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Introduction: BESIII Experiment
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MDC: small cell & Gas:
He/C3H8(60/40), 43 layers

σp/p = 0.5%@1GeV,

σdE/dx = 6%

TOF: Barrel: σT = 100ps
endcap: σT = 110ps
(60ps for endcap after 

upgraded to MRPC in 2015)

Nucl. Instr. Meth. A614, 345(2010)

EMC: CsI crystal. 28cm
Δ𝐸/𝐸 = 2.5%@1𝐺𝑒𝑉,

𝜎𝑧 = 0.6𝑐𝑚/√𝐸

MUC: 9layers RPC
(8 layers in Endcap)
σRϕ = 1.4~1.7cm

Magnet: 1T Super conducting



Charmed Data Set and Analysis Method 
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• Data Set Used in this talk:
• 2.93fb−1@Ecm = 3.773GeV (~3.5x CLEO-c)

e+e− → ψ 3770 → DഥD
• 3.19fb−1@Ecm = 4.178GeV (~5.3x CLEO-c)

e+e− → Ds
±Ds

∗∓ → γ/π0Ds
+Ds

−

• Analysis method (pair production):
• Single tag(ST): reconstruct only one of DഥD
• Double tag(DT): reconstruct both of DഥD

• Calculate absolute BFs: 𝐵 =
𝑁𝐷𝑇

𝑁𝑆𝑇 ⋅𝜖𝐷𝑇/𝜖𝑆𝑇

• Advantages:
• Absolute branching fraction measurement
• Full kinematic constraint to reconstruct 𝜈 or 

neutral hadron(i.e. KL , n)
• Low background



(Semi-)Leptonic Decay: Motivation
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• Measure |𝑉𝑐𝑑 𝑠 | to test the unitary of CKM matrix

• Measure the form factor 𝑓𝐷(𝑠)+, 𝑓+
𝑃(0) to calibrate the LQCD

• Test Lepton flavor universality in charmed meson decay



Leptonic Decay: 𝐷+ → 𝜏+(→ 𝜋+ ҧ𝜈𝜏)𝜈𝜏
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UL by CLEO: <𝟏. 𝟐 × 𝟏𝟎−𝟑 @ 90% C.L.

BESIII Preliminary:
• B(𝐷+ → 𝜏+𝜈𝜏) = 1.20 ± 0.24stat. × 10−3

• Significance > 4σ

Test lepton flavor universality:

• R =
Γ D+→τ+ντ

Γ D+→μ+νμ
= 2.66 ± 0.01 SM

• R =
B D+→τ+ντ [BESIII Preliminary]

B D+→μ+νμ [PRD89,051104(R)(2014)]

= 3.21 ± 0.64

• Consistent in 1σ
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Leptonic Decay: 𝐷𝑠
+ → 𝜇+𝜈𝜇

3

syststat 10)14.015.028.5()( −++ =→ sDB

Taking |Vcs|
CKMfitter

as input

Taking fDs
LQCD as input

[PRD 90, 074509(2014)]

EuNPC2018

Test lepton flavor universality: R =
Γ Ds

+→τ+ντ

Γ Ds
+→μ+νμ

SM    : 9.74±0.01
BESIII: 10.𝟐 ±0.5  (𝐁 𝑫𝒔

+ → 𝝉+𝝂𝝉 in PDG is used, 
we are working on this channel now) Exp.     LQCD
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Semi-Leptonic Decay: 𝐷0 → 𝐾−𝜇+𝜈𝜇

2018/09/06

Exp.  LQCD

Fits to partial decay rates

Fit to ST 𝑴𝒃𝒄 and 𝑼𝒎𝒊𝒔𝒔
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Semi-Leptonic Decay : 𝐷0 → 𝐾−𝜇+𝜈𝜇

2018/09/06

Test lepton flavor universality:

• In the full q2 interval:

• No deviation larger than 2𝜎 over q2 interval in this analysis
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Semi-leptonic Decay: 𝐷 → 𝜋𝜇+𝜈𝜇 [arXiv: 1802.05492]

