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Outline

Ø Introduction

Ø Strong-phase parameters in 𝐷"/𝐷$" decay

Ø Amplitude analysis of 𝐷%& and 𝐷" decay

Ø Branching fractions (BFs) of 𝐷%& and 𝐷&/𝐷" decay

Ø Summary
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Beijing Electron Positron Collider II(BEPCII)

Double storage ring ~240 m

BESIII detector

Linac ~200 m

2004: Started upgrade BEPCII/BESIII
Ø 𝒔� = 𝟐. 𝟎~𝟒. 𝟗	𝐆𝐞𝐕
Ø 𝓛 = 𝟏×𝟏𝟎𝟑𝟑	𝐜𝐦:𝟐𝒔:𝟏(April 2016)
2008: Test run
2009-now: 𝝉-𝒄𝒉𝒂𝒓𝒎 physics runs

IP
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Beijing Spectrometer(BESIII) Experiment

Superconducting solenoid (1T)

RPC Muon Counter
9 layers (barrel) + 8 layers (end-caps)
93%	coverage	of	the	full	solid	angle

Electromagnetic CsI(Tl) Calorimeter
𝝈𝑬 𝑬 < 𝟐. 𝟓%	@	𝟏	𝐆𝐞𝐕⁄ (barrel)
𝝈𝑬 𝑬 < 𝟓%	@	𝟏	𝐆𝐞𝐕⁄ (end-caps)

Time-of-Flight
𝝈𝒕 = 𝟗𝟎	𝐩𝐬 (barrel)

𝝈𝒕 = 𝟏𝟐𝟎	𝐩𝐬 (end-caps)

Main Drift Chamber
𝝈𝒓𝝓 = 𝟏𝟑𝟎	𝛍𝐦 (single wire)
𝝈𝒑𝒕 𝒑𝒕⁄ = 𝟎. 𝟓%	@	𝟏	𝐆𝐞𝐕
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Charm data and analysis method
Ø Data produced near threshold without accompanying particles:

p Single	tag	(ST):	ℬ 𝐷 → 𝑓 = QRST
U×QVV$

WXW×Y

• For	partial	reconstruct,	few	bkg	channels.

p Double	tag	(DT):	ℬ 𝐷 → 𝑓 = QRST
QZ[
WXW×Y

• DT	provides	clean	samples	for	amplitude	

analysis	and	BFs	measurement.

Data samples 𝒔� 	(𝐆𝐞𝐕) Int. ℒ		(𝐟𝐛:𝟏) x CLEO-c

𝐷𝐷$ 3.773 2.93 3.6x

𝐷%𝐷$%∗ 4.178 3.19 5.3x

𝐷%𝐷$%∗ 4.189 − 4.226 3.18 -

𝜓 3770𝒆& 𝒆:
𝐷"

𝐷$"

𝐾:
𝐾&

𝜋& 𝜋:
𝐾p

Tag	side

Signal side

A	DT	event:
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Strong-phase parameters in𝑫𝟎 → 𝑲𝑺/𝑳
𝟎 π&π:

Ø Use	self-conjugate	multi-body	decays	(GGSZ approach):
• 𝐷" → 𝐾pℎ&ℎ: (ℎ = 𝐾, 𝜋) [Phys.	Rev.	D	68,	054018	(2003)]
• Three Binning	schemes	are used in this work [Phys. Rev. D	82,112006 (2010)]

Ø 2-D fits are performed	on	all	DT	events, 𝐾w and	𝜈 in	DT	events	are	missed.
Ø To improve	the	statistics	of	𝑲𝑺𝝅𝝅	𝒗𝒔	𝑲𝑺𝝅𝝅,	two	partially-reconstruction	methods	are	

used	by	missing	1	𝝅± from	𝑫 and	missing	1	𝝅𝟎 from	𝑲𝑺

[Phys. Rev. Lett. 124, 241802 (2020)] [Phys. Rev. D 101, 112002 (2020)]

Peak	bkg
Comb	bkg
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[Equal	Δ𝛿~] [optimal] [modified	optimal]

Red: this work Blue: expected values Green: CLEO-c results
[Phys.	Rev.	D	98,	110212(2018)]

Ø Themost	precise	measurements	to	date.
Ø The	strong-phase	parameters	are	limited	by	statistical	uncertainty.
Ø A	factor	of	~2.5	(1.9)	and ~2.8	(2.2)	more	precise	for	𝑐�	 𝑠� and 𝑐��	 𝑠�� than	
previous	results, respectively.

