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The part.ial wave analysiH n·Hults for .J/1j, -+ -y[(+ g- and .f/111 -+ 1K�K� based on 5.8 x 107 
BESIJ J f1i1 <w�nt.s are n�portecl, am! o++ is fin<! to he dominant in 1. 7GeV ma.'!S region of KK 
3pect.rnru. Th<' mass." mid widths of /� ( 1525) and fo ( 1 710) a.i·e given. The prliminary n•.sults 
of 11c ma....,'S meaGurcrrH.�nt fron1 :;ix dHcay duwnPb arc� presented. we also iutroduce sorne ./('If; 
hadronic decays, one ifi tlw study of excit<'d baryon states, the other is J /1/l three body decay. 

1 Introduction 

BES is a large general purpose solenoidal detector at the Beijing Electron positron collider( BEPC). 
The detai ls of BES! are described in ref. ( ! ] .  The upgrades of BESI to BESII[2] include the 
replacement. of the central drift chamber with a vertex chamber of 12· tracking layers, the in­
st;allalion of a new barrel time-of-flight. counter(BTOF) with a time resolution of 180ps and the 
installation of a new main drift chamher(MDC) , whkh ha.� 10 tracking layers and provide; a 
dE/dx resolution of adF/d:" = 8 .0% for particle identification and u,,/p = l .8%Jl + p2 (p in 
G�N) momentum resolution for charged tracks. The barrel Hhower counter(BSC) ,  which covers 
80% of 411' solid angle. ha.� a <'rwrgy reimlutiou of rrr;/E = 22%/VE and a spatial resolution 
of 7 .9 rnrad in t/> and 2.3 nu in z. is locat,�d cmtsich� the TOF. Outermost is a µ  identification 
systmn, which consists of three d011h!P layers of proportiorrn.J tubes i nterspersed iu the iron flux 
return of the magnet. 

63 



2 JN data sample 

At the end of April, 2001 ,BES had accumulated about 
5.8 x 107 JN events, which is the largest JN data 
sample in the e+e- collision experiments of the world. 
Besides the high statistics, the data quality of the 5.8 x 
107 J/'lj; is quite good. Fig.I shows the inclusive K� 
and ¢ signals. The signals are very clear and the fitted 
mass values are in good agreement with PDG's. 

K.0 peak position 
RUN 1.3700-1 !\000 
M � 4 9 7 . 7 1  :t:0.02MeV 

" ,,_..,., ·��,..,,...����......_,,,"·"'"'"' ���,,_,,. 
Mas.•rn:•n:·J (GeV/c7) 

'I' peak posotion 
RUN 1 .3 7 00 - 1 !1000 

M - 1 0 1 9  7 ± 0. 1 MeV 

Base on the present data, plenty of physics topics are 
expected, such as the study of the light hadronic spec­
tronscopy, glueball and hybrid search, study of excited 
baryon states, precise measurement, rare decays et al. 

1.11-1 '·"" 
M11:.·.�(K.KJ (G<!Vk�! 

Figure 1: Inclusive K� and ¢ signal 

3 Partial wave analysis(PWA) on J/'ljJ -+ 'YK+K- and K�K� 

One of the distinctive features of QCD as a non-Abelian gauge theory is the self-interaction of 
gluons. The indirect evidence for gluon-gluon interactions has been obtained at high energies. 

However, glueballs, the bound states of gluons, pre-

•• I ·m ·· · ·� •· ·1 
dieted by QCD, b,% not been oonfumed yet. Th�� 

'0 
•.• -�:::-: •. =�: :=: • fore, the observation of glue balls is, to some extent, a 

� : ::·:u: : =,· -
.:�. 

direct test of QCD. Lattice QCD predicted that the 
- _ • ground scalar glueball should be in the mass range of 

4 0 .. -
l.5-l.7GeV(Fig.2) [3] . The /0 (1710), first observed by 

2 ' 

0 0 the Crystal Ball Collboration in J /'¢ -+ 'Y7J7J[4] has 
•• ·• Pc ·- -- been considered as the lightest o++ glueball candidate 

