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Construction	phase	2004-2008
◦ Upgrade	from	BESII	und	BEPC

First	physics	data	taking	2009

International	collaboration
◦ ~300	authors

LINAC
Storage	ring

BESIII



◦ 𝑒"𝑒# collisions	with	
𝑠� = 2.0	 − 4.6𝐺𝑒𝑉

◦ Direct	production	of	charmonia
◦ Luminosity	record	in	March	2016

Beijing-Electron-Positron	Collider	II	(BEPCII) The	detector

The												Experiment

Zoom	in	IP:

ℒ = 0.998×1055𝑐𝑚#8𝑠#9

e+ e-

◦ 93%	coverage	of	the	full	solid	angle
◦ Main	drift	chamber
◦ Time-of-flight	system
◦ Elmg.	Calorimeter
◦ Superconducting	1𝑇	magnet
◦ Muon	system	(RPC)

�p/p = 0.5%@1GeV

�E/E = 2.5%@1GeV

𝜎< = 80𝑝𝑠



Charm	
production	
at	threshold

◦ Conservation	laws	hold	for	the	combined	decay	
amplitude
Ø ‘Tag’	information	of	the	signal	decay

Particle data group 2015

𝐷𝐷? 𝐷@#𝐷@" ΛBΛCB

Ø𝐷D flavour
ØCharge-parity
ØPredict	missing	track
ØNormalization

◦ Large	sample	throughout	the	charmonium	region



Charm	physics	
@

◦ CKM	/	Form	factor	measurements	
◦ 𝐷@" → 𝜇"𝜐 /	𝜏"𝜐
◦ 𝐷" → 𝜏"𝜐

◦ Hadronic	decays
◦ 	𝐷D→ 𝐾@/KD 𝜋D(𝜋D)

◦ CPV	and	mixing
◦ 	𝐷D→ 𝐾@/KD 𝜋D(𝜋D)

◦ Amplitude	analysis
◦ Rare	decays
◦ 𝐷∗ BF	
◦ ΛB physics



Decay	constant	measurement	
using	𝐷@" → 𝜇"𝜐 /	𝜏"𝜐

Phys.Rev.D	94,	072004	(2016)	



◦ 482pb-1	@4.009GeV	
◦ 𝐷@#𝐷@" threshold

Ø Clean	sample
Ø Constraint	kinematics
⇨missing	track

9	channels

◦ Decay	rate

◦ Branching	fraction:

𝐵𝐹 =
𝑁RST;VW
𝑁RST

∗
𝜀RST
𝜀RST;VW

Introduction
Phys.Rev.D	94,	072004	(2016)	

𝑁RST = 15127 ± 321

𝐷@" → 𝜇"𝜐 /	𝜏"𝜐 𝑓^_`



◦ Missing	mass	of	the	neutrino

◦ Two	fit	approaches
◦ Constrained	 a ^_→bc

a ^_→dc
= 9.76

◦ Unconstrained	

𝐷@" → 𝜇"𝜐 /	𝜏"𝜐

Branching	fraction

Sideband

Mode Branching	fraction	(%)

𝐷e" → 𝜇"𝜈 0.495 ± 0.067 ± 0.026

𝐷e" → 𝜏"𝜈 4.83 ± 0.65 ± 0.26

Phys.Rev.D	94,	072004	(2016)	

Signal	region

𝜇"𝜐

𝜏"𝜐

constraint	fit



◦ Compatible	with	
experimental	and	
theoretical	results

◦ 𝐵𝐹(𝐷e" → 𝜏"𝜈) compatible	
within	1.5𝜎 

𝐷@" → 𝜇"𝜐 /	𝜏"𝜐

Results

Experiment B[𝐷@ → 𝜇𝜈]	(%) 𝒇𝑫𝒔` (MeV)

CLEO-c
[PRD79,	052001	(2009)]

0.565	± 0.045	± 0.017 257.6	± 10.3	± 4.3

BaBar	
[PRD82,	091103	(2010)]

0.602	± 0.038	± 0.034 265.9	± 8.4	± 7.7

Belle	
[JHEP09,	139	(2013)]

0.531	± 0.028	± 0.020 249.0	± 6.6	± 5.0

Experimental	average 0.556 ± 0.024 257.5 ± 4.6
(𝜇𝜈 + 𝜏𝜈)

This	work
[PRD	94,	072004	(2016)	]

0.495	± 0.067	± 0.026 241.0	± 16.3	± 6.6

Lattice	(HPQCD)
[PRD86,	054510	(2012)]

