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Introduction
ψ(3770) resonance
It is believed to be a mixture of         and          states of
system.  It is thought to decay almost entirely to pure DD-bar.

1
31 D 1

32 S cc

Long-standing puzzle of 
ψ(3770) production and 
decays:

nb 8.16.11))3770((12
2

)3770(
)3770( ±=→×= −+eeBF

M
prd ψπσ

ψ
ψ

Cross section at peak (PDG04 parameters)

nb   0.50.5)( ±=→−+ DDeeobsσ (Mark-III)

nb 7.01.7)( ±=→−+ DDeeprdσ
before BES-II & CLEO-c

BUT

previous 
measurements

Previously published data indicate that more than about 35% of
ψ(3770) does not decay to DD-bar ? This conflicts with theoretical 
prediction. 
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New Measurements
Recently BES and CLEO-c measured the DD and ψ(3770) 
production at 3.773 GeV based on the data taken below DD 
threshold and at 3.773 GeV.

Cross section scan
A better way to measure the cross sections,  the widths of the 
resonance and the DD branching fractions of ψ(3770) is to 
analyze the line-shapes of ψ(3770), ψ(3686) and DD production 
simultaneously. 

BES made a fine cross section scan covering both the ψ(3686) 
and ψ(3770) to measure the resonance parameters,  branching 
fractions and search for non-DD decays …
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The Beijing Electron Positron Collider
(BEPC)

L ~ ~1 ×1031 /cm2⋅s at ψ(3770) peak

Ecm~2-5 GeV

BES and/or BES-II Detector

was one of the two e+e- machines in the world in the τ-charm energy region
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BESII Detector

VC:     σxy = 100  µm        TOF:   σT = 180 ps         µ counter:  σrφ= 3 cm 
MDC: σxy =  220  µm        BSC:   ∆E/√E= 22 %                        σz = 5.5 cm 

σdE/dx= 8.5 %                      σφ = 7.9 mr B field:     0.4 T
∆p/p=1.7%√(1+p2)             σz = 3.1 cm
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ψ(3770) at 3.773 GeV
BES-II data samples

~18 pb-1 of  data taken at 3.773 GeV for study of D 
decays and measurement of 

~15 pb-1 of (cross section scan ) data taken in the energy 
region from 3.665 to 3.878 GeV for measurement of 
resonance parameters and branching fractions for 
ψ(3770) D0D0, D+D- .

DDσ

Equivalent to 
~27 pb-1 at 

ψ(3770) peak

Ecm= 3.650, 3.665 GeV
6.5 pb-1 of data collected at 3.650 GeV.

~1 pb-1 of data collected at 3.665 GeV.
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Resonance parameters of ψ(3770) , 
ψ(3686) and branching fractions

Data (~5 pb-1) collected at 48 energy points from 
3.66 GeV to 3.87 GeV.

For this analysisCross section scan experiment

Also collected calibration data sets (4 data sets for 
BEPC energy calibration with J/ψ and ψ(3686) peaks).

Monte Carlo
Developed a inclusive hadronic event generator with 
high order ISR corrections to simulate the hadronic
event production in the full energy region.
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MC generator & simulation
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During the cross section experiment, we 
performed 4 fast cross section scans over 
J/ψ and ψ’ resonances to calibrate the 
BEPC energy.

BEPC energy calibration

BEPC
BEPC
BEPC

PDG04

Mass [MeV]

011.0916.3096 ±

05.030.3095 ±

034.0093.3686 ±

01.090.3684 ±

02.050.3684 ±

'ψ

'ψ

'ψ
ψJ/

ψJ/

  
3095.33684.8
MM

3095.3)(EME
PDG
J/ψ

PDG
ψBEPCPDG02

J/ψ
true '

−

−
×−−=

EBEPC is the energy of BEPC 
set in the experiment, 

Etrue  is the true energy

01.070.3684 ±

8.3684
2

9.36847.3684
=

+

Just before the scan experiment

When scan over 3.770 GeV
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Observed cross section

trgcmhadcm

had
cm

obs
had EEL

nE
εε

σ
   )(  )(

)( =

∫ −=
1

0

exp ))1((  ),(  )( xssxFdxs Bect
had σσ

)()(
)(12

)( 2222 sMMs
s

s
tot

feeB

Γ+−

ΓΓ
=

π
σ

(Kuraev and Fadin)

functionsampling issxF      ),(

For ψ(3770), we use energy-
dependent total width )(tot sΓ

)hadrons( →−+eeσ

The distribution of event vertex in Z

Fitting the distribution of the 
event vertex gives the number 
of hadronic events nhad.



