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SuperB B&charm datasets 
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 CM energy: 10.58 GeV  (allowed range: from Psi(3770) toY(5S) ) 

 Luminosity: 1x1036 cm-2s-1  

 s(e+e-
Y(4S)): ~1.1 nb  

s(e+e-
cc): ~1.3 nb 

 Dataset (5 yrs @ nominal L): 75 ab-1 

~8x1010 BB + 1011 cc  
  

baseline: 

possible run at charm threshold: 

 CM energy: 3.77 GeV, @ Psi(3770) 

 Luminosity: 1x1035 cm-2s-1  

 s(e+e-
Psi(3370)): ~6.4 nb  

 Dataset (0.5-1 yr @ nominal L): 0.5-1.0 ab-1  

cf. Babar+Belle:  

1.2 ab-1 

cf. CLEO-c: 0.8 fb-1 

    BESIII: 2.9 fb-1  

    (5-10 fb-1 planned) 



D mixing and CPV measurements at B-factories 



time-integrated analyses at B-factories 
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from HFAG, 27 Dec 2011 
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Legend:      = CPV evidence > 3s 



time-dependent analyses at B-factories 
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Legend:      = mixing evidence > 3s 



HFAG average of mixing results 
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updated on 4 Sep 2011 

x 

x 



DD mixing with D0
K+ 
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 First evidence of D mixing 

 “Wrong sign” K+- final state as result of interference between double-Cabibbo-
suppressed decay and D mixing followed by Cabibbo-allowed decay 

time-dependent decay rate: 
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the phase between the D0 and D0 amplitude must be 

provided externally to derive x,y from x’,y’ 

From the proper time distribution RD, y’ and x’2 are measured  
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Separate fits for flavor-tagged D0 and D0 

are sensitive to CP violation in mixing and decay 

evidence of D mixing at 3.9 s 

no evidence of CPV found 

Phys. Rev. Lett. 98, 211802 (2007) 

Babar measurement of mixing with D0
K 

384fb-1 



DD mixing with D0
KS+- 
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 At present most powerful method to measure x and y at the same time 

 Same principle as DK, but “ RD ” and “ y’ ” is a function of the 
position in the final state Dalitz plot.  

Model dependent approach. Requires parameterization of the D0 decay 

amplitude in the Dalitz plot.  

both x and y are measured from the proper time distribution  
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Phys. Rev. Lett. 105, 081803 (2010) 

Combined KS
+- + KSK

+K- fit results  

assuming CP conservation:  

Difficult to reduce the model uncertainty futher 

It will dominate at next generation B-factories 

Currently very good sensitivity compared to other  

methods 

The method can be extended to other 3-body states, e.g. K+-0 

Method pioneered by BaBar Collaboration:  

Phys.Rev.Lett.103:211801,2009   

 

Babar measurement of mixing with D0
KS+- 



D mixing and CPV sensitivity studies at SuperB 



Sensitivity projections at SuperB 
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 Estimates made by extrapolating the Babar results 

to the SuperB dataset (75ab-1) 

 Statistical error scales as  

 Reasonable to assume the same for systematics 

 mostly determined from data and scalable with statistics 

 except for: 

luminosity integrated/1

irreducible systematic uncertainty associated to the Dalitz model 

in D0
Ks h+h-  (h=, K) analysis, around 0.5x10-3  in x and y 



Sensitivity projections 

M. Rama  - 8th meeting on B physics, 6-7 Feb 2012, Genova 

Babar 
(0.48ab-1) 

SuperB 
(75ab-1) 

no input from external  

measurements of strong  

phases included 
xx/4 yy/8 

x precision limited by DKshh Dalitz model systematic 

yD yD 

xD xD 



BF(Y(3770)DD) =50% 
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JCP (Y(3770))=1- -  

Dt = t2-t1 

 

f1 = CP+/-, K+-,  Ksh+h-, … 

0|| DHfAf 
0

|| DHfA f 

 

 At the generic time t the D and D states evolve coherently: 

 

 The time dependence of their subsequent decays to f1 and f2 is: 
 

+ 
 

f2 = CP+/-, K+-,  Ksh+h-, … 

 

 DD coherence gives access to interference terms not accessible at 
Y(4S) 

Using Y(3770) data to constrain the strong phases 



Using Y(3770) data to constrain the strong phases 
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 Interference terms accessible at DD threshold allow measurements 
of strong phases (K, K0, K3): 

 

 Also provide measurement of  as a function of Dalitz plot position: 

 this helps reducing the Dalitz model uncertainties for 3-body 
decay modes KSh

+h- 

Example: CP-tagged D0
K+- decays: 

 

 We take results from CLEO-c as a basis for projection: 
 D. M. Asner et al., Phys Rev D78, 012001(2008), 0802.2268. 

 N. Lowrey et al, Phys Rev D80, 031105 (2009), 0903.4853 

 

 

 

K0, K3 

K 

 

 In the following projections we assume that new data from threshold 
will reduce the model uncertainty 
 BESIII – factor 3 improvement in model uncertainty 

 SuperB @ Y(3770) 500fb-1 – factor 10 improvement 



SuperB sensitivity using Y(3770) data 

Uncertainty in xD improves more than that of yD 
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Dalitz plot model 

uncertainty shrinks 

information on strong  

phases is added 



using a model independent approach 



D3-body model independent approach 
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 A. Bondar, A. Pluektov, V. Vorobiev have proposed a model independent analysis of 
3-body D0 decays for mixing and CPV. See Phys Rev D82, 034033 (2010) 

Sensitivity relies on the variation of the yields vs time in different regions of the Dalitz 

plot. Decays in different bins can be considered as ‘independent channels.’   