2018/09/06

Signal
𝜋𝜋+ ഥ𝐾0

Measurement Results:

• B D0 → π−μ+νμ = 0.267 ± 0.007 ± 0.007 %

• B D+ → π0μ+νμ = 0.342 ± 0.011 ± 0.010 % (first measurement)

• Rμ/e
D0 =

Bμ
D0[𝒂𝒓𝑿𝒊𝒗:𝟏𝟖𝟎𝟐.𝟎𝟓𝟒𝟗𝟐]

Be
D0[PRD 92, 072012(2015)]

= 0.905 ± 0.027 ± 0.023

• Rμ/e
D+ =

Bμ
D+[𝒂𝒓𝑿𝒊𝒗:𝟏𝟖𝟎𝟐.𝟎𝟓𝟒𝟗𝟐]

Be
D+[PRD 96, 012002(2017)]

= 0.942 ± 0.037 ± 0.027

• RIS
𝜇
=

Γ D0→π−μ+νμ

2Γ D+→π0μ+νμ
=

𝜏
𝐷+

B D0→π−μ+νμ

2𝜏𝐷0𝐵 D+→π0μ+νμ
= 0.990 ± 0.041 ± 0.035

• Rμ/e
D0(+)coincides with SM prediction 0.97 within 1.9(0.6)𝜎

• RIS
𝜇

is consistent with no isospin violation and the value of electronic 

decay RIS
𝑒 [PRD 96, 012002(2017)]
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Semi-leptonic Decay: 𝐷𝑠
+ → 𝜂 ′ 𝑒+𝜈𝑒

Fit to MM2

Nominal result

Fits to partial decay rates

BESIII  Preliminary

• Based on the result extracted with 
the series 2 Parameters, we 

determine |𝑽𝒄𝒔| and 𝒇+
𝜼(′)

(0)

• Partial decay rates are 
fitted simultaneously 
by two 𝜼/𝜼′ subdecays

Compare branching fractions
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Semi-leptonic Decay: 𝐷𝑠
+ → 𝜂 ′ 𝑒+𝜈𝑒

Compare |𝑽𝒄𝒔|

Compare 𝒇+
𝜼

(0) Compare 𝒇+
𝜼′

(0)

2018/09/06

𝛈 − 𝛈′𝐦𝐱𝐢𝐧𝐠

Taking |𝑉𝑐𝑠| CKMfitter and 𝑓+
𝜂(′)

(0) |𝑉𝑐𝑠| extracted with the series 2 Parameters as input 

obtain 𝑓+
𝜂
0 = 0.458 ± 0.005𝑠𝑡𝑎𝑡 ± 0.004𝑠𝑦𝑠𝑡 𝑓+

𝜂′
0 = 0.490 ± 0.050𝑠𝑡𝑎𝑡 ± 0.011𝑠𝑦𝑠𝑡

EuNPC2018
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Semi-leptonic Decay: 𝐷𝑠
+ → 𝐾 ∗ 0𝑒+𝜈𝑒

𝐃𝐬
+ → 𝐊𝟎𝐞+𝛎𝐞 Fits to partial decay rates

𝐃𝐬
+ → 𝐊∗𝟎𝐞+𝛎𝐞 Four dimensional un-binned likelihood fit 

𝑟𝑉 = 1.67 ± 0.34 ± 0.16
𝑟2 = 0.77 ± 0.28 ± 0.07

(Details of definition in back-up)

Fit  to MM2



2018/09/06 EuNPC2018 14

[PRD 82, 034016 (2010)]

Explore the internal structure of light hadron mesons, traditional two quark states or tetra quark 
system:

• A prediction for the BF for 𝐷+ → 𝑎0 980 0𝑒+𝜈𝑒 is : 5~5.4(6~8) × 10−5 for two(tetra) quark 
description

• A model-independent way to distinguish two different descriptions: R=1(3) for two(tetra) 
quark 

6.4σ first observation!

