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Success of the B-factories 
 

 

�  The Nobel Prize: 
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Tsukuba, Japan 
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Belle-II experiment 
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B factory with a target integrated luminosity of 50 ab-1. 

 

 
 
 
(Super) B-factory (~1.1 x 109 BB pairs/ab-1) 
(Super) charm factory (~1.3 x 109 cc pairs/ab-1)  
(Super) τ factory (~0.9 x 109 τ+ τ- pairs/ab-1) 
 

x 40 

Racha Cheaib, University of British Columbia 

Analysis sensitivity in B, τ and 
charm to O(10-9) branching 

fractions 



The Belle II collaboration  
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101 institutions from 26 countries 
~900 researchers  ~270 graduate students 

 

Racha Cheaib, University of British Columbia 

UBC: C. Hearty, J. McKenna, R. Cheaib, E. Hill, A. Hershenhorn 
Victoria: J. M. Roney, R. Kowalewski, R. Sobie, A. Sibidanov, S. Longo, C. Miller A. 
Beaulieu M. Ebert 
McGill: S. Robertson, A. Warburton, A. Fodor, H. Wakeling, R. Seddon, R. 
MacGibbon, T. Shillington, K. Amirie 

Current Canadian group: 
7 faculty, 10 grad students, 3 postdocs/RA 



Super KEKB 
�  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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Twice the beam current 

1/20 vertical beta 
function 

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 

Racha Cheaib, University of British Columbia 



SuperKEKB  
Significant upgrade of the KEKB e+ e- collider. 

 

Racha Cheaib, University of British Columbia 7 

Gray: reused 
Colored: new 

Designed for low 
emittance e+ beam 

injection 

Upgraded for 
injection 

beams with 
high current. 

7 GeV 
electron ring  

4 GeV 
positron ring  

Updated with fully 
reconstructed final 
focusing sections  



Belle II detector 
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Significant upgrade of Belle II detector to handle higher event 
rate and higher background levels.  
•   Extended vertex 

detector region (added 
pixel detector) 

•   Extended Drift 
Chamber region 

•  New calorimeter 
electronics (waveform 
sampling and fitting) 

•  New PID detector in the 
barrel and forward region 

•  High efficiency  KL and 
Muon detector 

Racha Cheaib, University of British Columbia 



Rich Physics agenda 
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CKM matrix is unitary by design. 
 
 
 
 
 

Precision measurements with Belle II 
dataset  

 

December 8, 2009 The SuperB Experiment     Steven Robertson  IPP/McGill 4

 Flavour Physics
Flavour physics:  weak interaction couplings of quarks with universal     

        coupling, but modified by the (non-diagonal) CKM matrix 

– Parameterize the couplings between the three quark generations

– Weak eigenstates are essentially “rotated” in flavour space relative to mass 
eigenstates (i.e. physical quark states) 

Vud Vub* + Vcd Vcb* + Vtd Vtb* = 0

CKM matrix can (and does) have complex entries:

– “Matter” and “antimatter” decays can differ (CP violation)

– Unitarity of V implies relationships between various matrix elements:

D0

π

Β+

u

u

d

b c

u

Vcb

V*ud
        Vud   Vus  Vub

V =     Vcd   Vcs  Vcb

          Vtd   Vts   Vtb

December 8, 2009 The SuperB Experiment     Steven Robertson  IPP/McGill 5

Why Flavour?

