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Photoproduction and electroproduction of JPC5121 exotics

Andrei Afanasev* and Philip R. Page†

Theory Group, Thomas Jefferson National Accelerator Facility, 12000 Jefferson Avenue, Newport News, Virginia 23606
~Received 15 January 1998; published 13 May 1998!

We estimate the kinematic dependence of the exclusive photo- and electro-production ofJPC5121 exotic
mesons due top exchange. We show that the kinematic dependence is largely independent of the exotic meson
form factor, which is explicitly derived for a 121 isovector hybrid meson in the flux-tube model of Isgur and
Paton. The relevance to experiments currently planned at Jefferson Lab is indicated.@S0556-2821~98!05411-3#

PACS number~s!: 12.39.Mk, 12.39.Jh
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I. INTRODUCTION

Evidence for aJPC5121 isovector state at 1.4 GeV ha
been published most recently inp2p→hp2p by E852@1#.
Since theJPC of this state is ‘‘exotic,’’ i.e. it implies that it is
not a conventional meson, this has raised significant inte
in further experimental clarification. Specifically, the adve
of high luminosity electron beam facilities such as the Co
tinuous Electron Beam Accelerator Facility~CEBAF! at Jef-
ferson Lab have raised the possibility of photo- or elect
producing aJPC5121 state, leading to two conditionally
approved proposals@2,3#.

Experimentally, Herculean efforts have been devoted
photoproduceJPC5121 states, but no partial wave analys
have been reported which would confirm theJPC of the state.
Condoet al. claimed an isovector state inrp with a mass of
1775 MeV and a width of 100–200 MeV withJPC either
121, 221 or 311 using a 19.3 GeV photon beam@4#. En-
hancements inb1p have been reported in a similar ma
region with a photon beam of 25–50 GeV@5# and 19.3 GeV
@6#.

In this work we perform the first detailed calculation
the photo- and electroproduction of 121 states.

II. CROSS SECTIONS

Since diffractivet-channel exchange is usually taken
be C-parity even, it follows by conservation of charge co
jugation for electromagnetic and strong interactions t
JPC5121 neutral states cannot be produced by~virtual!
photonsg* via a diffractive mechanism. However, to elim
nate the possibility of diffractive exchange completely, w
shall specialize to charge exchange, i.e. tog* p→ r̂1n,
where r̂1 is an isovector state of massM r̂ with a neutral
isopartner withJPC5121.

We shall assume in this first orientation thats-channel
andu-channel production of states in the mass range of
terest are suppressed, since very heavy'M r̂1M p
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52.5– 3 GeV excited nucleons need to be produced for
mechanism to be viable. This leaves us witht-channel meson
exchange. The lowest Okubo-Zweig-Iizuka~OZI! allowed
mass exchanges allowed by isospin conservation arep1,
r1, a1

1 andb1
1 . Utilizing vector meson dominance, we no

that ther1 andb1
1 exchanges require coupling ofg* to v,

which is suppressed by (0.30)259% relative to the coupling
to the r0 which occurs for the other exchanges@7#. Of the
remaining exchanges,a1

1 is likely to be suppressed1 due to
the large mass of thea1

1 in its propagator. On the other side
p1 exchange remains possible, and is generally expecte
be especially relevant for a photon at CEBAF energies. T
case is further strengthened by noting that there is a la
pp1n coupling and that there is already experimental e
dence from E852 for ther0p1 coupling of a 121 state at 1.6
GeV @8,9#. In contrast,r1 exchange is expected to be high
suppressed, at least for hybridr̂ in the flux-tube model, since
the relevant couplingr̂1→vr1, where the photon is re
garded as onv within the vector dominance model~VDM !,
is almost zero@10#. We henceforth restrict top1 exchange.
At CEBAF energies a single particle rather than a Regg
picture is appropriate. Nevertheless, we have verified th
Regge theory motivatedt dependence does not introduc
more sizable corrections to our predicted cross sections
variations of parameters do.