13

)mode(2
)(

)(
tag  single

tag single

D

D

→
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DBL
EN

E cm
cm

obs
DD ε

σ

+−→ πKD0

++−+ → ππKD

Distributions of invariant masses of                 πmKn

Energy dependent cross sections

−++−→ πππKD0

DD-bar production

combinations at different c.m. energies
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Observed cross sections
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Fitting the observed inclusive hadron and DD-bar cross sections to 
the theoretical cross sections,  we obtain the branching fractions

Fit to the observed cross sections

)()(
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222

0

sMMs
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tot

DDeeB
DD Γ+−
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=

π
σ

)()(
)(12
222

0

)3770( sMMs
s

tot

toteeB

Γ+−
ΓΓ

=
π

σ ψ

The total energy dependent width has three components:
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Independent hadron and 
DD-bar data sample

had

net
had

had L
ni
ε

σ =)(exp

had

net
had

had L
Ni

ε
σ =)(obs

obs
DD

obs
had

net
had NNN −=

expexp
DDhad

net
had nnn −=

[ ]3322110)3770(
exp )()1( εεεδσψ BBBBBLn ISR

prd
DD ++++=

hadhadhad Ln εσ expexp =

Branching 
fraction for 
the singly 
tagged D 
channel

))3770((
00

0 DDBB →= ψ

))3770(( −+
+ →= DDBB ψ

These relations remove those hadronic events which also 
appear in the DD-bar samples, so that the inclusive hadronic 
and DD-bar samples are independent.
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To measure the resonance parameters of 
ψ(3770) or ψ(3686), one had better to 
simultaneously fit ψ(3686) and ψ(3770) 
resonances, since there are strong 
correlations between the fitted 
parameters of the two resonances.  

ψ(3770)

ψ(3686)

If one do not consider the effects of 
vacuum polarization corrections on the 
observed cross sections in the data 
reduction, the total width of ψ(3686)
would decrease by about 40 keV!

ψ(3686)

hep-ex/0605107

Mainly due to vacuum 
polarization corrections

After subtraction of ψ(3686) , ψ(3770)
and J/ ψ from the observed cross 
sections, one obtains the expected 
cross sections of the continuum hadron 
production.
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obs
hadσ

cmE ]GeV[

MARK-I

MARK-II

DELCO

BES-II

PRL39 (1977) 526

PRL40 (1978) 671

hep-ex/0605107



19

Comparison of ψ(3770) Resonance  Parameters

(preliminary !)
BES-II

PDG04

MARK-II

DELCO

MARK-I

Experiment (MeV) Γtot (eV) Γee

63772 ±

63770 ±

2.43770.0 ±

0.83772.2 ±

528±

524±

90370±

60180±

50276±

40260 ±

28251 ±

388±

286±

280±

(MeV) M∆

2.483.9±

524±

2.723.6±

53764 ±

2.426.9± 0.786.6±

(MeV) )3770(ψM

nb  0.3566.063.9| MeV 3.3772)3770( ±±=
=s

prd
ψσ nb  0.2848.094.6| MeV 3.3772

obs
)3770( ±±=

=sψσ

nb  56.112.8| MeV 3.3772
obs

)3770( ±=
=sψσ

which is consistent within error with109.0054.0262.2uds ±±=R

hep-ex/0605107 obtained based on PDG04 parameters
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Comparison of ψ(3686) Resonance  Parameters

This work 

PDG04

BES-II

E760

experiment (keV) tot
'ψ

Γ(MeV) M 'ψ (keV)  '
ee

ψ
Γ

1636306 ±±3.01.00.3686 ±±

AN / 27264± 21.044.2 ±

17281 ± 12.012.2 ±03.009.3686 ±

258331 ±± 11.004.033.2 ±±3.00.05.3685 ±±

)%033.0122.0704.0(])3686([ ±±=→ −+ eeB ψ

510)03.006.093.0()])3770([( −−+ ×±±=→ eeB ψ 510)17.012.1()])3770([( −−+ ×±=→ eeB ψ

