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What are Belle II and SuperKEKB?   

¤  A B-meson factory in Tsukuba, Japan. 

¤  Electrons and positrons are collided at 
Y(4S) energy. 

¤  Upgrade of KEKB and Belle to higher 
luminosities 
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How Belle II? 
¤  SuperKEKB: increase luminosity by a factor of 40  

¤  20 x smaller vertical beam size 

¤  2-3 x beam current 

¤  Improve detector to handle large background levels 
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L1 trigger rate~ 30 KHz 
HLT and DAQ rate: 10 

KHz 



Current Status : 
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2016 2017 2018 2019 

Phase 1 

Beam on, no collisions. 
Basic accelerator tuning. 

Commissioning with BEAST ll. 



Current Status : 
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2016 2017 2018 2019 

Phase 1 

Install final focusing magnets (QCS). 
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2016 2017 2018 2019 

Phase 1 
Belle II detector installation (TOP, 

CDC) and  roll-in . 
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2016 2017 2018 2019 

Phase 1 
Belle II global cosmics run (July-August) 

•  Established 1.5 T magnetic field 
•  Readout integration of installed 

sub-detectors central DAQ in 
progress. 



Current Status : 
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2016 2017 2018 2019 

Phase 1 Phase 2 Phase 3 

Axion-Like 
particles Early Physics topics: Dark photon searches                                 

Requires low energy single photon trigger 
Tracking only needed to veto backgrounds. 

  

April 2018: Beam collisions with QCS. 
VXD not yet installed 

Expected luminosity: 20 fb-1 



Current Status : 
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2016 2017 2018 2019 

Phase 3 Phase 1 Phase 2 

Physics run with VXD 
Luminosity target: 80x 1035 cm2/s  

Target sample: 50 ab-1 

¤  B-physics: 
¤  CPV: Bà J/ψ Ks

0, φK0 
¤  Rare B decays: BàKνν, Kτ+τ- 
¤  Semi-leptonic B decays 

¤  Lepton flavour violation:  
¤  τàµγ   

¤  Charm Physics: D-mixing 
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Physics agenda 
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¤ R(D) and R(D*) 
6

We recently presented an update of the earlier mea-
surement [14] based on the full BABAR data sample [17].
This update included improvements to the event recon-
struction that increased the signal efficiency by more
than a factor of 3. In the following, we describe the anal-
ysis in greater detail, present the distributions of some
important kinematic variables, and expand the interpre-
tation of the results.

We choose to reconstruct only the purely leptonic de-
cays of the τ lepton, τ− → e−νeντ and τ− → µ−νµντ ,
so that B → D(∗)τ−ντ and B → D(∗)ℓ−νℓ decays are
identified by the same particles in the final state. This
leads to the cancellation of various detection efficiencies
and the reduction of related uncertainties on the ratios
R(D(∗)).

Candidate events originating from Υ (4S) → BB de-
cays are selected by fully reconstructing the hadronic de-
cay of one of the B mesons (Btag), and identifying the
semileptonic decay of the other B by a charm meson
(charged or neutral D or D∗ meson), a charged lepton
(either e or µ) and the missing momentum and energy in
the whole event.

Yields for the signal decays B → D(∗)τ−ντ and the
normalization decays B → D(∗)ℓ−νℓ are extracted by an
unbinned maximum-likelihood fit to the two-dimensional
distributions of the invariant mass of the undetected par-
ticles m2

miss = p2miss = (pe+e−−pBtag −pD(∗)−pℓ)2 (where
pe+e− , pBtag , pD(∗) , and pℓ refer to the four-momenta of
the colliding beams, the Btag, the D(∗), and the charged
lepton, respectively) versus the lepton three-momentum
in the B rest frame, |p∗

ℓ |. The m2
miss distribution for de-

cays with a single missing neutrino peaks at zero, whereas
signal events, which have three missing neutrinos, have a
broad m2

miss distribution that extends to about 9GeV2.
The observed lepton in signal events is a secondary par-
ticle from the τ decay, so its |p∗

ℓ | spectrum is softer than
for primary leptons in normalization decays.

The principal sources of background originate fromBB
decays and from continuum events, i.e., e+e− → ff(γ)
pair production, where f = u, d, s, c, τ . The yields and
distributions of these two background sources are derived
from selected data control samples. The background de-
cays that are most difficult to separate from signal decays
come from semileptonic decays to higher-mass, excited
charm mesons, since they can produce similar m2

miss and
|p∗

ℓ | values to signal decays and their branching fractions
and decay properties are not well known. Thus, their
impact on the signal yield is examined in detail.

