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•  Accelerator;	detectors;	data	set	etc.	
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•  Formalism	and	status	
•  Hadronic	WS	decay	D0->K+π-	

•  Time-dependent	analyses	
•  Time-integrated	CP	asymmetry	

•  summary	table	of	measurements	
•  Search	for	CPV	in	D0->KSKS	
•  CPV	in	radiaAve	decays	D0->γV	
•  T-odd	asymmetry	in	D0->KSπππ0	

•  ROE	method	for	D0	flavor	tagging	at	Belle	II	
•  Summary	
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Experimental	Charm	Data	set�
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Ø  Available	data	sets	from	Charm	factories,	B-factories	and	hadron	colliders�

CLEOc �



 HFCPV@CCNU	 �李龙科（高能所）� D0-D0	mixing	and	CP	Viola6on	at	B-factories �
_ �

B-factories	at	KEK	�
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•  Nano-beam	design	(by	P.	Raimondi	for	SuperB) �

•  1st	Vs.	2nd	genera6on	B-factory�

boost:		
βγ	~	2/3	

Current	×	2	
IP	impact	par.	
β*y	×	1/20�
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Detectors	at	(Super)KEKB�
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Belle	detector� Belle	II	detector�

Belle	II�

Belle�

inner	layer:	r=20	mm	à	14	mm	
outer	layer:	r=88	mm	à	135	mm	
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data	set	at	Belle	and	Belle	II�
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A rich platform for Charm physics!
ü  Hadronic Modes!

ü  time-dependent CPV & mixing !
ü  time-integrated Acp !

ü  semi-leptonic Modes!
ü  Leptonic and Radiative Decays!
ü  More exotic stuff (missing energy...) �
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Improved	performance�
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Ø  Higher	beam-related	and	QED	background(x20)	
Ø  Higher	event	rate	(x10):	

ü  	L1	trigger:	500Hz(Belle)	Vs.	30kHz(Belle	II)	
Ø  Improved	performance:	

ü  vertex	resolu6on;	tracking;		
ü  par6cle	iden6fica6on;		
ü  ...	

Ø  Important	effects	on	Charm	mixing	and	CPV	



 HFCPV@CCNU	 �李龙科（高能所）� D0-D0	mixing	and	CP	Viola6on	at	B-factories �
_ �

Outline�
•  Belle	@KEKB	and	Belle	II	@SuperKEKB	

•  Accelerator;	detectors;	dataset	etc.	
•  D0-D0	mixing	and	CP	violaAon	

•  Formalism	and	status	
•  Hadronic	WS	decay	D0->K+π-	

•  Time-dependent	analyses	
•  Time-integrated	CP	asymmetry	

•  summary	table	of	measurements	
•  Search	for	CPV	in	D0->KSKS	
•  CPV	in	radiaAve	decays	D0->γV	
•  T-odd	asymmetry	in	D0->KSπππ0	

•  ROE	method	for	D0	flavor	tagging	at	Belle	II	
•  Summary	

8�

_ �



 HFCPV@CCNU	 �李龙科（高能所）� D0-D0	mixing	and	CP	Viola6on	at	B-factories �
_ �

Introduc6on	to	D0-D0	mixing	and	CP	viola6on �
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measurements	of	D0-D0	mixing	and	CPV �
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Ø  summary	table	Mainly	basing	on	HFLAV	group �
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Hadronic	WS	decay	for	mixing	&	CPV �
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One	order	magnitude	improvement	at	Belle	II	�
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Time-dept.	analyses	for	mixing	and	CPV �
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Time-dept.	analyses	for	mixing	and	CPV �
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L.M.	Zhang	et	al.	PRL	99,	131803	(2007)	
T.	Peng	et	al.	PRD	89,	091103(R)	(2014) �
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Time-dept.	analyses	for	mixing	and	CPV �
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Time-integrated	CP	asymmetry	measurement�

16�
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Ø  The	measured	raw	asymmetry:	

Ø  Choose	normaliza6on	mode:	D0->KSπ0:	

	
Ø  most	precise	measurement	on	both	ACP	and	

BR	for	D0->KSKS	mode:	

Search	for	CPV	in	D0->KS0KS0�

17�

ACP	=	(-0.02±1.53±0.02±0.07)%		
BR	=	(1.32±0.02±0.04±0.04)×10-4		

•  ACP:	consistent	with	SM	expecta6on	(improved	to	LHCb	in	2015:	(-2.9±5.2±2.2)%)	
•  BR:	consistent	with	PDG:	(1.8±0.4)×10-4,	but	2.3σ	away	from	BESIII	result	

(1.67±0.11±0.11)×10-4	[PLB	765	(2017)	231]�

PRL	119,	171801	(2017) �

Ø  ACP	uncertainty	dominated	by	stat.	errorèProspect	at	Belle	II:	expect	a	precision	of	0.2%	
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CPV	in	D0	radia6ve	decays �
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Ø branch	ra6o	measurement	in	D0->γV �
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CPV	in	D0	radia6ve	decays �
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Belle	II(50	ab-1):	σ=±0.01																	 											 	σ=±0.003 		 	 	 	 	 	σ=±0.02	 �
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T-odd	asymmetry	in	D0->KSπ+π-π0�

20�

PRD	95,	091101(R)	(2017) �
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ROE	method �

22�
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Summary�
•  Belle at KEKB have proven to be an excellent tool for charm physics!

•  first (only) observation of D0-D0 mixing in e+e- collision !
•  no hints for indirect CPV and no clear evidence for direct CPV!
•  fruitful results on mixing/CPV measurement, but mostly under statistical limit!

•  Major upgrade at KEKB in 2010-17 à SuperKEKB L×40=50 ab-1 before 
2025. Belle II at SuperKEKB will have a rich charm physics program with 
much improved performance: !
•  improve precision of mixing and CPV parameters, direct CP asymmetries. !
•  Many final states studies (e.g. with π0/η/η’ etc.) complementary to LHCb. !
•  Some new techniques are developing, like ROE method.!

•  Detector is mostly installed and commissioned, will collect the first data 
in 2018. !

23�

Let’s	look	forwards	to	the	charming	news	of	
charm	physic	from	Belle	II	(绝世美女二世).	 �

今夕何夕，见此粲者？�
子兮子兮，如此粲者何？�
--《诗经�绸缪》�

_ �
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backup	�
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Damping	Ring�
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prospect	of	mixing	in	three-body	SCS	decays�
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Time-dependent	Dalitz	analysis �
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Time-dependent	Dalitz	analysis �
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Time-dependent	Dalitz	analysis �
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search	for	CPV	in	D0->KS0KS0		 �
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