)%031.0755.0(])3686([ ±=→ −+ eeB ψ

PDG04hep-ex/0605107
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00DD

−+DD

Inclusive hadrons
)%8.27.39.36())3770(( ±±=→ −+ DDBF ψ

)%3.27.47.46())3770(( 00 ±±=→ DDBF ψ

)%2.43.76.83())3770(( ±±=→ DDBF ψ

)%2.43.74.16())3770(( ±±=−→ DDnonBF ψ

Obtained from fitting to the inclusive
hadron and the DD-bar production 
cross sections  simultaneously.Branching fractions

hep-ex/0605107

where the first error is statistical and 
second systematic, which arises from the 
un-canceled systematic uncertainties in
hadron cross sections (~4.4 %),  neutral 
DD-bar cross sections (~4.5 %) and 
charged DD-bar cross sections (~7.4 %).

These results are preliminary !
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))3770((   &  DDBFR →ψ

We use R values and cross section for DD-bar production to determine 
the branching fraction for the decay                          .DD→)3770(ψ

pQCD calculates the R ratio Experimentally, one measures

−+

=
µµσ

σ Born
hadR

had

hadobs
had L

N
ε

σ
⋅

=

: # of hadronic hadN

: LuminosityL
: Eff.hadε

events

R ≡ µ-

e+

e-

µ+

hadrons-e

e+

q-

q
σ

σ
flavor
color

= ΣQf
2

lowest
order

)1( δ
σ

σ
+

=
obs
hadBorn

had : radiative
correction factor

)1( δ+

22 (GeV)  
nb  8544.86

cm
ee E

=−+−+ → µµ
σ
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Events Recorded by BESII

Primarycosmic rayN
π0
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νµ
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e- γ
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Nhad

e- e-

e+ e+

l+l-

qq

Primarycosmic rayN
π0

e+e-e+e-

µ+

νµ

π+

-e

e+

q-

q

Cosmic-ray and beam 
associated background

The distributions of the averaged Z of events

could be estimated based on cross sections,  luminosity and acceptancebN

bN

bNhadn +

)1( δ+= hadNhadn

Radiative correction could 
remove the effects of  high 
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observed cross section,  
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ISR corrections
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Vacuum polarization 
correction...)()(1
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22.098.18 ±

27.030.18 ±

27.068.27 ±

16.062.14 ±

21.015.14 ±

22.014.23 ±

02.024.2 ±

03.019.2 ±

04.079.3 ±

GeV 3.773 @ 20.004.079.3 ±±=R

(p
re

lim
in

ar
y 

!)

09.002.022.2 ±±=udsR

11.005.026.2 ±±=udsR

14.026.2| GeV   3.0  to   2.0 ±=udsR

3.773

3.665

3.650

Rσobs
had

ECM [GeV] 0σ

udstot R    and  R
hep-ex/0605105

)hadrons( →−+ ee

stat. & p-to-p 
systematic error

Obtaining by fitting to 
the R values measured 
by BES in the range 
from 2.0 to 3.0 GeV

Obtained by fitting the ψ(3770)
and ψ(3686) cross sectionssee before
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hep-ex/0605105

Comparison of R measurements from different 
experiments
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)non)3770(( DDBF −→ψ determined with DDσR    &   

