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|Vub|-|Vcb| Puzzle

Long standing tension between inclusive and exclusive determinations of the CKM

matrix elements |Vub| and |Vcb|.

Experimental difference:

- Reconstructing the hadronic system Xq

- Distinct systematics
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Measurement of partial branching

fractions of inclusive B → Xu`ν

PRD 104, 012008 (2021), arXiv:2102.00020
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Analysis Strategy
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Signal Enhancement
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Signal Enhancement
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|Vub| Extraction
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|Vub| Extraction
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Measurement of differential

branching fractions of inclusive

B → Xu`ν decays

Phys. Rev. Lett. 127, 261801 (2021), arXiv:2107.13855
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Differential branching fractions of inclusive B → Xu`ν
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Unfolding
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Differential Spectra

- Full experimental correlation available

- Allows for model independent extraction of |Vub|, e.g.:
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B → Xc`ν q2 Moments

PRD 104, 112011 (2021), arXiv:2109.01685
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Measurement of the B → Xc`ν q2 Moments
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Measurement of the B → Xc`ν q2 Moments
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Measured B → Xc`ν Moments 〈q2〉 to 〈q8〉

Extraction of |Vcb| from measured moments is presented by Max Welsch.
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Differential Measurement of

B → D∗`ν Decays

Teaser for an upcoming result
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Differential Decay Rate of B → D∗`ν`

 

dΓB → D∗(→ . . . )`ν`

dwd cos θ`d cos θVdχ
=

6mBm2
D∗

8(4π)4

√
w2 − 1(1− 2wr + r2)G2

F|Vcb|
2 × B(D∗ → . . . )

×
(

(1− cos θ`)2 sin2
θVH2

+ + (1 + cos θ`)2 sin2
θVH2

−

+ 4 sin2
θ` cos2

θVH2
0 − 2 sin2

θ` sin2
θV cos 2χH+H−

− 4 sin θ`(1− cos θ`) sin θV cos θV cosχH+H0

+ 4 sin θ`(1 + cos θ`) sin θV cos θV cosχH−H0

)

r = mD∗/mB

w = (m2
B + m2

D∗ − q2)/(2mBmD∗ )

|Vcb| =
√
B(B→D∗`ν`)
τBΓ(B→D∗`ν`)
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Event Selection & Reconstructio of Kinematic Quantities (Preliminary)

• We reconstruct the signal side in 4 distinct decay modes:

• B0 → D∗+`−ν` with D∗+ → D0π+ and D∗+ → D+π0

• B− → D∗0`−ν` with D∗0 → D0π0

• Each for e and µ separately

• B+ mode adds ≈ 2× the statistics of the B0 mode.

• Neutral slow pions have a large fake rate, but probe the phase space w → 1.
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Background Subtraction (Preliminary)

- Background subtraction using model-independent variable:

M2
miss = p2

miss = pe+e− − ptag − pD∗ − p` in 10 bins of w , cos θ`, cos θV, χ

- Good understanding of M2
miss.
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Unfolding and Acceptance Correction (Preliminary)
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Unfolded Shape [Asimov Data] (Preliminary)

Shape on Asimov Data (Simulation)

Allows determination of:

- Form Factors

- |Vcb| w/ external input

- FL(D∗)

- AFB

- Reµ(D∗)
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Summary & Conclusion

Belle is still actively pursing the |Vub| − |Vcb| puzzle

- Partial and inclusive branching fractions of B → Xu`ν decays

- q2 moments of inclusive B → Xc`ν decays

- Coming soon: Differential branching fraction of B → D∗`ν decays
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