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The B-factory idea

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

• Υ(4s)→ B̄B, quantum-entangled

• Asymetric beam energies
• B decay time distributions via

∆z ≈ 200µm
• precision studies of B meson

mixing, mixing induced CPV,
quantum decoherence, ...

• 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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Belle II motivations

• The original B factory experiments Belle
and BaBar confirmed the
Kobayashi-Maskawa Mechanism

• A single, irreducible, complex CKM phase
can explain all observation in the quark
flavor physics

• proven part of Standard Model
• Belle II will look for deviation from the

picture to provide evidence of BSM
physics

• Several tentions gives room to O ≈ 10%

deviation from SM
• LFVU
• CPV in D’s (LHCb) measurements

The Belle II physics scope extends far beyond B physics and CPV. Charm, τ , precision

EW, Quarkonium physics, dark sector searches etc.
The Belle II Physics Book, ArXiv:1808.10567, 689 pages
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SuperKEKB and Belle II
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The geography of the international Belle II
collaboration

Belle II has grown substantially in recent years

• Over 900 colaborators from 26 countries,
• there are ≈ 250 graduate students in the collaboration
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SuperKEKB: the nano beam scheme
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Belle II detector
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SuperKEKB: commisioning

• Phase 1 : Beam operation without final
focus magnets and Belle II

• Phase 2( ended on July 2018 ) :
• No final vertex detector but one ladder/layer

with background sensors
• Achieved Luminosity of 5.5× 1033cm−2s−1

• recorded integrated luminosity of 500pb−1

• Phase 3: 2019 - detector with silicon
vertex detector, ≈ 9 months of operation

5 to 10 ab-1
flavor physics 
milestone 
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Phase 2 pilot run in 2018
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SuperKEKB: phase 2
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Phase 2: Interaction region size
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Phase 2: tracking performance
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Phase 2: Calorymetry
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Phase 2: PID perfomance
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Phase 2: Charm rediscovery
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Phase 2: τ rediscovery
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Phase 2: Belle II first B event(s)

most likely e+e− → Υ(4s)→ BB̄
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Phase 2: Belle II first B event(s)

Hadronic decays reconstructions

Mbc =
√

E2
beam − p2
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Phase 2: Belle II first B event(s)

Semileptonic decays reconstruction

cosθB,D(∗)` =
2Ecms

beamEcms
D(∗)`

−m2
B−M2

D(∗)`
2Pcms

B ·Pcms
D(∗)`
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Phase 2: Belle II first B event(s)

Hadronic tagging performances Full reconstruction

• reconstruct B0 and B± in more then 1000 modes (tag side B)
• essenTial for reconstruction of events with missing energy
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Phase 3 operation
Collision data taking with full coverage Belle II

Started in March 2019
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Phase 3 operation
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Summary
• Belle II has successfully concluded the phase 2 physics run

• Phase 3 run started in March 2019

• full physics run,
• we are going to collect data meaningful for B physics,
• 10 fb−1 by this summer

• The Belle II aim is to explore New Physics in the flavor sector with 50 ab−1 data
collected at SuperKEKB
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backup
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Belle II physics
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Belle II Particle Identification
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Belle II Vertex Detector (VXD) system
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Belle II Photon reconstruction
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B decays with missing energy

purity

efficiency

Tagging techniques

• Inclusive
B → hadrons (inclusive modes)
ε ≈ O(1%)
(A. Matyja: PRL 99, 191807, (2007).,

A. Bozek: PRD 82, 072005, (2010). )

• Semileptonic
B → D(∗)`ν`
ε ≈ O(0.3%)
( Y. Sato: PRD 94, 072007, (2016). )

• Hadronic
B → hadrons (exclusive modes)
ε ≈ O(0.1%)
(M. Huschle: PRD 92, 072014, (2015).,
S. Hirose: PRL 118, 211801, (2017).)
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• Hadronic
B → hadrons (exclusive modes)
ε ≈ O(0.1%)
(M. Huschle: PRD 92, 072014, (2015).,
S. Hirose: PRL 118, 211801, (2017).)

First measurement:

A. Matyja: PRL 99, 191807, (2007).
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Semileptonic tagging:

EECL remaining energy in the calorimeter

Y. Sato: PRD 94, 072007, (2016).
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B decays with missing energy

purity
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• Inclusive
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Rest Of the Event (ROI)
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B → D̄(?)τ+ντ current situation

R(D(∗)) = B(B→D̄(∗)τ+ντ )

B(B→D̄(∗)`+ν`)
` = e, µ : normalization
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Average

Average of SM predictions

 = 1.0 contours2χ∆

 0.003±R(D) = 0.299 
 0.005±R(D*) = 0.258 

HFLAV

Summer 2018

) = 74%2χP(

σ4

σ2

HFLAV
Summer 2018

SM predictions

R(D∗)SM = B(B→D̄∗τ+ντ )

B(B→D̄∗`+ν`)
=

0.258± 0.005
R(D)SM = B(B→D̄τ+ντ )

B(B→D̄`+ν`)
=

0.299± 0.003

HFLAV

RD = 0.407± 0.039stat ± 0.024syst
RD∗ = 0.306± 0.013stat ± 0.007syst

deviation from SM:
∼ 2.3σ for R(D)

∼ 3.0σ for R(D∗)

∼ 3.7σ tension between SM and combined

R(D(∗)) experimental results
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B → D̄(?)τ+ντ Belle II projection

Belle II will improve the statistical uncertainty
on R(D) and R(D?)
with ∼ 5ab−1 accumulate data we can
achieve
• ∼ 6% uncertainty on R(D)

• ∼ 3% uncertainty on R(D?)

the excess can be confirmed with early data
The ultimate precision (with 50ab−1) of 3%
and 2% will be limited by systematic

The major contribution to systematic is the uncertainty on D?? component.

In Belle II:
• we will study in details B → D̄(??)X decays,

• especially B → D̄(??)`+ντ decays,

• a simultaneous determination of R(D), R(D?) and may be R(D??) components is
possible.

Belle II Theory Interface Platform report
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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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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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B → D̄∗τ−ντ differential 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

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 differential 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.

Belle result presented on CKM2018:

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)
⇒ consistent with the SM within 2σ

Expected number of events for F D?
L in full data set is ∼ 15000.
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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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Testing lepton flavor universality with leptonic B
decays

Very clean theoretically, hard
experimentally SM is helicity suppressed
Sensitive to NP contribution (charged
Higgs)
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B → Kνν decays
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Challenges for D?polarisationmeasurement
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Measurement of τ polarization in B decays
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