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Double vector meson photoproductiop,y,G— VV)p, mediated by a scalar gluebdl is investigated.
Using vector meson dominan€¢MD) and Regge/pomeron phenomenology, a glueball enhancement is pre-
dicted in the invarian¥/V=pp and ww mass spectra. The resonant cross-section profile is sensitive to the total
glueball width,T'g, but is discernable fof' =125 MeV or less. The scalar glueball is assumed to be the
lightest physical state on the daughter pomeron trajectory governing diffractive vector meson photoproduction.
In addition to cross sections, calculations for hadronic and electromagnetic glueball dBeaysy’ (V,V’
=p,w,¢,y), and y,V— G transition form factors are presented based upon flavor universality, VMD, and
phenomenological couplings fromp photoproduction analyses. Due to limited phase space, the predicted
glueball VV decay widths are sensitive to the uncertain glueball mass, however the extracted gixéball
coupling constant is similar to an independent theoretical study. Possible signatures for glueball detection are
also discussed.
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I. INTRODUCTION =2"*, 4** ... glueball Regge trajectory. Indeed, both theo-
retical [9,15-19 and experimenta]20] evidence continues
Even though quantum chromodynami€3CD) is the ac-  to accumulate which supports this conjecture. The PGH pro-
cepted theory of hadronic physics, realistic nonperturbativé/ides an attractive, logical framework for determining all
QCD predictions for reaction amplitudes are still not avail-9glueball-hadron couplings from established pomeron phe-
able. However, quantum hadrodynani@HD) calculations nomenology as well as the glueball mass, which is taken to
continue to provide a reasonable framework for the analysi€€ 1.7 GeV(see Sec. li\ ,
of data. Related, the historical success of vector meson domj- N this study, we use the PGH to extend the effective
nance(VMD) and Regge theory has led to an establishecjagrang'an model developed fc&r_photoproducﬂor{Zl] and
legacy for investigating both electromagnetic and hadronidMe!ike virtual Compton scatteringlVCS) [22] to double
processes. Because of the wide interest in the gluonic aspe ctor meson photoproduction mediated by a scalar glueball

of QCD, especially glueballs, and new experimental oppor- e necessary glueball-vector mestfrp, , ¢) hadronic
oD, esp y glueballs, pe PPOTnd electromagnetic couplings are uniquely determined from
tunities at electromagnetic accelerator facilities, such as Jefs

. ) GH, VMD, and isospin symmetrflavor independengeof
ferson Lab, this work combines QHD, VMD, and Regge/the glueball-hadron couplings. In addition to cross sections,

pomeron physics to study double vector mesonye predict theJC=0" glueball partial decay widths for
photoproductionp(y,G— VV)p, mediated by a scalar glue- 4o ple vector(G— VV'), one-photon(G—Vy), and two-
ball, G. Investigating gluonic degrees of freedom via photo-photOn (G— yy) decay channels. Since the vector meson
production processes compliments propo$e@] glueball  |eptonic decay constants are known, we also apply VMD to
searches at CLEO-c and BES usieig™ annihilation. _derive the radiative(y,V— G), transition form factors re-

Although QCD predicts the existence of glueballs, experi-qujred for scalar glueball electroproduction calculations. Our
mental confirmation is still lacking. There is general agreekey finding is the prediction of a measurabl®y,G
ment that the 0" state should be the lightest glueball, how- —VV)p cross section and, depending upon glueball mass
ever calculations for the scalar glueball mass vary fromgnd total width, a glueball enhancement in e and ww
around 1 to 1.8 GeV. Quenched latti@-6], QCD sum rules  invariant mass spectra near 1.7 GeV. Although we have omit-
[7], and constituent gluon mode|l8,9] report a scalar glue- ted glueball-meson mixing, this effect will predominantly al-
ball near the upper mass range, while other stufli€s11] ter the glueball mass, which is already uncertain. Provided
yield a lower mass near 1 GeV. Since glueballs have zerthe glueball mass is above th&/ threshold, the excitation
isospin, the scalar can mix with*Oisoscalar quark states, and decay mechanism in this approach remains the same for
and several mixing analys§s2—14 also report a wide range a mixed glueball state. This will be especially true for states
of glueball masses and widths. Clearly there is a need fohaving a dominant glueball component such as predicted by
further study and additional insight. lattice calculation$13] for the fo(1710. Further, for the pur-