We write the Lorentz invariant amplitude as@11#

M5eFr̂gpgppnFppn~ t !
i

Mp
2 2t

emnabem
g en

r̂* qa
gqb

r̂ ūpg5un

~1!

wheree denotes the polarization vectors of the incomingg*
and outgoingr̂,q is the corresponding 4-momentum, andu
is a bispinor for the initial proton and outgoing neutron. T
p propagator has the formi /(Mp

2 2t), where t5(qp

2qn)2, and we assume a conventional monopole form
the cut-off form factor Fppn(t)5L2/(L22t) with L
51.2 GeV. We take the nucleon-p coupling constantgppn
513.5 @12#. As required byP parity, Eq. ~1! is the only
Lorentz invariant structure that can couple the nucleon t
pseudoscalar exchange~via ūpg5un!, and the pseudoscalar t
,
-

-
: 1Within Regge phenomenology, thea1 and b1 are not leading
Regge trajectories.
6771 © 1998 The American Physical Society
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g* and r̂ vector particles. As far as the Lorentz structure
concerned, thep exchange amplitude for virtual Compto
scattering@11#, vector meson~e.g. r! and r̂ production is
identical, since the amplitude is not dependent on the
parity or G-parity of the state. This is the central observat
that enables us to linkr̂ production with virtual Compton
scattering. In fact, we suggest thatr1 photo- and electropro
duction should be able to test the results in this work direc
in the near future, since diffractive exchange is not possi

Define four ~dimensionless! structure functions for the
~unpolarized! ep→e8r̂n electroproduction cross section a
@11#

d5s

dE8dVedVr̂
5

a2

64p3

E8

E

uqr̂u
M pW

1

Q2

1

12e
@sT1esL

1e cos 2fsTT1A2e~11e! cosfsLT#

~2!

e215112
Q21~E2E8!2

4EE82Q2

whereE(E8) is the initial ~final! electron energy andue the
electron scattering angle in the frame where the proton i
rest.M p is the mass of the proton ande the virtual photon
polarization parameter.W25(qp1qg)2 andQ252qg

2 . The

azimuthal anglef and ther̂ angle relative tog* , uc.m. , are
defined in the center of mass frame of the target proton
g* . From Eqs.~1! and ~2! the structure functions are

sT5@~q0
r̂uqgu2uqr̂uq0

g cosuc.m.!
2

1~ uqr̂uq0
g2q0

r̂uqgucosuc.m.!
2

1~q0
r̂ !2uqgu2 sin2 uc.m.#X

sL52uqr̂u2Q2 sin2 uc.m.X

sLT52uqr̂uAQ2~q0
r̂uqgu2uqr̂uq0

g cosuc.m.! sin uc.m.X
~3!

sTT52uqr̂u2~q0
g!2 sin2 uc.m. X

X5
2t

~ t2Mp
2 !2 @F r̂gpgppnFppn#2

where q0 represents the energies ofr̂ and g* , and q the
3-momentum ofr̂ andg* ; all in the center of mass frame o
the incoming proton and photon.

As we shall see later, the kinematical dependence of c
sections will depend only weakly on ther̂ form factorF r̂gp .
Hence most of the conclusions of this work depend wea
on the details of the~unknown! form factor, and are henc
independent of the detailed model assumptions made in
-
n

y
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ss
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next section. One crucial exception is the absolute magnit
of cross sections, which depend strongly on the form fac

III. FLUX-TUBE MODEL FORM FACTOR
FOR A 121 ISOVECTOR HYBRID

A 121 state cannot be a conventional meson due to
quantum numbers. One possibility is that it is a hybrid m
son. This possibility will be further explored here. Extensi
hybrid meson decay calculations have been done in the fl
tube model of Isgur and Paton@7,10#. The model is non-
relativistic and is formulated in the rest frame of the hybr
Since the hybrid form factor is Lorentz invariant it can b
evaluated in any frame, particularly the hybrid rest fram
The Lorentz invariant relativistic amplitude, evaluated in t
hybrid rest frame for a hybrid of polarization 1, is@12#

MR5eFr̂gpemnabem
g en

r̂* qa
gqb

r̂ 52 ieFr̂gpM r̂upgu

~4!

MR5A2Ep2Er2M r̂MNR

where we wrote the relativistic amplitude in terms of t
non-relativistic amplitude which we shall compute. The m
son wave functions are normalized differently in a no
relativistic model than in a relativistic case as shown in E
~4!. Here Ep and Er ~from g* via VDM! are the on-shell
energies of thep and r, each with momentumupgu in the
hybrid rest frame.

The evaluation of the non-relativistic amplitude procee
as follows. It is taken to be the product of the VDM couplin
of g* to the r, the propagator of ther and the flux-tube
model amplitude for the decay of a 121 hybrid to rp

MNR5
e

2gr

M r
2

M r
21Q2 flux-tube model amplitude ~5!

wheregr52.52@7#. The flux-tube model amplitude is evalu
ated as enunciated in by Close and Page@10#; i.e. we assume
simple harmonic oscillator~SHO! wave functions for ther
andp, with the hybrid wave function and the flux-tube ove
lap as in Ref.@10#, except that the small quark-antiqua
separationr behavior of the hybrid wave function is;r .

