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A summary of charmonia spectrum

Experimental status of charmonium spectrum n q
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hc decay modes
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Theoretical studies of hc
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hc decays
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Experiments observation of h, — yn(yn")

Since Ac has negative C parity, it very likely
decays into a photon plus a pseudoscalar meson,
such as?.,, 7 and 7 7.

PRL 116, 251802 (2016) PHYSICAL REVIEW LETTERS 24 ToNE 20T

Observation of &, Radiative Decay h, — y5' and Evidence for h, — yn

A search for radiative decays of the P-wave spin singlet charmonium resonance k. is performed based
on 4.48 x 10% i events collected with the BESIII detector operating at the BEPCII storage ring. Events of
the reaction channels i, — yy’ and yn are observed with a statistical significance of 8.4¢ and 4.0s,
respectively, for the first time. The branching fractions of h. — yi' and h. — yn are measured to be
Blh, = yn') = (1.52 +0.27 £0.29) x 10~ and B(h. = yn) = (4.7 £ 1.5+ 1.4) x 107, respectively,
where the first errors are statistical and the second are systematic uncertainties,




Some puzzles in charmonium decays

“pmt puzzle” in Jly, v —> VP decay
v(3770) non-D D decay

Large n. — VV branching ratios

4

4

L 4

€ M1 transition problem in Jhy, ' - yn., (yn.")

€ Isospin-violating decay of y'=> Jiy n°, and y'=> h_n°
€ Helicity selection rule violations

€ Some issues on the recent discovered Zb, Zc

4 Could be more ... ...

These puzzles could be related to non-pQCD mechanisms in
charmonium decays due to intermediate D meson loops.




Heavy-meson loops effects in the production and decays of
ordinary states and exotic state candidates
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Quark-level descriptions of hadronic loop mechanism
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h, = ym(yn")
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Fig. 1 The hadron-level diagrams for i. — yn and yn’ via charged intermediate charmed meson loops. Similar diagrams for neutral and strange
intermediate charmed meson loops

Introduce form factors to Kill the Monopole F(my, )= —mzﬁ
divergence and also compensate the A% —q3

off-shell effects of intermediate mesons

A= m- + EI!'..""I.Q[D
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Adopt the effective Lagrangian approach to do the
calculation

Ly, perpe) = Ghp-ht (DD + D D) + igh. DD+ € pvasd* h D™D
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e
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Coupling constants determination

mps 2 *
8h DD = —281/Mh MDMD*,  gh DD+ = 281—— ED*DP = _g‘\-’mﬂmﬂ*r EDDrp = _EDDP
M fx /M DM

gppry, = 0.5GeV™' gpropo, =2.0GeV™! gp.p = —0340.1GeV !

g=059, fr =132MeV &1 = — /My, /3/fr0  fyo = 5104140 MeV
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Numerical results
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FIG. 2: (color online). (a) The a-dependence of the branching ratios of h. — 4n (solid line) and ~»n’
(dashed line), respectively. The n-n’ mixing angle p = —19.3° from Ref. [58]. (b) The a-dependence of
the branching ratios of h, — 4n (solid line) and ~n’ (dashed line), respectively. The n-n’ mixing angle
fp = —14.4° from Ref. [59].

With 6, =-19.3", the branching ratios of hc — yn and yn' can reproduce the
experimental data with ¢ =0.27+0.06 and 0.24+0.Q3

With g, =-14.4°, the branching ratios of hc — yn and yn' can reproduce the

experimental data withe =0.188'5g,; and 0.260% .
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Numerical results
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FIG. 3: (color online). (a). The branching ratios of h. — 4n (solid line) and h. — =5’ (dashed line) in
terms of the 7-n’ mixing angle with @ = 0.3. (b). The branching ratios of h. — 47 (solid line) and h. — 1’

(dashed line) in terms of the n-n" mixing angle with a = 0.5.

This behavior suggests how the mixing angle influences our calculated results
to some extent.
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Numerical results
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FIG. 4: (color online). The a-dependence of the ratios Rj_ with n-n' mixing angle p = —19.3° (solid line)
and fp = —14.4° (dashed line), respectively.

The calculated ratio can reproduce the experimental measurements at the
commonly acceptable cutoff range for 9p = —19.3°. With 6p = —14.4° , the

calculated ratio is slightly larger than the experimental value.
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Numerical results
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Fig. 5 The ratios R, in terms of the n—n' mixing angle with & = 0.3
(solid line) and o = 1.0 (dashed line)

For a =0. 3, our results are consistent with the experimental measurements
in the range a,=(36.72}), which corresponds to ¢,=(-18.3%% .

Fora=1.0, our results are consistent with the experimental measurements
in the range «,=(36.25%), which corresponds to g¢,=(-185%%) .

The calculations can give a strong constraint on the mixing angle and we
expect more precise measurements on this ratio, which may help us

constrain this mixing angle. 17



Summary

We investigate the radiative decay processes hc — yn
and yn’ via an intermediate meson loop model in an
effective Lagrangian approach.

The study of these two decay channels, especially their
ratio, can provide us some information on the n—n’

mixing, which may be helpful for us to test SU(3)-flavor
symmetries in QCD.

Heavy meson loops effects play an important role in
many processes, especially when the initial state mass
are close to the intermediate meson pair thresholds.
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Thanks for your attention !
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