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Measurements of R

Introduction

Inclusive Decays of D Mesons

Outline

Summary

Measurements of B[ψ(3770) non-DD] 

Measurements of Parameters of ψ(3770)

Search for Charmless Decays of ψ(3770)
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L ~ ~1 ×1031 /cm2⋅s

Introduction

Ecm~2-5 GeV

at ψ(3770) peak

The bird-view of Beijing Electron Positron ColliderBES-II/BEPC



4

BESII ψ(3770) 
data sample of 
about 33 pb-1about 17.3 pb-1 data taken at 3.773 GeV

about 7 pb-1 data taken  from 3.768 GeV to 3.778 GeV
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pb-1

by summer, 2005

World ψ(3770) Samples  (pb-1)

• about 1 pb-1 data taken at 3.665 GeV

about 8 pb-1 data taken  from 3.665 to 3.878 GeV

Introduction

• about 6.5 pb-1 data taken at 3.650 GeV

Data Samples

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

σdE/dx= 8.5 %                      σφ = 7.9 mr B field:     0.4 T
Δp/p=1.78%√(1+p2)           σz = 3.1 cm

cross 
section 
scan data
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Absolute 
measurements

Double tag analysis

D- and D0 tags
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D μ+X
With the singly tagged D  
sample, we can do some 
absolute measurements of D 
decays on the side recoiling 
against the tags .

e+ e-

D

D

K+

π–tag

D+

D-
π–

Singly tagged 
D sample

P+

X=any particles

XD +→ μ0 XD ++ → μ

0.52-0.62 GeV

0.62-0.72 GeV

0.72-0.82 GeV

0.82-0.92 GeV

0.92-1.02 GeV

mKnπ(Dtag)

PT

Nμ
obs

P+  is any charged 
particle (μ, e, π and K)
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εim= ratio of  a particle “i” to 
be identified as “m”
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D μ+X

ARGUS 6.0±0.7±1.2 -
CHORUS 6.5±1.2±0.3 -

BES-II 6.8±1.5±0.6 17.6±0.7±1.3
PDG 6.6±0.6

 )(%)( 0 XDB +→ μ  )(%)( XDB ++ → μ

15.070.059.2
)(
)(

0 ±±=
→
→

+

++

XDB
XDB

μ
μ

02.054.2
0

±=
+

D

D

τ
τ

PDG

the first measurement
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D e+X and D KX

07.012.095.0
)(
)(

0 ±±=
→Γ
→Γ

+

++

XeD
XeD

CLEO-c 6.46±0.17±0.13 16.13±0.20±0.33

MarkIII 7.5±1.1±0.4 17.0±1.9±0.7
BES-II 6.3±0.7±0.4 15.2±0.9±0.8

PDG2007 6.55±0.17 16.1±0.4

Preliminary
 )(%)( 0 XeDB +→  )(%)( XeDB ++ →

Comparison of ResultsB( D e+ X ) 

BES-II 24.7±1.3±1.2
27.5±2.4

57.8±1.6±3.2 3.5±0.7±0.36.1±0.9±0.4
5.5±1.6PDG2007 53±4 3.4+0.6

-0.4

 )(%)( XKDB −+ →  )(%)( XKDB ++ →  )(%)( 0 XKDB −→  )(%)( 0 XKDB +→

B( D K+/- X ) 
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Why are we interested in R(s) ?

The R values at all energies is 
needed to calculate the effects of 
vacuum polarization on the 
parameters of Standard Model. 
[ for example,                and       ].  
A large uncertainty in this 
calculation arises from the 
uncertainties in the measured R 
values in the open charm 
threshold region (3.7 GeV to 5.0 
GeV).

• For evaluation of the electromagnetic 
coupling at the Z mass scale,                    .)( ZQED Mα

• For determination of                       of the muon. 2/)2( −= μμ ga

)()(
3

)0(
24

2

2
LOhad, sR

s
sKdsa

m
∫
∝

=
π

π
α

μ

)( ZQED Mα μa

affects the 
determination of 
the mass of Higgs 
boson from the 
measurement of         

indirectly.