Utilizing Eq. ~4! to express the form factor in terms of th
relativistic amplitude, to write this in terms of the non
relativistic amplitude, and using Eq.~5!, we obtain

F r̂gp5
32p3/4

gr
SApg

21Mp
2Apg

21M r
2

M r̂
D 1/2

3
M r

2

M r
21Q2

0.62g0

S 11
0.2

bp
2 1br

2D 2

3
~bpbr!3/2br̂

5/2
~bp

2 2br
2!

~bp
2 1br

2!5/2j5/2 expS 2
pg

2

4j D
~6!
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j52br̂
2
1

1

2
~bp

2 1br
2!2

1

2

~bp
2 2br

2!2

bp
2 1br

2

up to a sign. Notice that the pair creation constantg0 of the
3P0 model enters explicitly in Eq.~6!. This is because the
flux-tube model, within the assumptions made for the wa
functions, gives a prediction for the couplings of a hybrid
terms of couplings for mesons in the3P0 model@13,10# @the
constants 0.62 and 0.2 in Eq.~6! are derived from flux-tube
dynamics#. We useg050.53 which reproduces convention
meson decay phenomenology@15#. In Eq. ~6!, b refers to the
inverse radius of the state, the parameter that enters in
wave function. Because of thebp

2 2br
2 term, we note that if

bp5br the form factor vanishes, which explicitly enforce
the selection rule that hybrid coupling to twoS wave mesons
is suppressed@13,14,10#.

IV. ELECTROPRODUCTION RESULTS

We utilize the ‘‘standard parameters’’M r̂51.8 GeV,
br̂50.27 GeV@10#, br50.31 GeV andbp50.54 GeV@16#.

All the kinematical variables that the structure functio
depend on, introduced in Eqs.~2!, ~3! and ~6!, can be ex-
pressed as functions of the Lorentz invariant variablesQ2

andW, anduc.m. ~see Appendix!.
The structure functionsT is plotted in Fig. 1 forW

53 GeV. sT is the most dominant structure function:
peaks strongly at smallQ2 and uc.m. . Physically, Q250
corresponds to the incoming and outgoing electrons mov
in the same direction.uc.m.50 corresponds to the photo
and ther̂ moving in the same direction. HencesT peaks
where ther̂ goes in the same direction as the incoming el
tron, i.e. towards the beam pipe. This becomes espec
critical when there is a sizable ‘‘hole’’ in the detector, whic
is the case for the CLAS spectrometer at CEBAF. The ot
three structure functions are small when compared tosT ,
with a suppression factor of about 1023 for sL and 1022 for
sLT and sTT . These three structure functions also peak
small Q2 and uc.m. . Experiments should be optimized t
enable detection at smallQ2 and uc.m. . According to the

FIG. 1. Structure functionsT at W53 GeV with standard pa-
rameters.Q2 is varied within its kinematically allowed range fo
E56 GeV.
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Appendix @Eq. ~A7!#, uc.m.50 corresponds to the minima
value of utu, so that peaking of cross sections at smallutu
would be a strong experimental test for thep1 exchange
explored here, especially since other exchanges are expe
to be more substantial at largerutu.

As we pointed out, the structure function due to longit
dinal photonssL is tiny. Correspondingly,sLT which is due
to interference between longitudinal and transverse pho
is smaller thansT . The reason for this is that longitudina
photons give no contribution to the process in a typical ca

when r̂ is at rest the amplitudeemnabem
g en

r̂* qa
gqb

r̂ in Eq. ~1!
vanishes. The suppression of contributions from longitudi
photons need not be true for exchanges other thanp1 ex-
change.

In Fig. 2 we show the non-zero structure functions f
Q250 corresponding to real~transversely polarized! pho-
tons. AgainsT is dominant. BothsT andsTT peak at large
W as would be expected because largeW corresponds to an
increase of phase space for the production of ther̂. We also
plot the photoproduction asymmetry parameterS
5sTT /sT , which can be accessed by using linearly pol
ized photons. Note thatS50 at the reaction threshold.

Figure 3 shows the non-zero structure function foruc.m.
50, wheresT attains its maximum and the negative val
tÞ0 is nearest to 0.

