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• SM	and	CKM	mechanism	conOirmed	by	precision	measurements	at	B-
factories	

• However,		several	few	sigma	discrepancies	emerged	in	more	than	one	experiment.	Could	
these	“Olavour	anomalies”	be	a	manifestation	of	new	physics?	

• We	know	that	the	SM	not	sufOicient	to	explain	several	open	questions	

• universe’s	baryon	asymmetry,	fermion	mass	hierarchy,	neutrino	masses,	nature	of	dark	
energy	and	dark	matter…
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The	B	Factory	Legacy

KEK	(High	Energy	Accelerator	Research	Organiza6on)	

n  A	number	of	successful	achievements	
for	par6cle	physics	in	Belle+Barbar	

n  Especially,	conclusive	evidence	of	KM	
theory	and	precise	determina6on	of	
CKM	matrix	elements	
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Luminosity	proOile	of	the	next	generation	B	factory	@	KEK

Expected(data(sample
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Chapter 1

Physics Motivation

In this chapter, we give an overview of the physics
motivation for the SuperKEKB asymmetric B factory.
The overview covers the e+e� environment, achieve-
ments at Belle, and the range of physics achievable at
SuperKEKB with the Belle II experiment. The Su-
perKEKB physics program is diverse, and the range of
physics topics that can be studied is very broad. This
chapter provides justifications for the design integrated
luminosity, and plans for running at di↵erent centre-of-
mass energies.

1.1 Overview

The SuperKEKB facility designed to collide electrons
and positrons at centre-of-mass energies in the regions
of the ⌥ resonances. Most of the data will be collected
at the ⌥(4S) resonance, which is just above thresh-
old for B-meson pair production where no fragmenta-
tion particles are produced. The accelerator is designed
with asymmetric beam energies to provide a boost to
the centre-of-mass system and thereby allow for time-
dependent charge-parity (CP ) symmetry violation mea-
surements. The boost is slightly less than that at KEKB,
which is advantageous for analyses with neutrinos in the
final state that require good detector hermeticity.

SuperKEKB has a design luminosity of 8 ⇥

1035cm�2s�1, about 40 times larger that of KEKB. This
luminosity will produce 5 ⇥ 1010 b, c and ⌧ pairs, at a
rate of about 10 ab�1 per year (see Table 1.1).

1.1.1 The Intensity Frontier

The Standard Model (SM) is, at the current level of ex-
perimental precision and at the energies reached so far,
is the best tested theory. Despite its tremendous success
in describing the fundamental particles and their inter-

Table 1.1: Beauty, ⌥, charm and ⌧ yields. Per year
integrals are at design luminosity and are for guidance
only.

Channel Belle BaBar Belle II (per year)
BB̄ 7.7⇥ 108 4.8⇥ 108 1.1⇥ 1010

B(⇤)
s B̄(⇤)

s 7.0⇥ 106
� 6.0⇥ 108

⌥(1S) 1.0⇥ 108 1.8⇥ 1011

⌥(2S) 1.7⇥ 108 0.9⇥ 107 7.0⇥ 1010

⌥(3S) 1.0⇥ 107 1.0⇥ 108 3.7⇥ 1010

⌥(5S) 3.6⇥ 107
� 3.0⇥ 109

⌧⌧ 1.0⇥ 109 0.6⇥ 109 1.0⇥ 1010

actions, excluding gravity, it does not provide answers
to many fundamental questions.

The SM does not explain why there should be only
three generations of elementary fermions and why there
is an observed hierarchy in the fermion masses. The
masses and mixing parameters of the SM bosons and
fermions are not predicted and must therefore be de-
termined experimentally. The origin of mass of funda-
mental particles is explained within the SM by spon-
taneous electroweak symmetry breaking, resulting in a
scalar particle, the Higgs boson. However, the Higgs bo-
son does not account for neutrino masses. It is also not
yet clear whether there is a only single SM Higgs boson
or whether there may be a more elaborate Higgs sector
with other Higgs-like particle as in supersymmetry or
other NP models.

Studies of symmetries have often illuminated our un-
derstanding of nature. At the cosmological scale, there
is the unresolved problem with the matter-antimatter
asymmetry in the universe. While the violation of CP

2
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Expected	data	sample	@	full	luminosity

SuperKEKB luminosity projection

Goal of Be!e II/SuperKEKB

9 months/year
20 days/month
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• Assumptions:	
- same	commissioning	time	to	reach	
nominal	luminosity	as	in	KEKB	

- 9	months/year	running	
- 20	days/month
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2	⋅1034		→	8	⋅1035

Peter Križan, Ljubljana

Need 50x more data ÆNext generation
B-factories

40 times higher 
luminosity

������

KEKB

SuperKEKB

PEP-II
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Boost	0.42	→	0.28	
• Lower	EHER	(RF	power)	
• Higher	ELER	(Touschek	lifetime)

5

KEK	&	SuperKEKB	parameters

x2

x40

1/20

SuperKEKB and Belle II Riccardo de Sangro

Table 1: Summary of the most relevant SuperKEKB machine parameters compared to those of the original
KEKB design and to those actually achieved.

