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Perturbative QCD forbidden charmonium decays and gluonia
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We address the problem of observed charmonium decays which should be forbidden in perturbative
QCD. We examine the model in which these decays proceed through a gluonic component of the J/g
and the g„arising from a mixing of (cc) and glueball states. We give some bounds on the values of the
mixing angles and propose the study of the pp ~pp reaction at v's =3 GeV as an independent test of the
model.

PACS number(s): 13.25.6v, 12.38.—t, 13.25.Jx, 14.40.Lb

I. INTRODUCTION

It has been known for many years that the J/f and the
ri, decay, respectively, into vector-pseudoscalar ( VP) and
vector-vector ( VV) mesons, channels, which should be
forbidden by the helicity conservation rule in perturba-
tive QCD and the usual assumption of the dominance of
collinear valence quark configurations; a similar problem
holds for the decay of g, into pp [1-4].

Several attempts to overcome such difficulties by tak-
ing into account and modeling nonperturbative effects
can be found in the literature [3,5,6]. Two quark correla-
tions inside the proton, or diquarks, although very likely
present in the Q region of charmonium decays, do not
seem to help with the g, ~pp large observed decay rate
[5]; quark mass corrections are equally of little help with

rI, ~pp [6] and do not contribute at all to g, ~ VV decays
[3].

Apart from eventual effects due to the intrinsic trans-
verse motion of quarks inside the hadrons, which have
not yet been investigated, at this state two possible phe-
nomenological explanations of the above problems
remain: one requires a large contribution due to twist
three operators or higher-order Fock components of the
hadron wave functions [2], and the second assumes a
mixing of the J/g [4,7] and of the rj, [8] with a glueball.
We shall argue that, in the light of recent experimental
data, the latter assumption seems a more realistic ex-
planation of the puzzle; it certainly is a more interesting
one, in that it amounts to allowing for the presence of the
fundamental trigluonium states, which have the quantum
numbers J =0 +,1,3, around a mass of 3
CxeV/c [8], in agreement with the prediction of some
models [9].

In the following sections, after a brief discussion of the
higher twist model and its comparison with data, we shall
further investigate the glueball mixing idea giving a first
rough estimate of the values of the mixing angles and

proposing some experimental tests, which could shed
some light on the subject in the near future.

H. HIGHER TWIST MODEL

In Ref. [2] it has been suggested, in a consistent pertur-
bative QCD treatment, that the J/g decays into VP
could be explained through the introduction of twist
three-meson wave functions, namely, through the iqqg)
Pock components of the V and P mesons. Detailed calcu-
lations, in good agreement with the data, have been per-
formed for the branching ratio B(J/P~pn ). Similarly,
the double Okubo-Zweig-Iizuka (OZI) suppressed decay
g, ~cog has been computed and the result exploited, us-

ing SU(3) symmetry and an efFective Lagrangian, to esti-
mate some relative magnitudes of other g, ~VV branch-
ing ratios [10].

The first conceptual difficulty of this model is given by
the necessity of an unexpectedly large contribution from
a higher Fock component, also considering the theoreti-
cal problems connected with the study of three-particle
wave functions [11]. The main problem, however, is
the fact that such scheme should predict analogous re-
sults for the %" decays, whereas the decays 4'~PV
are observed to be strongly suppressed: B(%"~pm).
& 8.3 X 10,B(%'~EX ) & l.79 X 10 [12].

Furthermore, some other predictions of the model are
not in agreement with the experimental data.

(i) In Ref. [10] the branching ratios of q„go, and g2 in
the double OZI suppressed channel coP are predicted to
be roughly of the same order of magnitude as the single
OZI suppressed ones. However, such double OZI
suppressed decays have not yet been observed, whereas
the single OZI suppressed decays into VV have been
clearly observed.

(ii) Reference [10]predicts

B(ri, ~coco) =1.3
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in disagreement with the experimental information

8(q, ~coco)
&0.44 . (2)

Even inserting into Eqs. (38) and (39) of Ref. [10]updated
experimental data, one obtains for Eq. (1) the value
=0.8, still in disagreement with Eq. (2).

(iii) Finally, no direct computation of~ VV( V, V@co,g) with three-particle wave functions has
been attempted, and no attempt at all has been made to
compute the g, ~pp decay rate.