FIG. 2. Structure functionsT for Q250 and theS asymmetry
of photoproduction with standard parameters.W is varied within its
kinematically allowed range forE56 GeV.
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We define a typical test form factor based onr dominance
as

F r̂gp}
1

M r
21Q2 . ~7!

We have evaluated the structure functions for the test fo
factor in Eq.~7!. Remarkably, for all values ofQ2, W and
uc.m. the form of the structure functions are very simila
even though the form factors in Eqs.~6! and~7! have differ-
ent functional dependence on different parameters. Thi
demonstrated for the dominant structure functionsT in Fig.
4, where we see that the difference is a few percent. Thus
Q2, W anduc.m. dependence of the cross section in Eq.~2! is
very weakly dependent on models forF r̂gp , so that the ki-
nematic dependence of total cross sections, and hence m
conclusions of this work, are independent of the details
specific models. This happens because the Lorentz struc
of onep exchange@Eq. ~1!#, and not the form factor, govern
kinematical dependence.

We shall now evaluate the total cross section by integ
ing over all kinematical variables in their allowed range
except for the following. The electron scattering angleue is
assumed to be larger thanue

min , and E8 is assumed to be
larger than 0.1 GeV. From a theoretical viewpoint, the
conditions ensure that we do not reachue50 and E850
where the cross section in Eq.~2! diverges. Experimentally
the outgoing electron is usually detected forue.ue

min . There
are also experimental limits on detection of small outgo
electron energies.

For the total cross section, the results are shown in Ta
I. The decrease of cross section for increasedr̂ mass is due
to the decrease in available phase space. The decrea
cross section with increasing electron energy is due to
‘‘hole’’ in the forward direction through which an ever in
creasing number of electrons pass. The qualitative dep
dence of the cross section onE is also found for the test form
factor, and is hence mostly model independent. One of
implications of Table I is that for the CLAS detector
CEBAF, an electron beam towards the lower end of

FIG. 3. Structure functionsT for uc.m.50 with standard param
eters. If a curve is drawn from the top to the bottom corner
scribed byQ25Qmax

2 @see Eq.~A2!#, then the region to the left o
the curve corresponds to the physically accessible region of pa
eter space forE56 GeV.
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range~e.g. 5.5 GeV! appears to be preferable. Another im
plication is that at the DESYep collider HERA with a 27.52
GeV proton beam and 820 GeV electron beam, correspo
ing to E548.1 TeV, 121 r̂ production should be negligible

We have also computed the total cross section for vari
values ofue

min and obtain

ue
min Total cross section~pb!

12° 28
5° 110
1° 360

so that the cross section increases substantially as the ‘‘h
in the detector becomes smaller. This implies that improv
statistics forr̂ should result from the ability to put detecto
as near as possible to the beam pipe in the forward direct

It is of interest to check the total cross section as a fu
tion of the wave function parameters of the participating co
ventional mesons forue

min512°.

-

m-

FIG. 4. The difference~in percent! between the structure func
tion sT with the test form factor~denotedsT

test! and sT with the
flux-tube model form factor for standard parameters as a functio
Q2, W anduc.m. , varied within their kinematically allowed range
for E56 GeV. We normalize the test form factor to agree with t
flux-tube model form factor at points wheresT is maximal, denoted
smax. For the first graphW53 GeV, and for the secondQ250.
The ‘‘difference’’ is defined as (sT

testsmax/smax
test2sT)/smax.
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Total cross section~pb!
Standard parameters 28
br50.45 GeV andbp50.75 GeV@17# 15
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We note that the cross section changed by a factor of tw
the two conventional meson wave function parameters
changed to reasonable values. Also, we chose a value og0

towards the upper end of the range in the literature@15#. In
calculations of excited mesons, values ofg0

2 that are 50%
lower have been used. Hence, within this model, revision
the b’s and g0 can make the cross sections;30% of the
values quoted for electroproduction cross sections in
section and Table I. Hence absolute cross sections shou
regarded with more caution than kinematic dependence
summarize this section, we stress that thet-channelp ex-
change mechanism of 121 electroproduction leads to dom
nance of transverse photoabsorption. Therefore
Rosenbluth-type separation of different structure functio
contributing to the cross section would be necessary in o
to understand ther̂ electroproduction mechanism.