Parameter KEKB Design KEKB Achieved SuperKEKB Design
Energy (GeV) (LER/HER) 3.5/8.0 3.5/8.0 4.0/7.0
b ⇤

y (mm) 10/10 5.9/5.9 0.27/0.30
b ⇤

x (mm) 330/330 1200/1200 32/25
ex (nm) 18/18 18/24 3.2/5.3
ey
ex

(%) 1 0.85/0.64 0.27/0.24
sy (µm) 1.9 0.94 0.048/0.062
xy 0.052 0.129/0.090 0.09/0.081
sz (mm) 4 6/7 6/5
Ibeam (A) 2.6/1.1 1.64/1.19 3.6/2.6
Nbunches 5000 1584 2500
Luminosity (1034cm�2s�1) 1.0 2.11 80

obtained by doubling the beam currents, the factor fcolln1n2 in eq. 2.1. In Table 1 we summarize
the most relevant SuperKEKB design machine parameters, compared to those of KEKB.

To achieve the new design parameters the KEKB accelerator complex was upgraded in almost
all its components; in the cartoon in Fig. 1(a) we show the SuperKEKB accelerator, highlighting
in color the new or upgraded components. These include: the replacement of short dipoles in

(a) (b)

Figure 1: Left: cartoon showing in color the components of the SuperKEKB accelerator complex that are
new or have been upgraded from KEKB. Right: Two final focus magnets being installed on the SuperKEKB
beam line.

the Low Energy Ring (LER) with longer ones; a completely new, Titanium coated beam pipe
with ante-chamber; a complete redesign of the lattice for both the LER and High Energy Ring
(HER); a new positron source, a new low emittance gun for the electrons and a damping ring all

2
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A. J. Schwartz   FPCP 2014, Marseilles, France  Belle II Physics Prospects   5 

Belle II_
_

KEKB → SuperKEKB (nano-beam) 

e- 2.6 A 

e+ 3.6 A 

To get 40x higher luminosity 

Colliding bunches 

Damping ring 

Low emittance gun 

Positron source 

New beam pipe 
& bellows 

Belle II 

New IR 

TiN-coated beam pipe 
with antechambers 

Redesign the lattices of HER & 
LER to squeeze the emittance  

Add / modify RF systems 
for higher beam current 

New positron target / 
capture section 

New superconducting /
permanent final focusing  
quads near the IP 

Low emittance 
electrons to inject 

Low emittance 
positrons to inject 

Replace short  dipoles 
with longer ones (LER) 

6

From	KEKB	to	SuperKEKB
Grey is recycled, coloured is new

Almost	entirely	new	machine!
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~7	pm

goal:	5	pm

7

SuperKEKB	Commissioning

NOW
First 
turns Belle II rolled in

Beam 
studies

First 
collisions

Phase	I	(2016):	NO	Belle	II,	circulate	both	beams,	NO	collisions	

Phase	II	(2018):	Belle	II,	NO	vertex	detector,	Oirst	collisions

Very	successful	phase	1	run
1	Amp

in	<	4	months!
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Factor	x40	luminosity	also	brings	in:	
• Higher	occupancy,	pile-up,	fake	hits	
• increased	trigger	and	DAQ	rates	
• radiation	damage

8

Belle	II	Detector

CHAPTER 1. MOTIVATION AND OVERVIEW

1.3 The Belle II overview

Figure 1.9: Upgraded Belle II spectrometer (top half) as compared to the present Belle detector
(bottom half).

The design of the Belle II detector follows to a large extent the scheme discussed in the Letter
of Intent [5] and its 2008 supplement, Design Study Report [6], with one notable exception: a
pixel detector now appears in the innermost part of the vertex detector. Other modifications are
due to the change in the accelerator design from the high current version to the “nano-beam”
collider, and are associated with the larger crossing angle, the need to have the final quadrupoles
as close as possible to the interaction point, and the smaller beam energy asymmetry (7 GeV/c
on 4 GeV/c instead of 8 GeV/c on 3.5 GeV/c).
For the Belle II detector, our main concern is to maintain the current performance of Belle
in an environment with considerably higher background levels. As discussed in detail in the
2008 Design Report [6], we evaluate the possible degradation of the performance in a high-
background environment by extrapolating from the present operating conditions of KEKB and
Belle by accounting for the scaling of each component of background with the higher currents,
smaller beam sizes and modified interaction region. From these studies, we assume a conservative
factor of twenty increase in the background hit rate. The physics event rate will be about 50
times higher.
The following changes to Belle will maintain a comparable or better performance in Belle II:

• just outside the beam pipe, the silicon strip detector is replaced by a two-layer silicon pixel
detector based on the DEPFET technology;

• the silicon strip detector extends from just outside the pixel detector to a larger radius

14

Upgrade	the	Belle	detector	
• starting	point	is	the	Belle	detector	
• in	practice,	reuse	the	crystal	
CsI(Tl)	calorimeter,	the	solenoid,	
the	KLM	barrel	detector

Improvements	over	Belle	

• Fast	signal	shaping	and	
waveform	Oit	of	e.m.	calorimeter	
signals	to	preserve	excellent	
energy	resolution	in	high-pileup	
environment	

• Increase	Ks	efOiciency	(by	
~30%)	

• Improve	IP	and	secondary	
vertex	resolution	(~factor	2)		

• Better	K/π	separation	(π	fake	
rate	decreases	by	~2.5)		

• Improve	π0	reconstruction	
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Belle	II	Detector	Commissioning	Progress

Barrel PID detector (TOP) installed  
(May 2016)

Central drift chamber (CDC) installed 
(October 2016)

