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|Vip|-| Vep| Puzzle

Long standing tension between inclusive and exclusive determinations of the CKM

matrix elements | Vyp| and | Vo]
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Measurement of partial branching
fractions of inclusive B — X, (v

PRD 104, 012008 (2021), arXiv:2102.00020



Analysis Strategy

Use full Belle data set of 711/fb Tag Side

Hadronic tagging with neural /#f -
networks (ca. 0.2-0.3% efficiency)

Use machine learning (BDTs) to Tdentified
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Signal Enhancement

Before BDT selection
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Signal Enhancement

After BDT selection

Hadronic Mass My = 4 /p;

Four-momentum transfer _
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|Van| Extraction

Fit kinematic distributions and measure partial BF 3 phase-space regions

Phase-space region
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|Van| Extraction

Fit kinematic distributions and measure partial BF 3 phase-space regions

Phase-space region

AB(B = X, (")

Vil = Mx < 1.7GeV
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Measurement of differential
branching fractions of inclusive
B — X,lv decays

Phys. Rev. Lett. 127, 261801 (2021), arXiv:2107.13855



Differential branching fractions of inclusive B — X,

Measurement of 6 kinematic variables characterizing B — X,£7, in Ef;" > 1 GeV region of PS
Selection and reconstruction analogous to partial BF measurement

Apply additional selections to improve resolution and background shape uncertainties
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Unfolding

by L. Cao
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Differential Spectra
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1 - Full experimental correlation available

Allows for model independent extraction of | V|, e.g.:

" /% P.Gambino, K. Healey, G. Mongino,
Phys. Rev. D34, 014031 (2016),

NNVub [arXiv:1604.07598]

F. Bernlochner, H. Lacker, Z. Ligeti, |

Stewart, F. Tackmann, K. Tackmann

Phys. Rev. Lett. 127, 102001 (2021)
[arkiv:2007.04320]
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B — X.lv g> Moments

PRD 104, 112011 (2021), arXiv:2109.01685
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Measurement of the B — X_/v g> Moments

Key-technique: hadronic tagging

= 5Dl
. 8-D'v
[==:-ET T
= Gap
B Other Background
=1 Continuum
. NC Uncertainty
t Data

Tag Side

Can identify Xc
constituents

_— >

2

Events / (1.25 GeV?)

q

=15
R“’"""""“”HHH
& Zos
e 5 10 15 20 25 30

q% (GeV?)

Tracks EM-Cluster

X D*" D** Dy
S B"B

& bdund

00 05 10 15 20 25 30 35

Mx (GeV)

13



Measurement of the B — X./v q> Momen
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Measured B — X_./v Moments
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Extraction of | V| from

measured moments is presented by Max Welsch. -



Differential Measurement of
B — D*(v Decays

Teaser for an upcoming result
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Differential Decay Rate of B — D*(v,
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Event Selection & Reconstructio of Kinematic Quantities (Preliminary)

e We reconstruct the signal side in 4 distinct decay modes:
e B° - D**¢/~w, with D** — D%z and D** — D*x0
e B~ — D%, with D** — DOr°
e Each for e and pu separately
e BT mode adds ~ 2 the statistics of the B% mode.
e Neutral slow pions have a large fake rate, but probe the phase space w — 1.

Belle  B9-D"*fv and D"+ -Dn* Belle  B°-D'*1vand D" =D n® Belle B ~Dfv and D+p°n"
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Background Subtraction

(Preliminary)

- Background subtraction using model-independent variable:
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Unfolding and Acceptance Correction (Preliminary)
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(Preliminary)
b| w/ external input
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Summary & Conclusion

Belle is still actively pursing the |Vyp| — |Vep| puzzle

- Partial and inclusive branching fractions of B — X, fv decays

- g% moments of inclusive B — X.fv decays

- Coming soon: Differential branching fraction of B — D*{v decays
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