V. PHOTOPRODUCTION RESULTS

The photoproduction cross section (Q250) is

dsg

dVc.m.
5

a

16p

uqr̂u
M p~W22M p

2!
~sT1e cos 2fsTT!, ~8!

wheref is the angle defined by the planes of photon line
polarization andr̂ production; and the parametere defines
-

-
h

a

if
re

in

is
be
o

a
s
er

r

the degree of photon linear polarization. The total photop
duction cross section may be obtained by integrating the
ceding formula overVc.m. ,

sg5
a

8

uqr̂u
M p~W22M p

2!
E sT sin uc.m.duc.m. , ~9!

The photoproduction cross sectionsg is shown in Fig. 5.
The cross-section peaks not far from ther̂ production thresh-
old. The shape of the cross section as a function of pho
energy is very similar for the test form factor.

The reason for the fall in the photoproduction cross s
tion with increasing photon energy is first that, as the pho
energy increases, the smallest allowedutu ~where the cross

sections peak! decreases, so thatqa
g'qb

r̂ and the factor

emnabem
g en

r̂* qa
gqb

r̂ in the amplitude vanishes. Secondly, th
g5 coupling of thep1 to the proton and neutron is such th
it flips the spin of the nucleon. Ast→0 the proton and neu
tron 4-momenta become identical and the spin flip wo
become zero, so that the amplitude;t @as can be seen ex
plicitly in Eq. ~3!#. This means that with increasing photo
energy the spin flip of the nucleon suppresses the cross
tion.

We check the total cross section as a function of the w
function parameters of the participating conventional mes
for 6 GeV photons andr̂ of mass 1.8 GeV.
Total cross section~nb!
Standard parameters 540
br50.45 GeV andbp50.75 GeV@17# 250
he

ct

s at
s

nly
the
be
Hence, within this model revisions in theb’s and g0 can
make the cross sections;25% of the values quoted for pho
toproduction cross sections in Fig. 5.

We have already suggested thatr1 electro- and photopro
duction can test the ideas in this work. Unfortunately t

TABLE I. Total electroproduction cross section in pb forue
min

512° andE8 larger than 0.1 GeV, relevant to the CLAS detector
CEBAF. We utilize the standard parameters.

Electron energy
~GeV!

r̂ mass

1.4 GeV 1.8 GeV 2.2 GeV

5.5 62 29 3.7
6 50 28 6.5
6.5 41 25 7.9
8 21 16 7.8

20 0.6 0.5 0.4
e

relevant data forr1 has not yet been taken and onlyr1

inclusive photoproduction data exist@18#. Photoproduction
data is the most likely to be forthcoming, and we show t
dominant structure functionsT in Fig. 6. It may be observed
that the structure function is somewhat different from ther̂
structure function in Fig. 2. This is mainly due to the fa
that the mass of ther is very different from ther̂. We find
that ther structure functionssL , sLT andsTT have similar
parameter dependence to theirr̂ analogues.

VI. SUMMARY

We found that the electroproduction cross section peak
small Q2, uc.m. and largeW, with the consequence that it i
strongly enhanced for small-angle electron scattering.

The kinematical dependence of cross sections o
weakly depends on the model-dependent form factor of
gp→121 transition. The conclusions drawn can also
tested inr1 electro- and photoproduction.

t
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A Rosenbluth-type separation of electroproduction cr
section andS-asymmetry measurements in photoproduct

are necessary to verify ther̂ production mechanism.
The 121 photoproduction cross section peaks at energ

near to the reaction threshold and reaches values aroun
to 0.8 mb depending on model parameters and the assu

mass of ther̂ meson.

FIG. 5. Photoproduction cross section in nb as a function

photon energy~in GeV! for various r̂ masses for standard param

eters. From top to bottom on the vertical axis this correspondsr̂
masses of 1.4, 1.8 and 2.2 GeV.

FIG. 6. TheW and uc.m. dependence of the structure functio
sT for r1 production atQ250. We varyW within its kinematically
allowed range forE56 GeV. Within the framework of VDM,g*
couples to anv, and thev couples to ther1 andp1 via G-parity
allowed OZI allowed couplings. The structure functions are thos

Eq. ~3! with all references tor̂ replaced byr. The flux-tube model
form factor forr1 production is proportional to the form factor i
Eq. ~6! with the understanding that all reference tor is replaced by

v, and all reference tor̂ is replaced withr. We use Eq.~6! with
br5bv50.31 GeV andbp50.54 GeV. The normalization of the
structure function has hence been chosen to coincide with its
logue in Fig. 2 to facilitate comparison, and has no physical sign
cance.
s
n

s
0.3
ed

VII. CONCLUSION

We conclude that electro- and photoproduction of 121

exotic mesons from a proton target has high enough c
sections to be observed in forthcoming Jefferson Lab exp
ments. Optimal conditions to studyr̂ photoproduction would
require a high intensity beam of real~or quasi-real! photons
with variable energies between 2.5 and 10 GeV, assum
that the~still unknown! r̂ mass is within the range of 1.4 t
2.2 GeV.
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APPENDIX A: RELATIONSHIPS BETWEEN
KINEMATICAL VARIABLES

Q2 andW are related toE8 andue by

Q252EE8~12cosue!
~A1!

