
CPC(HEP & NP), 2012, 36(11): 1031–1039 Chinese Physics C Vol. 36, No. 11, Nov., 2012

Measurement of J/ψ decays into ΛΛ̄ π+π−∗

M. Ablikim(CÙp�7·ð&A)1 J. Z. Bai(xµz)1 Y. Bai(x�)1 Y. Ban(�])11 X. Cai(é�)1

H. F. Chen(�÷�)17 H. S. Chen(�Ú))1 J. C. Chen(�ôA)1 J. Chen(�?)1

Y. B. Chen(��y)1 Y. P. Chu(Ð�±)1 Y. S. Dai(�qõ)19 Z. Y. Deng("fý)1

S. X. Du(ÚÖk)1a J. Fang(�ï)1 C. D. Fu(F¤Å)1 Y. Gao(p�w)15 Y. T. Gu(�$e)4

Z. J. Guo(Hf¹)16b F. A. Harris16 K. L. He(Ûx�)1 M. He(ÛÔ)13 Y. K. Heng(ï�&)1

H. M. Hu(�°²)1 T. Hussain1c T. Hu(�7)1 G. S. Huang(�1^)17 X. T. Huang(�57)13

Y. P. Huang(�ÿ±)1 T. Hussain1c X. B. Ji(G¡R)1 X. S. Jiang(ô¡ì)1 J. B. Jiao(�èR)13

D. P. Jin(7�+)1 S. Jin(7ì)1 G. Li(of)1 H. B. Li(o°Å)1 J. Li(o7)1 L. Li(oZ)1

R. Y. Li(o;=)1 W. D. Li(o¥À)1 W. G. Li(o¥I)1 X. L. Li(o¡ )13 X. N. Li(o�I)1

X. Q. Li(oÆd)10 Y. F. Liang(ù]�)14 B. J. Liu(4�ô)1 C. X. Liu(4SD)1 Fang Liu(4�)1

Feng Liu(4¸)6 H. B. Liu(4÷�)4 H. M. Liu(4~¬)1 J. P. Liu(4ú²)18 Q. Liu(4Ê)16d

R. G. Liu(4J1)1 Z. A. Liu(4�S)1 F. Lu(½¸)1 G. R. Lu(°úV)5 J. G. Lu(½�1)1

X. L. Luo(Û¤�)9 F. C. Ma(êÂâ)8 H. L. Ma(ê°9)1 Q. M. Ma(ê¢r)1 M. Q. A. Malik1c

Z. P. Mao(fLÊ)1 X. H. Mo(#¡m)1 J. Nie(m¬)1 S. L. Olsen12 R. G. Ping(²Jf)1

J. F. Qiu(¤?u)1 G. Rong(Jf)1 X. D. Ruan(_�À)4 L. Y. Shan(üël)1 L. Shang(ÿX)1

C. P. Shen(!¤²)16e X. Y. Shen(!��)1 H. Y. Sheng(�uÂ)1 S. S. Sun(�°))1

S. S. Sun(��Ü)1 Y. Z. Sun(�[è)1 Z. J. Sun(��W)1 X. Tang(/¡)1 J. P. Tian(Xd²)15

G. S. Varner16 X. Wan(�_)1 L. Wang(�¯)1 L. L. Wang(���)1 L. S. Wang(�(Ô)1

P. Wang(�²)1 P. L. Wang(��û)1 Y. F. Wang(���)1 Z. Wang(��)1 Z. Y. Wang(��])1

C. L. Wei(�ª�)1 D. H. Wei(��¬)3 N. Wu(Çw)1 G. F. Xu(NIu)1 X. P. Xu(M#²)6f

Y. Xu(Mw)10 M. L. Yan(õ`�)17 H. X. Yang(
öÊ)1 M. Yang(
²)1 Y. X. Yang(
[#)3

M. H. Ye(�µÇ)2 Y. X. Ye(��D)17 C. X. Yu(�XR)10 C. Z. Yuan(���)1 Y. Yuan(��)1

Y. Zeng(Q�)7 B. X. Zhang(ÜZ#)1 B. Y. Zhang(Ü]�)1 C. C. Zhang(Ü�S)1

D. H. Zhang(Ü�u)1 H. Q. Zhang(Üux)1 H. Y. Zhang(Ùù�)1 J. W. Zhang(Ü[©)1

J. Y. Zhang(Üï])1 X. Y. Zhang(ÜÆ�)13 Y. Y.Zhang(Ü��)14 Z. P. Zhang(Üf²)17

J. W. Zhao(ë®�)1 M. G. Zhao(ë²f)10 P. P. Zhao(ë²²)1 Z. G. Zhao(ë�I)17

B. Zheng(xÅ)1 H. Q. Zheng(x°�)11 J. P. Zheng(xï²)1 Z. P. Zheng(x�+)1

B. Zhong(¨Q)1 L. Zhou(±s)1 K. J. Zhu(Á��)1 Q. M. Zhu(Áé²)1

X. W. Zhu(Á,!)1 Y. S. Zhu(Á[))1 Z. A. Zhu(ÁgS)1 B. S. Zou(qXt)1

(BES/ collaboration)

