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 A successful “Common Phase” workshop!

 Further synergy between BESIII/LHCb planned.

 Discussion might lead to shift in BESIII priorities！

 A lot of material in this talk from the workshop



Outline

Introduction

Common interests

 measurement input from 

Charm threshold & CPV & 

Mixing in charm sector

Absolute branching fraction 

measurements in D, Ds, Ʌc

decays

Spectroscopy and exotics

Summary
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Synergy and complementarity 

Disclaimer: A BESIII-member point of view
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LHCb vs Threshold Experiments

LHCb (Hadron Collider)

Huge cross-section  statistics 

overwhelming

Energy boost

CLEO-c & BESIII (e+e- Collider @  

Charm threshold)

Quantum Correlations (QC) and CP-

tagging are unique  Strong Phases

Double tag technique  Systematic 

cancellation & Absolute Branching 

Fractions

BESIII data set ((3770) : 4x larger than 

CLEO-c, 25x larger possible; DsDs
*: 5x 

larger than CLEO-c; existing c

threshold data; more energy scans data) 
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BESIII data samples & Prospect

Data taking plan for the next 3 – 5 years

 10B J/

  mass scan & (2S) scan

 high-statistics XYZ data taking (500 pb-1 per point)

 10 fb-1 on (3770) (20 fb-1 feasible?) 
5

J/

5x109

’

0.5x10

(3770)

2.9 fb-1

2175

0.1 fb-1

~130 points for R Scan (~1.3 fb-1)
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Quantum Correlations at the (3770)

e+e- (3770)  D 𝑫 : Pure JPC = 1- - initial state

(3770) : spin=1, c 𝒄 bound state; D0 :  spin=0

 D 𝑫 orbit angular momentum L=1

A typical entangled 2-state system

L=1 and Bose statistics  D 𝑫 state anti-symmetric

  | =
𝟏

𝟐
 |𝑫𝟎 𝒑  |𝑫𝟎 −𝒑 −   |𝑫𝟎 𝒑 |𝑫𝟎 −𝒑

 D0D0 and D0D0 are prohibited

At any time until one D decays : one D0  and one D0

Similar to CP eigenstates |  DCP = |  𝑫𝟎 |  𝑫𝟎 / 𝟐, assuming no 
CPV:  

  | =
𝟏

𝟐
 |𝑫𝑪𝑷+ 𝒑  |𝑫𝑪𝑷− −𝒑 −  |𝑫𝑪𝑷− 𝒑  |𝑫𝑪𝑷+ −𝒑

At any time until one D decays : one DCP+ , one DCP-
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Time-integrated decay rates

C-odd f  𝒇 l+ l- CP+ CP-

f 𝑹𝑴 𝟏 + 𝒓𝒇
𝟐 𝟐 − 𝒛𝒇

𝟐

 𝒇 𝟏 + 𝒓𝒇
𝟐 𝟐 − 𝒛𝒇

𝟐 + 𝒓𝒇
𝟒 𝑹𝑴 𝟏 + 𝒓𝒇

𝟐 𝟐 − 𝒛𝒇
𝟐 + 𝒓𝒇

𝟒

l+ 𝒓𝒇
𝟐 1 RM

l- 1 𝒓𝒇
𝟐 1 RM

CP+ 𝟏 + 𝒓𝒇 𝒓𝒇 + 𝒛𝒇 𝟏 + 𝒓𝒇 𝒓𝒇 + 𝒛𝒇 1 1 0

CP- 𝟏 + 𝒓𝒇 𝒓𝒇 − 𝒛𝒇 𝟏 + 𝒓𝒇 𝒓𝒇 − 𝒛𝒇 1 1 4 0

Single Tag 𝟏 + 𝒓𝒇
𝟐 − 𝒓𝒇𝒛𝒇 𝑨 − 𝒚 1 𝟐 𝟏 ± 𝑨 − 𝒚

No time dependent information at CLEO-c & 
BESIII

Anti-symmetric wavefuction:

𝟐
𝒊𝒋 = 𝒊 𝑫𝟎 𝒋  𝑫𝟎 − 𝒋 𝑫𝟎 𝒊  𝑫𝟎 𝟐

Double tag rates:
𝑨𝒊

𝟐𝑨𝒋
𝟐 𝟏 + 𝒓𝒊

𝟐𝒓𝒋
𝟐 − 𝟐𝒓𝒊𝒓𝒋 cos 𝛿𝑖+𝛿𝑗

CP tag: r=1, =0 or ; 𝒍± tag: r=0

Single and Double tag rates 

𝒛𝒇 ≡ 𝟐𝐜𝐨𝐬𝜹𝒇 , 𝒓𝒇 ≡
𝑨𝑫𝑪𝑺

𝑨𝑪𝑭
, 𝑹𝑴 ≈

𝒙𝟐+𝒚𝟐

𝟐
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Quantum Correlations inputs

Precision CKM test: 
 measurements

Charm Mixing 

& CP violation

Inputs from Quantum Correlated (QC) (3770)D 𝑫 decays 

(Averaged)Strong phase difference: D 

Coherent factors: RD

(Averaged)Strong phase in Dalitz bins: ci, si

LHCb, Belle II are the customers 



Status of  measurements
 LHCb results can be found in the Susan Haines & Giovanni 

Passaleva’s talk on June 4

 LHCb latest GGSZ method (RUN I): = 𝟖𝟎−𝟗
+𝟏𝟎 𝒐

 Most precise determination of  from a single channel!

 LHCb Combined and World Average: (other methods: GLW, ADS...)

 Constrains from indirect measurements: = 𝟔𝟓. 𝟑−𝟐.𝟓
+𝟏.𝟎 𝒐

  from 𝑩𝒔
𝟎 and 𝑩+: 2 discrepancy

2

9
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D0KS h+h- inputs (CLEO-c: 818 pb-1 )
PRD82,112006(2010)

D0KSK+K-D0KS
+-

LHCb preliminary



 Sensitivities from LHCb data sets
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➣ Future sensitivities 

(scaled according to statistical uncertainties)

We

are

here.

CLEOc Q.C. inputs 

contribute ~2o 

[LHCb-PUB-2016-025]
Q.C. inputs from BESIII (contribute ~1o with existing 

data set, ~0.4o with 20 fb-1) or even from Super -

charm factory will be crucial!



Ks
+- (BESIII preliminary: 2.9 fb-1 )

 Extract ci, si for “ GGSZ method” (4x CLEO-c data)

 Preliminary results presented @ APS meeting, Apr. 2014
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BESIII KL
+- , KsK

+K- Analysis is on going. Also explore many more 

D decay modes: three-body decays, four-body decays, …



Other interesting channels for 
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Anton Poluektov

Eur. Phys. J. C (2018) 78: 121

arXiv:1712.08326

➣ Other D decay channels have been used for γ 

measurements:

D→4𝜋

D→K3𝜋KSK𝜋, 4𝜋 global, K3𝜋 global, K𝜋𝜋0, 𝜋𝜋𝜋0, KK𝜋0 etc. 

➣ Inputs from BESIII can definitely help a lot 
Run 2: 10°stat.

7°sys. from CLEO-c

Run 2: 5°stat.

8° sys. from CLEO-c



Charm branching fraction measurements
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JHEP 03 (2018) 043 

arXiv:1711.01157
➣ LHCb measures relative branching fractions;  

226851 

➣ Clearly, uncertainties due to external inputs are dominant/important

(6.35 ±0.33)%

Dominant uncertainty 

Shift in central value

(6.35 ±0.33)%

➣ |Vub| is one of the key CKM matrix elements

➣ Ratio between |Vub| and |Vcb| has been 

measured by LHCb using baryon decays



Hadronization factor measurements
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JHEP 1304 (2013) 001

Phys. Rev. D 85 (2012) 032008

➣ Hadronization factors for b hadrons uses charm branching fraction 

measurements unavoidably 

➣ Systematic uncertainties from charm branching fractions normally dominate 

(similar situation also for fʌb/(fd + fu) etc)



