
Semileptonic and rare decays at Belle II

Daniel Dorner
on behalf of the Belle II collaboration

Institute of High Energy Physics
Austrian Academy of Sciences

XIV International Conference on Beauty, Charm and Hyperon
Hadrons, 6th June 2022

Belle

D. Dorner (on behalf of Belle II) Semileptonic and rare decays at Belle II BEACH 2022, 6th June 2022 1 / 18



Why semileptonic decays?

Precision measurements to probe
Standard Model (SM):

Used to extract CKM matrix elements
|Vcb| and |Vub|

Probing potential new physics:

∼3σ discrepancy from SM in
measurements of ratios

R(D(∗)) = B(B→D(∗)τντ )

B(B→D(∗)ℓνℓ)
(ℓ = µ, e)
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Status of |Vcb| and |Vub|

Exclusive: reconstruct specific final
states

B → D(∗)ℓν
B → πℓν

Inclusive: reconstruct all X ℓν final
states

B → Xcℓν
B → Xuℓν

∼3σ discrepancy between inclusive and exclusive |Vcb| and |Vub| measurements
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SuperKEKB

Asymmetric e−e+ collider with CM
energy of 10.58 GeV (Υ(4S)
resonance)

Point like particles: clean events, initial
state well known

Design luminosity: 6.5× 1035 cm−2 s−1

(∼ 30×KEKB)

Luminosity world record:
∼ 4× 1034 cm−2s−1

Nanobeam scheme (20×smaller beam
spot) and higher beam current

Currently recorded luminosity
∼ 400fb−1

Results presented will be up to
189.3fb−1

conservative estimation

including expected improvements
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Belle II

Hermetic detector: Important to
study events with missing energy

Particle identification: µ-ID
superior to Belle, e-ID and K -ID
not there yet but improving

High γ detection efficiency

[BELLE2-NOTE-PL-2022-003]

[BELLE2-NOTE-PL-2021-008]
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Tag side reconstruction

Untagged Tagged

Infer signal B flavour and fully resolve event
kinematics by fully reconstructing second B meson in
the Υ(4S) event e.g.

B̄0
tag → B0

sig

pν = pe+e− − pℓ − pBtag − pXc

Reconstruction of O(10, 000) decay chains (hadronic
tag)

Up to 30-50% increased efficiency for same purity
compared to Belle
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Semileptonic decays
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|Vub| from tagged B → πeν

Reconstruct B0 → π−e+νe and B+ → π0e+νe

Main challenges: sample size, π0 reconstruction

Differential branching fraction: dB(B→πeν)

dq2
∝ |Vub|2f 2+(q2)

Momentum transfer squared q2: q2 = (pe+e− − pBtag − pπ)
2

Fit M2
miss in 3 bins of q2: M2

miss = (pe+e− − pBtag − pe − pπ)
2

BCL parameters and LQCD constraints [arXiv:1503.07839]

B0 → π−e+νe
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https://arxiv.org/abs/1503.07839


|Vub| from tagged B → πeν

B(B0 → π−e+νe) = (1.43 ± 0.27(stat) ± 0.07(sys)) × 10−4
(PDG:(1.50 ± 0.06) × 10−4)

B(B+ → π0e+νe) = (8.33 ± 1.67(stat) ± 0.55(sys)) × 10−5
(PDG:(7.80 ± 0.27) × 10−5)

B+ → π0eνe B0 → π−eνe

|Vub| = (3.88 ± 0.45) × 10−3
(PDG:(3.67 ± 0.15) × 10−3)
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|Vcb| from tagged B → D∗ℓν

Reconstruct decay chain

B0 → D∗−(→ D̄0(→ K+π−)π−
S )ℓ+νℓ

Main challenge: πS efficiency

Differential branching fraction:

dΓ(B(B→D∗ℓνℓ))
dw

∝ η2EWF 2(w)|Vcb|2

Hadronic recoil:

w =
PB ·PD∗
mBmD

=
m2

B+mD∗−q2

2mBmD∗

CLN paramterization [arXiv:hep-ph/9712417]

Measure ηEWF (1)|Vcb| and ρ2
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|Vcb| from tagged B → D∗ℓν