)( ZQED Mα

Wθ2sin

• Evaluate )(sSα
• Non-DD decays of ψ(3770)

• Vacuum polarization correction needs the 
R(s) values,  which plays an important role 
in the precision test of the Standard Model.

The quantity R
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• Precision measurements of the R values in open charm 
region are also important in understanding 1-- resonance 
production, for searching for new states, study of 
dynamics …

ψ(3770) production & decays
It is believed to be a mixture of         and          waves 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

Before BES-II & CLEO-c, previously published data indicate that 
more than about 35% of ψ(3770) does not decay to DD-bar ? 
This conflicts with theoretical prediction. 

The quantity R
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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.

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 several  fine cross section scans covering both the
ψ(3686) and ψ(3770) to measure the resonance parameters,  
branching fractions and search for non-DD decays …

To uncover the puzzle, a better 
way is to make  cross section scan

The quantity R
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Precision measurement of the 
cross sections in this region

The Previously  Measured quantity R

Including all hadrons

The quantity R
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Ruds = 2.141±0.025±0.085

RpQCD
uds = 2.15±0.03

calculateRhad

Ruds

hadrons

hadrons

=+ )()3770()( sR cuds ψ
)()( )3770()( sRsR cuds ψ+

udsR
( above DD-bar threshold )

( below DD-bar threshold )

Rhad(s)=Ruds(c)(s)+ΣRres,i(s),

Results

PRL 97, 262001 (2006)

Below DD-bar threshold

)( ZQED Mα

2/)2( −= μμ ga

The quantity R

Rres,i(s) are R values due to all 1－－ resonances decay to hadrons.

Definition & measurements of different R



14

Sources ΔSYS (%)

Luminosity 1.8

2.5

2.0

1.5

Ψ(3770) resonance parameters 2.7

Total 

(off Ψ(3770) region)
3.9

Total

(within Ψ(3770) region)
4.9

Hadron selection

M.C. modeling

ISR

Results

Table. Systematic uncertainties in 
the determination of R values

PRL 97, 262001 (2006)

Rhad, Ruds(c) and Ruds(c)+ψ(3770)

The quantity R
New measurements
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Comparison of R measurements from 
different experiments

PLB 641 (2006) 145

The quantity R
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Resonance Parameters of ψ(3770)

PLB 652 (2007) 238

68 energy points

Dec. 2003 data

...) (EichtenMeV   1.20))3770(( =→Γ DDψ

...) (HeikkilaMeV   11))3770(( =→Γ DDψ

New measurements
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Resonance Parameters of ψ(3770)

Experiment σprd[e+e-→ψ(3770)][nb] σobs[e+e-→ψ(3770)][nb]

BES (PLB 625 (2007) 238  10.0±0.3±0.5 7.2±0.2±0.4

BES [PRL 97(2006)121801] 9.6±0.7±0.4 6.9±0.5±0.3
MARKII 9.3±1.4

Mψ(3770)(MeV) Γtot
ψ(3770)(MeV) Γee

ψ(3770)(eV) Note

3772.4±0.4±0.3 28.5±1.2±0.2 277±11±13

251±26±11

PLB 625 (2007) 238

3772.2±0.7±0.3 26.9±2.4±0.3 PRL 97(2006)121801

Experiment BES [PLB 652(2007) 238] BES [PRL 97(2006)121801] PDG

B[ψ(3770)→e+e-][×10-5] 0.97±0.03±0.05 0.93±0.06±0.03 1.05±0.14

Ruds=2.121 ±0.023 ±0.084 (fit to cross sections at 68 energy points)

Comparison with those measured by other experiments (energy scan)

Dec. 2003 data

New measurements

Mar. 2003 data

Dec. 2003 data

Mar. 2003 data

Dec. 2003 data

Mar. 2003 data
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obs
)3770(ψσ [nb]

Comparison of measurements of 
the cross section for ψ(3770)

production

What about World Average

Resonance Parameters of ψ(3770)

510         ]))3770([( −−+ ×→ eeB ψ

PRL 97 (2006) 
121801

Preliminary !

