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•  Ecm	=	2.0	–	4.6	GeV	
•  Peak	luminosity:	1.00	x	1033	cm-2s-1	

•  BEPCII	at	IHEP	-	Beijing	
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BESIII	Detector	

•  Main	DriR	chamber:		115	μm	single-hit	resoluVon,	0.5%	p	
resoluVon	at	1	GeV/c,	<5%	dE/dx	resoluVon	

•  CsI	EM	calorimeter:	2.5%	energy	resoluVon	at	1	GeV		

1-Tesla	



Leptonic	and	Semileptonic	D(s)	Decays	

•  Precision	measurements	test	theory	(LQCD),	apply	to	B		
•  MulVple	tests	with	charm:	fD, fDs	(esp.	raVos)	
•  SensiVvity	to	New	Physics	
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•  Theory	for	form	factor,	extract	CKM	
•  Unitarity	+	other	measurements	to	test	theory	(many	modes)	
•  Use	charm	to	reduce	theory	uncertainty	in	|Vub|	

dΓ D→ K π( )eν( )
dq2
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Charm	Physics	at	Threshold	with	BESIII	
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ΔE = ED − EBeam

MBC = EBeam
2 − pD

2

( ) 0 03770e e D D D Dψ+ − + −+ → → or 

  
D(s)D(s)•  Just	above	threshold	charm	producVon	is	just		

•  Fully	reconstruct	≳20%	of	D	decays		

•  Hadronic	tag	on	one	side	uniquely	defines	the	charmed	
meson	on	the	other	side	for	leptonic/semileptonic	
studies.		Neutrino	via	missing	energy/momentum	

•  Data	samples:		
	2.93	i-1	near	ψ(3770)	peak	at	ECM	=	3.773	GeV	for	D	
	0.482	i-1	at	ECM	=	4.009	GeV	for	Ds	



																								 	 	 	 	 	 	Phys.	Rev.	D	89,	051104(R)	(2014)	
	 	 	 	 	 	 	 	 	 	 	ψ(3770)	-	2.93	i-1		
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 D
+ → µ+ν

  
N D+ → µ+ν( ) = 409 ± 21*

   
B D+ → µ+ν( ) = 0.0371± 0.0019 ± 0.0006( )%

  
N

Dtag
− = 1.703 ± 0.003( )×106

  KS
0π −π −π +

 K
+π −π −π −π +

  KS
0π −π 0

π +π −π −  K
+π −π −π 0

 K
+K −π −

  KS
0K −

  KS
0π −

 K
+π −π −

  
f
D+ = 203.2 ± 5.3 ±1.8( )  MeV

Using	|Vcd|	from	PDG	(CKMFiler):	

Using																																						from	LQCD:	
  
f
D+ = 207 ± 4( )  MeV

  
Vcd = 0.2210 ± 0.0058 ± 0.0047

*		1%	correcVon	for	D+→γμ+νμ	

Most	precise	to	date,	staVsVcs	limited	



																									 	 	 	 	 	 	 	BESIII	Preliminary
	 	 	 	 	 	 	 	 	 	 	 	0.482	i-1	at	ECM	=	4.009	GeV	
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Ds

+ → µ+νµ

  KS
0K −

 
π − ′η   ′η → π +π −γ( ) 

π − ′η   ′η → π +π −η( ) π
−π 0η

π −ηπ +π −π −

  KS
0K +π −π −

  K
+K −π −π 0

 K
+K −π −

N

  
N

Ds  tag
− = 15127 ± 312

 e
+e− → Ds

+Ds
−

•  Signal	side	requirements	
–  1	good	right-charged	track	
–  Energy	of	highest	energy	
shower	<	300	MeV	

•  Compute	MM2	and	fit	
–  τ/μ	raVo	fixed	to	SM	(9.76)	
–  τ/μ	raVo	unconstrained,	
sample	parVVoned	with	
PID	into	μ-enriched,	μ-
depleted	and	PID-
inconclusive	subsamples,	
filed	simultaneously	

	

7	



																									 	 	 	 	 	 	 	BESIII	Preliminary
	 	 	 	 	 	 	 	 	 	 	 	0.482	i-1	at	ECM	=	4.009	GeV	
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Ds

+ → µ+νµ

𝝁𝝂		

Non-Ds	bkg	

𝝉𝝂	

Ds	bkg	

𝝁𝝂		
𝝉𝝂	

Ds	bkg	

Non-Ds	bkg	

Color-code:	

μ-
enriched	

PID	
inconclusive	

μ-
depleted	

MBC	
Signal	

MBC	SB	

SM-Constrained	 Unconstrained	–	Cross-Check	

   

Ds
+ → µ+νµ  Signal: 69.3 ± 9.3 events

B Ds
+ → µ+νµ( ) = 0.495 ± 0.067 ± 0.026( )%

fDs
= 241.0 ±16.3 ± 6.6( )  MeV

   

