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Decays of vectors into y'y and the structure of yi'
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Using the known coupling of g' to two gluons, we predict a sizable branching ratio for 'f ~y'y of approximately
0. 1%%uo. %'e point out the importance of measuring the decays of vectors into g 'y and present further predictions for

~~mr 0'~V'(V)r»d 0 V'r

In quantum chromodynamics (QCD) with mass-
less quarks there are eight massless Goldstone
bosons w, K, g, as a result of the conservation
of the octet of axial-vector currents Q, qy'y, T'q
(T'are color matrices with @=i,. . . , 8). A ninth
singlet axial-vector current P, qy~y, q, if it were
conserved too, would lead to a ninth pseudoscalar
Goldstone boson. The q' is, however, more mas-
sive than g, E, q and it is unreasonable to expect
that its mass will result solely from chiral-sym-
metry breaking. This is the well known U(l}
problem' which is resolved' through the QCD ver-
sion of the Adler-Bell- Jackiw anomaly. '

The divergence of the singlet axial-vector cur-
rent is
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in the chiral-symmetry limit (m, =0, q =u, d, s).
In Eq. (1) o., is the QCD coupling constant, G'„ is
the gt.uon field tensor, and G'„=-,'-q„„z G '~ is its
dual tensor. The solution to the U(1) problem im-
plies4 ' the importance of the matix element
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If perturbative QCD would be meaningful at 1 GeV
then one could claim that the annihilation channel
in which qq annihilate into gluons is important for
the r}' (Refs. 8-10), since it is a singlet, thus sep-
arating it from the octet. It appears that a more
rigorous foundation for the importance of the an-
nihilation channel can be only found in the frame-
work of the I/N, (1V, is the number of colors) ex-
pansion. "

As pointed out4i' ' "the importance of 4„, is not
without experimental implications. In particular,
the unexpectedly large ratio of J/g- g'y to 2/p- 7y
results, once these decays are assumed to proceed
through" 4/g-gg+y- q'(q)y, from the foliowing
relation:
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which is fixed by the strong anomaly'

A =(-')' 'f„m '
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(5)

A, = (0.5-1}v 3f, m, , ', (6)

in agreement with other estimates' " and with the
value deduced from the experimental result for the
ratio in Eq. (3), i.e.,

A„,= (0.62 + 0.08)f, m„,'. (7)

In this paper we further exploit the value of A.„
as given in Eq. (7) and of A„ to predict decays of
the type V-q'y and qy, where V= Y, P', P. It has
been suggested" that the large width for J/g
-g'y would imply a large width for Y-q'y, and
an estimate for the branching ratioB(Y-q'y) =3
x 10 ' was obtained" under the rather speculative
assumption that a 2-GeV glueball saturates both
J/P-gg+y and Y-gg+y. We show here that
B(Y-q'y) = 10 ', well within experimental feasi-
bility.

I et us first consider I'(Y —q'y)/I"(P/g- q'y).
For both these decays we assume that t/'-@@+AD
—q'y. For V-gg+y the lowest-order QCD result
1 eads

dI' 2I „ 2 E(x),

where x =2Z„/mv,

x(1 —x) 2 —x 2(1 —x)' 1
E(x) = + — + ——ln
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where f, = 133 MeV. However, the evaluation of
requires more knowledge about gluon dynamics.

Using QCD sum rules' it was found that

I'(J/g —g|') (4„)(mq —m, ') (3)
and

128(v' —9), e,4(0) '
(10)

and is experimentally" 5.9+1.5. In Eq. (3) we de-
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o.'~ is the QCD coupling at m~, e, is the charge
of the quark which makes the qq bound state, and
4'(0) is the qq wave function at the origin. Using
duality arguments the decay width, into a state
such as g' which couples to two gluons, is propor-
tional to j F(x)dx. In Ref. 17 it was suggested
that a~= 1 vms'/mv', b =1, where ms is the mass
of the two-gluon "resonance" (in the present case
it is m&). If one integrates instead over some
two-gluon mass slice of width hm, "then our re-
sults as discussed hereafter will change by a few
percent only —except for Q-q'y (see below), and
w'e can confidently proceed with the first prescrip-
tion.

We then find

glueball for both «g-gg+y and Y-gg+y, as
compared to a mild duality assumption made here.

