
CPC(HEP & NP), 2010, 34(6): 626–631 Chinese Physics C Vol. 34, No. 6, Jun., 2010

Charmonium results from BES *
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Abstract Using ∼ 14×106ψ(2S) and ∼ 58×106 J/ψ data collected at BES//BEPC, the branching fraction

of ψ(2S) → Ω−Ω̄+ is measured with about 5σ statistical significance. The Λ electric dipole and Λ̄ decay

parameter are studied using the decay J/ψ→ΛΛ̄→ pp̄π+π−. Using (106±3)×106 ψ(2S) decays collected at

BES0/BEPC/, we have obtained some interesting physics results. The branching fractions of χcJ →π0π0, ηη

are measured with precision improved. The mass and width of hc(1
1P1) state, together with the branching

fractions of Br(ψ(2S) → π0hc) and Br(hc → γηc) are the first measurements. Surprisingly, the decays of

χc1 →φφ, ωω, and ωφ are firstly observed in BES0 data.
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1 Introduction

The analyses reported in this talk were performed

based on J/ψ and ψ(2S) events collected with the

upgraded Beijing Spectrometer (BES/) detector [1]

at the Beijing Electron-Positron Collider (BEPC), to-

gether with BES0 detector at the upgraded BEPC

(BEPC/) in the year of 2009. The total decays of

J/ψ and ψ(2S) are (57.7± 2.7)× 106 and (14.00±

0.56)×106 at BES/, respectively, and (106±3)×106

ψ(2S) decays at BES0.

2 Preliminary results from BES///

2.1 ψ(2S) → Ω−Ω̄+

The study of ψ(2S) production in e+e− and its

subsequent decay into two hadrons provides a test

of the predictive power of QCD, including informa-

tion on gluon spin, quark distribution amplitudes

in baryon-antibaryon pairs, and total hadron helic-

ity conservation. Many baryon pair decays of J/ψ

or ψ(2S) have been studied by BES and CLEO

Collaborations, but for ψ(2S) → Ω−Ω̄+, the pre-

vious measurement only yields an upper limit of

1.6 × 10−5 at confidence level of 90%. Using 14

million ψ(2S) events collected by BES/ detector,

8 events are selected via the decay of ψ(2S) →

Ω−Ω̄+ → pp̄K+K−π+π− with statistical significance

of 5.3σ and 4.6σ for observing Ω− and Ω̄+, respec-

tively. Fig. 1 shows the scatter plot of invariant mass

mΛK− versus mΛ̄K+ . The branching fraction is deter-

mined to be Br(ψ(2S)→Ω−Ω̄+) = (3.21±1.25stat.±

0.86syst.)×10−5.
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10 Background Analysis

After making final selection for an invariant mass distribution like ΛK−

and Λ̄K+, it is always necessary to investigate as many decay channels as pos-
sible for background events affecting the expected signal region and its side
bands. In our background analysis, we used 14 × 106 ψ(2S) inclusive MC as
well as exclusive monte carlo samples generated by using HOWL generator.
In case of inclusive MC, negligible background was found in the signal re-
gion after all final selection criteria (Detailed information about Ψ(2S) decay
channels involved in Inclusive MC results can be found in Appendix A). In
the side band regions, in case of inclusive MC background, the only promi-
nent decay channel is found to be ψ(2S) → ΛΛ̄φ(1020), φ→ K+K−, which is
taken as part of the phase space background coming from ψ(2S) → ΛΛ̄K+K−.
In exclusive background analysis we checked some ψ(2S) decay channels in-
cluding ψ(2S) → ΛΛ̄π+π−, ψ(2S) → ΛΛ̄φ(1020), φ → K+K−, ψ(2S) →
Ξ−Ξ̄+,Ξ− → Λπ−, Ξ̄+ → Λ̄π+ and ψ(2S) → Λp̄K+π+π−. In each case a MC
sample of 10000 events was obtained by using HOWL generator. Same initial
and final selection procedure as for our analysis channel, was used to check
events from the background samples. Background events normalized to 14 mil-
lion ψ(2S) data, are found to be negligible, as shown in table 1. The plots of
background events from different decay modes of ψ(2S) are provided in the
appendix A, for Inclusive as well as exclusive cases.

29

Fig. 1. A scatter plot of m(ΛK−) versus m(Λ̄K+).

