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Beijing Electron Spectrometer

BESIII data sets

+ 104 energy points between 3.85 and 4.59
+ ⇠ 20 energy points between 2.0 and 3.1 GeV
(ongoing)

Direct production of 1�� states studied
with world's largest scan dataset

BESIII Spectroscopy | W. Gradl | 12

about 3.5 times 
than CLEO-c
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Figure 4: D pair production.

Table 1: Tagging modes used and semileptonic signal.

Type Modes

CP+ K+K−, π+π−, KSπ0π0

CP− K0
Sπ

0, K0
Sω, K

0
Sη

l± Keν, Kµν

In the process e+e− → ψ(3770) → D0D̄0, D0 and D̄0 are produced in pairs. Our
experimental technique is D tagging, fully reconstruction of individual D0 or D̄0 is
called single tag(ST), reconstruction of bothD0 and D̄0 is called double tag(DT). (In
branching ratio measurements, given yields of ST and DT, absolute branching ratio
could be determined without needing to know the luminosity or D0D̄0 production
cross section.)

In this analysis, we choose CP modes: K+K−, π+π−, KSπ0π0 which are CP -
even, and the CP -odd states KSπ0, K0

Sω and KSη(modes with KS are not CP
modes exactly, see Appendix A.) as the CP tagging modes, called the CP tagged D
or the hadronic D, Keν and Kµν as the semileptonic signal, called the semileptonic
D.

The total branching ratio ofD goes to inclusive eX is about 6.5%, in whichKeν is
the main process, branching ratio is about 3.55%. Other semileptonic processes, such
as πeν, K∗eν, Kπ0eν..., they have smaller branching fractions and lower efficiencies
that couldn’t have much impact on our final results. Also for the same reason, we
use Kµν, not other semimunic modes.
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D Tagging
D Tagging is used for selecting events.

Single Tag (ST):

Tag modes are reconstructed requiring a 
certain window for the ∆E variable and Mbc 

distribution is fit to calculate tag yields.

Double Tag (DT):

Depending on the D decay that is being 
studied Mbc or some other variable will be 
used to calculate double tag yields.

5

�E ⌘ ED � Ebeam

Mbc ⌘
q
E2

beam/c
4 � |~pD|2/c2

Y. Huang      Nanjing University



D Tagging

6 Y. Huang      Nanjing University



D Tagging

6 Y. Huang      Nanjing University

D� ! K+⇡�⇡�
D�

D� ! K+⇡�⇡�⇡0

D� ! K0
S⇡

�

D� ! K0
S⇡

�⇡0

D� ! K0
S⇡

�⇡+⇡�

D� ! K+K�⇡�



D Tagging

6 Y. Huang      Nanjing University

D� ! K+⇡�⇡�
D�

D� ! K+⇡�⇡�⇡0

D� ! K0
S⇡

�

D� ! K0
S⇡

�⇡0

D� ! K0
S⇡

�⇡+⇡�

D� ! K+K�⇡�

D0

D0 ! K�⇡+⇡0

D0 ! K�⇡+⇡+⇡�

D0 ! K�⇡+

K0
S ! ⇡+⇡�

⇡0 ! ��



D Tagging

6 Y. Huang      Nanjing University

D� ! K+⇡�⇡�
D�

D� ! K+⇡�⇡�⇡0

D� ! K0
S⇡

�

D� ! K0
S⇡

�⇡0

D� ! K0
S⇡

�⇡+⇡�

D� ! K+K�⇡�

D0

D0 ! K�⇡+⇡0

D0 ! K�⇡+⇡+⇡�

D0 ! K�⇡+

K0
S ! ⇡+⇡�

⇡0 ! ��

Charge-conjugate modes are implied. Tag 
yields obtained by fitting Mbc distribution, 
about 1.5 million for              and 2.2 million 
for            .D0D̄0

D+D�



D Tagging

6 Y. Huang      Nanjing University

D� ! K+⇡�⇡�
D�

D� ! K+⇡�⇡�⇡0

D� ! K0
S⇡

�

D� ! K0
S⇡

�⇡0

D� ! K0
S⇡

�⇡+⇡�

D� ! K+K�⇡�

D0

D0 ! K�⇡+⇡0

D0 ! K�⇡+⇡+⇡�

D0 ! K�⇡+

K0
S ! ⇡+⇡�

⇡0 ! ��

Charge-conjugate modes are implied. Tag 
yields obtained by fitting Mbc distribution, 
about 1.5 million for              and 2.2 million 
for            .D0D̄0