1 Institute of High Energy Physics, Beijing 100049, China
2 China Center of Advanced Science and Technology, Beijing 100190, China

3 Guangxi Normal University, Guilin 541004, China
4 Guangxi University, Nanning 530004, China

5 Henan Normal University, Xinxiang 453007, China

Received 16 July 2012, Revised 16 August 2012
∗Supported by National Natural Science Foundation of China (10491300, 10225524, 10225525, 10425523, 10625524, 10521003,

10821063, 10825524), Chinese Academy of Sciences (KJ 95T-03), 100 Talents Program of CAS (U-11, U-24, U-25), Knowledge

Innovation Project of CAS (U-602, U-34) (IHEP), National Natural Science Foundation of China (10775077, 10225522) (Tsinghua

University), and Department of Energy (DE-FG02-04ER41291) (U. Hawaii)
©2012 Chinese Physical Society and the Institute of High Energy Physics of the Chinese Academy of Sciences and the Institute

of Modern Physics of the Chinese Academy of Sciences and IOP Publishing Ltd



1032 Chinese Physics C (HEP & NP) Vol. 36

6 Huazhong Normal University, Wuhan 430079, China
7 Hunan University, Changsha 410082, China

8 Liaoning University, Shenyang 110036, China
9 Nanjing Normal University, Nanjing 210046, China

10 Nankai University, Tianjin 300071, China
11 Peking University, Beijing 100871, China

12 Seoul National University, Seoul, 151-747 Korea
13 Shandong University, Jinan 250100, China

14 Sichuan University, Chengdu 610064, China
15 Tsinghua University, Beijing 100084, China

16 University of Hawaii, Honolulu, Hawaii 96822, USA
17 University of Science and Technology of China, Hefei 230026, China

18 Wuhan University, Wuhan 430072, China
19 Zhejiang University, Hangzhou 310027, China

a now at Zhengzhou University, Zhengzhou 450001, China
b now at Johns Hopkins University, Baltimore, MD 21218, USA

c now at Centre for High Energy Physics, University of the Punjab, Lahore-54590, Pakistan
d now at Graduate University of Chinese Academy of Sciences, Beijing 100049, China

e now at Nagoya University, Nagoya, Japan
f now at Soochow University, Suzhou 215006, China

Abstract: Based on 58 million J/ψ events collected by the BES/ detector at the BEPC, J/ψ→ ΛΛ̄π+π−

is observed for the first time. The branching fraction is measured to be Br(J/ψ→ΛΛ̄π+π−) = (4.30±0.13±

0.99)×10−3 , excluding the decays to intermediate states, namely J/ψ→Ξ−Ξ̄+, J/ψ→Σ(1385)−Σ̄(1385)+, and

J/ψ→Σ(1385)+Σ̄(1385)−. The branching fractions for these intermediate resonance channels are measured to

be: Br(J/ψ→Ξ−Ξ̄+)= (0.90±0.03±0.18)×10−3 , Br(J/ψ→Σ(1385)−Σ̄(1385)+) = (1.23±0.07±0.30)×10−3 ,

and Br(J/ψ→ Σ(1385)+Σ̄(1385)−) = (1.50±0.08±0.38)×10−3 , respectively. The angular distribution is of

the form
dN

d(cosθ)
∝ (1+αcos2 θ) with α = (0.35±0.29±0.06) for J/ψ→ Ξ−Ξ̄+, α = (−0.54±0.22±0.10) for

J/ψ→Σ(1385)−Σ̄(1385)+, and α =(−0.35±0.25±0.06) for J/ψ→Σ(1385)+Σ̄(1385)−.
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1 Introduction

The decays of J/ψ into baryon pairs (BB̄), which

are predicted to proceed via the annihilation of the

constituent cc̄ into three gluons, have been studied in

Refs. [1, 2].

In this paper, we report a measurement of the

branching fraction of J/ψ → ΛΛ̄π+π−, which has

not been previously measured. Also, we find three

intermediate resonances J/ψ → Ξ−Ξ̄+, J/ψ →
Σ(1385)−Σ̄(1385)+, and J/ψ → Σ(1385)+Σ̄(1385)−,

and their branching fractions are measured. By using

hadron helicity conservation, the angular distribution

of e+e− → J/ψ→BB̄ can be expressed as:

dN

dcosθ
∝ (1+αcos2 θ),

where θ is the angle between the baryon and the beam

direction of the positron in the center-of-mass system.