2.2 Measurement of Λ̄ decay parameters

The nonleptonic decay of hyperon has long been

known as an ideal laboratory to study the parity vi-

olation [2]. The precise measurement of the Λ̄ decay

parameter plays an important role in CP test in Λ

decays [3, 4]. Under CP transformation, the decay
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parameter satisfies αΛ = −αΛ̄ if CP is conserved. If

CP -odd observable is defined by AΛ =
αΛ +αΛ̄

αΛ−αΛ̄

, then

any non-zero value of AΛ observed implies the evi-

dence for CP asymmetry in Λ decays. Experimen-

tally, searches for CP asymmetry in Λ nonleptonic

decays have been previously performed at pp̄ collid-

ers by the R608 [5] and PS185 [6] Collaborations, and

at a e+e− collider by DM2 Collaboration [7], but the

precision of the measurements is limited by statistics.

Using 58 million J/ψ events collected by BE-

SII detector, about 9000 events for J/ψ → ΛΛ̄ are

selected [8]. Fitting to the joint angular distribu-

tions yields the angular distribution parameter α =

0.70 ± 0.06 for the decay of J/ψ → ΛΛ̄, and the

Λ̄ decay parameter αΛ̄ = −0.755 ± 0.083 ± 0.063,

and the CP−odd observable is determined to be

AΛ = −0.081± 0.055± 0.059. Fig. 2 shows the fit-

ted result (curve) of the joint angular distribution

cosθ1 cos θ̄1+sinθ1 sin θ̄1 cos(φ1+φ2), together with the

data (error bar), where (θ1, φ1) and (θ̄1, φ̄1) are the

helicity angles as defined in Refs. [8, 9] for the decay

Λ→ pπ− and Λ̄→ p̄π+, respectively. The accuracy of

this measurement still remains insufficient to observe

CP violation at the level predicted by the standard

model: AΛ = −2.10× 10−5 in Kobayashi-Maskawa

model or AΛ =−1.10×10−4 in Weinberg model [7].
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Fig. 2. Comparison between data (error bar)

and fit results (histogram) of the distribution

cosθ1 cos θ̄1 +sinθ1 sin θ̄1 cos(φ1 + φ̄1).

2.3 Search for CP violation in J/ψ→ ΛΛ̄

The electric dipole momentum (EDM) is believed

as a promising source responsible for CP violation,

which is suggested to search for as an evidence of

new physics beyond standard model (SM). Stringent

limits on the electric dipole moment of neutron [10]

and electron [11] have been obtained. But the up-

per limits set for the electric dipole moment of Λ, Σ

and other particles are fairly weak. J/ψ→ΛΛ̄ offers

a good laboratory to measure the Λ electric dipole

moment dΛ and to test CP asymmetry due to the

EDM [12, 13].

The CP -odd observable in J/ψ→ΛΛ̄ can be de-

fined as [12, 13]

ACP =
N+−N−

N+ +N−
, (1)

where N± indicates the number of events with sign

[~P ·(~q1×~q2)] =±. ~P is the three-momentum of Λ and

~q1(~q2) is the three-momentum of p(p̄) in the rest frame

of Λ(Λ̄). A non-zero ACP may indicate CP violation

in this decay.

With the assumption that the dominant contri-

bution to the CP violation in J/ψ → ΛΛ̄ is made

from the Λ electric dipole moment, dΛ, one has a re-

lationship between ACP and dΛ, i.e., |ACP |= (0.56∼

1.25)× 10−2dΛ/(10−16 ecm) [12]. The upper bound

of dΛ is 1.5× 10−16 ecm [14] quoted from the mea-

surement in [15]. If dΛ indeed has a value close to

its bound, ACP can be expected as large as 10−2.

Therefore, an accurate measurement of ACP can also

be used to improve the upper bound of dΛ.

