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BESIII

I World largest J/ψ and ψ(3686) data sets via e+e− annihilation
I 1.3 billion J/ψ events collected in 2009 and 2012
I 0.5 billion ψ(3686) events collected in 2009 and 2012

I An ideal laboratory to study charmonium decays
I High statistic
I Low background

I Many other data sets from 2 - 4.6 GeV
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Recent studies of charmonium transitions at BESIII

I Sensitive to the inner structure
I Untangle charmonium states

I ψ(3686)→ γχcJ

I ψ(3686)→ e+e−χcJ

I χcJ → e+e−J/ψ

I ηc (2S)→ γJ/ψ
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Recent charmonium transition results

I Higher-order multipole amplitudes in ψ(3686)→ γχc1,2 with χc1,2 → γJ/ψ
and search for the transition ηc (2S)→ γJ/ψ

I Branching fraction measurements of ψ(3686)→ γχcJ

I Observation of ψ(3686)→ e+e−χcJ and χcJ → e+e−J/ψ
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Motivation
PRD 95 072004 (2017)

I E1 (electric-dipole) amplitude dominated transitions ψ(3686)→ γχc1,2 and
χc1,2 → γJ/ψ allow for higher multipole amplitudes

I M2 (magnetic-quadrupole) transition
I E3 (electric-octupol) transition

I Contributions of these higher multipole amplitudes give information on the
anomalous magnetic moment of the charm quark and on the admixture of
S- and D-wave states

I M2 contributions of ψ(3686) → γχc1,2 have been predicted in PRL 45 215
(1980)
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Mass distributions for ψ(3686)→ γχc1,2

I Select two good charged tracks with MDC
information (net charge is zero)

I Select photons with EMC information (at
least two photons)

I Identify the electron and muon by E/p
I Improve the resolution and reduce back-

grounds with four-constraint kinematic fit
I Mass windows are performed to repress

backgrounds 106 M ψ(3686) events
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Angular distributions for ψ(3686)→ γχc1,2

I Higher-order multipole amplitudes can be obtained by investigating the an-
gular distributions of the finial states.

Results of the multidimensional fit on the joint angular distribution
(χ = (Ndata − Nfit)/

√
Ndata). upper figures are χc1, down figures

are χc2
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Higher-order multipole amplitudes

The normalized M2 and E3 contributions and correlation coeffi-
cients.

I Statistical significance of nonpure E1 transition is 24.5σ for χc1

I Statistical significance of nonpure E1 transition is 13.5σ for χc2

I Statistical significance of the E3 contribution for χc2 is 2.3σ
I Pearson-χ2 test are performed with χ2/ndf = 1.02 for χc1,2
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Higher-order multipole amplitudes

Normalized M2 and E3 amplitudes from this analysis compared
with previous experimental results and theoretical predictions

I Consistent with and more precise than the results obtained by CLEO-c
I Confirm theoretical predictions in PRD 78 114011 (2008) and PRD 45 3163

(1992)

9 / 28



Fit results

I Simultaneous maximum likelihood fit
I Signal line shapes of the χc0,1,2: (E3

γ1 × E3
γ2 × (BW (m)

⊗
R × ε(m)))

⊗
G(µ, σ)

I Signal line shapes of the ηc (2S): (E3
γ1 × E7

γ2 × (BW (m)
⊗

R × ε(m)))
⊗

G(µ, σ)

Fit results (top) and corresponding relative residual (bottom)
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Results

Mode Branching fraction measurement (×10−4)
Bψ(3686)→γχc0 · Bχc0→γJ/ψ 15.6± 0.3± 0.6
Bψ(3686)→γχc1 · Bχc1→γJ/ψ 351.8± 1.0± 12.0
Bψ(3686)→γχc2 · Bχc2→γJ/ψ 199.6± 0.8± 7.0
Bψ(3686)→γηc (2S) · Bηc (2S)→γJ/ψ < 0.097

More precise and consistent with BESIII’s previous results
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Recent charmonium transition results

I Higher-order multipole amplitudes in ψ(3686)→ γχc1,2 with χc1,2 → γJ/ψ
and search for the transition ηc (2S)→ γJ/ψ

I Branching fraction measurements of ψ(3686)→ γχcJ

I Observation of ψ(3686)→ e+e−χcJ and χcJ → e+e−J/ψ
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Inclusive photon energy distributions for ψ(3686)→ γX
PRD 96 032001 (2017)

I Inclusive photon energy distribution of decays ψ(3686) → γX (106 M
ψ(3686))

Data Include MC

I Clear peak for ψ(3686)→ γχc2/γχc1/γχc0, and χc1/χc2 → γJ/ψ

I χc0 → γJ/ψ is not visible
I Small peak around 0.65 GeV is ψ(3686)→ γηc
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Branching fraction measurements of ψ(3686)→ γχcJ

(Top set) Inclusive distribution fit and cor-
responding pulls, and (Bottom set) exclu-
sive distribution fit and pull distribution

I Unbinned maximum simultaneous
fits to the photon energy distribu-
tions of data.

