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Belle / BaBar

• BaBar: PEP-II e+e- collider, Stanford linear accelerator 
center, 1999–2008.  
Belle: KEKB collider, KEK laboratory, Tsukuba, Japan, 
1999–2010. 

• Core program: weak force, especially CP violation 

• >500 publications (BaBar); >400 (Belle)
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The announcement of the 2008 Nobel 
prize in physics cited the experimental 

results from Belle and BaBar



Belle II

• Upgrade of Belle, located at SuperKEKB. 

• 40x the peak luminosity of KEKB; 30x the combined 
integrated luminosity of BaBar + Belle. 
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• 97 institutions in 23 countries, 600 collaborators, 
including 320 PhD physicists. 

• Canada joined in March 2013; Italy and Mexico in July 
2013 (SuperB refugees). 



Physic goals

• To seek evidence for new physics through a wide range 
of measurements sensitive to the presence of virtual 
heavy particles. 

!

• Asymmetries, rare decays, forbidden decays. Modes with 
well-known uncertainties in the standard model, and 
testable predictions in new physics models.  

• Continued exploration of the weak force and CP violation. 
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CHAPTER 1. MOTIVATION AND OVERVIEW

• 2007: Belle and BaBar found the first evidence for the phenomenon of mixing in the system
of neutral charmed mesons D0 [18, 19]. The large rate can be accomodated by NP but
may also be explained by difficult to calculate long-distance strong interaction effects in
the SM. In contrast, CP violation in the D meson system with a magnitude comparable to
the current experimental sensitivity is an unambiguous signature of NP. With the sample
of charmed meson decays collected by Belle II it will be possible to clarify the situation.

• 2008: A measurement of the branching fraction and photon energy spectrum for fully
inclusive B → Xsγ decays was performed with an energy threshold of 1.7 GeV [20]. This
result is in agreement with the SM and provides strong constraints on charged Higgs
bosons. The shape of the spectrum helps in the determination of the b quark mass and
|Vub|.

• In the same year, a measurement of DCPV in B+ → K+π0 proved it to be different than
the same quantity in B0 → K+π− decays [21], contrary to the naive SM expectation. In
combination with other B → Kπ measurements and with the larger Belle II data set, the
validity of the SM can be tested in a model-independent way.

• 2009: Rare B → K∗ℓ+ℓ− penguin decays were measured with improved precision [22].
The forward-backward asymmetry of the leptons is a sensitive probe of possible NP con-
tributions. With current data samples, the asymmetry appears to deviate from the SM
expectation, but the difference is statistically limited. The greater sensitivity of Belle II
will resolve whether the discrepancy is due to NP effects or not.

1.2.3 NP-sensitive physics at Belle II

Figure 1.2: The SM contribution (left) and the gluino–down squark contribution (right) to the
b→ ss̄s transition.

Here, in order to illustrate the unprecedented sensitivity to the presence of NP effects at the
rare/precision frontier that the improved performance of the Belle II detector and the much
larger data set will offer, we expand on few of the above examples of measurements: b → ss̄s,
b→ sγ, B → τν, and B → Kπ decays.
The examples presented are just a few examples in the broad physics program of Belle II,
which brings the searches of New Physics performed at the existing B factories to a completely
new level of sensitivity, and significantly extends the reach of present experimental efforts in a
way complementary to the energy frontier experiments. The real value of the Super B factory
is in its ability to perform measurements in all fields of heavy flavor physics, extending from

B0(±) meson decays to B(∗)
s meson decays, charm physics, τ lepton physics, spectroscopy, and

pure electroweak measurements. A large number of planned measurements will over-constrain
the parameter space of the SM as well as its extensions and will shed light on the nature of
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TABLE XXX: Expected errors on several selected observables with an integrated luminosity of
5 ab�1 and 50 ab�1 of Belle II data. The current results (from Belle) are also given. L

s

denotes
the approximate integrated luminosity at which the statistical precision of a given observable will
match its systematic uncertainty. Errors given in % represent relative errors.

Observables Belle Belle II L
s

(2014) 5 ab�1 50 ab�1 [ab�1]

sin 2� 0.667± 0.023± 0.012 ±0.012 ±0.008

↵ ±2� ±1�
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0) 0.90+0.09

�0.19
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0
K

0) 0.68± 0.07± 0.03 ±0.028 ±0.011

S(B ! K
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S
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|V
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| excl. ±3.6% ±1.8% ±1.4%
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| excl. (untag.) ±9.4% ±4.2% ±2.2%

B(B ! ⌧⌫) [10�6] 96± 26 ±10% ±3%

B(B ! µ⌫) [10�6] < 1.7 5� >> 5�

R(D⌧⌫) ±16.5% ±5.2% ±2.5%
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⌧⌫) ±9.0% ±2.9% ±1.6%
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⇤+
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�) �0.10± 0.31± 0.07 ±0.11 ±0.035