1400 tons, 8m x 8m,  moved 13m horizontally

Belle II “roll-in” April 11, 2017
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Belle	II	Detector	Commissioning	Progress

Barrel PID detector (TOP) installed  
(May 2016)

Central drift chamber (CDC) installed 
(October 2016)

1400 tons, 8m x 8m,  moved 13m horizontally

Belle II “roll-in” April 11, 2017

Endcap PID detector (ARICH) 
integration completed in Aug 2017
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Belle	II	Detector	Commissioning	Progress
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(May 2016)
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KLM

KLM

TOP

TOP

CDC

CDC

ECL

CR hits in four outer subdetectors

B field on
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• Vertex	detector	(VXD)	

• Pixel	Detector	(PXD):	2	layers	of	DEPFET	pixels	

• Silicon	Vertex	Detector	(SVD):	4	layers	of	double-sided	silicon	
detectors	

• Larger	outer	SVD	radius:	signiOicant	improvement	
(x2)	expected	with	respect	to	Belle	in	vertex	
resolution	

• Installation:	summer	2018	⇒	Phase	3

10

Vertex	Detector

PXD

A
ctive Pixel Dete

ctor

DEPFET

Outlook

Current Flavor Tagging Interface reaches a total efficiency
(∼ 32%) on MC. !

(Predecessors: Belle ∼ 29%, BaBar ∼ 33%)

Current σBelle II
∆z

∼ 1
3
σBelle

∆z for J/ψ Vertex. !

Current σBelle II
∆t

∼ 3
4
σBelle

∆t : better σ∆t
& ∆t̂

but lower ⟨βγ⟩!

All presented tools are available.

⇒ There is a considerable amount of development and
optimization work needed.

Challenge: the development and the accuracy of the CP
Analysis tools are coupled to the whole basf2 software
development.

20

⟨βγ⟩Belle	II	=	28/44⋅⟨βγ⟩Belle

SVD
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Reconstruction	performance

γ	energy	resolution

B0→ρ0γ vs. K*0γ

w/o PID w/ PID

Belle II works similar to or better than Belle 
despite ~20 times higher beam background!

PID	performance
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Fig. 24: Fake rates versus e�ciencies for K/⇡ (left) and ⇡/K (right) separation in release-

00-07-00. The coloured lines show the ROC curves for di↵erent momentum regions. The

markers represent di↵erent cuts on the likelihood ratio.
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Fig. 25: Kaon detection e�ciency and pion fake rate for low momentum tracks from

release-00-05-03. The performance is determined using only those tracks that are within

the acceptance of the detector of interest. That is, the denominator for the e�ciency is

di↵erent for each detector.

performance and type or size of background. The fake rates and e�ciencies for the arbitrary741

threshold are depicted in Fig. 27. The background rejection and e�ciency are correlated by742

the shape of the ROC curve (Fig. 26).743

In general the K0
L classification performance depends on the background level and com-744

position, the magnetic field map, and the tracking performance, which might still change745

compared to the current estimates.746
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Fig. 4: Resolution of the transverse d0 (left) and longitudinal z0 (right) impact parameters:

results for MC events with a single muon track using the Belle II tracking algorithm are

compared with Belle cosmic events for typical Belle/Belle II particle momenta. The param-

eters p� sin(✓)5/2 and p� sin(✓)3/2 were chosen to take into account the e↵ect of multiple

scattering of charged particles. The resolution within each bin is estimated using the � value

of a Gaussian function. This function is fitted to the d0 and z0 distributions where the fit

range corresponds to a region containing 90% of the data and is centred around the mean

value of the distributions.

In Figure 3 we show the error on the transverse and longitudinal impact parameters as a137

function of the track transverse momentum. A precision of 20µm on both impact parameters138
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Reconstruction	performance

γ	energy	resolution

B0→ρ0γ vs. K*0γ

w/o PID w/ PID

Belle II works similar to or better than Belle 
despite ~20 times higher beam background!
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Fig. 24: Fake rates versus e�ciencies for K/⇡ (left) and ⇡/K (right) separation in release-

00-07-00. The coloured lines show the ROC curves for di↵erent momentum regions. The

markers represent di↵erent cuts on the likelihood ratio.
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Fig. 25: Kaon detection e�ciency and pion fake rate for low momentum tracks from

release-00-05-03. The performance is determined using only those tracks that are within

the acceptance of the detector of interest. That is, the denominator for the e�ciency is

di↵erent for each detector.

performance and type or size of background. The fake rates and e�ciencies for the arbitrary741

threshold are depicted in Fig. 27. The background rejection and e�ciency are correlated by742

the shape of the ROC curve (Fig. 26).743

In general the K0
L classification performance depends on the background level and com-744

position, the magnetic field map, and the tracking performance, which might still change745

compared to the current estimates.746
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Vertex	resolution:	Belle	II	x2	better	than	Belle!
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• Rich	physics	program,	
competitive	and	
complementary	  
to	LHCb	

• Belle	II	strong	in	missing	
energy	modes,	time	
dependent	CPV,	very	
strong	in	precision	CKM	

• There	is	much	more	

• QCD	physics,	quarkonia	and	
exotic	states	

• Dark	matter	searches	
• …

12

Belle	II	Physics:	Flavour	Observables

LHCb

LHCb

LHCb

LHCb

LHCb
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• A	powerful	beneOit	of	physics	at	B	factories:	fully	
reconstruct	one	B	to	tag	the	Olavour	of	the	other	B,	
determine	its	momentum,	isolate	tracks	of	signal	side	

• Excellent	tool	for	missing	energy,	missing	mass	analyses!