Figu'.e 2: The mass spectrum of glueballs in the because of its large production rate in gluon rich pro-
pure SU(3) gauge theory cesses, such as J /1/J radiative decays, pp central pro-

;"'!i"oo ·-··- ·-- ·· -�--· ·-- • · 1 duction etc. There are many results on /o (l 710) from 
� "00 _,,.,. • yo< . '" I '  I I/ ' 1 different process by several groups, but the spin-parity 
1 �0 

" ' ] of /0(1710) is not very consistency(5] . 
300 

1 , 1 Base on BESII 58 million J /1/J data, a partial wave 200 [ ' I .oo . • •• . . • .  1 . ,  ansalysis i s  performed to  the /0 ( 1710) mass region 0 , ' · ·· ' ' ·"" . :o . .  ;.s ,2 in J/'ljJ -+ 'YK+ K- and J/'lj; --+ 'YK�K� channels. �·a0 I ·· ·· �.<!'.' '.."." > '"'""V/e ' Fig.3 shows the invariant mass spectrum of K+ K-
� ! -''•' . y0,,.Ks l l  l ' J  Q 0 - � 1 and Ks Ks . The amplitudes are fitted to relativis-j•oo I 1' I 

I J l tic covariant tensor expressions, the maximum likeli-
00 1 1 1 t, hood method is employed in the fit and both global l \ 1 1 !  I 

. . - · '  . �a ·  . , ,.. . � fit and bin-by-bin fit are done in the two chan-
0 ' . · '- . :i.. M<K·K·> ""0v,e» nels. In the global fit, four partial waves J /1/J --+ 

Figure 3: The invariant mass spectrum of Kk 'Y/;(1525) , /o ( 1710) , /2 (1270) and /0 (1500) are fitted 
to data with a broad o++ background. 

Fig.4 is bin-by-bin results of combined J/'ljJ --+ 'YK+K- and 'YK2K� analyses. Each bin is 
40MeV, the o++ and 2++ components are determined as point with error bars in each bin. The 
solid curve is the Breit-Wigner fit to each component. Fig.5 shows the comparison of bin-by-bin 
fit and global fit for JN --+ 'YK+ K- (upper) and 'YK� K�(below). The solid curve is the fit to 
the points got from bin-by-bin fit, and the histograms are the projections of the results of the 
global fit. 
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Figure 4: The bin-by-bin fit results Figure 5: The global fit results 

From the Fig.4,5, it is apparently that the 2++ distribution shows a clear signal corresponding 
to the /; (1525) and also evidence 

Table 1: T he mass and width of !; (1525) and fo (1710) of /2(1270) ,  while o++ is dominant 
Mass(MeV/c" ) 

!2 (1525) 1518 ± 6 
fo ( l  710) 1703:'.:fo 

4 1)c mass measurement 

Width(MeV/c") 
84:'.: � � 

163:'.:�� 

in the Jo ( 1710) region. The masses 
and widths of /� ( 1525) and /0 (1710) 
are given in Table 1 . (The error is 
statistical error only) 

A precise knowledge of the mass difference between the J/'lj;(l-- ) and 77c(o-+ ) Gharmonium 
states is usefull for the determination of the strength of spin-spin interaction term in non­
relativistic potential model. While the J /1/J mass has been determined with high accuracy to be 
3.096 ± 0.04, but the 'T/c mass measurements listed in PDG 2000 are much different, and the fit 
to the measurements has a confidence level of only 0.001 . Resently, there are some news results 
from L3( 1999) [6],BESI[7] ,and CLE0[8] , but the results have poor internal consistency still. So 
additional precise measurements are needed for both T/c mass and width. Six different radiative 
decays channels J /1/! --+ 'YT/c have been performed to study 7)c mass at BESII. The fit values of 

Table 2: The number of events and mass of ry, 
Channel No. of events Mass(MeV/c") 

