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OUTLINE
Some results on D and ψ(3770) decays from BESII

。Purely leptonic decay and fD
。Semileptonic decays , CKM matrix elements,  

and test for Isospin conservation
。Inclusive measurements
。DD cross section
。R measurements in ψ(3770) region
。ψ(3770) and ψ(3686) Resonance Parameters
。Inclusive non-DD branching fractions
。Exclusive non-DD decay J/ψ π π, . . .

Prospects of Charm Physics at BESIII
。Pure leptonic decays 
。Semileptonic decays
。Absolute Hadronic Branching fractions
。Cabibbo Suppressed Decays
。Dalitz Plot Analysis 

Precision 
Measurements

Probe for New Physics D0D0 Mixing,CP Violation,Rare Decays
Related Topics Lineshape Analysis, …
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World ψ(3770) Samples (pb-1)

BESII 
ψ(3770) 
data 
sample 
of about 
33 pb-1

about 17.3 pb-1 data taken at 3.773 GeV

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

• about 1 pb-1 data taken at 3.665 GeV

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

BES-II Data Samples

• about 6.5 pb-1 data taken at 3.650 GeV

cross 
section 
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data
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Purely leptonic decay at BESII

2004-3 BES first observed no ambiguity signal 
of  purely leptonic decay of D+ moson

%33/ =Δ ++ DD ff
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Purely leptonic decay at BESII

BES-III will improve f D+
measurement at an accuracy of 
2% with 4 fb-1 of ψ(3770) data

CELO-c expects to improve f D+
measurement at an accuracy  of 
5% with 750 pb-1 of ψ(3770) data 

CELO-c

%8/ =Δ ++ DD ff
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Absolute branching fractions 
give direct measurements of 
the CKM matrix elements Vcd
& Vcs and form factors

Form Factor

The parameters of Standard Model are:
mixings and mass fermion,,sin, 2

, HwF MG θα

The 4 quark mixing parameters 
(              ) reside in CKM matrix

udV usV ubV

cdV csV ubV

tdV tsV tbV

=
'd
's
'b

d
s
b

Weak 
eigenstates

Mass 
eigenstates

ηρλ ,,, A

CKM

To detect New Physics in flavor change 
sector, one must know the CKM well

Questions: Does the CKM fully explain  
quark mixing? CP Violation?

νPlD →
Why interested in the Semi-leptonic decays of D mesons ?
To measure the standard model parameters Vcs, Vcd
Probing the hadronic current
Understand the dynamics of semileptonic decays

Semileptonic decays at BESII
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0
 (found  in  R EC  of D  tags.)eK e ν− +

0
 (found  in   R EC  of D  tags.)eeπ ν− +

CKM matrix elments

Form factors

PLB597(2004)39

)( 0
eeKDBr ν+−→

)( 0
eeDBr νπ +−→

BESII(%) CLEO(%)
3 . 8 3±0 . 4 0±0 . 2 7 3 . 4 4 ± 0 . 1 0 ± 0 . 1 0

0 . 3 3±0 . 1 3±0 . 0 3 0.262±0.025±0.008
PRL95(2005)181802

Semileptonic decays at BESII
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PLB 644 (2007) 20

The ‘long-standing puzzle’ of whether the Isospin conservation 
holds in  the exclusive semi-leptonic decays of D mesons ?

  04.005.000.1
)(
)(

0

0

±±=
→Γ
→Γ

++

+−

e

e

eKD
eKD

ν
ν

CLEO-c confirmed the BES-II result

Semileptonic decays at BESII

???  1)(/)(
00 =→Γ→Γ +++−

ee eKDeKD νν

BESII results support that Isospin
Conservation holds in exclusive
semileptonic decays of D mesons

BESII results support that Isospin Conservation 
holds in exclusive semileptonic decays of D
mesons, Solve the longstanding puzzle in D
Decays.

:
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Charm Physics - D→μ+X and D→e+X 

B[%]B[%] DD00→→ll++XX DD++→→ll++XX
μμ++XX 6.86.8±±1.51.5±±0.60.6 17.617.6±±0.70.7±±1.31.3
ee++XX 6.36.3±±0.70.7±±0.40.4 15.215.2±±0.90.9±±0.80.8

07.012.095.0
)(
)(

0 ±±=
→Γ

→Γ
+

++

XeD
XeD

18.030.041.2
)(
)(

0 ±±=
→

→
+

++

XeDBF
XeDBF

15.070.059.2
)(
)(

0 ±±=
→

→
+

++

XDBF
XDBF

μ
μ(PDG2006) 02.054.2

0
±=

+

D

D
τ

τ

PLB 658 (2007) 1Preliminary The rate of (mis)identifying 
the particle I as j

First measurement
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Charm Physics - D→KX

B[%]B[%] DD00→→KXKX DD++→→KXKX

KK++XX 3.5 3.5 ±±0.7 0.7 ±±0.30.3 6.1 6.1 ±±0.90.9 ±±0.40.4

KK--XX 57.8 57.8 ±±1.6 1.6 ±±3.23.2 24.7 24.7 ±±1.3 1.3 ±±1.21.2
KK00/K/K0bar0barXX 47.6 47.6 ±±4.8 4.8 ±±3.03.0 60.5 60.5 ±±5.5 5.5 ±±3.33.3

K*K*00XX 2.8 2.8 ±±1.2 1.2 ±±0.40.4 1.51.5+2.9+2.9
--1.01.0±±0.2(<6.6@90%)0.2(<6.6@90%)

K*K*0bar0barXX 8.7 8.7 ±±4.0 4.0 ±±1.21.2 23.2 23.2 ±±4.5 4.5 ±±3.03.0
K*K*++XX <3.6(<3.6(@90%)@90%) <20.3 (<20.3 (@90%)@90%)
K*K*--XX 15.3 15.3 ±±8.3 8.3 ±±1.91.9 5.7 5.7 ±±5.2 5.2 ±±0.70.7

