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Gluonic hadrons and charmlessB decays
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Hybrid charmonium with mass-4 GeV could be produced via @c color-octet component ib—ccs.
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 contributiBr-too charm decays. Experi-
mental signatures and search strategies are discy&&8b6-282(98)00511-9

PACS numbs(s): 12.39.Mk, 13.20.He, 13.25.Hw, 14.40.Nd

I. INTRODUCTION ¥y states, some of which are predicted to be in the
4.2+0.2 GeV region[8-14]. Furthermore, item(iv) indi-
Intensive studies oB-meson decays are now underway cates that ifi, states occur below th®D** threshold

and will soon be improved further with the emergence of(—4.3 GeV), they can cascade into conventiooalstates

B-factories that will lead to orders of magnitude increase inas l/,g(cgg)_)(cg)(gg)_,(cg)ﬂight hadrong[15], or that

;tgtistics. While th_e pri_mary empha;is of these developnjentﬁ]ey will directly decay viayg— ng— light hadrons(where
is in studyingC P-violation and seeking evidence of physics n=2) including resonant glueball enhancem@htl6]. The
beyond the standard model, we propose here that they may, i

. o ) tter process might explain the enhance&(b
provide a powerful tool to search for a missing piece of the | open charmjitem (ii)], and the gluonic content in the

standard r_nodel, namely the predicted existence Of.hybri(ﬁnal state could contribute to thg’ enhancement, for ex-
(quark-antiquark-gluonmesons and glueball4]. We point ample through rescattering &f*), intermediate state®

out that there could be a sizable productioncefy hybrids —K®yy—Kn', 7' X [item (i)]. No%J only ¢, but also other

(or hybrid charmonia, denoted hereafter a9, and other  giyonic hadrons can be produced Bndecays at rates en-
gluonic hadrons irB decays which are experimentally ob- hanced by non-perturbative effects over traditional expecta-

servable. tions[17-19.

Our motivation is based on the following, priori inde- In the following, we will briefly summarize the spectros-
pendent, features of data and theory: copy of gluonic hadrons, discuss their production and decay
(i) CLEO has recently reported large values ofin the B meson environment, and propose experimental

B(B—K7') andB(B— 7'X,P,,>2 GeV)[2,3]. search strategies.
(i)  The branching rati®(b— no open charmappears to
be about a factor of 3 larger than expecdd Il. HYBRID CHARMONIUM SPECTROSCOPY

(i) The Cabibbo-Kobayashi-Maskaw&KM-) favored
decayb—ccs is predicted to produce thec pair in a
color octet configuration4].

(iv) Decays ¢;—D*)D(*)* may be suppressed by a
model dependent selection rUle-7].

A rich spectroscopy of hybrid charmonium is predicted by
lattice gauge theory, flux-tube, bag models and QCD sum
rules. These include exotit”®=0=",1"*2"" as well as
conventionallP®=0"",1"", etc. Lattice gauge theory with
heavy quarks predicts 4.64).03 GeV for the spin-averaged
masses of J°°=1""1"* (0,1,2) *,(0,1,2)'~ in the
quenched approximatiori8].? More recent calculations,
which also do not include the systematic uncertainty due to

As will be discussed later, itertiii ) favors the formation of

IHereafter, the  notation D **)pGr*x) implies
DU xx)D U rxx) or DU x*)pGrn), 2Unquenching is estimated to raise the mass by 0.15 GeV.
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quenching, result in 4.390.08+0.20 GeV forthe I state  rating the missing “non-charm” decays, then cascades to
[9].2 Flux-tube models inspired by the lattice predict 4.2-4.5(cc) must be a small fraction of the total. Unless some spe-
GeV [11] within an adiabatic separation of quark and flux- cial mechanism causeg, to cascade intd or other unde-

tube motion. More recent numerical solutions of the mOdeL[ected conventionalc(?) states, the measurements on inclu-

find 4.1-4.2 GeM12]. An adiabatic bag model calculation sive 4" and roduction constrain the product of
found =4 GeV with an overall uncertainty of=200 MeV e Xe P P

[13,14. QCD sum rules are less clear, solutions spanningranching rat|033(B—>_¢gX)><B(z,//g—>(cc)x).

