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Abstract
Hybrid charmonium with mass ~4 GeV could be produced via a € color-
octet component in b — cZs. These states could be narrow and could have
a significant branching ratio to light hadrons, perhaps enhanced by glueballs.
Decays to gluonic hadrons could make a sizable contribution to B — no charm
decays. Experimental signatures and search strategies are discussed.

PACS numbera: 13.20.He 13.25.Hw 14.40.Nd 12.39.Mk



3 Hybrid production

A variety of hybrid excitations can be produced in B decays.® The production of ¥,
may be significant since in the & — cZs transition the cZ pair is dominantly produced
in colour octet [3, 11, 12] which may strongly couple to the cf pair in 4.

The direct ¢ production in b decays is (0.82 + 0.08)% [20], and is not well
understood theoretically. It appears to be enhanced somewhat over estimates based
on the assumption [21] of color-suppressed factorization 22, 23]. The factorization
assumption allows for the direct decay & — 8. but not for & = 5 {0, Xe2, R}
Thus, decisive observations of such modes would either necessitate a non—factorizable
(such as a direct color—octet) contribution [23] or a feed-down from higher mass
metastable states [11), which are expected to cascade to other charmonis observed
in B decays as well.

If we take the production of x.g as a measure of the colour octet production in B
decays, we expect from the CLEO datum Br(B — xe2X) = 0.0025£0.0010 [20] that
%, should be produced competitively at Br > 0.1%. The sum total of 4, for all J*¢
could be ¢(1%), a significant contribution to the “non-charm” B decays though not
saturating them. If their production is to saturate thesa events, then their combined
Br ghould be of ©@{10%) and their preferred decays cught to be to light hadrons, If
Br(B — y,(all JFE)X) ~ O(1%), then Br(y, — {c8)X) = O(10 — 100%) is still
consistent with the measured Br(B — (c2) + X). If ¢, are produced at O(10%),
saturating the missing “non-charm” decays, then cascades to (cZ) must be a small
fraction of the total. Unless some special mechanism causes ¥, to cascade into h.
or other undetected conventional {cZ) states, the measurements on inclusive n,, % or
X production constrain the product of branching ratios Br(B — ¥, X) x Br(t), =+
{e8) X}

3The production of hybrid D, states [= cJg] could play a non-negligibie role in non-leptonic
and semi-leptonic B—dscays; this contrasts with D or D, decays where K, or x, may mix with the
charmed mesons [17). A moderate production of D, in seml-leptonic B decays B — oflg + Iv could

solve the puzzle of why exclusive B — (D, D", D**}lv transitions do not saturate the inclusive
semi-leptonic beanching vatlo [18, 19].

We note that the ¢Z invariant mass distribytion for the quark-level V — A tran-
sition & — ¢Bs peaks in the 3 — 3.7 GeV mass range [3); such a process tends to be
more inclusive ai low m. and exclusive at large m., 50 we expect that exclusive
B — 3, K} will be favoured in the vicinity of 4 GeV. Quantitative estimates are
model dependent and beyond the scope of this study.

4 Hybrid decays

An important feature of hybrid decays in at least flux-tube or bag models is that
decays to two mesons with the same spatial wave function are suppressed. This
selection rule [4] is expected to be broken for light flavours and less so for heavy
flavours [5]. In the case of v, decays to D¥)D(*} are suppressed and the sum of
the widths is predicted to be 1 — 10 MeV depending on J of the hybrid [5]. The
decays 17* — x7, 99" are also suppressed [24]. However, the dissimilar nature
of . and 50 suggests that the decay 1-* — nn? should not be impeded sizably.

The above selection rule would be broken if the hybrid states mix with conven-
tional excitations of cZ Hybrid states with exotic JFC are particularly interesting
a3 they cannot mix with excited 2 conventional atates and, if below 4.3 GeV in
mass, will feed B — K+ “non-charm”. States with conventional JFC on the ather
hand can mix with excited states of the same JPC and thereby “leak” into D(*)D*)
final states. In particular it has been suggested [10, 25 that ¥(4040) and {4160)
are strong mixtures of ¥;5{4100) and ,(4100). In addition, hybrid charmenia may
mix with glueballs. Such a mixing would enhance the production of light hadrons.

For those v, that mix negligibly with conventional charmonia and have a mass
of < 4.3 GeV, the prominent decays will be either by cascade y,[= cBg] — (g9) +
{¥, e, .. .) or by annihilation ¢,(C = +) — {(gg) — light hadrons. These are st the
same order in o,. The decay v, — light hadrons is expected to be favoured at least
for C = + states for the following reason.

A measure of the relative importance of the cascade width compared to the
annihilation width may be provided by I'(# — yrm) ~ 0(0.1 MeV) versus I'(yf, =



charm content. Some decay modes of glueballs into light hadrons are summarized
in the last column of Table 1. Predicted J¥¢ and masses of glueballs can be found
in Table 2.

There is also the possibility for the X system to resonate as K. The lightest of
these states is predicted to occur ~ 2 GeV in mass {7, 17] which leaves £3 GeV
available for the mass of the cZ system. Excitation of K is therefore likely only with
low mass charmonia (such as ¢, 7,) or with (7(},w, g, ...} if they contain et [26, 29],
or with light hadrons. A search for B — K, could be interesting, in light of the
large B —+ K77\

We note that vertex detectors can utilize the long lifetime of B and D hadrons to
reduce backgrounds, and the excellent p/K/x separation capabilities at B-facilities
will further improve the sensitivities. Full exploration of multibody decays of &-
hadrons will require the ability to detect x°, 70,y as well.

6 Conclusions

B decays are a fertile ground for searching and discovering gluonic hadrons, including
hybrid charmonia which may be copiously produced in the process b — cfs. Some
of them may significantly decay to light hadrons contributing to B decays to final
states without charm. We have studied the patterns of production and decay of
such hybrids, and proposed experimental search strategies.
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Table 1: Some possible experimentally accessible final states of JPC exotic charmed
hybrids and giveballs below D** D threshold. Note that open charm modes of i,
may be suppressed by a selection rule {4]. For hidden charm modes, the charmonia
tend to have the same C' as that of the parent 1. The light hadron modes are
expected to be enhanced for ¢, with C' = +. See the main text for details. Decays
to pp{m, 110, w, p, ¢} are allowed for all states listed.

J¥C | Open charm Hidden charm Light hadrons
0t~ [ Quantum Jiv{fpra (rx)s} a0,12}0; anay (b7} Table 2: Glueball masses in GeV in the 3 — 4.5 GeV mass range accessed by B —
numbers hem; nehy by hyn(? K" 4 glueball, according to lattice gauge theory {30]. The 0~ glueball mass is
forbid Xeol! {{rx)s, foHw, ¢} poorly determined. No JFC exotic glueballs are expected below 3 GeV,
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