)%..(])([ 018073503686 ±=→ −+eeB ψ PDG04

)%033.0122.0704.0(])3686([ ±±=→ −+eeB ψ PRL 97 (2006) 121801

Leptonic branching fraction
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00DD

−+DD

Inclusive hadrons

Branching fractions

)%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.

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 %).

Mar. 2003 data set

PRL 97 (2006) 121801

B[ψ(3770) non-DD]
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B[ψ(3770) non-DD]
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BES-II Results

)%5.31.19.35())3770(( ±±=→ −+ DDBF ψ
)%9.33.11.50())3770(( 00 ±±=→ DDBF ψ

)%0.67.10.86())3770(( ±±=→ DDBF ψ
)%0.67.10.14())3770(( ±±=−→ DDnonBF ψ

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

)%5.31.40.37())3770(( ±±=→ −+ DDBF ψ
)%2.32.58.46())3770(( 00 ±±=→ DDBF ψ

)%4.68.68.83())3770(( ±±=→ DDBF ψ
)%4.68.62.16())3770(( ±±=−→ DDnonBF ψ

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

Branching fraction for ψ(3770) non-DD-bar

)%585())3770(( ±=→ DDBF ψ
)%515())3770(( ±=−→ DDnonBF ψ

PDG07

used

used

PDG07

What is the branching fraction from PDG07 ?

B[ψ(3770) non-DD]
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B[ψ(3770) non-DD]
New measurements cross sections measured at 156 energy points

From MC DD-bar events

From MC hadrons→−+ ee

All kinds of 
hadrons including 
non-DDbar events

cut off

histogram is MC, point 
with error bars is data

Selection of the non-DD-bar hadronic events 
by tagging the largest energy of the assumed 
Kaon in the final states of e+e- annihilation

The largest momentum of the 
charged track in the final states

Enhancement
Observed non-DDbar cross section

The largest momentum of 
the charged particle from D 
decays is about 0.92 GeV/c.

PMAX>1.04 GeV/c

Ekmax>1.15 GeV
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)%7.17.54.15())3770(( ±±=−→ DDnonBF ψ

B[ψ(3770) non-DD]

119.0053.0195.2 ±±=udsR

nb     )13.041.010.1( ±±=
−

obs
DDnon

σ
Preliminary !

M(MeV) Γtot(keV) Γee(keV)
3685.5±0.0±0.3 356±89±4 2.39±0.04±0.11

PRL 97 (2006) 121801

Consistent with

PRL 97(2006) 121801

( From the fit )



24Direct measurements of 
the branching fraction

)%...(])([ 63054133770 ±±=−→ DDnonBF ψ

094003102142 ... ±±=udsR
nb     )48.036.007.7()3770( ±±=obs

ψσ

Analyzing 17.3 pb-1 of data @ 3.773 GeV; 
5.65 pb-1 data @ 3.650 GeV and 1 pb-1

data @ 3.6648 GeV yields

nb     )31.035.095.0( ±±=
−

obs
DDnon

σ

nb     )23.037.012.6( ±±=obs
DD

σ

B[ψ(3770) non-DD]

These results are Preliminary !

Analyzing the non-DD-bar 
hadronic events satisfied 
Ekmax>1.15 GeV, we observed

+−πK

−++− πππK

++− ππK

πKnM [GeV]
Mode D0→K-π+ D0→K-π+π+π- D+→K-π+π+

Nobs 14.6±6.5 7.3±5.0 4.2±2.7
Nexpected 13.5 10.6 17

N# of singly tagged D satisfying selection criterion of Ekmax>1.15 GeV
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ModeMode σσ3.7733.773[pb][pb] σσ3.6503.650[pb][pb] BBupup[[××1010--33]]

