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Scope of this talk
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contraints on the UT that are unaffected 
(or nearly so) by loop processes.

tree-level decays
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|Vub| and β now
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|Vub|

• Inclusive:

• Exclusive:

• Leptonic:

4

Theory 
required to 

predict 
signal 
shape El 

2.31 GeV 2.64 GeV

b!c

b!u

Theory to predict form factor.
Lattice QCD can do this, keeps improving. 

Error LQCD-dominated. 

Theoretically cleanest: Decay 
constant (~probability that u,b 

meet inside B meson) from LQCD
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|Vub| = (5.2 ± 0.5(exp) ± 0.05(theo))× 10−3

ū !

b ν̄}B−
Vub

5

large (irreducible?) theory uncertainty

– 23–

Table 1: |Vub| (in units of 10−5) from inclu-
sive B → Xu!ν! measurements. The first uncer-
tainty on |Vub| is experimental, while the second
includes both theoretical and HQE parameter
uncertainties. The values are listed in order of
increasing fu (0.19 to 0.90).

Ref. BLNP GGOU DGE

[108] 383 ± 45 ± 33 368 ± 43 ± 32 358 ± 42 ± 27
[111] 428 ± 29 ± 37 not avail. 404 ± 27 ± 29
[110] 418 ± 24 ± 30 405 ± 23 ± 27 406 ± 27 ± 27
[109] 464 ± 43 ± 30 453 ± 42 ± 26 456 ± 42 ± 26

[119] 423 ± 45 ± 30 414 ± 44 ± 34 420 ± 44 ± 21
[113] 432 ± 28 ± 30 422 ± 28 ± 34 426 ± 28 ± 21
[113] 365 ± 24 ± 26 343 ± 22 ± 28 370 ± 24 ± 28
[113] 402 ± 19 ± 28 398 ± 19 ± 27 423 ± 20 ± 19
[115] 436 ± 26 ± 22 441 ± 26 ± 13 446 ± 26 ± 16

420 ± 16 ± 23 427 ± 16 ± 18 433 ± 15 ± 17

in Table 1. Their impact is to increase |Vub| by about 8%. This

suggests that the uncertainties assigned to renormalization scale

matching have been underestimated. While similar calculations

are not yet available for the other approaches, the impact of

NNLO terms may be underestimated there as well.

All calculations yield compatible |Vub| values and similar

error estimates. We take the arithmetic mean of the values and

errors to find

|Vub| = (4.27± 0.15exp ± 0.19th ± 0.30NNLO)× 10−3 (inclusive)

(32)

where the last uncertainty (7%) has been added to account for

the large shift seen at NNLO. Note that while the average |Vub|
quoted here is not shifted, the findings in Ref. [120] imply the

NNLO corrections will raise |Vub|.
As was the case with |Vcb|, it is hard to assign an uncertainty

to |Vub| for possible duality violations. However, theoretical

arguments suggest that duality should hold even better in

b → u!ν! than in b → c!ν! [41]. On the other hand, unless

duality violations are much larger in B → Xu!ν! decays than

July 30, 2010 14:34

MILC: PhysRevD.79.054507
|Vub| = (3.38± 0.036) · 10−3

error equally divided between exp, lattice-stat, lattice syst
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|Vub|

• In 2011, BaBar and BELLE published new 
|Vub|-exclusive measurements:

• Compare incl/exclusive determination:

5

BaBar: |Vub| =
�
3.09± 0.08± 0.12+0.35

−0.29

�
· 10−3

BELLE: |Vub| = (3.43± 0.33) · 10−3

PhysRevD.83.071101 (2011)

PhysRevD.83.052011 (2011) PhysRevD.83.032007 (2011)
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FIG. 5: (color online) Partial ∆B(q2) spectrum in 12 bins of
q2 for B0 → π−"+ν decays. The data points are placed in the
middle of each bin whose width is defined in Table VIII.The
smaller error bars are statistical only while the larger ones
also include systematic uncertainties. The solid green and
black curves show the result of the fit to the data of the
BK [17] and BGL [28] parametrizations, respectively. The
data are also compared to unquenched LQCD calculations
(HPQCD [2], FNAL [3]) and a LCSR calculation [4].
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FIG. 6: (color online) Partial ∆B(q2) spectrum in 3 bins of
q2 for B+ → η"+ν decays. The data points are placed in
the middle of each bin whose width is defined in Table IX.
The smaller error bars are statistical only while the larger
ones also include systematic uncertainties. The data are also
compared to a LCSR calculation [5].

(8.5± 0.3stat ± 0.2syst)× 10−4 from the fit extrapolated
to q2 = 0. This value can be used to predict rates of
other decays such as B → ππ [29]. For completeness, we
also show the fit to the BK parametrization [17], which
gives αBK = 0.52± 0.04, with P (χ2) = 28.6%.
The q2 distribution extracted from our data is com-

pared in Fig. 5 to the shape of the form factors obtained
from the three theoretical calculations listed in Table III:
the one based on Light Cone Sum Rules [4] for q2 < 12
GeV2, and the two based on unquenched LQCD [2, 3] for
q2 > 16 GeV2. We first normalize the form-factor predic-
tions to the experimental data by requiring the integrals
of both to be the same over the q2 ranges of validity given
in Table III for each theoretical prediction. Considering
only experimental uncertainties, we then calculate the χ2

probabilities relative to the binned data result for various
theoretical predictions. These are given in Table III for
the B0 → π−$+ν decays. All three calculations are com-
patible with the data. As shown in Fig. 6, a LCSR calcu-
lation [5] is compatible with the data for the B+ → η$+ν
decays. It should be noted that the theoretical curves
in Fig. 5 have been extrapolated over the full q2 range
based on a parametrization obtained over their q2 ranges
of validity. These extended ranges are only meant to il-
lustrate a possible extension of the present theoretical
calculations.
We extract a value of |Vub| from the B0 → π−$+ν

∆B(q2) distributions using the relation: |Vub| =

√

∆B/(τB0∆ζ), where τB0 = 1.525 ± 0.009 ps [8] is the
B0 lifetime and ∆ζ = Γ/|Vub|2 is the normalized partial
decay rate predicted by the form-factor calculations [2–
4]. The quantities ∆B and ∆ζ are restricted to the q2

ranges of validity given in Table III. The values of ∆ζ
are independent of experimental data. The values of |Vub|
given in Table III range from (3.1− 3.7)× 10−3. A value
of |Vub| could not be obtained from the B+ → η$+ν de-
cays because the required theoretical input ∆ζ is not yet
available.

VII. COMBINED BABAR RESULTS

At first glance, there appears to be a large overlap be-
tween the present analysis of the B0 → π−$+ν data and
that of another recent BABAR measurement [14]. How-
ever, there are significant differences between the two
analyses. Considering the same fit region, we obtain
147529 selected events (signal or background) compared
to 42516 such events in Ref. [14]. This difference can eas-
ily be explained by the fact that we use the full BABAR
data set in the present analysis but this is not so in
Ref. [14]. Furthermore, the use of the loose neutrino
reconstruction technique in this work leads to a larger
background. Only 140 events are found in common be-
tween the two data sets, i.e. 0.3% overlap. The statis-
tical uncertainties are thus expected to be uncorrelated
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My average: |Vub| (excl) = (3.26± 0.33) · 10−3

PDG2010: |Vub| (incl) = (4.27± 0.38) · 10−3

(a similar tension in the incl/
excl determination of |Vcb|)

http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E071101&v=ef931fe0
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E071101&v=ef931fe0
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http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E052011&v=ec094195
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http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E032007&v=671d2a77
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E052011&v=ec094195
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E052011&v=ec094195
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A disturbed benchmark.
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q2 for B+ → η"+ν decays. The data points are placed in
the middle of each bin whose width is defined in Table IX.
The smaller error bars are statistical only while the larger
ones also include systematic uncertainties. The data are also
compared to a LCSR calculation [5].

