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CP Tag

Flavor Tag

Quantum correlated (QC) neutral D
state near threshold

Quantum Correlations (QC) and CP-tagging are unique

Taking advantage the quantum coherence 
of DD pairs, BESIII can study the charm 
physics in an unique way
• strong phase in D decays
• D mixing parameters
• direct CP violation
• ...
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QC inputs for Charm Physics

Precision CKM test Charm Mixing & CP violation
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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	
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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BESIII data samples

• 4100~4400 MeV: 0.5/fb coarse scan
• 3850~4590 MeV: 0.5/fb fine scan
• In 2015, we finished energy scan at 2000~3000 MeV
• In 2016, we took 3/fb Ds data about 4180 MeV for Ds physics

(about 5 times of CLEO-c data)
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The BESIII Detector
Magnet:  1 T   Super conducting

MDC:  small cell & He gas
sxy=130 µm
δp/p = 0.5% @1GeV
dE/dx=6% 

TOF:
sT =  90 ps   Barrel

110 ps  Endcap

Muon ID: 8~9 layer RPC
sRΦ=1.4 cm~1.7 cm

EMCAL:   CsI crystal
DE/E  = 2.5% @1 GeV
sφ,z = 0.5~0.7 cm/ÖE

Trigger: Tracks & Showers
Pipelined; Latency = 6.4 µs

Data Acquisition:
Event rate = 3 kHz
Throughput ~ 50 MB/s

The new BESIII detector is hermetic for neutral and charged particle 
with excellent resolution, PID, and large coverage. 

NIM A614, 345 (2010) 
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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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Strong Phase δKπ

PLB 734, 227 (2014）

Single Tags

Double Tags

BESIII results:

๏ The third error is due to the input 
parameters

๏ World best precision
๏ In 10 /fb BESIII data, precision of 

cosδKπ will reach ~0.07

2.93 fb-1 @3.773GeV
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(ci, si) in D0 →KS,Lπ+π- Dalitz analysis
GGSZ (Dalitz) method

CKM 2016,  Mumbai 13



๏ Still statistical limited.
๏ Only statistical errors for BESIII
๏ Consistent agreement with CLEO-

c measurements, but superior in 
statistical errors

BESIII preliminary

• Based on the BESIII results, we expect a reduction in the (𝑐𝑖, 𝑠𝑖)
contribution to the uncertainty in 𝛾/𝜙3 of ~40%. 

• Crucial inputs for the future analysis carried out in the LHCb and BelleII
experiment.

Preliminary	Data	Results

2.93 fb-1 @3.773GeV
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yCP measurement
We measure the yCP using CP-tagged semi-
leptonic D decays, which allows to access CP 
asymmetry in mixing and decays.

PLB 744, 339 (2015)

Single Tags Double Tags

𝐲𝐂𝐏 = −𝟐. 𝟎 ± 𝟏. 𝟑 ± 𝟎. 𝟕 %

BESIII result:

2.93 fb-1 @3.773GeV
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• interference of the CF component D → K0π′s with the DCS D → K0π′s 
component. |K0L> ≈ 1/√2 (| K0> - | K0>) and |K0S> ≈ 1/√2 (| K0> + | K0 > ). 
The sign of this interference of K0 with K0 is opposite for K0L and K0S,

Single tag:
ü CP+: KK, ππ;
ü CP-:  KSπ0;
ü Cabibbo Favored (CF): Kπ, Kπππ, Kππ0;

Double tag:
ü CP+ (KK, ππ, KLπ0, KSπ0π0) VS CF (Kπ, Kπππ, Kππ0);
ü CP- (KSπ0, KLπ0π0) VS CF (Kπ, Kπππ, Kππ0);

We can have
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KL reconstruction and DT yields
• 𝐾𝐿 interact with EMC and deposit part of 

energy, thus giving position information.
• After reconstructing all other particles,	𝐾𝐿

can be inferred from its position information 
and the constraint ΔE = 0. 