This work is a different approach to glueballs and is basegoses of glueball searches, our unmixed glueball production
upon the pomeron-glueball hypothesiPGH) [9,15,14, cross-section magnitude should be sufficient for count rate
which connects the pomeron with the even signatiife  predictions.
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This paper spans six sections. In Sec. I, we review the  (qg,\) + p(p,o) — p(p’,o’) + G(q')
essential features @f electromagnetic production and TVCS ., ,
[22] that are relevant for formulating’V photoproduction. = P(p’,0") + V(vg, ) + V' (v2,M9),
Then we detail the QHD model in Sec. lll, and in Sec. IV Wewhere the energy-momentum 4-Vectc(h§9Iicitie9 for the
present the VMD relations, glueball radiative transition formphoton, proton, glueball, recoil proton, and vector mesons
factors, and decay widths. Section V contains our main reare given byq(\), p(o), 9’ =vi+v,, p'(0'), andvi=; A\)),
sults with theoreticap(y, VV)p cross sections documenting a respectively. The general case is considered involving
measurable glueball enhancement and a possible novel Sighotoproduction of a glueball that may be om@,:\;“?, or
nature deqay. Fi_nall_y, in Sec. VI we summarize and commengff-shell (virtual), Mg # \? and decays into two, possibly
on future investigations. different, vector meson¥V' =pp, ww, ¢¢, or w¢ having

massedV,=\v?, My, =v3. The three-body final-state diffe-
rental cross section factorizes
ll. ¢ PHOTOPRODUCTION AND TVCS MODEL
SUMMARY do _do, 1)
dt dMy,,  dt = VVier

Vector meson photoproduction is known to be dominated _
by diffractive scattering at low momentum transfer and highwhere My,,=vq'? is the invariantvV’ mass andio,/dt is
energy. The diffractive amplitude has a clear exponeitial the virtual glueball photoproduction cross section,
dependence, presumably generated by a tower of gluon do . R
t-channel exchanges, collectively known as the pomeron * = —-KGpT|yp)*. 2
[23]. At low energy and for large momentum transfer, vector dt  wgy

meson photoproduction is complicated by nondiffractiveTne vector meson fluxF o e, resulting from the glueball
mechanisms such as pseudoscalar mésom, ') exchange decay can be expressed in terms of phase sgg, the
[21.24, nucleon résonances, and two-glyon excha{@@ . _glueball propagatoils(q’), and theG—VV' decay ampli-
In ¢ photoproduction, there are additional nondlf“fractlvetude (VW[ G)
amplitudes due to strangeness knock@#,27 and Okubo- ' '
Zweig-lizuka (OZIl) [28] _vioIating/gvagiing @N _coup_lings f<vvr|e>:7’vvr|HG(Q')|2|<VV'|G>|2, (3)
[21]. The ¢ photoproduction reaction is especially interest-
ing for probing the intrinsic strangeness content of the '
nucleon[26,27 and yields important constraints for tfeff- Py = ﬁ%", (4)
shel) nucleon form factors in the vector meson resonance 256" My, gy
region accessible in TVCSyp—e‘ep [22]. For example, o ,
0OZI evading N vector and tensor couplings contribute to 2 Vg2 S— S ap(@®)
the nucleon strangeness radius, strange magnetic moment, Ig(q™) = 2 M2 +iVg' T S BN
and provide an improved description of the neutron electric g cTVd e
form factor, GR(g?) [29-33.
Our previous results documented that precisfpphoto- (W'|G) =
production and dilepton TVCS data near theproduction 2
threshold will provide important constraints for disentan-

. . . ; . . . In these equationsy refers to the photon energyn the
gling the complicated diffractive/nondiffractive amplitude aborobriate frame M. is the proton masd - is the alueball
components. In this work, we apply the same effective La bprop % Mp P G 9

; dt lculatech | h ~“total width, ggy\ is the glueball-vector meson coupling con-
grangian used 1o caiculatechannel pomeron exchange in stant,M, is a reference magset to 1 GeY which permits a