(8.5± 0.3stat ± 0.2syst)× 10−4 from the fit extrapolated
to q2 = 0. This value can be used to predict rates of
other decays such as B → ππ [29]. For completeness, we
also show the fit to the BK parametrization [17], which
gives αBK = 0.52± 0.04, with P (χ2) = 28.6%.
The q2 distribution extracted from our data is com-

pared in Fig. 5 to the shape of the form factors obtained
from the three theoretical calculations listed in Table III:
the one based on Light Cone Sum Rules [4] for q2 < 12
GeV2, and the two based on unquenched LQCD [2, 3] for
q2 > 16 GeV2. We first normalize the form-factor predic-
tions to the experimental data by requiring the integrals
of both to be the same over the q2 ranges of validity given
in Table III for each theoretical prediction. Considering
only experimental uncertainties, we then calculate the χ2

probabilities relative to the binned data result for various
theoretical predictions. These are given in Table III for
the B0 → π−$+ν decays. All three calculations are com-
patible with the data. As shown in Fig. 6, a LCSR calcu-
lation [5] is compatible with the data for the B+ → η$+ν
decays. It should be noted that the theoretical curves
in Fig. 5 have been extrapolated over the full q2 range
based on a parametrization obtained over their q2 ranges
of validity. These extended ranges are only meant to il-
lustrate a possible extension of the present theoretical
calculations.
We extract a value of |Vub| from the B0 → π−$+ν

∆B(q2) distributions using the relation: |Vub| =

√

∆B/(τB0∆ζ), where τB0 = 1.525 ± 0.009 ps [8] is the
B0 lifetime and ∆ζ = Γ/|Vub|2 is the normalized partial
decay rate predicted by the form-factor calculations [2–
4]. The quantities ∆B and ∆ζ are restricted to the q2

ranges of validity given in Table III. The values of ∆ζ
are independent of experimental data. The values of |Vub|
given in Table III range from (3.1− 3.7)× 10−3. A value
of |Vub| could not be obtained from the B+ → η$+ν de-
cays because the required theoretical input ∆ζ is not yet
available.

VII. COMBINED BABAR RESULTS

At first glance, there appears to be a large overlap be-
tween the present analysis of the B0 → π−$+ν data and
that of another recent BABAR measurement [14]. How-
ever, there are significant differences between the two
analyses. Considering the same fit region, we obtain
147529 selected events (signal or background) compared
to 42516 such events in Ref. [14]. This difference can eas-
ily be explained by the fact that we use the full BABAR
data set in the present analysis but this is not so in
Ref. [14]. Furthermore, the use of the loose neutrino
reconstruction technique in this work leads to a larger
background. Only 140 events are found in common be-
tween the two data sets, i.e. 0.3% overlap. The statis-
tical uncertainties are thus expected to be uncorrelated
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My average: |Vub| (excl) = (3.26± 0.33) · 10−3

PDG2010: |Vub| (incl) = (4.27± 0.38) · 10−3

(a similar tension in the incl/
excl determination of |Vcb|)

A disturbed benchmark.

http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E071101&v=ef931fe0
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E071101&v=ef931fe0
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E052011&v=ec094195
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E052011&v=ec094195
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E032007&v=671d2a77
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E032007&v=671d2a77
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|Vub|

• In 2011, BaBar and BELLE published new 
|Vub|-exclusive measurements:

• Compare incl/exclusive determination:

5

BaBar: |Vub| =
�
3.09± 0.08± 0.12+0.35

−0.29

�
· 10−3

BELLE: |Vub| = (3.43± 0.33) · 10−3

PhysRevD.83.071101 (2011)

PhysRevD.83.052011 (2011) PhysRevD.83.032007 (2011)
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FIG. 5: (color online) Partial ∆B(q2) spectrum in 12 bins of
q2 for B0 → π−"+ν decays. The data points are placed in the
middle of each bin whose width is defined in Table VIII.The
smaller error bars are statistical only while the larger ones
also include systematic uncertainties. The solid green and
black curves show the result of the fit to the data of the
BK [17] and BGL [28] parametrizations, respectively. The
data are also compared to unquenched LQCD calculations
(HPQCD [2], FNAL [3]) and a LCSR calculation [4].
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FIG. 6: (color online) Partial ∆B(q2) spectrum in 3 bins of
q2 for B+ → η"+ν decays. The data points are placed in
the middle of each bin whose width is defined in Table IX.
The smaller error bars are statistical only while the larger
ones also include systematic uncertainties. The data are also
compared to a LCSR calculation [5].

(8.5± 0.3stat ± 0.2syst)× 10−4 from the fit extrapolated
to q2 = 0. This value can be used to predict rates of
other decays such as B → ππ [29]. For completeness, we
also show the fit to the BK parametrization [17], which
gives αBK = 0.52± 0.04, with P (χ2) = 28.6%.
The q2 distribution extracted from our data is com-

pared in Fig. 5 to the shape of the form factors obtained
from the three theoretical calculations listed in Table III:
the one based on Light Cone Sum Rules [4] for q2 < 12
GeV2, and the two based on unquenched LQCD [2, 3] for
q2 > 16 GeV2. We first normalize the form-factor predic-
tions to the experimental data by requiring the integrals
of both to be the same over the q2 ranges of validity given
in Table III for each theoretical prediction. Considering
only experimental uncertainties, we then calculate the χ2

probabilities relative to the binned data result for various
theoretical predictions. These are given in Table III for
the B0 → π−$+ν decays. All three calculations are com-
patible with the data. As shown in Fig. 6, a LCSR calcu-
lation [5] is compatible with the data for the B+ → η$+ν
decays. It should be noted that the theoretical curves
in Fig. 5 have been extrapolated over the full q2 range
based on a parametrization obtained over their q2 ranges
of validity. These extended ranges are only meant to il-
lustrate a possible extension of the present theoretical
calculations.
We extract a value of |Vub| from the B0 → π−$+ν

∆B(q2) distributions using the relation: |Vub| =

√

∆B/(τB0∆ζ), where τB0 = 1.525 ± 0.009 ps [8] is the
B0 lifetime and ∆ζ = Γ/|Vub|2 is the normalized partial
decay rate predicted by the form-factor calculations [2–
4]. The quantities ∆B and ∆ζ are restricted to the q2

ranges of validity given in Table III. The values of ∆ζ
are independent of experimental data. The values of |Vub|
given in Table III range from (3.1− 3.7)× 10−3. A value
of |Vub| could not be obtained from the B+ → η$+ν de-
cays because the required theoretical input ∆ζ is not yet
available.

VII. COMBINED BABAR RESULTS

At first glance, there appears to be a large overlap be-
tween the present analysis of the B0 → π−$+ν data and
that of another recent BABAR measurement [14]. How-
ever, there are significant differences between the two
analyses. Considering the same fit region, we obtain
147529 selected events (signal or background) compared
to 42516 such events in Ref. [14]. This difference can eas-
ily be explained by the fact that we use the full BABAR
data set in the present analysis but this is not so in
Ref. [14]. Furthermore, the use of the loose neutrino
reconstruction technique in this work leads to a larger
background. Only 140 events are found in common be-
tween the two data sets, i.e. 0.3% overlap. The statis-
tical uncertainties are thus expected to be uncorrelated
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My average: |Vub| (excl) = (3.26± 0.33) · 10−3

PDG2010: |Vub| (incl) = (4.27± 0.38) · 10−3

(a similar tension in the incl/
excl determination of |Vcb|)

A disturbed benchmark.

Should we arrest the theorists?

http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E071101&v=ef931fe0
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E071101&v=ef931fe0
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E052011&v=ec094195
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E052011&v=ec094195
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E032007&v=671d2a77
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E032007&v=671d2a77
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Tension between B→τν and sin 2β
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γ and Δm now

8

Δmd & Δms (loop)

γ from 
trees

γγ  (tree)

B mixing: Δmd/Δms (loop)

Currently: γ(direct)       =68º ± 13º, dominant error: statistics
                γ(from side) = 68º ±  4º, dominant error: Lattice QCD
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B±→DK±
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Gronau, Wyler Phys.Lett.B265:172-176,1991, (GLW), Gronau, London Phys.Lett.B253:483-488,1991 (GLW) Atwood, Dunietz and Soni Phys.Rev.Lett. 
78 (1997) 3257-3260 (ADS) Giri, Grossman, Soffer and Zupan Phys.Rev. D68 (2003) 054018  Belle Collaboration Phys.Rev. D70 (2004) 072003

–

9

http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B265,172
http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B265,172
http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B253,483
http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B253,483
http://arxiv.org/abs/hep-ph/9612433
http://arxiv.org/abs/hep-ph/9612433
http://arxiv.org/abs/hep-ph/9612433
http://arxiv.org/abs/hep-ph/9612433
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http://arxiv.org/abs/hep-ph/0303187
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B±→D(2-body)K±

•  

• Counting experiment. All parameters can 
be extracted by simultaneously analysing 
several decay channels (although external 
CLEO-c input on δD helps).

10

f(D)
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ADS
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KK−
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π−B

D
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rBei(δ−γ)

rDeiδD

rBei(δ−γ)

A =
Γ(B− → fDK−)− Γ

�
B+ → fDK+

�

Γ(B− → fDK−) + Γ
�
B+ → fDK+

�

= 2rDrB sin(γ) cos(δB + δD) / R

CP-violating rate asymmetry

where, for GLW, R≡1, rD≡1 and δD≡0. 
R<1 for ADS.

Gronau, Wyler Phys.Lett.B265:172-176,1991, (GLW), 
Gronau, London Phys.Lett.B253:483-488,1991 (GLW) 
Atwood, Dunietz and Soni Phys.Rev.Lett. 78 (1997) 3257-3260 (ADS)

http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B265,172
http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B265,172
http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B253,483
http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B253,483
http://arxiv.org/abs/hep-ph/9612433
http://arxiv.org/abs/hep-ph/9612433
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“GLW” - D decays to CP eigenstate

11
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New BELLE result presented at Lepton-
Photon 2011 (BELLE-CONF-1112)
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ADS with B±→D(Kπ)K± at LHCb

• Significant signal (4σ) for 
suppressed mode in 343/pb.