Born
)3770((3770)   &   R ψψ  σ

Taking the R for light hadron production to be a constant, then 

udsEcm RERR
cm

−= = GeV 3.773)3770( |)(ψ

Including ψ(3770)We obtain
13.004.057.1)3770( ±±=ψR

nb   81026.058.9Born
)3770( .±±=ψσ Preliminary

hep-ex/0605105

M
y 

ca
lc

ul
at

io
n It is consistent with

nb 74.108.11))3770((
)1(

12
2

)3770(VP

Born
)3770( ±=→×

+
= −+ eeBF

M
ψ

δ
πσ

ψ
ψ

)024.0047.1()1( VP ±=+ δ
obtained based on PDG04 ψ(3770)
resonance parametersPLB 603(2004)130
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Determination of branching fractions with
Assuming that there are no other new 
structures and effects except ψ(3770) and 
continuum hadron production in the energy 
region from 3.70 to 3.87 GeV, we have

obs
DDσ Born

)3770(ψσand

)()(
)(12

)( 2222 sMMs
s

s
tot

feeB

Γ+−

ΓΓ
=

π
σ

024.0047.1)1(|))1((1| 2 ±=+=−Π− −
vpxs δ

B

obs

g
σ
σ

=

2/41

0
|))1((1|))1((  ),(  )(

2
−−

−Π−−= ∫ xsxssxfdxs
sM Bobs

DD
D σσ

Assuming that                decay exclusively intoψ(3770) DD
Radiative correction

Born

obs
DD

Born

Born
DDDD

 σgN
N

DDBF
)3770(IIBES)3770(

prd
(3770)

prd

 
))3770((

ψψψ

σ
σ
σ

ψ
−

===→

Obtained from analysis of R

Some systematic 
uncertainties can 
be canceled out

PR D62 
(2000)012002-1

014.0764.0IIBES ±=−g

Radiative correction factor 
obtained based on new  
ψ(3770) resonance 
parameters measured by 
BES-II.

Radiative correction factor
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Results of branching fractions hep-ex/0605105

With BES 
previously 
measured 
cross sections 
for DD 
production.

)%3.31.10.35())3770(( ±±=→ −+ DDBF ψ
)%8.32.19.48())3770(( 00 ±±=→ DDBF ψ

)%7.56.19.83())3770(( ±±=→ DDBF ψ

PLB603(2004) 130

These result in the non-DD branching fraction

)%7.56.11.16())3770(( ±±=−→ DDnonBF ψ

preliminary
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Results of branching fractions (II) interference …
If we consider 

preliminary 

)%5.31.18.36())3770(( ±±=→ −+ DDBF ψ
)%0.43.14.51())3770(( 00 ±±=→ DDBF ψ

)%0.67.12.88())3770(( ±±=→ DDBF ψ
)%0.67.18.11())3770(( ±±=−→ DDnonBF ψ

09.002.027.2 ±±=udsR nb  0.81)0.26(9.11Born
)3770( ±±=ψσ

Considering the interference  
between the two amplitudes
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Φ

π0 η

Φ signal

Φ sideband

Φ

π0 η

ΦηΦ π0Ecm [GeV]

003.65

5.2±2.50around 3.773

Search For ψ(3770) decay to Φπ0 and Φη

Ecm=3.65GeV (L=6.5 pb-1)Ecm around 3.773 GeV (L=33 pb-1)
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K+K- π+ π-

K+ K- K+K-

K+K- pp-

Search For ψ(3770) decay to Φπ+π-, ΦK+K- and Φpp

Ecm around 3.773 GeV (L=33 pb-1) Ecm=3.65GeV (L=6.5 pb-1)

K+K- π+ π-

K+K- pp

K+K- K+ K-

4.9 ±2.6

27.3 ±5.8
ΦK+K- ΦppΦ π+ π-Ecm  

023.65 GeV (L=6.5 pb-1)

26.0 ±3.5Around 3.773 GeV     
(L=33 pb-1)
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Search for ψ(3770) decay to multi-body 
final states containing π0 or η

Around 3.773GeV Ecm=3.65GeV
Around 3.773GeV     
(L=33 pb-1)

Ecm=3.65GeV 
(L=6.5 pb-1)

2(π+ π-) π0

KKπ+ π-π0

ppπ+ π-π0

ppπ0

2(K+K-)π0

3(π+ π-) π0

2(π+ π-)η

DD-bar  events  have been removed.
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Observed Cross Sections

No obvious cross section discrepancy at the two energy points 
is observed.

