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We report the latest outcomes for the Charmonium system investigation on 226×106 J/ψ and
106× 106 ψ′ events collected with the BESIII detector at the BEPCII e+e− collider.

1 Introduction

Both BESIII and BEPCII represent a significant upgrade with respect to the BESII/BEPC
experimental scenario. The spectrometer and the physics program, primarily aimed to inves-
tigate hadron spectroscopy and τ -charm physics, are described elsewhere 1,2. The unprece-
dented BEPCII luminosities and the high BESIII performance allowed to collect data samples
at J/ψ and ψ′ energies already significantly larger w.r.t those available in the literature; the
analyses reported herewith have been performed on 226× 106 J/ψ and 106× 106 ψ′ events.

2 ψ′ → π0hc

Clear signals have been observed (Fig. 1) for ψ′ → π0hc with and without the subsequent
radiative decay hc → γηc. The determination3 in the same experimental scenario of both B(ψ′ →
π0hc) = (8.4± 1.3± 1.0)× 10−4 and B(ψ′ → π0hc)×B(hc → γηc) = (4.58± 0.40± 0.50)× 10−4

allows to access B(hc → γηc) = (54.3± 6.7± 5.2)%. M(hc) = 3525.40± 0.13± 0.18 MeV/c2 and
Γ(hc) = 0.73± 0.45± 0.28 MeV (< 1.44 MeV at 90% C.L.) have been determined as well.

Our measurements for B(ψ′ → π0hc), B(hc → γηc) and Γ(hc) are the first experimental
results for these quantities; the values obtained for M(hc) and B(ψ′ → π0hc) × B(hc → γηc)
are consistent with previous CLEO results 4 and of comparable precision. The measured 1P
hyperfine mass splitting ∆ Mhf ≡ 〈M(13P )〉 − M(11P1) = −0.10 ± 0.13 ± 0.18 MeV/c2 is
consistent with no strong spin-spin interaction. For a detailed discussion of such results in the
framework of the existing experimental evidences and theoretical predictions see 3.

3 ψ′ → γχcJ ; χc0,2 → π0π0, ηη (η, π0 → γγ)

We have investigated the decays of the χc0 and χc2 states into the pseudo-scalar pairs π0π0 and
ηη, the corresponding χc1 decays being forbidden by parity conservation. Significantly clear
signals (Fig. 2.a-b) lead to the branching fractions: B(χc0 → π0π0) = (3.23±0.03±0.23±0.14)×
10−3, B(χc2 → π0π0) = (8.8±0.2±0.6±0.4)×10−4, B(χc0 → ηη) = (3.44±0.10±0.24±0.2)×10−3

and B(χc2 → ηη) = (6.5 ± 0.4 ± 0.5 ± 0.3) × 10−4, where the uncertainties are statistical,



Figure 1: The π0 recoil mass spectra and fits for: (top) the E1-tagged analysis: ψ′ → π0hc, hc → γηc; (bottom)
the inclusive analysis: ψ′ → π0hc. Fits are shown as solid lines, background as dashed lines; insets show the

background-subtracted spectra.

systematic due to this measurement, and systematic due to the branching fractions of ψ′ → γχcJ ,
respectively. For a full description of this analysis see 5.

4 ψ′ → γχcJ ; χcJ → π0π0π0π0 (π0 → γγ)

The branching fractions of the P -wave spin-triplet Charmonium χcJ decays into π0π0π0π0 have
been determined for the first time: B(χc0 → π0π0π0π0) = (3.34± 0.06± 0.44)× 10−3, B(χc1 →
π0π0π0π0) = (0.57± 0.03± 0.08)× 10−3 and B(χc2 → π0π0π0π0) = (1.21± 0.05± 0.16)× 10−3,
where the uncertainties are statistical and systematic, respectively; these fractions include decay
modes with intermediate resonances except χc0 → K0

SK
0
S and χc2 → K0

SK
0
S , which have been

removed from this measurement. The contributions from the different states (J = 0, 1, 2) are
clearly visible in Fig. 2.c; a complete description of the this analysis can be found in 6.

5 χcJ → γV, V = φ, ρ0, ω ; φ → K+K−, ρ0 → π+π−, ω → π+π−π0 (π0 → γγ)

The sample of radiative ψ′ → γχcJ events (top frames in Fig. 3) allowed to determine B(χc1 →
γρ0) = (228± 13± 22)× 10−6 and B(χc1 → γω) = (69.7± 7.2± 6.6)× 10−6, in good agreement
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Figure 2: The radiative photon energy spectrum of: a) selected χc0,2 → π0π0 events; b) selected χc0,2 → ηη
events; c) those χcJ → π0π0π0π0 events surviving the selection performed with the fit described in 6 . Fits (solid

curves) include χcJ signals (dotted curves) and background polynomials (dashed curves).