• Data-driven methods reduce 
systematics:

• production and detection 
asymmetries from data

• PID efficiencies from data

• Use B±→D(Kπ)π± as 
normalisation mode.

12
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ADS with B±→D(Kπ)K± at LHCb
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B±→D(Kπ)K± summary

14
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ADS from B→D*K

• D* goes to either Dπº or Dγ. The two modes are related by a 180º phase shift, 
thus providing additional phase information.

15
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Dalitz analyses to extract γ

D0 → → Ksππ

Intermediate state Amplitude |cj | Phase δj (◦)
K∗(892)+π− 1.656 ± 0.012 137.6 ± 0.6
K∗(892)−π+ (14.9 ± 0.7)× 10−2 325.2 ± 2.2
K∗

0 (1430)+π− 1.96 ± 0.04 357.3 ± 1.5
K∗

0 (1430)−π+ 0.30 ± 0.05 128 ± 8
K∗

2 (1430)+π− 1.32 ± 0.03 313.5 ± 1.8
K∗

2 (1430)−π+ 0.21 ± 0.03 281 ± 9
K∗(1680)+π− 2.56 ± 0.22 70 ± 6
K∗(1680)−π+ 1.02 ± 0.2 103 ± 11
KSρ0 1.0 (fixed) 0 (fixed)
KSω (33.0 ± 1.3)× 10−3 114.3 ± 2.3
KSf0(980) 0.405 ± 0.008 212.9 ± 2.3
KSf0(1370) 0.82 ± 0.10 308 ± 8
KSf2(1270) 1.35 ± 0.06 352 ± 3
KSσ1 1.66 ± 0.11 218 ± 4
KSσ2 0.31 ± 0.05 236 ± 11
non-resonant 6.1 ± 0.3 146 ± 3

16

Most precise gamma measurements 
to date come from 3-body decays.

Similarly, D→KSKK
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Dalitz Plots for γ at Belle&BaBar

9

smaller Q-value involved. The signal purity in the signal
box (±2σ cutoff on mD, where σ stands for the mD reso-
lution) is 97.7% and 99.3%, with about 487000 and 69000
candidates, for D0 → K0

S
π+π− and D0 → K0

S
K+K−.

The Dalitz plot distributions for these events are shown
in Fig. 5, with m2

∓ = m2
K0

S
h∓ and m2

0 = m2
h+h− .
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FIG. 4: (color online). D0 mass distributions after all selec-
tion criteria, for (a) D∗+ → D0π+, D0 → K0

Sπ+π− and (b)
D∗+ → D0π+, D0 → K0

SK+K−. The curves superimposed
represent the result from the mD fit (solid blue lines) and the
linear background contribution (dotted red lines).

FIG. 5: (color online). Dalitz plot distributions for (a) D0 →
K0

Sπ+π− and (b) D0 → K0
SK+K− from D∗+ → D0π+ events

after all selection criteria, in the D0 mass signal signal region.
The contours (solid red lines) represent the kinematical limits
of the D0 → K0

Sπ+π− and D0 → K0
SK+K− decays.

B. Dalitz plot analysis

Three-body charm decays are expected to proceed
through intermediate quasi-two body modes [26] and this
is the observed pattern. We therefore use, as a baseline
model to describe AD(m2

∓, m2
±), an isobar approach con-

sisting of a coherent sum of two-body amplitudes (sub-
script r) and a “non-resonant” (subscript NR) contribu-
tion [27],

AD(m) =
∑

r

are
iφrAr(m) + aNReiφNR , (6)

where we have introduced the notation m ≡ (m2
−, m2

+).
The parameters ar (aNR) and φr (φNR) are the magni-
tude and phase of the amplitude for component r (NR).

The function Ar = FD × Fr × Tr × Wr is a Lorentz-
invariant expression that describes the dynamic prop-
erties of the D0 meson decaying into K0

S
h+h− through

an intermediate resonance r, as a function of position in
the Dalitz plane. Here, FD (Fr) is the Blatt-Weisskopf
centrifugal barrier factor for the D (resonance) decay
vertex [28] with radius R = 1.5 GeV−1h̄c ≡ 0.3 fm,
Tr is the resonance propagator, and Wr describes the
angular distribution in the decay. For Tr we use a
relativistic Breit-Wigner (BW) parameterization with
mass-dependent width [27], except for r = ρ(770)0 and
ρ(1450)0 resonances where we use the Gounaris-Sakurai
functional form [29]. The angular dependence Wr is
described using either Zemach tensors [30, 31] where
transversality is enforced or the helicity formalism [32–
34] when we allow for a longitudinal component in the
resonance propagator (see Ref. [27] for a comprehensive
summary). Mass and width values are taken from [21],
unless otherwise specified.

The complex ππ S-wave dynamics in the D0 →
K0

S
π+π− reaction [35], with the presence of several broad

and overlapping scalar resonances, is more adequately
described through the use of a K-matrix formalism [36]
with the P-vector approximation [37]. This approach of-
fers a direct way of imposing the unitarity constraint of
the scattering matrix, not guaranteed in the case of the
isobar model. The Dalitz plot amplitude AD(m) given
by Eq. (6) is then modified as

AD(m) = F1(s) +
∑

r #=(ππ)L=0

are
iφrAr(m) + aNReiφNR , (7)

where F1(s) is the contribution of ππ S-wave states writ-
ten in terms of the K-matrix formalism,

F1(s) =
∑

j

[I − iK(s)ρ(s)]−1
1j Pj(s). (8)

Here, s = m2
0 is the squared invariant mass of the π+π−

system, I is the identity matrix, K is the matrix describ-
ing the S-wave scattering process, ρ is the phase-space
matrix, and P is the initial production vector (P-vector).
In this framework, the production process can be viewed
as the initial preparation of several states, which are then
propagated by the [I − iK(s)ρ(s)]−1 term into the final
one. The propagator can be described using scattering
data, provided that the two-body system in the final state
is isolated and does not interact with the rest of the fi-
nal state in the production process. The P-vector has
to be determined from the data themselves since it de-
pends on the production mechanism. Only the F1 am-
plitude appears since we are describing the ππ channel.
See Sec. III C for more details.

The decay amplitude AD(m) is then determined from
a maximum likelihood fit to the D0 → K0

S
h+h− Dalitz

plot distribution m in a ±2σ cutoff region of the D0 mass,

Ba
Ba

r: 
ar

Xi
v:

08
04

.2
08

9
D0 → Ksπ

+π−

B− B+

B± → (D0 → Ksπ
+π−)K±

Dflavour 
amplitude

model
+ +

Model required to interpret measured D-Dalitz plot in terms of complex 
amplitudes (magnitudes and phases)

Model dependence introduces uncertainty between 3º–9º. Would 
eventually limit LHCb’s precision.

Combined result (CKM-fitter, EPS 2011*):  γ = 68º ± 13º

BaBar: Phys.Rev.D78:034023,2008, BELLE: arXiv:0803.3375v1 [hep-ex]
CKMfitter: Eur. Phys. J. C41, 1-131 (2005) [hep-ph/0406184], http://ckmfitter.in2p3.fr 
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FIG. 1: ∆E and Mbc distributions for the B+ → DK+ (top)
and B+ → D∗K+ (bottom) event samples. Points with er-
ror bars are the data, and the histogram is the result of a
MC simulation according to the fit result. The ∆E (Mbc)
distributions are shown here with a signal-region selection of
Mbc > 5.27 GeV/c2 (|∆E| < 30 MeV) applied; this fit is
performed on the full region.

fit, we do not reject events based on these variables (as
in the previous analysis [9]), but rather use them in the
likelihood function to better separate signal and back-
ground events. This leads to a 7–8% improvement in the
expected statistical error.

The ∆E and Mbc distributions for B+ → DK+ and
B+ → D∗K+ candidates are shown in Fig. 1. For the se-
lected events a two-dimensional unbinned maximum like-
lihood fit in the variables Mbc and ∆E is performed, with
the fractions of continuum, BB̄ and B± → D(∗)π± back-
grounds as free parameters, and their distributions fixed
from generic MC simulation. The resulting signal and
background density functions are used in the Dalitz plot
fit to obtain the event-by-event signal to background ra-
tio. The number of events in the signal box (Mbc > 5.27
GeV/c2, |∆E| < 30 MeV, | cos θthr| < 0.8, F > −0.7) is
756. The (Mbc, ∆E) fit yields a continuum background
fraction of (17.9 ± 0.7)%, BB background fraction of
(7.3 ± 0.5)%, and a B± → Dπ± background fraction
of (4.3 ± 0.3)% in the signal box.

