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BESIII Data Taken near DDbar Threshold
• BEPCII collider: e+e- → ψ(3770) → DDbar


• 2.9 fb-1 dataset at ψ(3770) resonance

           MD0= 1864.84 MeV   MD+= 1869.62 MeV

         2MD0= 3729.68 MeV 2MD+= 3739.24 MeV

• New 3.19 fb-1 dataset at Ecm 4.178GeV

• Ds are produced mostly via e+e-→DsDs*


• Advantages of DDbar pair production near threshold

• The DDbar events are clean; not enough energy for even one 

additional pion

• Tagging reduces background from light-quark “continuum” and 

other charm final states

• Double tag technique can provide access to absolute BFs

• Many systematic uncertainties cancel with tagging technique
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Amplitude Analysis of Kπππ

PhysRevD.95.072010
•There are seven D → K3π modes: 

D0→ K-π+π+π- (published on PRD) 
D0→ K-π+π0π0 (expected to publish on PRD soon) 
D0→ KSπ0π0π0  
D0→ KSπ+π-π0 (on-going) 
D+→ K-π+π+π0 (on-going) 
D+→ KSπ+π0π0 (on-going)  
D+→ KSπ+π+π- (expected to publish on PRD soon) 

•Four-body decays are in five-dimensions 
•We have 

•Partial Wave Analysis Tools based on CPU and GPU kernel 
•Great Electro-Magnetic Calorimeter (EMC) with CsI 

     → superior resolution and efficiency of π0 

•Largest dataset at ψ(3770) resonance 
     → small statistical errors and clean background 
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Motivation
• The measurements of the sub-modes in D→ Kπππ 

provides a window to study the decays D→AP and 
D→VV (A=axial-vector, V=vector), both of them are 
important in learning the CPV in charm decays but 
less effective experimental measurements.


• The knowledge of intermediate process can be widely 
used in many measurements, such as:


        Branching fraction measurement

         Strong phase measurement 

         CKM unitary triangle measurement

• D0→ K-π+π+π- and D0→ K-π+π0π0 are very useful high-

statistics modes and usually used to reconstruct 
neutral D mesons as tags. Their detail structures and 
branching fractions are important for charm studies 
using the tag technique.
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Amplitude Analysis of D0→ K-π+π0π0 

Event selection: 

Reconstruct both of DD (Double tag) through 

D0→K-π+π0π0 (signal) vs. D0→K+π- (tag)

Cuts on Tag:1.8575 < MBC < 1.8775 GeV/c2  -0.03 < ΔE < 0.02 GeV
Cuts on signal: 1.8600 < MBC < 1.8730 GeV/c2  -0.04 < ΔE < 0.02 GeV

Peaking background: K-KSπ+ with  KS→π0π0

A KS mass veto is applied to reduce this peaking 
background from ~2% to 0.07%

Total event: 5950

Total background: ~ 1%


Fit: Unbinned likelihood fit with coherent summation of 26 
amplitude modes, whose significances are > 4 σ
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Amplitude Analysis Results of D0→ K-π+π0π0

BESIIIPreliminary 
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Amplitude Analysis Results of D0→ K-π+π0π0

A mixed-sample method* is used 
to determine the goodness-of-fit 
of this five-dimensional unbinned 

likelihood fit. 

*M. Williams, Journal of 
Instrumentation 5, P09004 (2010). 

BESIIIPreliminary 
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Branching Fraction Results of D0→ K-π+π0π0

BESIII Preliminary 

Double tag(DT) D0→K-π+π0π0 vs. D0→K+π- 

Single tag(ST) D0→K+π-

The amplitude analysis result is used to determine the 
detection efficiency, where the DT efficiency is 8.39%

The branching fraction  is determined to be 

BESIIIPreliminary 

BESIIIPreliminary 
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Amplitude Analysis of D0→ K-π+π+π- 

Event selection: 

Double tag D0→K-π+π+π- vs. D0→K+π-


Peaking background: 

K-KSπ+ with  Ks→π+π- is the dominate background and 
peaks as the signal. Its number is estimated to be 

96.8 +- 14.5 based on MC 

Other background: < 10


The number of event selected is 15912 with a purity of 
99.4% 
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Amplitude Analysis Results of D0→ K-π+π+π-
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Amplitude Analysis Results of D0→ K-π+π+π-
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Fit fractions(FF) for  different components

Amplitude Analysis Results of D0→ K-π+π+π-

According to the intermediate resonances, we divides the 23 amplitudes into 7 subsets 
and call them components.  Also, their fit fractions are calculated.

BESIII Preliminary 
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Amplitude Analysis of D+→ KSπ+π+π- 

The data can be described with 12 amplitudes with corresponding phases and fit 

fractions shown below: 

BESIIIPreliminary 
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BESIIIPreliminary 

Amplitude Analysis of D+→ KSπ+π+π- 
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Amplitude Analysis of D+→ KSπ+π+π- 

BESIIIPreliminary 



Amplitude Analysis of DS+→ π+π0𝜂 
 

Event selected with double tag

Tag modes:


Data sample for amplitude analysis: 

• A Multi-variate analysis is performed to suppress the 

background from fake 𝜂. 


• The retained data sample has 1239 events with a purity of 
(97.7±0.5)%.


!22



 23

Amplitude Analysis of DS+→ π+π0𝜂
Observation of DS+→a0(980)+π0
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Amplitude Analysis of DS+→ π+π0𝜂

First observation

• The measured B(DS+→a0(980)+π0) is larger than other measured pure W-
annihilation decays (DS+→pn, DS+→wπ+) by one order. This provides 
theoretical challenge in understanding such a large W-annihilation 
contribution in D→SP.



Summary

•DTag and DDbar threshold  data provides clean samples 
for amplitude analysis

•We have mature partial wave analysis tools based on 

CPU and GPU kernel 

•Amplitude analysis of Kπππ:

• D0→ K-π+π+π- is published in PRD95,072010

• Preliminary results of D0→ K-π+π0π0 and D+→ KSπ+π+π- are obtained


• Some Kπππ studies are on-going


•Preliminary results of DS+→ π+π0𝜂 are obtained

• First observation of DS+→a0(980)+π0


•   
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