PLB 625 (2005) 196

PLB 643 (2006) 246

PLB 658 (2007) 1Improved & First 
measurements
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Charm Physics-DD cross section

e+ e-

D

D

K-

tag

D-

D+

−X

π+
π+

Using Kinematic fit method to 
improve momentum resolution and 
select the singly tagged D meson

Xfit MM =Requiring 

ε
σ

      2 BrL
N

tagDobs
DD =

of data @ 3.773 GeV Single tag method
+−→ πKD 0

−++−→ πππKD0

++−+ → ππKD

nb 0.260.082.56 ±±=−+
obs

DDσ

nb 0.500.126.14 ±±=obs
DDσ

Observed cross sections for DD-bar 
production at 3.773 GeV

nb 0.310.093.58 00 ±±=obs

DD
σ

PLB 603(2004)130

1pb  3.17 −=L
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Charm Physics-DD cross section

Nucl. Phys. B 727 (2005) 395

nb 0.210.323.47 00 ±±=obs
DD

σ
nb 0.200.332.46 ±±=−+

obs
DDσ

nb 0.350.465.93 ±±=obs
DDσ

A
n 

ab
s o

lu
t e

 
m

e a
s u

r e
m

e n
t

Double tag method
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Mainly due to vacuum polarization corrections

ψ(3770)

ψ(3686)

ψ(3686)

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.  

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.

Line-Shape and Resonance Parameters of ψ(3770) and ψ(3686)

ψ” and ψ‘ resonance parameters

Mar., 2003 data
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Comparison of ψ(3770) Resonance  Parameters

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

prd
ψσ

109.0054.0262.2uds ±±=R

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 with

obtained based on PDG04 parameters

)3770(ψM )2()3770( SMMM ψψ −=Δ

tot
)3770(ψΓ ee

)3770(ψΓ

PRL 97 (2006) 121801

ψ” and ψ‘ resonance parameters
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experiment

E760

BES-II

PDG04

BES-II 
[Mar. 2003 data]

(MeV) M 'ψ (keV) tot
'ψ

Γ (keV)  '
ee

ψ
Γ

AN / 27264± 21.044.2 ±

03.009.3686 ± 17281 ± 12.012.2 ±

3.00.05.3685 ±± 258331 ±± 11.004.033.2 ±±

1636306 ±±3.01.00.3686 ±±

Comparison of ψ(3686) Resonance  Parameters
Obtained based on cross section scan

ψ” and ψ‘ resonance parameters

PRL 97 (2006) 121801

Taking into consideration the effect of vacuum 
polarization correction on the measured parameters 
for the first  time in the energy scan experiment.
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Precision Measurements of the Mass, Total and Leptonic Widths of ψ(3770)

PLB652(2007)238

510         ]))3770([( −−+ ×→ eeB ψ

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

PRL 97 (2006) 121801

ψ(3770) resonance parameters

PLB 652 (2007) 238

Dec., 2003 data

Dec., 03 data

Dec., 03 data

Dec., 03 data

Dec., 03 data

Mar., 03 data

Mar., 03 data

Mar., 03 data
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obs
)3770(ψσ [nb]

Comparison of ψ(3770)
cross section

ψ” and DD Cross section
Comparison of DD

cross section

obs
DDσ [nb]

GeV) 7713( .s =

GeV) 7683( .s =

GeV) 7743( .s =

GeV) 7733( .s =

GeV) 7733( .s =

GeV) 7733( .s =

Obtained 
based on 
resonance 
parameters

Measured cross section based on the data 
taken at 3.773 GeV and  at 3.66 (or 3.67) GeV My estimation only , Input with PDG06 Br

PLB 603 (2004) 130

NPB 727 (2005) 395
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continuum Ruds(c) + RΨ(3770) hadrons

PRL 97(2006) 262001

Ruds

Measurements of Rhad,Ruds(c) and Ruds(c)+ψ(3770)
PLB 641 (2006) 145

Rhad
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Ruds = 2.134±0.025±0.085

RpQCD
uds = 2.15±0.03

calculate
Rhad

Ruds

hadrons

hadrons

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

udsR
above cc-bar threshold

below cc-bar threshold

Rhad(s)=Ruds(c)(s)+ΣRres,i(s),

Rres,i(s) is R values due to all 1
－－

resonances decay to hadrons except Ψ(3770).

Below DD-bar threshold

)( ZQED Mα
2/)2( −= μμ ga

Measurements of Rhad,Ruds(c) and Ruds(c)+ψ(3770)

Measured Ruds for the first time in this energy region. )(ssαcalculate
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Measurements of B[Ψ(3770)→nonDD]

PLB641, 145PLB641, 145 PRL97,121801PRL97,121801 AcceptedAccepted by PRDby PRD Accepted by PLBAccepted by PLB

B(B(ψ”→→DD00DD00)[%])[%] 49.949.9±±1.31.3±±3.83.8 46.746.7±±4.7 4.7 ±± 2.32.3 ----

----

86.686.6±±5.05.0±±3.63.6

13.413.4±±5.05.0±±3.63.6
2.2142.214±±0.0310.031±±0.0940.094

σσobsobs
ψ(3770)(3770) [[nbnb]] 7.187.18±±0.200.20±±0.630.63 6.946.94±±0.480.48±±0.280.28 7.077.07±±0.360.36±±0.450.45 ----

σσ nonDDnonDD [[nbnb]] ---- ---- 0.950.95±±0.350.35±±0.290.29 1.1.0808±±0.0.4040±±0.0.1515