To select B+ → D∗K+ events, in addition to the re-
quirements described above, we require that the mass
difference ∆M of neutral D∗ and D candidates satis-
fies 140 MeV/c2 < ∆M < 144 MeV/c2. The number of
events in the signal box is 149. The continuum back-
ground fraction is (5.7±0.7)%, the BB background frac-
tion is (7.6 ± 1.9)%, and B± → D∗π± background frac-
tion is (7.0 ± 1.3)%.
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FIG. 2: Dalitz distributions of D0 → K0
Sπ+π− decays from

selected B± → DK± (top) and B± → D∗K± (bottom) can-
didates, shown separately for B− (left) and B+ (right) tags.

The Dalitz distributions of D0 → K0
Sπ+π− decay in

the signal box of B± → DK± and B± → D∗K± pro-
cesses are shown in Fig. 2.

III. DETERMINATION OF THE D0
→ K0

Sπ+π−

DECAY AMPLITUDE

As in our previous analysis [9], the D0 → K0
Sπ+π−

decay amplitude is represented using the isobar model.
The list of resonances is also the same, the only dif-
ference being the free parameters (mass and width) of
the K∗(892)± and ρ(770) states. A modified amplitude,
where the scalar ππ component is described using the
K-matrix approach [18], is used in the estimation of the
systematic error.

The amplitude f for the D0 → K0
Sπ+π− decay is de-

scribed by a coherent sum of N two-body decay ampli-
tudes and one non-resonant decay amplitude,

f(m2
+, m2

−) =
N

∑

j=1

aje
iξjAj(m

2
+, m2

−) + aNReiξNR , (2)

where Aj(m2
+, m2

−) is the matrix element, aj and ξj

are the amplitude and phase of the matrix element,
respectively, of the j-th resonance, and aNR and ξNR

are the amplitude and phase of the non-resonant com-
ponent. The description of the matrix elements fol-
lows Ref. [19]. We use a set of 18 two-body am-
plitudes. These include five Cabibbo-allowed am-
plitudes: K∗(892)+π−, K∗(1410)+π−, K∗

0 (1430)+π−,
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*includes pre-LHCb ADS/GLW constraints, but result is completely dominated by KSππ and KSKK Dalitz plot results)

http://arxiv.org/abs/0804.2089
http://arxiv.org/abs/0804.2089
http://arxiv.org/abs/0804.2089
http://arxiv.org/abs/0804.2089
http://arxiv.org/abs/0804.2089
http://arxiv.org/abs/0804.2089
http://ckmfitter.in2p3.fr
http://ckmfitter.in2p3.fr
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CLEO-c and BES III

• Threshold production of correlated DD.

• Final state must be CP-even with L=1: 
D mesons must have opposite CP.

• Final state is also flavour-neutral.

• That gives us access to both amplitude 
and phase across the Dalitz plot.

3

Charm at Threshold
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CP and flavour tagged Dº
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FIG. 8: CP-even tagged K0
Lπ+π− Dalitz plot (a), and its m2(π+π−) projection (b). CP-odd tagged
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Lπ+π− Dalitz plot (c), and its m2(π+π−) projection (d).

the latter, we estimate the biases and adjust the K(′)
i values using the correction factor:

|AD0→K0
S
π+π−|2/|AD0→K0

S
π+π− + re−iδAD̄0→K0

S
π+π−|2.

Here r = |A(D0 → K+π−)/A(D0 → K−π+)| and δKπ are the ratio of amplitudes of the
DCSD to CF decay and the relative strong phase, respectively. The amplitude ratio squared,
r2 = (3.44 ± 0.01 ± 0.09) × 10−3 and δKπ = (22 ± 16.3)◦ are taken from Ref. [16]. This
correction factor is estimated in each of our eight Dalitz-plot bins using the BaBar D0 →
K0

Sπ+π− Dalitz-plot fit amplitude [4]. The model dependence of this correction is negligible.
Uncertainties on these corrections due to the uncertainty on δKπ are small and are included
in our systematic uncertainties.

The fitting procedure was tested using a simulated C-odd D0D̄0 Monte Carlo sample
where we performed 100 toy K0

Sπ+π− vs. K0
Sπ+π− experiments with ci and si taken from

the BaBar model. The means and widths of the pull distributions of the ci and si parameters

tion of c(′)
i .

15

CLEO-c Phys.Rev.D80:032002,2009
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First model-independent γ measurement (BELLE)
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11

TABLE IV. Numbers of events in Dalitz plot bins for the
B±

→ DK±, D → K0
Sπ

+π− sample with the optimal
binning. Results of the independent 4D fits with variables
(Mbc,∆E, cos θthr,F) fit to data.

Bin i N−

i
N+

i

-8 49.8± 8.2 37.8± 7.5

-7 42.2± 8.6 24.9± 7.2

-6 0.0± 1.9 3.4± 2.9

-5 9.6± 4.5 23.6± 6.2

-4 32.9± 7.5 42.1± 8.3

-3 3.5± 2.8 0.7± 2.5

-2 11.3± 4.1 0.0± 1.3

-1 16.6± 5.4 7.7± 4.4

1 37.6± 8.0 65.1± 9.9

2 68.6± 9.6 75.5± 9.8

3 83.4± 10.1 82.4± 10.2

4 49.3± 9.1 86.5± 11.4

5 34.0± 7.3 38.3± 7.6

6 34.8± 6.8 41.9± 7.5

7 70.8± 10.6 46.4± 9.0

8 9.4± 4.3 14.2± 5.1

Total 574.9 ± 29.9 601.6 ± 30.8
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FIG. 7. Results of the fit of B±
→ DK± control sample.

(a) Numbers of events in bins of D → K0
Sπ

+π− Dalitz plot:
from B−

→ DK− (red), B+
→ DK+ (blue) and flavor sam-

ple (histogram). (b) Difference of the number of events from
B+

→ DK+ and B−
→ DK− decays. (c) Difference of the

number of events from B−
→ DK− and flavor sample (nor-

malized to the total number of B−
→ DK− decays): data

(points with the error bars), and as a result of the (x, y) fit
(horizontal bars). (d) Same for B+

→ DK+ data.
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FIG. 8. One-, two-, and three standard deviations levels for
x, y fit of B±

→ DK± mode.

relations obtained from the combined fit are as follows:

x− = −0.0045± 0.0087± 0.0050± 0.0026,

y− = −0.0231± 0.0107± 0.0050± 0.0065,

corr(x−, y−) = −0.189,

x+ = −0.0172± 0.0089± 0.0060± 0.0026,

y+ = +0.0129± 0.0103± 0.0060± 0.0065,

corr(x+, y+) = −0.205
(14)

for B± → Dπ± control sample and

x− = +0.095± 0.045± 0.014± 0.017,

y− = +0.137+0.053
−0.057 ± 0.019± 0.029,

corr(x−, y−) = −0.315,

x+ = −0.110± 0.043± 0.014± 0.016,

y+ = −0.050+0.052
−0.055 ± 0.011± 0.021,

corr(x+, y+) = +0.059

(15)

for B± → DK± sample. Here the first error is statisti-
cal, the second error is the systematic uncertainty, and
the third error is the uncertainty due to the errors of
ci, si terms. The measured values of (x±, y±) with their
likelihood contours are shown in Fig. 8.

IX. SYSTEMATIC ERRORS

Systematic errors in the x, y fit are obtained for the
default procedure of the combined fit with the optimal
binning. The systematic errors are summarized in Ta-
ble V.
The uncertainty of the signal shape used in the fit in-

cludes the following sources:

13

TABLE V. Systematic errors of x, y measurement for B±
→ Dπ± and B±

→ DK± samples in units of 10−3.

B±
→ Dπ± B±

→ DK±

Source of uncertainty ∆x− ∆y− ∆x+ ∆y+ ∆x− ∆y− ∆x+ ∆y+

Signal shape 0.9 1.9 1.1 5.0 7.3 7.4 7.3 5.1

u, d, s, c continuum background 0.9 1.4 0.8 1.3 6.7 5.6 6.6 3.2

BB background 3.3 1.6 4.5 1.1 7.8 12.2 7.2 6.1

B±
→ Dπ± background − − − − 1.2 4.2 1.9 1.9

Dalitz plot efficiency 3.0 1.9 3.2 1.6 4.8 2.0 5.6 2.1

Cross-feed between bins 0.4 3.0 0.7 0.9 0.4 9.0 0.6 3.0

Flavor-tagged statistics 1.7 2.0 1.6 2.0 1.5 2.7 1.7 1.9

Fit bias 0.4 0.5 0.4 0.5 3.2 5.8 3.2 5.8

ci, si precision 2.6 6.5 2.6 6.5 10.1 22.5 7.2 17.4

Total without ci,si precision 5.0 5.0 6.0 6.0 14.0 19.4 14.0 11.3

Total 5.6 8.2 6.5 8.8 17.3 29.7 15.7 20.7
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FIG. 9. Two-dimensional projections of confidence region
onto (φ3, δB) and (φ3, rB) planes (one-, two-, and three stan-
dard deviations).