We have measured the angular parameter, α, for these

BB̄ decays. Decay rates of J/ψ→ B8B̄8 (B8 : octet

baryon) and J/ψ→ B10B̄10 (B10 : decouplet baryon)

have been discussed, and α values have also been mea-

sured in different experiments [1–6]. In addition, the-

oretical values of α have also been calculated [7, 8]. It

is important to note that for J/ψ decays into baryon

and anti-baryon pairs, the velocity of the baryon is

non-relativistic, so α can take any value between −1

and 1.

2 The BES/// detector

BES was a conventional solenoidal magnetic de-

tector that is described in detail in Ref. [9]. BES/

is the upgraded version of the BES detector [10]. A

12-layer vertex chamber (VC) surrounding the beryl-

lium beam pipe provids track and trigger informa-

tion. A forty-layer main drift chamber (MDC) lo-

cated just outside the VC provides measurements of

charged particle trajectories covering 85% of 4π; it

also provides ionization energy loss (dE/dx) mea-

surements which are used for particle identification

(PID). A momentum resolution of 0.0178
√

1+p2 (p

in GeV/c) and a dE/dx resolution for hadronic tracks

of ∼ 8% are obtained. The time of flight (TOF)
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of charged particles is measured with an array of

48 scintillation counters surrounding the MDC. The

time resolution is about 200 ps for hadrons. Out-

side the TOF counters, a 12 radiation long, lead-gas

barrel shower counter (BSC), measures the energies

and positions of electrons and photons. The solid

angle covered is over 80%, and the energy resolu-

tions of σE/E = 0.22/
√

E (E in GeV) and the po-

sition resolutions, σφ = 7.9 mrad, and σz = 2.3 cm

are obtained. Outside the solenoidal coil, which pro-

vides a 0.4 T magnetic field over the tracking vol-

ume, three double-layer muon counters instrumented

in the flux return identified muons with momenta

greater than 500 MeV/c. The BESII detector was

de-commissioned in 2004.

3 The Monte Carlo simulation and se-

lection criteria

The Monte Carlo (MC) simulations are performed

using a GEANT3 based program (SIMBES) with de-

tailed consideration of the detector geometry and re-

sponse. The consistency between data and MC sim-

ulations has been checked in many J/ψ and ψ(2S)

decays with reasonable agreement. Details are de-

scribed in Ref. [11].

The exclusive MC sample of J/ψ→ ΛΛ̄π+π− →
pp̄π+π−π+π− is generated with a pure phase space

model. The decays of J/ψ → Ξ−Ξ̄+, J/ψ →
Σ(1385)−Σ̄(1385)+ and J/ψ → Σ(1385)+Σ̄(1385)−

are generated with the angular distribution param-

eter α consistent with the measured values.

The reconstructed J/ψ → ΛΛ̄π+π− candidate

events are required to have six charged tracks, and the

total charge must be equal to zero. In order to ensure

well-measured momenta and reliable particle identifi-

cation, all the tracks are required to be reconstructed

in the main drift chamber with a good helix fit. Each

track is required to satisfy |cosθ|< 0.8, where θ is the

polar angle, and originate from the beam interaction

region, which is defined by Rxy < 0.15 m and |z|< 0.45

m, where Rxy and z are respectively the distances in

the xy plane of the point of closest approach of the

charged track to the beamline and the z offset from

the interaction point. Particle identification for the

proton and antiproton is performed using dE/dx and

TOF information. We select the Λ and Λ̄ at the same

time from all possible pπ combinations. If there is

more than one combination, the combination with the

minimum |Mpπ−−MΛ|+|Mp̄π+−MΛ̄| is chosen, where

MΛ is the nominal mass of Λ. The Λ and Λ̄ candidates

are selected by requiring |Mpπ−−MΛ|< 0.008 GeV/c2

and |Mp̄π+ −MΛ̄|< 0.008 GeV/c2, respectively.

Imposing energy-momentum conservation, a four

constraint (4-C) kinematic fit is made under the hy-

pothesis of J/ψ → pp̄π+π−π+π−. The χ2 distribu-

tions of data and MC are consistent with each other

so a loose requirement χ2 < 50 is used. Possible

background channels are J/ψ→Ξ(1530)−Ξ̄+, J/ψ→
3(π+π−)π0, J/ψ→ 2(π+π−)K+K−, J/ψ→ 3(π+π−),

J/ψ → 3(π+π−)η, J/ψ → ∆(1232)++∆(1232)−−,

J/ψ→∆(1232)++p̄π−, and J/ψ→Σ(1385)−Σ̄+, but

no major backgrounds for the J/ψ → ΛΛ̄π+π− are

found.