13

Full	reconstruction	tagging

Full reconstruction:  
(ε ≈ 0.3 - 1.5%)

Signal side
B ➝ Xlν - Precise meas. of |Vub| 
B ➝ τν - Search for NP
B ➝ Kνν - Search for NP
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•Proceed	via	Oirst-order	electroweak	interactions	
(mediated	by	W)	

•Decays	involving	electrons	and	muons	insensitive	
to	non-SM	contributions	⟹	measure	CKM	
elements	|Vcb|	and	|Vub|	

•Decays	involving	tau	also	sensitive	to	additional	
amplitudes	⟹	search	for	NP

14

Flavour	anomaly	in	R(D)	and	R(D*)
Observable:

SUSY 2017, B-physics & Belle II Phillip URQUIJO

Tree: Semileptonic decays — Theory
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right-handed sbottom, and the couplings proportional to λL
can be reproduced from the R-parity violating superpoten-
tial. The above Lagrangian refers to the weak basis.
Switching to the mass basis for quarks and charged leptons,
the couplings to fermions take the form

Lϕ∋ūcLλLueeLϕ! − d̄cLλLdννLϕ! þ ūcRλRueeRϕ! þ H:c:; ð4Þ

where

λLue ¼UT
uλLUe; λLdν ¼UT

dλL; λRue ¼VT
uλRVe; ð5Þ

and Uq (Vq) denote the rotations of the left-handed (right-
handed) fermion fields. These definitions imply

VT
CKMλLue ¼ λLdνUe; ð6Þ

which involves the CKM matrix VCKM ¼ U†
uUd. ATLAS

and CMS have searched for pair-produced leptoquarks in
various final states. The search channels ϕϕ! → μþμ−jj
and ϕϕ! → bb̄νν̄ are the most relevant ones for our
analysis. The most recent ATLAS/CMS analyses exclude
a leptoquark lighter than 850 GeV=760 GeV at 95% C.L.,
assuming Brðϕ → μjÞ ¼ 0.5 [27,28]. ATLAS also derives
a lower bound of 625 GeVassuming Brðϕ → bνÞ ¼ 1 [27].
These bounds can be weakened by reducing the branching
fractions to the relevant final states.
Tree-level processes.—The leptoquark ϕ mediates semi-

leptonic B-meson decays at tree level, as shown in the first
graph of Fig. 1. This gives rise to the effective Lagrangian

LðϕÞ
eff ¼ 1

2M2
ϕ

!
−λL!uiljλ

L
bνk

ūiLγμbLl̄
j
Lγ

μνkL

þ λR!uiljλ
L
bνk

"
ūiRbLl̄

j
Rν

k
L −

ūiRσμνbLl̄
j
Rσ

μννkL
4

#$
; ð7Þ

where i, j, k are flavor indices. The first term generates
additive contributions to the CKMmatrix elements Vub and
Vcb, which may be different for the different lepton flavors.
The second term includes novel tensor structures not
present in the SM. It may help to explain why determi-
nations of Vub and Vcb from inclusive and exclusive
B-meson decays give rise to different results. Of particular
interest are the decays B̄ → D ð!Þτν̄, whose rates are found
to be about 30% larger than in the SM. A model-
independent analysis of this anomaly in the context of
effective operators, including the effects of renormaliza-
tion-group (RG) evolution from μ ¼ Mϕ to μ ¼ m b, has
been performed in Refs. [13,17]. In the last paper it was

found that an excellent fit to the experimental data is
obtained for a scalar leptoquark with parameters

λL!cτ λLbντ ≈ 0.35M̂2
ϕ; λR!cτ λLbντ ≈ −0.03M̂2

ϕ; ð8Þ

with large and anticorrelated errors, where it was assumed
that the only relevant neutrino is ντ, as only this amplitude
can interfere with the SM and hence give rise to a large
effect. Throughout this Letter, M̂ϕ ≡Mϕ=TeV. For a
leptoquark mass near the TeV scale, these conditions
can naturally be satisfied with Oð1Þ left-handed and
somewhat smaller right-handed couplings. We will ignore
the three other fit solutions found in Ref. [17], since they
require significantly larger couplings.
Our model also gives rise to tree-level flavor-changing

neutral currents (FCNCs), some examples of which are
shown in Fig. 1. Particularly important for our analysis are
the rare decays B̄ → K̄νν̄ and D 0 → μþμ−. The effective
Lagrangian for B̄ → K̄ð!Þνν̄ as well as the corresponding
inclusive decay reads

LðϕÞ
eff ¼ 1

2M2
ϕ

λL!sνiλ
L
bνj

s̄LγμbLν̄iLγ
μνjL: ð9Þ

Apart from possibly different neutrino flavors, this involves
the same operator as in the SM. It follows that the ratio
Rνν̄ ¼ Γ=ΓSM for either the exclusive or the inclusive
decays is given by

RðϕÞ
νν̄ ¼ 1 −

2r
3
Re

ðλLλL†Þbs
VtbV!

ts
þ r2

3

ðλLλL†ÞbbðλLλL†Þss
jVtbV!