φπφπ00 <3.5<3.5 <8.9<8.9 <0.5<0.5

φηφη <12.6<12.6 <18.0<18.0 1.91.9

2(2(ππ++ππ--)) 173.7173.7±±8.48.4±±18.418.4 177.7177.7±±13.313.3±±18.818.8 4.84.8

KK++KK--ππ++ππ-- 131.7131.7±±10.110.1±±14.114.1 161.7161.7±±17.917.9±±17.117.1 4.84.8

φπφπ++ππ-- <11.1<11.1 <22.9<22.9 1.61.6

2(2(KK++KK)) 19.919.9±±3.63.6±±2.12.1 24.124.1±±6.56.5±±2.62.6 1.71.7

φφKK++KK 15.815.8±±5.15.1±±1.81.8 17.417.4±±9.29.2±±2.02.0 2.42.4

ppppbarbarππ++ππ-- 33.233.2±±3.43.4±±3.83.8 42.142.1±±6.16.1±±4.84.8 1.61.6

ppppbarbarKK++KK 7.17.1±±2.02.0±±0.80.8 6.16.1±±3.13.1±±0.70.7 1.11.1

φφppppbarbar <5.8<5.8 <9.1<9.1 0.90.9

3(3(ππ++ππ--)) 236.7236.7±±14.714.7±±33.433.4 234.9234.9±±23.823.8±±33.133.1 9.19.1

2(2(ππ++ππ--))ηη 153.7153.7±±40.140.1±±18.418.4 86.686.6±±40.340.3±±10.410.4 24.324.3

2(2(ππ++ππ--))ππ00 80.980.9±±13.913.9±±10.010.0 124.3124.3±±21.721.7±±14.914.9 6.26.2

KK++KK--ππ++ππ--ππ00 171.6171.6±±26.026.0±±20.920.9 222.8222.8±±37.737.7±±27.227.2 11.111.1

2(2(KK++KK))ππ00 18.118.1±±7.77.7±±2.12.1 <23.0<23.0 4.64.6

ppppbarbarππ00 10.110.1±±2.22.2±±1.01.0 9.29.2±±3.43.4±±1.01.0 1.21.2

ppppbarbarππ++ππ--ππ00 53.153.1±±9.29.2±±6.86.8 29.029.0±±11.111.1±±3.73.7 7.37.3

3(3(ππ++ππ--))ππ00 105.8105.8±±34.434.4±±16.916.9 126.6126.6±±47.147.1±±19.219.2 13.713.7

PLB650(2007)111

Search for Charmless Decays of ψ(3770)

Search for 
Charmless
decays of
ψ(3770) 

We have searched for 
more than 40 modes 
for the light hadron
decays.
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ModeMode σσ3.7733.773[pb][pb] σσ3.6503.650[pb][pb] BBupup[[××1010--33]]
KK++KK--2(2(ππ++ππ--)) 168.0168.0±±18.218.2±±23.23.

77
164.9164.9±±30.330.3±±23.23.

22
<10.3<10.3

2(K2(K++KK--))ππ++ππ-- 11.911.9±±5.85.8±±1.71.7 <49.1<49.1 <3.2<3.2
ppppbarbar2(2(ππ++ππ--)) 23.523.5±±5.05.0±±3.53.5 22.822.8±±8.48.4±±3.43.4 <2.6<2.6

4(4(ππ++ππ--)) 131.8131.8±±19.519.5±±23.623.6 76.276.2±±24.424.4±±13.913.9 <16.7<16.7
KK++KK--2(2(ππ++ππ--))ππ00 231.5231.5±±63.663.6±±37.537.5 <375.2<375.2 <52.0<52.0