4 The study of intermediate reso-

nances

There are three intermediate resonances clearly

seen in the selected ΛΛ̄π−π+ events. As shown in the

scatter plot of Λπ− versus Λ̄π+ mass in Fig. 1, there

are two accumulations of events. The accumulation

of events near 1.321 GeV/c2 corresponds to Ξ(1321)−

(Ξ̄(1321)+), and the accumulation near 1.385 GeV/c2

is Σ(1385)− (Σ̄(1385)+). From this plot, two modes

with intermediate resonances are very clearly seen;

J/ψ→Ξ−Ξ̄+ and J/ψ→Σ(1385)−Σ̄(1385)+.

Fig. 1. The scatter plot of M(Λπ−) versus

M(Λ̄π+) mass for data. There are accumu-

lations of events for Ξ−Ξ̄+ and Σ(1385)−

Σ̄(1385)+ near the masses of 1.321 GeV/c2

and 1.385 GeV/c2, respectively.

The other intermediate resonance may be seen in

the scatter plot of the Λπ+ versus the Λ̄π− mass,

shown in Fig. 2. The accumulation of events near

1.385 GeV/c2 is Σ(1385)+ (Σ̄(1385)−). From this

plot, it is clear that there is another intermediate res-

onance, J/ψ→Σ(1385)+Σ̄(1385)−.
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Fig. 2. The scatter plot of M(Λπ+) versus

M(Λ̄π−) for data. The accumulation of events

near 1.385 GeV/c2is Σ(1385)+Σ̄(1385)−.

From this plot, it is clear that there is an-

other intermediate resonance J/ψ→Σ(1385)+

Σ̄(1385)−.

4.1 The observation of Ξ̄(1321)+ and

Σ̄(1385)+

For J/ψ → Ξ−Ξ̄+ → (Λπ−)(Λ̄π+) → (pπ−π−)

(p̄π+π+), the Ξ−(Ξ̄+) is reconstructed with

Λπ−(Λ̄π+), and the Λ(Λ̄) selection criteria are the

same as above.

The invariant mass of Λπ− is plotted in Fig. 3

requiring |M(Λ̄π+) − 1.321| < 0.012 GeV/c2 to se-

lect the signal and |M(Λ̄π−)−1.383|> 0.054 GeV/c2

and |M(Λπ+)−1.383|> 0.054 GeV/c2 to veto J/ψ→
Σ(1385)+Σ̄(1385)−. The distribution is fitted with a

histogram of the MC Ξ− shape plus a fourth order

Legendre polynomial background function. Here and

below the χ2 method is used for fitting.

Fig. 3. The fitting result for the Λπ− mass dis-

tribution. The signal is fitted with the Λπ−

Monte Carlo shape, and the background with

a fourth order Legendre Polynomial.

The Λ̄π+ Invariant mass is plotted in Fig. 4, re-

quiring |M(Λπ−)− 1.321| < 0.012 GeV/c2 to select

the signal and |M(Λ̄π−)−1.383|> 0.054 GeV/c2 and

|M(Λπ+) − 1.383| > 0.054 GeV/c2 to veto J/ψ →
Σ(1385)+Σ̄(1385)−. The distribution is fitted with

a histogram of the MC Ξ̄+ shape plus a fourth order

Legendre polynomial background function.

Fig. 4. The fitting result for the Λ̄π+ mass dis-

tribution. The signal is fitted with the Λ̄π+

Monte Carlo shape, and for the background a

fourth order Legendre polynomial is used.

From the fit, the number of signal events for Ξ−

and Ξ̄+ are NΞ− = 979±35 and NΞ̄+ = 942±35, re-

spectively. The number of observed events for J/ψ→
Ξ−Ξ̄+ is taken as the average of NΞ− and NΞ̄+ , i.e.,

N obs = 961±35.

To obtain α for J/ψ → Ξ−Ξ̄+, the angular dis-

tribution is corrected with the detection efficiency

as
dN

dcosθ
∼ f(cosθ)(1 + αcos2 θ), where f(cosθ)

is determined bin by bin from the MC simulation.

Background in the distribution is removed using the

selection criteria: |Mpπ− − MΛ| < 0.008 GeV/c2,

|Mp̄π+ −MΛ̄| < 0.008 GeV/c2, |M(Λ̄π+)− 1.321| <

0.009 GeV/c2, |M(Λπ−) − 1.321| < 0.009 GeV/c2,

|M(Λ̄π−)−1.383|> 0.04 GeV/c2, |M(Λπ+)−1.383|>
0.04 GeV/c2. Fitting the efficiency corrected distri-

bution, as shown in Fig. 5, we obtain α = 0.35±0.29

for J/ψ→ Ξ−Ξ̄+, where the error is statistical. The

fit uses a binned χ2 minimization method in the an-

gular range |cosθ|6 0.7.