Lepton flavor universality tests
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➣ Lepton flavor universality test 

becomes a hot topic after many 

deviations seen from B-factories and 

LHCb measurements 

➣ Charm inputs are very important 

for understanding backgrounds of 

R(D) and R(D*) measurements with 𝜏
→3𝜋ν

Phys. Rev. Lett. 120, 171802 (2018) 

arXiv:1708.08856

Surprisingly, number of 

LHCb measurements 

would profit enormously 

from improved precision 

in some branching 

fractions of D, Ds and C



Charmonium spectroscopy
LHCb study of B+  K++- shows significant and 

larger-than-expected contributions from  (4160)

 [LHCb, PRL 111 112003 (2013); J. Lyon and R. Zwicky, 

arXiv:1406.0566v1]

Cross sections for e+e-  open charm above DD 

threshold is crucial input

Obvious place of common interest: amplitude 

analysis techniques and tools
17



Summary

We seem to be in a unique situation for some very 

precise measurements in particle physics:

Many important physics results need synergy between 

LHCb and BESIII

No direct competition in several areas, clear case for 

synergy and closer collaboration

Discussions might lead to shift in BESIII priorities！

Combined efforts from both experiments may lead to 

long-waited new physics

18
3 == New Physics !!!



Backup



LHCb upgrade plans
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CERN-LHCC-2017-003

Belle2

starts

Belle2

ends

➣ Upgrade I: several detector replaced; 40 MHz readout with fully software trigger

➣ Upgrade II: new ideas under study on tracking, calorimeter, adding timing info etc

Hardware + software trigger Fully software trigger



Methodology for γ measurement
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➣ Sensitive channels with small BFs: need to combine many channels 

GLW: D = CP eigenstates, e.g. KK, ππ Phys. Lett. B 253 (1991) 483 

Phys. Lett. B 265 (1991) 172

ADS: D = quasi-flavour-specific states e.g. Kπ Phys. Rev. Lett. 78 (1997) 3257

GGSZ: D = self-conjugate multi(3)-body states e.g. Ksππ Phys. Rev. D68 (2003) 054018

GLS: ADS variant with singly Cabbibo-suppressed decay D→KsKπ Phys. Rev. D67 (2003) 071301

time-dependent Bs→DsK, B0→Dπ etc (not discussed here)

➣ Global fit needed to extract γ (also other nuisance parameters)

➣ Charm inputs crucial (BESIII)

Dalitz (GW) method: B0→DKπ



GLW measurements
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Phys. Lett. B777 (2018) 16 

➣ 2 fb-1 (7 TeV) + 1 fb-1 (8 TeV) + 2 fb-1 (13 TeV)

➣ Using both fully reco. B→DK and partially reco. B→D*(Dγ/D𝜋0)K

➣ Extension like D→𝜋𝜋𝜋0 can be used => need 

inputs from charm friends



ADS measurements
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Phys. Lett. B760 (2016) 117 

➣ 2 fb-1 (7 TeV) + 1 fb-1 (8 TeV)

➣ Inputs from charm basic for the analysis



GGSZ measurements
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B+→DK+ B-→DK-

Ksπ+

Ksπ-

Ksπ-

Ksπ+

➣ 2 fb-1 (7 TeV) + 1 fb-1 (8 TeV)

➣ Similar to many ADS analyses over Dalitz plane

➣ Charm inputs of ci, si crucial for the 

measurements

JHEP 10 (2014) 097

CLEO-c



GW measurements
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➣ Sensitivity to γ from K* resonances while 

D* as reference point

➣ B0→DK𝜋 are the decay channel of interest 

➣ Currently GLW type analysis has been 

performed by LHCb 

Phys. Rev. D93 (2016) 112018

➣ Starts to offer constraints to γ and related 

parameters



GW-GGSZ measurements
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➣ Studies also performed on GGSZ-type of analysis: two Dalitz plots!