4(4(ππ++ππ--))ππ00 <206.9<206.9 <119.4<119.4 <30.6<30.6
ρρ00ππ++ππ-- 111.9111.9±±13.113.1±±13.113.1 113.6113.6±±21.321.3±±13.113.1 <6.9<6.9
ρρ00KK++KK-- 34.234.2±±11.511.5±±4.44.4 57.657.6±±17.917.9±±6.36.3 <5.0<5.0
ρρ00ppppbarbar 13.113.1±±3.23.2±±1.81.8 17.717.7±±6.26.2±±2.82.8 <1.7<1.7
KK*0*0KK--ππ++ 94.794.7±±15.515.5±±10.410.4 85.585.5±±26.326.3±±14.414.4 <9.7<9.7
ΛΛΛΛbarbar <2.5<2.5 <6.1<6.1 <0.4<0.4

ΛΛΛΛbarbarππ++ππ-- <26.7<26.7 <42.9<42.9 <4.4<4.4

Preliminary Results

Search for light-
hadron decays 
of ψ(3770) 

Search for Charmless Decays of ψ(3770)
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ModeMode σσ3.7733.773[pb][pb] σσ3.6503.650[pb][pb] BBupup[[××1010--33]]
ωπωπ++ππ-- <37.1<37.1 <50.8<50.8 5.55.5
ωωKK++KK-- <44.4<44.4 <53.2<53.2 6.66.6
ωωppppbarbar <20.3<20.3 <30.9<30.9 3.03.0
φπφπ++ππ--ππ00 <25.5<25.5 <66.7<66.7 3.83.8

KK*0*0KK--ππ++ππ00 116.3116.3±±32.732.7±±20.020.0 128.1128.1±±59.559.5±±17.917.9 16.316.3
KK*+*+KK--ππ++ππ-- 173.9173.9±±73.373.3±±26.126.1 189.0189.0±±116.3116.3±±28.228.2 32.432.4
KK++KK--ρρ00ππ00 <5.6<5.6 47.647.6±±33.433.4±±10.710.7 0.80.8
KK++KK--ρρ++ππ-- 94.294.2±±31.631.6±±11.711.7 141.9141.9±±53.353.3±±19.719.7 14.614.6
ΛΛΛΛbarbarππ00 <7.9<7.9 <21.4<21.4 1.21.2

Upper limits are set at 90% CLPreliminary Results

Search for light-hadron decays of ψ(3770) 

Search for Charmless Decays of ψ(3770)

We searched for ψ(3770) light hadrons over 40 channels, but  no significant 
signals were found. This does not mean that ψ(3770) does not decay into light 
hadrons. To extract the branching fractions for ψ(3770) light hadrons from the 
observed cross sections, one need to make finer cross section scan covering 
both ψ(3686) and ψ(3770) with larger data samples (BES-III can do this well).
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SUMMARY
• Inclusive decays of D mesons

Measured BF(D+ mu+ X)=(17.6+-2.7+-1.3)%        the first measurement
Measured BF(D+ K- X)=(24.7+-1.3+-1.2)%
Measured BF(D+ K+ X)=(6.1+-0.9+-0.4)%
Measured BF(D0 K- X)=(57.8+-1.6+-3.4)%

Improved 
measurements

• The quantity R
Improved measurements of R in the range from 3.65 to 3.88 GeV
Measured Ruds = 2.121+-0.023+-0.085
Measured Ruds(c)+ψ(3770) for the first time

• ψ(3770) parameters
Precisely measured Mψ(3770) =3772.3+-0.5 MeV; Γtot=28.5+-1.2 MeV; 
Γee=277+-16 eV

Precisely measured BF[ψ(3770) e+e-]=(0.97+-0.08+-0.05)x10-5

σobs
ψ(3770) = 7.15+-0.25+-0.25 nb [combined two measurements]
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SUMMARY

Measured BF[ψ(3770) non-DDbar] = (15+-5)%
• BF[ψ(3770) non-DDbar]

• Light hadron decays of ψ(3770)
No significant signals for ψ(3770) light hadron were found in about 
40 channels.

• How to solve this problem ?

Combined 49 energy point cross 
section scan results and 3 energy 
point cross section results (inclusive 
hadron and DD-bar cross sections)

Finer cross section scan over ψ(3686) and ψ(3770) to measure the 
cross sections for exclusive modes and fitting the cross sections to 
extract out the branching fractions (My comment only !)

