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The B factories
 Belle/KEKB at KEK (Japan) and BaBar/PEP-II at SLAC (USA).
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The B factories

 The B factories:
Belle and BaBar
ran from 1999 to 
~2010.

 They recorded over
1.5ab-1 of data.

 And provided the
experimental
confirmation that lead 
to the 2008 Nobel 
prize.
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The B factories

 Physics highlights:

 Measurement of the Unitarity triangle, 
and CKM parameters;

 Observation of D meson mixing;

 Observation of new (X, Y, Z) hadrons;

 Observation of direct CP violation in B decays;

 In addition to being B factories – 
also  and charm factories:

 Search for rare  decays.

 Constraints on new physics from:

 e.g B   and B s.

 And direct searches for light Higgs, Dark photon... 
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Belle II and SuperKEKB
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SuperKEKB

 40x increase in instantaneous luminosity.

 Beam currents are increased by ~2, but the main increase in luminosity comes 
from the change in beamspot size from using nanobeams.
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SuperKEKB

 ds
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Belle II Collaboration

 ~600 collaborators, 99 institutions, 23 countries (as of May 2015).
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From Belle to Belle-II

 The Belle 
detector is being 
upgraded to 
become Belle II.

 All subdetectors 
upgraded or 
replaced.

 To cope with the 
increased 
luminosity to be 
provided by 
SuperKEKB.
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Belle II subdetectors
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Vertex detectors

 New vertex detectors: 2 layers of DEPFETs (Depleted P- Channel Field 
Effect Transistor) and 4 layers of DSSD (Double Sided Silicon Detectors).

 Beam pipe radius reduced 
from 2cm-1.5cm for Belle 
to 1cm for Belle II.

Mechanical Mock-up
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Central Drift Chamber (CDC)

 CDC for Belle II will be larger than Belle CDC.

 Stringing completed in January 2014 – 51456 wires.

 Commissioning with cosmic rays under way.

CDC cosmic – 2015 April 14
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The TOP detector

 The (imaging) Time of Propagation subdetector (TOP or iTOP) will be used 
for particle identification in the barrel region of Belle II.

 Each TOP module contains two quartz bars, mirror, prism, and an array of 
photodetectors to detect Cerenkov photons from charged tracks. 

 To distinguish between kaons and pions, excellent position
and timing resolution is required.

 This is achieved using MCP-PMTs and new waveform
sampling electronics.

K+/+

Photon from +

Photon from K+

Forward
Mirror

Backward
Photon Detectors
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The TOP detector

 To distinguish between kaons and pions timing 
resolution of O(100ps) is required.

 TOP modules have been tested at beam tests, and 
good agreement between data and simulation has 
been obtained, with timing requirement reached.

 First Final TOP
modules have 
been constructed;

 Commissioning
with cosmic rays
is under way, 
prior to installation.

Photon detection time vs 
channel number (zoom)

1ns

        Beam Test at LEPS (June 2013)

TOP simulation
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Aerogel RICH

 Aerogel Ring Imaging Cerenkov (ARICH) detector used for particle 
identification in the forward endcap. 

Uses 420 Hybrid Avalanche Photo Detectors (HAPD),
each with 144 channels.
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Aerogel RICH

Two layers of aerogel lead to better photon yield, whilst maintaining resolution.
NIM A548 (2005) 383
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Electromagnetic Calorimeter (ECL)

 Need upgrade for high backgrounds

 Barrel: CsI(Tl), waveform sampling.

 Endcaps: CsI(Tl), waveform sampling.

Expected performance from Geant4 simulation.
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K
L
 and Muon systems (KLM)

 Endcaps and parts of 
the barrel KLM RPCs 
of Belle needed to be 
replaced with 
scintillators due to 
increased backgrounds 
expected in Belle II.

 Barrel KLM was the 
first sub-detector to be 
installed in Belle II.
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Physics Prospects
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Belle II physics prospects

 Many potential sources/signals 
of new physics:

 Flavour changing neutral currents;

 Lepton flavour violating decays; 

 B   new physics in loops;

 Precision CKM measurements/
new sources of CPV

 Different modes will be favourable to 
search for at different experiments.

 Belle II physics programme will be 
complementary with LHCb.
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Summary of Belle II prospects

 sd

BELLE2-NOTE-PH-2015-02
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Unitarity Triangle

 The B factories have greatly 
constrained the
parameters of the Unitarity 
Triangle.

 New results from Belle II and 
LHCb will further
(over)constrain the UT.

 Expected reach of Belle II with 
50ab-1:
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The angle

 ()

BELLE2-NOTE-PH-2015-02:
LHCb projections taken from:
HL-LHC ECFA Workshop 2014,
LHCb-PUB-2014-040,
LHCb EPJC 73, 2373.

Belle II projection for sin 2
1
 from BJ/K

S
: 
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Direct CPV – BK modes

 Different ACP values measured for different 
modes.