The difference with the previous Belle analyses is that
the probability density p(z|µ) is a multivariate Gaussian
PDF with the errors and correlations between x± and y±
taken from the data fit result. In the previous analyses,
this PDF was taken from MC pseudo-experiments.

As a result of this procedure, we obtain the confidence
levels (CL) for the set of physical parameters φ3, rB, δB.
The confidence levels for one and two standard deviations
are taken at 20% and 74% (the case of three-dimensional
Gaussian distribution). The projections of the 3D sur-
faces bounding one and two standard deviations volumes
onto φ3 variable, and (φ3, rB) and (φ3, δB) planes are
shown in Fig. 9.

Systematic errors in µ are obtained by varying the mea-
sured parameters z within their systematic errors (Gaus-
sian distribution is taken) and calculating the RMS of
µbest(z). In this calculation we assume that the system-
atic errors are uncorrelated. In the case of ci, si system-
atics, we test that assumption: when the fluctuation in ci
and si is generated, we perform the fits to both B+ and
B− data with the same fluctuated ci, si. We observe no

significant correlation between resulting x− and x+ (y−
and y+).
The final results are:

φ3 = (77.3+15.1
−14.9 ± 4.2± 4.3)◦

rB = 0.145± 0.030± 0.011± 0.011

δB = (129.9± 15.0± 3.9± 4.7)◦,

(18)

where the first error is statistical, the second is systematic
error without ci, si uncertainty, and the third error is due
to ci, si uncertainty.
We do not calculate the statistical significance of CP

violation as it is done in the previous analyses by tak-
ing the CL for φ3 = 0: this number is purely based on
the behavior of the tails of p(z|µ) distribution far from
the central value, and Gaussian assumption can lead to
overestimation of CP violation significance. As a prelim-
inary number we use the estimate of probability of the
fluctuation in the difference of number of events in bins
for B+ and B− data: the probability of such fluctuation
in the case of CP conservation is p = 0.42%.

XI. CONCLUSION

We report the results of a measurement of the unitarity
triangle angle φ3 using a model-independent Dalitz plot
analysis of D → K0

Sπ
+π− decay in the process B± →

DK±. The measurement was performed with a full data
sample of 711 fb−1 (772 × 106 BB pairs) collected by
the Belle detector at Υ(4S). The model independence
is reached by binning the Dalitz plot of D → K0

Sπ
+π−

decay and using the strong phase coefficients for bins
measured by CLEO experiment [12]. We obtain the value
φ3 = (77.3+15.1

−14.9±4.2±4.3)◦; of the two possible solutions
we choose the one with 0 < φ3 < 180◦. We also obtain
the value of the amplitude ratio rB = 0.145 ± 0.030 ±
0.011± 0.011. These results are preliminary.

φ3: Dalitz plots of D → K 0
Sπ+π− decay from B± → DK±

Belle preliminary

B− → D0K−: B+ → D0K+:

Dalitz plots for signal-enriched region:
(Mbc > 5.27 GeV/c2, |∆E | < 30 MeV, cos θthr < 0.8).
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φ3: Dalitz analysis of D decay from B± → DK±

[A. Giri, Yu. Grossman, A. Soffer, J. Zupan, PRD 68, 054018 (2003)]

[A. Bondar, Belle Dalitz analysis meeting, 24-26 Sep. 2002]

Use B± → DK± modes with 3-body decay D → K 0
Sπ+π−.

Dalitz plot density: dσ±(m2
+,m2

−) ∼ |M±|2dm2
+dm2

−

|M±(m2
+,m2

−)|2 = |fD(m2
+,m2

−) + re iδB±iφ3fD(m2
−,m2

+)|2

=

�������
+ re iδB±iφ3

�������

2

D0 → K 0
Sπ+π− amplitude fD is extracted from continuum (D∗± → Dπ±),

parametrized as a set of two-body amplitudes.

Only |fD |2 is observable ⇒ Model dependence as a result .

Latest Belle result: φ3 = [78
+11
−12 ± 4(syst) ± 9(model)]◦ (605 fb−1)

rB = 0.16 ± 0.04 ± 0.01(syst)+0.05
−0.01(model)

Model error would dominate precise measurements at Super B factories.

Anton Poluektov Recent EW results from Belle Moriond EW, 16 March 2011 11/20

Flavour-tagged 
D→KSππ Dalitz 

plot

where the last uncertainty on γ of 4.3º the 
former model uncertainty of 8.9º

φ3: Binned Dalitz plot analysis

Solution: use binned Dalitz plot and deal with numbers of events in bins.
[A. Giri, Yu. Grossman, A. Soffer, J. Zupan, PRD 68, 054018 (2003)]

[A. Bondar, A. P. EPJ C 47, 347 (2006); EPJ C 55, 51 (2008)]

M±
i = h{Ki +r2

BK−i +2
�

KiK−i (x±ci +y±si )}

x± = rB cos(δB ± φ3) y± = rB sin(δB ± φ3)

M±
i : numbers of events in D → K 0

Sπ+π− bins from B± → DK±

Ki : numbers of events in bins of flavor D0 → K 0
Sπ+π− from D∗ → Dπ.

ci , si contain information about strong phase difference between symmetric
Dalitz plot points (m2

K0
Sπ+ ,m2

K0
Sπ−

) and (m2
K0

Sπ−
,m2

K0
Sπ+):

ci = �cos ∆δD�, si = �sin∆δD�
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BELLE: arXiv:1106.4046. See also Anton Poluektov’s talk at Moriond EW 2011 (from which I lifted several of the plots shown here): 
http://belle.kek.jp/belle/talks/moriondEW11/poluektov.pdf
CLEO-c input:Phys.Rev.D82:112006,2010.

γ

http://arxiv.org/abs/1106.4046
http://arxiv.org/abs/1106.4046
http://belle.kek.jp/belle/talks/moriondEW11/poluektov.pdf
http://belle.kek.jp/belle/talks/moriondEW11/poluektov.pdf
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:1010.2817
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:1010.2817
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Why stop here

• Why stop at 3-body decays?

• 4-body amplitude analyses 
very promising for γ 
measurement at LHCb.

• First step: “quasi two 
body” (coherence factor) 
analysis. See next slide.
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JR and G. Wilkinson
Phys. Lett. B 647 (2007) 400-405

Atwood, Dunietz and Soni (ADS), 
Phys.Rev.Lett. 78 (1997) 3257-3260 

Atwood, Soni: Phys.Rev. D68 (2003) 033003

http://arxiv.org/abs/hep-ph/0611272
http://arxiv.org/abs/hep-ph/0611272
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Coherence Factor Analysis of:

• Treat K3π like two-body decay with single effective strong phase δD.

• New parameter: Coherence factor R < 1. 

• CLEO-c’s coherent ψ(3770)→DD events allow measurement of R, δD.

Atwood, Soni: Phys.Rev. D68 (2003) 033003
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Phys.Rev.D80:031105,2009

http://arxiv.org/abs/hep-ph/0304085
http://arxiv.org/abs/hep-ph/0304085
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:0903.4853
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:0903.4853
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Kπππ and Kππº Coherence Factor
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own, but as a low R helps measure rB, it still has 

significant impact when combined with other modes.
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BaBar’s 
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B− → (K+π−π0)DK−

+cc

B− → (K−π+π0)DK−

+cc

Phys.Rev.D84:012002,2011.
B− → (K−π+π0)DK

− + cc

3
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We present a study of the decays B±
→ DK± with D mesons reconstructed in the K+π−π0 or

K−π+π0 final states, where D indicates a D0 or a D0 meson. Using a sample of 474 million BB
pairs collected with the BABAR detector at the PEP-II asymmetric-energy e+e− collider at SLAC,

we measure the ratios R±
≡

Γ(B±→[K∓π±π0]DK±)
Γ(B±→[K±π∓π0]DK±)

. We obtain R+ =
(

5+12
−10(stat)

+2
−4(syst)

)

× 10−3

and R− =
(

12+12
−10(stat)

+3
−5(syst)

)

×10−3, from which we extract the upper limits at 90% probability:

R+ < 23× 10−3 and R− < 29× 10−3. Using these measurements, we obtain an upper limit for the
ratio rB of the magnitudes of the b → u and b → c amplitudes rB < 0.13 at 90% probability.