Using 58 million J/ψ events collected by the

BES/ detector at the BEPC, the decay J/ψ→ΛΛ̄ is

analyzed to test CP symmetry. Fig. 3 shows the com-

parison of ACP distribution between data (error bar)

and MC (histogram). The mean value of a CP -odd

observable is measured to be (−0.19±1.13±0.80)×

10−2, consistent with the expectation of CP con-

served. With the relationship given in Ref. [12], an

upper limit of the electric dipole moment is deter-

mined to be 2.3×10−16 ecm at 95% confidence level.
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3 Preliminary results from BES000

3.1 χcJ →π0π0,ηη

As a 3PJ states of cc̄, χcJ decays into pseudoscalar

meson pair have been studied in the framework of

pQCD. It turns out that the measured decay width

of χcJ → PP (P: peseudoscalar) is hardly explained

due to suppression predicted by the helicity selection

rule here [16]. The color-octec decay mechanism for

χcJ decays is proposed in recent years, and the decay

widths of χcJ (J = 0,2) → π0π0, ηη are calculated

based on this picture [17]. Experimentally, the decays

of χcJ (J = 0, 2) → π0π0, ηη are studied by CLEO

Collaboration with 25.9 millon ψ(2S) data collected

at CESR [18], it was found that the measured branch-

ing fractions are larger than the previous PDG values

(over 2σ difference).

Using 106×106 ψ(2S) sample collected at BES0

detector, the decays χcJ → π0π0, ηη (J = 0,2) are

studied via the decay ψ(2S)→ 5γ. The two π0/ηs are

reconstructed with four photons selected by requir-

ing the
√

P 2
1 (π0/η)+P 2

2 (π0/η) having a minimum

value in all possible photon’s combinations, where

Pi(π
0/η) = (Mγγ−Mπ0/η)/σγγ, and σγγ is the mass

resolution for two photons.
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Fig. 4. The radiative photon energy distribu-

tion for ψ(2S)→γχcJ , χcJ →π0π0. The dots

with error bars are data. The solid curve is

the fitted result as described in text, and the

dash line is the background.

The photon spectrum in the decay ψ(2S)→γχcJ

for the channel χcJ → π0π0 and χcJ → ηη are shown

in Figs. 4 and 5, respectively. Where the χc0 and

χc2 signals are clearly observed. As expected, the

χc1 state is not observed due to the spin-parity vi-

olation for its decays into a pseudoscalar pair. A

fit to the photon spectrum with the χcJ MC shape

for signal plus a 2nd-order Chebychev polynomial for

backgrounds (dash curve) is performed. The branch-

ing fractions are measured to be Br(χc0 → π0π0) =

(3.25±0.03)×10−3, Br(χc2 →π0π0) = (8.6±0.2)×10−4,

Br(χc0 →ηη) = (3.1±0.1)×10−3 and Br(χc2 → ηη) =

(5.9±0.5)×10−4. Here the errors are only statistical

ones.
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Fig. 5. The radiative photon energy distribu-

tion for ψ(2S) → γχcJ , χcJ → ηη. The dots

with error bars are data. The solid curve is

the result result as described in text, and the

dash line is background.

3.2 Measurement of the hc(
1P1) state

Charmonium spectroscopy and transitions be-

tween them have played an important role to under-

stand the quark-antiquark (QQ̄) interaction of quan-

tum chromodynamics (QCD) in particle physics. The

P -wave singlet charmonium state hc(
1P1) is partic-

ularly significant since the triplet-singlet hyperfine

splitting ∆Mhf ≡ 〈M(13PJ )〉 − 〈M(11P1)〉 is gener-

ally believed as an ideal tool to test the spin depen-

dence and spatial behavior of the QQ̄ force, where

〈M(13PJ)〉 = [M(χc0) + 3M(χc1) + 5M(χc2)]/9 =

3525.30±0.04 MeV [19]. Lattice QCD [20] and rela-

tivistic calculations [21] predict the hyperfine split-

ting ∆Mhf less than a few MeV. Recently, the hc

state has been identified by CLEO [22] Collabora-

tion. Their measurements yield m(hc) = 3525.28±

0.19(stat.)±0.12(syst.) MeV, and B(ψ(2S)→π0hc)×

B(hc →γηc) = (4.19±0.32±0.45)×10−4. A less con-

vincing hc signal was also seen in pp̄ → hc → γηc by

E835 Collaboration [23]. They measured the mass of

m(hc) = 3525.8± 0.2± 0.2 MeV with a width Γhc
6

1 MeV. The CLEO measurement of hc mass yields the

mass splitting ∆Mhf = +0.02±0.19±0.13 MeV, whose

central value agrees with the expectation of perturba-

tive QCD calculations [24], m(hc) > 〈m(13PJ )〉, but

with large uncertainty to distinguish lattice QCD pre-

diction m(hc) < 〈m(13PJ)〉 [20]. The measurement
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of branching fraction ψ(2S) → π0hc is urgent to de-

termine the absolute decay rate of hc particle pro-

duced in ψ(2S) decays, e.g. hc hadronic decays [25].