Following Eq. (3) we find

B(Y qy) —1.5 x 10 ~. (14)

B(g' —q'y) = 6.3 x 10-'. (15)

Experimentally there is only an upper limit'4
B(g' -q'y) & 8 x 10 ', thus measurements in the
near future will test our prediction. Note that in
the present picture

Turning now to g'- q'y we predict, after an analy-
sis similar to the previous one, but without any
"fudge factor" since lowest-order QCD is expected
to be equally violated in g and in g' decays, that

I"(Y-~ y)
I'(«g - q'y)

B(0'-n' )yB(0'- p'u )
B(«0- n'y) B(~A —p'i )

(16)
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where the (Palm~)' factors are due to the P-wave
nature of the decays (P„ is the c.m. momentum in
V-17'y} and we use
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(12)

Taking the "experimental" values' nT =0.17
+0.02, a~ =0.19+0.02, and recent data ' for
J/P- q'y and V- p, 'p, we find B(Y -q'y) = 3.5
x 10 . However, there is an obvious flaw in this
estimate. Whil. e the total production rate for
J/g —y+hadrons is consistent with the lowest-or-
der QCD calculation for x&0.6,"the experimental
x distribution does not peak at high x as predicted
by the lowest-order QCD calculation. However,
the values of E(x &av) for V=«( as employed in
Eq. (11) are approximately three times higher,
once folded with the detection efficiency, "than
the experimental results for «g-y+hadrons, for
all x & g& (for lower x values both the shape and the
size of the QCD calculation differ from the data).
We assume that for Y-gg+y lowest-order QCD
would explain the yet nonexistent data, an assum-
ption which seems reasonable in view of the agree-
ment between data for Y- hadrons and lowest-
order QCD calculation for Y-ggg. " We there-
fore multiply the result of Eq. (11}by a "fudge
factor" of 3 and obtain

since —apart from the insignificant change in ~„
and in the p-wave factors —a ratio of integrals
over F(x) is missing. Ignoring this ratio leads to
B(P'-g'y} =9.Vx 10 ' which is, considering the
errors, barely consistent with the experimental
upper limit. Again from Eq. (3) it follows that

B(g'-qy) =10 ' (17)

to be compared with the experimental upper limit'4
B(y'-ny)&» '

Turning now to Q decays, the uncertainties are
much larger than before, both experimentally and
theoretically. Experimentally Q- q'y has not been
measured, mainly because p' production is barely
possible. Theoretically, lowest-order QCD seems
even less acceptable than for Z/P, and the applica-
tions of the two duality criteria discussed above
lead to different results. Nevertheless, even set-
ting a limit for P- q'y will help resolve the follow-
ing problem: How much of a glue component is
there in the g'T Note that all our predictions un-
til now depend on the large value of A.„.given in
Eq. (7) but since the mechanism assumed is"
V-gg+ y- g'y, no assumption is needed for the
relative strength of the glue component in q'. Es-
timates range from the g' as an almost pure
pseudoscalar gluonium, "to about 70%-80%
glupnjum' ' ' dpwn tp no glue component at a,ll.
The common prediction for I'(Q- q'y)/I"(Q- qy) is
based on ss- ss+y. Since for a mixing angle of
10.3 between g and g' the ss component of both
of them is approximately equal, up to a sign, one
finds that the ratio is given by phase-space only
and

B(Y-~'y) =10' I'(Q-17'y) =0.28 keV (no glue in q'). (16)

which is three times larger than the estimate of
Ref. 16. The reason for the difference is clearly
the drastic assumption of dominance of a 2-GeV

This value is consistent with other estimates. "
However, if g' is a pseudoscalar gluonium one
can predict from J/g-q'y, following the same
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steps as described above, that I'(Q- q'y) = 0.015
keV. Again a "fudge factor" of 3 has been included
in J/P - q'y only, since a@=0.12 and the integral

f, F(x)dx includes alarge part of the spectrum. Al-
though F(x) may differ in shape from the experi-
mental value, the integrals —at least for J/P —gg
+ y (Ref. 22)—are almost equal. Applying the
other prescription for duality" will this time de-
crease the result by a factor of 5. Therefore, we
consider the result as an upper limit, i.e. ,

1(Q- q'y)& 0.015 keV (q' is a pure gluonium).

(19)

Thus, even with all the reservations regarding
the estimate for Q- gg+ y- q'y there is more than
an order of magnitude difference between the re-
sults in Eqs. (18) and (19). Therefore, if experi-
ment will show that I"(P-q'y)&0. 1 keV, then q'
has a substantial glue component.

Finally, let us comment that predictions for
T- Ey and (('-Ey based on the experimental re-
sult" for 8/iP -Ey and the (possibly premature)

assumption that E is a glueball plus the earlier
considerations should await a higher-order QCD
calculation for dl'/dx. This is so since a& for E
production lies below the value for which one can
assume that &(x) (lowest-order QCD) = const
&& F(x) (experimental).

Let us conclude by reiterating the importance
of measuring decays of the type V- q'z. These
will help in our understanding of gluon dynamics
and its relation to the resolution of the U(1)
problem. Among the predictions presented in
Eqs. (18)—(15) and (17)-(19), the most viable ones
are B(P'- q'y), where a value significantly smaller
than 6&10 ' will mean that the whole approach is
in trouble, and B(T- q'y) —0.1%. Furthermore,
setting a limit for 1"(P- q'y) will be very useful
in settling the problem of the amount of glue in q'.
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