PACS numbers: 13.25.Hw, 14.40.Nd

I. INTRODUCTION

CP violation effects are described in the Standard
Model (SM) of elementary particles with a single phase
in the Cabibbo-Kobayashi-Maskawa (CKM) quark mix-
ing matrix Vij [1]. One of the unitarity conditions
for this matrix can be interpreted as a triangle in the
plane of Wolfenstein parameters [2], where one of the
angles is γ = arg{−V ∗

ubVud/V ∗
cbVcd}. Various methods

to determine γ using B+ → DK+ decays have been
proposed [3–5]. In this paper, we consider the decay

∗Now at Temple University, Philadelphia, Pennsylvania 19122,
USA
†Also with Università di Perugia, Dipartimento di Fisica, Perugia,
Italy
‡Now at University of South Alabama, Mobile, Alabama 36688,
USA
§Also with Università di Sassari, Sassari, Italy

channel B+ → DK+ with D → K−π+π0 [6] studied
through the Atwood-Dunietz-Soni (ADS) method [4]. In
this method the final state under consideration can be
reached through b → c and b → u processes as indicated
in Fig. 1 that are followed by either Cabibbo-favored or
Cabibbo suppressed D0 decays. The interplay between
different decay channels leads to a possibility to extract
the angle γ alongside with other parameters for these
decays.

Following the ADS method, we search for B+ →
[K−π+π0]DK+ events, where the favored B+ → D0K+

decay, followed by the doubly- Cabibbo-suppressedD0 →
K−π+π0 decay, interferes with the suppressed B+ →
D0K+ decay, followed by the Cabibbo-favored D0 →
K−π+π0 decay. These are called “opposite-sign” events
because the two kaons in the final state have oppo-
site charges. We also reconstruct a larger sample of
“same-sign” events, which mainly arise from the favored
B+ → D0K+ decays followed by the Cabibbo-favored
D0 → K+π−π0 decays. We define f ≡ K+π−π0 and

8

TABLE II: Results of fits to the B+, B−, and the combined
B+ and B− samples, including the extracted number of signal
and background events and their statistical errors.

Sample B+ B− B+ and B−

R, 10−3 5+12
−10 12+12

−10 9.1+8.2
−7.6

NB±,tot 1032 ± 41 946± 39 1981 ± 57

Nbkg

BB,OS
305± 52 120± 36 402 ± 65

Nbkg

BB,SS
315± 44 329± 44 644 ± 62

Nbkg
cont,OS 10290 ± 111 10017 ± 105 20329 ± 154

Nbkg
cont,SS 3660 ± 69 3539± 68 7203 ± 76

TABLE III: Systematic errors for R± and RADS in units of
10−3.

Source R+ R− RADS

PDF error +1.1
−1.8 1.1 1.0

Same sign peaking background 0.2 0.5 0.2

Opposite sign peaking background +0
−3.6

+0
−3.6

+0
−3.4

Simulation 0.6 0.6 0.7

B errors 0.2 0.6 0.4

Crossfeed contribution 0.1 0.4 0.3

Efficiency ratio 0.1 0.4 0.3

Combined uncertainty +1.2
−4.1

+1.6
−3.9

+1.4
−3.7

cies for same-sign and opposite-sign events were verified
to be the same within a precision of 3% [25]. We hence
assign a systematic uncertainty on R± based on varia-
tions due to changes in the efficiency ratio by ±3%.
The systematic uncertainties for the ratios R+, R−,

and RADS are summarized in Table III. The overall sys-
tematic errors represent the sum in quadrature of the
individual uncertainties.

VI. EXTRACTION OF rB

Following a Bayesian approach [26], the probability
distributions for the R+ and R− ratios obtained in the
fit are translated into a probability distribution for rB
using Eqs. 8 and 9 simultaneously. We assume the fol-
lowing prior probability distributions: for rD a Gaussian
with mean 4.7×10−2 and standard deviation 3×10−3 [9];
for kD and δD, we use the likelihood obtained in Ref. [8],
taking into account a 180 degree difference in the phase
convention for δD; for γ and δB we assume a uniform dis-
tribution between 0 and 360 degrees, while for rB a uni-
form distribution in the range [0, 1] is used. We obtain
the posterior probability distribution shown in Fig. 4.
Since the measurements are not statistically significant,
we integrate over the positive portion of that distribution
and obtain the upper limit rB < 0.13 at 90% probability,

and the range

rB ∈ [0.01, 0.11] at 68% probability, (11)

and 0.078 as the most probable value.
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FIG. 4: Bayesian posterior probability density function for
rB from our measurement of R+ and R− and the hadronic
D decay parameters rD, δD, and kD taken from [8] and [9].
The dark and light shaded zones represent the 68% and 90%
probability regions, respectively.

VII. SUMMARY

We have presented a study of the decays B± → D0K±

and B± → D0K±, in which the D0 andD0 mesons decay
to the K∓π±π0 final state using the ADS method. The
analysis is performed using 474× 106 BB pairs, the full
BABAR dataset. Previous results [7] are improved and
superseded by improved event reconstruction algorithms
and analysis strategies employed on a larger data sample.
The final results are:

R+ =
(

5+12
−10(stat)

+1
−4(syst)

)

× 10−3, (12)

R− =
(

12+12
−10(stat)

+2
−4(syst)

)

× 10−3, (13)

RADS =
(

9.1+8.2
−7.6(stat)

+1.4
−3.7(syst)

)

× 10−3, (14)

from which we obtain 90% probability limits:

R+ < 23× 10−3, (15)

R− < 29× 10−3, (16)

RADS < 21× 10−3. (17)

From our measurements we derive the limit

rB < 0.13 at 90% probability. (18)

7

TABLE I: Composition of the final selected sample as evaluated from the MC samples normalized to data and from data for
the charmless peaking background. The signal contribution is estimated using values of branching fractions from the PDG [9]
and rB = 0.1 [10]. The errors are from the statistics of the control samples only.

Sample Region Signal BB non-peaking Continuum Dπ Charmless peaking

Same sign Fit 2252 ± 20 459± 12 7403 ± 62 176± 14 28± 14

Signal 1921 ± 18 147 ± 8 203 ± 10 130± 14 21± 14

Opposite sign Fit 28.7 ± 0.2 434± 12 21201 ± 104 - −2± 9

Signal 24.4 ± 0.2 65± 5 612 ± 18 - −2± 9
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FIG. 2: (color online) Distribution of (a,b) mES (with F > 0.5) and (c,d) F (with mES > 5.27 GeV/c2) and the results of
the maximum likelihood fits for the combined B+ and B− samples (extracting RADS), for (a,c) opposite-sign and (b,d) same-
sign decays. The data are well described by the overall fit result (solid blue line) which is the sum of the signal, continuum,
non-peaking, and peaking BB backgrounds.
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FIG. 3: (color online) Projections of the 2D likelihood for mES with the additional requirement F > 0.5, obtained from the fit
to the B+ (left) and B− (right) data sample for opposite-sign events (extracting R+ and R−). The labeling of the curves is
the same as in Fig. 2.

To evaluate the uncertainties arising from peaking
background contributions, we repeat the fit varying the
the peaking BB background contribution within its sta-
tistical uncertainties and the errors of branching frac-
tions, B, used to estimate the contribution. For the
opposite-sign events only the positive part of the proba-
bility distribution is used in the evaluation.

Differences between data and MC (labeled as “Simu-
lation” in Table III) in the shape of the F distribution
are studied for signal components using the data control
samples of B+ → Dπ+ with D → K+π−π0. These pa-

rameters are expected to be slightly different between the
B → Dπ and B → DK samples. We conservatively take
the systematic uncertainty as the difference in the fit re-
sults from the nominal parameters set (using MC events)
and the parameters set obtained using the B → Dπ data
sample.

The systematic uncertainty attributed to the cross-
feed between opposite-sign and same-sign events has been
evaluated from the MC samples. The number of same-
sign events passing the selection of the opposite-sign
events is taken as a systematic uncertainty. The efficien-

~20 events ~2000 events

8

TABLE II: Results of fits to the B+, B−, and the combined
B+ and B− samples, including the extracted number of signal
and background events and their statistical errors.

Sample B+ B− B+ and B−

R, 10−3 5+12
−10 12+12

−10 9.1+8.2
−7.6

NB±,tot 1032 ± 41 946± 39 1981 ± 57

Nbkg

BB,OS
305± 52 120± 36 402 ± 65

Nbkg

BB,SS
315± 44 329± 44 644 ± 62

Nbkg
cont,OS 10290 ± 111 10017 ± 105 20329 ± 154

Nbkg
cont,SS 3660 ± 69 3539± 68 7203 ± 76

TABLE III: Systematic errors for R± and RADS in units of
10−3.

Source R+ R− RADS

PDF error +1.1
−1.8 1.1 1.0

Same sign peaking background 0.2 0.5 0.2

Opposite sign peaking background +0
−3.6

+0
−3.6

+0
−3.4

Simulation 0.6 0.6 0.7

B errors 0.2 0.6 0.4

Crossfeed contribution 0.1 0.4 0.3

Efficiency ratio 0.1 0.4 0.3

Combined uncertainty +1.2
−4.1

+1.6
−3.9

+1.4
−3.7

cies for same-sign and opposite-sign events were verified
to be the same within a precision of 3% [25]. We hence
assign a systematic uncertainty on R± based on varia-
tions due to changes in the efficiency ratio by ±3%.
The systematic uncertainties for the ratios R+, R−,

and RADS are summarized in Table III. The overall sys-
tematic errors represent the sum in quadrature of the
individual uncertainties.