D+D�

GeV
1.84 1.845 1.85 1.855 1.861.865 1.87 1.875 1.88 1.885 1.89

Ev
en
ts
/0
.5
M
eV

0

2000

4000

6000

8000

10000

12000

14000

 )ππ K→ -mBC ( D

nbkg =  186263 +/- 493

nsig =  70750 +/- 358

GeV
1.84 1.845 1.85 1.855 1.861.865 1.87 1.875 1.88 1.885 1.89

Ev
en
ts
/0
.5
M
eV

0

2000

4000

6000

8000

10000

12000

14000

 )ππ K→ -mBC ( D

Mbc  fit 
example

BES-III PRELIMINARY



                               line shape

7 Y. Huang      Nanjing University

�(e+e� ! DD̄)



                               line shape

7 Y. Huang      Nanjing University

�(e+e� ! DD̄)

Fit the measured cross sections simultaneously using the theoretical cross 
section  



                               line shape

7 Y. Huang      Nanjing University

�(e+e� ! DD̄)

Fit the measured cross sections simultaneously using the theoretical cross 
section  

�

RC
DD̄(W ) =

Z
zDD̄(W

p
1� x)�DD̄(W

p
1� x)F(x,W 2)dx



                               line shape

7 Y. Huang      Nanjing University

�(e+e� ! DD̄)

Fit the measured cross sections simultaneously using the theoretical cross 
section  

�

RC
DD̄(W ) =

Z
zDD̄(W

p
1� x)�DD̄(W

p
1� x)F(x,W 2)dx

Coulomb Interaction



                               line shape

7 Y. Huang      Nanjing University

�(e+e� ! DD̄)

Fit the measured cross sections simultaneously using the theoretical cross 
section  

�

RC
DD̄(W ) =

Z
zDD̄(W

p
1� x)�DD̄(W

p
1� x)F(x,W 2)dx

Coulomb Interaction Born Level



                               line shape

7 Y. Huang      Nanjing University

�(e+e� ! DD̄)

Fit the measured cross sections simultaneously using the theoretical cross 
section  

�

RC
DD̄(W ) =

Z
zDD̄(W

p
1� x)�DD̄(W

p
1� x)F(x,W 2)dx

Coulomb Interaction Born Level ISR



                               line shape

7 Y. Huang      Nanjing University

�(e+e� ! DD̄)

Fit the measured cross sections simultaneously using the theoretical cross 
section  

�

RC
DD̄(W ) =

Z
zDD̄(W

p
1� x)�DD̄(W

p
1� x)F(x,W 2)dx

Coulomb Interaction Born Level ISR

�DD̄(W ) =
⇡2↵

3W 2
�3
D|FD(W )|2, FD(W ) = FR

D(W )ei�R + FNR
D (W )



                               line shape

7 Y. Huang      Nanjing University

�(e+e� ! DD̄)

Fit the measured cross sections simultaneously using the theoretical cross 
section  

�

RC
DD̄(W ) =

Z
zDD̄(W

p
1� x)�DD̄(W

p
1� x)F(x,W 2)dx

Coulomb Interaction Born Level ISR

�DD̄(W ) =
⇡2↵

3W 2
�3
D|FD(W )|2, FD(W ) = FR

D(W )ei�R + FNR
D (W )

Breit-Wigner formula for resonate component



                               line shape

7 Y. Huang      Nanjing University

�(e+e� ! DD̄)

Fit the measured cross sections simultaneously using the theoretical cross 
section  

�

RC
DD̄(W ) =

Z
zDD̄(W

p
1� x)�DD̄(W

p
1� x)F(x,W 2)dx

Coulomb Interaction Born Level ISR

�DD̄(W ) =
⇡2↵

3W 2
�3
D|FD(W )|2, FD(W ) = FR

D(W )ei�R + FNR
D (W )

FR
D(W ) =

6W
p

(�ee/↵2)(�DD̄(W )/�3
D)

M2 �W 2 � iM�(W )
, �DD̄(W ) = �(W )⇥ (1� BnDD̄)

Breit-Wigner formula for resonate component



                               line shape

7 Y. Huang      Nanjing University

�(e+e� ! DD̄)

Fit the measured cross sections simultaneously using the theoretical cross 
section  

