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First Evidence of y(3770) Hadronic Transition to J/yn* n~ *
BES Collaboration

BAI Jing-Zhi BAN Yong’ BIAN Jian-Guo CAI Xiao CHANG Jin-Fan CHEN Hai-Xuan CHEN He-Sheng
CHEN Hong-Fang' CHEN Jiang-Chuan CHEN Jin CHEN Jun' CHEN Ma-Li CHEN Yuan-Bo CHI Shao-
Peng’ CHU Yuan-Ping CUI Xiang-Zong DAI Hong-Liang DAI You-Shan DENG Zi-Yan DONG Liao-
Yuan DU Shu-Xian DU Zhi-Zhen FANG Jian FANG Shuang-Shi’ FU Cheng-Dong FU Hong-Yu FU Li-
Ping" GAO Cui-Shan GAO Mei-Li GAO Yuan-Ning“ GONG Ming-Yu GONG Wen-Xuan GU Shu-Di GUO
Ya-Nan GUO Yi-Qing HAN Shi-Wen HE Ju HE Kang-Lin HE Mao® HE Xiang HENG Yue-Kun HU
Hai-Ming HU Tao HUANG Guang-Shun  HUANG Liang" HUANG Xiu-Ping JIA Qing-Ying®  JI Xiao-Bin

JIANG Chun-Hua JIANG Xiao-Shan JIN Da-Peng JIN Shan JIN Yan LAI Yuan-Fen LI Fei LI Gang LI
Hui-Hong LI Jia-Cai LI Jin LI Qiu-Ju LI Ren-Ying LI Ru-Bo LI Shu-Min LI Wei LI Wei-Guo LI Xiao-
Ling® LI Xue-Qian® LI Xue-Song” LIANG Yong-Fei® LIAO Hong-Bo® LIU Chun-Xiu LIU Fang' LIU
Feng’ LIU Huai-Min LIU Jian-Bei LIU Jue-Ping® LIU Rong-Guang LIU Yan LIU Zhen-An LIU Zhong-
Xiu LU Gong-Ru’ LU Feng LU Jun-Guang LUO Cheng-Lin'® LUO Xiao-Lan MA Feng-Cai”” MA Ji-
Mao MA Lian-Liang® MA Xiao-Yan MAO Ze-Pu MENG Xiang-Cheng MO Xiao-Hu NIE Jing NIE Zhen-
Dong PENG Hai-Ping' QI Na-Ding QIAN Cheng-De' QIN Hu® QIU Jin-Fa REN Zhen-Yu RONG Gang"
SHAN Lian-You SHANG Lei SHEN Ding-Li SHEN Xiao-Yan SHENG Hua-Yi SHI Feng SHI Xin’® SONG
Li-Wen SUN Han-Sheng SUN Sheng-Sen' SUN Yong-Zhao SUN Zhi-Jia TANG Xiao TAO Ning' TIAN Yu-
Run" TONG Guo-Liang WANG Da-Yong WANG Jin-Zhu WANG Lan WANG Ling-Shu WANG Man WANG
Meng WANG Pei-Liang WANG Ping WANG Shu-Zhi WANG Wen-Feng WANG Yi-Fang WANG Zhe WANG
Zheng WANG Zheng WANG Zhi-Yong WEI Cheng-Lin WU Ning WU Yuan-Ming XIA Xiao-Mi XIE Xiao-Xi
XIN Bo” XU Guo-Fa XU Hao XU Ye XUE Sheng-Tian YAN Mu-Lin' YAN Wen-Biao YANG
Fan'  YANG Hong-Xun' YANG Jie' YANG Sheng-Dong YANG Yong-Xu® YI Li-Hua" YI Zhi-Yong YE
Mei YE Ming-Han’ YE Yun-Xiu' YU Chuan-Song YU Guo-Wei YUAN Jian-Ming YUAN Ye YUE
Qian ZANG Shi-Lei ZENG Yun" ZHANG Bing-Xin ZHANG Bing-Yun ZHANG Chang-Chun ZHANG Da-Hua
ZHANG Jia-Wen ZHANG Jian ZHANG Jian-Yong ZHANG Jun-Mei’ ZHANG Liang-Sheng ZHANG Qin-Jian
ZHANG Shao-Qiang ZHANG Xiao-Mei ZHANG Xue-Yao’ ZHANG Yi-Yun” ZHANG Yong-Jun’® ZHANG
Yue-Yuan ZHANG Zhi-Qing’ ZHANG Zi-Ping' ZHANG Hong-Yu ZHAO Di-Xin ZHAO Jian-Bing ZHAO
Jing-Wei ZHAO Ping-Ping ZHAO Wei-Ren ZHAO Xiao-Jian ZHAO Yu-Bin ZHENG Han-Qing ZHENG
Jian-Ping ZHENG Lin-Sheng ZHENG Zhi-Peng ZHONG Xue-Chu ZHOU Bao-Qing ZHOU Gao-Ming ZHOU Li
ZHOU Neng-Feng ZHU Ke-Jun ZHU Qi-Ming ZHU Ying-Chun ZHU Yong-Sheng ZHU Zi-An ZHU Yu-
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Abstract Evidence of ¢(3770) decays to a non-DD final state is observed. A total of 6.8 £ 3.0 ¢(3770)—>J/n" ™ events are