 Complete analysis requires all BK 
modes.  

 Will require neutral modes, such as 
BK00, where Belle II will have greater 
sensitivity.
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B  and BD(*)

 B: possible enhancement from charged Higgs.

 e.g. 2HDM:

 Experimentally challenging due to the presence of 
two (or more) neutrinos in the final state.

 e+e- colliders preferable to hadron colliders.

 Current measurements have seen evidence for this decay at:

 3.6 (Belle semileptonic tag); 

 3.0 (Belle hadronic tag);

 2.8excess seen at BaBar.

PRD 82, 071101(R) (2010), PRL 110 131801 (2013), 
PRD 77 011107(R) (2008), PRD 81, 051101(R), 2010.
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B  and BD(*)
Projected uncertainty on B(B->)

Belle II has the potential 
for an observation of 
B in first years of 
data taking.

Constraints on B 
apply on m

H+
-tan  plane 

could rule out certain 
charged Higgs models.

R. Itoh
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B  and BD(*)

 Sensitivity to charged Higgs:









 BaBar results for BD(*) saw 3.4 
deviation from SM and excluded the 
type II 2HDM at 99.8% CL.

 But new results presented at this 
conference:

 Belle – BD(*)T. Kuhr.

 LHCb – BD*G. Ciezarek.

T. Kuhr

PRL 109, 101802 (2012)
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B  and BD(*)

 LHCb result consistent with SM.

 Belle result consistent with BaBar 
result and SM, and also 2HDM.

 Belle II could potentially resolve 
SM/2HDM with projected 
uncertainty: 

T. Kuhr
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D-D mixing

 Belle II will be competitive 
with LHCb for y

CP
, and 

potentially for x'2, y', , |q/p| 
as well.

 Current measurements yield 
important constraints on NP.

 Future results could yield NP 
– results from both LHCb and 
Belle II would be crucial for 
any confirmation. 

_

Projected Uncertainties (M. Staric)
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  Lepton flavour violation

 Lepton flavour violating modes offer experimentally clear and unequivocal 
signs of NP.

 Standard Model LFV is well below the sensitivity of any experiments for the 
foreseeable future.

 NP Models can lead to enhancement in LFV  modes – Belle II will have 
sensitivity to some of these models.

Standard Model (B ~ 10-40):
New Physics 
(B ~ 10-10 – 10-7):
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  Lepton flavour violation

 NP Models can lead to enhancement in LFV  modes – Belle II will have 
sensitivity to some of these models.

 Current best limits from experiments:
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  Lepton flavour violation

 NP Models can lead to enhancement in LFV  modes – Belle II will have 
sensitivity to some of these models.

 Possible Belle II reach (scaled from Belle results (assuming background 
free)):
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Schedule and Commissioning
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Schedule

 SuperKEKB will start circulating 
beams in 2016.

 Three Phases in 
commissioning/operation:

 Phase 1: Without Belle II.  
Commissioning detector used.

 Phase 2: Belle II is rolled in, but 
without vertex detector.

 Phase 3: Full Belle II.

 Physics data taking will start in 2018. 

2015 2016 2017 2018

TOP

CDC

ARICH
Endcap

Global 
Cosmic Run
Roll-in
QCS

VXD

Phase 1 Phase 2 Phase 3
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Commissioning Detector

 During phases 1 and 2 a commissioning detector will be used – BEAST II  

 Will be used to measure beam backgrounds, before Belle II is rolled in and 
fully installed. 

 Phase 1: 4 MicroTPCs in
8 positions used to 
measure fast neutron
backgrounds, and PIN diodes 
used to measure ionising 
particle backgrounds.

 Every other PIN diode 
coated in gold paint, to allow
for separation of charged
particle and x-ray 
contributions.

 Crystals and slow neutron counters will also be used.
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Luminosity Projections

Data taking will start in 2018

Year
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Goal: 50ab–1

BELLE2-NOTE-PH-2015-04

Comparison of Belle (II) 
and LHCb luminosities 
(note different units).
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Belle II Theory Interface Platform

P. Urquijo

Next meeting: October 2015 at KEK. 
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Summary

 Rich and successful physics programme at the 
B-factories.

 Many hints of new physics. 

 To unlock these will require Belle II and the 
LHC.

 Belle II will start taking physics data in 2018.

 Belle II goal of 50ab-1 will provide:

 a much larger data set than the B factories;

 greater sensitivity in many areas of flavour, 
CP, and related physics areas;

 New Physics?

ありがとうございました
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Backup 
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SuperKEKB 
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The angle
3
 ()

 Project measurement of 
3
 from BD(*)K(*) decays.
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Charm physics CPV

 Both Belle II and LHCb will be able to 
measure DKK and D well. 

 As with the earlier B physics example, a 
full isospin analysis will require neutral 
modes with K0 and 0 where Belle II will 
have greater potential.
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B2TIP
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