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Decay of the J/y to X'’ Final State

BES Callaboration"”

BAI Jing-Zhi BAN Yong' BIAN Jian-Guo® CHANG Jin-Fan CHEN Ai-Dong CHEN Hong-
Fang' CHEN He-Sheng CHEN Jiang-Chuan CHEN Xin-Dong CHEN Yuan-Bo CHENG
Bao-Sen CHI Shao-Peng CHU Yuan-Ping CUI Xiang-Zong DAI You-Shan’ DONG Liao-
Yuan’ DU Zhi-Zhen FU Hong-Yu FU Li-Ping" GAO Cui-Shan GU Shu-Di  GUO Zi-Jin
GUO Ya-Nan HAN Shi-Wen HAN Ying HE Jing-Tang HE Ju HE Kang-Lin HE Mao’ HE
Xiang HENG Yue-Kun HONG Tao HU Gui-Yun HU Hai-Ming HU Qiong-Hui HU Tao
HUANG Guang-Shun’ HUANG Xiu-Ping HUANG Yin-Zhi ]I Xiao-Bin’  JIANG Chun-Hua
JIN Yan KE Zun-Jian LAl Yuan-Fen LIDe LI Hai-Bo' LI Hui-Hong' LI Jia-Cai LI Jin
Ll Pei-Qin LI Qiu-Ju LI Ren-Ying LI Wei LI Wei-Guo LI Xiao-Nan LI Xue-Qian’ LIU
Bin LIU Feng® LIU Huai-Min LIU Jing LIU Jue-Ping® LIU Rong-Guang LIU Tian-Rong
LIC Yan LIU Zhong-Xiu [IU Fong LU Gong-Rv’ LU Feng LU Jun-Guang LU Zhi-Jian LUO
Xiao-Tan MA En-Cheng MA Feng-Cai” MA Ji-Mao MAO Ze-Pu MENG Xiang-Cheng MO
Xiao-Hu NIE Jing NIE Zhen-Dong QI Na-Ding QI Xiang-Rong’ QIAN Cheng-De' QIU Jin-
Fa QUE You-Kun RONG Gang SHAO Yu-Ying SHEN Ben-Wei SHEN Ding-Li SHEN
Hong SHEN Xiao-Yan SHENG Hua-Yi SHI Feng SHI Huan-Zhang SONG Xiao-Fei SUN
Han-Sheng SUN Liang-Feng SUN Yong-Zhao TANG Su-Qiu TANG Xiao TONG Guo-Liang
WANG Jin-Zhu WANG Jun WANG Lan WANG Ling-Shu WANG Man WANG Meng
WANG Pei-Liang WANG Ping  WANG Shao-Min  WANG Wen-Feng® WANG Yun-Yong
WANG Zhi-Yong WEI Cheng-Lin WU Ning XI De-Ming XIA Xiao-Mi  XIE Xiao-Xi XU
Guo-Fa XU Ye XUE Sheng-Tian YAN Mu-Lin' YAN Wen-Biao YAN Wu-Guang YANG
Chang-You YANG Chun-Min  YANG Gui-An  YANG Hong-Xun  YANG Xiao-Feng YE
Ming-Han" YE Shu-Wei' YE Yun-Xiu' YU Chuan-Song YU Chun-Xu YU Guo-Wei
YUAN Ye ZENG Yun" ZHANG Bing-Yun ZHANG Chang-Chun ZHANG Da-Hua ZHANG
Hui-Ling ZHANG Jian ZHANG Jia-Wen ZHANG Liang-Sheng ZHANG Lin  ZHANG Qin-
Jian ZHANG Shao-Qiang ZHANG Xue-Yao ZHANG Yue-Yuan ZHANG Zi-Ping ZHANG
Hong-Yu 7HANG Ping ZHAO Di-Xin ZHAO Hai-Wen ZHAO Jia-Wei' ZHAO Jing-Wei
7ZHAO Ping-Ping ZHAO Wei-Ren ZHAO Yu-Bin  ZHAO Zheng-Guo  ZHENG Jian-Ping
ZHENG Lin-Sheng ZHENG Zhi-Peng ZHONG Xue-Chu ZHOU Bao-Qing ZHOU Gao-Ming
ZHOU Li ZHU Ke-Jun ZHU Qi-Ming ZHU Yong-Sheng ZHU Zi-An  ZHU Yu-Can
ZHUANG Bao-An  ZOU Bing-Song
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Abstract With 7.8 million produced J/¢ events collected by the BES detector at the BEPC, the decay
J/4—+5"5" is analysed. The branching ratio is measured to be BR(J/¢—+3°3%) = (0.97+0.04 £ 0.24)

x 10" . The angular distribution is of the form E('—(;;b = Ny(1 + acos’ @) with @ value of -0.21£0.27

+0.13.