2(7.’\/)[)' to sialar glqebill pr;]ottoprmiluctliqr(}/_l,_\(?;SV\/)%. li dimensionless glueball coupling, aﬁgv is the vector meson
n important feature in the photoproduction MOCAELIS ¢\ rrent tensor specified below. The effective glueball propa-

the ph_oton-pomeron-vector meson vertex coqpllng as_s_ocbator is a generalization of the empiracle spacelike pomeron
ated with thet-channel pomeron exchange. Again, we utilize

) ) 0prescription[Zl] with the pole mass fixed &l;=1.7 GeV,
this and now |nterchange the role of the pomeron aqd VeCtOlonsistent with the lightest scalar glueball typically predicted
meson to consldarchannelp, @, and¢ exchange I'eadlng to by lattice calculations. Following Ref23], we have in-
pomeron, or via the PGH, glueball photoproduction. We also ) ap(a’? _
interpret the scalar glueball as the 0 physical state on the cluded in Eq.(5) the Regge faCtO'[.S‘Sth/So] , Which
daughter pomeron trajectory and make predictions corredescribes the high-energy behavior. Hese(q+p)® is the
sponding to this trajectory as well. usual cm energy Mandelstam variable ands(q'?) is the

pomeron trajectory of even signature glueballs with estab-

lished linear formap(t)=ag+a’t. Because Regge theory
Ill. QHD MODEL DETAILS only governs the asymptotic high-energy behavior, we intro-

duce the parametes;, (0<sy<$;) to describe the low-

We formulate the double vector meson photoproductiorenergy double meson production amplitude with the refer-
reaction as a two-step mechanism mediated by a scalar gluence energy,\s,, fixed at the threshold,s,=(My+My,
ball, G, +M,,)2. In previous, successful analyses@iphotoproduc-

2

Jevv »
M F\p/'v(vl,)\l)F'ur (Uz,)\z). (6)
0
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tion using this prescriptiof21,22, the available data clearly Ay )
selected the maximum valus,=S,, Which is used through- €\ =%) =~ ,—E(O:l,l)\z.o), (17
out this paper. If we omit the Regge factor, the effective v

gluonic propagator takes a standard hadfgluebal) form 1

and thus we loosely distinguish between pome(@egge &(\,=0) = —(—ky,0,0E,). (18)
mediated or glueballnon-Reggg production. In Sec. V, we My

compare cross-section predictions for both propagators
well as for a daughter pomeron trajectoy(t) = a5 +a't, to
which the scalar glueball is consigned.

4 the spins of the final-state mesons are not detected, the
cross section entails a helicity sum giving the factor

In the helicity representation, the glueball photoproduc- S= > (vWI|G)? (19)
tion amplitude (Gp|T| yp), is A1hp=0,1
(GHT|yp) = €,0H2,, W) Gavw
. M . . . =—7 2 [vi-v&6(0\) - &0\
wheree(\) is the photon polarization 4-vector in the helicity Mg AA=0,%1
. P . . .
basis andH’, is the hadronic current obtained by applica- — 01 &Ny (A ]2 (20)

tion of Feynman rules to the tree levglt=(q’'—g)?, andu ) o ) _
=(p’'-q)? channel QHD diagrams. The hadronic current isUsing the above specific kinematical representationudfor

evaluated in the totailmsystem(q+p=q’ +p’ =0) with thez and.ei or, more genera!ly for any frame, E(LO), the sum-
axis taken alongy. In this frame, the two photon polarization mation reduces to the invariant result

vectors are géW s

)\ = M2 [2(01 ' U2)2 + MVMV!] (21)

e(h)=—,—5(0,1,i>\,0) (A=1%). (8) 0
\J
2
The G(0*)—V(1)V/(1™) decay helicity amplitude, _>gG—V2V[(M$V— 2M2)%+ 2My (V= V).
(VV'|G), involves the vector meson current tensors 2Mg
Fy,(v1,A1) andF{(v,,\,) given by (22)
va(vi,)\i) = 0i,6 (Vi) ~ Vi€ 4 (V1) (9) The effective QHD Lagrangian for the strong and electro-

magnetic interactions generates the following contributions
with spin polarization 4-vectors;(v;,\;), subject to the Lor-  to the hadronic current.

entz conditiorv;- =0 fori=1, 2. These polarization vectors  t-channel \£p, w, ¢ exchange amplitudes,
satisfy

