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Deep electroproduction of exotic hybrid mesons
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We evaluate the leading order amplitude for the deep exclusive electroproduction of an exotic hybrid meson
in the Bjorken regime. We show that, contrarily to naive expectation, this amplitude factorizes at the twist 2
level and thus scales like usual meson electroproduction when the virtual photon and the hybrid meson are
longitudinally polarized. Exotic hybrid mesons may thus be studied in electroproduction experiments at JLAB,
HERA (HERMES or CERN (Compasks
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The study of hadrons outside the constituent quark modelsient to have exotic quantum numbers suchl@s=1"".
multiplets is an interesting topil—4] which is of funda- To answer this question we define, as usual, the meson dis-
mental importance to understand the dynamics of quark cortribution amplitude through the Fourier transformed cor-
finement. Deep exclusive meson electroproductisee, for  relator taken ag?=0,
instance[5,6]) is well described in the framework of the o
collinear approximation where generalized parton distribu-  (H(p,\)|¢(—2/2)y,[ — 2/2;2/12](2/2)|0)
tions(GPD9 [7] and distribution amplitudes encode the non-
perturbative parts of a factorized amplitidd. In this Rapid —ifuM
Communication we focus on the investigation of the electro- HH
production of an isotriplet exotic meson with"¢=1""* o
which we will denote add. Candidates for such states in- i € 'Zfld d(y—y)p-2/2 Hiy)
clude 7r,(1400) [9] which is mostly seen through its 7 P p-z Jo y ey
decay. Our derivation applies as well to exotic hybrid mesons
with other quantum numbers. However, our analysis of th‘?/vhere?=1—y; f,, denotes a dimensionful coupling con-

normalization of the amplitude is only valid for the I giant of the hybrid meson, so that the distribution amplitude
state. Theoretically these states are the subject of intensgH s gimensionless. We will discuss its normalization later.
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studies[1], mostly through lattice simulationg}]. A naive For the longitudinal polarization case
argument based on a constituent quark picture of the exotic

hybrid meson would lead to the expectation that the ampli- e0). 5

tude has a vanishing twist 2 component and then that the rate e(°)=—pﬂ

I3 .
of such processes is suppressed at l&gdewith respect to P-z
usual meson electroproduction. This is not true since the

H .
quark-antiquark correlator on the light cone includes a glu-only ¢. contributes, so that

onic component due to gauge invariance and leads to a lead-

ing twist hybrid light-cone distribution. We study such a cor- (H(p.O) ¢~ 2/2)y,[ — 2/2;212]yx(2/2)|0)

relator in detail and calculate its contribution to the hybrid 1 B

electroproduction ~ amplitude. The  reactionsy*p =ifHMHe§?)f dydV=yPz2pHyy, 2)
0

—H%,y*p—H"n,y*n—H,y*n—H p, or the coher-
ent reaction on deuterdi0] y* d—H% may be studied to } _
experimentally access this amplitude. In this paper we rel Egs.(1) and(2), we insert the path-ordered gluonic expo-
strict ourselves to the first of them and to longitudinally po-Nential along the straight line connecting the initial and final
larized virtual photon and hybrid meson. points[ z;;z,] which prowde_s t_he gauge invariance for bilo-
Let us consider the hybrid-to-vacuum matrix element ofcal operator and equals unity in a lightlikexial) gauge. For
the bilocal quark operators. As mentioned before, we supSimplicity of notation we shall omit from now on the indéex
pose that the hybrid is the isotriplet state witRc=1-*  from the hybrid meson distribution amplitude.
quantum numbers. In the quark model where mesons are Let us now prove thatitis pos_S|bIe to describe in this way
described as quark-antiquark states, such quantum numbe?8 €xoticJ=1 meson state with quantum numbePC
are forbidden. =—+. From charge conjugation invariance, one can imme-
Nonlocal quark operators necessarily involve gluon op-diately deduce for the neutral member of the isotriet
erators due to color gauge invariance. The key problem isvith the flavor structure 3/2(uu—dd) that the parametriz-
whether this gluon admixture allows this quark matrix ele-ing function ¢ is antisymmetric, i.e.,
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dH(y)=—"(1-y). ©) This explicitly shows that the nonlocal matrix elemegj
may describe an exotic hybrid meson and its light-cone dis-

charged hybrids. The propert®) is similar to the case of first moment(3).