6.126.12±±0.370.37±±0.230.23

----

B(B(ψ”→→DD++DD--)[%])[%] 35.735.7±±1.11.1±±3.43.4 36.9 36.9 ±±3.7 3.7 ±±2.82.8 ----

B(B(ψ”→→DD)[%]DD)[%] 85.585.5±±1.71.7±±5.85.8 83.6 83.6 ±±7.3 7.3 ±±4.24.2 84.84.99±±5.5.66±±1.81.8

B(B(ψ”→→nonnon--DD)[%]DD)[%] 14.514.5±±1.71.7±±5.85.8 16.4 16.4 ±±7.3 7.3 ±±4.24.2 15.15.11±±5.5.66±±1.81.8

RudsRuds 2.2182.218±±0.0190.019±±0.0890.089 2.2622.262±±0.0540.054±±0.1090.109 2.2.199199±±0.0.047047±±0.0.11 911 9

σσ DDDD [[nbnb]] ---- ---- ----

From DD-bad
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BES-II observed the first non-DD events 
of ψ(3770) decays.  CLEO-c conformed 
the BES observation of the non-DD decay.

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

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

+
−

−+ ±=→ πψπψ JBF

BES-II
CLEO-c PRL96,082004(2006)

PLB 605 (2005)63

The two measurements are consistent within the errors.

ψ(3770) → π+π− J/ψ
mainly

8.48.17 ± BES-II

Ψ(3770) →J/ψπ＋π－

DD

Yes

It is an 
interesting 
question 
whether 
hadronic  
transitions 
inside the 
ψ(3770)
exist.



22No obvious cross section discrepancy at the two energy points is observed.   However, to extract the non-DD-bar BFs of 
ψ(3770) decays, one needs to consider the interference between the two amplitudes of  the continuum and the resonances, 
and to consider the difference of ISR & vacuum polarization corrections at two energy points.

Other Charmless Decays

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 <1.9<1.9

2(2(ππ++ππ--)) 173.7173.7±±8.48.4±±18.418.4 177.7177.7±±13.313.3±±18.818.8 <4.8<4.8

KK++KK--ππ++ππ-- 131.7131.7±±10.110.1±±14.114.1 161.7161.7±±17.917.9±±17.117.1 <4.8<4.8

φπφπ++ππ-- <11.1<11.1 <22.9<22.9 <1.6<1.6

2(2(KK++KK)) 19.919.9±±3.63.6±±2.12.1 24.124.1±±6.56.5±±2.62.6 <1.7<1.7

φφKK++KK 15.815.8±±5.15.1±±1.81.8 17.417.4±±9.29.2±±2.02.0 <2.4<2.4

ppppbarbarππ++ππ-- 33.233.2±±3.43.4±±3.83.8 42.142.1±±6.16.1±±4.84.8 <1.6<1.6

ppppbarbarKK++KK 7.17.1±±2.02.0±±0.80.8 6.16.1±±3.13.1±±0.70.7 <1.1<1.1

φφppppbarbar <5.8<5.8 <9.1<9.1 <0.9<0.9

3(3(ππ++ππ--)) 236.7236.7±±14.714.7±±33.433.4 234.9234.9±±23.823.8±±33.133.1 <9.1<9.1

2(2(ππ++ππ--))ηη 153.7153.7±±40.140.1±±18.418.4 86.686.6±±40.340.3±±10.410.4 <24.3<24.3

2(2(ππ++ππ--))ππ00 80.980.9±±13.913.9±±10.010.0 124.3124.3±±21.721.7±±14.914.9 <6.2<6.2

KK++KK--ππ++ππ--ππ00 171.6171.6±±26.026.0±±20.920.9 222.8222.8±±37.737.7±±27.227.2 <11.1<11.1

2(2(KK++KK))ππ00 18.118.1±±7.77.7±±2.12.1 <23.0<23.0 <4.6<4.6

ppppbarbarππ00 10.110.1±±2.22.2±±1.01.0 9.29.2±±3.43.4±±1.01.0 <1.2<1.2

ppppbarbarππ++ππ--ππ00 53.153.1±±9.29.2±±6.86.8 29.029.0±±11.111.1±±3.73.7 <7.3<7.3

3(3(ππ++ππ--))ππ00 105.8105.8±±34.434.4±±16.916.9 126.6126.6±±47.147.1±±19.219.2 <13.7<13.7

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±±23.723.7 164.9164.9±±30.330.3±±23.223.2 <10.3<10.3

2(2(KK++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

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

ωπωπ++ππ-- <37.1<37.1 <50.8<50.8 <5.5<5.5

ωωKK++KK-- <44.4<44.4 <53.2<53.2 <6.6<6.6

ωωppppbarbar <20.3<20.3 <30.9<30.9 <3.0<3.0

φπφπ++ππ--ππ00 <25.5<25.5 <66.7<66.7 <3.8<3.8

KK*0*0KK--ππ++ππ00 116.3116.3±±32.732.7±±20.020.0 128.1128.1±±59.559.5±±17.917.9 <16.3<16.3

KK*+*+KK--ππ++ππ-- 173.9173.9±±73.373.3±±26.126.1 189.0189.0±±116.3116.3±±28.228.2 <32.4<32.4

KK++KK--ρρ00ππ00 <5.6<5.6 47.647.6±±33.433.4±±10.710.7 <0.8<0.8

KK++KK--ρρ++ππ-- 94.294.2±±31.631.6±±11.711.7 141.9141.9±±53.353.3±±19.719.7 <14.6<14.6

ΛΛΛΛbarbarππ00 <7.9<7.9 <21.4<21.4 <1.2<1.2

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

Upper limits are set at 90% CL

PLB650(2007)111,PLB656(2007)30,EPJC52(2007)805
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Charm Physics at BESIII
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Charm plays an important role in understanding the SM 
(standard model) dynamics in two respects:

Precision measurements of decay constants fD, fDs, 
form-factors of semileptonic decays of Charm 
mesons provide the calibration of Lattice QCD 
calculation.   In turn,  the very precise calculation of 
the ratios of these decay constants fD/fB, fDs/fBs and 
form-factors from LQCD support measurements for 
B physics.P
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mixings and mass fermion,,sin, 2
, HwF MG θα

Weak 
eigenstates

Mass 
eigenstates

CKM CKM

The parameters of Standard Model are: The 4 quark mixing parameters 
(                ) reside in CKM matrixηρλ ,,, A

To understand the quark mixing and CP violation in SM, and detect New Physics in flavor 
change sector, one must determine the CKM elements as precisely as possible !