The detection efficiency for the J/ψ → Ξ−Ξ̄+ is

determined to be εMC = (4.50±0.04)% by generating

MC events with α = 0.35. The branching fraction is

calculated with

Br =
N obs

NJ/ψεMCBr(Ξ→Λπ)2Br(Λ→ pπ)2
, (1)
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where the branching fractions of Br(Ξ → Λπ) =

(99.887±0.035)% and Br(Λ→ pπ) = (63.9±0.5)%, are

taken from the Particle Data Group (PDG) [12], and

the number of J/ψ events is NJ/ψ = 57.7× 106 [13].

The branching fraction is determined to be:

Br(J/ψ→Ξ−Ξ̄+) = (0.90±0.03)×10−3,

where the error is statistical.

Fig. 5. The angular distribution for the effi-

ciency corrected data of J/ψ → Ξ−Ξ̄+. The

value of the angular parameter is determined

to be α =0.35±0.29.

4.2 The analysis of J/ψ→ Σ(1385)−Σ̄(1385)+

For the decay, J/ψ→Σ(1385)−Σ̄(1385)+ → (Λπ−)

(Λ̄π+) → (p̄π−π−) (p̄π+π+), Σ(1385)− (Σ̄(1385)+)

candidates are reconstructed from the selected

Λπ−(Λ̄π+), and the Λ(Λ̄) selection criteria are the

same as above.

The Λπ− invariant mass is plotted in Fig. 6 re-

quiring 1.333 < M(Λ̄π+) < 1.441 GeV/c2 to select

the signal and |M(Λπ+)−1.383|> 0.054 GeV/c2 and

|M(Λ̄π−) − 1.383| > 0.054 GeV/c2 to veto J/ψ →
Σ(1385)+Σ̄(1385)−. The distribution is fitted with a

histogram of the MC Σ(1385)− shape plus a fourth

order Legendre polynomial background function.

The Λ̄π+ invariant mass distribution is plotted in

Fig. 7 requiring 1.333 < M(Λπ−) < 1.441 GeV/c2 to

select the signal and |M(Λπ+)−1.383|> 0.054 GeV/c2

and |M(Λ̄π−)−1.383|> 0.054 GeV/c2 to veto J/ψ→
Σ(1385)+Σ̄(1385)−. The distribution is fitted with

a histogram of the Σ̄(1385)+ MC shape plus a back-

ground function, a fourth order Legendre polynomial.

The numbers of events obtained from the fits are

NΣ(1385)− = 839± 50 and NΣ̄(1385)+ = 830± 50. The

observed number of events is taken as the average of

Σ(1385)− and Σ̄(1385)+, ie., N obs = 835±50.

Fig. 6. The fitting result for the Λπ− mass

distribution. The signal is fitted with the

Σ(1385)− Monte Carlo shape and the back-

ground is described by a fourth order Legen-

dre polynomial.

Fig. 7. The fitting results for the Λ̄π+ mass

distribution. The signal is fitted with the

Σ̄(1385)+ Monte Carlo shape and for the back-

ground, a fourth order Legendre polynomial is

used.

In order to obtain α for J/ψ → Σ(1385)−

Σ̄(1385)+, we use the same procedure as described

above. The background can be removed by using

the selection criteria: |Mpπ− −MΛ| < 0.008 GeV/c2,

|Mp̄π+ −MΛ̄| < 0.008 GeV/c2, |M(Λ̄π+)− 1.387| <

0.04 GeV/c2, |M(Λπ−) − 1.387| < 0.04 GeV/c2,

|M(Λ̄π−)−1.383|> 0.04 GeV/c2, |M(Λπ+)−1.383|>
0.04 GeV/c2. The MC simulation shows that the

efficiency of the BESII detector drops rapidly when

|cosθ| > 0.7, where θ is the angle between Σ(1385)−

direction and the positron beam. The same selection
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criteria are used for MC and data. Fitting the effi-

ciency corrected distribution is shown in Fig. 8. We

obtain α = −0.54±0.22; here the error is statistical

only. The fit uses a binned χ2 minimization method

in the angular range |cosθ|6 0.7.

Fig. 8. The angular distribution for the ef-

ficiency corrected distribution for J/ψ →

Σ(1385)−Σ̄(1385)+. The value of α is −0.54±

0.22.

The J/ψ→Σ(1385)−Σ̄(1385)+ efficiency is deter-

mined to be εMC = (3.80±0.06)% by generating MC

events with α = −0.54. Then the branching fraction

is calculated by

Br =
N obs

NJ/ψεMCBr(Σ(1385)→Λπ)2Br(Λ→ pπ)2
, (2)

where the branching fractions of Br(Σ(1385) →
Λπ) = 87.0% and Br(Λ → pπ) = 63.9% are taken

from the PDG [12] and the number of J/ψ events is

NJ/ψ = 57.7× 106. The branching fraction is deter-

mined to be:

Br(J/ψ→Σ(1385)−Σ̄(1385)+) = (1.23±0.07)×10−3,

where the error is statistical.

