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B decays and LFV/LFU
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Current status of LFV/LFU in B-factories
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Belle: Semileptonic decays RD and RD∗

• experimental method depends on what we measure
• tagging,
• signal reconstruction (τ decay channels )

• q2 ≡ M2
W - effective mass squared of the τν system

• RD = B(B→Dτν)
B(B→D`ν)

• R∗D = B(B→D∗τν)
B(B→D∗`ν)
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RD and RD∗ current status
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RD and RD∗ current status

The dynamics of these decays can be probed with differential distributions q2, τ and
D∗ polarizations ...
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Recent RK and RK ∗

RK = B(B→Kµµ)
B(B→K ``) RK∗ =

B(B→K∗µµ)
B(B→K∗``)

• Recent preliminary results for both RK and R∗K from Belle (arXiv:1904.02440)

• Belle measured R∗+
K and RKS

for first time,
• Allow measurement of CP averaged isospin asymmetry

A| =
(τB+/τB0 )×B(B0→K 0``)−B(B+→K +``)

(τB+/τB0 )×B(B0→K 0``)+B(B+→K +``)

• New measurements are closer to the SM (and consistent with LHCb)
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Belle II first results
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The Belle II experiment

• The Belle II experiment is an upgrade of
Belle detector

• Electron-positron collisions
• ECM ≈ mΥ(4s)

• Υ(4s)→ B̄B, quantum-entangled
• Particulary well adapted to study B

decays with missing energy; especially
with multiple ν in final state

• Target plan 55 billion B meson pairs
decays recorded

• Sensitivity in B, charm and τ to
O(10−9)− O(10−11) branching fractions
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SuperKEKB/BElle II Luminosity profile
Belle/KEKB recorded ≈ 1000 fb−1

• Beam currents only a factor of two higher then KEKB (≈ PEPII)
• “nano-beams” are the key; vertical beam size is 50nm at the IP
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Spring 2019, First Physics Run with full Detector

• only 2 months of
collisions

• L(peak)≈
5.5× 1033/cm2/s
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Spring 2019, First Physics Run with full Detector

• only 2 months of
collisions

• L(peak)≈
5.5× 1033/cm2/s

• L(SuperKEKB)≈
1.2× 1034/cm2/s

• Luminosity
comparable to
PEP-II records

• background to large
to turn Belle II
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B meson counting

Andrzej Bożek IFJ PAN, Kraków Belle II first results and prospects for LFU tests, Puerto de la Cruz, Sep 23-28, 201911 / 40



Rediscovery of B → D(∗)π±.ρ± B ≈ few 0.1%
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Rediscovery of B0 → D∗−`+ν` B ≈ 11%
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Rediscovery of B0 → D∗−`+ν`
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Hadronic Tagging with the Full Event Interpretation
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Hadronic Tagging with the Full Event Interpretation
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Hadronic Tagging with the Full Event Interpretation
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Full Event Interpreter (FEI) at Belle II
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Belle II prospects for LFU tests
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D∗ and τ polarizations in B → D∗τντ
Observables that can give a better insight into the dynamics of b → cτν transitions:
q2, longitudinal and transverse polarizations of τ and D∗.
So far experiments measured q2 distributions (and lepton spectra)
Belle measured longitudinal polarizations:
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B → D̄∗τ−ντ distribution : τ polarisation
Pioneered by Belle Phys. Rev. Lett. 118, 211801 (2017); Phys. Rev. D 97, 012004

(2018)

Measured from the two body semileptonic τ (→ πν,→ ρν ) decays -experimentally

challenging

Pτ (D∗) = −0.38± 0.51(stat)−0.16
+0.21 (syst)

Belle II perspectives :

5 ab−1 50 ab−1

Pτ (D∗) ±0.18± 0.08 ±0.06± 0.04
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B → D̄∗τ−ντ distribution : D∗ polarisation
1
Γ

dΓ
d cos θhel(D∗)

= 3
4 [2F D∗

L cos2(θhel(D∗)) + (1− F D∗
L ) sin2(θhel(D∗))]

All τ decays are usable.