B Ds
+ → µ+νµ( ) = 0.517 ± 0.075 ± 0.021( )%

B Ds
+ →τ +ντ( ) = 3.28 ±1.83 ± 0.37( )%

8	

Need	more	Ds	data!	
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																								 	 	 	 	 	 	 	Phys.	Rev.	D	92,	072012	(2015)	
	 	 	 	 	 	 	 	 	 	 	 	ψ(3770)	-	2.93	i-1		  
D0 → K − π −( )e+νe

  K
+π −π 0

  K
+π −π 0π 0

 K
+π −

  K
+π −π 0π 0

  K
+π −π +π −π 0

   
U = Emiss − c

!
Pmiss ≈ 0

•  Select	SL	signal:	just	positron	and	K-/π-,	
minimal	extra	energy,	and	ν	consistency:	

  

D0 → K −e+νe

70727 ± 278 events

  

D0 →π−e+νe

6297 ± 87 events

   

B D0 → K −e+νe( ) = 3.505 ± 0.014 ± 0.033( )%
B D0 →π−e+νe( ) = 0.2950 ± 0.0041± 0.0026( )%

  

2.7933 ± 0.0037( )×106

D0  tags

Branching	fracVon	results	are	in	
excellent	agreement	with	previous	
measurements	and	more	precise	



5	August	2016	 Ron	Poling	-	ICHEP	2016	 10	

																								 	 	 	 	 	 	 	Phys.	Rev.	D	92,	072012	(2015)	
	 	 	 	 	 	 	 	 	 	 	 	ψ(3770)	-	2.93	i-1		  
D0 → K − π −( )e+νe

dΓ D→ K π( )eν( )
dq2

=
GF
2 Vcs d( )

2
PK π( )
3

24π 3 f+ q2( ) 2

Vcs = 0.9601± 0.0033± 0.0047 ± 0.0239

Vcd = 0.2155 ± 0.0027 ± 0.0014 ± 0.0094

  

Using f+
K (π )(0)Vcs(d ) from the 2-par. 

series fit and FFs from HPQCD:



																									 	 	 	 	 	 	 	BESIII	Preliminary
	 	 	 	 	 	 	 	 	 	 	 	ψ(3770)	-	2.93	i-1		
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D+ → K 0 π 0( )e+νe

  ST + e+  + (K 0 → KS
0 →π +π −  or π 0 →γγ )

8.962±0.054±0.206	



																									 	 	 	 	 	 	 	BESIII	Preliminary
	 	 	 	 	 	 	 	 	 	 	 	ψ(3770)	-	2.93	i-1		

5	August	2016	 Ron	Poling	-	ICHEP	2016	 12	

  
D+ → K 0 π 0( )e+νe

Vcs = 0.9442 ± 0.0054 ± 0.0015 ± 0.0235

Vcd = 0.2102 ± 0.0039 ± 0.0011± 0.0092



																									 	 	 	 	 	Phys.	Rev.	D	92,	072012	(2015)
	 	 	 	 	 	 	 	 	 	ψ(3770)	-	2.93	i-1		
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B D+ → KL
0e+νe( ) = 4.481± 0.027 ± 0.103( )%

ACP = −0.59 ± 0.60 ±1.48( )%

   

ST + positron + KL
0  EM shower (direction)

Use 4-mom. cons and Umiss = Emiss − c
!
pmiss = 0

Gives 
!
p

KL
0 → E

KL
0 → q2

D-	tag	modes:	

  

K +π −π − KS
0π − K +π −π −π 0

KS
0π −π 0 KS

0π +π −π − K +K −π −  

BG-corrected ST yields + DT yields
give BF and CP asymmetry

Double-tag	selecVon	

  D
+ → KL

0e+νe

First	Measurements	

  

Extract yields as function of q2

Fit q2  distributions to FF 
parameterizations

  

f+
K 0( )Vcs = 0.748 ± 0.007 ± 0.012

Using FF from HPQCD:
Vcs = 0.975 ± 0.008 ± 0.025



																									 	 	 	 	 	 	BESIII	submiled	–	arXiv:1605.00208
	 	 	 	 	 	 	 	 	 	 	ψ(3770)	-	2.93	i-1		
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  D
+ → K 0e+νe  via K 0 →π 0π 0

   

Γ D0 → K −e+νe( )
Γ D+ → K 0e+νe( ) =

B D0 → K −e+νe( )×τD+

B D+ → K 0e+νe( )×τD0

= 0.969 ±0.025

First	measurement	using	
	

  K
0 → KS

0 →π 0π 0

Six	D-	tag	modes:	

  