Key words  Beijing spectrometer, J/¢ particle, =° particle, angular distribution, branching ratio

1 Introduction

As is well-known, based on the helicity formalism and general conservative principles regarding
spin, party, etc, the angular distribution of B in the decay of a neutral vector resonance V into a

baryon-antibaryon pair BB is of the form''
AN 1+ acos’§
dcost ’ ,
where 0 is the emission angle of B in the V rest frame. The first order calculations* of perturba-
tive QCD predicted the theoretical value of a at J/{ energy. Table 1 lists the predicted a values for
the decays J/¢—= A A and 3°S'. Several experiments have performed a measurements for J/$—
ppt T, AN, 237 and E E*%, including the previously reported results of BES collabo-
ration™* using 7.8 x 10° produced J/¢ events in the BES detector. Table 2 summarizes the experimen-
tal measurements of a and the branching ratio for the decay J/¢—AA. It can be seen that for a the
BES result is in good agreement with that of DM2”" as well as the theoretical prediction in Ref.[3].
This paper presents the measurement of @ for the decay J/y—=3"S", using 7.8 x 10° J/¢ even-
ts collected by BES detector, which has been described in detail elsewhere’" and the comparison

of its main features with the other detectors is given in the previous paper:a‘ .
Table 1. Theoretical predictions of a for the decays J/y—AA ,Z°Z°.
Channel Ref.[2] Ref.(3) | Channel Ref. 2. Ref.[3]
AA 0.32 0.51 H 00 0.31 0.43

Table 2. Experimental measurements of @ and BR for the decay J/y—AA.

Detector a BR( x107%) Events
MARK 1] 0.72+0.36 1.58:0.08+0.19 365
DM2 0.62+0.22 1.383:0.05:0.20 1847

BES 0.5220.35 1.08:0.0620.24 631
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2 Selection of AA

Since the decay to be searched includes A A pair in the final state, a set of cuts is used to se-
lect J/g—>A A + X events, where X is a system of neutral particle(s) and/or undetected charged
particle(s) .

The A is identified by its pr  decay mode. Candidates for J/¢—A A + X events are selected
by requiring exactly four reconstructed charged tracks in the drift chamber with zero net charge.
Tracks with | cosf,, | <0.85 are accepted, where 6, is the polar angle with respect to the beam di-
rection. Protons are identified by requiring that their time-of-flight (TOF) or the ionization energy
loss (dE/dx) in the drift chamber be consistent with the corresponding particle hypothesis, i.e.

J tmnn - texp(p)‘ <3‘

al
or
Loews = L (P) | < \tn--u“up(i)f_ (i=n,K),
o, g,
or
‘(d_E) _(E) (p)
da/ g Vdx/ ‘<3,
O 4E1dx
or
()] [0
o O 4Eids < Takrax , o ,

where ¢, is the measured flight time, ¢, (i) is the expected flight time for particle hypothesis i,
and o, is the TOF resolution. The subscripts for d E/dx are of similar meanings.

The cvents with at least one particle satisfying proton (or anti-proton) hypothesis are selected .
The ideal case is that both the number of proton and the number of antiproton are equal to 1. In
other cases, the minimum value of M. -1.116 GeV| + | M.+ -1.116 GeV: determines the
combination of p, p, 7' and n” . Fig.1 shows the distribution of invariant mass M, for J/$-—>
pr” pr’ + X candidates selected in the J/¢ data sample. By fitting it to a gaussian distribution plus
a quadrinomial function, a 3.0 MeV r.m.s mass resolution is estimated for the peak. To select a
AA + X event, both of M- and M, - invariant masses are required 1o be within (1116 + 9)MeV .

