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Peak luminosity world record 3.81 x 1034 (cm-2s-1), December 23, 2021.
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Belle II detector Belle II detector 

electrons  (7GeV)

positrons 
(4GeV)

KL and muon detector:
Resistive Plate Counter (barrel outer 
layers)Scintillator + WLSF + MPPC (end-caps , 
inner 2 barrel layers)

Particle Identification 
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (fwd)

Central Drift Chamber
He(50%):C2H6(50%), small cells, long lever 
arm,  fast electronics

EM Calorimeter:
CsI(Tl), waveform sampling (barrel)

Vertex Detector
2 layers DEPFET + 4 layers DSSD

Beryllium beam pipe
2cm diameter

→Belle 2 Lepton-ID pub. document

Belle II is a multipurpose detector with an almost 4π coverage 
perfectly suited and not limited to  
- precision measurements B/D
- large missing energy final states (i.e. dark matter, b→sνν, etc.)
- precision τ physics

https://docs.belle2.org/record/2895/files/Lepton_identification_Moriond_2022__v2.pdf


5

Anomalies have been reported in many processes involving both quarks and leptons

● In the quark sector anomalies have been observed for example

● in b→clν
● R(D)=BF[B→Dτ+ν

τ
]/BF[B→Dl+ν

l
 (l=e,µ)], ~1.4σ

● R(D*)=BF[B→D*τ+ν
τ
]/BF[B→D*l+ν

l
 (l=e,µ)], ~2.7σ 

● in the R(D)-R(D*) plane ~3.3σ
 
in b→sll 
● R(K)=BF[B+→K+µ+µ-]/BF[B+→K+e+e-]  ~3.1σ 
● R(K*0)=BF[B0→K*0µ+µ-]/BF[B0→K*0e+e-]  ~2.2-2.5σ
● In the angular observables of B→K*µ+µ- ~3.4σ
● In the BR vs q2 of B

s
→φµ+µ- ~3.6σ

● In the lepton sector anomalies have been observed for example
● In the anomalous magnetic moment of the muon (g-2)

µ  
~4.2 σ

● In the anomalous magnetic moment of the electron   ~2.5σ

Anomalies in flavourAnomalies in flavour
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RRKK and R and R
K*K* at Belle and prospects for Belle II at Belle and prospects for Belle II

From the Belle II physics book, 1808.10567

Belle II will provide 
an independent 
measurement to 
confirm (or not) a  
tension with few ab-1 
of data.

https://arxiv.org/abs/1808.10567
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B→KB→K((**))llll at Belle II at Belle II
B+→K + l+ l-

B→K* l+ l-

B→K * e+e-

B→K*μ+μ-

N[B+→K+l+l-]=8.6 +4.3
-3.9

 ± 0.4

● Yields extracted from a 2D fit to M
bc

 and ΔE
● All final states currently limited by the sample size
● Similar precision for electrons ()and muons

K* 0→K +π -

K *+
→K+

π
0 , KS

0
π

+

M bc≡√Ebeam
2

−|p⃗B
2|

Δ E≡EB−Ebeam

Already close to PDG precision!
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RRDD and R and R
D*  D*  prospect for Belle IIprospect for Belle II

~200 boosted decision trees (BDTs) are 
used to reconstruct ~10000 B decay 
chains reaching an overall 
reconstruction efficiency of up to 0.5%

Essential observable at B factories:

M bc≡√Ebeam
2

−|p⃗B
2|

For correctly reconstructed B mesons
M

bc
 (beam-constrained mass) peaks at M

B

D(*)

New hierarchical algorithm, the Full 
Event Interpretation (FEI,  
Comput Softw Big Sci 3, 6 (2019)) to 
improve the full reconstruction of decay 
chains with tagging.

https://link.springer.com/article/10.1007/s41781-019-0021-8
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RRDD and R and R
D*D* prospect for Belle II prospect for Belle II

R(X) [and in general inclusive 
processes] is unique at Belle II, 
although it is a very difficult 
measurement to be achieved for 
the first time.