We must accept that higher twist contributions still
leave many unsolved problems; we then turn to a
different possible solution and from now on we concen-
trate on the glueball mixing model.

III. MIXING PARAMETERS

We adopt the mixing schemes

~ J/g) =cos8~cc )Jz&+sin8~0 ),
~r), ) =cosa~cc )„+sina~P), (4)

where 0 is a vector and P a pseudoscalar glueball.
Because of perturbative QCD helicity conservation it

follows that

& VP ~cc &„,=O,

& VP~J/P) =sin8& VP~O),

(5)

(6)

and due to the (lowest-order) decoupling of gluons from
photons,

&e+e ~0&=0,

& e+e
~ J/g) =cos8& e+e ~cc )J/g .

(7)

Analogous equations are valid, mutatis mutandis, for the
pseudoscalar case (0~P, J/P~ r„VP~ VV,

rr)
In order to obtain an, admittedly rough, estimate of

the mixing angles we need at least an estimate of the total
width of the 0 (P) and of the partial width of the 0 (P)
into vector-pseudoscalar (vector-vector) mesons. A possi-
ble way to get the former is offered by the &OZI suppres-
sion of the glueball decay rule [13], which suggests the
width of a trigluonium to be in between the one for a
light quark state with a mass around 3 GeV/c and the
J/g one: namely,

Analogously, for the pseudoscalar state we have 13
channels PP, PS, PT, SS, ST, VV, TT, PA, SA +, VA
TA+, A+A+, and A A, and also in this case, within
our approximations, we can assume

I e-- vv = ~o I p = (1—10) MeV

Of course I o „(1z ) is a fraction of the above
width; however, considered that the decays into VP ( VV)
are favored with respect to the decays into the other cou-
ples of nonets by phase space, we can assume, as a rough
estimate,

I 0 „((1—10) MeV,

I p ~(1—10) MeV .

Using Eq. (14) we obtain from, Eqs. (3) and (6),

I J/f = 1.09 keV =sin 6I Q p„

((1—10)Xsin 8 MeV,

(14)

(15)

which leads to

sin 8)(10 —10 ) .

On the other hand, we must have

I J/Q) sin 6I o (18)

which gives

sin 8(8.6X(10 —10 ) . (19)

Analogously we have, for the pseudoscalar case, from
Eqs. (15}and (4),

=0.267 MeV=sin eI p

This estimate is consistent with the value suggested in
Ref. [7].

In order to estimate I o va we co sider that a 1

state is allowed to decay into eight different couples of
meson nonets: VP, SV„VT, PA +, SA „VA +, TA
and A + A; therefore, if we consider a full Aavor demo-
cracy in the glueball's decays and ignore differences in
phase spaces, we have (approximating to —,

' in order to
include also eventual excited nonets and three body de-
cays)

I 0 ~p= —,', I o=(1—10) MeV .

I o =QI &&&500 MeV =7 Me V

and the width of a digluonium being between the one for
a light quark state with a mass around 3 GeV/c and the
g, one: namely,

((1—10)Xsin a MeV,

which leads to

sin a) 2.7X(10 —10 ')

(20)

(21)
I =+I'z 500 MeV=70 MeV . (10)

Such a rule, however, has been criticized on various
grounds [14], and in the following we will assume the
values in Eqs. (9) and (10) as lower bounds, taking

I =I =(10—100) MeV .

I „~sin2aI &,
C

which gives only the trivial bound

sin a((0. 1 —1) .

(22)

(23}
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IV. 'I KSTS OF THE MODEL

The above results clearly show how a tiny admixture of
glueballs in rl, and J/g could be sufficient to explain the
otherwise problematic charmonium decays. Let us then
consider other consequences and predictions of the mix-
ing scheme.

It is clear that, away from the glueball mass region, the
model under investigation cannot help any more and per-
turbative QCD predictions should be valid; as a conse-
quence, one expects the decays rl,'~VV, pp [8] and
4'~ VP [7] to be quite suppressed, as the mass difference
between these states and the glueballs is much bigger and
therefore the eventual mixing much reduced. Indeed the
branching ratios for the decays 4'~ VP are known to be
very small [12] and no g,

' has been observed up to now in

pp annihilation [15]. Of course, also the decays

gb ~VV,pp and Y~VP should not be allowed, in agree-
ment with perturbative QCD, there being no reason to
have a glueball in the large mass range of these states.

