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Can the mechanism fors,— na, 5’7 hybrid decays be detected?
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Two mechanisms for ther;(J°¢=1"") hybrid meson decay processes— n, 7' are investigated.
These mechanisms are appliedd#te- ny, n'y andJ/¢— 5y, n'y decays to illustrate the validity of the decay
mechanisms and to obtain independent information on the coupling »f to quark and gluonic operators.
From this information, we find thak' (7,— »#)/T' (71— n'm) is substantially different in the two decay
mechanisms, and hence future experimental measurements of this ratio will provide valuable information for
determining the mechanism for these hybrid decays.
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Hybrid meson states, which contain a gluonic degree of The decay modes and relevant decay widths of the exotic

freedom in addition to @q pair, can have exotid”® quan- 17" hybrid have been studied using QCD sum rules for
tum numbers. Experimental evidence for the existence offiree-point correlation functions, but the scheme employed
two such exotic isovectotr; (1~ ") states is summarized in for 7-»" mixing has a significant effect on the

[1]. The 7,(1400), formerly known as thg(1405) (mass m— 7,y Widt.hS. In the traditional singlet-octet mixing
1376+ 17 MeV and width 30840 MeV [1]), was observed sphgme, these widths are founq to be smiall, and are

by both E852 and Crystal Barrel in very different production s!m!lar to those.found from selgctlon ””B’l?’]' These pre-
processes decaying intgm [2,3]. The my(1600) (mass Q|ct|ons seem |r-1c0ns!stent with the_z -experlmental observa-
1596 53 MeV, width 3LZ 51 Mev [1) was observed by (% R 8 e an enhancement
E852 inpm and ' decay channelg2]. The branching ra- P Y

tios for all these channels are not yet measured, but as will b the 71— 77 width [14]. o ,
shown below, they can provide important information for ~Enhancement of ther,— » width in the three-point
subsequently detecting their dominant decay mechanism. sum-rultla.analyas clearly indicates the importance of the
Theoretically, the features of hybrids have been studie@omposition of ther, " system. However, there are a num-
with the MIT bag mode[4], flux tube modelg5], potential ~ ber of issues that complicate the sum-rule analyses ofrthe
models[6], quark-gluon constituent modg?,8], QCD sum decays. For example, there is phenomenological evidence
rules[9,10], lattice simulation$11], and other method42],  that the 5-»" system has a gluonic componefit7,18],
but the exploration is neither complete nor definitive. In par-which would clearly have an effect on the sum-rule analyses.
ticular, predictions for the hybrid decay widths exhibit someFurthermore, the necessary three-point functions have only
disagreement with the experimental results. been calculated at the symmetric Euclidean point which
Hybrids can possess exoti€€ quantum numbers such as leads to a single Borel transformation instead of the double
0*~, 17+ and 2"~ which are distinct from those of con- transformation needed for a full analysis. Finally, the tradi-

ventionalqamesons. As such, these exatic hybrids have ndional threefpoint sum-rule method obsc_ures _de'Ferrr_lination
mixing with other conventional hadrons which provides an®f the dominant hadron decay mechanism, indicating the
advantage in the investigation and detection of these state@€€d for further investigation. .
The predicted mass of the exotic’ 1 hybrid is approxi- Hybrids are a many body system containing a quark, an-
mately 2.0 GeV in lattice simulationgll], while in QCD  tiquark and gluon ¢qg), which complicates the determina-
sum rules the resulting mass prediction is 1.4—2.1 Gewtion of the allowed)”“ values. To get some feel for what is
[9,10]. The sum-rule predictions are slightly lower than thoseinvolved, consider these complexities in the MIT bag model.
of the lattice, but are consistent with experiment. However!n this model, the gluon in hybrids may be in two different
considering the possible accuracy of the sum-rule and latticBodes (TM(1™ ") or TE(17 7)), and the quark-antiquark
calculations, any apparent deviation between the predicte@irs may also take on differed” configurations. As a
and observedr; masses is insufficient to assist in the inter- consequence, there exist many kinds of quantum number
pretation of the observed states. Thus it is important to studgombinations. For example, when the quark and antiquark
decay features because they are more sensitive to the natdtave no relative orbital angular momentum in the pair, the
of the , states. JPC of this pair may be 0" or 1~ ~. Therefore, besides the
normal qq mesonJ”C¢ quantum numbers, hybrids may also
have exotic)’© suchas 0, 1~ " and 2" ~. These kinds of
*Electronic address: zhangal@theoryl.usask.ca exotic states simplify both the theoretical investigation and
"Electronic address: Tom.Steele@usask.ca experimental detection. Among these exotic states, the hy-
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.4
x; T, FIG. 1. The decay m;
—an',n via the qq mechanism
is shown in(a), while decay via
the gg mechanism is shown in
(b).
{(a) b)
brid 7, (1~ ") is predicted as the lowest-lying state in the photon is emitted by one of thequarks before their annihi-
hybrid spectrum. ItsJPC construction is: T~ X177, i.e., lation into lighter quark pair§17,18. The resulting ratio of
the gluon is in transverse electric mo@d&(1* 7). decay rates occurring if thé/(ﬁ%n’y n'y decay processes

