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Decay rate « |V, 4|?
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CKM matrix describes
the matter-antimatter
asymmetry in the
Standard Model; free
parameter in the SM
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Previous measurements

* |V,p| measurements: —

* Inclusive analysis — outgoing meson not B
specifically reconstructed '6

* Exclusive analysis — final state with specific
meson is reconstructed

* Previous results show 20 tension
between these two measurement
approaches

Decay rate « |V, |?

|Vup| Measurements over Time

7 7] CKMFitter Unitarity + |Vup| Exclusive + B-Ttv
EPS 2019 PDG CKM Review Phys.Rev.D 92 (2015) 5, 051102

+ |Vub| Inclusive * B - puy O Np = puv

6] PDG CKM Review Phys.Rev.D 101 (2020) 3, 032007 Nature Phys. 11 (2015) 743-747
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Belle I

Belle Il experiment and SuperKEKB
. Belle Il is a B meson factory (~1.1 - 10° BB pairs per ab™!)

SuperKEKB is an electron - positron collider located at KEK Laboratory in Tsukuba,
Japan
High Energy electron ring - 7 GeV
Low Energy positron ring - 4 GeV
> BB pairs copiously produced
Record-breaking luminosity - ideal for precision measurements
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B — X, fv: Analysis approach

Using the untagged analysis approach, the
companion B meson is not reconstructed

Inclusive analysis approach: only the outgoing
lepton is selected (electron or muon)

Use Monte Carlo simulation to estimate the
selection efficiency and understand the
backgrounds

Extracting the yield of signal decays using
the lepton momentum distribution
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Belle I

Backgrounds from continuum events
suppressed by using the event shape
variables

Looking in the endpoint region of the lepton
momentum in the CM frame to avoid the
dominant background from the decay

B - X 'BV BB events are more spherical, q7
C . .
T ; events are more jet-like
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B — X, fv:Simulation vs. data % b=

 Backgrounds from BB decays are estimated using a MC template fit

* Continuum and other BB contributions are subtracted in the endpoint region
of the electron momentum [2.1, 2.8] GeV

* Observed B — X, ev, excess in data (> 30)
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« Backgrounds from BB decays are estimated using a MC template fit

« Continuum and other BB contributions are subtracted in the endpoint region of the
electron momentum [2.1, 2.8] GeV

* Observed B — X, ev, excess in data (> 30)
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Final remarks

Significant improvement is expected with higher luminosities and better understanding of the
detector’s performance.

* Currently improving the suppression of B = X €v backgrounds
* One of the goals of the Belle Il experiment is to resolve the discrepancy
between inclusive and exclusive |V,,;,| measurements
» New physics?
» Better understanding of background processes?
» Refining the theoretical approach?

L ML L LS R L S Statistical Systematic Total Exp  Theory Total
F ™ i Belle II Projection ] (reducible, irreducible)
Co \\ (exp. + param. uncertainties) |Vub| exclusive (had. tagged)
p as i 3.0 (2.3, 1.0) 3.8 7.0 8.0
5ab ! 1.1 (0.9, 1.0) 1.8 L7 3.2
b 50 ab™! 0.4 (0.3, 1.0) 1.2 0.9 1.7
|Vup| exclusive (untagged)
1 605 b~ ! 1.4 (2.1, 0.8) 27 7.0 7.5
1 5ab™1 1.0 (0.8, 0.8) 1.2 1.7 2.1
1 50 ab™! 0.3 (0.3, 0.8) 0.9 0.9 1.3
] | Vs | inclusive
- 605 fb~! (old B tag) 45 (3.7, 1.6) 6.0 2.5-45 6.5-7.5
1 5ab~1 1.1 (1.3, 1.6) 2.3 2.5-45 3.4-5.1
50 ab~ ! 0.4 (0.4, 1.6) 1.7 2.5-45 3.0-4.8

Expected performance of Belle Il experiment for |V,,;,| measurements

PTEP 2019 (2019) no. 12, 123C01. 8
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https://academic.oup.com/ptep/article/2019/12/123C01/5685006

Belle I

@belle2collab
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