Flavour sector contains 14 (23) of 19 (28) parameters of the SM, which 
are intrinsically connected to EW physics and symmetry breaking 

– Tantalizing structure (similarly for lepton sector) which is not predicted by the 
SM:

    Regardless of whether 
observable non-SM physics 
exists at the TeV scale,  
CKM structure hints that 
there is something 
important here that we 
don't understand

B → ψKS      

B → φKS

B0 → D*π         

B+ → D0
CP K

+

α

γ β

V
td V

tb
*

VcdVcb
*

V u
d
V u

b

*

B0 → π+π−        

B0 → ρ+ρ−b → ulν

b → clν

B0B0 mixing

Deviations from Standard Model : New 
Physics 

Racha Cheaib, University of British Columbia 



Rich Physics agenda 
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�  B-physics: 
¡  CPV: Bà J/ψ Ks

0, φK0 
¡  Rare B decays: BàKνν, Kτ+τ- 
¡  B anomalies  

�  Lepton flavour violation:  
¡  τàµγ   

�  Charm Physics: D-mixing 
¡  CPV in charm sector 

�  Dark sector studies 
�  A’, ALPs, Z’ 

�  Bottomonium spectroscopy and 
exotic states 

Large data sample = wide range of possibilities. 
 
Belle II Physics book: arXiv:180810567 

EWP 

Charm 

Tau 

Racha Cheaib, University of British Columbia 



Belle II computing 
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•  Challenging computing system to  
handle high event rate  

•  Distributed computing model with most of the Belle II institutions. 

Cloud computing is 
used to address 

peaks on resource 
demand.  

Raw data stored 
on tape at KEK. 

Mini-DST format 
for data and 
Monte Carlo are 
replicated on grid 
sites. 

mDSTs copied to 
local resources. 

Racha Cheaib, University of British Columbia 



Canadian Production in 2018 
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•  Canada produced 13% of MC in 2018 entirely by cloud 
•  Canada will  store  10% of raw data copy plus processing, starting 2021.  

Racha Cheaib, University of British Columbia 



Belle II  timeline : 

Racha Cheaib, University of Mississippi 13 

2016 2017 2018 2019 

Phase I 

Beam on, no collisions. 
Basic accelerator tuning. 

Commissioning with BEAST ll 

BEAST II to study the effect 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.  

Racha Cheaib, University of British Columbia 

Large differences between data 
and simulations.  

New collimators to be added. 

Current Status (2019): 

Belle II 
beam line  

https://doi.org/10.1016/j.nima.2018.05.071 



Belle II timleine: 
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2016 2017 2018 2019 

Phase I 

Install final focusing magnets 
(QCS). 

Precise and complex magnetic 
system to realize small βy* 

Racha Cheaib, University of British Columbia 



Belle II timeline: 
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2016 2017 2018 2019 

Phase I 
Belle II detector installation (TOP, CDC) 

and  roll-in . 

Racha Cheaib, University of British Columbia 



Central Drift Chamber 
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�  CDC extends to a larger radius (1130 mm compared to 800 
mm) 
¡  14336 sense wires arranged in 56 layers  
¡  smaller drift cells, and thinner PID device. 

�  CDC tracking efficiency significantly influenced by cross-
talk between cells. 

 

 Cut on charge deposit applied  

High current observed in outer CDC layers:  
•  add H2O, increase gas flow, low voltage operation. 

 Racha Cheaib, University of British Columbia 

Current Status (2019): 



Time Of Propagation Cherenkov Counter 
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�  Consists of 2.6 m quartz radiator bar, micro-
channel plate photomultipliers and a front-
end readout.  

�  2D information about a Cherenkov ring 
image: time of arrival and impact position. 

�    

Racha Cheaib, University of British Columbia 

•  Performance improving. 
•  Calibration and timing issues.  
•  224 PMTs to be replaced by 

summer 2020 

Current Status: 



Electromagnetic CaLorimeter 
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�  Total of 8736 CsI crystals, covering about 90% of the solid angle, with new readout 
electronics. 

�   Full cluster reconstruction code and ECL calibration developed by 
Canadian group. 

�  Improve PID using Pulse Shape discrimination, by  measuring fast scintillation 
emission  (“hadron component”) produced by highly ionizing particles  

Racha Cheaib, University of British Columbia 

Waveforms for 
crystals with energy 
above 30 MeV are 

saved offline. 