There are a number of models to describe the strong d _
cay of hadrons. Many models describe the strong decay of Ebccur through:c 997" is
meson to a two-meson final state through creation of a T3 — 77v)
quark-antiquark pair which then combines with the quark
and antiquark of the original meson to form the two-meson r3lyp—n'y)
final state. However, at a more detailed level, the quark pair
creation process can be viewed as eithe?Si(l__) or where it has been assumed that thg pair is sufficiently
3Po(0" ™) intermediate state. hard so that the use of the local operat®G
The special role of the constituent gluon in hybrids leads— 1/26;wApGa Ga extracted from thg g pair is a good ap-
to some different decay possibilities. In the constituent parproximation. e experlmental value of this decay-width ra-
ton picture, two main decay mechanisms, denoteddynd tio is [20]

gg will be studied in this paper. In th@q process the gluon

in the initial hybrid becomes a quark-antiquark pair, while in LI y—mny) — 0.2000.023 ©
the gg process a new gluon is emitted from an original con- T p—n'y) e R

stituent quark and combine with the original constituent

gluon into a final meson. For the, — 7 7', » decays, these Using the known massesy,=3.1 GeV,m,=0.548 GeV,

2 3
(0GB 7) | (1—m§/m§,¢) "
- k ,

l_mn//mﬁlw

two decay mechanisms are illustrated in Fig. 1. andm,,=0.958 GeV, the following relation
It is difficult to accurately describe or calculate these de- 5
cays directly from QCD because of the fundamentally non- (0|GG|7)
perturbative nature of strong decays. In this paper we show mzo-mt 0.023 ©)

that it is possible to extract thg, ' couplings to quark and

gluonic currents from existing experimental data on the dejg optained. The uncertainty given in E@) is only associ-
caysJ/y—yn',yn andp—yn',yn, and to apply this in-  ated with the experimental valu@).

formation to two mechanisms fotr;—m»’, 75 decays. The agreement between the val@ and the correspond-
This approach avoids the issues that have complicated thfg sum-rule estimatefl6,18 provides support for the as-

sum-rule analyses, and allows determination of the domma@umedcc—gg—w; » mechanism and associated approxi-

hybrid decay mechanism. mations used for these decays. However, the sum-rule
analyses are based on specific models of #hg’ system,
while the extraction(3) is independent of such consider-
ations and would remain valid with the addition of a gluonic

To extract then,n»’ couplings to gluonic currents, con- component mixing withn-%". For this reason we will use
sider the processed//— 57y,7n"y. In these processes the (3) in our subsequent analyses.

I. GLUONIC COUPLINGS OF 7, ' THROUGH
J/y— 5, n'y DECAYS
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Il. QUARK COUPLINGS OF 7, " THROUGH as obtained in a recent QCD sum-rule analy$8 (see also
¢—ny,n"y DECAYS [15] for other estimates of this quantitywheren denotes the
non-strangeu,d quarks in theSU(2) limit. Comparison of
Egs.(7), (8 and(9) indicates that the diredts— %’ pro-
cess is predominant igp— 7y, 'y, and the agreement be-
tween Eqs(7) and (8) validates the approximations used to

The ¢— n7y,n'y decays must occur through a different

mechanism than th# ¢ decays, since ss—gg— »n, 7’ pro-
cess similar to thd/ ¢ decays considered earlier would lead

to obtain Eq.(6). In particular, this agreement indicates that the
~ P 2, 213 coupling of the final states to operators ignored in obtaining
I'(¢—mn"y) |(0|GG|y")|"[ 1—m,/my 2 8% 10-2 Eq. (6) must be small enough such that the pseudoscalar
T(¢p—7ny) (0|GG|7) ‘ 1—m2”/m'j) T ' current dominates the process.