- Kevyr . o
S o€ wph) = g +ofolIME, (10) Moo =08y TPl Aad IOUE', o)

N
: T
K ,
whereg,,,=g*” is the standard metric tensor. The invariant X{y"“+ |M—Va"“qa} u(p,o). (23)
helicity decay amplitude involves the contraction 0
FXVFC:/: 201 -vyer - €2- vy - 0 - €) (11) s-channel proton-glueball coupling amplitude,
. . " ;o pta)-y+ My
and can be evaluated in the glueball rest frame where, with H, = egannp’,0’) )
v, along thez axis, the mesons 4-momenta are s-Mp+ Ep (s)
v1=(Eq,ve) = (E;,0,0ky) (12) . K
x|y rio g u(p,o). (24)
v2=(Ez Vo) = (E20,0,~ky). (13 P

u-channel proton-glueball coupling amplitude,
The 3-momentunk,=|v,|=|v,| depends on the vector meson P g piing amp

and the glueballinvariantVV’) masses HE, = egsNN(IO'vU')[Y” + iz_’;z_auﬁqﬁ}
p

1
ky= —=[(@2+Mi-M7 )2 -2q' M2 (19

Vg’ (pqg—‘y-'-MEu(p,a.)_ (25)
In this frame, the meson polarization vectors are u- MP+EP(U)

A\ Heree= \Fae and each hadronic current term has an effec-
e(A\y=%)=-—7=(0,1jir,,0), (15) tive coupling strength involving a glueball hadronic or elec-

V2 tromagnetic coupling constant. The facbq} in Eqg. (23) is

the tensor to vector coupling constant ratio for thew, or ¢
e\ =0)= i(k\/,0,0,El), (16) nuqleon vertex ana,=1.793 is the proton anomalous mag-

My, netic moment.
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TABLE I. Pomeron/glueball hadronic coupling and Regge tra-lized a hybrid VMD approacii32,33 that was a generaliza-

jectory parameters. tion of the model developed by Gari and Krimpelm#8j.
> This formalism incorporateSU:(3) symmetry relations and
9enN Jevv g g a'(Gev? Sakurai’s universality hypothesis to describe the baryon octet
44.0 343 10 _0.78 0.97 EM form factors, predominantly constrained by nucleon

data. Our treatment provided a good quantitative description
of the data using the vector meson-nucleon couplings,
C,(N)=0.4, C,(N)=0.2, andC,(N)=-0.1 [see Ref.[32],

In thet channel, the hadronic form factdf(t;\¢,y), in- . o
corporates the composite nucleon and vector meson structu ere the value ofC4(N) was optl'm|zed to describ&e
atd. HereC,/(N)=gynn/ fyv is the ratio of the vector meson-

which can be calculated in constituent quark models and i ) /
important for regulating the energy and momentum transfeflUcleon  hadronic couplinggyny, to the vector meson-
dependence in meson photoproductjes,35. However, to  '€Ptonic decay constanty. Using

preserve the covariance and crossing properties of our A M
model, we employ the phenomenological form fag&it,22 Iy _gte= Tef_zv (28)
\Y
)\ﬁut*—trznin . L.
Ft;New) = TR (26)  for the p—e*e™ decay vieldsf,=-13.1, giving thepN cou-
cut

pling g4un=1.3. Recent, preliminarg measurements from
normalized to unity aty,=t(¢°5=0). Fitting the p(y, ¢)p Jefferson Lab indicate a reduction at higher momentum com-
data yields the optimum cutoff parametag,=0.7 Gev. Pared to previous data, which suggests an even lafger
Also note that, unlike vector meson electromagnetic product0Upling. Although there is uncertainty gy, which is
tion, for t-channelJP=J** glueball (pomeron production, governed by the currently unknown nucleon strangeness con-
pseudoscalar meson exchange is prohibiteCiparity con- tent (as well as the small, but better knowmn.andd quark
servation. Hencer exchange only contributes to the produc- content of thes), the valueg,y=1.3 accurately reproduces
tion of C=odd glueball states which have much higher[22] both old, low, and new, higft, ¢ photoproduction data.
masses and are also more difficult to detect. The ratio of the q?N to the owN couplllng co.nstant is

