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γ @ SuperB Flavor Factory?

• All measurements of observables sensitive to γ at current B Factories are statistically 
limited (~500M BB pairs × 2)
– As of ICHEP’08 (CKMFitter Group, WA): 
– Although not all the statistics yet analyzed by BaBar/Belle

• A measurement of γ @ 1o level combined with a determination of  |Vub| @ 2%, is crucial 
for a precise model-independent determination of the CKM matrix
– |Vub| @2% level is a benchmark goal for the SSF Physics Case (can only be done at 

an e+e- machine), and significant amount of work has been done
– So far, γ considered less critical for Physics Case and little work has been done   
– LHCb (10 fb-1) will certainly make a significant step forward in precision (2-3o?)

• Goal at SuperB is to reach 1o or better precision…
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Assumptions and strategy

• SuperB has an initial peak luminosity of 1036cm-2s-1 on the Y(4S)
– Can integrate 15 ab-1 in a Snowmass Year of 107 s
– Data taking starts ~2015 + 5 years of operation ⇒ 75 ab-1 on the Y(4S) by ~2020

• SuperB can operate at different energies
– Lpeak scales with s ⇒ Lpeak ~ 1035 cm-2s-1 @ ψ’’(3770)
– 5% of running time @ ψ’’(3770) ⇒ 3 moths over 5 years

• Beam energies 7 GeV e- on 4 GeV e+

• SuperB will be able to work with 80% polarized electron beam (not relevant for γ)

• Extrapolate current BaBar analyses on charged B→D(*)0K(*) decays, assuming the 
same detector performance (conservative), and combine ~correctly

• Make considerations on how to improve systematic uncertainties and/or reduce model 
dependence (running at DD threshold and model independent approach)
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• Neutral D reconstructed in 3-body self-conjugate final state (KSπ+π-,KSK+K-,π0π+π-)
• Extract γ from fit to Dalitz-plot distribution of D0 daughters

• 2-fold γ ambiguity: (δB,γ)→(δB+π,γ+π)

• As interference depends on Dalitz position requires 
modelization of AD±(m-

2,m+
2)

Extract D0/D0 decay amplitudes from DP analysis 
of high-statistics cc sample with flavor-tagged D0

decays from D*+→D0 π+

B+→D(*)K(*)+ Dalitz method
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• 10 BW resonances (isobar) for P (dominant) and D waves
• K-matrix for ππ and Kπ (LASS) S-waves

– K-matrix deals with broad, overlapping, multi-channel scalar resonances

D0→KSπ+π- BaBar Model

487k Evts
purity:97.7%

χ2/dof≈1.11

PRD78, 034023 (2008)
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• Isobar model, dominated by S-wave KSa0(980), with significant 
contribution from KSa0(1450), and P-wave KS φ(1020)

D0→KSK+K- BaBar Model

69k Evts
purity:99.3%

χ2/dof≈1.09

PRD78, 034023 (2008)

351 fb‐1
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extract CL for , rb and b from x±,y± with frequentist stat. procedure

B+→D(*)K(*)+ BaBar Dalitz results
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±stat. ±syst.(exp.) ±syst.(Dalitz model)

See V. Tisserand talk

γ =
±tot  {syst. exp., syst. model}

rB(DK)=
rB(D*K)=
κrB(DK*)=

From measured CP parameters: (x±, y±), (x*±, y*±),(xs±, ys±)
perform frequentist interpretation removing unphysical 
regions (rB +≠rB- …). Assume Gaussian PDF for all (x,y)

• rB, r*B, rsB

• δ B, δ*B, δsB

• γ

extract 1D 
CL intervals

Physics params
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Estimated irreducible experimental systematic error: 0.003

Experimental systematic error

Dalitz model systematic error

Estimated irreducible Dalitz model systematic error: 0.006

B+→D(*)K(*)+ BaBar Dalitz systematic errors
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• Neutral D reconstructed in CP-eigenstate final state (CP-even: K+K-,π+π- and CP-odd: 
KSπ0, KSω, KSφ) and Cabibbo-favored Kπ final state

• Use measured B± yields to determine GLW observables

• Extract x± for combination with Dalitz method

• 8-fold γ ambiguity

B+→D(*)K(*)+ GLW method Gronau, London, PLB 253, 483 (1991)
Gronau, Wyler, PLB 265, 172 (1991)
Gronau, London, PLB 253, 483 (1991)
Gronau, Wyler, PLB 265, 172 (1991)
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B+→D(*)K(*)+ BaBar GLW results

PRD77, 111102(R) (2008)

x± competitive with Dalitz

383x106 BB

arXiv:0807.2408 hep/ex PRELIMINARY

Estimated irreducible experimental systematic error on RCP±, ACP±: 0.01

B±→DK±
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• Neutral D reconstructed in K+π- (K+π-π0 and K+π-π+π- not used here) DCS decays 
• Use measured B± yields to determine ADS observables

• Not enough information (2 observables, 5 unknows)
– rD, δD external inputs

• rD = 0.0603±0.0025, assumed all irreducible
• cos δD = cos 60o ± 0.35 ± 0.07, 

assume 0.035 irreducible 
– Still unsolvable ⇒ constraints on rB

• RADS, AADS poorly measured so far
– Evaluate B± yields using yields of normalization channel (CA) from current 

BaBar analyses + assumptions on values of physics parameters
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B+→D(*)K(*)+ ADS method Atwood, Dunietz, Soni, 
PRL 78, 3257 (1997),  
PRD 63, 036005 (2001)
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PRL 78, 3257 (1997),  
PRD 63, 036005 (2001)
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Experimentally 
similar to GLW 
analysis
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Errors × 5 Errors × 5