Why are we interested in Charm ? 
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Why are we interested in Charm ? 
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In the SM, the D0D0 mixing, CP violation and rare decays of 
charm are all small. However, some New Physics effects 
beyond the SM can enhance the mixing, the CP violation and 
the rare decays.   So search for the mixing,  the CP violation 
and the rare decays provide the unique opportunities to 
search for New Physics beyond the SM indirectly.

Measurements of some transition rates of Charm 
provide probes for New Physics.

Why are we interested in Charm ? 
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)3770(ψ→−+ ee

58.0 42.0
00 DD −+ DD

+−πK

−++− πππK
−+ππ0K

0ππ +−K

llK ν+−

ll νπ +−

llK νπ +−0

00 πππ −+K

Charge 
conjugation

Charge 
conjugation

…

++− ππK

+π0K

0πππ ++−K

llK ν+0

llK ν+0*
llK νπ ++−

−++ πππ0K

00 ππ +K

μνμ +

…

Generated Monte Carlo events

BES-III software
Generated 1.0 fb-1 @ 3.773 GeV with BOSS6.1.0

Monte Carlo samples 

Full simulation

Generated 0.8 fb-1 @ 3.773 GeV with BOSS6.0.2
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Double tag analysis, Independent of Luminosity and Double tag analysis, Independent of Luminosity and 
cross section in the double tag measurementscross section in the double tag measurements

)%04.083.3()( 0 ±=→ +−πKDB

1fb  4/%5.0/ −=BBδ

7504330000
tag

±=
D

N

12512350)( 0 ±=→ +−πKDN
%4.74=ε

INPUT)  (MC  80.3)( 0 %KDB =→ +−π

−+πK 0ππ −+K

+−−+ πππK +−ππ0K

bcM
bcM

bcM bcM

bcM

+−πK

BES III MCBES III MC

B(Do →K-π+)

Absolute Branching Fractions at BESIII 

)pb  080( 1−=L
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Absolute Branching Fractions at BESIII 
Independent of Luminosity and cross Independent of Luminosity and cross 
section in the double tag measurementssection in the double tag measurements

)%12.048.9()( ±=→ ++−+ ππKDB

1fb  4/%5.0/ −=BBδ

440158800
tag

±=−DN

1008130)( ±=→ ++−+ ππKDN
%0.54=ε

bcM bcM

bcM

BES III MCBES III MC

B(D+→Κ-π+π+)

INPUT)  (MC  )6.02.9()( %KDB ±=→ ++−+ ππ

++− ππK

−−+ ππK

0πππ −−+K

−−+ πKK

−π
0

K +−− πππ
0

K

00
ππ −K

)pb  080( 1−=L
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Ntag=203541±451

bcM

D-→K+π-π-

++ → π0KD ++ → π0KD

missmissmiss PEU −= missmissmiss PEU −=

Monte Carlo Sample for 1 fb-1

2
mKnπ

2
beambc pEM −=

Beam Constraint Mass

Does not use μ Information
Use μ Information

135 signal events

109 signal events

μνμ

μ
μ ε

νμ
νμ

++ →

++
++

×
→

=→
D

D
D

tagN
)(N

)(B

BES III Full MCBES III Full MC simulation

Pure leptonic decays at BESIII 

Singly tagged D- samples

νμ++ →D
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−+→ πKD
0

+−−+→ πππKD
0

BCM

00
ππ −+→ KD

−+→ ππ00
KD

νπ +−→ eD0

mismissmiss PEU −=

ν+−→ eKD0

ν+−→ eKD0

mismissmiss PEU −=

805528)( 0 ±=→ +− νeKDN

600359884 ±=tagN

Semileptonic decays at BESIII 
BES III Full MCBES III Full MC simulation

29707)( 0 ±=→ +− νπ eDN

Singly tagged D0bar samples

Monte Carlo Sample for 0.8 fb-1
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Mode CLEO-c

0.5 0.2 2.3

0.5 0.2 6.5

0.7 0.3 5.0

1.8  0.8 16.6
0.9 0.4
2.1 1.0
4.0 2.0 ~100 15.0

2.0 0.9 7.5

+−→ πKD 0
)fb (4 / -1BBδ )fb (20 / -1BBδ )04(PDG  / BBδ

++−+ → ππKD
ν+−→ eKD 0

νπ +−→ eD 0

νμ ++ →D
+Df

Relative error (%) on the measurements 281 pb-1Statistical error only

νμ +−→ KD 0

νμπ +−→0D

One year data taking 4fb-1

Precise Measurements at BESIII 

Mode CLEO-c

4.0 14

5 17

5.7  18

~2.8 1.3 9 4.7

)(4.03GeV / BBδ )(4.17GeV / BBδ )06(PDG  / BBδ

νμ ++ →SD

++ → φπSD

νφ ++ → eD S

ντ ++ →SD
+
SDf

314 pb-1
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22

D

D
2

cq

cq

f
Δf

2 τ
Δτ

2B
ΔB

V

VΔ
⎟
⎠
⎞

⎜
⎝
⎛+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+⎟

⎠
⎞

⎜
⎝
⎛=

3.Form factor from theory (Lattice QCD). 
Assuming Δf/f ~1.5%.