Ø The	associated	uncertainty	on	𝜸 is	reduced	from	~𝟒∘ to	~𝟏∘ in	𝑩: →
𝑫 𝑲𝑺𝝅𝝅 𝑲: [GGSZ].

Ø The	improved result is important input for 𝛾 measurement by 𝐵 decay.

Strong-phase parameters 𝒄𝒊
(�) and 𝒔𝒊

(�)

see back up for 𝑐��	 𝑠��
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Strong-phase	parameters	in	𝑫𝟎 → 𝑲𝑺/𝑳
𝟎 K&K:

Ø Using the equal ∆𝛿~ binning scheme	(GGSZ approach):

Ø Still limited by statistical uncertainty
Ø The best precision for strong-phase parameters of 𝐷" → 𝐾p/w" K&K: decay.
Ø Determination of charm-mixing parameters and search for CP violation.

[arXiv: 2007.07959]

𝑐�
[�] and 𝑠�

[�] for N=3 equal-∆𝛿~ bins

𝑐�
[�] and 𝑠�

[�] for N=4 equal-∆𝛿~ bins

Pink: CLEO-c results
Blue: BABAR model
Black points with error bar: This work

𝑐�
[�] and 𝑠�

[�] for N=2 equal-∆𝛿~ bins
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Dalitz plot analysis of 𝑫𝟎 → 𝑲𝑺
𝟎K&K:

Ø Using 1856±45 flavor-tagged signal events with a purity of 96.37%.
Ø The	Dalitz plot	(DP) is	well	described	by	a set	of	six	resonances.

[arXiv: 2006.02800]

Ø The DP projections:
Full dots are data
Blue line is amplitude model

Results from DP analysis:

p The	coupling	of	𝒂𝟎(𝟗𝟖𝟎)	to	𝑲𝑲$ 	is:

p The	first	absolute	measurement:	

Systematically limited
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Amplitude analysis of𝑫𝒔& → 𝑲&𝑲:𝝅&

Ø Provide inputs for theory and refine	theoretical	models.

Ø An	obvious	difference	on	BFs of	𝑆 980 π& between BABAR and CLEO.

[Phys.	Lett.	B	351,	591 (1995)]
[Phys.	Rev.	D	79,	072008 (2009)]
[Phys.	Rev.	D	83,	052001 (2011)]

Ø The DP projections:
Black	dots	with	error	bars:	data
Blue	solid	lines:		projection of result

Comparison	with	BABAR	and	CLEO	results:

Ø BESIII	results are closer	to	BABAR’s.
Background free
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BF measurement of𝑫𝒔& → 𝑲&𝑲:𝝅&

DT	yield	(A	and	B):	5148 ± 77

𝐷%: → other	tag	&& 𝐷%& 	→ 𝐾&𝐾:π& 𝐷%: → 𝐾&𝐾:π: && 𝐷%& → 𝐾&𝐾:π&

BFs results:

Fit	of	mass	of	Ds	from	signal	side Fit	of	mass	difference	of	Ds	from	
signal	side	and	tag	side

Category	A Category	B

The	best	precision	up to now!	

Consistent	with	theoretical	predictions
[Phys.	Rev.	D	93,	114010	(2016)]	
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Dalitz plot analysis of𝑫𝒔& → 𝝅&𝝅:𝝅&
Ø f0(980)	resonance	still	needs	to	be	better	understood.

Ø Important	input	for	the global	study of Ds→VP .