2.9σ

The result for 𝐷+ → 𝑓0𝑒
+𝜈𝑒 is prepared by BESIII 

Semi-leptonic Decay: 𝐷 → 𝑎0(980)𝑒
+𝜈𝑒 [PRL 121, 081802(2018)]
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Hadronic Decay: 𝐷𝑠
+ → 𝑝ത𝑛

• The only kinematic allowed baryonic D decay mode

• Help for understanding the dynamical enhancement of W-annihilation

• Short-distance expected:Br~10-6

• Long-distance enhance to: Br~10-3

• First evidence by CLEO-c:

2018/09/06

[PLB 663, 326(2008)]

[PRL 100, 181802(2008)]

• Confirm CLEO-c’s measurement with greatly improved accuracy
• Consistent with the prediction of the enhanced BR due to long-

distance effect

Preliminary result:
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Hadronic Decay: 𝐷𝑠
+ → 𝜔𝜋+and 𝜔𝐾+

• Ds
+ → ωπ+ is a pure W-annihilation process, 

• With the BF of Ds
+ → ωπ+ as as one of the inputs ,Q. Qin et al. [PRD 89, 054006] predicts: 

ℬ 𝐷𝑠
+ → 𝜔𝐾+ = 0.6 × 10−3, 𝐴𝐶𝑃 𝐷𝑠

+ → 𝜔𝐾+ = −0.6 × 10−3 (without 𝜌 − 𝜔 mixing)
ℬ 𝐷𝑠

+ → 𝜔𝐾+ = 0.7 × 10−4, 𝐴𝐶𝑃 𝐷𝑠
+ → 𝜔𝐾+ = −2.3 × 10−3 (with 𝜌 − 𝜔 mixing)

• Ds
+ → ωπ+: evidence by CLEO 2.1 ± 0.9 ± 0.1 × 10−3 with a signal of 6.0 ± 2.4 events 

• Ds
+ → ωK+: CLEO set UL: < 2.4 × 10−3@90% C. L.

Fit to the invariant mass 𝑴𝝅+𝝅−𝝅𝟎 to get the DT yield

[PRD 80, 051102(R) (2009)] 

𝐷𝑠
+ → 𝜔𝜋+

70 ± 11
7.7σ

𝐷𝑠
+ → 𝜔𝐾+

38 ±8
6.2σ

BESIII Preliminary results:

ℬ Ds
+ → ωπ+ = 1.85 ± 0.30stat. ± 0.19syst. × 10−3

ℬ Ds
+ → ωK+ = 1.13 ± 0.24stat. ± 0.14syst. × 10−3

Consistent with CLEO’s measurement, but more precise. 

First observation ! implies a small 𝜌 − 𝜔 mixing. 
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Amplitude Analysis : 𝐷𝑠
+ → 𝜋+𝜋−𝜂

*The amplitudes agree with: 𝐴 𝐷𝑠
+ → 𝑎0 980 +𝜋0 = −𝐴 𝐷𝑠

+ → 𝑎0 980 0𝜋+ within stat. uncertainty, thus we 
set the magnitudes to be the same with the phase difference fixed to π. 

Motivation:
• Improve the precision of Br Ds

+ → ρ0η
• Search for W-annihilation process Ds

+ → a0 980 π

Amplitude Analysis:
• Signal is selected by DT method with 7 tag modes
• Get 1239 events with purity ~98%
• Include 4 amplitudes in this fit
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Amplitude Analysis : 𝐷𝑠
+ → 𝜋+𝜋−𝜂

• Improved precision for 𝐵 𝐷𝑠
+ → 𝜋+𝜋0𝜂 and  𝐵 𝐷𝑠

+ → 𝜌0𝜂
• 𝐷𝑠

+ → 𝑎0 980 𝜋 is the first observation !  
• 𝐷𝑠

+ → 𝑎0 980 𝜋 have larger BFs compared with 𝐷𝑠
+ → 𝜔𝜋+ and 𝐷𝑠

+ → 𝑝ത𝑛

BESIII Preliminary: 𝐵 𝐷𝑠
+ → 𝜋+𝜋0𝜂 = 9.50 ± 0.28𝑠𝑡𝑎𝑡. ± 0.41𝑠𝑦𝑠. % , PDG= 9.2 ± 1.2 %
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Amplitude Analysis : 𝐷0 → 𝐾−𝜋+𝜋0𝝅𝟎