4.3 The analysis of J/ψ→ Σ(1385)+Σ̄(1385)−

For J/ψ→ Σ(1385)+Σ̄(1385)− → (Λπ+)(Λ̄π−) →
(p̄π−π+)(p̄π+π−), the Λ(Λ̄) candidates are recon-

structed from pπ−(p̄π+), and the Σ(1385)+Σ̄(1385)−

candidates are reconstructed in ΛΛ̄π+π−. The Λ(Λ̄)

selection criteria are the same as described above.

The Λπ+ invariant mass distribution is plotted in

Fig. 9 requiring 1.333 < M(Λ̄π−) < 1.441 GeV/c2

to select signal and (M(Λπ−) < 1.309 or M(Λπ−) >

1.441) GeV/c2 and (M(Λ̄π+) < 1.309 or M(Λ̄π+) >

1.441) GeV/c2 to veto J/ψ → Ξ−Ξ̄+ and J/ψ →
Σ(1385)−Σ̄(1385)+. The distribution is fitted with

a histogram of the Σ+(1385) MC shape plus a back-

ground function, a fourth order Legendre polynomial.

The Λ̄π− invariant mass distribution is plotted in

Fig. 10 requiring 1.333 < M(Λπ+) < 1.441 GeV/c2 to

select the signal and (M(Λπ−) < 1.309 or M(Λπ−) >

1.441) GeV/c2 and (M(Λ̄π+) < 1.309 or M(Λ̄π+) >

1.441) GeV/c2 to veto J/ψ → Ξ−Ξ̄+ and J/ψ →
Σ(1385)−Σ̄(1385)+. The distribution is fitted with a

histogram of the Σ̄(1385)− MC shape plus a fourth or-

der Legendre polynomial to describe the background.

The numbers of events obtained from the fits are

NΣ(1385)+ = 1005±53 and NΣ̄(1385)− = 1060±59. The

final observed number of events is taken as the aver-

age of Σ(1385)+ and Σ̄(1385)−, i.e., N obs = 1033±56.

Fig. 9. The fitting result for the Λπ+ mass dis-

tribution. The distribution is fitted with the

Σ(1385)+ Monte Carlo shape and a fourth or-

der Legendre polynomial to describe the back-

ground.

Fig. 10. The fitting result for the Λ̄π− mass dis-

tribution. The distribution is fitted with the

Σ̄(1385)− Monte Carlo shape and a fourth or-

der Legendre polynomial for the background.
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To obtain the parameter α for J/ψ→ Σ(1385)+

Σ̄(1385)−, the same procedure as above is adopted.

The fit of the distribution, corrected for the selec-

tion efficiency, is shown in Fig. 11. We obtain

α = −0.35± 0.25, where the error is statistical only.

The fit uses a binned χ2 minimization method in the

angular range |cosθ|6 0.7.

Fig. 11. The angular distribution for the ef-

ficiency corrected J/ψ → Σ(1385)+Σ̄(1385)−

events. The value of α = −0.35± 0.25 is ob-

tained.

The J/ψ→Σ(1385)+Σ̄(1385)− efficiency is deter-

mined to be εMC = (3.83±0.08)% by generating the

MC events with α = −0.35. The branching fraction,

calculated with Eq. (2), is determined to be:

Br(J/ψ→Σ(1385)+Σ̄(1385)−) = (1.50±0.08)×10−3,

where the error is statistical only.

5 Branching fraction of J/ψ →

ΛΛ̄π+π−

The Λ invariant mass distribution is plotted in

Fig. 12 after requiring |Mp̄π+ −MΛ̄| < 0.008 GeV/c2

and |M(Λ̄π+)− 1.321| > 0.012 GeV/c2, |M(Λπ−)−
1.321| > 0.012 GeV/c2, |M(Λ̄π+) − 1.387| >

0.054GeV/c2, |M(Λπ−) − 1.387| > 0.054 GeV/c2,

|M(Λ̄π−)− 1.383| > 0.054 GeV/c2, and |M(Λπ+)−
1.383| > 0.054 GeV/c2 to exclude J/ψ → Ξ+Ξ̄−,

J/ψ → Σ(1385)−Σ̄(1385)+, and J/ψ → Σ(1385)+

Σ̄(1385)−. The distribution is fitted by a histogram of

the signal shape from MC and a third order Legendre

polynomial for the background.