A theoretical calculation based on the QCD multi-

pole expansion [26] predicts the branching fraction of

B(ψ(2S)→π0hc) = (4.8∼ 14.4)×10−4, along with the

prediction of total decay width Γ (hc) = (0.51±0.01)

MeV. However, to measure the absolute branching

fraction for ψ(2S)→ π0hc by observing the π0 recoil

mass spectrum needs high statistics of ψ(2S) data

sample and good detector performance for detecting

the soft photons. They are not measured till now.

Figure 6 shows the distribution of π0 recoil mass

to search for hc signals in the sequential decay

ψ(2S)→π0hc, hc →γηc. The photon in the E1 tran-

sition hc → γηc is used as an E1-tag of this decay,

which allows to reconstruct ηc inclusively. One per-

forms a fit with a Breit-Wigner convoluted with the

instrument resolution function obtained in MC sim-

ulation for signal plus a background shape obtained

using the generic ψ(2S) MC sample of 100 million

decays. The fit yields the mass and width of hc,

i.e., M(hc) = 3525.16±0.16±0.10 MeV and Γ (hc) =

0.89± 0.57± 0.23 MeV, respectively. The product

branching fraction is calculated to be Br(ψ(2S) →

π0hc)×Br(hc →γηc) = (4.68±0.29stat.)×10−4.
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Fig. 6. π0 recoil mass (points with error bar)

and fitted results (curve) for the analysis of

E1 tag process ψ(2S)→π0hc, hc →γηc.

To measure the branching fraction ψ(2S)→π0hc,

one needs to look for hc candidates without the E1-tag

requirement. Fig. 7 shows the π0 recoil mass spec-

trum in the hc mass region, where hc is allowed to

decay into anything. A fit is performed to the dis-

tribution of π0 recoil mass with a Breit-Wigner con-

voluted with a mass resolution function for signals

plus a 4-th order of Chebychev polynomial for back-

grounds. The branching fraction is determined to be

Br(ψ(2S) → π0hc) = (8.42± 1.29stat.)× 10−4. Com-

bined with the result of E1-tag process, one obtains

Br(hc →γηc) = (55.7±6.3stat.)%.
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Fig. 7. π0 recoil mass (points with error bar)

and fitted results (curve) for the analysis of

ψ(2S)→π0hc.

3.3 Observation of χcJ →φφ, ωω, and ωφ

χcJ decays are believed as an ideal laboratory to

test QCD theory and to test the χcJ decay mecha-

nism based on color octet theory [27]. For the de-

cays of χcJ → VV (V: vector meson, J = 0, 2), the

measured branching fractions are still not well un-

derstood in QCD theory. For example, the decays

of χcJ → ωω, φφ (J = 0, 2) are suppressed due

to the helicity selection rule (HSL) [28]. However,

the BES/ measurements show that the χcJ have a

larger branching fractions to decay into these final

states [29, 30]: Br(χcJ → ωω) = (2.3± 0.7)× 10−3

and Br(χcJ →φφ) = (9.3±2.0)×10−4.

For the decays of χc1 → ωω,φφ, they are ex-

pected to be highly suppressed due to the requirement

of the identical particle symmetry. If ωω and φφ are

regarded as identical particles, then only D-wave of

orbital momentum is allowed to occur in χc1 decays.

For the decay of χcJ → ωφ, it is the doubly OZI

suppressed decay, and they are still not observed in

experiment. Surprisingly, these decays are observed

at BES0 data.

Figure 8 shows the mass spectrum of φφ recon-

structed via the decay ψ(2S) → γ2(K+K−). In the

scatter plot of the mass mK+K− versus other two kaon

mass mK+K− , the φφ signals are clearly seen. After

requiring the two φ selection, the χcJ (J = 0, 1, 2)

signals are clearly seen in the distribution of invari-

ant mass mφφ. The contribution from nonresonance

decays of χcJ → 2(K+K−) and χcJ →φK+K− can be

estimated with the φ sidebands as shown in Fig. 8

(shaded histogram). The significantly net signals for

χc1 →φφ are observed.
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Figure 9 shows the mass spectrum of ωω recon-

structed via the decay ψ(2S) → 5γ2(π+π−). Where

the two π0 candidates are reconstructed with the four

photons with the masses closest to the two π0 masses,

i.e.

