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Current/Future Facilities for Charm study 

Current:  

 Hadron colliders (huge cross-section, energy boost) 

LHCb: 3fb-1 until now; world’s largest sample of c-hadron 

decays in charged modes (x10 current B factories) 

B-factories (Belle, BaBar): ~e+e- Colliders (more kinematic 

constrains, clean environment, ~100% trigger efficiency) 

Threshold production (CLEOc, BESIII) 
Quantum correlations and CP-tagging are unique 

Future: 
 BELLE II:  
 10ab-1 per year. 10 ab-1 until 2019; 50ab-1 until 2023;  

 Upgrade LHCb: beyond 2018  
 @14TeV 5fb-1 per year; in total 50fb-1 data [EPJC (2013) 73:2373] 



Super -charm factory 

 Luminosity: 1035 or higher?  1 ab-1/year  

 symmetric or asymmetric?  

Time dependent measurement: =0.425 for Belle (c: 

D0 122.9m, D+ 311.8m, B0 455.4 m), Vertex detector: 

resolution ~few 10 m  
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CP Violation in D meson 
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CP Violation 
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1. Direct CP Violation (in decay)  

2. Indirect CP Violation (in mixing) 

3. CP violation in the interference between decays with/without mixing  
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Direct CP violation results in Dhh 
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• New Physics  up to ~1%; 

• If CPV~1% observed, is it NP or hadronic enhancement of SM? 

• Strategy: analyze many channels to elucidate source of CPV. 

Moriond QCD2013  



Direct CP violation:  prospect at BELLE II 

BELLE II can reach δ(ACP)<0.1% for many modes 
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CPV at threshold 
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 At BESIII 20 fb-1 , ACP sensitivity : 10-2~10-3 

 1ab-1 at super tau-charm, ACP sensitivity : 10-3~10-4 

 clean background and better systematic control in 

threshold production would facilitate our competition 

with future B projects  
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CKM measurements: current status 

How tau-charm factory 

can help? 
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γ/ɸ3 from B-  D0 K-  
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Three methods for exploiting interference (choice of D0 decay modes): 

• Gronau, London, Wyler (GLW): Use CP eigenstates of D(*)0 decay,  
e.g. D0  Ksπ

0, D0 
 π+ π - 

• Atwood, Dunietz, Soni (ADS): Use doubly Cabibbo-suppressed decays, 
e.g. D0 

 K+π - 

• Giri, Grossman, Soffer, Zupan (GGSZ): Use Dalitz plot analysis of 3-
body D0 decays, e.g. Ks π

+ π- ; high statistics; need precise Dalitz model 

Interference between tree-level decays; theoretically clean 
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GLW/ADS method 
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Accessing strong phase at threshold 
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CLEO-c measurements in ADS modes 

CLEO measurements of strong phase differences and coherence factors done 

with 0.8 fb−1 at ψ(3770). [CLEO, PRD 86 (2012) 112001; PRD 80 (2009) 031105] 

2.9 fb−1 BES III sample: σ(cosδKπ) ∼0.12       

1 ab−1 super τ-charm factory: σ(cosδKπ) ∼0.007; σ(δKπ) ∼2o 
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Prospects for future measurements with ADS 
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Prospects for future measurements with ADS 
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 Three body D decays: KS
+-, +-0, KSK

+K-… 

 Effect of D–Dbar interference 

 

GSSZ method 

B+→ DK+, D → KSπ+π− Dalitz plot analysis 



18 

GSSZ Formalism 

 B  (KS
+-)D

 K    (hep-ph/0303187) 

 D hadronic parameters 
 

 

 

 Partition the Dalitz plot to 2k bins 

 Label bins below symmetry axis i, above axis i 
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γ/3 extraction with GSSZ method 

 2k bins  2(B modes) = 4k equations 

 For the ith bin: 

 

 

 

 

 2k+3 unknowns: ci, si, rB, δB, 3  Solvable for k2 

 Belle results from GSSZ method in 2010:   
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(ci ,si) from charm-factory 

 D double tag: (KS
+-  vs General state: g) 

 

 If g= KS
+- and j=i  c2
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 (ci , si ) measurement has been done by 

CLEO-c and can be done in future at BES-

III (and hopefully at super tau-charm 

factory!). 

)(2,

g

ji

g

ji

g

ji

g

jiji ssccTTTT 

)(22 22

, iiiiii scTT 

iiii cTT 2



(ci , si ) measurement at CLEO-c 
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Optimal binning 
[CLEO , PRD 82, 112006 (2010)] 

 impact to measurement  of γ/3  using CLEO-c's model-

independent Dalitz 

BELLEL:  

LHCb: 

 third syst. err. is from CLEO-c's measurement  

[Belle, PRD 85, 112014 (2012)] 

[LHCb-CONF-2013-004] 
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strong phase measurement  at super tau-Charm 

BES III measurement is expected  ... 