%4.0
0

0

D

D =
Δ

τ
τ

1.  Well measured life times of D mesons from PDG06
l

νD π
l
νD

Κ

ΔVcd/Vcd ~1.8%

ΔVcs/Vcs ~1.6%

Quark models, HQET,  Lattice & other methods have all been invoked 
to calculate form factor absolute normalizations. These calculations 
have been done mostly at q2 =0 or q2 =q2

max. (i.e  w=1, just like F in  
Vcb in B →D* lν)

Great contribution 
to CKM Unitarity

11122

D

10|)0(|||53.1)(B)( −
+ ×=

→
=→Γ sfVKeDKeD K

cs
e

e τ
νν

11122

D

10|)0(|||01.3)(B)( −
+ ×=

→
=→Γ sfVeDeD cd

e
e

π

τ
νπνπ

To extract Vcs & Vcd need form 
factor from theory at one fixed  
q2 point. 

Decay rates relates to CKM Matrix elements and form fator

2.  With 4 fb-1 Ψ(3770) data at BESIII

%8.1%,7.0~
B
B

stat.

⎟
⎠
⎞

⎜
⎝
⎛ Δ

Precise Measurements at BESIII 

2223
3

2

2 |)(|||
24

)( qfVpG
dq

PlDd
cqP

F
+=

→Γ
π

ν

2
pole

2
2

/1
)0()(

mq
fqf

−
= +

+

BESIII: L=4 fb−1

ψ(3770) MC 
simulation
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Measurements of ),)(( μeXDB =→ + ll

c

q

W+

q

q

l+

vl

c

)( sd

||V|or|V cscd   ∝

lν
)( ++

SDD
+W

+l

),(0 ++
SDDD

hadrons

B(D0→e+X) B(D+→e+X)

B(D0→μ+X) B(D+→μ+X)
CLEOc’s results are not used in PDG06 average

Precise Measurements at BESIII 

with the BES-III detector, we may have the 
opportunity to study these decays, to check: 

)()()( 0
lll lll vXDvXDvXD SSLSLSL

+++++ →Γ=→Γ=→Γ
? ?

ΔB/B[%] Current Exp. BESIII [4 fb-1]
D0→e+X 2.6% ~0.3%
D+→e+X 1.3% ~0.3%
D0→μ+X 22% ~1.0%
D+→μ+X 15% ~1.0%
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Precise Measurements at BESIII 

1) Form factors in D semi-leptonic decays & decay 
constants fD+ and fDs+ can be used to calibrate Lattice 
QCD calculations.

After CLEO-c, the accuracy on the absolute 
measurements still needs to be improved. 

Why is it so important ?

2) Precise measurements of inclusive semileptonic
branching fractions lifetimes of D mesons 
to understand decay mechanism.

3)  Engineering measurements
a) Determine production rate of charm in B decays.

b) Realism of MC generator & BCK subtraction 
when looking for New Physics in general.

A short summary 
on the Absolute 
Measurement

CELO-c 
expects to 
improve fD+
measurement 
at 5% with 
750 pb-1 of 
ψ(3770) data

LQCD]MeV    418235[ ±±=+Df

BES-III can 
improve fD+
measurement at 
~2% accuracy 
level with 4 fb-1 of 
ψ(3770) data; 
and improve 
fDs measurement 
at 1.3% accuracy 
level with 4 fb-1 of 
ψ(4170) data

LQCD]   7%/[ =Δ ++ DD ff
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BES-III Sensitivity for Rmix: ~7.5x10−4 with 4 fb−1

00 :mixing DD ⇒

Change of identity due to

Γ
Δ

= D
D

Mx
Γ

ΔΓ
=

2Dy
2

22
DD

mix
yxR +

≡

Standard model predicts 
very small D0-D0bar mixing: 
xD & yD 10-2≤

The kinds of the box diagrams lead to the estimate: Rmix~10-7

and …

SM might allow for Rmix ~10-3 [I. Bigi]

New physics not contained in SM such as

can enhance the mixing.

D0D0 Mixing at BESIII

yD is expected to be 
small  (D. Hitlin,      
R. Morrison)

K−π+ vs K−π+

2 background events 
are observed

BESIII Monte Carlo Simulation

K−π+ vs K+π−

BCM

BCM

13000 right sign tags

20 fb-1

),(
),(

2

22

±±

±±

≈
+

≡
ππ
ππ

mm

mm

KKN
KKNyxR DD

mix
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Mode Right sign events Rmixing

ψ(3770)→(K-π+)(K+π-) 13000 1.5×10-4

ψ(3770)→(K-e+ve)(K+e- ve) ~32000
ψ(3770)→ (K-e+ve)(K+μ- vμ) ~29000
ψ(3770)→ (K-μ- vμ)(K+μ- vμ) ~  6500

BES-III Sensitivity with 20 fb−1
Monte Carlo simulation

For the other modes, the numbers of right sign events are estimated with 
DD-bar cross section, branching fractions and detection efficiencies

D0D0 Mixing at BESIII

Detail Monte Carlo study of D0D0 mixing with tagging the semileptonic 
decay modes are still in progress !

Monte Carlo study of measuring the D0D0 mixing with charm data 
collected at 4.14 (or 4.17) GeV will begin soon.
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e- e+

Ψ(3770)

D

D 

+K
−K

+π
−π

0

0

+CP

+CP
π+π−, K+K−, π0 π0, ρ0π0 …

21ψ(3770)  of  decay   thefor  ff→

−=−⋅⋅= L
2121 1)()CP()CP()CP( ffff

+=)]3770(CP[ ψ

Κsπ0, Κsρ0, Κsφ , Κsω ...

+CP

−CP

from 4 fb-1 Ψ(3770) data, we can select about 1x105 CP+  tags  and  
about 1x105 CP- tags. With the large CP tagged samples we can probe 
the direct CP violation, 

CP+(-) eigenstate Tags
CP violating 
asymmetries can be 
measured by searching 
for events with two CP 
odd or two CP even 
final states, such as

If we observed two CP odd or two CP even final states simultaneously we need 
to analyze many channels to elucidate the sources of CP violation !