In the s andu channels, the highly virtual proton propa- 9¢nn/9unn=0.37, slightly smaller but still consistent with
gation requires an off-shell form factor prescription. Becausdref: [37]. .
the s- and u-channel diagrams must combine to produce a 1N€ Y7— ¥, ¥7— %, and yG—y, transition form fac-
conserved hadronic current, we incorporate the off-shell eflors are computezd from VMD using the vector meson propa-
fect as a self-energy correction. Constrained by gauge invar@ators.Ilv=,,4(q°), with observed widthsl'y,

ance and the proton mass, the self-energy function must van- M2
ish at the proton pole and also be an odd functiosﬂri/lg. I(q?) = - S A — (29
2 2, [2

Hence we take g - My +iNgTy

(s-M?)?3 and couplings determined directly from th¢— ym, ¢

Zp(9) = aofpr_- (27) — 7y, w— ym, o— Yy, p— ym, andp— yn decays,
P

The dimensionless off-shell parametey=1.29, was deter- Ty x,= ﬁeg,{iv (30)
mined by fitting recentp) photoproduction datg36]. 73 Mg Y

The model parameters for the pomeron and daughter al
plitudes are listed in Table | and the vector meson couplin
constants are specified in Table Il. The glueball-vector meso
couplings are assumed to be flavor-independeniversality
hypothesi$ due to isospin/flavor invariance of gluonic inter-

or X=m, 5, and G. Again the massM,=1.0 GeV, is an
rbitrary scale in th&XVy Lagrangian andly is the rest frame
-momentum of the decay particles, given by a relation iden-
tical to Eq.(14). VMD then yields

actions. KTrny (qZ) - 2 C'n'VyHV(qz)i (31)
Y=Y, Veprw,b
IV. GLUEBALL DECAY WIDTHS AND TRANSITION
FORM FACTORS ko @@= S Cplied), (32)
In this section, we present our VMD formulation for the ’ VEpo.é
proton, vector meson, and glueball transition form factors. In
our previous¢ photoproduction/TVCS calculations, we uti- Koy o @)= X CoyJIud), (33)
. V=p,w,¢

TABLE |II. Vector meson coupling constants. where the dimensionless coefficients are ratios of transi-

tion moments and decay constants,

9oNN JuNN JgNN K; KIJ K:s
2.014 3.411 1.306 6.100 0.140 1.820 C.,, = 2V (34)

Ny~ fV ’
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TABLE Ill. VMD couplings from measured deca)88]. The TABLE IV. VMD glueball electromagnetic decays in keV.
flavor-independent glueball couplings are from R¢2.,22.
V— p 0} ¢
v Kavy vy Kavy \ To v, 866 844 454
p 0.901 1.470 0.62 5.0 TV 102 717 6
® 2.324 0.532 0.62 17.1 Ty .y 36 6 59
1) 0.138 0.715 0.62 —-13.1

respectively, while for a scalar glueball with mass 1.6 GeV it
Kivy produces the corresponding widths 28.7 and 4.5 MeV. Note
Covy= £, (35) because the is an isovector, the fulbp width is three times
v larger than the°p®. This range is in rough agreement with a
prediction from an independent glueball mixing and decay
Covy= Kevy (36) analysis[12], which predicts 46 and 12 MeV, respectively.
f Because of the phase space sensitivity, it is more appropriate

The pomeron/glueball radiative and transition decay con!® compare effective glueball couplings instead, and using

stants are not directly known, however they have been indith€ glueball mass and widths in Rgi2] yields the coupling

rectly extracted fromp photoproduction data and the VMD/ 9evv=4.23 which is close to our value of 3.43. The electro-
universality relatio21,22 magnetic widths, using Eq30), are presented in Table IV.