This sub-degree precision need more careful handling of some subtle effects 
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D0 – D0 mixing 
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First observation of charm mixing in time 

dependent D0
Kπ RS & WS decays by 

a single measurement (9σ) 

PRL 110, 101802 (2013) 

D0 – D0 mixing from LHCb 



Unofficial LHCb Statistical Sensitivities Circa 

2015 

 Assume 5 fb-1 @ 13 TeV; charm cross sections grow linearly 

with √s. Mostly scale from 2011/2012 analyses. 
 

 106 WS D0  K 

 (x’2,y’) ± (0.004, 0.08)% 

 D0-D0  WS rate asymmetry (like |q/p|) ±1%  
   

 3.7 x 106 D0  K-K+, 1.7 x 106 D0   

 yCP, A ± 0.02% 
   

 20 x 106 D0  KS 

 (x,y) ± (0.045, 0.030)% 
   

 Many systematic uncertainties cancel in CPV measurements, 

e.g., A from D0  K-K+. 
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Mike Sokoloff 
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Quantum correlation at  threshold 
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D0 – D0 mixing rate at threshold 

BESIII with 20 fb-1 data: 

 RM =(x2+y2)/2 < 10-4 in K and Ke channels 

 Probe y:  ΔyCP < 0.7% 

SCT with 1ab-1 data: 

 RM =(x2+y2)/2  ~ 10-5 in K and Ke channels 

 Probe y:  ΔyCP < 0.1% 
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There’s a very nice well-known D0 mixing signature at Ψ(3770) 

 No DCSD: cancels with these correlated D pairs 

  Like-sign (K−π+)(K−π+) (+ c.c.) are pure mixing ! 

But it’s HARD in practice : 

 The only number we have control over is the efficiency, εKπ 

 But PID needs to be tight, to avoid background from Kπ swaps … 



Implication of strong phase to mixing parameters 

 Time-dependent measurements of charm mixing can be 

performed with boosted D mesons (Belle II, LHCb), but 

need the same strong phases as γ/3 measurement. 

 Time-dependent D0
Kπ analysis: phase difference δD to relate y' 

with (x, y). 

 Time-dependent D0
Ksπ

+π- analysis 
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Quantum Correlation Analysis 
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( PRD.86(2012) 112001; PRL100(2008) 221801) 

Global fit with quantum correlation analysis always helps to provide the 

improved world average!  

PRL100(2008) 221801 



Global fit at BESIII 
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 MC估计混合参数y和K的测量精度 

以目前BESIII的统计量 (2.9fb-1) 

输入世界平均： 

拟合得误差： 

两者的误差均改善约~15% 

好于CLEO-c的联合拟合 

arXiv:1304.6170 
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Asymmetric beam? 



 

 

 

 

 

 

 

 

 Flavor  tagging(D0
K-l+v) 

 Time-dependent measurement available  

 Require good Dz/Dt resolution(SVT) 

Semi-leptonic flavor tag at charm Threshold 



Time resolution for asymmetric beams 

33  With =0.56, time-dependent analysis can be performed (D0 
lifetime 0.41ps)！ (need to be confirmed!) 

RMS： 0.36ps 

 

χ √ 



Measurement of charm mixing at Ψ(4040) 
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Time-integrated decays of quantum-correlated DDbar pairs, 

with Dbar decaying in a flavor-specific final state: 
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CPV and D mixing reach 

3 ab-1 data @Ψ(3770):  

      asymmetric γβ=0.2~0.6 

3 ab-1 data @Ψ(4040) 

50 fb-1 data at upgrade LHCb 

50 ab-1 at BELLE-II 

courtesy by Neri&Rama 



Summary 

 Threshold measurements employing quantum correlations 

is still important to study CPV and mixing in charm sector 

in the next two decades. 

 Sensitivity of direct CP Violation measurement at threshold 

will be competitive in the future, especially the systematic 

is under control: ζ(ACP)=10-3~10-4 

 Input from charm threshold measurements is important for 

all methods of γ measurement: ζ(γ)=(1.3o~2o)  

 Global fit using quantum correlation is complementary to 

improve the world average of CPV and mixing parameters 

 Asymmetric beams give more potential for super tau-charm 

factory in the future charm landscape 

 Ability to run the machine at E = 4040 MeV (DD∗ 

production) is essential. Precision in x, y and CPV 

parameters is comparable to pre-upgrade LHCb/Belle II. 


