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Charm facilities
• Hadron colliders (huge cross-section, energy boost)

– Tevetron (CDF, D0)
– LHC (LHCb, CMS, ATLAS)

• e+e- Colliders (more kinematic constrains, clean 
environment, ~100% trigger efficiency)
– B-factories (Belle(-II), BaBar)
– Threshold production (CLEOc, BESIII)

• Can not compete in statistics with Hadron colliders & B-
factories!!!

• Quantum Correlations (QC) and CP-tagging are unique
• Only D meson pairs, no extra CM Energy for pions
• Systematic uncertainties cancellations while applying double 

tag technique
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BESIII	
detector

LINAC

2004:	started	BEPCII	upgrade,
BESIII	construction

2008:	test	run
2009	- now:	BESIII	physics	run			

Beijing	Electron	Positron	Collider	(BEPC)

beam	energy:	1.0	– 2.3	GeV										

e+

e-

• 1989-2004		(BEPC):	
Lpeak=1.0x1031 /cm2s	

• 2009-now	(BEPCII):			
Lpeak=	1.0	x1033/cm2(4/5/2016)
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Physics at tau-charm Energy Region
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Ø leptonic decays

Ø hadronic decays

Strong phase in D0 decays: Constraint 
on g/f3 in B decays and D mixing
parameters

D0D0 mixing parameters and CP violation

More on charmed hadron decays

Ø BFs of Lc
+ decays

No absolute BF measurements of Lc
+ using near 

threshold data before BESIII

fD(s)+, fK(p)
+(0): better calibrate LQCD

|Vcs(d)|: better test on CKM unitarity

Leptonic and hadronic decays of charmed hadrons (D0, D+, Ds
+ and 

Lc
+) provide an ideal test-bed to explore weak and strong effects

Hadronic decays: structure, SU(3) symmetry 
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Precision measurement of CKM elements
-- Test EW theory 
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Three generations of quark? Unitary matrix?

Expected precision < 2% at BESIII

BESIII + B factories + 
LQCD

• Precision measurement of CKM matrix elements 
• A precise test of SM model
• New physics beyond SM?

CKM matrix elements are fundamental SM parameters that 
describe the mixing of quark fields due to weak interaction. 

BESIII + B factories + 
LHCb + LQCD
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D(s) & Lc decays
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d and g/f3 input 
• D hadronic parameters for a final state

f :  𝑨 𝑫#𝟎→𝒇
𝑨 𝑫𝟎→𝒇

≡ −𝒓𝑫𝒆+𝒊𝜹𝑫

• Charm mixing parameters: 𝒙 = ∆𝑴
G , 𝒚 = ∆G

𝟐G
– Time-dependent WS 𝑫𝟎 → 𝑲5𝝅+rate Þ

𝒚7 = 𝒚 cos 𝛿<= − 𝒙 sin 𝛿<= (LHCb)
– δKp : QC measurements from Charm factory

• g/f3 measurements from B® D0 K
– b®u : g/f3 = argV*

ub
– most sensitive method to constrain g/f3 at present
– GLW, ADS method 

• rD, δD : QC measurements from Charm factory
– GGSZ method

• ci, si : QC measurements from Charm factory
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Time-integrated decay rates