CP Violation at BESIII

wave)   a in  are  (
00 pDD
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BCM

20 fb-1

−+−+ K vs KKK

−+−+ ππ   vs  KK

−+−+ πππ π   vs  

BCM

440 events

340 events

66 events

−+−+ K vs KKK

−+−+ ππ   vs  KK

−+−+ πππ π   vs  

Experiment sensitivity

MC simulation for CP violation at BESIII

ACP < 2.5x10-2 @ 90% C.L. for 4 fb-1

Remove the events of                   , −+−+ K vs KKK
−+−+ πππ π   vs  and                      away 

from the MC sample to study  the 
ability of background rejection with 
the BES-III detector by looking for 
these modes from the MC samples

−+−+ ππ   vs  KK

ACP <      ~10-3 @ 90% C.L. for 20 fb-1
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e- e+

Ψ(3770)

0K
ϕ

+K
−π

−CP

+CP

The strong phase at BESIIIδ

19.0)(cos ±≈Δ δ

We can measure    at  ψ(3770)

]|[|
2

1|
00

cp >±>>=± DDD

)()()(2
00

cp
+−+−+−

± →±→=→ πππ KDAKDAKDA

δ

π
π

π
π i

D eR
KDA
KDA

KDA
KDA

±=
→
→

±=
→

→
+−

+−

+−

+−
± 1

)(
)(1

)(
)(

2 0

0

0
cp

CF decay DCS decay

)(2
)()(

cos
0

cpcp
+−

+−
−

+−
+

→

→−→
=

π
ππ

δ
KDBrR

KDBrKDBr

D

]10)09.07.3([ 3−×±=DR

Using the CP tag samples (CP+ 
vs Kπ double tags & CP-
vs Kπ ), we can measure the 
strong phase difference        
between the direct and DCS 
amplitudes, which appears in 
the time dependent mixing 
measurements. 

δ

N~1800 CP+ vs Kπ
N~1800 CP- vs Kπ tags

4 fb-1

δ

We have to neglect CP 
violation in mixingDRN 2

11)(cos ≈Δ δ

CP Eigenstate

Flavor mode

08.0)(cos ±≈Δ δ 20 fb-1

4 fb-1
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In the SM (Standard Model), the short distance charm 
FCNC (flavor changing neutral currents) are much highly 
suppressed by the GIM mechanism than down type quarks 
due to the large mass difference between up type quarks.

The dilepton decay proceeds by penguim annihilation or box diagram.

( )
( )
( )

0 -10

0 -6

0 -6

up to 10

up to 10

up to 10

D e e

D

D e

+ −

+ −

±

→

→ μ μ

→ μm

B

B

B

New Physics (Beyond the Standard Model ) may enhance these decay processes. 
For example, R-parity violating SUSY:gives

(Burdman et al., Phys. Rev. D66, 014009).
The decay                     is strictly forbidden in the SM.0D e ±→ μ m

Best limits are from BABAR

SM 230 10~)( −−+→ eeDB
130 103~)( −−+ ×→ μμDB

Observation of D+ 

FCNC  and lepton 
number violating 
decays could 
indicate new 
physics.

Search for these kinds of rare decays can probe New Physics

Rare decays of D mesons at BESIII
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MC simulation for rare decays at BESIII
−+ eeφ

−+ eeK
0

−+eeK 0*

−+ μe

−+ μφ e

−+ μeK
0

−+ μeK 0*
−++ eeπ ++− eeπ

−++ eeK ++− eeK

D0 Decays D+ Decays

D+
S Decays Full MC simulation for rare decays of D(s) mesons

MC Sample for 0.5 fb-1

MC Sample for 4 fb-1

BCM

BCM BCM BCM
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DS
+    Decay BES-III(10－6)

12.2
7.14
7.14
7.14
7.71
4.53
13.2
7.71
6.58
3.89
3.89
3.89

++−+ → μeKDS

mμ±++ → eKDS

−+++ → μμKDS
++−+ → μμKDS

++−+ → μπ eDS

mμπ ±++ → eDS

−+++ → μμπSD
++−+ → μμπSD

−+++ → eeKDS
++−+ → eeKDS

−+++ → eeDS π
++−+ → eeDS π

With 4 fb-1 of Ψ(4030)  data, the sensitivity 
can go down to about 10-5 ~ 10-6 .

Sensitivity can go down to 10-7 with 
4 fb-1 of ψ(3770) data,.

D0 DecayD+ Decay

MC simulation for rare decays at BESIII
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GeV  E cm

BES-II result

0
DD

−+ DD

hadron

014.0
006.000

024.0776.0
)(

)( +
−−+

−+−+

±=
→

→
=

DDee

DDeef
σ

σ

05.0074.0787.0
(

)(
00

±±=
→

→
=

−+

−+−+

DDee

DDeef
σ

σ

sys
DDee

DDeef Δ±±=
→

→
=

−+

−+−+

026.0715.0
(

)(
00σ

σ

69.0
3

00

=⎥
⎦

⎤
⎢
⎣

⎡
= −+

p
pf

3

00
⎥
⎦

⎤
⎢
⎣

⎡
= −+

p
pFf

pure phase space

GeV 377.3=cmE BES

CLEO-c

F accounts for

Why are we interested in ? Fraction of D+ and D0 yields

Ratio of charged/neutral DD production

The ratio would vary with changing the c.m. energy.