obtained from a data sample of 8.0+ 0.5 pb™' taken at center-of-mass energies around 3 .773GeV using the BES- ]I detector at
the BEPC. The branching fraction is determined to be BF(¢(3770)—=>J/p =" n” )=(0.59+0.26 £0.16)% , corresponding to
the partial width of I'(¢(3770)~>J/¢x" ™ ) = (139 £ 61 + 41)keV.

Key words t,b(3770) , hadronic transition, non-DD decay, branching fraction, BES, BEPC

1 Imtroduction

The ($(3770) resonance is believed to be a mixture
of the 1° D, and 2° S, states of the cc systemm . Since its
mass is above open charm-pair threshold and its width is
two orders of magnitude larger than that of the ¢(25), it
is thought to decay almost entirely to pure DD"*' . Howev-
er, Lipkin pointed out that the ¢(3770) could decay to

non-D D final states with a large branching fraction'”

=7 that estimate the

There are theoretical calculations
partial width for hadronic transition of the ¢ (3770) —>
J/¢ ©* =~ based on the multipole expansion in QCD. Re-
cently Kuangm used the Chen-Kuang potential model to
obtain a partial width for ¢(3770)—>J/¢ n in the range
from 37 to 170keV, corresponding to 25 to 113keV for
$(3770)—>J/¢ =" n~ from isospin symmetry. In this pa-
per, we report evidence for ¢(3770)—>J/{ =" n~ based
on1.4+0.1pb™" of data taken in the center-of-mass(c.
m.) energy region from 3.738GeV to 3.885GeV and 6.6
+0.4pb ™" of data taken at 3.773GeV using the upgraded
Beijing spectrometer ( BES-11 ) at the Beijing Electron
Positron Collider (BEPC) .

2 The BES-1 detector

BES-II is a conventional cylindrical magnetic detec-
tor that is described in detail in Ref.[8]. A 12-layer
Vertex Chamber { VC) surrounding the beryllium beam
pipe provides input to the event trigger, as well as coordi-
nate information. A forty-layer main drft chamber
(MDC) located just outside the VC yields precise mea-
surements of charged particle trajectories with a solid an-
gle coverage of 85 % of 4x; it also provides ionization

energy loss (dE/dx) measurements which are used for

particle identification. Momentum resolution of 1.7 %

m(p in GeV/¢) and dE/dx resolution of 8.5 %
for Bhabha scattering electrons are obtained for the data
taken at v/s = 3.773GeV. An array of 48 scintillation
counters surrounding the MDC measures the time of flight
(TOF) of charged particles with a resolution of about 180
ps for electrons. Outside the TOF, a 12 radiation length,
leadgas barrel shower counter (BSC) , operating in limited
streamer mode, measures the energies of electrons and

photons over 80 % of the total solid angle with an energy

resolution of o;/E =0.22/VE(E in GeV) and spatial

resolutions of o, =7.9 mrad and o, =2.3 cm for elec-
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trons. A solenoidal magnet outside the BSC provides a
0.4 T magnetic field in the central tracking region of the
detector. Three double-layer muon counters instrument
the magnet flux return and serve to identify muons with
momentum greater than 500MeV/c. They cover 68 % of
the total solid angle.