(4) It is important to note that the numerical val(® is al-
most unchanged betweep ' mixing schemes, while Eq.
where the masm,=1.02 GeV and?3) has been used. This (8) shows some scheme dependence. Thus we can consider
value is an order of magnitude larger than the known experiour result(7) as a mixing-scheme independent extraction of
mental valug 21] the ratio of the couplings to strange pseudoscalar currents,
and can safely use the theoretical value for nonstrange cur-
I'(p—n'y) N " . rents, obviating the absence of experimental data that could
W_‘”—O-M— 0.31x10°, (5) be used to extract the nonstrange ratio.
As a final demonstration of the consistency of our analy-

indicating that the__;s—>gg—> n.m' process does not properly sis, we return to thd/ decays under the assumption of a
describe thegp— 77,75y processes. Since a high energy cC—dd— 7,7’ mechanism, resulting in
scale is needed to approximate thg mechanism as the — 2 5 2 \3
coupling of a gluonic operator to mesons, it is not surprising I'(3/#— 7y) _ (O[qiysal7")| " 1—mi/mj, ~119
that thegg mechanism cannot be applied doradiative de- LI p—75'y) o (0@ ysq| 1) ‘ 1_mi,/m§/¢ D
cays ton, ' [19]. o (10)
Alternatively, consider thess—qq— #n,»’ mechanism,
which could include the direct process— 7, '. Although
the detailed decay mechanism is unknown, this process ¢
be modeled throughy, ' couplings to quark currents. Con-

where Eq.(7) has been used to obtain a lower bound. This is
6{;{early an inadequate description of the decay process be-
cause of its disagreement with the experimental val)e
sidering the nature of the the initigh state and finaby, 7’ illgstrating that diffe_:rent mechanisms and the rgsult_ing cou-
. . — pling of », ' to different operators are occurring in each
states, the appropriate quark current is of the farysq case. Indeed, if a common decay mechanism existed in the

|nd|ca_t|r|19 a tgeneral ﬂ?vor slfjructu:e_. Ndote _that a couplllng ases considered so far, then the matrix elements of the rel-
an axial vector current would con ain( o_mmanl anomaly  eyant operator would cancel in the following double ratio
term which would then lead to the gluonic current couplings

. : . ) Iting i
as ruled out in the above analysis. The resulting ratio o{esu ng in
decay rates in this generss—qq— 7, " mechanism is INQITEY)
— NN/, ’ 1-m?/m%,)% (1-m?,/m?)3
T(¢—n'y) _|(0laiysaln')|*[ 1—m/mj ’ ® ) ! 3 J2/¢)3( 7 2¢)3
I(p—7ny) <0|a,y al >‘ 1—m2/m2 | U'(¢—ny)  (1-m,/my,)° (1—m/my)
5417 7' e ;
I'(¢—n"y)
Using Eq.(5), we obtain
9 Ea.(3 =5.59x 103 (12)
M ~0.984+0.082 7) where masses have been inserted to obtain the numerical
(Olgiysa|7") ' R value. By comparison, the experimental value of the double

ratio ratio obtained from Eq€2) and(5) is
where the uncertainty only reflects the experimental value