S. Longo and J. M. Roney 2018 JINST 13 P03018 arXiv:1801.07774 

See poster by Savino 
Longo! 



KLM (KL and µ detector) 
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�  Detect KL mesons or muons above 0.6 GeV/c   
�  Use the Belle-era glass-electrode RPCs in the outer 13 layers  
�  Install scintillators in the 2 innermost barrel layers, due to the higher background levels.   

 
 

Racha Cheaib, University of British Columbia 

Barrel KLM  

Endcap KLM  



Belle II timeline: 
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2016 2017 2018 2019 

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

•  Established 1.5 T magnetic field 
•  Readout integration of installed 

sub-detectors central DAQ in 
progress. 

Racha Cheaib, University of British Columbia 



First collisions at Belle II  
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2016 2017 2018 2019 

Phase I Phase II Phase III 

Axion-Like 
particles 

April 2018: Beam collisions with QCS. 
VXD not yet installed 
Luminosity: ~500 pb-1 

Bhabha 
event 

Hadronic 
event 

Reduced βy* to 3 mm, σy* ~400nm 
(Final target βy*=0.3mm, σy*~50nm) 



Belle II Tracking in Phase II  
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�  Tracks reconstructed with CDC and partially installed VXD. 

�  Observed improvement in Particle Identification with the TOP detector 

Racha Cheaib, University of British Columbia 

φà K+K- φà K+K- 

Without PID  With PID  



Belle II Neutrals in Phase II  

23 Racha Cheaib, University of British Columbia 



B mesons 
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Ratio of  2nd to first Fox-Wolfram moments: 

Racha Cheaib, University of British Columbia 

Hadronic 

Semileptonic 



Exclusive B-tagging algorithm  
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Multivariate hadronic and semileptonic  B-tagging algorithm 
 

 
 
Hierarchical approach with O(10000) modes  

Full Event Interpretation T. Keck et al., Comp. Softw. Big Sci. 3:6 (2019) 
Racha Cheaib, University of British Columbia 

2-3 x more efficient than previous  
algorithms. 



Current Status : 
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2016 2017 2018 2019 

Phase I Phase II Phase III 

Axion-Like 
particles 

VXD installed. 
PXD first layer fully equipped. 
Full physics run: March 2019  

Racha Cheaib, University of British Columbia 



Vertex Detector  
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�  PiXel Detector: 2 layers of DEPFET (DEPleted Field Effect Transistor) at r = 14 mm 
and r = 22 mm. Closer to interaction region than Belle. 

�  Silicon Vertex Detector (SVD):4 layers of double-sided silicon sensors on 6” wafers. 
�  Larger outer SVD radius 30% efficiency increase  KS → π+π− decays inside the SVD.  
�  Current Status: 

 
 Racha Cheaib, University of British Columbia 



R(D) and R(D*) 
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Tree level decay in the Standard Model  

Measurements of R(D) and R(D*) show > 3σ 
deviation from the SM 

 
Belle II measurement with FEI hadronic 
tagging.  
 
Substantial Canadian effort (4+ members) 
leading this analysis 
 
Canadian  convenors of the Semileptonic 
Working Group at Belle II.  
  

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.

b c

q q

ντ

τ
−

}D(∗)
B{

W−/H−

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]

Mλτ

λ
D(∗)

(q2, θτ ) =
GFVcb√

2

∑

λW

ηλW
Lλτ

λW
(q2, θτ )H

λ
D(∗)

λW
(q2),

(2)

where Lλτ

λW
and H

λ
D(∗)

λW
are the leptonic and hadronic

currents defined as

Lλτ

λW
(q2, θτ ) ≡ ϵµ(λW ) ⟨τ ντ |τ γµ(1− γ5) ντ |0⟩ , (3)

H
λ
D(∗)

λW
(q2) ≡ ϵ∗µ(λW )

〈

D(∗) |c γµ(1− γ5) b|B
〉

. (4)