The Λ̄ invariant mass is plotted in Fig. 13 re-

quiring |Mpπ− − MΛ| < 0.008 GeV/c2 to select

the signal and |M(Λ̄π+) − 1.321| > 0.012 GeV/c2,

|M(Λπ−)−1.321|> 0.012 GeV/c2, |M(Λ̄π+)−1.387|>

0.054 GeV/c2, |M(Λπ−) − 1.387| > 0.054 GeV/c2,

|M(Λ̄π−)− 1.383| > 0.054 GeV/c2, and |M(Λπ+)−
1.383| > 0.054 GeV/c2 to exclude J/ψ → Ξ+Ξ̄−,

J/ψ → Σ(1385)−Σ̄(1385)+, and J/ψ → Σ(1385)+

Σ̄(1385)−. The distribution is fitted with a histogram

of the Λ MC shape plus a third order Legendre poly-

nomial background function.

Fig. 12. The fitting results for the pπ− mass

distribution. The distribution is fitted with

the Λ Monte Carlo shape and a third order

Legendre polynomial is used to describe the

background.

Fig. 13. The fitting results for the p̄π+ mass

distribution. The signal is fitted with the Λ̄

Monte Carlo shape and the background with

a third order Legendre polynomial.

The number of Λ and Λ̄ events obtained from the

fits are NΛ = 2443±68 and NΛ̄ = 2287±72, respec-

tively. The final observed number of events is taken

as the average of the NΛ and NΛ̄, i.e., N obs = 2365±70,

and the MC detection efficiency for J/ψ→ ΛΛ̄π+π−

is εMC = (5.27±0.05)%.
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Table 1. Measured results for the branching fraction of J/ψ → ΛΛ̄π+π−, J/ψ → Ξ−Ξ̄+, J/ψ → Σ(1385)−

Σ̄(1385)+ and J/ψ→Σ(1385)+Σ̄(1385)−.

J/ψ→ our result (×10−3) other sources (×10−3)

ΛΛ̄π+π− 4.30±0.13±0.99 —

Ξ−Ξ̄+ 0.90±0.03±0.18 (0.85±0.16) PDG value [12]

Σ(1385)−Σ̄(1385)+ 1.23±0.07±0.30 (1.03±0.13) PDG value [12]

Σ(1385)+Σ̄(1385)− 1.50±0.08±0.38 (1.03±0.24±0.25) MARK II [1]

Table 2. α values for J/ψ→Ξ−Ξ̄+, J/ψ→Σ(1385)−Σ̄(1385)+ and J/ψ→Σ(1385)+Σ̄(1385)−.

J/ψ→ our result other sources

Ξ−Ξ̄+ 0.35±0.29±0.06 −0.13±0.59 (MARK II) [1]

Σ(1385)−Σ̄(1385)+ −0.54±0.22±0.10 —

Σ(1385)+Σ̄(1385)− −0.35±0.25±0.06 —

The branching fraction is calculated using:

Br =
N obs

NJ/ψBr(Λ→ pπ)2
. (3)

The branching fraction excluding J/ψ → Ξ+Ξ̄−,

J/ψ → Σ(1385)−Σ̄(1385)+, and J/ψ → Σ(1385)+

Σ̄(1385)− is determined to be:

Br(J/ψ→ΛΛ̄π+π−) = (4.30±0.13)×10−3,

where 0.13 is the statistical error.

6 The systematic errors of the angular

distribution

Using different MDC wire resolution models in

the MC simulations, the systematic errors on α

in J/ψ decays into Ξ−Ξ̄+, Σ(1385)−Σ̄(1385)+, and

Σ(1385)+Σ̄(1385)− from the tracking reconstruction

are determined to be 15.2%, 15.8% and 14.9%, respec-

tively. If the efficiency correction curve is changed by

1σ for these three decays, the α values are changed

by 7.4%, 8.8% and 8.9%, respectively. The ef-

fects of background uncertainties on α are negligi-

ble. Adding these contributions for J/ψ decays into

Ξ−Ξ̄+, Σ(1385)−Σ̄(1385)+ and Σ(1385)+Σ̄(1385)− in

quadrature gives total systematic errors of 16.9%,

18.1% and 17.4%, respectively. The absolute values

for the α uncertainty are given in Table 2.

7 The systematic errors for branching

fractions

The systematic errors on the branching fractions

are dominated by uncertainties of the MDC track-

ing, particle identification (PID), MC simulation

model, background uncertainty, kinematic fit, sec-

ondary branching fraction, α, and the uncertainty of

the number of J/ψ events.

7.1 The MDC tracking

The MDC tracking efficiency has been measured

using channels like J/ψ → ρπ, J/ψ → ΛΛ̄, and

J/ψ→ µ+µ−. The MC simulation agrees with data

within 1% to 2% for each charged track [11]. In the

decay of J/ψ→ ΛΛ̄π+π−, 12% is regarded as the er-

ror caused by the tracking efficiency of six charged

tracks.