C-odd f 𝑓̅ l+ l- CP+ CP-

f 𝑅C 1 + 𝑟𝑓G 2 − 𝑧JG + 𝑟JK

𝑓̅ 1 + 𝑟𝑓G 2 − 𝑧JG + 𝑟JK 𝑅C 1 + 𝑟𝑓G 2 − 𝑧JG + 𝑟JK

l+ 𝑟𝑓2 1 RM

l- 1 𝑟𝑓2 1 RM

CP+ 1 + 𝑟J 𝑟𝑓 + 𝑧J 1 + 𝑟J 𝑟𝑓 + 𝑧J 1 1 0

CP- 1 + 𝑟J 𝑟𝑓 − 𝑧J 1 + 𝑟J 𝑟𝑓 − 𝑧J 1 1 4 0

Single Tag 1 + 𝑟𝑓G − 𝑟J𝑧𝑓 𝐴 − 𝑦 1 2 1 ± 𝐴 − 𝑦

è No time dependent information at Charm 
threshold

è Anti-symmetric wavefuction:
						G𝟐𝒊𝒋 = 𝒊 𝑫𝟎 𝒋 𝑫#𝟎 − 𝒋 𝑫𝟎 𝒊 𝑫#𝟎 𝟐

è Double tag rates:	
𝑨𝒊𝟐𝑨𝒋𝟐 𝟏 + 𝒓𝒊𝟐𝒓𝒋𝟐 − 𝟐𝒓𝒊𝒓𝒋 cos 	𝛿R+𝛿S 	

è CP tag: r=1, d=0 or p; 𝒍± tag: r=0
è Single and Double tag rates 

è 𝒛𝒇 ≡ 𝟐 𝐜𝐨𝐬 𝜹𝒇 , 𝒓𝒇 ≡
𝑨𝑫𝑪𝑺
𝑨𝑪𝑭

, 𝑹𝑴 ≈ 𝒙𝟐5𝒚𝟐

𝟐

 (3770) ! [D0D̄0 � D̄0D0]/
p
2

= �[DCP+DCP� �DCP�DCP+]/
p
2

DCP± = [D0 ± D̄0]/
p
2
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BESIII data samples

Joint BBL Workshop on Charm Decays

500/pb each for 7 energy points between 4.19~4.28 GeV
400/pb around chic_c1
200/pb around X(3872)
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Physics at Charm threshold
• Decay constants & form factors for Charmed 

meson
• Quantum correlations at y(3770)

– CPV measurements
– Strong phase measurements

• Rare decays
• Charm baryons
• D0-D0 mixing & CPV @y(4040)

Many new BESIII results have been released!
See Peirong, Dayong, Lei and Yi’s talks.
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Double Tag (DT) techniques
• 100% of beam energy converted to D pair (Clean environment, 

kinematic constrains n Recon.  )
• D generated in pair Þ absolute Branching fractions
• At y(3770) charm production is 𝑫𝟎𝑫#𝟎 and 𝑫5𝑫+
• Fully reconstruct about 15% of D(S) decays

  

ΔE = ED − EBeam

MBC = EBeam
2 − pD

2

uDouble tag techniques: Hadronic tag on one side, on the 
other side for leptonic/semileptonic studies.  Neutrino is 
reconstructed from missing energy and momentum 
(Double tag efficiency is high.)
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D(S) Leptonic decays
Purely Leptonic:
• Extract decay constant fD(s)

incorporates the strong interaction 
effects (wave function at the origin)

• Multiple tests with charm: fD, fDs and 
fD/fDs

• To validate Lattice QCD calculation 
of fB(s) and provide constrain of 
CKM-unitarity

• Sensitive to New Physics (Charged 
Higgs contribution, …)

Semi-leptonic: form facotr (FF)
• D(s) ® P l n (Theoretically clean)
• Measure |Vcx| x FF
• Charm physics:

• CKM-unitarity Þ | Vcx|, extract FF, 
test LQCD 

• Input LQCD FF to test CKM-unitarity

吕晓睿
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Λc+ decays
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TOF
BTOF: two layers
ETOF: 48 crys. for each

BESIII	Detector
MDC

R inner: 63mm ;
R outer: 810mm
Length: 2582 mm
Layers: 43

CsI(Tl) EMC

Crystals: 28 cm(15 X0)
Barrel: |cosq|<0.83
Endcap:
0.85 < |cosq| < 0.93

RPC MUC

BMUC: 9 layers – 72 modules
EMUC: 8 layers – 64 modules

Joint BBL Workshop on Charm Decays 16吕晓睿



BESIII Detector Performance

Exps.
MDC

Spatial 
resolution

MDC

dE/dx
resolution

EMC

Energy 
resolution

CLEO-c 110 µm 5% 2.2-2.4 %

BaBar 125 µm 7% 2.67 %

Belle 130 µm 5.6% 2.2 %

BESIII 
115 µm <5%

(Bhabha) 2.4%

Exps.
TOF

Time 
resolution 

CDFII 100 ps

Belle 90 ps

BESIII 68 ps (BTOF)
60 ps (ETOF)

MUC:    Efficiency ~ 96%
backgroun level:  < 0.04 Hz/cm2(B-MUC), < 0.1 Hz/cm2(E-MUC)
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Data/MC consistency

• For tracking efficiency 
data/MC difference < 1%

• For photon detection efficiency 
data/MC difference < 1%

Relative diff. between data/MC

Relative diff. between data/MC

Joint BBL Workshop on Charm Decays 18吕晓睿



pMDC:			Malter effect	found	in	inner	chamber	in	2012,		
add	water	vapor	to	the	chamber	to	cure	the	aging	
problem.	