The vector meson photon decay widths are also shown for
_ 1 _ comparison.
Kevy= gGVV’L— + E + EJ =0.62. (37) We can also calculate the glueball two-photon radiative
] P ~_ decay width by first evaluating E¢33) for g°=0,
Using the most recently measured vector meson radiative

and leptonic decay width88], we obtain the VMD coupling 1
constants summarized in Table Ill. Koy =Kewy| T ¥t |7 0.11, (42)
P p ® ¢
The pseudoscalatr— yy and n— yy radiative decay
widths where again universality is invoked for al. The VMD
ol Mf’( prediction from Eq(38) for the G— yy decay width is then
Iy .yy= 4GWK>2<W (39 I'c_.,,=2.6 keV, which is comparable to thgdecay width,
0 r,.,=0.46 keV. .
provide a VMD consistency check for theand 7 transition Depending upon glueball mass, combining the above val-
form factors, Eqs(31) and (32), due to the normalization U€S Yields a total hadronkeV scalar glueball width between
conditions[F (0)=1, etc] 33.2 and 167.4 MeV, which of course only represents a lower
LAl bound for the full width. Indeed, there are several other de-
Ky . Kawy . Kudy cay channels involving lighter mesois, 7, K, a;) which
Kayy= f + f + PR (39 will compete, and Ref[12] estimates the total width could
P @ ¢ be up to 250 MeV. The actual width is between these two
limits and perhaps closer to the observed widths for the
=Koy Knoy | Kugy (40)  fo(1500 andfo(1710 glueball candidates which are 109 and
ny .
f, fo 1y 125 MeV, respectively.

It is instructive to compare owV glueball widths with
previous studies of scalar hadron decays. An analBisf
BESJ/ ¢ decays finds that the'Ostates decay mainly byo
while the 2* resonances decay predominantly gy A re-

Knyy=0.27, k,,,=0.26, analysis[39] of Mark Il J/¢ decay data also reportso is
) the dominant scalar decay bpp decay is listed as well for
VMD [Egs.(39) and (40)J: the fo(1750 with a branching ratio 4.7 times smaller. The

Using recent dat§38], we obtain excellent agreement be-
tween experiment and the VMD predictions, experin&.

(39)]:

Knyy=0.30, K,,,=0.27. most recent update to_ the_PDG Iistin@B] reports several _
o ) new 0" and Z* states in this mass region. Although there is
The glueball hadronic widths are calculated using limited information, thef,(1910 decays predominantly to
gé W k\3/ pp and ww while the f5(2010 decays top¢. Theoretically,
I w= HM_(Z) (41)  there are alsan (n=u,d) quarkonia estimateft0] for the

fo(1700 predicting appreciablgp andww decay, suggesting
with final-state momenturk,, given by Eq.(14). Thepp and  thatVV decay is not unique to glueballs. It would be inter-
wo Widths are sensitive to the scalar glueball mass since itgsting to see if such models also predict radiative decays
value is near their thresholds. Using the value of 1.7 GeWomparable to the VMD results listed in Table IV. Clearly,
yields theG—pp and ww widths of 133.2 and 34.2 MeV, additional experimental decay measurements of scalar had-
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IOE‘I‘I‘I‘I'I'\'\'\' Ié 10:||||||v||||||||||||| T T
i ——- plw (non-Regge) ] [ ——- p/w (non-Regge)
T plw (daughter-Regge) | I plw (daughter-Regge)
E N — plw (Regge) E oL — plw (Regge)
N T ¢ (Regge) ] ‘ : below threshold My, = 2.038 GeV
1 St 28 : ¢: below thresho 26 = 2. e
10 F Y 3 F
107 £ y ! - 3
‘“; E 1 m> F ]
5] 10'3 E_ _E ]
s < o't 3
= =
2 107 £ E s
= =
b S 107 E Width T, =0.079GeV 3
% 107 £ 3 5 : dth lg vy =0. e
] i i] B
10 F ! ®
[ i
107 1
] 0% F o 5
10_8 E 4: gc.m. =0
: ] M,, = 1.70 GeV
10—9 P R RS N N H A RS ST R \ U 1075,,,,,‘..|...|,,,|.., N B
1.5 16 1.7 1.8 19 20 21 22 23 24 25 3 4 5 6 7 8 9 10
M, , [GeV] E,"” [GeV]
FIG. 1'. Cross sections fap(y, G—VV)p vs the_lnvarlant\_/v FIG. 2. Comparison of Regg@omeron, solid line; daughter,
mass. Solid lines represent thg (or ww) cross sections for differ- ; . .
. dot-dashed lineand non-Reggéglueball, dashed linemediated
ent glueball widths. The short dashed curves repregenphoto- .
roduction vs lab energy. The on-shell daughter pomeron and non-

production. The long dashed curve omits the Regge energy depef; . ;
dence. The dot-dashed curve is the daughter pomeron result. &egge results are identical.
77 MeV of Ref.[12], which also showed width kinematic

rons are needed and photoproduction represents a potentk@nsitivity. This is the result using the gluonic propagator
source as documented by measurable cross sections in tiéthout the Regge factor and, as discussed previously, can be
next section. regarded as production mediated by more conventional had-
Finally, glueball electroproduction via intermediate virtual 'on (gluebal) formation. Notice that it is about a factor of 4
photons will require form factors for the transitiopy —G.  larger than the Regggpomeron prediction using the same