Measured BF[ψ(3770) DDbar] = (85+-5)%  PDG07 [BES]
)%7.17.54.15())3770(( ±±=−→ DDnonBF ψ

)%0.54.13(])3770([ 5.3
7.3

+
−±=−→ DDnonBF ψ

Assuming 
that there 
is only one 
ψ(3770)

Need to more precisely measure ψ(3770) parameters
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Thank You！
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Gang  RONG

Institute of High Energy Physics, Beijing 100049, P.R. China

Backup slides
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Events Recorded by BESII

Primarycosmic rayN
π0

e+e-e+e-

μ+

νμ

π+
μ-

e+

e-e-
τ-

e+ μ+ τ+

e- e-

e+ e+

e+

e- γ

γ

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 
order processes from the 
observed cross section,  and 
gives 
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The quantity R
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MC generator & simulation

GeV   783.s =
)3770(ψ

)3686(ψ
ψ/J

)1700(ρ

ϕωρ

[GeV]   energy Effective

Nch KNO
φ

Thrust Oblateness
cosθ

Sphericity

Aplanarity

Jet axis cosθ

x η Y

Pt <PTin
2>

<PTout
2>

D
en

si
ty

  [
nb

/G
eV

]

BES-II ψ(3770) and ψ(3686) scan

MARK-I, MARK-II, DELCO, … smooth eff. curve

hadε

Zhang, Rong and Chen,  
PRD74, 054012 (2006)

The quantity R

hadronsISR  γ→−+ee
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Dec. 2003 data set

continuum Ruds(c) + RΨ(3770) hadrons

PRL 97, 262001 (2007)

Ruds Rhad

The quantity R
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When scan over 3.770 GeV

Just before the scan experiment

Mass [MeV]

PDG04

BEPC
BEPC
BEPC

011.0916.3096 ±

05.030.3095 ±

034.0093.3686 ±

01.090.3684 ±

02.050.3684 ±
BEPC energy calibration

'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
=

+

During the cross section experiments, we performed 9 fast cross section scans over J/ψ and ψ’

resonances to calibrate the BEPC energy and monitoring the variation of the energy with time

The quantity R
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Branching fraction for ψ(3770) non-DD-bar

PDG07

B[ψ(3770) non-DD]
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BES-II CLEO-c
nb 0.500.126.14 ±±=obs

DDσ nb 0.106.39 0.17
0.08-

+±=obs
DDσ

)%0.67.10.14())3770(( ±±=−→ DDnonBF ψ

nb 0.440.97 )3770( ±≈−→ DDnonψσ nb 0.080.01 0.41
0.30-)3770(

+
−→ ±−=DDnonψσ

nb 0.086.38 0.41
0.30-)3770(

+
→ ±=obs

hadronsψσ

nb] 6.952/)8.6764.035.9([ )3770( =+×=obs
ψσ

Based on measured R values.

nb   6.95  Taking obs
)3770( ≈ψσ

Comparison with those measured by CLEO-c

Method:
BES measured         near DD-bar threshold 
and R at 3.773 GeV with traditional method, 
then calculate the Born order cross section for 
ψ(3770) production. By comparing the cross 
sections for DD-bar and ψ(3770) production, 
BES obtained the branching fraction. BES 
used an ISR generator to simulate the decay 
ψ(3770) hadrons and obtain the efficiency 
for ψ(3770) hadrons.

udsR

Method:
CLEO-c directly count the number of 
hadronic events observed at 3.773 GeV, and 
subtract the backgrounds from J/ψ, ψ(2S) 
radiative tails and continuum QED 
background. CLEO-c used the efficiency for
the decay ψ(3770) J/ψ π+ π- to estimate 
the efficiency for ψ(3770) hadrons.
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Comparison with those measured by CLEO-c

BES-II CLEO-c

)%4.68.62.16())3770(( ±±=−→ DDnonBF ψ

nb 7  Taking obs
)3770( ≈ψσ

nb 0.71.1 )3770( ±≈−→ DDnonψσ nb 0.080.01 0.41
0.30-)3770(

+
−→ ±−=DDnonψσ

nb 0.086.38 0.41
0.30-)3770(

+
→ ±=obs

hadronsψσ

nb] 6.952/)8.6764.035.9([ )3770( =+×=obs
ψσ

Based on analysis of inclusive hadron
and DD-bar cross section scan data.