B(B ! X

d

�) [10�6]

S(B ! ⇢�) �0.83± 0.65± 0.18 ±0.23 ±0.07

B(B
s

! ��) [10�6] < 8.7 ±0.3
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! ⌧⌫) 5.70⇥ 10�3(1± 0.037± 0.054) ±(3.5%-4.3%) ±(2.3%-3.6%) 2.5-5

y

CP

[10�2] 1.11± 0.22± 0.11 ±(0.11-0.13) ±(0.05-0.08) 5-7.5

A

�

[10�2] �0.03± 0.20± 0.08 ±0.10 ±(0.03-0.05) 6.5 - 8.5
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⇡
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42

Subset of the modes 
that can be measured 

by Belle II



Complementarity

• If the LHC sees direct evidence of new physics, the 
corresponding deviations from the standard model 
predictions can identify its nature. 

• LHCb: great B and charm statistics, charged particle 
reconstruction. 

• Belle II: well-defined initial state; ability to reconstruct final 
states with photons (π0 mesons) and neutrinos.  
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Fully reconstructed B sample

�8

Tools of the trade – Recoil B-meson reconstruction

1 Reconstruct one of the B mesons (Btag) in the event

2 All remaining particle(s) in the detector originate from the decay of other B

What is the number of remaining charged tracks?
Is it kaon, pion, electron, or ....?
What is its charge?
Is there any additional activity in the calorimeter?

A. Zupanc (JSI) Missing E modes KEK-FF, 14/02/2014 4 / 24

fully reconstruct this B 
in ~2000 modes: D, Ds, 

J/ψ + hadrons

reconstruct signal B from 
remaining particles

• A unique and powerful 
tool of Belle II 

• Can also use   
                    decays 

!

• For signal events there 
should be ~0 additional 
energy present in the 
calorimeter.

Tools of the trade – Recoil B-meson reconstruction

1 Reconstruct one of the B mesons (Btag) in the event

2 All remaining particle(s) in the detector originate from the decay of other B

What is the number of remaining charged tracks?
Is it kaon, pion, electron, or ....?
What is its charge?
Is there any additional activity in the calorimeter?

A. Zupanc (JSI) Missing E modes KEK-FF, 14/02/2014 4 / 24

B ! D(⇤)`⌫



�9

New Physics in leptonic decays

Type II Two Higgs Doublet Model Akeroyd and Chen, PRD75, 075004 (2007)

Interference from charged Higgs can suppress or enhance SM decay rate:

B ! `⌫

B = BSM ⇥
✓
1�m

2
B

tan

2�

m

2
H±

◆2

| {z }
⌘ rH

E↵ect independent of lepton flavor! R = tan�
m
H±

A. Zupanc (JSI) Missing E modes KEK-FF, 14/02/2014 16 / 24

• Enhance or suppress 

• Same size effect for                   and 

Limits on H+ mass can 
greatly exceed direct 

LHC values

B+ ! ⌧+⌫ B+ ! µ+⌫

B = BSM ⇥
�
1�m2

B tan2 �/m2
H±

�2

B+ ! ⌧+⌫⌧

BSM = 1.0⇥ 10�4 (⌧)

= 4.5⇥ 10�7 (µ)

= 8⇥ 10�12 (e)



SuperKEKB

• Huge increase in luminosity comes from a 2x increase in 
current and a large decrease in beam size. Upgrades to 
most systems.  

• 2.6A of e- @ 7 GeV 
3.6A of e+ @ 4 GeV  
8 x 1035 cm-2s-1   
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Colliding bunches
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Schedule

• Phase 1 (Jan – May 2015)  
No superconducting IR magnets; 
no Belle II. 

• Basic tuning, vacuum scrubbing 

• Phase 2 (Feb – June 2016) 
Full accelerator; Belle II except 
vertex detector. 

• beam collision tuning, 
background studies 

• Phase 3 (late 2016) 
First physics. L = 1034 cm-2s-1 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Luminosity projection
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Backgrounds

• High luminosity ⇒ high rate of  

• radiation damage, photosensor aging, pileup
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The Belle II detector
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• Upgrades aim for best possible performance in the 
face of high event rates and high backgrounds. 



iTOP

• Particle ID using Cherenkov radiation in fused silica bars.
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measure t and x of 
single γ with 

pixelated PMT

time (ns)

position 

need resolution 
< 100 ps

500 ps



iTOP status

• Procurement of precision optical components has been 
difficult, but production is now under way.  

• Successful review of complex opto-mechanical system 
last week. 

• DOE CD-2/3 review in March. 