√

(M (1)
γγ −Mπ0)2 +(M (2)

γγ −Mπ0)2, then a ω is re-

constructed with a combination of π+π−π0 selected

by minimizing |Mπ+π−π0 −Mω|. The rest combina-

tion of π+π−π0 is regarded as a candidate of other

ω signal. After requiring the two ωs falling into

the ω mass window |Mπ+π−π0 −Mω| < 0.04 GeV,

the χcJ (J = 0,1,2) signals are clearly observed at

the mass spectrum mωω. The backgrounds from

ψ(2S)→ π+π−J/ψ→ 5γ2(π+π−) are rejected by re-

quiring |M recoil
π+π−

−MJ/ψ|> 0.008 GeV, and the nonres-

onance contribution is estimated via the sidebands of

ω mass windows.
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Fig. 8. The invariant mass distribution of mφφ

in the BES0 data with two φs reconstructed

from 2(K+K−) (points with error bar), and

shaded histogram is estimated with φ side-

bands.
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Fig. 9. The invariant mass distribution of mωω

for data (error bar), and the blue curve is fit-

ted result with double Gaussian distributions

(in red, green and crimson color) plus back-

grounds (dash line).

Figure 10 shows the mass spectrum of φφ re-

constructed via the decay ψ(2S) → 3γK+K−π+π−,

where a φ is reconstructed with the decay φ →

K+K−, while another φ is reconstructed with the

decay φ → π+π−π0. Here the π0 is reconstructed

with two photons out of three selected photons by

minimizing the
√

(Mγγ−Mπ0)2−(Mγγπ+π− −Mφ)2.

After requiring the two φ candidates falling into

the mass widows |Mπ+π−π0 −Mφ| < 0.03 GeV and

|MK+K−−Mφ|< 0.015 GeV, the χcJ (J = 0, 1, 2) sig-

nals are clearly observed at the mass spectrum mφφ.

The non-φ’s contribution are studied with the φ side-

bands.
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Fig. 10. The invariant mass distribution

of mφφ for data (error) and fitted results

(blue curve) with double Gaussian distribu-

tions plus backgrounds (dash line); one φ is

reconstructed from φ→ K+K−, and another

φ is reconstructed from φ→π+π−π0.
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Fig. 11. The invariant mass distribution of

mωφ for data (error bar); the curve is the fit-

ted results with Breit-Wigner convoluted with

mass resolution for signal plus background

(dash line).

Figure 11 shows the mass spectrum of ωφ re-

constructed via the decay ψ(2S) → 3γK+K−π+π−,

where a φ is reconstructed with the decay φ →

K+K−, while ω is reconstructed with the decay ω→

π+π−π0. Here the π0 is reconstructed with two pho-

tons out of the three selected photons by minimizing
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the
√

(Mγγ−Mπ0)2−(Mγγπ+π− −Mω)2. After re-

quiring the mass widows |Mπ+π−π0−Mω|< 0.04 GeV

and |MK+K−−Mφ|< 0.015 GeV, the χcJ (J = 0, 1, 2)

signals are clearly observed at the mass spectrum

mφφ. The non-φ/ω’s contribution are studied with

the φ/ω sidebands.

4 Summary

Using ∼ 14× 106ψ(2S) and ∼ 58× 106 J/ψ data

collected at BES//BEPC, the branching fraction of

ψ(2S) → Ω−Ω̄+ is firstly measured with about 5σ

statistical significance. The Λ electric dipole and Λ̄

decay parameter are studied using the decay J/ψ→

ΛΛ̄→ pp̄π+π−.

Using (106 ± 3) × 106 ψ(2S) decays collected

at BES0/BEPC/, we have obtained some inter-

esting physics results. The preliminary branch-

ing fractions of χcJ → π0π0, ηη are measured

with precision improved. The mass and width of

hc(1
1P1) state, together with the branching frac-

tions of Br(ψ(2S) → π0hc) and Br(hc → γηc) are

the first measurements. Surprising, the decays of

χc1 → φφ, ωω, and ωφ are firstly observed in

BES0 data. The measurement of branching fraction

for these decay is on going, and the results will come

soon.

The BES Collaboration thanks the staff of BEPC

and computing center for their hard efforts.
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