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Goal 
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 Estimate and compare the experimental sensitivity on 

charm mixing and CP violating parameters at SuperB: 

Y(4S) 

Y(3770) as a function of CM boost and detector configuration 
 

 First step: study the 2-body decays 

preliminary results presented today 

 Second step: include the 3-body decays 



General considerations 
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 At (4S) 
 Flavor tagged D0  through D*+→D0π+ decay. We denote the D* flavor tag with the 

label lX 

 D0 can be reconstructed in flavor lX, CP, Kp and multibody (e.g. Kspp) final 
states. Relatively high purity due to m(D0) and Δm=m(D*+)-m(D0)  

 Flavor mistag  0.2%  

 Proper time resolution is about τ(D0)/4 ≈ 0.1 ps 

 At y(3770) 
 Coherent D0D0 production 

 Both D mesons can be reconstructed 

  in lX, CP, Kp and Kspp final states,  

 with very low background 

 Flavor mistag  0.2% with eX, 

 Time-dependent measurements require  
larger CM boost compared to the  
(4S) case to achieve similar time  
resolution, but reconstruction efficiency decreases with large CM boost. Need to 
determine the optimal boost range. 

CP- Kp lX Kspp 

CP+ X X XX X 

CP- X XX X 

Kp X XX X 

lX XX XX 

Kspp X 

Double tags @ Y(3770) 

Modes with D* tag @ (4S) 



 We have derived the time-dependent rates for several 

combinations of tags 

 

 

 

 

 

 

 

 

 

 Complete expressions 

 Simplified expressions with CPT invariance, CP conserved in decay, and 

second order in x, y 

 

 

CP- Kp lX Kspp 

CP+ X X XX X 

CP- X XX X 

Kp X XX X 

lX XX XX 

Kspp X 

Time-dependent rates 
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At y(3770): 

At ϒ(4S) using D*+ tagged events: 

z = CPT violation parameter   
  
q, p = indirect CP violation parameters 

Example: flavor tag 
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Example: Kp vs CP tag 
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no direct CPV 

assumed here 



Example: double Kp and lX tag 
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no direct CPV 

assumed here 



SuperB fast simulation (FastSim) 
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K+ 

K- 

p+ 

p- 

event display of the 

SuperB fast simulation 

e+e-
Y(3770)D[K-p+]D[K+p-] event 



 The flight lengths of the two Ds are reconstructed through a combined beam 

spot constrained vertex fit 

 Proper times are computed from the flight lengths and the D momenta 

D reco vertex 

D reco vertex 

beam spot (z-x plane, not in scale) 

FastSim studies: Dt reconstruction 
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FastSim studies: Dt resolution 

bg=0.30 bg=0.90 

<error> = 0.75 ps <error> = 0.22 ps 

bg=0.30 

RMS = 0.66 ps 

bg=0.90 

RMS = 0.31 ps 

11 M. Rama  - Workshop on Charm physics at threshold - Beijing 21-23 Oct 2011 

examples: 



FastSim studies: Dt resolution vs CM boost 
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D lifetime 
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FastSim studies: egeo vs CM boost 
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 For y(3770) modes 
 Extrapolate CLEOc yields (includes cross-sections and selection efficiencies) 

 Correct by SuperB geometrical efficiency vs CM boost 

 Evaluate triple Gaussian (TG) resolution function from FastSim vs CM boost 

 For (4S) modes, extrapolate BaBar yields 
 TG proper time resolution of ~0.15 ps (0.1 ps core) 

 Toy MC generator and fitter developed 
 For now focus on 2-body decays 

 the next step will be 3-body decays 

 

 

 

 

Sensitivity studies: overview 

CP- Kp lX 

CP+ X X XX 

CP- X XX 

Kp X XX 

lX XX 

Double tags @ Y(3770) 

Modes with D* tag @ (4S) 

used in this study 
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simulated datasets: 

75 ab-1 at Y(4S) 

0.5 ab-1 at Y(3770) 



 Strategy: 

 Generate O(100) experiments for each double tag 

 Perform combined  UML fit of given ensemble of  2-body double tags, fitting 

simultaneously for the mixing and CPV parameters:  x, y, arg(q/p), |q/p| 

 Assumed CP  conservation in decay 

 DKp strong phase kept fixed 

 Generated values are current HFAG averages 

 

 

 

 

Sensitivity studies: overview 
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CP- Kp lX 

CP+ X X XX 

CP- X XX 

Kp X XX 

lX XX 

Double tags @ Y(3770) 

Modes with D* tag @ (4S) 

used in this study 

simulated datasets: 

75 ab-1 at Y(4S) 

0.5 ab-1 at Y(3770) 



Sensitivity studies: expected num. of events 
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Suppressed # of events 

Favored # of events 

IB y(3770) HB y(3770) LB y(3770) 

(4S) y(3770) 



Sensitivity studies: toy MC at Y(3770) 
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 Y(3770) , bg=0.24, 

perfect  resolution, 

no mistag 

 

 

 10 less events (CPU 
memory limitation) 

 

 

 

arg(q/p) 

Pull 

Fit result 
gen = -0.179 

arg(q/p) 

fit result - gen

error fit result


example: 