B→D0K B→D*0K

rB = rB
* = rS = 0.1, γ = 70o,  δB = 110o, δB

* = δS = −65o
B+→D(*)K(*)+ Dalitz+GLW+ADS projections

B→D0K, D*0K, D0K*

75 ab-1

351 fb-1

2-fold ambiguity 
disappears
(it does already 
with 10 ab-1)
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1.62.42.8100

1.72.52.875

1.82.52.860

1.92.52.845

2.12.62.930

2.42.83.115

6.97.58.01

1517190.35×10-3

+ADS+GLWDalitzL (ab-1)

B+→D(*)K(*)+ Dalitz+GLW+ADS projections

Current BaBar Dalitz model uncertainty

rB = rB
* = rS = 0.1, γ = 70o,  δB = 110o, δB

* = δS = −65o
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Reducing Dalitz model dependence/systematics
• Dalitz model systematic uncertainty seems to be under control up to ~3o level
• Further reduction seems difficult and/or impossible

– Phenomenological Dalitz models with quasi-two body (Q2B) approach is an 
approximation to the 3-body dynamics

– Some arbitrarity in the evaluation of the Q2D model systematic uncertainty
• Need model independent or quasi model independent method to:

– Assess level of understanding of phenomenological model, or
– Perform a (quasi) model independent analysis of γ

• Initially proposed by Gili et al.
and further investigated by Bondar and Poluektov.

• Other approaches, like a full PWA of ultra high statistics D0 tagged samples not yet 
investigated

Giri et al, PRD 68, 054018 (2003)Giri et al, PRD 68, 054018 (2003)

Bondar and Poluektov,  
Eur. Phys. J. C 47, 347 (2006)
arXiv:0801.0840 [hep-ex]

Bondar and Poluektov,  
Eur. Phys. J. C 47, 347 (2006)
arXiv:0801.0840 [hep-ex]
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Model Independent Approach
• Dalitz-plot distribution of D0 daughters (rewritten)

• Bin the Dalitz plot

• If we have “optimal” binning and si, ci are known in some way, we can obtain (x,y) by 
counting the number of B± events in each bin of the D0 Dalitz plot
– This equires ψ’’(3770)→DD correlated data
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Model Independent Approach (con’t)
• Number of events for

– B±→DK± data @ Y(4S):

– CP tagged D0→KSππ @ ψ’’(3770):

– Doubly tagged D0→KSππ @ ψ’’(3770)

– Flavor tagged D0 @ Y(4S):
• Optimization of binning 

(2nd order model dependence)

2 2 ( )i i B i i i i iN K r K K K xc ys− −∝ + + +

2i i i i i iM K K K K c− −∝ + ±

2 ( )ij i j i j i i j j i j i jM K K K K K K K K c c s s− − − −∝ + − +
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iK
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x±,y±

Bondar and Poluektov,  
arXiv:0801.0840 [hep-ex]
Bondar and Poluektov,  
arXiv:0801.0840 [hep-ex]
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Model Independent Approach: projections
• For ~1000 CP and KSππ tagged KSππ events (corresponding to 750 pb-1 from CLEO-c)

– σx,σy~0.01 ⇒ σγ ~ 5o, both consistent with current BaBar Dalitz model uncertainty
– Mostly reducible, up to an experimental irreducible contribution

• SuperB running at ψ’’(3770)→DD correlated data for 3 moths

– Scale DD data with factor 10% peak luminosity @ Y(4S) × 5% running time
⇒ 375 fb-1 DD correlated data (×500 CLEO-c, ×25 BES-III statistics)

– σx,σy ~ 0.0005, well below assumed 0.003 irreducible experimental systematics
• ~1 week of running would be enough, but largest statistics will reduce to 

negligible level binning systematic uncertainty
– In our exercise, assume “Dalitz model uncertainty” scaling with luminosity

Bondar and Poluektov,  
arXiv:0801.0840 [hep-ex]
Bondar and Poluektov,  
arXiv:0801.0840 [hep-ex]

Required for other purposes
(DD mixing and CPV)
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B+→D(*)K(*)+ Dalitz+GLW+ADS projections

75 ab-1

Errors × 5

Errors × 5 Errors × 5

Errors × 5

B→D0K B→D*0K
B→D0K, D*0K, D0K*

Dalitz Model irrreducible+GLW+ADS

Dalitz Model reducible (Model Independent)+GLW+ADS

rB = rB
* = rS = 0.1, γ = 70o,  δB = 110o, δB

* = δS = −65o
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B+→D(*)K(*)+ Dalitz+GLW+ADS projections

Dalitz Model 
irrreducible+
GLW+ADS

Dalitz Model 
reducible (Model 
Independent)+
GLW+ADS

rB = rB
* = rS = 0.1, γ = 70o,  δB = 110o, δB

* = δS = −65o
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• Measurement of γ at the B Factories was unexpected
– rB ratios confirmed to be ~0.1 (and >0) ⇒ reliable predictions
– δγ~20o now, largely dominated by B+→D(*)K(*)+ Dalitz
– δγ~10o after final analyses and combinations of current B Factories

• SSF can reach δγ~1o and below with:
– Combination of charged modes: B+→D(*)K(*)+. Self-tagging neutral modes, e.g. 

B0→D(*)K(*)0, may help 
– Combination of methods: Dalitz, GLW, ADS
– Use of correlated data (CP tagged KSππ,KSKK and doubly tagged KSππ,KSKK)

• SFF is a unique facility to provide large samples of correlated charm data
– Enough with 3 months of data taking at ψ’’(3770) over a 5 years period
– Key data also for other analyses (e.g. D-mixing and CPV in charm)

• Only way to reach sub degree precision

Conclusion

2008
σγ~20o ~2020

σγ~0.7o