[Phys.	Rev.	D 93	(2016)	114010]

13.8	K	data	events	with	80%	signal	purity	
in	the	signal	region	for	DP	analysis.

Pu
ll

Data Model

Dalitz plot:

p Unbinned ML	fit	with	likelihood	function	
depending	on	DP	position	(x,	y)	for	each	event.
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Results of𝑫𝒔& → 𝝅&𝝅:𝝅&
Ø Fit	results	by	using	the	BABAR	model.
See	back-up	for	other	models	tested

See	back-up

S-wave	is	parametrized	by	an	
interpolation	between	the	N=29
control	points	also	used	by	BABAR:

[Phys. Rev. D	79,	032003	(2009)]

Blue	dashed:	background, Gray:	π+π- S-wave,
Red:	f2(1270)π, Yellow:	ρ(770)π,
Magenta:	ρ(1450)π, Blue:	full	model

Ø With	improved	precision,	our	results	are	
compatible	with	BABAR	measurements:

[Phys.	Rev.	D	79,	032003	(2009)]
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Fit	of	invariant	mass	of	𝑫𝒔&

[arXiv:2005.05072	accepted	by	JHEP]

Using 6.37	fb:� DsDs*	data at	
𝐸��% = 4.178 − 4.226 GeV

Normalization	mode

Ø Crucial	calibrations	to	different	theoretical	models
Ø Explore	SU(3)	asymmetries	for	𝐷%& meson

p Relative	BFs	compared	with	PDG

Precisions	significantly	improved

BFs of𝑫𝒔& → 𝑷𝑷

Seven channels:

First measurement
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2D Fit	for𝐌𝐁𝐂 vs.𝐌𝐊𝐊

Ø Precision measurement of absolute BFs of	𝐷 → 𝜙𝑃
Ø Explore	and check isospin symmetry between u and d quarks.

p BFs	compared	with	PDG Precisions	significantly	improved

BFs of𝑫 → 𝝓𝑷
[Phys.	Lett.	B	798	(2019)	135017]

Four channels:

ℬ(𝐷" → 𝜙𝜋")	 ℬ 𝐷& → 𝜙𝜋& 	 = 20.49 ± 0.50 ± 0.45 %⁄ Support isospin symmetry
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2D Fit	for𝐌𝐁𝐂
𝐭𝐚𝐠 vs.𝐌𝐁𝐂

𝐬𝐢𝐠

Ø Precision measurement of absolute BFs of	SCS decay 𝐷 → 𝜔𝜋𝜋.
Ø Important inputs for B decays.

p Results of this work: Six channels

BFs of𝑫 → 𝝎𝝅𝝅
[arXiv:2007.02542]

Signal region Sideband region

Precisions	significantly	improved

First measurement
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2D Fit	for𝐌𝐁𝐂
𝐭𝐚𝐠 vs.𝐌𝐁𝐂

𝐬𝐢𝐠

Ø Precision	measurement	of	absolute	BFs	of	𝐷 → 𝐾𝐾$𝜋𝜋.
Ø Explore	𝐷𝐷$	mixing,	CP	violation	and	quark	SU(3)-flavor	asymmetry.

p Results of this work: Nine channels

BFs	of	𝑫 → 𝑲𝑲$𝝅𝝅
[arXiv:2007.10563]

Precisions	significantly	improved

Five channels are observed
for the first time.
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Six charge-conjugated	BFs	and	asymmetries

Ø Key potential	backgrounds	in	some	Lepton Flavor Universality (LFU)	tests
Ø Known	𝐷"/𝐷& exclusive	decays	to	𝜼 only	account	for	44%	/	16%
Ø Crucial	to	address	the	tensions	found	in	LFU	tests	with	semi-leptonic B decays
Ø Search	for	CP	violation	in	hadronic	D decays

No	evidence	of	CP	violation	found

p 14 absolute	BFs of this work: All 14 channels are first measured

BFs of exclusive hadronic 𝑫 → 𝜼𝑿
[Phys. Rev. Lett. 124,	241803	(2020)]
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BFs of 𝑫& → 𝜼𝜼𝝅& and 𝑫 → 𝜼𝝅𝝅
Ø Clarify	the	gaps	between	inclusive	and	known	𝐷 → 𝜂𝑋 decay	rates.
Ø Provide	important inputs	for	charm and	𝑩 physics.	