𝐾+𝜋5 vs 𝐾n𝜋o

Statistical only

first measurement

• Consistent with PDG values
• 𝐾p,n𝜋o agrees with U-spin symmetry
• 𝐾n2𝜋o is the first measurement

CLEO: 𝑅 𝐾p,n𝜋o = (10.8 ± 2.5 ± 2.4)%



Single-tag yields can be got from KSπ0, KLπ0 branching 
fraction measurement results. Double-Tag yields are from 
Umiss fit. 

yCP = −2.0 ± 1.3 ± 0.7 %Consistent with the published BESIII result:

This work gives: yCP = (0.980 ± 2.429)% (preliminary)

and yCP

Statistical only
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CPV in charm factory
CP asymmetry:

★ CPV in charm:
✤ SM: <= a few %
✤ NP: >~ 1%

★ World precision: ~ 0.1%
★ CLEO-c measured Acp based on 

single tag events
✤ at the order 1% for all modes
✤ no evidence of CPV 
✤ systematics dominant

PRD89, 072002 (2014)

In future charm factory, it is important 
to reduce the systematic uncertainty 
by using a large D threshold sample

Data: 2.93 fb−1 taken at 3.773 GeV;
Decays of interests:
𝐷o → 𝜋5𝜋+	, 𝐾5𝐾+, 𝐾+𝜋5,	

𝐾po𝜋o, 𝐾po𝜂, 𝐾po𝜂7
𝐷5 → 𝜋o𝜋5, 𝜋o𝐾5, 𝜂𝜋5, 𝜂𝐾5,

𝜂7𝜋5, 𝜂7𝐾5, 𝐾po𝜋5, 𝐾po𝐾5

• BESIII has good potential to explore CPV
• Many channels have best precisions

BESIII preliminary



CKM 2016,  Mumbai 20

BFs and CPV in SCS decays 
D+àKSK+, KsK+π0, KLK+ and  KLK+π0

• 6 CF ST modes v.s. DT signal modes; KL is inferred by EMC shower and the constraint ΔE = 0
• Two dimensional fits to MBC(tag) versus MBC(signal)

• The singly Cabibbo-suppressed (SCS) decay mode D+àK0K+ is useful for the
estimation of SU(3) violating effects in the D meson system.

• Direct CP violation in SCS D+ decays could arise from the interference between
tree-level and penguin decay processes.

BESIII preliminary

Ø B(D+àKsK+) agrees with the CLEO's
Ø BFs of D+àKsK+π0, KLK+ and KLK+π0

are measured for the first time
Ø No evidence for CPV



Prospects of data taking at BESIII        
• 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) 2.93 fb-1      21x CLEO-c 15~20 fb-1

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 @4.19~4.30GeV 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)

Opportunities for precise determination of
strong phase and D mixing
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Systematic Statistical
~3 fb-1 +10 fb-1

DfD+/fD+ ~0.9%BESIII 2.6% 1.3%
DfDs+/fDs+(µ+t) ~1.4%CLEO-c ~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) ~1.4%CLEO-c ~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- Uncertianty 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



Summary
• Unique access to strong phases & ability to extract model-

independent results with charm at threshold 
• BESIII is successfully operating since 2008

– Collected large data samples in the τ-charm mass region 
• BESIII will continue to run 6 – 8 years.
• BESIII team has learned and developed technology for

charm mixing and CPV at threshold.
– 2nd generation of QC analyses, while CLEO-c activity is declining.
– more precision, new modes, new variables
– some challenges on the systematics

• Future goals
>15 /fb ψ(3770) data, and roughly 50M D0, 50M D+ , 1M Lc , 15M 
Ds, produced near threshold
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Many works are ongoing; Stay tuned!
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Connections of ci,si and c'i s'i
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Impacts in LHCb 𝛾/f3 measurement
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Amplitude analysis of D0→K-π+π+π-
u This decay is one of three golden decay mode of 𝐷o
u The knowledge of intermediate process can be widely used in many  

measurements, such as to study branching fraction and strong phase used in
CKM unitary triangle 𝛾 measurement

u Construct coherent sum of 23 amplitudes and fit to data
(double-tag (DT) 15912 events with purity of 99.4%)

• Improvements over the existing results!
• Strong phase extraction is under studies 

2.93 fb-1 @3.773GeV
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With	the	fit	fractions	(FF)	of	every	components	and	the	branching	ratio	of		𝐷o →
𝐾+𝜋5𝜋5𝜋+,	we	calculate	the	branching	ratios	of	the	components	with

𝐵𝑟 𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 = 𝐹𝐹 𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑡 𝐵𝑟(𝐷o → 𝐾+𝜋5𝜋5𝜋+).
The results are listed in the table below：

Amplitudes of fitted components

In the table, the first and second uncertainties of the branching ratios are 
statistical and systematic uncertainties from the fit fractions, the third 
errors is the uncertainties related to 𝐵𝑟(𝐷o → 𝐾+𝜋5𝜋5𝜋+) in PDG.