➣ B0→DK𝜋 are the decay channel of interest 
arXiv:1712.07853

Analogy to ci, si but for B Dalitz plot

➣ Charm inputs of ci, si will be important for Run 1+2 data; LHCb will have 

self-constraints on ci, si with more data but external inputs are still important



New GGSZ analysis
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Eur. Phys. J. C (2018) 78: 121

➣ Use Fourier transformation over strong phase obtained from a model to 

extract information

➣ New approaches requiring efforts from LHCb and BESIII to make it 

possible

➣ Fourier transformation applied to both quantum-correlated data and to 

LHCb B data

➣ All orders of Fourier transformations give constraints on x±and y±

Ultimate precision:

➣ Binning of Dalitz plot according to amplitude ratio can help

LHCb Run 1: ~2000 CLEO: 470



Other similar measurements
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arXiv:1802.00200

➣ B0→D𝜋𝜋 with D→hh was proposed to measure CKM angle β, where not 

only sin2β but also cos2β can be accessed; Phys. Lett. B 425 (1998) 375 

J. Phys. G36 (2009) 025006

➣ Same decay channel but with D→KShh is proposed and with similar 

ideas as GGSZ B→DK analysis; 

➣ Charm inputs from ci, si required as for GGSZ analysis

Analogy to those from B0→DK𝜋 Dalitz

➣ ci, si inputs from quantum-correlated charm mesons will be important 

when statistic is low; The system can also offer self-constraints on ci, si with 

large enough dataset (i.e. LHCb 50 fb-1)

➣ ci, si inputs are also used in charm mixing parameter measurements (model 

independent approach)



rD, δD and  input 
measurements from B D0 K

bu :  = argV*
ub

most sensitive method to constrain  at present

GLW (Gronau & London, PLB253, 483 (1991); Gronau 
& Wyler, PLB265, 172 (1991)), ADS method (Atwood, 
Dunetz & Soni, PRL78, 3257 (1997); PRD63, 036005 
(2001)) 

rD, δD : QC measurements from Charm Threshold

GGSZ method (Giri, Grossman, Soffer & Zupan, 
PRD68, 054018 (2003))

ci, si : QC measurements from Charm Threshold

Charm mixing parameters: 𝒙 =
∆𝑴


, 𝒚 =

∆
𝟐

Time-dependent WS 𝑫𝟎 → 𝑲+𝝅−rate 
𝒚′ = 𝒚cos 𝛿𝐾𝜋 − 𝒙 sin 𝛿𝐾𝜋 = 𝟎. 𝟓𝟐𝟖 ± 𝟎. 𝟎𝟒𝟓 ± 𝟎. 𝟎𝟐𝟕 % (LHCb 2017)

δK : QC measurements from Charm Threshold
29



LHCb status on γ measurements
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Slides stolen from Matt. Kenzie 

in BESIII/LHCb workshop



GGSZ measurements results
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JHEP 10 (2014) 097

➣ Effects from uncertainties on ci, si

becomes important with more LHCb data 

(Run 3 and later)

➣With large enough data, LHCb has 

sensitivity to ci, si

➣ Dalitz model obtained from Dalitz 

analyses on charm decays (Kshh or similar 

channels) important for optimizing 

binning scheme for ci, si; 
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K in D  K (BESIII: 2.9 fb-1 )

A simple picture:    
𝑲𝝅 𝑫𝟎

𝑲𝝅 𝑫𝟎 ≡
𝑨

𝑲𝝅

𝑨
𝑲𝝅

≡ 𝒓𝑲𝝅𝒆
𝒊𝜹

𝑲𝝅

𝑲 𝑫𝑪𝑷 = 𝑲 𝑫𝟎  𝑲 𝑫𝟎 / 𝟐  𝟐ACP = A𝑲  𝑨𝑲

𝟐ACP+

𝟐 ACP-

AK

AK

−AK

K

-K 𝟐𝒓𝑲𝝅 ∙ cos 𝜹𝑲𝝅 ≈ 𝑨𝑪𝑷→𝑲𝝅 ≡
𝑨𝑪𝑷−

𝟐 − 𝑨𝑪𝑷+
𝟐

𝑨𝑪𝑷−
𝟐 + 𝑨𝑪𝑷+

𝟐

=
𝑩𝒓 𝑫𝑪𝑷−→𝑲𝝅 −𝑩𝒓 𝑫𝑪𝑷+→𝑲𝝅

𝑩𝒓 𝑫𝑪𝑷−→𝑲𝝅 +𝑩𝒓 𝑫𝑪𝑷+→𝑲𝝅


PLB 734, 227(2014)