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]:

L−
± = −2

√

q2vd±, L+
± = ∓

√
2mτvd0, (5)

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

See talk by Hannah Wakeling! 
Racha Cheaib, University of British Columbia 



Rare decays  
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B     µν  
�  Rare decay with O(10-7) branching fraction. 
�  Probe for new physics  
�  Clean mode, untagged analysis with one signal side track 

 
B     K+ τ- l+  
�  Loop level process, forbidden in the SM. 
�  Test of lepton flavour violation 
�  Hadronic tagged analysis using FEI algorithm   

 

search for activity compatible with a B+ ! K+⌧+⌧� decay in the rest of the event. Each ⌧ lepton
is required to decay leptonically into an electron or muon and neutrinos. Comparing the expected
number of background events with the data sample after applying the selection criteria, we do not
find evidence for a signal. The measured branching fraction is (1.31+0.66

�0.61(stat.)+0.35
�0.25(sys.)) ⇥ 10�3

with an upper limit, at the 90% confidence level, of B(B+ ! K+⌧+⌧�)< 2.25 ⇥ 10�3.

PACS numbers: 13.20.He, 12.38.Qk, 14.40.Nd

The flavor-changing neutral current process
B+ ! K+ ⌧+⌧� [1] is highly suppressed in the standard
model (SM), with a predicted branching fraction in the
range 1 � 2 ⇥ 10�7 [2, 3]. This decay is forbidden at
tree level and only occurs, at lowest order, via one-loop
diagrams. The SM contributions, shown in Fig. 1,
include the electromagnetic penguin, the Z penguin,
and the W+W� box diagrams. Rare semi-leptonic B
decays such as B+ ! K+⌧+⌧� can provide a stringent
test of the SM and a fertile ground for new physics
searches. Virtual particles can enter in the loop and thus
allow to probe, at relatively low energies, new physics at
large mass scales. Measurements of the related decays,
B+ ! K+`+`� where ` = e or µ, have been previously
published by BABAR [4] and other experiments [5], and
exhibit some discrepancy with the SM expectation [6].

The decay B+ ! K+⌧+⌧� is the third family equiv-
alent of B+ ! K+`+`� and hence may provide addi-
tional sensitivity to new physics due to third-generation
couplings and the large mass of the ⌧ lepton [7]. An
important potential contribution to this decay is from
neutral Higgs boson couplings, where the lepton-lepton-
Higgs vertices are proportional to the mass squared of
the lepton [8]. Thus, in the case of the ⌧ , such contribu-
tions can be significant and could alter the total decay
rate. Additional sources of new physics and their e↵ect
on the B+ ! K+⌧+⌧� branching fraction and the kine-
matic distributions of the ⌧+⌧� pair are also discussed
in Refs. [9]-[17].

We report herein a search for B+ ! K+⌧+⌧� with
data recorded by the BABAR detector [18] at the e+e�

PEP-II collider at the SLAC National Accelerator Lab-
oratory. This search is based on 424 fb�1 of data [19]
collected at the center-of-mass (CM) energy of the ⌥ (4S)

5

J. L. Ritchie, A. M. Ruland, R. F. Schwitters, and B. C. Wray
University of Texas at Austin, Austin, Texas 78712, USA

J. M. Izen and X. C. Lou
University of Texas at Dallas, Richardson, Texas 75083, USA

F. Bianchiab and D. Gambaab

INFN Sezione di Torinoa; Dipartimento di Fisica Sperimentale, Università di Torinob, I-10125 Torino, Italy
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F. Martinez-Vidal and A. Oyanguren
IFIC, Universitat de Valencia-CSIC, E-46071 Valencia, Spain

H. Ahmed, J. Albert, Sw. Banerjee, F. U. Bernlochner, H. H. F. Choi, G. J. King,
R. Kowalewski, M. J. Lewczuk, I. M. Nugent, J. M. Roney, R. J. Sobie, and N. Tasneem