B(B → D∗ℓν) = (5.27 ± 0.22stat ± 0.38sys)% (PDG:(5.66 ± 0.22)%)

ηEWF (1)|Vcb| = (34.6± 2.5(stat+sys))× 10−3 ρ2 = 0.94± 0.21(stat+sys)

|Vcb| = (37.9 ± 2.7(stat+sys)) × 10−3
(PDG:(39.5 ± 0.9) × 10−3)
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|Vcb| from tagged B → Xcℓν

Γ =
G2
Fm

5
b

192π3 |Vcb|2(1 + c5(µ)O5(µ)

m2
b

+O( 1
m3

b
) +O( 1

m4
b
) + ...)

Established: |Vcb| and HQE parameters up to O( 1
m3

b
) → precision loss [arXiv:1411.6560]

Problem: Increase expansion → increase in matrix elements

Solution: Avoid proliferation by
exploiting reparameterization invariance
[arXiv:1812.07472]

Not true for all observables, but holds
for ⟨q2⟩

Measurement of ⟨q2n⟩ up to n = 4

Main challenges: background modelling
at low q2, impact of B → Xcℓνℓ
modelling on calibration
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|Vcb| from tagged B → Xcℓν

⟨q2n⟩ =
∑

i wi (q
2)q2ni,calib∑

i wi (q
2)

· Ccalib · Cgen

Determine background normalisation using
MX fit

Calculate event-wise signal probability
w(q2)

Calibration to correct resolution and
detector effects (q2n)reco → (q2n)calib, Ccalib

Correct for selection effects Cgen
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|Vcb| from B → Xcℓν

Belle, Belle II, Combined

Combined measurement: Belle data and 62.8fb−1 of Belle II data
Fit by F. Bernlochner et al. [arXiv:2205.10274] to the Belle and Belle II q2 moments using

B(B → Xcℓνℓ) = (10.63± 0.19)%

|Vcb| = (41.69 ± 0.63) × 10−3
(PDG: (42.19 ± 0.78) × 10−3)
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https://arxiv.org/abs/2205.10274


Rare decays
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b → sℓℓ decays

b → s quark level transition forbidden at tree level in the SM e.g. B → K∗ℓℓ

3.1σ evidence for LFU violation in R(K) at LHCb

Belle II has nearly symmetric e/µ reconstruction performance:

Provide independent check for R(K (∗)) anomalies with > 1 ab−1

Measure R(XS )
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B → K ∗ℓℓ branching fraction

Reconstruct
B → K∗(→ K+π−,K+π0,K 0

s π
+)ℓ+ℓ−

2D likelihood fit to Mbc =
√

s/4− p∗2
B ,

∆E = E∗
B −

√
s/2

Branching fraction measured over
whole q2 range

J/ψ and ψ(2S) resonances excluded

Signal significance 3.6σ − 5.9σ

B(B → K∗µµ) = (1.28 ± 0.29+0.08
−0.07) × 10−6

(PDG:(1.06 ± 0.09) × 10−6)

B(B → K∗ee) = (1.04 ± 0.48+0.09
−0.09) × 10−6

(PDG:(1.19 ± 0.20) × 10−6)

B(B → K∗ℓℓ) = (1.22 ± 0.28+0.08
−0.07) × 10−6

(PDG:(1.06 ± 0.10) × 10−6)

K∗ℓℓ fit projections

signal PDF, total PDF, background PDF, • data
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Summary and outlook

First results of tagged exclusive |Vcb| and |Vub| measurements

First tagged inclusive |Vcb| result using ⟨q2⟩

First Belle II measurements of B → K∗ℓℓ branching fractions

All measurements in agreement with current world average within 1σ

Have already doubled the amount of data from the shown results

Expect more competitive measurements using a bigger data sample soon
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Backup
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Tagged B → D∗ℓν systematics

Input variables

Systematics
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Tagged B → πeν branching fractions
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Tagged B → πeν systematics
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Tagged B+ → πeν M2
miss fit and results
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First exclusive |Vcb| and |Vub| results

First |Vcb| and |Vub| measurements statistically very limited

Expecting untagged measurements with higher precision soon ϵ ∼ 20− 30%
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q2 moments uncertainties
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B → K ∗ℓℓ systematics
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