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Some discrepancies in low energy tests of QCD can be eliminated by introducing at phenomenological level a non-zero ef-
fective mass for the gluon of about 0.8 GeV. We discuss the results for ¢ decays.

It is now apparent that Quantum Chromodynamics
is in impressive qualitative agreement with experimen-
tal data. However, if we try to obtain successful quan-
titative predictions, we face mainly two problems:

a) The scaling violations found in deep inelastic scat-
tering (DIS) [1] and the transverse momentum distri-
butions of muon pairs [2] produced in hadronic colli-
sions suggest a value for the effective running coupling
constant

2 ~0.4—
ayq )}qzzloGeVz 0.4-0.6. 1)

On the contrary, if we use the wellknown formula for
the ratio of leptonic over hadronic widths of

g = LW~ 27-) _ 187 o2
¥ 7 T(Y > hadrons) 5(n2 —9) ;{E ’

@

we get a (10 GeV2) =2 0.2 [3], which is not compati-
‘ble with the value obtained from deep inelastic scatter-
~ ing analysis. It is well known that in the case of the n,,
particle lowest order prediction for the equivalent

© quantity

I'(n, - hadrons)/T(n, > 7)

is strongly corrected by the next order of perturbation
theory [4] . However, the bulk of the corrections may
be absorbed. (after elimination of & spurious In 4) us-
ing as coupling constant ocs(Eg), where E, is the mean

single gluon energy of the decay: Eg s (MZ;C)/4 for n,,
and & g ~M% /9 for the . In other words, the main
effect of radiative corrections amounts to computing
the effective coupling constant at a smaller energy
scale: in the conventional approach this increases the
discrepancy between the vatue of o obtained with egs.
(1) and (2).

b) We expect for the proton form factor a behaviour
proportional to [5—7]

2
;z ay(q?)2+43 ﬁ[%) a;.(In Q2 /A2)“bk} ,

where § is the one-loop coefficient of the 8 function
and ¢, by, are positive coefficients; unfortunately, the
data for 3 < g2 <25 GeV? are well represented by a
pure 1/g* behaviour.

A similar situation occurs in small angle proton—
proton elastic scattering with ¢ fixed but #/s - 0. Theo-
retical predictions give [8]

do/dz ~ (c/t8)[ey(1)] SF(2), €))

where F(¢) is a Sudakov type form factor: the process
is in fact seen as resulting from the scattering of the
three constituent quarks of the two protons. Experi-
mental data are well fitted by 1/¢8 for 2 <t <9 GeV?2.
Also neglecting the Sudakov form factor F(¢), one
stays-in a very bad disagreement since there is no trace
in the data of the rapidly varying factor as(t)G. The ef-
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fect of radiative corrections probably consists in sub-
stituting for ¢ the effective ¢ exchanged in each of the
three elementary subprocesses, which can be esti-
mated of order #/9. Although the nominal value of ¢
is high, we are actually in the intermediate g2 region.
In the conventional approach as(q2 /9) varies faster
than as(q2) and therefore the absence of scaling viola-
tions becomes even more dramatic.

Discrepancies happen at low energy where non-per-
turbative effects may be relevant. A very important
consequence of confinement is the existence of a
threshold in the two-gluon channel (the mass of the
glueball is expected to be.of order of 1-2 GeV), so it
is not reasonable to neglect these “mass” effects at low
energy. It is not clear how to treat them correctly;
something has been done in this direction in the dis-
persive theory of charmonium (cf., ref. [3]); the aim
of this letter is to propose a simple phenomenological
recipe to estimate the size of the effect.

Our proposal consists of giving a mass to the gluon
[9]. The final theory is not a consistent one unless
Higgs’ mechanism is used: it is renormalizable but not
unitary at high orders of perturbation theory [10].
Lack of unitarity at high loops does not disturb us, be-
cause we work only at tree level to estimate phase
space corrections.

It is evident that a non-zero effective mass for the
gluon (m ) will freeze the value of the effective cou-
pling constant around a (4m2) [ie. as(qz) ~ ag(4m?)
for |g2| <4m2]. 1 m? is about 0.7 GeV? (corre-
sponding to an effect1ve threshold in the two gluon
channel at M, g™ 1.6 GeV), a does not increase when
g? is smaller than ~3 GeV2, explaining the absence of
observed scaling violation in the form factor. However,
a careful analysis must be made in order to have a
quantitative description of the phenomenon.

As far as normal scaling violations in DIS are con-
cerned, the presence of a gluon mass does not affect
significantly the prediction in the region of large Q2
and Q2(1-x), and the measured value of a(Q?)
should therefore remain unchanged. Of course, non-
negligible effects may occur at the boundaries of the
allowed kinematical regions.

In this letter we address specifically the computa-
tion of gluon mass effects on Y-onia decays. The cor-
rect formulae are:
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_ 181 o 1 @
V52 —9) (xg f3(2mg/er)’

I'(n, — hadrons) VI

- 1 f2(2mg/My )
I'(y ~ hadrons)

5(w2 —9) as f3(2mg/Mw) .

Phase space effects are stronger for the ¢ than for ¢’

or 1, as it can be seen by looking at the functions f3

amd f» which are reported in fig. 1 as a function of n
=2m / res’

We fix the values of g and mg by requiring that B,
agrees with the expenmental value and B, ~ 2B, (of
course ]”}‘f does not contain cascade decays in other Y-
onia). We can use a constant value of ag for all three
processes, because in our approach ¢ is frozen below
3 GeV2. We get for o, = 0.35 and m, = 800 MeV

B, ~008, B, =28,

I'Je/T'Y =160, andTjec=9 MeV.

The value of g is now consistent with the one ex-
tracted from deep inelastic scattering.
The same values of @, and Mg can be used to calcu-

l -G I ¥ T T I T T T T [
f2
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05 —
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0.l 0.5 1.0

M = 2Mg/Mres

Fig. 1. The functions f3(n) and f, () representing the gluon
mass corrections to ¥ and n, decays, respectively, are plotted
versus n = ng/Mres. They are computed by taking into ac-
count both in the matrix element and in the phase space the
effective gluon mass.
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Fig. 2. Experimental data taken from ref, {11] are confronted
with theoretical predictions for massless gluons corrected for
experimental energy resolution (dashed curve). Full lines rep-~
resent the uncorrected predictions for massless (B) or massive
(A) gluons.

late the centre-of-mass frame energy spectrum of direct
photons produced from  decays: do/dx, x = (QE,)/
M, . In our approach do/dx should be zero for x > 1
- (4ng)/in3?, ~ 0.7. This zero is removed, for exarnple,
by higher order corrections like the conversion of the
two gluons into light quark pairs.

The experimental data for the quantity (1/V,,,)
X dN/dx [11] are reported in fig. 2, as well as QCD pre-
dictions. NV, represents the total number of produced
Y’s: the curve displayed is then normalized to the frac-
tion of radiative decays of total ¥ decays:

JSdN/dx dx _ (Y >y +all)

~=0.12.
Ntot 11‘:0’(

The curve referring to the massive gluon case is uncor-
rected for the experimental energy resolution: these
effects can be qualitatively estimated by comparing
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the uncorrected and corrected predictions for the
massless gluon case. Experimental data favour clearly
the massive case.

We finally observe that a more precise measurement
of the x spectrum close to the boundary (x ~ 0.7)
should be one of the best ways for finding glueballs.
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