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Abstract

The ψ(3686) is identified as the radial excitation of the J/ψ. Based on perturbative QCD, the branching ratio of the ψ(3686) into some final hadron state should be approximately 13%
of the branching ratio of the J/ψ to that same hadron final state. This is called the ”13% rule”. However, certain decay channels such as the ρπ severely violate this 13% rule. Using the
extended Linear Sigma Model, we study the effect a small mixing angle between the ψ(3686) and the vector glueball can have on the 13% rule.

13 Percent rule

In perturbative, non-relativistic QCD the partial decay width to some final state X is
proportional to the wave function at the origin

Γ(J/ψ → X) = |ψ(r = 0)|2|MX|2

Similar expression for ψ(2S), neglecting mass difference,M only depends on the final state
so it divides out in

Qh =
B(ψ(2S) → h)

B(J/ψ → h)
≈ B(ψ(2S) → e+e−)

B(J/ψ → e+e−)
≈ 13%

This is the ”13% rule”, the ratio of branching fractions is independent of the final state
and equals approximately 13%.

The 13% rule is severely violated in some decay channels, in particular for the ρπ
channel

K0K̄0∗ + c.c 2.59± 0.54%
K+K−∗ + c.c 0.48± 0.10%

ηω < 6.3%
ωη′ 16.93+13.33−11.23%
ϕη 4.19± 0.54%
ϕη′ 3.35± 0.57%
ρπ 0.19± 0.073%
ηρ 11.4± 3.39%
ρη′ 23.46+21.12−14.99%
ωπ0 4.67± 1.43%

Implementing the 13 percent rule

The 13% rule is based on the decay into electron-positron, through the diagram

From this we can find the J/ψ − γ coupling and the ratio r between J/ψ and ψ(2S)
couplings (wavefunctions)

gψ(3686) = r gJ/ψ,
B(ψ(2S) → e+e−)

B(J/ψ → e+e−)
≈ 13% =⇒ r2 ≈ 0.35.

We assume this same ratio r holds for every other coupling too, since it is based on the
wavefunction at the origin.

Vector glueball mixing

The ψ(2S) has a mass of 3.686 GeV, close to the vector glueball mass of 3.8− 4 GeV, so
it is possible for them to mix(

ψ(2S)
O′

)
=

(
cos(θ) sin(θ)
− sin(θ) cos(θ)

)(
cc̄ = ψ
ggg = O

)
Leads to interference term in amplitude that can give both suppression and enhancement
for different channels
We can easily compare both cases where the glueball mixes with the J/ψ or the ψ(2S).

The interactions

The unknown parameters here are the J/ψ coupling gJ , an energy scale Λ which appears in
form factors we include for the virtual photons F (q2) = 1

1−q2/Λ2, and the glueball coupling
gO. The vector glueball only contributes to the strong decay channel and not to any of
the electromagnetic ones.

Results

•χ2 fit with 3 free parameters, strong coupling gJ , glueball coupling including mixing gO,
and momentum scale Λ in form factors.

•For no mixing: χ2/d.o.f. ∼ 5

•For nonzero mixing angle: χ2/d.o.f. ∼ 2

•The fit is slightly better if mixing is with ψ(2S), but the difference is small
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Conclusion

•We used the extended Linear Sigma Model together with electromagnetic interactions given by vector meson dominance and a vector glueball in an attempt to resolve the ρπ puzzle

•With few parameters, we find a reasonable agreement with experiment on the ratio between the two states. Including the vector glueball helps with this.

•This can be further studied in different decay channels where the 13% rule is broken differently or not broken at all, and we can extend it to a full description of both J/ψ and ψ(2S)
decays

•With a full description we can extract more information about the glueball mixing and use this to predict the glueball’s decays

Data is compatible
with Qh suppressed
for all VP channels,
especially the KK∗

and ρπ channels are
much below 13%.