Agai imol licati £ VMD viel h 1+ Width (top solid ling. A similar increase occurs for the two
gain, simple application o yields the appropriate other widths(not shown.

¥ V—G transition form factors The dot-dashed curves in Figs. 1 and 2 correspond to the
Y daughter pomeron trajectory, again for the 80 MeV width,
N 2 . s .
KevyFv—c(d?) = > Iy (q9). (43)  which exhibits a different energy dependence from the
Vi=pop VY pomeron trajectory. Note that from Regge the?g], the

daughter trajectory has the same coupling but different en-
ergy dependence due to lower intercept. Because tfie 0
V. CROSS-SECTION PREDICTIONS glueball is on the daughter trajectory, one could argue that

This section summarizes the key cross-section findingghis is the more consistent cross-section prediction and it is

X oo . . . o
and presents results for a variety of kinematics. Figure i_nterestmg that it is almost identicait is for '*=Mg
=My, see belowto the non-Regge result.

displays the exclusive photoproduction cross section versus The two dashedsé production curves, corresponding to
the\_/Vinvariant mass. The three solid curves, .correspondinghe minimum and maximum glueball widths, are essentially
to different glueball widths, represent production and decaype same since these threshold is well above the on-shell
to the pp or 0w final states using the pomeron trajectory. glueball mass(Mg=1.7 Ge\j and only a small effect is
Because of universalityge,,=0gc..) and the near degen- precent from the off-shell gluonic propagator. Consequently,
eracy of thep andw masses, thpp andww production cross 4 production is predicted to be devoid of a light scalar
sections are essentially equal so one curve represents bgifjiepall enhancement. This is also why thp (Or ww)
channels. The two short dashed curves aredigrproduc-  curves converge at higher invariaxy mass, a region of
tion, which has a higher threshold. o _interest for effects from a tensai’=2**, glueball that is

The long dashed curve is the non-Regg_e prediction usingxpected to have mass near 2 GeV. Related, R3&]. lists
I'c=80 MeV, which is the average of the interval spannedseveralf,, possible glueball, states above 2 GeV with ob-
by theVV width. It is also close to the upper bound value of served¢¢ decays.

055201-6



GLUEBALL ENHANCEMENTS IN p(y,VV)p THROUGH VECTOR...

To document sensitivity to the uncertain glueball width,
three values are displayed for the pomeron trajectory. The
upper solid curve depicting the distinct resonant glueball
structure assumes that vector meson decay saturates the €
tire glueball width and uses the average value of 80 MeV.

PHYSICAL REVIEW C 70, 055201(2004

p (t-channel)
w (t-channel)
¢ (t-channel)

The lower curve corresponds to a width of 238 MeV, which ——~ proton (s-,u-channels) 3

is taken as an upper bound and is also the numerical widtt i
necessary to completely suppress the glueball cross-sectio — 13 £
enhancement. The middle curve udgs=125 MeV, which, i
as discussed in Sec. IV, may be closer to the physical glue:
ball value. Hence, if the actual width is roughly of order 100
MeV, a clear glueball enhancement can emerge.