tsj2
; ð10Þ

where ðλLλL†Þbs ¼
P

iλ
L
bνi
λL!sνi etc., and

r ¼ s4W
2α2

1

X0ðxtÞ
m 2

W

M2
ϕ

≈
1.91
M̂2

ϕ

: ð11Þ

X0ðxtÞ¼½xtð2þxtÞ=8ðxt−1Þ'þ½3xtðxt−2Þ=8ð1−xtÞ2'lnxt≈
1.48 with xt ¼ m 2

t =m 2
W denotes the SM loop function, and

s2W ¼ 0.2313 is the sine squared of the weak mixing angle.
Currently the strongest constraint arises from upper bounds
on the exclusive modes B− → K−νν̄ and B− → K!−νν̄
obtained by BABAR [29] and Belle [30], which yield Rνν̄ <
4.3 and Rνν̄ < 4.4 at 90% C.L. [31]. Using the Schwarz
inequality, we then obtain from Eq. (10)

−1.20M̂2
ϕ < Re

ðλLλL†Þbs
VtbV!

ts
< 2.25M̂2

ϕ: ð12Þ

The FCNC process D 0 → μþμ− can arise at tree level in our
model. Neglecting the SM contribution, which is two
orders of magnitude smaller than the current experimental
upper bound, we find the decay rateFIG. 1. Tree-level diagrams contributing to weak decays.

PRL 116, 141802 (2016) P HY S I CA L R EV I EW LE T T ER S
week ending
8 APRIL 2016

141802-2

Charged	Higgs

Leptoquark

PRL	116,	141802	(2016)	
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Flavour	anomaly	in	R(D)	and	R(D*)
Observable:

• Combined significance of 
4.1σ disagreement with SM


• Not compatible with type II 
2HDM, could be 
accommodated by more 
general charged Higgs or NP
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Lϕ∋ūcLλLueeLϕ! − d̄cLλLdννLϕ! þ ūcRλRueeRϕ! þ H:c:; ð4Þ

where

λLue ¼UT
uλLUe; λLdν ¼UT

dλL; λRue ¼VT
uλRVe; ð5Þ

and Uq (Vq) denote the rotations of the left-handed (right-
handed) fermion fields. These definitions imply

VT
CKMλLue ¼ λLdνUe; ð6Þ

which involves the CKM matrix VCKM ¼ U†
uUd. ATLAS

and CMS have searched for pair-produced leptoquarks in
various final states. The search channels ϕϕ! → μþμ−jj
and ϕϕ! → bb̄νν̄ are the most relevant ones for our
analysis. The most recent ATLAS/CMS analyses exclude
a leptoquark lighter than 850 GeV=760 GeV at 95% C.L.,
assuming Brðϕ → μjÞ ¼ 0.5 [27,28]. ATLAS also derives
a lower bound of 625 GeVassuming Brðϕ → bνÞ ¼ 1 [27].
These bounds can be weakened by reducing the branching
fractions to the relevant final states.
Tree-level processes.—The leptoquark ϕ mediates semi-

leptonic B-meson decays at tree level, as shown in the first
graph of Fig. 1. This gives rise to the effective Lagrangian

LðϕÞ
eff ¼ 1

2M2
ϕ

!
−λL!uiljλ

L
bνk
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tion-group (RG) evolution from μ ¼ Mϕ to μ ¼ m b, has
been performed in Refs. [13,17]. In the last paper it was

found that an excellent fit to the experimental data is
obtained for a scalar leptoquark with parameters

λL!cτ λLbντ ≈ 0.35M̂2
ϕ; λR!cτ λLbντ ≈ −0.03M̂2

ϕ; ð8Þ

with large and anticorrelated errors, where it was assumed
that the only relevant neutrino is ντ, as only this amplitude
can interfere with the SM and hence give rise to a large
effect. Throughout this Letter, M̂ϕ ≡Mϕ=TeV. For a
leptoquark mass near the TeV scale, these conditions
can naturally be satisfied with Oð1Þ left-handed and
somewhat smaller right-handed couplings. We will ignore
the three other fit solutions found in Ref. [17], since they
require significantly larger couplings.
Our model also gives rise to tree-level flavor-changing

neutral currents (FCNCs), some examples of which are
shown in Fig. 1. Particularly important for our analysis are
the rare decays B̄ → K̄νν̄ and D 0 → μþμ−. The effective
Lagrangian for B̄ → K̄ð!Þνν̄ as well as the corresponding
inclusive decay reads

LðϕÞ
eff ¼ 1

2M2
ϕ

λL!sνiλ
L
bνj

s̄LγμbLν̄iLγ
μνjL: ð9Þ

Apart from possibly different neutrino flavors, this involves
the same operator as in the SM. It follows that the ratio
Rνν̄ ¼ Γ=ΓSM for either the exclusive or the inclusive
decays is given by

RðϕÞ
νν̄ ¼ 1 −

2r
3
Re

ðλLλL†Þbs
VtbV!

ts
þ r2

3

ðλLλL†ÞbbðλLλL†Þss
jVtbV!