3 Selection of the Final State and the Result

The energy distribution of the AA pair, E,3, for J/g—>AA + X candidates is shown in Fig.2.
The enhancement centered at 2.9 GeV is due to the decay J/¢—3"5", where 3° »AY. The AA
energy distributions for the Monte Carlo events J/¢p—=A A, 3°3°, 2°2° and 3°° 3°° are shown in
Fig.3 with BR (J/¢—AA) equal to 1.08 x 10™* given by BES™ , BR(J/¢—3"5") equal to
0.97 x 10" *(see the text below), J/p—Z°E° equal to 0.9 x 107* given by PDG2000"" and
BR(JIg—2""3"" ) equal to 1.40 x 10° which is obtained by fitting A A pair energy spectrum
with the superposition of A A energy distributions for the four Monte Carlo channels, shown in
Fig.2 as dashed line. It can be seen that the agreement between data and Monte Carlo simulation
is reasonably well .
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Fig. 1. Invariant mass M ,- distribution in J/y — Fig.2. AA pair energy distribution. The solid
W £ p BY
pr” prn’ + X event candidates (histogram) . The smooth line represents E, 3 for data of J/p—>A A + X.
curve is a fit with a Gaussian plus a quadrinomial. The dashed line is the superposition of AA energy
distributions for the Monte Carlo events )/ ~
32T BPE, S°F and A A with the branch-
ing ratios stated in the text.
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Fig. 3. AA pair energy distribution. The four Fig .jo' The angular distribution for the decay J/¢ >
bumps from left to right are for the decays J/y— 33" . The curve is the fit described in the text.
3, 22, 5"3° and AA from Monte Carlo

simulations respectively .

642 J/¢—=>3°3" events are left by requiring 2.8 < E,; < 2.98 GeV. The contaminations are
estimated to be 1.0 % (using BES measurement of the branching ratio® ) or 1.3 % (using the
branching ratio given by PDG2000'"") for the deca Jig—~AAand 2.3 % for the decay J/¢—=E'E’
based on Monte Carlo simulation respectively.

The detection efficiency for the signal events depends on the A direction. The Monte Carlo
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simulation shows that the detection efficiency of the BES detector drops rapidly for the region
| cosf | >0.7, where 8 is the angle between the A direction and positron beam. The efficiency cor-
rected angular distribution for the A is shown in Fig.4 with the bin size equal to 0.1. Because the
A is emitted from 3 within a cone of 4 degree” in C.M. frame of J/¢p in the decay J/g—>3"%",
the A angular distribution a is a good approximation to the =’ angular distribution .

Fitting this angular distribution to the theoretical form '™

dN .
d—c;)—s—é—ho(] + acos 6)

yields
a=-0.21+0.27+£0.13,
where 0.27 is the statistical error and 0.13 is the systematic error.
The total detection efficiency ¢ is obtained to be 8.45 % , which gives the branching ratio
BR(JIg—=3="3") =€7\‘5,N-— =(0.97+0.04£0.24) x 107",

I
where N, =7.8x (1£0.2) x 10° is the total number of J/¢ events.
The systematic error 0.24 originates from the uncertainties caused by varing the cut conditions
and the error of total number of J/{ events. The contaminations from J/q)—’AK, s°S" are not sub-
tracted from 642 events, which are also included in the systematic error of the branching ratio.

4 Conclusion and Discussion

Table 3 gives the branching ratio and a value measured by the BES for the decay J/{ R
together with those previously reported by Mark [[ and DM2.

The statistics of the events in BES measurement is close to that of DM2. The branching ratio
obtained by this experiment is in agreement with that of DM2 within the error, while the shape of the
angular distribution is somehow different from those of DM2 and MARK Il as shown in Table 3.

The central « value is negative which is also different from the theoretical expectation

Table 3. Experimental measurements of o and BR for J/y »3"%" channel.

Detector a BR( x10°%) Events
_-_M'-\RK Il : 0.70 + ].i.ﬂ 1.58+0.16+0.25 - . 90 .
DM2 0.22+0.31 1.0620.04+0.23 884
BES -0.21+£0.30 0.97+0.04+0.24 642

The reduced barching ratio | My | is defined to be the branching ratio of J/¢— BB divided out
the phase-space factor:
» _ BR(J/y—BB)

np“/«/;

where p is the momemtum of the final state particle B in the J/¢) rest frame. Using BES measured

| M,

branching ratios reported in Ref.{8] and this paper, we give the | M, }2 values of 0.99 £ 0.23 and
0.97 +0.24 for J/¢—A A and 3°3° respectively, which are consistent with the ]/ being a pure
SU(3), singlet assumption.

We appreciate very much all the efforts of the BEPC staff to provide good machine performance ,
and the computer center of IHEP for providing an enjoyable data analysis environment . We are also
grateful to Prof . WU Ji-Min for helpful discussion .
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