No amplitude analysis. 

time dependence 

for flavor-tagged 

D0 decays 

measurable at  

Psi(3770) or 

left floating in fit 

measured at  

Psi(3770) 

goal: 

extract 

   x 

   y 

|q/p| 

      

where: 



Determination of ci,si at Y(3770) 

M. Rama  - 8th meeting on B physics, 6-7 Feb 2012, Genova 

 

 ci, si determination requires DD coherent 
production. The method has been proved to work 
well by CLEO-c. Phys. Rev. D 82, 112006 (2010). 

 
 

 ci, si from time integrated analysis of Y(3770) 
data is affected by O(x2,y2) approximations 

 

 Measured from a time-integrated analysis at 
Y(3770) [affected by O(x2,y2) approx] 

 Left floating as unknowns in the time-dependent 
analysis at Y(4S) together with x, y and the CP 
parameters (larger stat error, smaller systematic 
error) 

Ti, Ti , two possibilities: 

Good  agreement between BaBar Dalitz model expectation and 

CLEO-c model independent determination of D0-D0 relative phases. 



sensitivity study 
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 Sensitivity studies for mixing and CPV with model independent approach 

 assume perfect proper time resolution and no background 

 assume very precise determination of ci, si (2x106 flavor tagged 
D0
KS

+- decays at Y(3770)) 

 SuperB predictions scaled from current B-factories assuming 1/sqrt(N) 

B factories 

1M signal events 

SuperB 

75M signal events 
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Phys Rev D82, 034033 (2010) 

Ti Ti Ti Ti 

Ti 

Ti 

The model-independent  

method can be applied to other 

3-body decays such as DK+-0 



investigating the possibility of time-dependent 

measurements at charm threshold 



time-dependent measurements at Y(3770) 
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 Current design of SuperB machine allows running at Y(3770) with asymmetric 
beams. We want to investigate the possibility of time-dependent measurements 
at Y(3770) and evaluate the sensitivity to mixing and CPV parameters. 

 Unique feature of SuperB to be evaluated 

 additional tag states (e.g. CP tag) other than flavor eigenstates exploiting 
DDbar coherence 

 low background environment compared to Y(4S) 

 

 example: D0
K+- with CP tag 

term accessible 

at symmetric machines 

used to measure K 

term only accessible 

with time-dependent  

measurement 



overview of sensitivity study 
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 Estimate sensitivity from time-dependent measurements at Y(3770) vs CM 
boost, and compare with expectations at Y(4S) 

 Consider 2-body decays.  3-body decays next step. 

 

CP K lX 

CP+ X X XX 

CP X XX 

K X XX 

lX XX 

Double tags @ Y(3770) 

Modes with D* tag @ (4S) 

 

 For Y(3770): 

 Extrapolate CLEO-c yields to SuperB dataset (0.5ab-1) 

 Correct by SuperB geometrical eff.  vs CM boost 

 evaluate proper time resolution function vs CM boost 
 

 For Y(4S): 

 Extrapolate Babar yields to SuperB dataset (75ab-1) 

 assume proper time resolution ~0.15ps 
 

 Strategy 

 Generate O(100) datasets for both Y(3770) and Y(4S), and for each fit 
simultaneously for the mixing and CPV parameters:  x, y, arg(q/p), |q/p| 

 Assumed CP conservation in decay 

 DK strong phase kept fixed 

 



simulation 
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 SuperB fast simulation study 

 Dt resolution improves with increasing 
boost 

 geometric efficiency worsens with 
increasing boost 

 look for best compromise between 
good time reso. and reco. efficiency 

 

 

D0 lifetime 



preliminary results 
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s|q/p|) 

s(arg[q/p]) 

(CM boost) 

(CM boost) 

error diverges because 

proper time resolution is  

poor 

error increases  

because reconstruction  

efficiency decreases 

examples: 



time-dep study at Y(3770): preliminary results 
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 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% 

 

 Next steps: addition of 3-body decays (with model-indep analysis), 
backgrounds, mistag 

run size might 

actually be 1ab-1 



Summary 
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 Expected sensitivity at SuperB including threshold data: 
 error on x,y ~ 10-4 

 error on |q/p|~10-2;       error on arg(q/p)~1deg 

 

 Feasibility and impact of time-dependent measurements at charm 
threshold under evaluation  

 

 

 SuperB is also a charm factory: unique opportunity to search for 
new physics. 
 

 Sensitivity studies to assess the SuperB physics reach in the charm 
sector are ongoing. Here we have mostly focused on mixing and 
CPV in time-dependent measurements.  
 

 Data at charm threshold play important role to improve 
sensitivities and reduce systematic errors. 

 



BACKUP 



Babar D0
KS+- mixing 
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Sensitivity studies at Y(3770): 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) 



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 

31 M. Rama  - 8th meeting on B physics, 6-7 Feb 2012, Genova 

examples: 



CPV in D0
K+K-, +- 
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PRD78,011105 (R) (2008) 

PRL100,061803 (2008) 

385fb-1 @ Babar 


