig, at four energy scales.
observables concerning the resonance excitations. The solid curves denote the full calculations, while the dot-dashed
(D) The large angle asymmetries are dominated bysthe curves denote th®,;5(1720)-absent effects in the full calculations.
and u-channel processes, in which signals for some indi-
vidual resonances can be derived.

. . . unnaturatparity exchangess.g has values-1 or +1, re-
In the w meson production, the most interesting resonance panty gese

should be theP,4(1720), of which the coupling to theN  SPectively, which are opposite to the cases Ygr. When

channel has not been established in experiment. As summROth processes exist in the reaction, a deviation frofn or

rized in the previous subsection, the relatively large contri-—1 is expected.

butions from theP,5(1720) are due to its NRCQM configu- In Fig. 8, the full calculations of.g (solid curves are

ration and near-threshold mass. presented, in which the angular distributions show drastic
However, according to the PD@E24], the P.5(1720) changes. In comparison with E¢L9), due to the possible

couples more strongly to the isovecyothan to the isoscalar cancellations in the denominator &, this observable

@ Meson. A question arising here should be Whe'ther one Calrr‘light be sensitive to such effects that are not obviousn
find signals for the presence of th,y(1720) given the ., ¢act \ye find that the “defect” of the Pomeron exchange

beam polarization data available. . .
model can be seen clearly idg when the exclusive

In this calculation, we find that the beam polarizationp h . lculated. For the P h
asymmetries are also very sensitive to Byg(1720) excita- ' OMeron exchange Is calculated. For the Fomeron exchange

tion. Supposing thé®,5(1720) has no coupling to theN model, 2’3:+1 is obtained with a negligible deviation,
channel, we present tHe, 5(1720)-absent asymmetries with while for 25, large deviations from-1 at middle angles are
the dot-dashed curves in Fig. 7. Very significant effects ardound. Although the dominant resonance amplitudes can
found at backward angles, while the influences at forwardsubmerge such a “defect” efficiently, this observable should
angles are found negligible. Such an effect can be tested iye more model dependent than .
the measurements of GRAAL and CLAS. In Ref.[31], the beam polarization is defined as

With ¢=0°, #=90°, and®=0° in Eq. (10), one can
define another observable:

« . 2p1rtpgo
PTI—PI-1 S=SXT=—5—4 (21)

« - 0 0’
Sp=—f—% - (20) 2p11t Poo
P117 P1-1

It can be easily seen that for the exclusimatural or  where 29;+ p3,=1 represents the normalized cross section
function. In this case, the derivation 2f in experiment re-

quires the integration over angig. In our previous investi-

3rrom3 4= = 1, one cannot directly reach such a conclusion thatgations[16—18, the beam polarizatioﬁl_ was studied.
the exclusivenaturalor unnaturatparity exchange have happened ~ Some common features can be derived forrthtural and

in the reaction, since the asymmetries of the double-flip amplitudesinnaturatparity exchanges:
can also lead to the same result. (1) For the exclusivenatural or unnaturatparity ex-
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w1 W In comparison with the preliminary studyl8], more
[ Est15Gev [ Ent25Gev quantitative results are obtained here through the extensive
05 0.5 investigation over the available data.
e S0 IV. CONCLUSIONS AND DISCUSSIONS
.05 F 0.5 ' In this work, we studied three contributing processes in
the @ meson photoproduction near threshold. In comparison
) T I ) A I with the previous approach, here, the introduction of the
0 50 100 915d° 0 50 100 915d° t-channel naturakparity Pomeron exchange improves the
a1 (deg) a1 (deg) model predictive power. Although the Pomeron exchange

I I has only small amplitudes near threshold, which does not
o5l  ErtG ogl ErtaeeeV produce significant effects in the differential cross sections, it
has strong interferences with the’ exchange terms at for-
ward angles in the beam polarization asymmetries. Taking
the advantage of high energy measurement, the Pomeron ex-
change can be determined. Consequently, the interferences
between the Pomeron antd® exchanges can be studied with
ol gl respect to the intermediate-high-energy measurement at
0 50 100 150 0 5 100 150 small t [14], through which ther® exchange can be deter-
6 (deg) 8 (deg) mined. The reliable constraints found for thehannels high-
light the roles played by the resonance excitations. We stress
that such a constraint is the prerequisite for the study of
resonance excitations in various observables.
Proceeding to the study of tlee andu-channel resonance
< : 1 1 4 excitations in the beam polarization observables, we find that
changes vams?es due tpy, and pgo=0. _ the multiplets of representati$®6,28,2,2,)], i.e., P15(1720)

(2) With the 7~ plus Pomeron exchanges, this observable,nqr. (1680) have large contributions in this reaction. The
almost vanishes since no interferences exist between the regjje played by theP,5(1720) is analyzed in the beam polar-
amplitude=° and imaginary-amplitude Pomeron exchangesization asymmetries. This resonance becomes interesting due

(3) As a direct deduction of the previous two points, largeto its mass position near threshold and relatively larger phase
asymmetries can only be produced by other nondiffractivespace in the NRCQM. Since its coupling to thé&l has not
contributions. been known in experiment, the forthcoming data from

In Fig. 9, the calculations of are presented. The solid GRAAL for the beam polarization asymmetries will be able
curves denote the full calculations, while the dashed curvet® establish the nature of this resonance in di¢ channel.
are for the calculations without th& and u-channel reso-
nance contributions. We also present the Pomeron-absent re- ACKNOWLEDGMENTS
sults through the dotted curves, of which, however, the

changes are not as drastic asdip. The P;5(1720)-absent
effects are also shown by the dot-dashed curves.

_1\||.I|\

FIG. 9. Beam polarization observahie at four energy scales.
The notations are the same as Fig. 7.
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