Few ab-1 of data will suffice to 
clarify whether the anomaly on 
R

D
-R

D*
 has a statistical 

(fluctuation) or systematic origin.

Dedicated measurements at 
Belle II to reduce/evaluate D** 
pollution possible.
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Other channels with missing energyOther channels with missing energy

Belle II experiment well suited and equipped for studies with missing energy
● precision studies of channels such as B→lν (l= e, µ, τ) are exclusive to Belle II

● Belle II will also offer unprecedented precision to B→K*ττ (or LFV modes B→Xτl)

● Channel sensitive to new 
charged fields, for example a 
charged Higgs, H+.

● Provide complementary 
approach to measure the 
CKM matrix element |V

ub
|.

● Challenging measurements: 
few tracks and missing 
energy from neutrinos.

● Many models predict LFU violation in the third generation 
(PhysRevLett.120.181802, JHEP10(2015)184).

● SM prediction at the level of 10-7, while experimental upper 
bound 2x10-3 (ArXiv: 2110.03871 , PhysRevLett.118.031802).

● Belle II is well suited for this measurement.

H+

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.181802
https://link.springer.com/article/10.1007/JHEP10(2015)184
https://arxiv.org/abs/2110.03871
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.031802
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BB++→K→K++νννν

● Channel connected to flavour anomalies and with unique access to Belle II

● Small SM expectation (see Buras et al. 1409.4557) ~4.6x10-6 

● Previous measurements at Belle and Babar used hadronic and/or semileptonic tag
● In Phys.Rev.Lett. 127 (2021) 18, 181802  we introduced a novel inclusive approach

● The signal is reconstructed via the “signal Kaon”, the track with highest p
T 

● All other tracks and clusters associated to the other B and use BDT (2 in cascade) 
with kinematics, event shape, vertexing, to suppress background

● Final signal reconstruction efficiency ~4.5% (~10x Had/SL tag)

https://arxiv.org/abs/1409.4557
https://inspirehep.net/literature/1860766
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BB++→K→K++νννν

See E. Manoni, Moriond EW presentation

After the BF is measured, can open the way to new LFU ratios: Rν/l
=
B(B→K (* )

ν ν)

B(B→K (*) l l )

Is this going to be another anomaly?

Expected sensitivity at higher luminosities

https://docs.belle2.org/record/2960/files/BELLE2-TALK-CONF-2022-033.pdf
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LFU in leptonic τ decays LFU in leptonic τ decays 

With a cross-section σ=0.9 nb (compare to ~1nb for B-pair production), pairs of τ are copiously produced at Belle II
→Ongoing work to test LFU, will match and possibly exceed BaBar precision

� LFU  couplings of leptons to W bosons is flavour independent⇒  ge = gµ = g

Belle II can provide answers, however LID systematics needs to be kept 
under control: this is the most delicate part of such a precision measurement

https://arxiv.org/abs/0912.0242
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● Additional LFU tests, whether branching ratios or angular analyses will
● Probe topologies with different backgrounds
● Test the consistency of measurements.
● Cancel hadronic uncertainties

● Belle II and LHCb have complementary approaches and very different physics reach and 
potential(s). Both experiments will provide the needed inputs for the field of flavour 
physics (and beyond) to progress

Thanks for your attention!

ConclusionsConclusions
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This is the Cabibbo anomaly (CAA), a 3 
sigma tension with the SM..

LFU in hadronic τ decays and Vus extraction LFU in hadronic τ decays and Vus extraction 

ArXiv 0912.0242

https://arxiv.org/abs/0912.0242
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RRDD and R and R
D*D* at Belle and prospect for Belle II at Belle and prospect for Belle II

~200 boosted decision 
trees (BDTs) are used to 
reconstruct ~10000 B 
decay chains reaching an 
overall reconstruction 
efficiency of up to 0.5%
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Run 3 – public plots  
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Run 3 – public plots  
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