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The CKM matrix

Precise determinations of the CKM elements necessary to probe the
quark mixing mechanism of the Standard Model.

Important ingredients in the theoretical predictions of several observables
in the flavor sector.

Vub → Source of CP violation within the SM
→ Less precisely known.

[PDG]
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Measurements of |Vub|

The transition b→ ulν̄ provides two avenues for determining |Vub| -

Experimental and theoretical techniques for these two approaches different
and largely independent → Important cross checks of our understanding.

Mutual disagreement between exclusive and inclusive measurements.

|Vub|exc= (3.70± 0.16)× 10−3, |Vub|inc= (4.25± 0.12+0.15
−0.14)× 10−3, (1)

differ by ≥ 2.2 σ [PDG, 2020].
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|Vub| from inclusive decays

The theoretical description of inclusive B̄ → Xulν̄ decays based on the
Heavy Quark Expansion (an expansion in ΛQCD/mb).

Total decay rate hard to measure due to the large background from
B̄ → Xclν̄ transitions → experimental cuts are necessary.

In regions of phase space where B̄ → Xclν̄ decays are suppressed, can’t
use HQE → introduce non-perturbative distribution functions(SF).

Different approaches to model the shape function → extracted values of
|Vub| model dependent.

Recent analysis of the inclusive spectra with hadronic-tagging by Belle
[arXiv:2102.00020] -

|Vub|inc= (4.10± 0.09± 0.22± 0.15)× 10−3 . (2)
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|Vub| from exclusive decays

Exclusive determinations require knowledge of the form factors.

〈π(pπ)|Vµ|B(pB)〉 = f+(q2)
[
pµB + pµπ −
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π

q2 qµ
]
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2
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f+(q2 = 0) = f0(q2 = 0) → cancel the divergence at q2 = 0.
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Model-independent parametrization based on general properties of
analyticity, unitarity, and crossing symmetry.
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Form factor parametrization

For B̄ → πlν̄l decays, m2
l ≤ q2 ≤ (mB −mπ)2.

The z expansion → maps the kinematically allowed region within a disc of
radius |z| < 1.

z(q2) =
√
t+ − q2 −

√
t+ − t0√

t+ − q2 +
√
t+ − t0

, t+ = (mB +mπ)2 (5)

Choosing t0 = (MB + Mπ) (
√
MB −

√
Mπ)2 restricts z to |z| < 0.28

−→ rapid convergence of the expansion.

BSZ parametrization -

fi(q2) = 1
1− q2/m2

R,i

N∑
k=0

aik [z(q2)− z(0)]k (6)

Kinematic constraint → a0
0 = a+

0
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Form factor parametrization

BCL parametrization -

f+(z) = 1
1− q2/m2

B∗

Nz−1∑
n=0

b+
n [zn − (−1)n−Nz

n

Nz
zNz ] , (7)

f0(z) =
Nz−1∑
n=0

b0
nz
n . (8)

Σ(b0/+, Nz) ≡
Nz∑

m,n=0
Bmn b

0/+
m b0/+

n ≤ 1 , (9)

where the element Bmn satisfies Bmn = Bnm = B0|m−n|

Kinematic constraint → replace one FF parameter in terms of the others.

b0
3 = 45.70(b+

0 − b0
0)− 12.78b0

1 − 3.58b0
2 + 12.85b+

1 + 3.44b+
2 + 1.21b+

3 (10)
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Inputs for the extraction of |Vub|

B̄ → πlν̄l → the most promising decay mode for both experiment and
theory.

Four most precise measurements by BABAR and Belle -
BABAR untagged B0 + B+ (6 q2 bins) [arXiv:1005.3288v2] → BaBar(11)
BABAR untagged B0 + B+ (12 q2 bins) [arXiv:1201.1253] → BaBar(12)
Belle untagged B0 [arXiv:1012.0090] → Belle(11)
Belle hadronic tagged B0 and B+ [arXiv:1306.2781] → Belle(13)

Non-perturbative methods for the calculation of form factors:

Lattice QCD (LQCD)
High q2.
(RBC-UKQCD/Fermilab-MILC)

Light-cone sum rules (LCSR)
Low q2.
(arXiv: 1811.00983)
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Methodology by HFLAV

HFLAV

Determine the average partial branching fraction in each q2 bin, p-value ∼ 6%

Extract Vub using above+ Lattice+LCSR(q2=0), p-value ∼ 47%

Observation : The analysis-method in BaBar(11) considerably different
from that of BaBar(12) and Belle. BaBar 2012 significantly better than
BaBar 2011.
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Observation

A closer look at the data shows that BaBar(11) untagged analysis of the
B0,+ modes have much lower statistics/yield (almost half) than the one
published in the next year: BaBar(12).