4.1-5.3 GeV20]. We note that thecc invariant mass distribution for the
There is support for these4 GeV mass predictions when guark-levelV—A transitionb— ccs peaks in the 3-3.7 GeV

one compares with the light quark se_ctor where th_e flux-tubgnass rang@4]; such a process tends to be more inclusive at

models find 1.8-1.9 GeV[11,12, in accord with the o m —and exclusive at largen.g, so we expect that ex-

my(1800) candidatd7,21]. Lattice QCD provides further g ep_, #gK™) will be favored in the vicinity of 4 GeV.

justification that theJP©=1"" is the lightest of the exotic antitative estimates are model dependent and bevond the
states. A candidate ford ©=1"" hybrid has been reported chl:)pelof It\;ns sStlIde S P y

[22] in the predicted region of 2:00.2 GeV[8]. Thus the
emerging hints from the light quark sector and the stability
of predictions within QCD inspired models and lattice QCD

are all consistent withy;; excitations arising in a kinemati- IV. HYBRID DECAYS

cally accessible region in the—ccs decay. An important feature of hybrid decays in at least flux-tube
or bag models is that decays to two mesons with the same
. HYBRID PRODUCTION spatial wave function are suppressed. This selection rule

[5,6] is broken for light flavors and less so for heavy flavors

. ; e PO ID™) are suppressed
decays' The production of omising since in thé [7]. In the case ofj,, decays taD bp
Y product g 1S promising sl ! and the sum of the widths is predicted to be 1-10 MeV

—sccs transition thecc pair is dominantly produced in color depending on JPC of the hybrid [7]. The decays
E)ctet, %nsabling a strong coupling to thec pair in 1~ —am, 507" are also suppresséd0]. However, the
4,15,14. o e
o . d | t f d () implies that the d
The directy production inb decays is (0.820.08)% 1@?'2';;2?:;;& Zcotatr)]e i%pe(;r;é):ls?zsablj € decay
c .

[26], and is not well understood 'theoretlcally. It appears to The above selection rule would be broken if the hybrid
be enhanced somewhat over estimates based on the assump- —_

tion [27] of color-suppressed factorizati§@8,29. The fac-  States mix with conventional excitations of. Hybrid states
torization assumption allows for the direct dedays Sy, with exotic J™* are particularly interesting as they cannot
but not forb— s{xco,xc2,nc}. Thus, decisive observations mix with excitedcc conventional states and, if below 4.3
of such modes would either necessitate a non-factorizableeV in mass, will fee3—K+ “non-charm.” States with
(such as a direct color-ocjetontribution[29] or a feed- conventionalJ”C on the other hand can mix with excited
down from higher mass metastable stdte5], which would ~ states of the sam@”C and thereby “leak” intoD*)D*)
cascade to other charmonia observe@idecays as well. final states. In particular it has been arguddt,3] that

If we take the production of., as a measure of the color (4040 and (4160 are strong mixtures ofs35(4100) and
octet production inB decays, we expect from the CLEO #4(4100). In addition, hybrid charmonia can mix with glue-
datumB(B— x,X)=0.0025¢ 0.0010[26] that ¢, should be  balls. Such a mixing would enhance the production of light
produced competitively at branching rati0.1%. The sum hadrons.
total of ¢ for all JPC could beO(1%), asignificant contri- For thosey, that mix negligibly with conventional char-
bution to the “non-charm”B decays. If their production is monia and have a mass €f4.3 GeV, the prominent decays
to saturate these events, then their combined branching ratigill be either by Cascad&g[zcgg]ﬂ(gg)—k(lp, Ne,...) Of
should be 0f0(10%) and their preferred decays to light had- by annihilation hq(C=+)—(gg)—light hadrons [32].
rons. If B(B—yg(all I")X)~O(1%), then B(y;  Whereas these are at the same orderjn the decayi,
—(cc)X)=0(10-100%) is still consistent with the mea- — light hadrons should be favored at least @ + states
suredB(B— (cc)+X). If 44 are produced ab(10%), satu- for the following reason. .

A measure of the relative importance of the cascade width

compared to the annihilation width could be provided by
'(¢'— gmm)=0(0.1 MeV) versusl'(5.— light hadrons)
=T(n.—light hadrons)XT¢¥(')IT¢¥() = O(5 MeV).