The results are Preliminary !
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−+−+ ππll
Open histogram is for e+e- channel, 

histogram in yellow is for mu+mu- channel
ISR  todue production 'ψ

mainly

The histogram is psi(3686), 
while error bars are the
psi(3686) + psi(3770)

−+→ πψπ/Jψ''

−+→ πψπ/)3686( Jψ

data MC

−+→ πψπ/)3770( Jψ
if transitions inside 
the ψ(3770) exist ?

analysis of the fitted dilepton masses of

在BES-III/BEPC-II 上，可以观
测到几千个事例，详细地研究

其衰变机制。

8.48.17 ± signal events obtained−+πψπ/J

8.48.11)/)3770(( ±=→ −+πψπψ JN
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−e

c
c

+e

−e

*γ *γ

+e

ψ(3770 )

ψ(3770)

It is very important in elucidating the 
exact nature of the ψ(3770) and help 
us understand why the ψ(3770) does 
not seem to be saturated by DD-bar 
decays.

Test of various theoretical models.

Before BES-II one knows the decays

BES established hadronic transition  

c
c

c

)(  0 +DD

)(  
0 −DD

)(  du

)( du 

c

)%09.014.034.0()/)3770([ ±±=→ −+πψπψ JB

keV  )233380()/)3770([ ±±=→Γ −+πψπψ J

)%022.0189.0()/)3770(( 007.0
004.0

+
−

−+ ±=→ πψπψ JBF

−+→ πψπ/)3770( Jψ PLB 605(2005)63

it is an interesting question if transitions 
inside the charmonium system exist.

CLEO-c made a precision measurement
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BES observed the first non-DD events of 
ψ(3770) decays.  CLEO-c conformed the 
BES observation of the non-DD decay.

−+→ πψπψ /)3770( J CELO-c

CELO-c’s ψ(3770) → π+π− J/ψ
signal

)%09.014.034.0()/)3770(( ±±=→ −+πψπψ JBF BES-II PLB 605 (2005)63

)%022.0189.0()/)3770(( 007.0
004.0

+
−

−+ ±=→ πψπψ JBF CELO-c PRL96,082004(2006)

The two measurements are consistent within the errors.
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SUMMARY (preliminary !) 

BES measured the R values at 3.773 GeV and around 
3.666 GeV with average uncertainties of 
.

GeV  3.773s  @     0.190.043.79 =±±=R
GeV  66.3s  @     0.090.022.22 ≈±±=udsR

GeV  3.89 to 3.67 from range the in  @      0.122.26 ±=udsR

%5~

Obtained from fitting to ψ(3686) and ψ(3770)

nb   81026.058.9Born
)3770( .±±=ψσ

BES measured the resonance parameters of ψ(3770) and 
ψ(3686) with the improved precision on ψ(3770) resonance 
parameters and with precision in measuring leptonic width of 
ψ(3686) comparable to the current PDG.

.
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BES measured the branching fractions for inclusive non-DD-bar 
decays of ψ(3770) using two different data samples and two 
different methods

.
(preliminary !)

SUMMARY

)%3.31.10.35())3770(( ±±=→ −+ DDBF ψ
)%8.32.19.48())3770(( 00 ±±=→ DDBF ψ

)%7.56.19.83())3770(( ±±=→ DDBF ψ
)%7.56.11.16())3770(( ±±=−→ DDnonBF ψ

Determined 
from analysis 
of R values 
and DD-bar 
cross sections

Obtained from 
fitting to the 
inclusive hadron
and the DD-bar 
production cross 
sections  
simultaneously.

)%8.27.39.36())3770(( ±±=→ −+ DDBF ψ
)%3.27.47.46())3770(( 00 ±±=→ DDBF ψ

)%2.43.76.83())3770(( ±±=→ DDBF ψ
)%2.43.74.16())3770(( ±±=−→ DDnonBF ψ

.BES observed the first non-DD event of  ψ(3770) → π+π− J/ψ ; 
searched for some charmless final states around 3.773 GeV and 
at 3.65 GeV, but did not observe obvious cross section 
discrepancy at the two energy points for most decay modes.
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Thank You！

I would like to take the opportunity to thank Professor F. Porter for useful discussion about 
measurement of branching fractions for ψ(3770) DD-bar.

I would like to take the opportunity to thank Professor F. Porter for useful discussion about 
measurement of branching fractions for ψ(3770) DD-bar.