(5). T3y~ ny)
To disentangle the actual flavor structure occurring in the T3 — 7'y)
estimate(7), we turn to the theoretical estimates ———————"=0.2X4.7X10 °=9.4x10"4, (12
B I'(¢p—ny)
0|si yss !
<0|__$|77,> ~0.76+0.10 ) F(¢=n")
(Olsi yss|7") demonstrating that the scales associated with¢trend J/ ¢
— decays must be described by couplings to different operators,
(O[niysn| ) - (9  With the J/y decays best described by coupling to gluonic
(O|niysn| ") ' operators through thec—gg— 7, " mechanism, while the
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¢ decays are best described by a coupling to quark operators [(m,— )

through thess— 7, 7’ mechanism. —~16, (15
I'(ay— n'm)

lll. HYBRID #;— nar,n'w DECAY MECHANISMS o o
o which is clearly distinct from theyg value (13). Even the
The details of thegqg hybrid decay mechanisms repre- lower bound obtained from Eq7)
sented in Fig. 1 are unknown. However, the quark paire
created from the initial constituent gluon in the hybrahn INC T
be modeled through a quark current, and the gluon (oaie —>25, (16
emitted from an initial constituent quarkhrough a gluonic I'(y— n'm)
current. Thus, forr,— 5, »'m decays, thegg mechanism

can be analyzed through thg 7" couplings to the pseudo- g gyfficient to distinguish between tiggg andqq processes.
scalar gluonic current, and thgq mechanism through a Reducing the hybrid mass o, =14 GeV increases the

pseudoscalar quark current. Although it is possible to antici, merical values in Eqs(15) and (16) by approximately
pate the dominance of tlggg mechanism in thd/ ¢ decays  ggoy.
and theqq mechanism in thes decays because of the energy  In conclusion, experimental information for the decay
scales associated with the decay processes, the special rolegbcessed/y— 5y, 'y and ¢— 57y, 'y has been used to
the constituent gluon in the hybrid makes it difficult to make demonstrate that these decays occur through different decay
a theoretical prediction of which mechanism is dominant inmechanisms, allowing the extraction gf 7' couplings to
hybrid decays. However, experimental data combined withyluonic and quark operators. These extractions are consistent
the phenomenological analysis given below provides ayith those of QCD sum rules, but have the advantage that
means for distinguishing between these mechanisms. they are independent of-»' mixing details. The overall

If 7,—nm,n'm decays are dominated by thgg consistency of these couplings substantiates the models and
—n,7" mechanism illustrated in diagrath) of Fig. 1, then  approximations used to study these decays.

we would find Under the assumption of a hybrid nature of the states,
0 o\ 3 the extracted couplings o, »' to the gluonic and quark

I'(my— nm) (0|Gé| n) ‘2 1_m1;/m11'1 operators are applied to estimating_the decay-width ratio
[(m—np'm) 1-m2 /m?., I'(m— nm)IT (m— 7'm) through theqq and gg mecha-

nisms illustrated in Fig. 1. This ratio is substantially different
—0.425-0.04 1 in the two mechanisms, and hence future branching-ratio
0.425-0.048, (13 measurements should identify the dominant decay mecha-
wherem,. =1.6 GeV has been used along with Eg) for ~ Nhism, facilitating more detailed theoretical work. However,
7T1

the 7, ' gluonic couplings. If the hybrid mass is reduced to V€ potel that alsurln-rule ;n?){f"s in the ?;Jark schleme for
-, =1.4GeV, the central value of this ratio increases 10”77 mixing clearly predictsl'(m,— pm)/1'(m,— n'm)

0 659 >1 [14], suggesting dominance of thgy mechanism. Al-
though effects of final-state interactions and of using a local

operator for the?q andgg pairs have been ignored in these
processes, it seems unlikely that they will be large enough to

For theaqen,n’ mechanism illustrated in diagrafa)
of Fig. 1 we find

— 3 alter the qualitative result <I'(m;— n'w) in the
['(m—nm) | (O[niysn|n) ‘2 1-mi/m’ a . (2= ) (771, 7777) —
= PR gg mechanism and(7,— n7)>1(7,— n'w) in the qq

I'(my— n'm) 1—-m,/mZ7 mechanism. Conversely;; branching ratios that lie outside

(14) the extremes associated with E¢s3) and (15) may be dif-
ficult to accommodate from a theoretical perspective.
wherem, =1.6 GeV has been used, and the isovector na- Research funding from the Natural Science & Engineer-
ture of thewl and 7 necessitates the nonstrange quark op4ing Research Council of CanaddSERQ is gratefully ac-
erators in theSU(2) limit. If the theoretical valu€9) is used knowledged. A.Z. is partly supported by National Natural
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erators we obtain Opening Project.
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