246.0 ± 0.7 ± 3.5

Lattice	(FNAL	+	MILC)
[PRD85,	114506	(2012)]

246.4 ± 0.5 ± 3.6

incomplete	list,	see	PDG	2014



First	evidence	of	𝐷" → 𝜏"𝜐

BESIII	Preliminary



◦ Decay	rate

◦ Long	term:	Determination	of	 𝑉Bl or	𝑓 `
8

◦ Currently:	First	evidence	of	the	decay

◦ Upper	limit	by	CLEO-c	[PRD78, 052003 (2008)] 

𝐵𝐹 < 1.2×10#5@	90%	𝐶𝐿

◦ Final	state:
𝐷" → 𝜏"𝜐b → 𝜋"�̅�b 𝜐b

𝐷" → 𝜏"𝜐

Introduction
BESIII	Preliminary

◦ 2.93fb-1	@3.773GeV	
◦ 𝐷#𝐷"threshold

Ø Clean	sample
Ø Constraint	kinematics	
⇨missing	track

𝑓^`



◦ Missing	mass

◦ Simultaneous	fit	to	samples
◦ 𝐷" → 𝜇"𝜐d component	fixed	to	PDG	value

First evidence of 𝐷" → 𝜏"𝜐
BESIII	Preliminary

◦ Fit	components
◦ 𝐷" → 𝜏"𝜐b Signal	
◦ 𝐷" → 𝜇"𝜐d
◦ Background:

𝐷" → 𝜋"𝜋D, 𝐷" → 𝜋"𝐾@,
𝐷" → 𝜋"𝐾K, 𝐷" → 𝜋"𝜂,	 remaining	
background

𝐸vwx > 300𝑀𝑒𝑉	
no	𝐷" → 𝜇"𝜐d,	only	signal	

𝐸vwx < 300𝑀𝑒𝑉
large	𝐷" → 𝜇"𝜐d

𝑀𝑀8



◦ Missing	mass

◦ Simultaneous	fit	to	samples
◦ 𝐷" → 𝜇"𝜐d component	fixed	to	PDG	value

First evidence of 𝐷" → 𝜏"𝜐
BESIII	Preliminary

◦ Fit	components
◦ 𝐷" → 𝜏"𝜐b Signal	
◦ 𝐷" → 𝜇"𝜐d
◦ Background:

𝐷" → 𝜋"𝜋D, 𝐷" → 𝜋"𝐾@,
𝐷" → 𝜋"𝐾K, 𝐷" → 𝜋"𝜂,	 remaining	
background

Signal		yield:		137 ± 27 (stat.)

First	evidence > 4𝜎 (stat.)

𝐸vwx > 300𝑀𝑒𝑉	
no	𝐷" → 𝜇"𝜐d,	only	signal	

𝐸vwx < 300𝑀𝑒𝑉
large	𝐷" → 𝜇"𝜐d

𝑀𝑀8



Analysis	of		𝐷D → 𝐾@/KD 𝜋D(𝜋D)

BESIII	Preliminary



◦ Final	states	are	CP	eigenstates
◦ Self-normalizing	measurement	of	branching	fractions

𝐵𝐹 = 	
1

1 ∓ 𝐶���
∗
𝑁(𝑠𝑖𝑔𝑛𝑎𝑙 + 𝑡𝑎𝑔)

𝑁(𝑡𝑎𝑔)
◦ Yields	are	efficiency	corrected
◦ 𝐶��� obtained	on	data

◦ Difficult	reconstruction	of	𝐾KD decay

𝐷D → 𝐾@/KD 𝜋D(𝜋D)

Branching	fraction
BESIII	Preliminary

◦ 2.93fb-1	@3.773GeV	
◦ 𝐷D𝐷?Dthreshold

Ø Clean	sample
Ø Normalization



◦ Uncertainties	are	statistical	only
◦ Results	consistent	with	PDG
◦ Improved	precision
◦ First	accurate	measurement	of	𝐵𝐹(𝐾KD𝜋D𝜋D)

𝐷D → 𝐾@/KD 𝜋D(𝜋D)