• ~1/2 of iTOP will be in place for  
first physics run. Remainder will  
be installed in summer 2017. 

• First physics run may not be at the Y(4S). �16



Calorimeter

• Precise measurements of γ (π0) and Eextra is critical to our 
physics program, particular with respect to LHCb. 

• Belle II is reusing the CsI(Tl) crystal calorimeter from Belle, 
with new digitization and waveform fitting electronics. 
Excellent resolution, but quite slow.
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CsI crystal
Waveform of a 100 MeV γ in CsI(Tl) calorimeter

includes 600 MeV of 
background photons



Pure CsI upgrade

• Canadian and Italian groups are planning to upgrade the 
forward endcap calorimeter to pure CsI.  

• 30x faster signals (so 30x less pileup) but 30x less light. 

• Fine mesh PMTs with preamps/HV dividers, new 
shapers/waveform fitting. 
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upgrade region



• Preamp & digitizing electronics under development at 
U. Montreal. 

• Aim for a 25-crystal prototype beam test at TRIUMF in 
summer 2015. 

• Upgrade summer 2018.
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M11 test beam at TRIUMF

Fine mesh PMT with prototype 
preamp on pure CsI crystal



Summary

• Belle II has a physics program with unique capabilities 
and sensitivities to new physics. 

• SuperKEKB is on track for the start of commissioning in 
less than one year.  

• Detector construction is well underway, and moving 
towards integration. 

• The Canadian group is working towards an upgrade of 
the calorimeter that will improve its performance at the 
highest luminosities. 

�20



Canadian group

• U. British Columbia: C. Hearty, J. McKenna, T. Mattison, 
D. Fujimoto  

• U. Victoria: M. Roney, R. Kowalewski, R. Sobie,  
A. Beaulieu, S. de Jong, S. Longo, F. Berghaus,  
P. Poffenberger 

• McGill U.: S. Robertson, A. Warburton, R. Cheaib,  
R. Seddon 

• U. Montreal: J.P. Martin, P. Taras, N. Starinski
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Backup slides
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VI. LFV ⌧ DECAYS

Lepton Flavor Violation (LFV) is highly suppressed in the SM, LFV ⌧ decays are then
clean and ambiguous probes for NP e↵ects. Belle II can experimentally access ⌧ LFV decay
rates over 100 times smaller than Belle for the cleanest channels (as ⌧ ! 3l) and over
10 times smaller for other modes as ⌧ ! l� that have irreducible backgrounds.

Results for ⌧ ! µµµ: 4.5⇥ 10�9 and 9.1⇥ 10�10

38

• Unambiguous sign of new physics. Many charged flavor 
violating decays available. 
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~two-order of 
magnitude 

improvement

⌧+ ! µ+�
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Replace beam pipes with TiN-coated 
beam pipes with antechambers

New e+ damping ring Additional RF for beam current

Improved monitors and controls Redesigned lattice

New superconducting final focus 
magnets near the interaction point



Vertex detector
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• Two layers of pixels (DEPFETs) and four layers of 
silicon strips. 

• first layer at r = 14 mm; much less material than 
Belle



Vertex detector beam test

• One pixel layer with four layers of silicon strips with full 
readout chain. In a 1 T solenoid.  

• Successful test, including “regions of interest” readout. To 
reduce data rate, project SVD tracks into pixels and read 
only those regions. 

�26
• Focus now on production; little schedule contingency.



First year physics plan

• B physics topics require high-momentum particle ID 
more than other topics. We are considering alternatives 
to the Y(4S) for the first run, late 2016 – early 2017. 
Maybe few hundred fb-1. 

• Y(2S): dark forces, light Higgs 

• Y(6S): bottomonium, Zb  

• rB scan 

• Y(3S): conventional bottomonium
�27

Scan around Υ (5S) and b quark mass determination

K.G. Chetyrkin et al
PRD 80 (2009) 074010

arXiv :0907.2110
(see also arXiv :1010.6157) pQCD

∘ lowest region: narrow resonances
∘ intermediate ' 'theshold '' region: 10.62 GeV and 11.24 GeV
∘ perturbative region above 11.24 GeV: measurement is replaced by pQCD prediction

⇒ moments → m
b

no data
point above

Rb as corrected in arXiv :0907.2110

∘ after subtraction of the radiative
tails of Υ(1S) to Υ(4S)

∘ deconvolution of ISR
∘ correcting for the running of α(s)

mb (10 GeV ) = 3610(16) MeV

[previous result : mb(10 GeV ) = 3609(25) MeV ]

most precise determination of bottom-quark mass



Computing

• Raw data storage and processing at KEK; duplicated at 
PNNL. Physics data distributed for analysis. Grid + cloud 
for MC production. 

• Hardware requirements are comparable LHC. 
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