3 Data analysis

3.1 Events selection

To search for the decay of $(3770) —=J/¢ " =™,
JWg—e'e orp" pu, pp ' and e" e w' w
candidate events are selected. These are required to have
four charged tracks with zero total charge. Each track is
required to have a good helix fit, to be consistent with
originating from the primary event vertex, and to satisfy
| cos@ | <0.85, where 8 is the polar angle.

Pions and leptons must satisfy particle identification
requirements. For pions, the combined confidence level
(CL), calculated for the m hypothesis using the dE/dx
and TOF measurements, is required to be greater than
0.1% . In order to reduce Y conversion background, in
which the ¢” and e~ from a converted Y are misidentified

asn' and ®~, an opening angle cut, §.+.- >20°, is

imposed. For electron identification, the combined confi- .

dence level, calculated for the e hypothesis using the
dE/dx, TOF and BSC measurements, is required to be
greater than 1 % , and the ratio CL,/( CL, + CL, + CL,
+ CLy) is required to be greater than 0.7. If a charged
track hits the muon counter, and the z and r¢ positions
of the hit match with the extrapolated positions of the re-
constructed MDC track, the charged track is identified as

a muon.
3.2 Analysis of the n* n~ recoile mass

The mass recoiling from the n* n~ system are calcu-

lated using

Myee(n® 7)) = \/( E. - Exr )" - 1 P..- |2 ’
where E_, is the c.m. energy, E.+,.- and P,+ - are the
total energy and momentum of the =" n~ system, respec-
tively . .

Fig.1(a) shows the distribution of mass recoiling

from the w* n~ system for candidate events with total en-

ergy within £2.55; + - + - of the nominal c.m. energy
at which the events were obtained and with a dilepton in-
variant mass within + 150MeV of the J/¢ mass. Two
peaks are observed. The higher one is from ¢(2S) events
produced by radiative retumn to the peak of the ¢(2S),
while the small enhancement around 3.1GeV is mostly
from ¢ (3770) decays. Fig.1(b) shows a Monte Carlo

simulation events of ¢ (2S) production and decay to

100 T T T 30000 T T T
@ (b)
80 |- -
20000 -
I 60 -
] Data MC
¢ 40
10000 | -
20 - -
0 In LS 0 ! ! ]
30 3.2 34 3.0 32 34
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Fig.1. Distribution of mass recoiling from the n* xn~ system

for(a) 11" n* n~ events (data) and (b) Monte Carlo ¢(25)
—J/p =" =~ .In(a), the curve gives the best fit

(see section IV) .

J/pn* =~ at the c.m. energies of the data from 3.738 to
3.885GeV, where the higher peak is from ¢(2S) events
produced by radiative return to the peak of the ¢(2S5),
and the small enhancement around 3.1GeV also is from
¢(28S) events produced by radiative return to the tail of
¢(28). The Monte Carlo simulation includes leading-log-
order initial state radiation (ISR), in which the center-of-
mass energies after ISR are generated according to Ref.
[9]. The $(2S) is generated using energy dependent
Breit-Wigner functions, and the beam energy spread is
taken into account. In the Monte Carlo study, ¢(3770) is
also generated using energy dependent Breit-Wigner func-
tions. Fig.2 shows the distribution of J/¢ ©* m~ events
with J/¢ —>1"1" (1= e or ) as a function of the energy
remaining after photon radiation, as determined by our
Monte Carlo simulation, where the branching fraction for
$(3770) = J/¢ =" n~ (solid histogram) is set to be
0.4 % , while the branching fractions for ¢ (2S) —
J/¢ " n~ (dotted histogram) and J/p—>1" 1" are taken
from the Particle Data Group (PDG)M .
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Fig.2. The distribution of $(3770) (solid line) and $(285) 0.5 0.6 0.7 0.8 0.9
(dotted line) events decaying to J/¢ «* &~ with J/¢—=>1* 1" ver- Myin-/GeV
sus energy remaining after ISR determined from Monte Carlo
Fig.3. (a) The scatter plot of the measured n*° 1~ energies

simulation at the ¢.m. energy 3.773GeV. The insert on the

right-top shows the energy distribution of $p(2S) events.