7.2 The particle identification (PID)

The particle identifications of π and p are de-

scribed in Ref. [11]. In our case, two charged tracks,

p and p̄, are identified. The systematic error from the

particle identification is 4%.

7.3 The background uncertainty

This systematic error arises from the uncertainty

of the background shape. Changing the order of

the background polynomial and the fitting range

gives the systematic error. The errors for J/ψ →
ΛΛ̄π+π−, J/ψ→ Ξ−Ξ̄+, J/ψ→ Σ(1385)−Σ̄(1385)+,

and J/ψ → Σ(1385)+Σ̄(1385)− are 0.12%, 1.10%,

0.54% and 4.70%, respectively.

7.4 The MC model

Different simulation models for the hadronic in-

teraction (GCALOR/FLUKA) give different efficien-

cies, leading to different branching fractions. For

π simulation, GCALOR is better than FLUKA; for

p simulation FLUKA is better than GCALOR in

the lower momentum region. So, in our analy-

sis, all the baryons and anti-baryons are simulated

by the GCALOR model and the difference between

GCALOR and FLUKA is taken as the systematic er-

ror of the hadronic interaction model. The system-
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atic error for the MC efficiencies for J/ψ→ ΛΛ̄π+π−

is 17.5% and the errors for the intermediate reso-

nances, J/ψ → Ξ−Ξ̄+ , J/ψ → Σ(1385)−Σ̄(1385)+,

and J/ψ→Σ(1385)+Σ̄(1385)− are 12.9%, 18.4% and

19.8%, respectively.

7.5 Variations of selection requirements

The sensitivity to our selection requirement val-

ues has been determined by varying all selection re-

quirements used by +6%. The corresponding dif-

ferences for each variation have been combined in

quadrature to obtain the total uncertainty corre-

sponding to our requirement values. The systematic

errors for variations in the requirements for J/ψ →
ΛΛ̄π+π−, J/ψ→ Ξ−Ξ̄+ , J/ψ→ Σ(1385)−Σ̄(1385)+

and J/ψ → Σ(1385)+Σ̄(1385)− are 1.30%, 0.45%,

0.21% and 0.46%, respectively.

7.6 Intermediate decay branching fractions

The errors on the branching fractions of Ξ→Λπ,

Σ(1385)→ Λπ and Λ → pπ decays are 0.035%, 1.5%

and 0.5%, respectively. These values are taken from

the Particle Data Group [12].

7.7 Effect of α on the detection efficiency

When we change α by 1σ, the detection efficien-

cies for J/ψ→Ξ−Ξ̄+, J/ψ→Σ(1385)−Σ̄(1385)+ and

J/ψ→Σ(1385)+Σ̄(1385)− are changed by 1.2%, 5.7%

and 0, respectively. These are taken as the systematic

errors due to α.

7.8 The kinematic fit

The 4C-kinematic fit error is studied using J/ψ→
Ξ−Ξ̄+. The Monte Carlo events are generated using

phase space, the analysis is performed with and with-

out the 4C-fit both in data and MC, and the relative

efficiency difference between these two cases is 6%.

7.9 The number of J/ψ events

The number of J/ψ events is (57.7±2.72)×106 [13],

so we take 4.7% as the systematic error on the number

of J/ψ events.

Combining the uncertainties from all sources

in quadrature, the total systematic errors of the

branching fractions of J/ψ → ΛΛ̄π+π−, J/ψ →
Ξ−Ξ̄+, J/ψ → Σ(1385)−Σ̄(1385)+, and J/ψ →
Σ(1385)+Σ̄(1385)− are 23.41%, 20.24%, 24.97%, and

25.82%, respectively.

8 Summary

Using 5.77 × 107J/ψ events taken by the

BES/ detector at the BEPC, we have measured

the branching fraction of J/ψ → ΛΛ̄π+π− for the

first time, and the branching fractions for J/ψ →
Ξ−Ξ+,Σ(1385)−Σ̄(1385)+, and Σ(1385)+Σ̄(1385)−

are measured with improved precision. The branch-

ing fraction for J/ψ→ΛΛ̄π+π− is (4.30±0.13±0.99)×
10−3. The comparison between our result and the

PDG values is given in Table 1.

The angular distribution for J/ψ→BB̄ has been

studied. As shown in Table 2, the parameters of α,

describing the baryon angular distribution in the form
dN

dcosθ
∼ (1+αcos2 θ) for the modes of J/ψ→Ξ−Ξ̄+,

Σ(1385)−Σ̄(1385)+, and Σ(1385)+Σ̄(1385)− are mea-

sured for the first time.

The BES collaboration would like to thank the staff

at BEPC and Computing Center for their hard work.
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