Sensitivity studies: toy MC at Y(3770) 
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x 

x 

Pull 

Fit result 
gen = 0.00628 

fit result - gen

error fit result


 Y(3770) , bg=0.24, 

perfect  resolution, 

no mistag 

 

 

 10 less events (CPU 
memory limitation) 

 

 

 

example: 



Sensitivity studies: toy MC at Y(4S) 
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Pull 

Fit result 
gen = -0.179 

arg(q/p) 

fit result - gen

error fit result


arg(q/p)  Y(4S) , perfect  

resolution, no 

mistag 

 

 

 200 less events (CPU 
memory limitation) 

 

 

 

example: 



Sensitivity studies: toy MC at Y(4S) 
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x 

x 

Pull 

Fit result 
gen = 0.00628 

fit result - gen

error fit result


 Y(4S) , perfect  

resolution, no 

mistag 

 

 

 200 less events (CPU 
memory limitation) 

 

 

 

example: 



Scenarios considered in our study 
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CM boost (bg)  time resolution mistag 

0.24 realistic 0 

0.56 realistic 0 

0.90 realistic  0 

0.24 perfect 0 

0.24 the one at bg=0.15 0 

0.24 the one at bg=0.56 0 

0.24 the one at bg=0.90 0 

0.24 [large x,y] perfect 0 

0.24 [no CPV] perfect 0 

time 

resolution 

mistag notes 

realistic 0 

perfect 0 

perfect 2% 

perfect 0 large x,y 

perfect 0 no CPV 

Y(3770), 500 fb-1 

Y(4S), 75 ab-1, bg=0.24 

effect of ~0.2% mistag under evaluation 



Sensitivity: f=arg(q/p)  

22 M. Rama  - Workshop on Charm physics at threshold - Beijing 21-23 Oct 2011 



Sensitivity: |q/p|  

23 M. Rama  - Workshop on Charm physics at threshold - Beijing 21-23 Oct 2011 



Sensitivity: x  
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Sensitivity: y  
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Summary 
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 Flavor tag at DD threshold provides identical time-dependence than at (4S) 
using D* tagging, and less events, although in a different environment 

 DD threshold is unique to provide CP,  Kp and Kspp tags 

 Variation of Dt resolution and geometrical acceptance vs CM boost was evaluated 

 Estimated the impact on physics with 2-body decays 

 Combined fit to all 2-body double-tags allows determination of  x, y, arg(q/p), |q/p| 

 Best sensitivity at Y(3770) for intermediate boost, bg  0.3-0.6 

 

 

 

 

 

 error per ab-1 at Y(3770) ~ ½ error per ab-1 at Y(4S) (2-body only, no mistag) 

 error at Y(3770)  [0.5ab-1] ~ 6x error at (4S) [75ab-1] (2-body only, no mistag) 

Parameter Sensitivity @ (4S) with time 

resolution, no mistag. 75 ab-1 

Best sensitivity @ y(3770) with time 

resolution (bg=0.56), no mistag. 0.5 ab-1 

x 0.017% 0.11% 

y 0.008% 0.05% 

Arg(q/p) 0.8 deg 4.8 deg 

|q/p| 0.5% 3.7% 

Relative effect of flavor mistag 

similar at Y(3770) and (4S) 



Ongoing study: performance vs IP position 

27 M. Rama  - Workshop on Charm physics at threshold - Beijing 21-23 Oct 2011 

nominal IP position IP shifted by -2cm 

e+ e- CM direction 
SVT layer 0 

beam pipe 

SVT layers 1,2,… 

inner wall of the drift chamber 

Effect of a possible shift of the IP from the nominal position 



egeo vs CM boost as a function of the IP position 
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Next steps 
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 Finalize 2-body sensitivity studies 

 Sensitivity studies on mixing and CPV parameters for 3-body 
decays with a time-dependent Dalitz plot analysis: 

Dalitz plot model independent approach is to be pursued at SuperB. 
For this, it is crucial to have access to Ψ(3770) data 

 Consider two different scenarios: 

 Time-dependent measurements at ϒ(4S) with model 
independent coefficients (ci, si) obtained with time-integrated 
Psi(3770) data 

 Time-dependent measurements at Ψ(3770) 

 Set up simulation technology for 3-body Toy MC studies.  

 

 

 



backup 



 Simplified detector element description 

 cylinders, rings, cones, … 

 Particle passage through detector fully modeled 

 ionization energy loss,  multiple scattering, bremsstrahlung,  
photon conversion, EM/hadronic showering, … 

 Parameterized detector response 

 track hit resolution, Cherenkov ring resolution, shower 
shape,… 

 Reconstruction of tracks, clusters, Cherenkov rings, … 

 Output compatible with BaBar analysis tools 

 vertexing, B-flavor tagging, particle Id selectors, … 

FastSim design overview 
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HFAG averages 
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HFAG 2011 



Parameter Sensitivity @ (4S) with time 

resolution, no mistag. 75 ab-1 

Best sensitivity @ y(3770) with time 

resolution (bg=0.56), no mistag. 0.5 ab-1 

x 0.017% 0.11% 

y 0.008% 0.05% 

Arg(q/p) 0.8 deg 4.8 deg 

|q/p| 0.5% 3.7% 

Sensitivity studies: summary of results 

33 

Relative effect of flavor mistag 

similar at Y(3770) and (4S) 