(hep-ex/0512038)

nb 0.106.39 0.17
0.08-

+±=obs
DDσ

(the error in              is ignored)obs
)3770(ψσ

Actually, considering the errors,  the two results are not in contradiction.



41

BES-II CLEO-c

Comparison with those measured by CLEO-c

Method:
BES did not consider the possible effect of 
interference between the final states of 
resonance decays ( i.e.                                      )  
and non-resonance annihilation of e+e-

(i.e.                                   ).

This possible effect may reduce the branching 
fraction by about 4%.

Method:
CLEO-c considered the possible effect of 
interference between the final states of 
resonance decays ( i.e.                                      )  
and non-resonance annihilation of e+e-

(i.e.                                    ).

hadronsRes. * →→→ qqγ

hadrons→→−+ qqee

hadronsRes. * →→→ qqγ

hadrons→→−+ qqee

)%0.67.10.10())3770(( ±±≈−→ DDnonBF ψ

If we consider this possible effect,  the 
branching fraction and cross section would 
be reduced to

nb 0.440.70 )3770( ±≈−→ DDnonψσ nb 0.080.01 0.41
0.30-)3770(

+
−→ ±−=DDnonψσ

Discussion

In this case, if we use                                  
measured by CLEO-c, the branching fraction 
and cross section would be reduced to 

nb 0.106.39 0.17
0.08-

+±=obs
DDσ

%7))3770(( ≈−→ DDnonBF ψ
nb 0.49 )3770( ≈−→ DDnonψσ
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Comparison of measurements of the cross 
sections for DD-bar production

My estimation, Input 
with PDG04 BF

What about world average ?  

MeV   4213771)3770( ..M ±=ψ

nb  5.15.11produced
)3770( ±=ψσ

nb   14008.6| tagdoubleandsingle

obs
.DD ±=>< −−−σ

72.0|)1( GeV7713ISR ≈+ =  .E cm
δ

PDG06
5100.14)(1.05)ee(3770)( −−+ ×±=→ψBF

produced
)3770(ISR

obs

)1(
))3770((

ψδ
σ

ψ
  σ

DDBF DD

+
=→

Which are obtained based on the measurements 
from MARK-I, MARK-II, MARK-III, BES-II and CLEO-c.

)%2.114.73())3770(( ±=→ DDBF ψ

)%2.116.26())3770(( ±=−→ DDnonBF ψ

M
y 

es
tim

at
io

n nb   16039.6| tagdouble CLEO
obs .DD ±=>< −σ

)%3.102.77())3770(( ±=→ DDBF ψ

)%3.108.22())3770(( ±=−→ DDnonBF ψ

If using CLEO-c DD-bar cross section, 
the BF  would be

My estimation based on PDG06 parameters of ψ(3770)

[nb]    obs
DDσ

World 
average

World average

B[ψ(3770) non-DD]
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Mainly due to vacuum polarization corrections

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!

PRL 97 (2006) 121801

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.

Mar. 2003 data set

Line-Shape of ψ(2s)
Resonance Parameters of ψ(3686)

Conclusion: Ruds in the resonance 
regions below 3.9 GeV is the same as 
the one in continuum region !!
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PDG07

obtained from 
analyzing the 
line-shapes

Resonance Parameters of ψ(3686)

PRL 97 (2006) 121801

To obtain the correct 
values of the resonance 
parameters, it is 
important to make the 
vacuum polarization 
corrections !