VI. EXTRACTION OF rB

Following a Bayesian approach [26], the probability
distributions for the R+ and R− ratios obtained in the
fit are translated into a probability distribution for rB
using Eqs. 8 and 9 simultaneously. We assume the fol-
lowing prior probability distributions: for rD a Gaussian
with mean 4.7×10−2 and standard deviation 3×10−3 [9];
for kD and δD, we use the likelihood obtained in Ref. [8],
taking into account a 180 degree difference in the phase
convention for δD; for γ and δB we assume a uniform dis-
tribution between 0 and 360 degrees, while for rB a uni-
form distribution in the range [0, 1] is used. We obtain
the posterior probability distribution shown in Fig. 4.
Since the measurements are not statistically significant,
we integrate over the positive portion of that distribution
and obtain the upper limit rB < 0.13 at 90% probability,

and the range

rB ∈ [0.01, 0.11] at 68% probability, (11)

and 0.078 as the most probable value.
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FIG. 4: Bayesian posterior probability density function for
rB from our measurement of R+ and R− and the hadronic
D decay parameters rD, δD, and kD taken from [8] and [9].
The dark and light shaded zones represent the 68% and 90%
probability regions, respectively.

VII. SUMMARY

We have presented a study of the decays B± → D0K±

and B± → D0K±, in which the D0 andD0 mesons decay
to the K∓π±π0 final state using the ADS method. The
analysis is performed using 474× 106 BB pairs, the full
BABAR dataset. Previous results [7] are improved and
superseded by improved event reconstruction algorithms
and analysis strategies employed on a larger data sample.
The final results are:

R+ =
(

5+12
−10(stat)

+1
−4(syst)

)

× 10−3, (12)

R− =
(

12+12
−10(stat)

+2
−4(syst)

)

× 10−3, (13)

RADS =
(

9.1+8.2
−7.6(stat)

+1.4
−3.7(syst)

)

× 10−3, (14)

from which we obtain 90% probability limits:

R+ < 23× 10−3, (15)

R− < 29× 10−3, (16)

RADS < 21× 10−3. (17)

From our measurements we derive the limit

rB < 0.13 at 90% probability. (18)

at 90% CL

First to use CLEO-c’s coherence factor measurement.

http://www.slac.stanford.edu/spires/find/hep/www?eprint=arXiv:1104.4472
http://www.slac.stanford.edu/spires/find/hep/www?eprint=arXiv:1104.4472


Jonas Rademacker (Bristol)                                                    IPPP Workshop on 4th generation                                                         SM benchmarks

CKM-fitter & UTFit results
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Now (roughly) agree on uncertainty, but - given they use the 
same input - the central values are surprisingly different.

EPS 2011, does not yet include new LHCb constraints
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Time-dependent Bs→DsK at LHCb

• Clean, tree-only γ: Bs→DsK, B→D(*)π, but 
much larger interference with former.

• Ingredient 1: Identify Bs→DsK signal (RICH 
particle ID crucial)
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• Ingredient 2: Time-dependent 
asymmetries - demonstrated 
in flavour specific Bs→Dsπ. 

• See talk by Rick van Kooten

• Requires time-dependent, flavour tagged, angular analysis 

• The measurement of the Δms with Bs→Dsπ has served as a proving 
ground: known (mixing) amplitude,  (by now) known frequency

CP violation & BsBs Mixing Phase
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Amix(Bs→Dsπ)

Δms = 17.725 ± 0.041 ± 0.025 ps-1

φs = −2βs ≡ −2 arg

�
− VtsV ∗

tb

VcsV ∗
cb

�
SM

J/ψϕ

21

(most precise Δms measurement 
today, result compatible with CDF)
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B→hh’ α/γ

28

−2β

ππ

tree: –γ
penguin: δpeng

penguin: δ’peng

tree: +γ

B

B

• B→ππ, B→ρρ, Bs→KK proceed (at tree 
level) via b→u transitions and are thus 
sensitive to γ.

• Penguin contributions complicate 
things. Can by disentangled using U-
spin (B→ππ, Bs→KK at LHCb in future) 
or isospin (B-factories) to extract tree-
level γ. 

• Without subtracting 2β, B→ππ, B→ρρ 
measure α.

α dominated by B-factories’ B→ρρ
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Bs→KK lifetime

• Measures (approximately) the CP-even Bs 
lifetime and is thus sensitive to ΔΓ. 1st step 
to time-dependent B→hh γ measurement.

• LHCb use MC-independent correction for 
trigger bias (hadronic trigger is based on 
selecting long-lived decays).

• Results: 
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Figure 4: Left: Fit to the invariant mass spectrum for B0→ K+π− and B0
s→ π+K− . Right:

Total fit for the lifetime. The fits take into account the B0→ K+π− (in green) and B0
s→ π+K−

(in blue) signal classes.

4.2 Results of Fit for the Lifetime of B0
s→ K+K−

The B0
s→ K+K−

mass spectrum is fitted in the range of 5272− 5800 MeV/c2
to exclude

partially reconstructed three body background and contamination of B0
decays below

the mass peak. The fitted mass distribution is shown in Figure 5. The central value

is compatible with the PDG value (5366.3 MeV/c2
). The width of the mass peak is

compatible with the mass resolution measured in other decays in LHCb.
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Figure 5: Left: Fit to the invariant mass spectrum for B0
s → K+K− . Right: Fit for the

lifetime.

The result of the fit for the lifetime is

τB0
s

= 1.440± 0.096 (stat) ps. (5)
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decays below

the mass peak. The fitted mass distribution is shown in Figure 5. The central value

is compatible with the PDG value (5366.3 MeV/c2
). The width of the mass peak is

compatible with the mass resolution measured in other decays in LHCb.
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τCDF
BS→KK = (1.53± 0.18± 0.02) ps

τSM
BS→KK = (1.390± 0.032) ps
Robert Fleischer, Robert Knegjens Eur.Phys.J.C71:1532,2011

Nucl.Instrum.Meth.A570:525-528,2007; Phys.Rev.D83:032008,2011; LHCb-PUB-2009-022

CDF Note 06-01-26

τLHCb

BS→KK
= (1.44± 0.10± 0.01) ps

LHCb-CONF-2011-018

τHFAG

BS−flavour = (1.48± 0.02) ps
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http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Fleischer%2C%20Robert%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Fleischer%2C%20Robert%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Knegjens%2C%20Robert%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Knegjens%2C%20Robert%22
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:1011.1096
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:1011.1096
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=hep-ex/0502042
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=hep-ex/0502042
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:1004.4855
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:1004.4855
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Direct CPV in B(s)→Kπ at LHCb
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Dalitz Analyses of B decays for CPV in trees

• Bº→Kππº to extract a tree-only constraints on 
γ using isospin. Measured at BaBar. Limited 
sensitivity due to smallness of the tree 
amplitude. Authors suggest a similar analysis in 
Bs decays could lead to better constraints.

• “Double-Dalitz analysis” of Bd→DKπ, D→KSππ 
allows a clean extraction of γ w/o external 
input.

• Measuring β w/o a penguin contribution is 
possible with time-dependent analyses of Bº → 
Dπº or Bº → Dπ+π– decays

31

Theory: M. Ciuchini, M. Pierini, and L. Silvestrini, Phys. Rev. D 74, 051301(R) (2006)

Bº→Kππº

Poluektov & Gershon, Phys.Rev. D81 (2010) 014025

Latham & Gershon, J.Phys.G G36 (2009) 025006
 J. Charles, A. Le Yaouanc, L. Oliver, O. Pene, and J. C. Raynal, Phys. Lett. B425, 375 (1998)
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Exp: BaBar: PhysRevD.83.112010
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FIG. 1: Generated Dalitz plots for (a) B0
→ D0K+π− and (b) B0

→ D0K+π− decays using amplitude model C.
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FIG. 2: (a) Binning of B0
→ DK+π− Dalitz plot and (b) values of κi, σi parameters for optimal binning (crosses are calculated

values, scattered points are the values obtained from the fit to toy MC samples).
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MC

D→KSππ

http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E112010&v=7d74520a
http://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E83%252E112010&v=7d74520a
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Summary & Outlook

• B-factories / Tevatron continue to publish plenty of beautiful flavour 
physics results with final / close-to-final data sets.

• The coming flavour-physics years will be LHCb’s. With ca 1/3 of the 2011 
dataset, LHCb is already competitive and in many channels provides the 
most precise results.