tsj2
; ð10Þ

where ðλLλL†Þbs ¼
P

iλ
L
bνi
λL!sνi etc., and

r ¼ s4W
2α2

1

X0ðxtÞ
m 2

W

M2
ϕ

≈
1.91
M̂2

ϕ

: ð11Þ

X0ðxtÞ¼½xtð2þxtÞ=8ðxt−1Þ'þ½3xtðxt−2Þ=8ð1−xtÞ2'lnxt≈
1.48 with xt ¼ m 2

t =m 2
W denotes the SM loop function, and

s2W ¼ 0.2313 is the sine squared of the weak mixing angle.
Currently the strongest constraint arises from upper bounds
on the exclusive modes B− → K−νν̄ and B− → K!−νν̄
obtained by BABAR [29] and Belle [30], which yield Rνν̄ <
4.3 and Rνν̄ < 4.4 at 90% C.L. [31]. Using the Schwarz
inequality, we then obtain from Eq. (10)

−1.20M̂2
ϕ < Re

ðλLλL†Þbs
VtbV!

ts
< 2.25M̂2

ϕ: ð12Þ

The FCNC process D 0 → μþμ− can arise at tree level in our
model. Neglecting the SM contribution, which is two
orders of magnitude smaller than the current experimental
upper bound, we find the decay rateFIG. 1. Tree-level diagrams contributing to weak decays.
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Observable:

• Combined significance of 
4.1σ disagreement with SM
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2HDM, could be 
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general charged Higgs or NP
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right-handed sbottom, and the couplings proportional to λL
can be reproduced from the R-parity violating superpoten-
tial. The above Lagrangian refers to the weak basis.
Switching to the mass basis for quarks and charged leptons,
the couplings to fermions take the form

Lϕ∋ūcLλLueeLϕ! − d̄cLλLdννLϕ! þ ūcRλRueeRϕ! þ H:c:; ð4Þ

where

λLue ¼UT
uλLUe; λLdν ¼UT

dλL; λRue ¼VT
uλRVe; ð5Þ

and Uq (Vq) denote the rotations of the left-handed (right-
handed) fermion fields. These definitions imply

VT
CKMλLue ¼ λLdνUe; ð6Þ

which involves the CKM matrix VCKM ¼ U†
uUd. ATLAS

and CMS have searched for pair-produced leptoquarks in
various final states. The search channels ϕϕ! → μþμ−jj
and ϕϕ! → bb̄νν̄ are the most relevant ones for our
analysis. The most recent ATLAS/CMS analyses exclude
a leptoquark lighter than 850 GeV=760 GeV at 95% C.L.,
assuming Brðϕ → μjÞ ¼ 0.5 [27,28]. ATLAS also derives
a lower bound of 625 GeVassuming Brðϕ → bνÞ ¼ 1 [27].
These bounds can be weakened by reducing the branching
fractions to the relevant final states.
Tree-level processes.—The leptoquark ϕ mediates semi-

leptonic B-meson decays at tree level, as shown in the first
graph of Fig. 1. This gives rise to the effective Lagrangian

LðϕÞ
eff ¼ 1

2M2
ϕ

!
−λL!uiljλ

L
bνk

ūiLγμbLl̄
j
Lγ

μνkL

þ λR!uiljλ
L
bνk

"
ūiRbLl̄

j
Rν

k
L −

ūiRσμνbLl̄
j
Rσ

μννkL
4

#$
; ð7Þ

where i, j, k are flavor indices. The first term generates
additive contributions to the CKMmatrix elements Vub and
Vcb, which may be different for the different lepton flavors.
The second term includes novel tensor structures not
present in the SM. It may help to explain why determi-
nations of Vub and Vcb from inclusive and exclusive
B-meson decays give rise to different results. Of particular
interest are the decays B̄ → D ð!Þτν̄, whose rates are found
to be about 30% larger than in the SM. A model-
independent analysis of this anomaly in the context of
effective operators, including the effects of renormaliza-
tion-group (RG) evolution from μ ¼ Mϕ to μ ¼ m b, has
been performed in Refs. [13,17]. In the last paper it was

found that an excellent fit to the experimental data is
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Belle II: b→c Tree
• Combination of Babar, Belle & LHCb 4 σ from SM. 

• Belle II should confirm/deny this anomaly with 5 ab-1 

• Tag{Had, SL, Inclusive} x Signal {τ → l ν ν , τ → h ν} ~ 6 statistically independent approaches. 

• B → D* τ ν: 5 ab-1 ~ 3% (down from about 8%) 

• B → D τ ν: 5 ab-1 ~ 6% (down from 16%) - though Belle yet to release R(D) with SL tag.

31

1 Leptonic and Semileptonic B Decays

Table 10: Expected precision on RD(⇤) and P⌧ (D⇤) at Belle II. The first and the second values

are the expected statistical and the systematic errors, respectively. These expectations are

shown as the relative (absolute) values for RD(⇤) (P⌧ (D⇤)).

5 ab�1 50 ab�1

RD (6.0 ± 3.9)% (2.0 ± 2.5)%

RD⇤ (3.0 ± 2.5)% (1.0 ± 2.0)%

P⌧ (D⇤) 0.18 ± 0.08 0.06 ± 0.04
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Fig. 8: Expected Belle II constraints on the RD vs RD⇤ plane (top) and the RD⇤ vs P⌧ (D⇤)

plane (bottom) compared to existing experimental constraints from Belle. The SM predic-

tions are also indicated by the black dots with error bars. In the right panel, the new physics

scenarios “Scalar”, “Vector” and “Tensor” assume contributions from the operators OS1
,

OV1
and OT , respectively.