University of Victoria, Victoria, British Columbia, Canada V8W 3P6

T. J. Gershon, P. F. Harrison, T. E. Latham, and E. M. T. Puccio
Department of Physics, University of Warwick, Coventry CV4 7AL, United Kingdom

H. R. Band, S. Dasu, Y. Pan, R. Prepost, and S. L. Wu
University of Wisconsin, Madison, Wisconsin 53706, USA

In a sample of 471 million BB events collected with the BABAR detector at the PEP-II e+e� collider
we study the rare decays B ! K(⇤)`+`�, where `+`� is either e+e� or µ+µ�. We report results
on partial branching fractions and isospin asymmetries in seven bins of di-lepton mass-squared. We
further present CP and lepton-flavor asymmetries for di-lepton masses below and above the J/�
resonance. We find no evidence for CP or lepton-flavor violation. The partial branching fractions
and isospin asymmetries are consistent with the Standard Model predictions and with results from
other experiments.

PACS numbers: 13.20.He

I. INTRODUCTION

The decays B ! K(⇤)`+`� arise from flavor-changing
neutral-current processes that are forbidden at tree level
in the Standard Model (SM). The lowest-order SM pro-
cesses contributing to these decays are the photon pen-
guin, the Z penguin and the W+W� box diagrams shown
in Fig. 1. Their amplitudes are expressed in terms of
hadronic form factors and perturbatively-calculable ef-
fective Wilson coe�cients, Ce�

7 , Ce�
9 and Ce�

10 , which
represent the electromagnetic penguin diagram, and the
vector part and the axial-vector part of the linear combi-
nation of the Z penguin and W+W� box diagrams, re-
spectively [1]. In next-to-next-to-leading order (NNLO)

⇤
Now at the University of Tabuk, Tabuk 71491, Saudi Arabia

†
Also with Università di Perugia, Dipartimento di Fisica, Perugia,

Italy

‡
Now at the University of Huddersfield, Huddersfield HD1 3DH,

UK

§
Now at University of South Alabama, Mobile, Alabama 36688,

USA

¶
Also with Università di Sassari, Sassari, Italy

at a renormalization scale µ = 4.8 GeV, the e↵ective
Wilson coe�cients are Ce�

7 = �0.304, Ce�
9 = 4.211, and

Ce�
10 = �4.103 [2].

Non-SM physics may add new penguin and box dia-
grams, which can contribute at the same order as the SM
diagrams [3–5]. Examples of new physics loop processes
are depicted in Fig. 2. These contributions might modify
the Wilson coe�cients from their SM expectations [5–8].
In addition, new contributions from scalar, pseudoscalar,
and tensor currents may arise that can modify, in partic-
ular, the lepton-flavor ratios [9, 10].

q q

b st,c,u
W −

γ , Z

l +

l −

q q

b st,c,u

W +W − ν

l − l +

FIG. 1: Lowest-order Feynman diagrams for b ! s`+`�.FIG. 1: Lowest order SM Feynman diagrams of b ! s `+`�.

resonance, where ⌥ (4S) decays into a BB pair. We use
hadronic B meson tagging techniques, where one of the
two B mesons, referred to as the Btag, is reconstructed
exclusively via its decay into one of several hadronic de-
cay modes. The remaining tracks, clusters, and missing
energy in the event are attributed to the signal B, de-
noted as Bsig, on which the search for B+ ! K+ ⌧+⌧�

is performed. We consider only leptonic decays of the
⌧ : ⌧+ ! e+⌫e⌫⌧ and ⌧+ ! µ+⌫µ⌫⌧ , which results in
three signal decay topologies with a charged K, multi-
ple missing neutrinos, and either e+e�, µ+µ� or e+µ�

in the final state. The neutrinos are accounted for as
missing energy in any signal event where a charged kaon
and lepton pair are identified and extra neutral activity,
including ⇡0 candidates, is excluded.