two pion distribution amplitud¢11]. In particular, the anti- The nonzero matrix element of the quark energy-

was explored long agd 2]. It may be related, by making use
1 of the equations of motion, to the matrix element of quark-
f dy¢(y)=0. (4)  gluon operator and estimated with the help of the techniques
0 of QCD sum ruleqg13], which allows to fix the normaliza-
tion factor, or the coupling constarit, . One of the solutions
Let us pass to the analysis of the remaining quantum numbegorresponds to a resonance with mass around 1.4 GeV and

parity. For this purpose, it is convenient to expand the leftthe coupling constant at this scdte4]
hand side of Eq(1l) in a Taylor series, which is possible

because the matrix element is assumed to be UV regularized fy~50 MeV. 9
and does not contain any singularitieifthese singularities ) ] )
only appear in the hard scattering coefficient functigxs a  Note that the same exotic quantum numbesscept isospin

result, the hybrid-to-vacuum matrix element of this operatotvere found2] for the gluonic energy momentum tengat-
may be rewritten in the form: tributed therefore to the gluoniumit was noticed there that

energy momentum conservation leads to a zero coupling of
— . the operator to such an exotic state. This argument would be
(H(P MY~ 202)y,[ ~2/2:2/2]y(212)[0) applicable in our case for the isosinglet combination, if the
1 quark gluon interaction, leading to the nonconservation of
mzﬂl 2y both quark and gluon energy momentum tengehile the
nodd T sum is conserved is assumed to be negligible. However,
- = g there is no reason to expect it to be applicable to isovector
X<H(p’)\)|¢(o)7"D“l' Dan//(O)|0>, © combinations or to each quark flavor separately. Moreover,
- N even for isosinglet combinatidimcluding the pure gluonium
whereD , is the usual covariant derivative arid,= %(DM case, this argument is no more applicable to the local opera-
—D,). Due to the positive charge parity bi°, see Eq(3), ~ tors of higher spin §=35...). Theappearance of extra
only odd terms in Eq(5) do contribute. The simplest case is covariant derivatives,
provided by then=1 twist 2 operator
(H(P,O[R,,, ..., |0)

RF“’: S(M,,)lﬁ'(O)‘yMD,,l[/(O), (6) :in+lfHMH S(le...vn)e,ELO)pvl e 'pvn
where S, denotes the standard symmetrization operator 1 n H
[S(unTuw=2/2(T,,+T,,)]. R,, is proportional to the 1, dyly—5] ¢"(¥), (10
quark energy-momentum tensor, iR.,,=—i0 ,,. Its ma-
trix element of interest is preserves all the quantum numbers, but spoils the argument

of the operator conservation, as it is not the energy-
1 N momentum tensor anymore. Such a situation is completely
(H(PMIRI0)= 5 fuMy Sune,. Py similar to the case of tensor spin structure or fragmentation
function[15,16], which have two zero moments.
1 H In summary, the hybrid light-cone distribution amplitude
X fo dy(1-2y)¢"(y). (7 is a leading twist quantity which should have a vanishing
first moment(3) because of the antisymmetry. This distribu-
tion amplitude obeys usual evolution equati¢hg] and has

Note that it is the symmetry ip v of the energy momentum an asymptotic imi{ 18]

tensor which selects the twist-2 function.
To determine the parity one should treat the meson polar- DY =30v(1—v)(1—2 11

ization with some care. The equatiep,~p, /My holds for as=3Y(1=y)( y) (D

a fast longitudinally polarized vector meson. On the otheryith assumed normalization of the distribution amplitude

hand, the meson is an eigenstate of the parity opeRatmly #M(y) as

in its restframe. In this framep,, has only a zeroth compo-

nent, whilee,, has a vanishing zeroth component. This leads 1 u

to the negative parity of the relevant componeRtg with fo dy(1-2y)¢"(y)=1. (12

k=1,2,3.