Branching	fraction

Channel Branching	fraction	(%) 𝐾@D/𝐾𝑳D Asymmetry

𝐷D → 𝐾@D𝜋D 1.230 ± 0.020
0.1077 ± 0.0125

𝐷D → 𝐾KD𝜋D 0.991 ± 0.019

𝐷D → 𝐾@D𝜋D𝜋D 0.975 ± 0.024
−0.0929 ± 0.0209

𝐷D → 𝐾KD𝜋D𝜋D 1.175 ± 0.040

BESIII	Preliminary



◦ |𝐷D⟩ − |𝐷?D⟩	mixing	parameters

◦ Decay	width	of	CP eigenstate

◦ Branching	fraction	𝐷x�± → flavour	tag

𝐵x�±	→V 	= 	
𝑁x�±;V
𝑁x�±

∗
𝜀x�±
𝜀x�±; 𝑙

◦ 𝑦CP can	be	measured	by	

𝑦x� =
𝐵x�#	→V − 𝐵x�"	→V
𝐵x�#	→V + 𝐵x�"	→V

◦ Semi-leptonic	decay	⇨ unambiguous	tag

𝐷D → 𝐾@/KD 𝜋D

Measurement	of	𝑦CP

◦ 2.93fb-1	@3.773GeV	
◦ 𝐷D𝐷?Dthreshold

Ø Clean	sample
Ø Charge-parity	tag

short	range	contribution

BESIII	Preliminary



-4 -3 -2 -1 0 1 2 3 4 5

yCP (%)

World average  0.835 ± 0.155 %

BESIII 2015 -2.000 ± 1.300 ± 0.700 %

BaBar 2012  0.720 ± 0.180 ± 0.124 %

Belle 2012  1.110 ± 0.220 ± 0.110 %

LHCb 2012  0.550 ± 0.630 ± 0.410 %

Belle 2009  0.110 ± 0.610 ± 0.520 %

CLEO 2002 -1.200 ± 2.500 ± 1.400 %

FOCUS 2000  3.420 ± 1.390 ± 0.740 %

E791 1999  0.732 ± 2.890 ± 1.030 %

   HFAG-charm 
  CHARM 2015 

𝐷D → 𝐾@/KD 𝜋D

Measurement	of	𝑦CP
◦ Supplementary	to	previous	
BESIII	result
◦ Correlated	to	previous	result

◦ Good	agreement	with	
previous	results

This	work 0.98 ± 2.43	(𝑠𝑡𝑎𝑡. )%

not	included

BESIII	Preliminary



◦ BESIII	provides	large	data	samples	
close	to	charm	related	thresholds

◦ Correlated	𝐷𝐷?	production	offers	
unique	opportunities

◦ Decay	constant	measurement	
using	𝐷@" → 𝜇"𝜐 /	𝜏"𝜐

◦ First	evidence	of	𝐷" → 𝜏"𝜐
◦ Evidence	> 4𝜎

◦ Analysis	of		𝐷D → 𝐾@/KD 𝜋D(𝜋D)
◦ Improved	branching	fraction	measurement
◦ Measurement	of	𝑦CP

Summary

Thank	you	for	your	attention!

Ø𝐷D flavour
ØCharge-parity
ØPredict	missing	track
ØNormalization

BESIII	Preliminary

BESIII	Preliminary

Phys.Rev.D	94,	072004	(2016)	



Backup



BEPC-II	
Symmetric	𝑒"𝑒# storage	ring

 (3770)

 (3686)

J/ 

Y(4260)

JPC = 1��

Zoom	in	IP:

Design	luminosity

Energy	spread

Number	of	bunches

Bunch	length

Beam	current
0.91A

1.5cm

93

5.16⇥ 10�4

1⇥ 1033cm�2s�1



e+ e-

◦
◦ 43	layers
◦ Good	momentum	resolution
◦ Spatial	resolution

◦ 6240	CsI	crystals
◦ Energy	resolution
◦ Spatial	resolution

Drift	chamber

Time-of-flight	system

The													experiment

Electromagnetic	calorimeter

Muon	chambers
n 9	layers	RPC	

n Double	layer	of	plastic	scintillator

n Time	resolution

n Particle	ID

Magnet
n Superconducting

n 1	Tesla

�E/E = 2.5%@1GeV

�z = 0.6cm/
p
E

He/C3H8(60/40)

�p/p = 0.5%@1GeV

�
xy

= 130µm

𝜎< = 80𝑝𝑠



◦ Flavour	eigenstates	𝐷D different	from	physical	
mass	eigenstates

◦ Mixing	occurs	if	mass	or	width	difference

◦ CP eigenstates	(no	CPV)

◦ Decay	width	difference	of	𝐷x�± → flavour	

◦ CP conserved	 �
�
= 1, 𝜙 = 0 ⟹ 𝑦CP = 𝑦

𝐷D → 𝐾@/KD 𝜋D

|𝐷D⟩ − |𝐷?D⟩mixing

(no direct CPV)

BESIII	Preliminary