Simulated Monte Carlo (MC) signal and background
events, generated with EvtGen [20], are used to de-
velop signal selection criteria and to study potential
backgrounds. The detector response is simulated us-
ing GEANT4 [21]. Signal MC events are generated as
⌥ (4S) ! B+B�, where one B decays according to its
measured SM branching fractions [22] and the other B
decays via B+ ! K+⌧+⌧� according to the model de-
scribed in Ref. [23]. Within this model, referred to as
LCSR, a light-cone sum rule approach is used to deter-
mine the form factors that enter into the parameteriza-
tion of the matrix elements describing this decay. Signal
events are also reweighted to a model based on the un-
quenched lattice QCD calculations of the B ! K`+`�

form factors [2] for the determination of the signal e�-
ciency, and the two theoretical approaches are then com-
pared to evaluate the model-dependence of our measure-
ment. Because of the low e�ciency of the hadronic Btag

reconstruction, “dedicated” signal MC samples are also
generated for this analysis, where one B decays exclu-
sively through B± ! D0⇡±, D0 ! K�⇡+ while the
other B meson decays via the signal channel. This en-
sures that more events pass the hadronic Btag reconstruc-
tion and allows for increased statistics in the distributions
of discriminating variables in the signal sample. Only
variables that are independent of the Btag decay mode
are considered with the dedicated signal MC sample. To
avoid potential bias, this dedicated sample is not used
to evaluate the final signal selection e�ciency. Back-
ground MC samples consist of B+B� and B0B0 decays
and continuum events, e+e� ! ff̄ , where f is a lepton
or a quark. The BB and e+e� ! cc MC-simulated sam-
ples are produced with an integrated luminosity ten times

3

See Andrea Fodor’s talk! 

Truly 
Canadian! 

Racha Cheaib, University of British Columbia 



Dark sector studies 
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�  Rich trigger menu allows for a wide range of dark sector and low 
multiplicity studies.  

�  Requires single photon trigger 
�  Bump hunt in the recoil mass system  
�  Backgrounds: 

¡  Cosmics 
¡  Beam backgrounds   
¡  ee      eeγ(γ) 
¡   ee      γγ(γ) 

  

Axion-like particles Dark photon Z’ 

  

Racha Cheaib, University of British Columbia 



Dark Photon Search 
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�  Canadian group leading effort in dark photon search 
¡  Study of backgrounds from cosmics and γ detection efficiency in the muon 

system 

 

 

  

Racha Cheaib, University of British Columbia 

Belle II has world-leading sensitivity with only 20fb-1 

JHEP 1712 (2017) 094 



Phase III timeline   

32 Racha Cheaib, University of British Columbia 

Phase III 
data taking  

Summer shutdown to 
replace TOP PMTs and 

install PXD 2nd layer 
2020 

Peak luminosity 
2025 

Belle II aims: 
•  ~5 fb-1 by July 2019 
•  100 fb-1 by December 2019 

•  >500 fb-1 by 2020 
•  1 ab-1 by 2021 



 
Proposed Polarized Electron Beam at  SuperKEKB 
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�  Canadian-led effort. 
�  A measurement of the asymmetry in the cross-section for producing left and right 

handed particles(ALR) gives access to the neutral current couplings and sin2 θW 

�  At Belle II this can be done for e,µ,τ,b,c  

 

Racha Cheaib, University of British Columbia 
See talk and poster by Caleb Miller! 



Summary  
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•  Belle II physics run has started in March 2019. 
•  Upcoming data set is promising, panorama of results to come. 
•  STAY TUNED! 
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Back up slides  



Beam backgrounds in Phase III  

Racha Cheaib, University of Mississippi 
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Time Of Propagation Cherenkov Counter 
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Current Status: 

�  224 PMTs to be replaced by summer 2020 
 

Racha Cheaib, University of British Columbia 