BES-II result

0
DD

−+ DD

hadron

σ
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We can measure the fraction f  vs ECM. A finer cross section scan over 
the ψ(3770) resonance with the BES-III at the BEPC-II will give results on 
these measurements

hep-ph/0402171 M. B. Voloshin

Fraction of charged and neutral yields
My calculations based on the two observed 
cross sections only! It is not official !!

fr
ac

tio
n

Ratio of charged/neutral DD production

GeV  Ecm

Theoretical prediction

00(

)(

DDee

DDeef
→

→
=

−+

−+−+

σ

σ
00(

)(

DDee

DDeef
→

→
=

−+

−+−+

σ

σ
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The inclusive hadron & DD-bar production line shapes along 
with the continuum hadron production shape with vacuum 
polarization corrections

Measurements of ψ(3770) Parameters

BES-III Physics Book
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σ σ

GeV  E cm
GeV  E cm

BES-III Physics Book

])3770([ DDB →ψ

 % 2.0)~2.4(88.2 ±± Measured value
Input value % 89

tot
)3770(ψΓ

ee
)3770(ψΓ

MeV  0.58.26 ± MeV  26.9

eV  9256± eV  251
Measured value Input value

~70 pb-1

data in 
ψ(3770)
region

BES-II result

−+ DD

00 DD

DD

hadron

BF[ψ(3770) non-DD]

With ~70 pb-1 of data collected from 3.65 to 3.875 GeV with the BES-III 
Detector at BEPC-II, we can measured the non-DDbar branching fraction of ψ
(3770) decays  at an absolute precision level of ~3% (from cross section scans).
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Measurements of branching fractions for 
ψ(3770) light hadrons with the BES-II at BEPC

We believe that this would be the best method to carefully study the 
charmless decays of ψ(3770) with the BES-III at the BEPC-II, since it can 
separate the contributions from both the QED and the resonance decays, 
and it can extract out the phase differences between the amplitudes. 

The way to measure the branching 
fractions for ψ(3770) light hadrons is 
to analyze the energy dependent cross 
sections, since there are interferences 
between the amplitudes of the exclusive 
final states from resonance and from the 
continuum. But needing large cross 
section scan data samples!

σ

][GeV  cmE

Lineshape analysis for light hadrons

BES-III MC

0πππ −+−+ → ppee

Assuming that we will 
measure the cross section 
line-shape for e+e- light 
hadrons like this at BES-III, 
then we can measure its 
branching fraction by fitting 
the cross sections.

ILLUSTRATION ONLY !!!
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Search for hybrid charmonium, DD molecular or other 
exotic states

“Finer resonance line-shape analysis” provides an opportunity to  
search  for heavy hybrid, DD-bar molecular, and four-quark states.

Fine cross sections scan

Analysis of the fine cross section scan 
data may probe new structures associated  
with hybrid charmonium, DD-bar molecular or 
other exotic states in this energy region…

BES-III will collect data at 3.773 GeV, 4.03 GeV or 4.14 ( or 4.17 ) 
GeV, and perform finer cross section scans covering the resonances.

If BEPC-II maximum energy 
can extend more than 4.2 GeV, 
that will be nice.

Search for New 1－－ states
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,....cee ωη→−+

,.../,/,/,/ ' XJJJJee ψψηψηπψπ −+−+ →
..., −+−+−+ → πϕπϕ KKee

..., )2,1,0()2,1,0( ωχρχ ==
−+ → JcJJcJee

−+−+−+ → SS DDDDDDee ,,
00

Measurements of the line-shapes of the cross sections for the 
exclusive processes:

and comparing these line-shapes with the one for the 
inclusive hadron production, one may find something new.
BES-II made finer cross section scan from 3.65 to 3.88 GeV, and studied the 
line-shapes of the inclusive hadron production, DD production and some 
exclusive charmless final states production. But data sample is too small. At 
BES-III, we are going to make the finer cross section scans covering the
resonances with large samples to carefully study the structures.

Analyzing  the finer cross section line-shapes would give us some useful 
information about whether new resonances exist in the energy region.

Search for New 1－－ states

We will try to 
measure all 
possible 
access 
components
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Summary for BESII
Measured fD significantly for the first time

Measured ,   which supports that 
isospin conservation holds in the exclusive D 
semileptonic decays, solving the “Long-standing 
puzzle”

Observed the first non-DDbar decay mode of 
ψ(3770) J/ψπ+π- for the first time 

Measured branching fraction for ψ(3770) non-DD 
for the first time 

  04.005.000.1
)(
)(

0

0

±±=
→Γ
→Γ

++

+−

e

e

eKD
eKD

ν
ν

Measured CKM matrix elements and form factors

Precisely measured Ruds, parameters of ψ(3770) 
and ψ(3686)  etc……
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Summary for BESIII
Precision test SM (with 4 fb-1 data)

Search for New Physics (with 4 fb-1 data)

。Pure leptonic decays                       fD+ ~ 2.0%; fDs+ ~ 1.3%
。Semileptonic decays                       Vcs ~ 1.6%; Vcd ~1.8%
。Absolute Hadronic Branching fractions   B(D0→K-π+)   ~ 0.5%

B(D+→K-π+π+) ~ 0.5%
。Something more……

。D0D0 Mixing           Sensitivity : 7.5x10-4

。CP Violation           Sensitivity : ACP < 2.5x10-2 @ 90% C.L.
。Rare Decays        Sensitivity : 10-7 for D mesons  @ 90% C.L.

Sensitivity : 10-5~10-6 for Ds mesons @ 90% C.L.
Other topics

。Uncover the puzzle of ψ(3770) production & decays
。Search for new particles in the range from 3.7 to 4.8 GeV
。something more ……
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Thank You！
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Exclusive Semileptonic Decays-MC simulation BOSS6.1.0

missmissmiss PEU −=
missmissmiss PEU −=

missmissmiss PEU −=
missmissmiss PEU −=

00
ππ −+→ KD

+−−+→ πππKD
0 −+→ ππ00

KD

−+→ πKD
0

BCM BCM

Ntag 203541±451
Mode D0→π-e+v

ε 48% 49%
407±20

0.35±0.02
Nsig

B(%)
Lum ΔB/B[stat.]