• New	inner	chamber,	built	by	IHEP,	is	ready	now.
• CGEM	as	the	inner	chamber	ongoing	:	Italy	group	in	

collaboration	with	other		groups.

pNew	ETOF	(built	by	USTC	&	IHEP)	was	installed in 2015
to	improve	the	time	resolution.

pOther	possible	upgrade	plan	is	under	discussion

BESIII upgrade
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New Inner Drift Chamber
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The performance of the new chamber 

Spatial res.
129µm

HV @2200V HV @2200V

dE/dx res.
7.8%
55 samplings

After half year’s cosmic ray test, the efficiency > 99%

The chamber is stored in a clean room and is ready to be 

replaced.
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Cylindrical GEM Inner Tracker in a 
nutshell

BESIII is building a cylindrical GEM detector (CGEM-IT) to replace the 
BESIII Inner MDC to recover some efficiency loss due to aging and to 
improve the secondary vertex resolution.

3 layers 
CGEM

• Low Material budget ≤ 1.5% of X0
for all layers

• High Rate capability: ~104 Hz/cm2

• Coverage: 93%
• Spatial resolution srf ~130 mm in 1 T 

magnetic filed
• Operation duration at least 5 years

Each layer composed by a 
triple cylindrical GEM The CGEM is co-funded by the 

European Commission Research 
and Innovation Staff Exchange 
(RISE) project 2015-2018.
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2012
Initial	proposal

2013
R&D	and	CDR	
preparation

2014
CDR	approval
R&D	and	
detector	design

2015
Detector	design
Begin construcition
Start	RISE	project.

2016
Complete	detector	design
Coninue	detector	
construction
Electronics	development

2017
Continue	detector	and	
electronics	production
Full	CGEM-IT	test

2018
Installation	and	
commissioning	
(summer	2018)Project timeline
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Track fitting with Kalman Filter
Approaching point resolution

sr

sz

Approaching point resolution

Momentum resolution 

Expected performance of CGEM
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Installation of MRPC Endcap TOF

• Scintillator Endcap TOF: 𝐭𝐢𝐦𝐞	𝐫𝐞𝐬𝐨𝐥𝐮𝐭𝐢𝐨𝐧	𝐟𝐨𝐫	𝝅
is 138ps. 

• New MRPC Endcap-TOF built

• The installation of 

MRPC ETOF completed in the

Oct. of 2015
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MRPC Endcap TOF

left end: 70ps right end: 70ps combined: 60ps

Time resolution vs Strip Number Efficiency vs Module Number

Time resolution of 60ps achieved; Efficiency ~97%

Joint BBL Workshop on Charm Decays 26吕晓睿



Data/MC discrepancy

2010 2016 2019?
_____________________________________________
Tracking eff./track ~2%           ~1%           ~0.5%
_____________________________________________
PID/track           ~2%           ~1%           ~0.5%
_____________________________________________
Photon eff./photon ~1%           0.5-1%     ~0.5%
_____________________________________________

εdata/εMC-1

Control of systematic errors.
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• BEPCII  Upgrade
• Top up plan è funding approved
– No need of beam fill time
– improve data luminosity by ~30%
• Increase the maximum beam energy è

funding approved
currently: 2.30 GeV 
I:   à 2.35 GeV  (power cooling hardware 
replacement, ….)
II:  2.35 GeV < E < 2.45 GeV
bottleneck: ISPB, new magnet and power supply



Prospects for Lc decays 

Current dataset
@4.6GeV

How about 
@peak 4.64Gev?