Preliminary Belle result arXiv:1903.03102

Large efficiency variation→ experimentally
dificult

Belle: F D∗
L = 0.60± 0.08(stat)±0.04(sys)

F D∗
L = 0.60± 0.08(stat .)± 0.035(syst .)
SM: F D∗

L = 0.46± 0.03 (Phys. Rev. D 95,

115038 (2017), A.K. Alok, et al) (1.5 σ)
SM: F D∗

L = 0.441± 0.006 (arXiv:1808.03565,

Z-R. Huang, et al) (1.8 σ)

Expected number of events for F D∗
L in full data set is ∼ 15000.
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Prospects for B → D(∗)τν at Belle II

• The uncertainty due to MC statistic is reducible
• MC statistic affects the estimation of the reconstruction efficiency,

understanding of the cross-feed components and PDFs for the fit
• Efficiency is model dependent: q2 and others distributions with used model.

Belle II will reduce model dependency by measureing differential distribution.

• The uncertainties from B(B → D∗∗`ν`), D∗∗ decays and hadronic B decays
have to be reduced.
• Need for dedicated measurements of B → D∗∗`ν` and hadronic B decays

with a large data sample.

Andrzej Bożek IFJ PAN, Kraków Belle II first results and prospects for LFU tests, Puerto de la Cruz, Sep 23-28, 201923 / 40



Testing lepton flavor universality with leptonic B
decays

Very clean theoretically, hard
experimentally SM is helicity suppressed
Sensitive to NP contribution (charged
Higgs)

SM test in B measurement
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Semileptonic B decays with b → s`+`− transitions

• reconstruction of exclusive decays is very straight forward and well established
at Belle
• improvement in reconstruction possible at Belle II

• Belle II have tools (FEI) for fully inclusive measurement; unique position for
measurement with different systematic errors.

• B and q2 distributions are already systematic dominated at LHCb
• still we can test the deficit of muon modes observed by LHCb
• and recheck the region of higher charmonium contributions of

q2 > 14.4Gev2

• Belle measurement of A|(B → K `+`−) lead to isospin violation check
• angular analysis is avery important topic at Belle II
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New Physics in b → s`+`−
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Prospects on LFU
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Summary

• Belle II experiment has started physics runs and expect to accumulate ≈ 50
times larger data sample then previous B-factories, which will be crucial for rare
and decays with missing energy

• Belle II is an excellent detector for lepton universality studies, especially for the
channels involving missing energy. Same is true for ee vs µµ channels, due to
similar reconstruction efficiency.

• The B → D(∗)`ν channels at Belle II are statistically limited, however for RD(∗)

better modeling of B → D∗∗`ν and generaly hadronic B decays is necessary.
• Belle II ML-based full event interpretation tagging method improves B meson

tagging compared to Belle.
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Backup
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Kinematic variables describing B → D̄(∗)τ−ντ

q2 ≡ M2
W - effective mass squared of

the τν system
θτ - angle between τ&B in W∗ rest
frame
χ - angle between the τν and D∗
decay planes

θhel(D∗) - angle between D&B in D∗
rest frame
θhel(τ) - angle between π& direction
opposite to W∗ in τ rest frame

dΓ
d cos θhel (τ)

= 1
2 (1 + αPτ cos θhel (τ))

α = 1.0 for τ → πν; α = 0.45 for τ → ρν

1
Γ

dΓ
d cos θhel(D∗)

= 3
4 [2F D∗

L cos2(θhel(D∗)) + (1− F D∗
L ) sin2(θhel(D∗))]

q2,cos θhel(τ) and cos θhel(D∗) can be reconstructed at B-factories with
hadronic decays of Btag
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Testing lepton flavor universality in b → u semileptonic
decays

R(π) = B(B→πτ+ντ )
B(B→π`+ντ )

Feasibility already demonstrated with Belle.
No statistically significant signal was
observed B(B → πτ+ντ ) < 2.5× 10−4

Phys. Rev. Lett. 118, 211801 (2017)

Central value:
B(B → πτ+ντ ) =
(1.52± 0.72± 0.13)× 10−4

Belle II extrapolation of uncertainty
R5ab−1
π ± 0.23 or R50ab−1

π ± 0.09
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General Outlook for next years
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Lepton Flavor Violation in τ Decays at Belle II
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Belle II physics
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SuperKEKB: the nano beam scheme
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Belle II detector
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New Physics in b → s`+`−
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Challenges for D∗ polarisation measurement
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Measurement of τ polarization in B decays
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B → D̄∗τ−ντ differential distribution : q2

M.Tanaka,R.Watanabe - arXiv:1212.1878v1

Differential distribution can be measured to constrain NP contributions

Detailed measurement of q2 and other kinematic distributions including polarization of

the τ and D∗

Belle II MC are generated in the SM
hypothesis
Block histograms is a 2HDM-type II
benchmark
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