W2522EE8~12cosue!12M p~E2E8!1M p
2

where 0<Q2<Qmax
2 and Mn1M r̂<W<AM p(M p12E);

and 0<ue<p and 0<E8<Emax8 , with

Qmax
2 5

2E

M p12E
~M p

212M pE2W2! ~A2!

Emax8 5
M pE1 1

2 M p
22 1

2 ~Mn1M r̂ !2

E~12cosue!1M p
. ~A3!

The variablesq0
r̂ ,uqr̂u andq0

g ,uqgu are defined in terms ofW
andQ2 by

q0
r̂5Auqr̂u21M r̂

2
5

W21M r̂
2
2Mn

2

2W
~A4!

q0
g5Auqgu22Q25

2Q21W22M p
2

2W
. ~A5!

pg can be written in terms ofQ2, W and t as

pg
25

M r̂
4
1Q41t212M r̂

2
Q222M r̂

2
t12Q2t

4M r̂
2 ~A6!

f

f

a-
-
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where

t5~2q0
g1q0

r̂ !22~ uqgu21uqr̂u222uqguuqr̂ucosuc.m.!.
~A7!
-

vi
a
97
For photoproduction, the photon energy is

Eg5
W22M p

2

2M p
~A8!
on
re-
@1# E852 Collaboration, D. R. Thompsonet al., Phys. Rev. Lett.
79, 1630~1997!.

@2# CLAS Collaboration, G. Adamset al., ‘‘Exotic Meson Spec-
troscopy with CLAS,’’ CEBAF Proposal E 94-121.

@3# CLAS Collaboration, I. Aznauryanet al., ‘‘Search for JPC

5121 Exotic Mesons . . . ,’’ CEBAF proposal E 94-118.
@4# G. T. Condoet al., Phys. Rev. D43, 2787~1991!.
@5# Omega Photon Collaboration, M. Atkinsonet al., Z. Phys. C

34, 157 ~1987!.
@6# G. R. Blackettet al., hep-ex/9708032.
@7# P. R. Page, Nucl. Phys.B495, 268 ~1997!.
@8# E852 Collaboration, N. M. Cason, inProceedings of Intersec

tions between Nuclear and Particle Physics, Big Sky, Mon-
tana, 1997, edited by T. W. Donnelly~AIP, New York, 1998!,
p. 471; E852 Collaboration, D. P. Weygand and A. I. Ostro
dov, in Hadron ’97, Proceedings of the Seventh Internation
Conference on Hadron Spectroscopy, Upton, New York, 19
-
l
,

edited by S.-U. Chung~AIP, New York, 1998!.
@9# P. R. Page, Phys. Lett. B415, 205 ~1997!.

@10# F. E. Close and P. R. Page, Nucl. Phys.B443, 233 ~1995!;
Phys. Rev. D52, 1706~1995!.

@11# A. Afanasev, in Proceedings of Workshop on Virtual Compt
Scattering, Clermont-Ferrand, France, 1996, edited by V. B
ton, pp. 133–139, hep-ph/9608305, JLAB-THY-96-01.

@12# O. Dumbrajset al., Nucl. Phys.B216, 277 ~1983!.
@13# N. Isgur, R. Kokoski, and J. Paton, Phys. Rev. Lett.54, 869

~1985!.
@14# A. Le Yaouancet al., Z. Phys. C28, 309 ~1985!; F. Iddir

et al., Phys. Lett. B207, 325 ~1988!.
@15# P. Geiger and E. S. Swanson, Phys. Rev. D50, 6855~1994!.
@16# E. S. Swanson, Ann. Phys.~N.Y.! 220, 73 ~1992!.
@17# R. Kokoski and N. Isgur, Phys. Rev. D35, 907 ~1987!.
@18# Omega Photon Collaboration, M. Atkinsonet al., Nucl. Phys.

B235, 189 ~1984!.