. . The coupling constarfty is the subject of evolution given by
P(Swkoy#(0) ykDo(0)) = —. (8)  the formula, see e.419],
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as(Q?) Ky 2700(1) andf,=216 MeV. Note that the symmetry under- —x of
fu(Q%)="fy- 5 , lz%—Q, (13)  the nucleon GPD's in the numerator of EG6) corresponds
as(Mi) ' to the “nonsinglet,” i.e.,q—q, combination of quark distri-

where the anomalous dimensiggo(1)=16/9 ands,=11 butions, while the antisymmetric form in the denominator—

—2n¢/3. The exponenkK; is thus a small positive number the “singlet,” i.e.,q+q, combination.
which drives S|ow|y to zero the Coup]ing COﬂStdm(Qz). If we neglect the antiquarks contribution, i.e., if we re-
Since experiments are likely to be feasible at moderate valstrict thex integral to[ 0,1], one sees that the imaginary parts
ues of Q?, we neglect this evolution and in the following of the amplitudes for both meson electroproduction are equal
estimate we use the value from HE). in magnitude up to the facta?™. The ratio of the real parts
The calculation of the production amplitude, at leadingdepend much on the model used for guessing the generalized
order in«g, is now straightforward and leads to an expres-parton distributions. Since the imaginary part dominates in
sion completely similar to the one for the production of lon-some kinematics, it is not unreasonable as a first estimate of
gitudinally polarized vector meson, see €8] and notation  the ratio of the cross sections, to assume that the full ampli-
therein. It is well known that a leading twist estimate of thetyde ratio is driven by the same quantity. Using the
p electroproduction cross section overestimates the eXper&symptotic forms for the hybrid and mesons distribution

the ratio of hybrid top electroproduction cross sections ocp sum rulef20], we thus estimate that
through their Born order expression. We obtain

EWanHCF

-_ ~ 1H do"™(Q%xg,t) [5fy|?
A){DHHED_ \/ENCQ [eUHUU eded]V y (14) - - T~

~ ~0.15. 1
do.p(QZ!XB!t) ( 7)

where

Exotic hybrid meson can be therefore electroproduced in an
experimentally feasible way in actual experiments at JLAB,
HERMES or Compass. Their study in high statistics experi-
ments at JLAB should be fruitful. The signal may be discov-
ered through a missing mass measurement provided the re-
coil proton energy-momentum is well measured. This allows
to study all decay channels of these poorly known states. If
, (15) one decay channel turns out to be dominant, as for instance a
7 n channel[21], the formalism of generalized distribution
amplitudes[22] may be used for estimating cross sections
and interference signal23].

As already noted above, higher twist corrections are likely
to be sizable at measurab@? [24]. Twist 3 contributions
have already been considered in the case of deeply virtual
Compton scatteringi25] where their presence was dictated
Note that the simple pole inin Eq. (14) does not lead to any by gauge invariance. They have also been considered for
infrared divergency since the functiapt’(y) is expected to transversely polarized vector mesd2§] where the leading
vanish, as usual, when the fractigrgoes to zero or unity.  twist 2 component vanishes. The analysis of such contribu-

We leave for a further work a full phenomenological tions is left for future work.
study of hybrid electroproduction. Let us just note that the Let us finally note that hard exclusive electroproduction
order of magnitude of hybrid electroproduction may be easturns out to be a useful tool not only for studying the hybrid
ily deduced through a direct comparison withmeson elec- meson discussed in this paper but also for probing the struc-
troproduction amplitudg5]. We thus estimate that the ratio ture of other exotic states like the recently discovered pen-

of hybrid andp electroproduction cross sections is taquark{27]. In all cases, the scaling of the amplitudes is the
same as the observed one forlectroproduction. The nor-
malization of the cross sections is a more delicate story, and

U(p2)RU(pp)H 1(x,€)

. 1
H{f:f dx
-1

A
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VH—fld¢H()1
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_ - 2
do"(Q?%xg,t) fu (euHuu_eded)VH‘ 16) may turn in some cases to unobservable rg2&s
2 T +_ + !
do”(Q%Xs. 1) A CT eded)W” We acknowledge useful discussions with A. P. Bakulev, 1.
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