[Phys. Rev. D 101,	052009 (2020)]

No	evidence	of	CP	violation	found

2D Fit	for𝐌𝐁𝐂
𝐭𝐚𝐠 vs.𝐌𝐁𝐂

𝐬𝐢𝐠
Three channels:

p Results of this work: Precisions	significantly	improved

First observation
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Summary
ØMeasurement of strong-phase parameters

• 𝐷" → 𝐾p/w" π&π::

• 𝐷" → 𝐾p/w" K&K::

Ø Amplitude	analysis	of	𝑫𝟎 and𝑫𝒔&

• 𝐷" → 𝐾p"K&K:: First absolute measurement

• 𝐷%& → 𝐾&𝐾:𝜋&, 𝜋&𝜋:𝜋&: Best precision

Ø BFs of 𝑫𝒔+ and𝑫+/𝑫𝟎 decay
• First measurement:
𝐷& → 𝜔𝜋&𝜋"

𝐷& → 𝜂𝜂𝜋&

𝐷 → 𝐾𝐾$𝜋𝜋: 5 channels

𝐷 → 𝜂𝑋: 14 channels

Best precision, important
input for 𝜸 angle

• Best precision:
𝐷%& → 𝑃𝑃: 7 channels

𝐷 → 𝜙𝑃: 4 channels

𝐷 → 𝜔𝜋𝜋, 𝜂𝜋𝜋: 5 channels

𝐷 → 𝐾𝐾$𝜋𝜋: 4 channels

p Test the theory
• Check SU(3)	asymmetry

• Support isospin symmetry

• No CP violation found

White Paper of BESIII
[Chin. Phys. C 44, 040001 (2020)]

17 𝐟𝐛:𝟏 𝝍 𝟑𝟕𝟕𝟎 data will be collected in the next two years.
More results in 𝑫(𝒔) hadronic decays are coming... 谢谢︕
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üAdd	5	new	CP	tag	decay	
modes	

ü The	yield	of	DT	
𝐾%𝜋𝜋	𝑣𝑠	𝐾p𝜋𝜋 is	doubled	by	
using	partially	reconstructed	
samples

ü Compared	to	CLEO’s
[Phys. Rev. D 82,112006 (2010)]

DT	event	mode Scale	to	CLEO’s

CP-even	vs	𝐾p𝜋𝜋 5.3
CP-odd	vs	𝐾p𝜋𝜋 9.2
𝐾p𝜋𝜋	𝑣𝑠	𝐾p𝜋𝜋 3.9
𝐾w	𝜋𝜋	𝑣𝑠	𝐾p𝜋𝜋 2.9

Signal yield of 𝑫𝟎 → 𝑲𝑺/𝑳
𝟎 π&π:

22



ØBecause	of	the	resolution	of	data	on	DP,	bin	migration	effects	are	
considered	in	fit	as	the	efficiency	matrix.	

ØNeglecting	bin	migration	leads	to	~0.7𝜎%® in	𝑐� and	~0.3𝜎%® in	𝑠�

Bin migration effects of 𝑫𝟎 → 𝑲𝑺/𝑳
𝟎 π&π:

23
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Strong-phase parameters 𝒄𝒊� and 𝒔𝒊�

[Equal	Δ𝛿~] [optimal] [modified	optimal]
Red: this work Blue: expected values Green: CLEO-c results

Ø The	strong-phase	parameters	are	limited	by	statistical	uncertainty.
Ø A	factor	of	~2.8	(2.2)	more	precise	for	𝑐��	 𝑠�� than	previous	results.
Ø The	improved result is important input for 𝜸measurement by 𝑩: →
𝑫 𝑲𝑳𝝅𝝅 𝑲: [GGSZ].

[Phys.	Rev.	D	98,	110212(2018)]
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S-wave of 𝑫𝒔& → 𝝅&𝝅:𝝅&

S-wave	is	parametrized	by	an	
interpolation	between	the	N=29
control	points	also	used	by	BABAR:



l Different fit models are tested, and Fit 4 is chosen as the 
nominal fit model:

The results of Fit 5 are considered as the systematic uncertainties on ω (“Alt. Fit”)

Dalitz plot model of𝑫𝒔& → 𝝅&𝝅:𝝅&
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