�

RC
DD̄(W ) =

Z
zDD̄(W

p
1� x)�DD̄(W

p
1� x)F(x,W 2)dx

Coulomb Interaction Born Level ISR

�DD̄(W ) =
⇡2↵

3W 2
�3
D|FD(W )|2, FD(W ) = FR

D(W )ei�R + FNR
D (W )

FR
D(W ) =

6W
p

(�ee/↵2)(�DD̄(W )/�3
D)

M2 �W 2 � iM�(W )
, �DD̄(W ) = �(W )⇥ (1� BnDD̄)

Breit-Wigner formula for resonate component

Two models for non-resonant component



                               line shape

7 Y. Huang      Nanjing University

�(e+e� ! DD̄)

Fit the measured cross sections simultaneously using the theoretical cross 
section  

�

RC
DD̄(W ) =

Z
zDD̄(W

p
1� x)�DD̄(W

p
1� x)F(x,W 2)dx

Coulomb Interaction Born Level ISR

�DD̄(W ) =
⇡2↵

3W 2
�3
D|FD(W )|2, FD(W ) = FR

D(W )ei�R + FNR
D (W )

FR
D(W ) =

6W
p

(�ee/↵2)(�DD̄(W )/�3
D)

M2 �W 2 � iM�(W )
, �DD̄(W ) = �(W )⇥ (1� BnDD̄)

Breit-Wigner formula for resonate component

Two models for non-resonant component

❖ Exponential Model:
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�(e+e� ! DD̄)

Source

Exponential

VDM

KEDR

PDG

M (3770)[MeV/c2] � (3770)[MeV] � (3770)!DD̄
ee [eV]

3783.0± 0.3

3781.5± 0.3

3779.3+1.8
�1.7

3773.2± 0.3

27.5± 0.9

25.2± 0.7

25.3+4.4
�3.9

27.2± 1.0

270± 24

230± 18

160+78
�58 420+72

�80

(262± 18)⇥ BDD̄

BES-III PRELIMINARY 

� (3770)!DD̄
ee = � (3770)ee ⇥ B( (3770) ! DD̄)
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� (3770)!DD̄
ee = � (3770)ee ⇥ B( (3770) ! DD̄)

Our preliminary results are consistent with those measured at KEDR.
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D+(0) ! !⇡+(0)

❖ Signal: MC shape convoluted with Gaussian
❖ Background: Polynomial (dashed line)
❖ Peaking background: Mainly come from qq process, 

estimated from 2D Mbc sidebands (filled histograms)
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Peaking background estimated from sidebands (mainly come from qq process)
_
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D+(0) ! !⇡+(0)

Category Nsig B this work B PDG

D+ ! !⇡+

D0 ! !⇡0

D0 ! ⌘⇡0

D+ ! ⌘⇡+
(3.13± 0.22± 0.19)⇥ 10�3

76± 16

36± 14

256± 18

68± 10

(3.53± 0.21)⇥ 10�3

(0.67± 0.10± 0.05)⇥ 10�3 (0.68± 0.07)⇥ 10�3

(2.74± 0.58± 0.17)⇥ 10�4

(1.05± 0.41± 0.09)⇥ 10�4

< 3.4⇥ 10�4@90%CL

< 2.6⇥ 10�4@90%CL

BES-III
 PRELIM

INARY 
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❖ 2 Dimensional fit is performed in 
the space of Mbc and mKs 

❖ Signal and background modeling
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Summary
Line shape of                             in the vicinity of Ecm = 3.770 GeV are 
studied, both exponential model and vector dominance model provide 
quality description of data.

�(e+e� ! DD̄)

❖ Double tag method

❖ Observation of                       :

❖ Evidence of                      : 

❖                             consistent with PDG

D+ ! !⇡+

D+(0) ! !⇡+(0)

D0 ! !⇡0

D+(0) ! ⌘⇡+(0)

4.1�

5.4�
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Summary
Line shape of                             in the vicinity of Ecm = 3.770 GeV are 
studied, both exponential model and vector dominance model provide 
quality description of data.

�(e+e� ! DD̄)

D0 ! K0
SK

+K�

❖ Single tag method

❖ Preliminary result

❖ Dalitz plot analysis ongoing in 

order to study substructure: e.g. 

a0(980)

B = (4.622± 0.045± 0.181)⇥ 10�3

❖ Double tag method

❖ Observation of                       :

❖ Evidence of                      : 

❖                             consistent with PDG

D+ ! !⇡+

D+(0) ! !⇡+(0)

D0 ! !⇡0

D+(0) ! ⌘⇡+(0)

4.1�

5.4�
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