In 2011, the event selection has been optimized over the signal-enhanced
region instead of the entire fit region, as was done in 2012.

The analysis in 2011 uses only a subset of the full BaBar data-set.

MILC also pointed out that BaBar (2011) is at odds with the rest.
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Comparison of the average q2 spectrum.

Likelihood Average (HFLAV) ∼ 6%, Average (This work) ∼ 1%,
Average (Dropping BaBar(11) ∼ 24.8%.
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Results with the new Lattice + LCSR inputs

22 data points (9 from LCSR, 13 from Lattice (3 for each of f+,0 from UKQCD,
4 for f+ and 3 for f0 from MILC )
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Form-factors extracted only from the LCSR and lattice
inputs

BSZ
χ2

min/DOF p-value(%) Parameters Values
4.48/15 99.6 a+

0 0.213(22)
a+

1 -0.65(14)
a+

2 0.263(425)
a+

3 0.67(31)
a0

1 0.41(17)
a0

2 1.46(51)
a0

3 1.78(49)
BCL

χ2
min/DOF p-value(%) Parameters Values
12.88/15 61 b+

0 0.396(13)
b+

1 -0.707(70)
b+

2 -0.36(18)
b+

3 0.77(32)
b0

0 0.521(17)
b0

1 -1.756(78)
b0

2 1.15(16)
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Binned differential branching fraction plots

(a) (b)

(c)
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Different scenarios

Fit 1 : B0 decays from Belle (2011) and Belle (2013); B− decays from
Belle (2013); the combined modes from BaBar (2011) and BaBar (2012).

Fit 1A: Experimental data (Fit 1) + synthetic Lattice data points,
Fit 1B: Experimental data (Fit 1) + synthetic Lattice data points +
LCSR.

Fit 2 : B0 decays from Belle (2011), BaBar (2012), and Belle (2013); B−
decays from BaBar (2012) and Belle (2013).

Fit 2A: Experimental data (Fit 2) + synthetic Lattice data points,
Fit 2B: Experimental data (Fit 2) + synthetic Lattice data points +
LCSR.

Fit 3 : The combined modes from BaBar (2011) along with the Fit 2
dataset.

Fit 3A: Experimental data (Fit 3) + synthetic Lattice data points,
Fit 3B: Experimental data (Fit 3) + synthetic Lattice data points +
LCSR.
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Different scenarios
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Observables with pull > 2 σ

pulli = O
exp
i −Ofit

i

σexp
i

. (11)
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Comparison of |Vub| results
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Deviations of theoretical predictions from data

devi = Oexp
i −OSM

i√
(σexp

i )2 + (σSM
i )2

, (12)
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Comparison of |Vub|exc. obtained in this work

Fit 2B-I: Input used in Fit 2B without the data on
B(B0 → π−)[18,20](Belle2011).
Fit 3B-I: Input used in Fit 3B without the data on
B(B0 → π−)[20,26.4](BaBar2011).
Fit 3B-II: Input used in Fit 3B without the data on
B(B0 → π−)[18,20](Belle2011) and B(B0 → π−)[20,26.4](BaBar2011).
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Conclusions

We have extracted |Vub| analyzing all the available inputs on the exclusive
B → πlν decays. This includes the data on the partial decay rates, inputs
from lattice, and those from LCSR.

We have identified BaBar(11) data (at least a part of it) as a probable
source of bad quality fit. The fit scenarios (Fit 2A and 2B) without that
data-set has an appreciable fit-probability.

We found a very small number of data-points that compromise the
fit-quality, and at the same time, influence the extraction of |Vub|.

From the full dataset after dropping B(B0 → π−)[18,20] (Belle(11)) and
B(B0 → π−)[20,26.4] (BaBar(11)), the extracted |Vub|= (3.94(14))× 10−3.
→ Consistent with the recent one extracted from inclusive B → Xu`ν`
decay by Belle within 1 σ.
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