The choice of the selection criteria and fit configura-
tion are based on samples of simulated and data events.
To avoid bias in the determination of the signal yield,
the signal region was blinded for data until the analysis
procedure was settled.
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FIG. 1. Parton level diagram for B → D(∗)τ−ντ decays.
The gluon lines illustrate the QCD interactions that affect
the hadronic part of the amplitude.

II. THEORY OF B → D(∗)τ−ντ DECAYS

A. Standard Model

Given that leptons are not affected by quantum chro-
modynamic (QCD) interactions (see Fig. 1), the matrix
element of B → D(∗)τ−ντ decays can be factorized in
the form [5]
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Here, the indices λ refer to the helicities of the W , D(∗),
and τ , q = pB−pD(∗) is the four-momentum of the virtual
W , and θτ is the angle between the τ and the D(∗) three-
momenta measured in the rest frame of the virtual W .
The metric factor η in Eq. 2 is η{±,0,s} = {1, 1,−1},
where λW = ±, 0, and s refer to the four helicity states
of the virtual W boson (s is the scalar state which, of
course, has helicity 0).
The leptonic currents can be calculated analytically

with the standard framework of electroweak interactions.
In the rest frame of the virtual W (W ∗), they take the
form [18]:
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√
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L−
0 = −2

$

q2vd0, L+
0 =

√
2mτv(d+ − d−), (6)

L−
s = 0, L+

s = −2mτv, (7)

with

v =

%

1−
m2

τ

q2
, d± =

1± cos θτ√
2

, d0 = sin θτ . (8)

Given that the average q2 in B → D(∗)τ−ντ decays is
about 8 GeV2, the fraction of τ− leptons with positive
helicity is about 30% in the SM.
Due to the nonperturbative nature of the QCD inter-

action at this energy scale, the hadronic currents cannot

SM 
4σ tension 



Excitement: 
¤  First beams circulating later in March!!!! 

¤  Belle II Phase 2 data is only a couple of months away. 
¤  Dark sector , Bottomonium. 

¤  Belle II Phase 3 data will strongly contribute to the present 
understanding of B-anomalies and much more. 
¤  BàD*τν

¤  Bà K(*) l+l- 

¤  Bàµγ

¤  Stay tuned! 
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Belle-II collaboration 
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BEAST-:II 
¤  Belle-II commisioning detector to provide diverse real-time measurements of beam conditions. 

¤  Phase-2 operation from Feb. to July, 2018 

¤  Belle-II will generate a large amount of beam backgrounds: 
¤  Touschek scattering: Coulomb scattering between 2 particles in the same bunch 
¤  Beam-gas: scattering off residual gas atoms in the beam pipe 
¤  Synchotron radiation: photons emitted when electrons are bent by magnetic fields.  
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TOP  
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Why Belle II? 
¤  Previous B-factories have been very successful: 

 

¤  The Nobel Prize: 

¤  Complementary to LHC.  
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ARICH: 
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Intensity vs. Energy: 
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Complementary frontiers in particle physics! 

Large Hadron Collider 
p+- p+ collider 

Detectors: ATLAS, LHCb 
13 TeV ~ 1013 eV 

High energy to search for 
new particles and physics  

KEK B e+ e- collider 
Detectors: Belle-2 
3-7 GeV~ 109 eV 
Focus on specific 
energy range for 

precision 
measurements. 



How Belle-II? 
¤  SuperKEKB: increase luminosity by a factor of 40  

¤  20 x smaller vertical beam size: “World’s most complicated 
superconducting magnet system.” 

¤  2-3 x beam current 
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geometrical 
factor 

beam current 

beam size at IP 

Parameter KEKB 
(LER/HER) 

SuperKEKB 
(LER/HER) 

Energy (GEV) 3.5/8.0 4.0/7.0 

βy (mm) 5.9/5.9 0.27/0.30 

βx (cm) 120/120 3.2/2.5 

Current (A) 1.6/1.2 3.6/2.6 

Luminosity(cm-2s-1) 2.1 x 1034 80 x 1034 



Current Status : 
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2016 2017 2018 2019 

Phase 1 Phase 2 Phase 3 

Beam on, no collisions. 
Basic accelerator tuning. 

Install final focusing 
magnets (QCS). 

Belle-2 detector installation 
(TOP, CDC) and  roll-in . 

Beam collisions with QCS. 
VXD not yet installed. 

Expected luminosity: 20-40 
fb-1 

Loose trigger, ideal for early 
physics. 

Physics run with VXD 
Luminosity target:  
80x 1035 cm2/s  
Target sample: 50 
ab-1 