K+ K-n+K- 350.0 ± 39.3 2981 .0  ± 2.1 
7r+7r-7r+7r 452.5 ± 61 .3  2977.2 ± 3 .3  

K±K�K'f 552.9 ± 39.0 2974.5 ± 1 . 3  
<P¢ 92.9 ± 14.4 2978.8 ± 2.6 

K+ K-n° 221 .8  ± 45.7 2976. 1 ± 4.9 
pp 214.0 ± 24.5 2980.6 ± 1 . 8  

the number of  events and mass 
of 7Jc for the individual channel 
are show in Table 2 (The er­
rors are statistical only) .  In 
our fit, r is fixed at 16.5MeV, 
which is the weighted average of 
PGD(2000),BESI and CLEO val­
ues. Combine the weighted average 
with the results for the six channels, 
the mass of 7)c is given as m77, = 
2977.6 ± 0.8(The error is statistical) 
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5 JN hadronic decay 

5. 1 Excited baryon states 

Baryon spectroscopy is important for un­
derstanding the internal structure of nu­
cleon, but our understanding on baryon spec­
troscopy is still poor. J /1/J decay has its own 
advantage to study baryon spectroscopy and 
will play a important role in baryon spec­
troscopy. The PWA analyses of two decay 
channels J/'lj; --+ pj57ro and J/'lj; --+ p7r-n have 
been performed to sudy the excited baryons. 
Fig.6 and Fig.7 show the invariant masses of 
p7r0 (Fig.6) and N7r- (Fig.7) .  The two peaks 
around l .5GeV and l . 65GeV are very clear 
in both channels, PWA is in progress now. 

5.2 Three body decay 

Figure 6: The invariant mass of p7r0 in J/,P -t pp7r0 

1 2000 
1 • ooo 

Figure 7·. The invariant mass of Jr_ ii in J /1/J -t p7r- n 

Three body decay channels are importance to study hadron spectroscopy. Both MARKIII and 
DM2 had analyzed these channels for the study of fo (980) ,  /� ( 1525) and the structure around 
1 .  7Ge V[9] , [10] , [ 1 1  ] , [12] .  Here are the preliminary results of BESII. 

Fig.8 shows the w singnal and 7r+7r- invariant mass of J/1/J --+ w7r+7r- .  The shadow indi­
cateds the background. The well knowm h( 1270) is very clear, and a broad bump exists in the 
low mass region, which many people are interested in. 

Fig.9 shows the w singnal and K+ K- invariant mass of J/1/J --+ wK+ K- . The main feature 
of this channel is the peak around 1 .75, the threshold effect and !2(1270) . The background is 
from J/'lj; --+ w7r+7r-

� 3000 [·. -· -�-·��----- . ·- ._ ________ - -- � j 
1 2000 ]\,!/'" • : • c rr ' rr J n " 

moo I ��� % 6 ----- -5'7 - ----- a'a - - -- Q9- -- - - , 
�2000 
1@ ,  soo Ji 

M ( n ' n  n°) (GaV1c") ---------- .. - - - ! 

7'; �400 
! 300 

Figure 8: The w singnal and 7r+7r- invariant mass Figure 9: The w singnal and 7r+7r- invariant mass 
of J/,P -t w7r+7r- channel of J/..p -t w7r+1f- channel 

Fig.10 shows the ¢ signal and 7r+7r--" invariant mass of J/'lj; --+ ¢7r+rr- channel. There are 
a strong fo (980) ,  and two bumps around 1335 and 1770MeV. Fig. 1 1  shows the ¢ signal and 
K+K- invariant mass of J/'if; --+ ¢K+K- channel. The tail of fo (980) in the low K+K- mass 
spectum and strong !� ( 1525) are clearly seen. 
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Figure 10: The c/> singnal and ,,.+,,.- invariant mass of J/,P -+ c/>7r+7r- channel 
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Figure 1 1 :  The c/> singnal and K+ K- invariant mass of J/,P -+ c/>K+ K- channel 

6 summary 

By the end of 2001,  BESII has accumulated 5.8 x 107 JN data. Base on 5.8 x 107 BESII J/'lj; 
data, a partial wave is applied to J / 'lj; --t "!KR decay, and o++ is found to be dominant in the 
fo(l 710) mass region. Six radiative decay channels have been studied for the measurement of 
T/c mass, the measured T/c mass is in good agreement with PDG(2000) . Some hadronic decays 
are in the study . 
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