I Bψ(3686)→γχcJ

=
Nψ(3686)→γχcJ

εψ(3686)→γχcJ
·Nψ(3686)

I Bψ(3686)→γχcJ
· BχcJ→γJ/ψ

=
NχcJ→γJ/ψ

εχcJ→γJ/ψ·Nψ(3686)

I BχcJ→γJ/ψ

=
εψ(3686)→γχcJ

·NχcJ→γJ/ψ

εχcJ→γJ/ψ·Nψ(3686)→γχcJ
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BRs for ψ(3686)→ γχcJ and χcJ → γJ/ψ

Most precise measurements for ψ(3686)→ γχcJ

I Common systematic uncertainties
of the ratios of branching fractions
are canceled
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Partial widths for ψ(3686)→ γχcJ and χcJ → γJ/ψ

Partial widths for ψ(3686)→ γχcJ and χcJ → γJ/ψ.

I Experimental results have become accurate enough to become sensitive to
fine details of the potentials, e.g. relativistic effects, screening effects, and
higher partial waves.
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Recent charmonium transition results

I Higher-order multipole amplitudes in ψ(3686)→ γχc1,2 with χc1,2 → γJ/ψ
and search for the transition ηc (2S)→ γJ/ψ

I Branching fraction measurements of ψ(3686)→ γχcJ

I Observation of ψ(3686)→ e+e−χcJ and χcJ → e+e−J/ψ
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Motivation
PRL 118 221802 (2017)

I A virtual photon is internally converted into an e+e− pair in electromagnetic
(EM) Dalitz decays

I Study of EM Dalitz decays plays an important role in revealing the structure
of hadrons and the interactions between photons and hadrons

I The EM Dalitz decays in charmonium transitions have access to the EM
transition form factors (TFFs) of charmonium states
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Observation of ψ(3686)→ e+e−χcJ and χcJ → e+e−J/ψ

I Cascade decays ψ(3686)→ e+e−χcJ → e+e−γJ/ψ and ψ(3686)→ γχcJ →
γe+e−J/ψ (447.9 M ψ(3686) events)

Clear χcJ signals Fit results
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α values of helicity angular distributions

1+ α cos2 θe+e−

(a) ψ(3686)→ e+e−χc1 (b) ψ(3686)→ e+e−χc2 (c) χc1 → e+e−J/ψ (d) χc2 → e+e−J/ψ
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q2-dependent of charmonium EM transition form factors

I Provide additional information on the interactions between the charmonium
states and the electromagnetic field

I Possibly distinguish the transition mechanisms based on the cc̄ scenario
I Serve as a useful probe for χcJ internal structures and exotic hadron struc-

tures

Measured q2 distributions are consistent
with assumption of a point-like meson

(a) ψ(3686)→ e+e−χc1 (b) ψ(3686)→ e+e−χc2 (c) χc1 → e+e−J/ψ (d) χc2 → e+e−J/ψ
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Summary

I M2 contributions for ψ(3686)→ γχc1,2 and E3 contributions for ψ(3686)→
γχc2 were measured

I Branching fractions and partial widths for ψ(3686)→ γχcJ and χcJ → γJ/ψ
were determined

I Searching for ψ(3686)→ γηc (2S) are performed with an upper limit

I Observe the decays ψ(3686)→ e+e−χcJ and χcJ → e+e−J/ψ

I BESIII published many other interesting results (just a few of them about
charmonium transitions is covered here), also many analysis are ongoing.

I With more data will be collected, more interesting and detailed studies will
be performed.

Thanks for your attention
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Backup
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Mass distributions for ψ(3770)→ γχc0
PLB 753 103 (2016)

I Based on S-D mixing model, many predictions have been made.
I Largest variations in predictions for the partial width of ψ(3770)→ γχc0.

106 M ψ(3686) 2.92 fb−1 ψ(3770)

(a) 2(π+π−), (b) K+K−π+π−, (c) 3(π+π−), (d) K+K−
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Ratios of BFs between ψ(3770) and ψ(3686) to γχcJ

RcJ =
Bψ(3770)→γχcJ
Bψ(3686)→γχcJ

(σsys. =0.66%) Comparisons of partial widths for ψ(3770) → γχcJ

(keV)

I A relativistic assumption or a coupled-channel correction agree quantitatively better with
the experimental data

I Non-relativistic calculations overestimate the partial width of ψ(3770)→ γχcJ

I Contribute to a deeper understanding of the dynamics of charmonium decays above the
open-charm threshold.
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Mass distributions for ψ(3770)→ γχcJ
PRD 91 092009 (2015)

Mass distribution from MC

Mass distribution from ψ(3770) data
I Clear peaks on χc1,2
I Green long-dashed line is sum of
the smooth background and the con-
tribution e+e− → (γISR)ψ(3686) pro-
duction

I Backgrounds from ψ(3686) have been estimated
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Results

I ψ(3770)→ γχc1:
B = (2.48± 0.15± 0.23)× 10−3

σ = (24.6± 1.5± 3.0) pb

I ψ(3770)→ γχc2:
B < 0.64× 10−3

σ < 6.4 pb

φ is the mixing angle of S-D mixing model

I Consistent with CLEO-c’s results within error
I More precise
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Mass distribution and results for ψ(3770)→ γηc(ηc(2S))
PRD 89 112005 (2014)

2.92 fb−1 ψ(3770) data

I Measured Bψ(3770)→γηc
is just within the error range of theoretical predictions

I Measured Bψ(3770)→γηc (2S) is larger than the prediction based on intermediate meson
loop mechanism a lot
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