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B→ µνµ in Standard Model

I B → µνµ( and B → eνe) yet to be observed

B(B+ → `+ν`) =
G 2
FmBm

2
`

8π
(1−

m2
`

m2
B

)2f 2B |Vub|2τB

I Helicity suppressed - branching ratio depends on the mass of the
outgoing lepton

I CKM suppressed - Vub/Vcb ≈ 0.1

I Enables direct determination of |Vub|

B(B → µνµ)SM = (3.46± 0.28)× 10−7

E. Kou et al., ”The Belle II physics book”, arXiv:1808.10567 (2018).
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New Physics Sensitivity

I Cross section can be modified by NP processes:

B(B → µνµ)NP = B(B → µνµ)SM ×
∣∣1 + rµNP

∣∣2
I charged Higgs in two-Higgs doublet models
I leptoquarks
I Lepton flavour violation test through: R``

′
= B(B+→`+ν`)
B(B+→`′+ν`′ )

E. Kou et al., ”The Belle II physics book”, arXiv:1808.10567

(2018).
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Searches on other experiments

Experiment Upper Limit @ 90% C.L. Comment

Belle [2] [2.9, 10.7]× 10−7 Untagged analysis, 711 fb−1

Belle [1] 2.7× 10−6 Fully reconstructed hadronic tag, 711 fb−1

BaBar [3] 1.0× 10−6 Untagged analysis, 468×106BB̄ pairs

BaBar [4] 5.6× 10−6 Fully reconstructed hadronic tag, 378×106BB̄ pairs

Table: The results of searches for the B → µνµ decay

I LHCb not competitive in this decay mode
I Comparing current results and the SM reference values [5]:∣∣1 + rµNP

∣∣2 < 1.7(90%C.L.)

[1] A. Sibidanov et al., Belle, PRL 121, 031801 (2018)
[2] Y. Yook et al., Belle, Phys. Rev., D91(5), 052016 (2015)
[3] B. Aubert et al., BaBar, Phys. Rev., D79, 091101 (2009)
[3] B. Aubert et al., BaBar, Phys. Rev., D77, 091104 (2008)
[5] E. Kou et al., ”The Belle II physics book”, arXiv:1808.10567 (2018)
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Tagged vs untagged analysis
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Analysis approach

Reconstruc-
tion and
selection
B → µνµ

with inclusive
tagging

Background
Suppression

Signal
Extraction

BF
determination
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Muon selection and Bcomp reconstruction

I Reconstruct the muon from the signal side - monochromatic in the B-meson
rest frame

p∗ =
m2

B −m2
µ

2mB
≈ mB

2
≈ 2.64 GeV

I Since B-meson has low momentum in Υ(4S) CM frame, muon momentum
distribution is smeared

I Use the remaining non-muonic detector response to calculate the energy and
momentum of the companion B-meson without fully reconstructing it

I Calculate the neutrino four-momentum: p∗ν = p∗Bcomp
− p∗µ

p∗ν = p∗Bcomp
− p∗µ

A. Fodor Search for B+ → µ+νµ with Belle II 9 / 15



Background suppression

I Picture gets fuzzier when we include
background processes

I BB̄ events have different shape from the
qq̄ events
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Background suppression

I Picture gets fuzzier when we include
background processes

I BB̄ events have different shape from the
qq̄ events

cut at R2 < 0.4

I Fox-Wolfram Moments

H` =
N∑
i ,j

|pi ||pj |P`(cos θi ,j)

I Normalized ratio
R2 = H2/H0 takes values
closer to 1 for events
with two strongly
collimated jets
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Background suppression

I Bcomp: Mbc and ∆E

Mbc =
√

E ∗2
beam − ~p∗2B ∆E = E ∗

B − E ∗
beam, where E ∗

beam =

√
s

2

cut at − 3 GeV < ∆E < 1 GeV and Mbc > 5.1 GeV
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Background suppression

I Require that the direction of the missing momentum is not close to the
beam line

cut at p∗θmiss < 2.5 GeV cut at |cos(p∗miss)| < 0.6
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Expected performance

Sample Events generated Events final Efficiency (%)
(106) (106)

signal 8 3.005 37
B+B− 565.4 0.028 0.005
B0B̄0 534.6 0.029 0.006
uū 1605 0.062 0.004
dd̄ 401 0.024 0.006
ss̄ 384 0.032 0.008
cc̄ 1329 0.093 0.007
τ τ̄ 919 0.010 0.001

scaled for 1 ab−1, 157 signal events are expected

I To be further optimized by performing Neural Network Continuum
Suppression

I Based on previous performance of the Belle experiment, the expected
precision on the branching fraction is:

I 20% with 5 ab−1 I 5% with 50 ab−1

(E. Kou et al., ”The Belle II physics book”, arXiv:1808.10567 (2018).)
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Summary

I B+ → µ+νµ is an important mode that hasn’t been observed yet

I It has potential to test various New Physics models

I Observation within reach with the new high-luminosity Belle II
experiment
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Summary

I B+ → µ+νµ is an important mode that hasn’t been observed yet

I It has potential to test various New Physics models

I Observation within reach with the new high-luminosity Belle II
experiment

Thank you for your attention!
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APPENDIX

A. Fodor Search for B+ → µ+νµ with Belle II 16 / 15



SuperKEKB accelerator

I Electron - positron collider located at KEK Laboratory in Tsukuba, Japan

I High Energy electron ring (HER) - 7 GeV

I Low Energy positron ring (LER) - 4 GeV

I Collisions at the center of mass energy 10.58 GeV ⇒ Υ(4S) resonance

L =
γ±

2ere
(
I±ξy±
β∗y±

)(
RL

Rξy
)
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Belle II detector
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