K +π −π − KS
0π − K +π −π −π 0

KS
0π −π 0 KS

0π +π −π − K +K −π −

  
Nsig = 5013 ± 78

   
B D+ → K 0e+νe( ) = 8.59 ± 0.14 ± 0.21( )%



																									 	 	 	 	 	BESIII	submiled	–	arXiv:1605.00068
	 	 	 	 	 	 	 	 	 	ψ(3770)	-	2.93	i-1		
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D+ → K 0µ+νµ

  

Γ D0 → K −µ+νµ( )
Γ D+ → K 0µ+νµ( ) = 0.963 ±0.044

Γ D0 → K 0µ+νµ( )
Γ D+ → K 0e+νe( ) = 0.988 ±0.033

  

K 0 → KS
0 →π +π −  or π 0π 0  

Right-charge track consistent with µ

D-	tag	modes:	

  

K +π −π − KS
0π − K +π −π −π 0

KS
0π −π 0 KS

0π +π −π − K +K −π −

  
N

π +π− = 16516 ±130

  
N

π 0π 0 = 4198 ± 33

π +π −

 π
0π 0

   
B D+ → K 0µ+νµ( ) = 8.72 ± 0.07 ± 0.18( )%
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 Form Factor Status
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Vcs  and Vcd  Status



																									 	 	 	 	BESIII	accepted	by	PRD	–	arXiv:1512.08627
	 	 	 	 	 	 	 	 	ψ(3770)	-	2.93	i-1		
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 D
+ → K −π +e+νe

ObjecVves: 	1)	Measure	branching	fracVons	and	Kπ	amplitudes	
	 	 	 		via	ParVal	Wave	Analysis	
	 	 	 	2)	Measure	q2-dependent	transiVon	form	factors	for	

  
D+ → K *0 892( )e+νe

18262	signal	events	
~0.7%	BG	

   

B D+ → K −π +e+νe( ) = 3.71± 0.03 ± 0.08( )%
For 0.8 < mKπ <1.0 GeV/c2  (K *  dominated) :

B D+ → K −π +e+νe( )
0.8,1⎡⎣ ⎤⎦

= 3.33 ± 0.03 ± 0.07( )%



																									 	 	 	 	BESIII	accepted	by	PRD	–	arXiv:1512.08627
	 	 	 	 	 	 	 	 	ψ(3770)	-	2.93	i-1		
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 D
+ → K −π +e+νe

4-body	Decay	
KinemaVcs	

  

Fractions > 5σ  significance

D+ → K −π +( )
K *0 892( )

e+νe 93.93 ± 0.22 ± 0.18( )%
D+ → K −π +( )

S−wave
e+νe 6.05 ± 0.22 ± 0.18( )%

  

FF Parameters
mV = 1.81−0.17

+0.25 ± 0.02( )  GeV/c2 mA = 2.61−0.17
+0.22 ± 0.03( )  GeV/c2

A1 0( ) = 0.573 ± 0.011± 0.020

rV =
V 0( )
A

1
0( ) = 1.411± 0.058 ± 0.007 r2 =

A
2

0( )
A

1
0( ) = 0.788 ± 0.042 ± 0.008



																									 	 	 	 	 	 	 	Phys.	Rev.	D	92,	071101R	(2015)	
	 	 	 	 	 	 	 	 	 	 	 	ψ(3770)	-	2.93	i-1		
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  D
+ →ωe+νe  and D+ →φe+νe

BESIII	preliminary 

   
B D+ →ωe+νe( ) = 1.63 ± 0.11± 0.08( )×10−3

   
B D+ →φe+νe( ) <1.3 ×10−5  at 90% C.L.

BESIII	preliminary 
  
rV =V 0( ) / A1 0( ) = 1.24 ± 0.09 ± 0.06

  
r2 = A2 0( ) / A1 0( ) = 1.06 ± 0.15 ± 0.05

First	measurement	
D+→ωe+νe														

FF	parameters	
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Summary	and	Prospects	

•  Also	at	ICHEP	2016	
–  Absolute	branching	fracVons	for	Λc	decays	at	BESIII	

•  Poster	presentaCon,	6	August	
•  Peilian	Li,	USTC	

•  BESIII	has	large	and	clean	e+e-	data	samples	near	
threshold,	well	suited	to	precision	measurements	of	
semileptonic	and	leptonic	charm	decays	

•  Many	recent	results	on	D	decays	at	ψ(3770):	leptonic	
and	semileptonic	branching	fracVons,	form	factors	and	
decay	constants.		More	in	preparaVon	

•  First	results	on	Ds	decays	at	threshold,	staVsVcs	limited.		
Many	more,	with	greater	precision	coming	soon	with	
newly	acquired	3	i-1	data	sample	at	4.18	GeV	

•  Longer	term	prospects:	addiVonal	ψ(3770),	more	
samples	at	higher	energy,	including	≳4.6	GeV	for	Λc	