0.5fb-1 ~5.0[6.0]%
~1.8[2.1]% 
~0.8[1.0]%

4  fb-1

20 fb-1

D0→K-e+v

3631±60
3.17±0.06

ΔB/B[stat.]
~1.9[2.5]% 
~0.7[0.9]%
~0.3[0.4]%

BOSS6.1.0 ~500pb-1

Mode D0→K-μ+v D0→π-μ+v

ε 21% 31%

Nsig 1588±40 272±16

B(%) 3.16±0.08 0.35±0.02

Precision Measuremets

νπ +−→ eD0ν+−→ eKD0

ν+−→ eKD0

νμπ +−→0Dνμ +−→ KD 0

+−+−→ ππ KKD ,*0

+−+−+−→ ππρ KKKD ,, *0
0*0 ,,, ππππρ +−+−+−+−→ KKKKD
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eeKD ν++ → )892(0*
eeKD ν++ → 0*

eeKD ν+−→ *0

BES-II

BES-III MC simulation

Umiss(GeV)

E
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nt
s
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θ θ

θ θ

χ θ θ
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(1 cos )sin ( )

(1 cos )sin ( )
1A 2sin cos ( )

8 sin cos ( ) ( ) e
8

R

( )

l V

l V

l V

V

o

l

iH q h q

H q BW

H q BW

d q H q B

O

W

A

Ae BW

H0(q2), H+(q2), H-(q2) are helicity-basis form factors which 
are computable by LQCD  A new factor h0 (q2) is needed 
to describe s-wave interference piece.

S-wave 
interfere 
asymmetry

cosV

Focus FPCP 2006

Exclusive Semileptonic Decays-VPSL decay rates

4 fb-1 about 8000                      doubly tagged  events

More MC simulations are needed

eeKD ν++ → 0*
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e+ e-

D0 K-

tag

D0

D0 π+
π+

π-

D0

K-
π+

D0
π+

K-

mixing

DCSD

e+ e-

D0 K-

tag

D0

D0

π+

D0

K-

π+
D0

π+
K-

mixing

DCSD
+−+−→→ ππψ KKDD

00)3770(

requiring L to be even,
1L  )3770( =ψ

DCSD

Search for D0D0-bar Mixing

Can not measure the time evolution 
of D0 meson decays,  DCS decay 
can not be separated from the final 
states. The level of the DCSD 
background is higher than the level  
of the mixing. 

So DCSD can not happen

00)3770( DD→ψ are coherent

Coherence simplifies 
study no DCSD
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Cabibbo-suppressed decays are valuable for the understanding 
of the final state interactions, some D+ hadronic decays provide 
a test of the interference in charm decays

Other topics-Cabibbo-suppressed Decays

Many experiments, such as MARKII, MARKIII, E691, E689, E791, 
FOCUS, CLEO, BESII, BABAR, BELLE, CLEOc have reported their 
measurements of branching fractions for the Cabibbo-suppressed D
hadronic decays.

More MC simulations are needed

Now, only few modes have <1.5% statistical error, and most have 
(3~16)% statistical error. We will be able to systematically study 
these Cabibbo-suppressed decays with greatly improved precisions 
(0.4-6)% at BESIII with 4 fb-1 data taken at 3.773 GeV

supref

refsup

ref

sup

εN
εN

B
BRatio

×

×
==

Relative Branching Fraction

Refrence Modes: D0→K-π+, D0→K-π+π+π-, D+→K-π+π+, D+→K0π+,etc.
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Other topics-Dalitz Plot Analysis

Decays Experiments

D0→K0
sπ+π- MARKII,MARKIII,E691,

E687,ARGUS,CLEO

D0→K-π+π0 MARKIII, E687, E691, 
CLEO

D0→K+π-π0 BABAR

D0→K0K-π+ BABAR
D0→K0K+π- BABAR
D0→π-π+π0 CLEO
D0→K0

sK-K+ BABAR

D+→K-π+π+ MARKIII,E687,E691,
E791,BABAR

D+→K0π+π0 MARKIII

D+→π-π+π+ E687,E791,FOCUS,
CLEOc

D+→K-K+π+ E687,FOCUS

D+→K-ηπ0 CLEO
D+→K+π+π- FOCUS

D+→K-K+π0 CLEO

Access to study the 
interference between 
intermediate state resonances 
and the final state interactions

Opportunity to measure both 
the amplitudes and phases of 
the intermediate decay channels, 
which in turn to deduce their 
relative branching fraction

It also probes for New Physics 
Beyond Stand Model
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Other topics-Inclusive hadronic measurements
Serve to check the sum of the 

measured branching fractions on PDG for 
the exclusive D decays

Provide some information about the 
relative strength of the Cabibbo-
suppressed and Cabibbo-favored inclusive 
decays, which will purse theoretical 
calculation to understand them

They are limited by the data sample in 
history, which can be systematically 
study at BESIII 

Decays Experiments
D0,+→K0X MARKI,MARKII,MARKIII,BESII

D0,+→K-X MARKI,MARKII,MARKIII,HYBR,
ACCM,BESII

D0,+→K+X MARKI,MARKII,MARKIII,HYBR,
BESII

D0,+→K*0-bX BESII
D0,+→K*0X BESII
D0,+→K*-X BESII
D0,+→K*+X BESII
D0,+→φX BES,CLEOc
D0,+→ηX CLEOc
D0,+→η’X CLEOc

D0,+→ωX -

BESIII provide nice opportunity to more 
precisely measure the branching fractions of 
these inclusive decays. The statistical error 
in most measurements will reach <1% level

Dtag Signal region

Dtag sideband

Mass(K
π)

++ → XKD 0* From BESII