3.3 Kinematic fit

In order to reduce background and improve mormen-
tum resolution, events are subjected to four-constraint ki-
nematic fits to either the e” ¢” =" p” n” n or the
e'e e’ e w" n hypothesis. Events with a confi-
dence level greater than 1 % are accepted. Fig.3(a)
shows the scatter plot of #* =~ energies versus the fitted
mass of lepton pairs, where the =* n~ energies are calcu-
lated using only the measured momenta. There are clearly
two clusters, whose energies are around 0.57 and
0.65GeV and fitted masses around 3.18 and 3.10GeV,
corresponding to $(2S)—>J/¢ n* =~ and $(3770)—
Jly m* n~ , respectively. Projecting the events in Fig.3
(a) onto the horizontal scale, two fitted dilepton mass
peaks are observed around 3.10 and 3.18GeV, as shown
in Fig.3(b). There are 9 + 3 events in the lower mass
peak. Since the higher mass peak is due to ¢ (25),
which is produced by radiative return to the ¢$(25) peak,
its energy will be approximately 3.686GeV, while the c.
m. energy is set to the nominal energy in the kinematic
fitting. Therefore, the dilepton masses calculated
based on the fitted momenta from the J/¢) coming from

¢(28) > J/¢n'n are shifted upward to about
3.18GeV.

versus the fitted dilepton masses. There are two clusters. The
cluster whose energy is around 0.65 GeV is mostly composed of
signal events from $(3770)—>J/¢p =" =~ , while the events with
energies around 0.57GeV are due to ¢ (2S)—>J/ ¢ n" =«
events. (b) The fitted masses of the I" 1" . (¢) The n” x” en-
ergies. In (b) and (¢), the open circles are data, and the his-
tograms are the results of the Monte Carlo simulation for 4)(25)
—J/¢n" = . Shown in (b) is the fit to the data using the

Monte Carlo background shape (histogram), a small constant

background term, and a Gaussian to represent the signal .

3.4 Background

Backgrounds from QED radiative processes with ¥
conversion, two-photon backgrounds, such as e’ e  —
e"e p" - (where the slow muons are misidentified as
pions) and e"e” ~e'e x'x , and e e >t T,
are negligibly small. Candidate J/¢) =" =~ events could
also be produced in the continuum process, e* e~ —
1"1" x* «~ . From a sample of 5.1pb~"' taken in the en-
ergy region from 3.544 to 3.600GeV and 22.3pb ™' taken
at 4.03GeV with the BES- [ detector, no J/p n”
J/¢g—=1" 1" evenis are observed'""’ . This data sample is
about 3.4 times larger than that of the ¢$(3770) sample.
Hence the continuum background is also negligible.

However, due to radiative return and the tail of the

$(28) under the $(3770), there is $(25)—>J/¢p " «~

background produced around the center-of-mass energy of
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3.770GeV that can pass the event selection criteria and
yield fitted dilepton masses around 3. 097GeV. This
background, the main background to the ¢ (3770) —
J/$n* n signal, can be seen in Fig.3(b), that also
shows the distribution of Monte Carle $(2S)—>J/$p n* =~
events (solid histogram) that have passed selection. To
estimate the amount of background under the signal, we
have fit the data in Fig.3(b) with the Monte Carlo back-
ground shape (with normalization floating), a small con-
stant background term, and a Gaussian to represent the
signal with Mn_fit'>' . The fit yields a total of 2.2+ 0.4
(stat) + 0.4(sys) background events out of the 9.0+ 3.0
(stat) events near 3.097GeV, where the systematic error
arise from the uncertainty in estimation of the back-
ground. For example, removing the constant background
or using a polynomial background of first degree in the fit
changes the background estimate by 0.4 events. The
probability that the 9 events observed are due to a fluctua-
tion of the 2.2 £ 0.4 + 0.4 background events is 1.2 x
107, which gives the ¢(3770)—>J/yp x* n~ signal signif-
icance to be 30 . After background subtraction, 6.8 + 3.0
signal events remain. In this analysis, possible interfer-
ence between the ¢(2S5) background and the $(3770) is
neglected since the interference term cancels after inte-

grating over the pion momenta'®’ .