Future prospect. Based on the existing results from Belle and expected improvements at 523

Belle II, we estimate precisions in the RD(⇤) and P⌧ (D⇤) measurements as shown in Table 10. 524

In Fig. 8, the expected precisions at Belle II are compared to the current results and the SM 525

expectations. The RD(⇤) precision will be comparable to the current theoretical uncertainty 526

in the SM expectations. Furthermore, using information of P⌧ (D⇤), discrimination of the 527

new physics scenarios may be possible. In the estimates for P⌧ (D⇤), no improvement in the 528

systematic uncertainty arising from the hadronic B decays with three or more ⇡0, ⌘ and � is 529

assumed. However, although challenging, understanding for these modes may be improved by 530

the future measurements at Belle II and the systematic uncertainty will be further reduced. 531

As shown in Fig. 6, the Belle analyses of B ! D(⇤)⌧⌫⌧ largely rely on the EECL shape 532

in discrimination of the signal from the background events. One of the possible problem 533

at Belle II is therefore e↵ects from the large beam-induced background onto EECL. Deep 534

understanding of the beam background will be essential. 535

With high statistics of the Belle II data, the new physics scenarios can be also precisely

tested with q2 distributions. Figure 9 is demonstration of the statistical precision of the

q2 measurement with 50 ab�1 data based on a toy-MC study. A quantitative estimation

for future sensitivity to search for new physics by B̄ ! D(⇤)⌧ ⌫̄ is shown in Fig. 10 [66]. In

the figure, it is shown that the regions of CX are probed by the ratios (red) and the q2
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Fig. 9: (left) q2 distribution in the hadronic tag analysis and ⌧�
! `�⌫̄`⌫⌧ with the full Belle

data sample [26]. (right) Projection to the 50 ab�1 of the Belle II data. In both panels,

the solid histograms show the predicted distribution shape with the 2HDM of type II at

tan �/mH± = 0.5 (GeV/c2)�1. In the right panel, pseudo-data are shown based on the SM

hypothesis.

distributions (blue) at Belle II with 5 ab�1 (dashed lines) and 50 ab�1 (solid lines) at 95%

CL3. One finds that the distributions are sensitive to the scalar and tensor scenarios. On

the other hand, the ratios and distributions are comparable for constraining the other new

physics scenarios. A new physics contribution that enters in CX is typically described as

CX ⇡
1

2
p

2GFVcb

gg0

M2
NP

, (48)

where g and g0 denote the general couplings of new heavy particles to quarks and leptons (at536

the NP mass scale MNP). Given that the couplings g, g0 ⇠ 1, one observes that the Belle II537

reach of new physics mass scale, MNP ⇠ (2
p

2GFVcbCX)�1/2, is about 5 – 10 TeV.538

1.4.2. B ! ⇡⌧⌫. Authors: R. Watanabe (th.), F. Bernlochner (exp.)539

As is presented above, discrepancies in the b ! c⌧⌫ processes with the SM predictions540

have been reported by the B physics experiments. This is particularly interesting because541

the processes are described by the b ! c charged current and predicted at the tree level in542

the SM. In this sense, it would be natural to expect that the b ! u⌧⌫ processes may also543

provide hints of new physics.544

The branching fraction of B ! ⇡⌧ ⌫̄ has been measured by the Belle collaboration in545

Ref. [67]. They observed no significant signal and obtained the 90% CL upper limit as B(B !546

⇡⌧ ⌫̄) < 2.5 ⇥ 10�4. Alternatively, one obtains B(B ! ⇡⌧ ⌫̄) = (1.52 ± 0.72 ± 0.13) ⇥ 10�4,547

where the first error (along with the central value) is read o↵ from the observed signal548

strength and the second one comes from the systematic uncertainty (8%) [67].549

On the theory side, evaluations of form factors for the B ! ⇡ transition have been devel-

oped. In the recent lattice studies of Refs. [68, 69], the authors have computed the vector

3 To see how small new physics contribution is probed, the central values of the experiment are
assumed to be those of the SM while the experimental errors, extracted from the BaBar data [41]
for q2 distributions and given as the world average [8] for the ratios, are scaled by luminosity. See
Ref. [66] for further details of the analysis.
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• Highly	suppressed	in	the	SM	

• BF	on	the	order	of	10-40	(τ➝lγ)	to	10-54	(τ➝lll)	

• Clean	probes	for	NP	effects		
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Lepton	Flavour	Violation

Belle II can access LFV decay rates more than an order 
of magnitude smaller than Belle!
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• Run	from	February	to	middle	of	July	
2018	

• Reduce	backgrounds	for	Belle	II	

• Commission	HER/LER	rings	with	Belle	II	
solenoid	and	Oinal	focus	QCS	

• Reduce	beam	emittance	and	beam	size,	reach	
beam-beam	parameter	ξy	≥	0.05	

• Collide	beams	at	√s=Υ(4S)	to	reach	a	peak	
luminosity	L≥1034	cm-2s-1	at	the	end	of	run	

• Belle	II	could	get	~10÷20	Ob-1	of	
integrated	luminosity	before	the	end	
of	the	run	

• No	vertex	detector	⇒	BEAST	II	instead

16

Phase	II	Goals
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• Dark	Matter	and	Dark	Energy	implied	by	cosmological	observations	
• A	minimal	DM	model	introduces	a	DM	particle	χ	and	a	new	scalar	or	gauge	
boson	A′	(“dark	photon”)	
• The	hidden	(or	secluded,	or	dark)	sector	could	be	accessed	from	the	standard	world	
through	a	“portal”	