The cross-section kinematics reflect the capability of the
envisioned Hall D facility at Jefferson Lab. Depending on
the choice of gluonic propagator, there is sensitivity to the
incident photon energy, as indicated in Fig. 2. While the g
energy behavior of the non-Regge predicti@ashed ling [ 7
and daughter pomerofdot-dashed lingare relatively flat, 3 s
the Regge calculationisolid curve increases with higher ;
beam energy. There is little energy srdependence in the [
non-Regge calculation since the cross section is at forwarc s
angles(t-channel dominatedIt is also equal to the on-shell L -
daughter pomeron cross section, which variess&g®@”) 10'?1 0 08 06 04 02 00 02 04 06 08 10
=1 since for on-shelly’?=M2 and ap(M3)=0. Because the e
Regge formulation is more phenomenologically based, our e
daughter pomeron prediction is preferred. However, it would
be interesting to confront all results with multiple vector me-
son production data at low and high energies. Interestinglyy e jictions and experimental planning, our cross-section es-
the different formula_t|ons yield similar cross.sec_uo(md timate should be sufficient.
measurable production rajesear 7 GeV, which is a fre- It is important to relate these predictions to the expected
quently cited Jlab upgraded photon energy. Hence it shoulf, i groundvV production from nonglueball mediated pro-
be feasible to confirm the possible gluonic enhancement presesses. Unfortunately, to our knowledge there are no specific
dicted in Fig. 1. - o L model calculations in this energy region. However, other

There is significant sensitivity to th.e productlon f!nal—.statedoub|e meson photoproduction calculations exist, and Refs.
angle, 6, or momentum transfer. This is reflected in Fig. 3, 41 42 predict cross sections comparable in magnitude to
which details a falling, then rising cross section with increasyhgse calculated here. Further, R@fL] investigates possible
ing angle. Note this result uses the pomeron propagator, arlg(otic, JPC=17* meson excitation inyp— p%7*n and pre-
the minimum cross section occurs fa,=90°. This predic- gjcts a similar resonance profile to our glueball production
tion is for Ej‘ =6.0 GeV and corresponds to the intermedi- .og it
ate, more representative glueball width. As expected for rinq)ly we note possible detection signatures predicted by
small angleglow t), t-channel vector meson exchange domi-pis analysis. Because of the domingnt: =, w— i,
nates, withp exchange(dense dot curvebeing the most  ,nq o KK decays, the presence of a glueball excitation
important. At larger angleghighert), s- andu-channel am- 41 be correlated with a four and sixdecay around 1.7
plitudes emergedashed curvecorresponding to production  Gey in the invariantpp and ww mass spectra, respectively.
from glueball-proton coupling. Because basand q” are  yriher, and depending on the proximity of the glueball mass
fixed, the Regge and non-Reggeot shown results have the ¢ threshold, there also may be a novehr 7K K-
identicalt-channel relative contributions and variations. decay near or above 1.8 GeV in the spectrum. The latter

We also comment on uncertainties in our off-shell photon-y, he a unique signature as there are no hadrons listed with
pomeron-vector meson coupling treatment. Because OUfis decay. This would be an ideal experiment for the envi-
model is based upon field theory and VMD, it fully respectsgjoned Hall D large acceptance spectrometer.
crossing symmetry and is thus valid for both spacelike and
timelike kinematics. We can therefore use the analytical ver-
tex from ¢ photoproduction, which was phenomenologically
fitted over a wide kinematic region, and interchange the
pomeron(or daughterand ¢ meson. From previous off-shell This work combines the time-honored tools of quantum
studies[21,23, the uncertainty due to our vertex treatment ishadrodynamics, vector meson dominance, and Regge theory
less than the overall model sensitivity due to the differentwith the pomeron-glueball connection hypothesis to predict
glueball widths or alternative exchange Regge scenarioglueball production and decay processes. Using a minimal
documented in our figures. For the purposes of count rateet of parameters independently determined from recent had-

10° F

FIG. 3. Relatives-, t-, andu-channel contributions.

VI. CONCLUSIONS
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ronic and electromagnetic analyses, a measurable cross sec-Future work will address other scalar glueball decay chan-
tion is predicted forp(y,G—VV)p with a possible scalar nels. Related tensor glueball production and decay will be
glueball enhancement near 1.7 GeV in fgeandww invari-  investigated, which should be especially interesting since a
ant mass spectra. This resonant cross-section structure is s&ftrong VV decay is expected and thé*2glueball mass is

sitive to the total glueball width and should be discernable ifvery likely above the clear signatugsp decay threshold.
the width is of order 100 MeV. If the actual width is signifi-

cantly larger, say greater than 200 MeV, it may still be pos-

sible to detect a scalar glueball via hadronic or radiative de- ACKNOWLEDGMENTS

cays, especially if the glueball mass is high enough to
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