χc1 → γφ χc1 → γρ χc1 → γω

Figure 3: χc1 → γV . Top: invariant mass distributions of (left) K+K−, (center) π+π−, and (right) π+π−π0;
bottom: corresponding cos Θ distributions (see text). Histograms: best fits; dashed histograms: signal shapes;

grey-shaded histograms: sum of the sideband background and the background polynomial (see 8).

with earlier CLEO measurements7, and B(χc1 → γφ) = (25.8±5.2±2.3)×10−6, observed for the
first time; errors are statistical and systematic respectively. Upper limits at the 90% confidence
level on the branching fractions for χc0 and χc2 decays into these final states are determined as
well. The angular dependences (bottom frames of Fig. 3) on cos Θ, Θ being the angle between
the vector meson flight direction in the χc1 rest frame and either the π+/K+ direction in the
ρ0/φ rest frame or the normal to the ω decay plane in the ω rest frame, allow to determine
the fractions of the transverse polarization component of the vector meson in χc1 → γV decays:
0.29+0.13+0.10

−0.12−0.09 for χc1 → γφ, 0.158±0.034+0.015
−0.014 for χc1 → γρ0, and 0.247+0.090+0.044

−0.087−0.026 for χc1 → γω.

The present picture suggests that the longitudinal component is dominant in χc1 → γV
decays; for a complete description of this analysis see 8.

6 χcJ → V V, V = φ, ω ; φ → K+K−, ω → π+π−π0 (π0 → γγ)

The clear signals of Fig. 4 allow to investigate the χcJ decays into vector meson pairs (φφ, φω,
ωω). The first observations of the χc1 branching fractions B(χc1 → φφ) = (4.4±0.3±0.5)×10−4

and B(χc1 → ωω) = (6.0±0.3±0.7)×10−4 indicate that the helicity selection rule is significantly
violated in these modes. The measured branching fractions B(χc0 → φφ) = (8.0 ± 0.3 ± 0.8) ×
10−4, B(χc0 → ωω) = (9.5 ± 0.3 ± 1.1) × 10−4, B(χc2 → φφ) = (10.7 ± 0.3 ± 1.2) × 10−4 and
B(χc2 → ωω) = (8.9±0.3±1.1)×10−4 are consistent with and more precise than the previously
published values 9. The doubly OZI suppressed decays B(χc0 → φω) = (1.2± 0.1± 0.2)× 10−4
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Figure 4: Invariant mass of a) φφ, b) ωω and c) φω. Curves: best fit results; long dash lines: fitted sideband.



η → π+π−π0 η′ → γπ+π−

η → π0π0π0 η′ → π+π−η

a)

b)

c)

d)

π0 → γγ e)

Figure 5: Mass distributions of the pseudo-scalar meson candidates for ψ′ → γP : γη [ a): η → π+π−π0; b):
η → π0π0π0], γη′ [ c): η′ → γπ+π−; d): η′ → π+π−η, η → γγ], γπ0 [ e): π0 → γγ]. For more details see 12.

and B(χc1 → φω) = (2.2 ± 0.6 ± 0.2) × 10−5 are also observed for the first time. This analysis
is described in details in 10.

7 ψ′ → γP, P = π0, η, η′ ; η → π+π−π0, η → 3π0, η′ → γπ+π−, η′ →
π+π−η (η, π0 → γγ)

The processes ψ′ → γπ0 and ψ′ → γη are observed for the first time with signal significances
of 4.6σ and 4.3σ (Fig. 5), and branching fractions B(ψ′ → γπ0) = (1.58 ± 0.40 ± 0.13) × 10−6

and B(ψ′ → γη) = (1.38 ± 0.48 ± 0.09) × 10−6, respectively; the first errors are statistical and
the second ones systematic. The branching fraction B(ψ′ → γη′) = (126 ± 3 ± 8) × 10−6 is
measured as well, leading for the first time to the determination of the ratio of the η and η′

production rates from ψ′ decays, Rψ′ = B(ψ′ → γη)/B(ψ′ → γη′) = (1.10± 0.38± 0.07)%; such
ratio is below the 90% C.L. upper bound determined by the CLEO Collaboration 11 and one
order of magnitude smaller w.r.t the corresponding η − η′ production ratio for the J/ψ decays,
RJ/ψ = (21.1± 0.9)% 11. For a detailed description of this analysis see 12.
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