3.5 The number of y(3770) produced

The total number of 4)(3770) events is obtained from
our measured luminosities and the cross sections for
¢$(3770) production at the center-of-mass energies. The

Born level cross section at same energy E is given by

2=, I (E)
(E* - M) + M'TL(E)’

0y (37170) (E) =

where the $(3770) resonance parameters, I",, and M are
taken from the PDG'* , T « (E) is chosen to be energy

dependent and normalized to the total width I',, at the

31 In order to obtain the ob-

peak of the resonance’ "
served cross section, it is necessary to take into account
the ISR correction. The observed ¢(3770) cross section,
a;b:3770> , is reduced by a factor g(s,,,) = o'ib&m) (spm )/

B . .
040 ( Spom ) » where s, is the nominal c. m. energy

nom

squared. The ISR correction for ¢(3770) production is

calculated using a Breit-Wigner function and the radiative

photon energy spectrumm . With the calculated cross sec-
tions for {(3770) production at each energy point around
3.773GeV and the corresponding luminosities, the total
number of $(3770) events in the data sample is deter-
mined to be N‘j’f‘(’gm) =(5.7+1.3) x 10% where the error
is mainly due to the uncertainty in the observed cross sec-

tion for $(3770) production.

4 Result

The detection efficiency for the decay channel is de-
termined t0 be ¢, Groy~yg<* < yger - = 0.171 £ 0.002,
where the error is statistical . Using these numbers and the
known branching fractions for J/¢ —~e” e™ and p* p” o
the branching fraction for the non-D D decay ¢(3770) >
J/p " =~ is measured to be
BF({(3770) = J/pn* n°) = (0.59 +0.26 + 0.16) % ,
where the first error is statistical and the second systemat-
ic. Using I', from the PDG'', this branching fraction
corresponds to a partial width of

(p(3770) > J/¢ =" n°) = (139 + 61 = 41)keV.
The dominant systematic uncertainty is due to the uncer-
tainty in the total number of ¢ (3770 ) produced
( £24 % ). Other systematic uncertainties are due to the
uncertainties in the efficiency ( + 10 % ) and the back-
ground shape ( £ 6 % ). All systematic uncertainties are
added in quadrature.

Fitting the recoil mass distribution in Fig.1(a) with
two Gaussian functions plus a first order polynomial yields
8.8 £ 3.3 events in the small peak. The Monte Carlo
study shows that 1.9+ 0.6 out of 8.8 + 3.3 events are
due to ¢(25)—>J/¢ =" =~ . The detection efficiency is
€yamo—ggn’ = yg=1*1- = 0.18. These numbers yield a
branching fraction BF($(3770)—>]J/¢n" =~ ) = (0.57 £
0.27 +0.015)% , which is in good agreement with the

value obtained above.
5§ Summary

In summary, the branching fraction for ¢(3770)—>
J/p =" x~ has been measured. From a total of (5.7 =
1.3) x 10 *p(3770) events, 6.8 + 3.0 non-DD decays of
$(3770)—>J/¢ =n* =~ events are observed, leading to a
branching fraction of BF($(3770)—>]J/yn" =~ ) = (0.59
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£0.26+0.16)% , and a partial width I'($(3770)—>
Won"n™ ) =(139 £61 £41)keV.

We would like to thank the BEPC staff for their strong ef-

Jorts and the members of the IHEP computing center for their
helpful assistance . We acknowledge Professor Yu-Ping Kuang

and Professor Kuang-Ta Chao for many helpful discussions on
the non-D D decay of $(3770) .
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