Systematic Statistical
~3 fb-1 +10 fb-1

DfD+/fD+ ~0.9%BESIII 2.6% 1.3%
DfDs+/fDs+(µ+t) ~1.6%BESIII-pre. ~1.5% ~0.7%
DfDàK/fDàK ~0.5%BESIII 0.4% 0.2%
DfDàp/fDàp ~0.7%BESIII 1.3% 0.6%

|Vcs|Ds+àl+v(µ+t) ~1.6%BESIII-pre. ~1.4% ~0.7%
|Vcs|D0àK-e+v 2.5%BESIII(2.4%LQCD) 0.4% 0.2%
|Vcd|D+àµ+v 2.1%BESIII(1.9à0.5%LQCD) 2.6% 1.3%

|Vcd|D0àp-e+v 4.5%BESIII(4.4%LQCD) 1.3% 0.6%
(ci,si) in D0àK0p+p- Uncertinaty for g/f3 1% 0.5%

Lc
+àpK-p+

4.8%
(0.6fb-1@4.6)

~2%
(3fb-1@4.6X)

Prospects of charmed hadron decays
Data at 3.773, 4.18 GeV and 4.63GeV
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Strong phases in D hadronic decays

LHCb-PUB-2016-025

Status at BESIII
➡ published
➣ under study
➪ in plan
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Strong phases in D hadronic decays

LHCb-PUB-2016-025

Status at BESIII
➡ published
➣ under study
➪ in plan
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Experimental precision reaches of the 
charmed hadrons

Golden hadronic mode δB/B Golden SL mode δB/B
D0 B(Kπ)=(3.88±0.05)% 1.3% B(Kev)=(3.55±0.05)% 1.4%
D+ B(Kππ)=(9.13±0.19)% 2.1% B(K0ev)=(8.83±0.22)% 2.5%
Ds B(KKpi)=(5.39±0.21)% 3.9% B(ɸev)=(2.49±0.14)% 5.6%
Λc B(pKπ)=(5.0±1.3)%(PDG2014)

=(6.8±0.36)% (BELLE)
=(5.84±0.35)% (BESIII)

=(6.46±0.24)% (HFLAV)

26%
5.3%
6.0%
3.7%

B(Λev)=(2.1±0.6)%(PDG2014)
=(3.63±0.43)% (BESIII) 

=(3.18±0.32)% (HFLAV)

29%
12%
10%

• The precisions of Λc decay rates is reaching to the level of 
charmed mesons!

• LHCb/BelleII data will further constrain the HFLAV fit
• However, search for more unknown modes are important
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HFLAV Fit to world BF data
• A fitter to constrain the 12 hadronic BFs and 1 SL BF,

based on all the existing experimental data
• Correlated systematics are fully taken into account

The least overall 𝝌2/ndf=30.0/23=1.3 
Precise 𝐵 𝑝𝐾+𝜋5 is useful for constrain Vub determined via baryonic mode

arXiv:1612.07233
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Prospects for Lc semi-leptonic decays
1 M  𝛬n5 pairs

modes Expected 
B[%]

δB/B

Ll+nl 3.6 5.4%
L*l+nl 0.7 17%
(pK-, Sp) l+nl 0.7 17%
nl+nl 0.2 30%

• So far, only mode Le+ne is measured
• Many more semi-leptonic modes can be established at BESIII!

LC
+àS0p0e+ne

Umiss

LC
+àS+p-e+ne

Umiss

Signal shape Signal shape

SL δB/B

D0 B(Kev)=(3.55±0.05)% 1.4%

D+ B(K0ev)=(8.83±0.22)% 2.5%

Ds B(phiev)=(2.49±0.14)% 5.6%

Λc B(Λev)=(2.1±0.6)% (PDG2014)
=(3.63±0.43)% (BESIII)

=(3.63±0.13)% ( new BESIII)

29%
12%
3%
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Other Relevant 𝚲𝒄5	Potentials
• Studies on new Cabibbo-suppressed modes
• Many neutron modes will be firstly measured:
to	test	isospin symmetry

• 𝚲𝒄5 hadronic weak decays
ü Decay asymmetry parameters in two-body hadronic 

weak decays, such as 	Λn5→ 𝐵𝑃 and 	Λn5→ 𝐵𝑉
è to measure the relative phase between the S- and
P-wave decays

ü We can provide precise measurements on this 
observables

• search for 𝜦𝒄5 low rate decays and rare decays
ü Weak radiative decay	Λ{5→ 𝛾𝛴5;	predictions of BF 

are 10-4 ~10-5 : expected sensitivity ~10-4

ü FCNC, lepton number/family violation, baryon 
family violation ...: expected sensitivity~10-5

10x more  𝛬n5 pairs

We will find more theΛc-decay Mosaic!