A variety of hybrid excitations can be produced B

3See also Ref[10].

“The production of hybridD states[zcag] could play a non- ; . . . , .
negligible role in non-leptonic and semi-leptori& decays; this The ¢’—ymr gives information abouty’— ¢gg, while

contrasts withD or D¢ decays wherd<y or 4 may mix with the ne— light hadr0n52 informs aboqbyc—>gg. While bOFh

charmed meson§23]. A moderate production oDy in semi- ~ Processes aréd(ag) in rate thelr abso_lute rates .dlffer

leptonicB decaysB— cqg+I» could solve the puzzle of why ex- drastically, because of distinct kinematics, dynamics and

clusivegﬁ(D,D*,D**)Ivtransitions do not saturate the inclusive scale-dependences._ Thqse rates suggest what t(_) expect

semi-leptonic branching rati24,25. for cascade and annihilation decays of charmed hybrids. The
That mechanism has been challenged by Hou and Tieglg rates of y,—(cc)+light hadrons and #4(C=+)

(see also Refl19)). —light hadrons are both down by one power dy. We
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TABLE |. Some possible experimentally accessible final stateg"6f exotic charmed hybrids and
glueballs belowD** D threshold. Note that open charm modes/gfare suppressed by a selection ri6¢
For hidden charm modes, the charmonia tend to have the €aasethat of the parenf,. The light hadron
modes are enhanced fgr, with C=+. See the main text for details. Decayspp{m,7\"),w,p, ¢} are
allowed for all states listed.

Jre Open charm Hidden charm Light hadrons
0"~ Quantum I{fo12 . (m7)g) ap0.1,20; auz{b1, v}
numbers hew; mchy by hyy(")
forbid Xcow {(mm)s, fo{w, ¢}
D)D) Xc{l,Z}{wvhl17} f{l,Z}{wrhlld”'Y}
0~ D*D he(mm)s ap01,201; aaip. v}
J/lff{f{l,z} , 7}(’)} p
Xcoh1: ndw, ¢} fohs; 7w, ¢}
Xc{l,Z}{wvhla'y} f{l,z}{w:h11¢,7}
1 D*D, D*D* Xcfo,2(mm)s a40,1,28(0,1,2 5 {1,237
ﬂc{f{l,z}ﬂ/(,)} fro12f012 f{1,2}77(’)
Xc{1,27 {p,vHp,b1}; biby
{he IyHo,hy, ¢, v} {w,h1, ¢, yHo,h1, 0,7}
27 D*D, D*D* {he, I yHf 017, (mm)s} 0,121, b1, v}
{he, 3/} 5" {p,y.bi}m
{7c . Xcjor.aH @1, 0,7} {7, f 1019w,y 0,7}
estimate the ratidl (y,— (cc)+light hadron¥/T (4(C= V. EXPERIMENTAL SIGNATURES
+)—light hadrong at the few percent levéB2].6 AND SEARCH STRATEGIES

The light hadron production rate frog, decays withC Information useful in the search gf is listed in Table I.
=— is suppressed by one power af with respect to  Not only the exoticyy with J°¢=0+",1"*,2"" will in-
ihy(C=+) decays. Note that the production rate of conven-yolve unique characteristics, even the non-exgtjchat mix
tional charmonia ¢c) from either 4(C=+) or y4(C= negligibly with conventional charmonia will have striking
—) decays is of the same order in, and thus similar. Bar- Signatures(corresponding tables could be produced egsily
ring non-perturbative effects mentioned [i82], the charge There are three major categories of deday:open charm,
conjugation C=+) of the produced conventional charmo- (b) hidden charm, andc) light hadrons. Light hadronic
nium should be the same as that of the paggnin hadronic ~ modes that involve one or mokK pairs(more generallys s
decays, since two gluon€E +) are emitted in the lowest- pairg could also be searched for. In general, we suggest that

order process. That may prove useful in searching for an@ dedicated study d— y;3Xs, whereX is light hadrorts)
classifying ¢, states. with total strangeness+ 1, be made as follows:

Some decays are forbidden by simple conservation ofj) Y D #* D %) I addition to a search fop
guantum numbers; for example]£€0)--(J=0)+ y by an- the D (+ % )p Gk 4+ s.ystem should be studied to seek
gular momentum conservation. Similarly, tBé*)D*) final evidence of $(4040:4160, and other excited )
states are forbidden by and/or C conservation for the states(see Sec. IV, (Sn ge’neral grounds we advocate

PC_+- ; ; ; O
J""=0"" exofic hybrid. Thus, if the mass of the"0 is measuring tha”C dependence of charm pair produc-

sufficiently low, it will be seen only in light hadrons or per- .
haps also in hidden charm decay mog Table)l tion by thfese c@nielsl\lcie that such channels feed a
“wrong sign” B[bqg]—D[cq’]+--- charm produc-

There is an interesting possibility if light hadrons such as ) 3
tion that has been observed by several experiments

7"} or w containcc in their Fock state§33]. Charmed [34], and so relevant data may already be at hand
hybrids that do not mix could decay int@{7e.xc Ne.-) (i) i b y h y D€ “
+(5"),w) via a Zweig-allowed 4-charmed intermediate ¥g—(cc)+ (light hadroris), y), where €c) is a con
state. That amplitude would of course interfere with the tra-,... venthnal charmoniuny, ¢, xc.he. ... (see Table)l
ditional amplitude governing hidden charmonia production. (if) ﬁ/r%]: Iggfflgagr:)ns. For examples, consult the last col-

When X,=K®) it has definite momentum in th@ rest
frame. Thus careful studies &*) momentum spectra could
Signoring potentially large differences in wave function overlaps, establish excesses beyond what is expected from other

we roughly estimatel"(%—>(c?)+light hadrong~ ©(0.5 MeV) sources.
andI'(¢4(C= +)—light hadrong~O(20 MeV). We recommend not only to search fgg production, but
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TABLE II. Glueball masses in GeV in the 3—-4.5 GeV mass range accessd&i—big*)+glueball,
according to lattice gauge thed37]. The 0~ glueball mass is poorly determined. NB® exotic glueballs
are expected below 3 GeV.

JPC l+7 27+ 3++ 1++ 22—~ 1~
Mass 2903 3.0:0.2 3.9:0.5 4.0:0.3 4.0:04 4.6£0.5
JPC 17+ 0+7 2+7

Mass =4.1 =3.7 3.9-0.7

also for other gluonic hadrons B decay. Significant yields p/K/7 separation capabilities & facilities will further im-
of light hadrons irB decays couldieed through light gluonic prove the sensitivities. Full exploration of multibody decays
hadrons. In that scenario the—ccs transition is followed of b hadrons will require the ability to deteat®, ("), y as

by non-perturbativez?annihilation, such as multiple gluon well.

exchange between the spectator quark and the closed charm

line [35]. The resulting intermediate state is rich in soft glu-

ons and light quarks, which can arrange themselves into VI. CONCLUSIONS
glueballs, light hybrids and glue-rich mesons liké. The . . . s
resulting final-states have lost their charm content. Some de- B decays are a fertile ground for searching and discover

cay modes of glueballs into light hadrons are summarized in'9 gluonic hadrons, including hybrid charmonia which may

the last column of Table I. Predictedf® and masses of Pe copiously produced in the procdss-ccs. Some of them
glueballs can be found in Table II. could significantly decay to light hadrons contributingBo

There is also the possibility for thé system to resonate decays to final states without charm. We have studied the
as Kq. The lightest of these states is predicted to occuP3erns of production and decay of such hybrids, and pro-
~2 GeV in mas$11,23 which leaves< 3 GeV available for P0Sed experimental search strategies.

the mass of thecc system. Excitation oKy is therefore
likely only with low mass charmoniguch asy, ) or with
(7", w,p,...) if they containcc [33,36], or with light had-
rons. A search foB—>Kg77(’) could be interesting, in light We are grateful to J. Kuti for discussions. P.R.P. acknowl-
of the largeB—K 7’ edges financial support from the English Speaking Union.

We note that vertex detectors can utilize the long lifetimeThis work was supported in part by the U.S. Department of
of B andD hadrons to reduce backgrounds, and the excelleriEnergy under Contract No. DE-AC02-76CH03000.
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