A direct observation of the glueball state in the prox-
imity of the rl, and J/g mass would certainly be decisive.
The best process where to look for a glueball in this mass
region is pp~ttIP, which is doubly OZI forbidden and
should proceed through a purely gluonic state. The cross
section for this reaction, if the glueball really appears as
an intermediate state in the s channel, should manifest a
resonant behavior. In the case of the pseudoscalar glue-
ball P, the cross section at the peak can be written down
as

pp}r(P pP)=
sin a

(25)

Using the experimental value of B(rk +pp ) [12]we ge—t

o&ea"(pp~P~QQ}= B(P~$$)B(P~pp }, (24}
k,

where k, is the center-of-mass momentum of the initial
hadrons. In order to estimate, albeit roughly, this cross
section we can use the results of Sec. III, which give
B(P~PP}=0.1 and

I'(J/P~e+e )

1 ~. 1+1 96&s cos a
~% gyp(0) ~

~ cos 8

(28)

which gives, assuming ~'Il„(0) I

= I'P~~q(0) I

cos Q =0.78+0.29
cos 8

(29}

in agreement with a larger a than 8. Of course, this
value could be much improved in the near future. In-
cidentally, it must be noted that Ono and Schorbel [19]
claim different values for the ratio ~%'„(0)~/~+zz&(0)~;

C

however, their model seems to be excluded by the recent
data on the charmonium 'P, mass [20].

ence of a glueball resonance in the energy region of
Vs =3 GeV should be observable above the expected
background. Also the cross sections cr(pp~J//~PE)
and cr(pp ~rl, ~PP) are much smaller than the value es-
timated above.

The observation of this glueball state in the pp ~PP re-
action would therefore be a clear test of the model under
investigation. For what concerns the vector glueball
state, it should manifest itself, for instance, in 4 ~pmX
decay as a resonance in the pm effective-mass distribution.
Another possibility to observe gluonium is to look for a
resonance in the PP effect'ive-mass distribution in the re-
action n. p~PPX.

Notice that the decays which can proceed through the
(cc) component are not much affected by the glueball
mixing, since the mixing angle is very small, as we have
shown. We expect in these channels effects of the order
of = 1%, which, considering the theoretical uncertainties
in the charmonium wave functions [17,18], would be
quite difficult to detect even in the next generation experi-
ments.

Finally it can be interesting to note that the mixing an-
gles 8 and a could be experimentally related through the
ratio

o~'"(pp~P~QQ)= (10 —10 ')pb .1

sin a
(26)

Remarkably, this value increases when a is small and
therefore it permits us to establish even a small admix-
ture of glueball in the charmonium state.

Taking sin a=0. 1, according to the results of the pre-
vious section, we obtain the numerical estimate

oPcRk(ppP~PP)(1011)p (27)

Some experimental data on the pp~PP process (al-
though preliminary) are already available from the Low
Energy Antiproton Ring (LEAR} experiment on CERN,
up to a center-of-mass energy of 2.4 GeV [16]. The value
of the cross section is about 1IJI,b at the highest energy
available. It is clearly seen from the data that this cross
section decreases with energy. Therefore, according to
our estimate of cr~ (pp ~PP), the signal due to the pres-

V. CONCLUSIONS

We can summarize our conclusions by stating that the
only available model, which could explain the decays of
J/g and g, forbidden in the usual perturbative QCD
treatment of exclusive processes is the one requiring the
presence of gluonium states in the proximity of their
masses. In this paper we have shown that such a model is
not excluded by the existing data; a tiny gluonic admix-
ture can easily account for the "forbidden" decays and
does not significantly change the allowed ones. The mod-
el can be easily tested in that one should recover the usu-
al perturbative QCD predictions for the decays of large
mass states: in particular the helicity forbidden decays of
rl,', O', T, and T(2S},etc. should be strongly suppressed.
A direct decisive test of the model can be provided by the
experimental observation of a (gluonic) resonance in the
pp~PP reaction at &s =3 GeV; we have given an esti-
mate of the corresponding cross section.
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