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Hadronic decays ofJÕc„13S1… and c8„23S1… through virtual photons
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The latest data forJ/c andc8 leptonic decays and the latest measurement of theR parameter are used to
show that the present summary values of the branching ratios of the virtual photon mediated hadronic decays
of both J/c and c8 are overestimated. The current best results areB(J/c→g* →h)5(13.560.3)% and
B(c8→g* →h)5(1.6660.10)%.
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TheJ/c(3097) andc8(3686) 122 states of charmonium
couple to leptons only through virtual photons, and t
branching ratiosB(J/c,c8→g* →hadrons) are among th
largest decay ratios for both. These ratios were first repo
by Boyarskiet al. @1# and Luthet al. @2# from the 1975 mea-
surements with the Mark I detector at SLAC. The Parti
Data Group~PDG! has continued to quote these results e
since@3#. The quoted values are

B~J/c→g* →h!5~17.062.0!%, ~1!

B~c8→g* →h!5~2.960.4!%. ~2!

Both these results were obtained by using the relation

B~J/c,c8→g* →h!

5
sh~nonresonant!

s l~nonresonant!
3Bl~J/c,c8→ l 1l 2!

[R~nonresonant!3B~J/c,c8→ l 1l 2!. ~3!

Boyarski et al. @1# reported B(J/c→m1m2)5(6.9
60.9)%. Using the valueR52.560.3 measured by Augus
tin et al. @4#, they obtained G(J/c→g* →h)5(12
62) keV or, equivalently, the PDG result of Eq.~1!.

More recently, much more precise result for bo
R(nonresonant) and the leptonic branching ratio have
come available. BES@5# has reported high precision resul
0556-2821/2004/69~9!/097503~2!/$22.50 69 0975
e

d

r

e-

for R in the region 2 –5 GeV, and PDG@3# itself has fitted
and summarized the latest results for the leptonic branch
ratios. TheR values measured by BES@5# are constant in the
region 2.0 to 3.73 GeV~Fig. 1!. The result of our fit to these
data is

R52.2860.04 ~4!

which is very close to the theoretical expectations for th
flavors R52.13 ~correct to third order! @3#. The average of
B(J/c→e1e2) andB(J/c→m1m2) is @3#

B~J/c→ l 1l 2!5~5.9060.09!%. ~5!

These lead to

B~J/c→g* →h!5~13.560.3!%, ~6!

a result which represents a large improvement over Eq.~1!.
For c8(23S1) Luth et al. @2# reported B(c8→e1e2)

5(0.9360.16)% and apparently usedR53.1 to obtain
B(c8→g* →h)5(2.960.4)%. The PDG listing isB(c8
→ l 1l 2)5(0.7360.04)% @3#. Using fitted value ofR in Eq.
~4!, we obtain

B~c8→g* →h!5~1.6660.10!%, ~7!

a result which is significantly different from that of Eq.~2!.
Since hadronic decays through virtual photons are inclu
in the total hadronic decays, these revised values do
change the branching ratiosB(J/c,c8→h) but they do alter
the estimates ofB(J/c,c8→ggg).
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FIG. 1. R measurements in the c.m. energ
range from 2.0 to 3.73 GeV from BES@5# with
best fitR52.2860.04.
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