• With 2011 data LHCb will be in a position to measure tree-level γ from 
B→DK decays to about 5º to 10º - that’s of course just the beginning. 
CLEO-c and BES-III input will play an important role in high-precision γ 
measurements - principle proven by BaBar (coherence factor) and BELLE 
(Dalitz analysis).

• Improvements on |Vub| rely mainly on improvements in theory/LQCD - 
except B→τν, where a future flavour factory could have significant impact.

32
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Evidence against 4th generation
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SM benchmarks
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implies a precision of 
a few degrees after 

5/fb at 14TeV

→How precisely do you need to know γ? 

→Any ideas for other cans of worms to be thrown at Vub by LHCb?
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• CLEO-c’s input is concerned with δD, the 
phase difference between

A(Dº→KSπ+π–) and A(Dº→KSπ+π–)

at each point on the Dalitz plot.

• Measure the cosine and sine of this phase 
difference, averaged over bins:

ci = 〈cos(δD)〉i, si = 〈sin(δD)〉i

• This input allows model-independent γ 
measurement.

_

*bin width uniform in δD based on 
BaBar model PRL 95 (2005) 121802

CLEO-c’s input to γ

Giri, Grossmann, Soffer, Zupan, Phys Rev D 68, 054018 (2003).
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• γ sensitivity improves if δD is as 
constant as possible over each bin[1]. 
Other considerations for optimal 
binning include event numbers per bin, 
robustness against migration etc.

• Results for several options based on 
BaBar and BELLE amplitude models 
were obtained.

• Choice of model will not bias result - 
instead a bad model reduces the 
statistical precision of the result, so 
you might get blind, but not biased.

Equal-δ binning based on 
BaBar model*

Optimal binning

[1] Bondar, Poluektov hep-ph/0703267v1 (2007)
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FIG. 1: Equal ∆δD binning of the D0 →K0
Sπ

+π− Dalitz plot with N = 8 based on the model from
Ref. [12]. The color scale represents the absolute value of the bin number, |i|.

M±
i , in a CP -tagged K0

Sh
+h−

Dalitz plot, and the number of events, Ki, in a flavor-tagged

K0
Sh

+h−
Dalitz plot.

Important additional information can be gained through analysis of D0 →K0
Sh

+h− vs.

D
0 →K0

Sh
+h−

data. The amplitude for ψ(3770) decaying to a double K0
Sh

+h−
final state

is as follows:
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The primed and unprimed Dalitz-plot coordinates correspond to the Dalitz-plot variables of

the two �D0 →K0
Sh

+h−
decays. Defining Mij as the event rate in the ith bin of the first and

the jth bin of the second �D →K0
Sh

+h−
Dalitz plots, respectively, we have:

Mij = hcorr(KiK−j +K−iKj − 2

�
KiK−jK−iKj(cicj + sisj)). (10)

Here, hcorr = NDD/2S
2
f = NDD/8B2

f , where NDD is the number of DD pairs, and as before

Sf is the number of flavor-tagged signal decays. Thus analysis of both D0 →K0
Sh

+h− vs.
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http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:1010.2817
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|Vub|

• In 2011, BaBar and BELLE published new |Vub|-
exclusive measurements:

• Compare incl/exclusive determination:

• A similar tension exists in the incl vs excl 
determination of |Vcb|

40

BaBar: |Vub| =
�
3.09± 0.08± 0.12+0.35

−0.29

�
· 10−3

BELLE: |Vub| = (3.43± 0.33) · 10−3

PhysRevD.83.071101 (2011)

PhysRevD.83.052011 (2011) PhysRevD.83.032007 (2011)
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FIG. 5: (color online) Partial ∆B(q2) spectrum in 12 bins of
q2 for B0 → π−"+ν decays. The data points are placed in the
middle of each bin whose width is defined in Table VIII.The
smaller error bars are statistical only while the larger ones
also include systematic uncertainties. The solid green and
black curves show the result of the fit to the data of the
BK [17] and BGL [28] parametrizations, respectively. The
data are also compared to unquenched LQCD calculations
(HPQCD [2], FNAL [3]) and a LCSR calculation [4].
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FIG. 6: (color online) Partial ∆B(q2) spectrum in 3 bins of
q2 for B+ → η"+ν decays. The data points are placed in
the middle of each bin whose width is defined in Table IX.
The smaller error bars are statistical only while the larger
ones also include systematic uncertainties. The data are also
compared to a LCSR calculation [5].

(8.5± 0.3stat ± 0.2syst)× 10−4 from the fit extrapolated
to q2 = 0. This value can be used to predict rates of
other decays such as B → ππ [29]. For completeness, we
also show the fit to the BK parametrization [17], which
gives αBK = 0.52± 0.04, with P (χ2) = 28.6%.
The q2 distribution extracted from our data is com-

pared in Fig. 5 to the shape of the form factors obtained
from the three theoretical calculations listed in Table III:
the one based on Light Cone Sum Rules [4] for q2 < 12
GeV2, and the two based on unquenched LQCD [2, 3] for
q2 > 16 GeV2. We first normalize the form-factor predic-
tions to the experimental data by requiring the integrals
of both to be the same over the q2 ranges of validity given
in Table III for each theoretical prediction. Considering
only experimental uncertainties, we then calculate the χ2

probabilities relative to the binned data result for various
theoretical predictions. These are given in Table III for
the B0 → π−$+ν decays. All three calculations are com-
patible with the data. As shown in Fig. 6, a LCSR calcu-
lation [5] is compatible with the data for the B+ → η$+ν
decays. It should be noted that the theoretical curves
in Fig. 5 have been extrapolated over the full q2 range
based on a parametrization obtained over their q2 ranges
of validity. These extended ranges are only meant to il-
lustrate a possible extension of the present theoretical
calculations.
We extract a value of |Vub| from the B0 → π−$+ν

∆B(q2) distributions using the relation: |Vub| =

√

∆B/(τB0∆ζ), where τB0 = 1.525 ± 0.009 ps [8] is the
B0 lifetime and ∆ζ = Γ/|Vub|2 is the normalized partial
decay rate predicted by the form-factor calculations [2–
4]. The quantities ∆B and ∆ζ are restricted to the q2

ranges of validity given in Table III. The values of ∆ζ
are independent of experimental data. The values of |Vub|
given in Table III range from (3.1− 3.7)× 10−3. A value
of |Vub| could not be obtained from the B+ → η$+ν de-
cays because the required theoretical input ∆ζ is not yet
available.

VII. COMBINED BABAR RESULTS

At first glance, there appears to be a large overlap be-
tween the present analysis of the B0 → π−$+ν data and
that of another recent BABAR measurement [14]. How-
ever, there are significant differences between the two
analyses. Considering the same fit region, we obtain
147529 selected events (signal or background) compared
to 42516 such events in Ref. [14]. This difference can eas-
ily be explained by the fact that we use the full BABAR
data set in the present analysis but this is not so in
Ref. [14]. Furthermore, the use of the loose neutrino
reconstruction technique in this work leads to a larger
background. Only 140 events are found in common be-
tween the two data sets, i.e. 0.3% overlap. The statis-
tical uncertainties are thus expected to be uncorrelated
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My average: |Vub| (excl) = (3.26± 0.33) · 10−3

PDG2010: |Vub| (incl) = (4.27± 0.38) · 10−3
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B±→D(2-body)K±

• Measure:

• Counting experiment. All parameters can 
be extracted by simultaneously analysing 
several decay channels (although external 
CLEO-c input on δD helps).
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ratio suppressed/favoured (only ADS):

CP-violating rate asymmetry

where, for GLW, R≡1, rD≡1 and δD≡0.

Gronau, Wyler Phys.Lett.B265:172-176,1991, (GLW), 
Gronau, London Phys.Lett.B253:483-488,1991 (GLW) 
Atwood, Dunietz and Soni Phys.Rev.Lett. 78 (1997) 3257-3260 (ADS)

B– K– !+ K–

DK–

DK–
_

“anti-ADS”

http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B265,172
http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B265,172
http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B253,483
http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B253,483
http://arxiv.org/abs/hep-ph/9612433
http://arxiv.org/abs/hep-ph/9612433
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B±→D(Kπ)K± summary
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huge CP-violation asymmetry of ~50%
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ADS from B→D*K

• D* goes to either Dπº or Dγ. The two modes are related by a 180º phase shift, 
thus providing additional phase information.
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Phase-relation helps resolve 
ambiguities. Current results 
indicate negative
   cos(δB*+δD)cosγ 
and positive 
  sin(δB*+δD)cosγ

New results at Lepton Photon. BELLE-CONF-1112
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Loops vs Trees

• The co-incidence (?) that α≈90º gives two pairs of nearly de-coupled tree vs 
loop measurements. (Of course tree-level benchmarks are also important for 
many other New-Physics sensitive channels.)
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β (loop)

Vub (tree)

γ  (tree)

B mixing: Δmd/Δms (loop)β (loop)

Vub (tree) α