Motivation:
• Provides a window to study the decays 𝐷 → 𝐴𝑃 and 𝐷 → 𝑉𝑉
• Result can be used in branching fraction measurement and strong 

phase measurement 
Amplitude Analysis:
• Signal is selected by DT method with 1 tag mode 𝐷0 → 𝐾−𝜋+

• Get 5950 events with purity ~99%
• Include 26 amplitudes in this fit

19

First measurement
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Search Rare Decay: 𝑫 → 𝒉 𝒉(′) 𝒆+𝒆− [ PRD 97, 072015(2018)]

• 𝐷 → 𝑋𝑢𝑙
+𝑙− are good channels to study FCNC transitions 𝑐 → 𝑢𝑙+𝑙−

• BFs of 𝑐 → 𝑢𝑙+𝑙− in SM <10−9,  enhance by long distance effect through virtual vector ~10−6

• Four-body 𝐷0 decays with 𝜇+𝜇− 𝜌0/𝜔 pair have been observed at LHCb (~10−6 − 10−7)                                                     

[PRL 119, 181805(2017),  PLB 757, 558(2016)]
• The previous UL for four body 𝐷0 decays with 𝑒+𝑒− are ~10−4 − 10−5

• 4-body 𝐷+decays have been searched for the first time.
• Precision of other decays have been improved with one order.
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Summary

• Using 2.93𝑓𝑏−1 and 3.19𝑓𝑏−1 𝑒+𝑒− collision data taken @ 3.773 and 4.178 
GeV with BESIII detector, experimental studies of charmed decays have been 
performed:
• Measurements of FFs and |𝑉𝑐𝑑 𝑠 |: better calibrate LQCD and test CKM 

unitarity
• Test lepton flavor universality in (semi-)leptonic decay: consistent with SM
• Measurements of W-annihilation process 𝐷𝑠

+ → 𝑝ത𝑛, 𝐷𝑠
+ → 𝜔𝜋+ and 𝐷𝑠

+ →
𝑎0 980 𝜋

• First observation of 𝐷0 → 𝑎0 980 −𝑒+𝜈𝑒 , 𝐷𝑠
+ → 𝜔𝐾+

• Amplitude analysis for 𝐷𝑠
+ → 𝜋+𝜋−𝜂 and 𝐷0 → 𝐾−𝜋+𝜋0𝜋0

• Improved UL for FCNC process 𝐷 → ℎ(ℎ(′))𝑒+𝑒−

• More results will be coming in the near future.
Thank you!!



BACK-UP
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Semi-leptonic Decay: 𝐷𝑠
+ → 𝐾 ∗ 0𝑒+𝜈𝑒

[PRL 110, 131802 (2013)]
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Hadronic Decay: 𝐷 → 𝑃𝑃 [PRD97,072004]
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Search for 𝑫+ → 𝜸𝒆+𝝂𝒆 [PRD 95, 071102(2017)]

B 𝐃+ → 𝛄𝐞+𝛎𝐞 < 𝟑. 𝟎 × 𝟏𝟎−𝟓@𝟗𝟎% 𝐂. 𝐋.

• no helicity suppression in contrast to pure leptonic decay, and simpler non-
perturbative QCD calculation without final-state hadron 
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Search for 𝑫+ → 𝑫𝟎𝒆+𝝂𝒆 [PRD 96, 092002(2017)]

B 𝐃+ → 𝛄𝐞+𝛎𝐞 < 𝟏. 𝟎 × 𝟏𝟎−𝟒@𝟗𝟎% 𝐂. 𝐋.

• The heavy c quark remains unchanged while the lighter d quark decays weakly 
• 𝐵𝑡ℎ𝑒𝑜 = 2.78 × 10−13 by it’s form factors in the SM [EPJC 59, 841 (2009)] 

2D fit to each tag mode