PRD93, 056008 (2016)
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Reaches for rare charm decays?

10−15

10−14

10−13

10−12

10−11

10−10

10−9

10−8

10−7

10−6

10−5

10−4

10−3

10−2

10−1

10−0

Cabibbo favor

Single	Cabibbo suppressed

Doubly	Cabibbo suppressed

Radiative decays

Long	distance:
Vector	meson	Dominance

Short	distance	FCNC

Forbidden	decays:	LNV,	LFV,	BNV

D0 → K
*0
γ /φγ / ργ /ωγ

D+ → K *+γ / ρ+γ DS
+ → K *+γ / ρ+γ

D0 → γγ /VV '(→ ll) / hV (→ ll) / hh 'V (→ ll)

D0 /D+ → γγ /Vl+l− / hl+l− / hh 'l+l−

D0 → µ+µ−

D0 → e+e−

D→ (h)µ+e−

D→ (hh)e+e+ / (hh)µ+µ+

BESIII
BESIII	final/B	factory

LHCb
Super-B
Super-τ-charm

SM	predictions	and	experimental	reaches

CLEO-c
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Prospects of data samples in the coming years
• BESIII collected world’s largest samples of J/y,  y(2S), y(3770), 

Y(4260), … from e+e- production. 
• It will continue to run a few years.

BESIII Goal
J/𝛙 1.3*109     21x BESII 10*109

𝝍’ 0.6*109     24x CLEO-c 3*109

𝝍(𝟑𝟕𝟕𝟎) 2.9 fb-1      21x CLEO-c 20 fb-1

𝚲𝐜	𝐩𝐚𝐢𝐫 0.1*106 1*106

Above open charm 
threshold

0.5 fb-1@𝜓(4040), 1.9 fb-1 @~4260, 
0.5 fb-1@4360, 1.0 fb-1 @4420, 0.5 fb-1

@4600, 
scan data @4.19~4.28GeV in 2017

>15 fb-1

R scan and tau 3.8-4.6 GeV at 105 energy points
2.0-3.1 GeV at 20 energy points

Y(2175) 100 pb-1 (2015)

𝝍(4170) 3 fb-1 (2016)

Joint BBL Workshop on Charm Decays 38

Opportunities for precise determination of strong phase and D
mixing, and studies on 𝚲𝐜	decays
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Summary
• BESIII is successfully operating since 2008

– Collected large data samples in the τ-charm mass region 
• D(s) physics:

– charm Leptonic and semi-leptonic decays: to more precisely calibrate LQCD
and over-constrain CKM matrix
– charm hadron decays: explore the non-perturbative QCD

• Lc physics:
– era of precision study of the Lc decays using threshold data
– to provide unique data for theorists to develop more reliable

models to describe charmed baryons
• BEPCII/BESIII upgrade

– beam energy increase
– top-up mode

• Future goals: >15 /fb ψ(3770) data, and roughly 50M D0, 50M D+ , 1M Lc ,
15M Ds, produced near threshold

• More physics results will be released out; 
stay tuned
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Welcome to join
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First precise measurement of
𝐵 	Λn5→ 𝑝𝐾+𝜋5 PRL 113, 042002 (2014) 

The number of Λc baryons is determined by reconstructing 
the recoiling 𝐷 ∗ +�̅�𝜋5
system in events of the type 𝑒5𝑒+ → 𝐷 ∗ +�̅�𝜋5Λn5

= (6.84 ± 0.24+�.G�5�.G�)%

Missing Λn5 Tagging Λn5 → 𝑝𝐾+𝜋5

42
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BELLE, PRD 96, 051102(R) (2017)
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Specialties of current ongoing
experiments

BESIII:
• Threshold production & two

body production
• Clean background
• Model-independent meas.
• Missing-mass technique:

neutron, neutrino …
• Good photon resolution:

Σ, Ξ, 𝜋�, …

BELLE(-II) :
• Large statistics
• High background
• Good PID and vertexing
• Good photon and electron

reconstruction

44

LHCb:
• Huge statistics
• High background
• Good PID and vertexing
• Complex production

environment
• Poor in electron and photon

reconstruction
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Impacts in LHCb 𝛾/f3 measurement
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