• A′	could	be	coupled	to	the	standard	photon	via	“kinetic	mixing”	

• A′	decays	to	

– SM	particles	if	mχ>mA’/2	(visible	decay)	

– χχ	if	mχ<mA’/2	(invisible	decay)

18

Dark	matter	searches

SU(2)xU(1)xSU(3) DARK SECTOR
PORTAL

8

∆L = ε Fµν F ′
µν

B(∓(∞S) → A′γ) × B(A′ → ⌋⌋)

B(A0 → ff̄) ∝ m2
f/ tan

2 β

B(A0 → ff̄) ∝ m2
f tan

2 β

mES = Mbc ≡
√

(E⋆
beam)

2 − (p∗B)
2
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Phase	II

 Dark photon  Invisibles→ G. De Pietro 3 

Theory
Dark photon = bosonic mediator of a “dark interaction” 

between dark matter (and SM) particles

A dark photon could explain the muonic g-2 anomaly!

Minimal model:

at low energies:

Free parameters (to be measured):

ε (strength of the mixing)

mA (mass of the dark photon)
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Introduction

• several Dark Matter models predict “Dark Photon” A0, loosely interacting with the
SM photon via kinetic mixing term �L = ✏

2
FY ,µ⌫F 0

µ⌫

[e.g. Pospelov-Ritz-Voloshin, PLB 662, 53 (2008)]
• A0 mass in MeV-GeV range could explain recent anomalies in cosmic rays observations
• can be produced on-shell with ISR in BABAR, decaying into fermion pair with its mass
• sizable A0 branching fractions to e+e� and µ+µ� permit clean and efficient search

A0 production in BABAR

✏

e+
�

e�

A0

f

f̄

A0 decay branching fractions depend on mass

BR

m(A0) [GeV]
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Effect of selections on signal and background  

After selections most of the background is made of e+e-oJJ(J) with t 3J  

A′	→	invisible

 Dark photon  Invisibles→ G. De Pietro 6 

Exp. signature
Only 1 photon in the detector

Needed a single photon trigger!

Signal: a “bump” at a

given energy of the detected photon

 Dark photon  Invisibles→ G. De Pietro 6 

Exp. signature
Only 1 photon in the detector

Needed a single photon trigger!

Signal: a “bump” at a

given energy of the detected photon

• Signature	is	a	single	photon	-	search	for	a	
bump	in	the	recoil	mass	

• 	requires	efOicient	single	photon	trigger	

• 	two	level-1	single	photon	triggers	(1	GeV,	2	GeV)	being	
developed	for	Belle	II	(MC	preliminary	ε~95%)	

• main	backgrounds	are	e+e−(γ)	and	γγ(γ),	when	
all	but	1	γ	escape	detection	

• require	hermetic	detector,	control	over	machine	
background	

• use	KLM	detector	as	a	veto	to	ECL	gaps		

• Preliminary	unoptimised	selection	has	signal	
efOiciency	~	30-40%

19
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A’	→	invisible

Belle II simulation 20 fb−1

statistical errors only

Extrapolation	to	full	luminosity	affected	by	sustainability	of	single	photon	trigger	
with	increased	backgrounds.

Phase	II

Barrel	ECL	without	
projective	cracks

•Lower	
threshold	for	
single	photon	
trigger	
•Higher	ECM	
energy

•BaBar	53	Ob-1,	
including	
systematic	
errors

PRL 119, 131804 (2017)
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Phase	II:	Non-Υ(4S)	running

Table 11: Existing ⌥ -related datasets.

Experiment Scans ⌥ (6S) ⌥ (5S) ⌥ (4S) ⌥ (3S) ⌥ (2S) ⌥ (1S)
O↵. Res. fb�1 fb�1 106 fb�1 106 fb�1 106 fb�1 106 fb�1 106

CLEO 17.1 - 0.1 0.4 16 17.1 1.2 5 1.2 10 1.2 21
BaBar 54 Rb scan 433 471 30 122 14 99 –
Belle 100 ⇠ 5.5 36 121 711 772 3 12 25 158 6 102

operating with an instantaneous luminosity of at least 1⇥ 1035 cm�2 s�1. This period is 2339

expected to collect up to ⇠ 300 fb�1. In addition to data collected at the nominal ⌥ (4S) 2340

energy for commissioning purposes, data collected at di↵erent centre-of-mass energies during2341

Phase 2 and Phase 3 represent an important opportunity for the Belle II Experiment to have2342

an early scientific impact. These opportunities largely lie in the realm of quarkonium and2343

“new states” physics, as described previously in this chapter.2344

1.8.1. Potential operating points. Table 11 summarises recent data collected at the ⌥2345

resonances. Since existing ⌥ (4S) and ⌥ (5S) datasets cannot be matched during the early2346

periods, this leaves the possibility for quick acquisition of uniquely large samples at ⌥ (1S),2347

⌥ (2S), ⌥ (3S), ⌥ (6S), o↵-resonance, and ECM scan points if su�ciently justified. One of the2348

primary drivers of the physics will be the amount of integrated luminosity available during2349

these early periods.2350

Based on the expected operating conditions and physics prospects, collecting data above2351

the ⌥ (4S) o↵ers the best physics opportunities during Phase 2. The ⌥ (6S) energy region2352

(⇠ 11020 MeV) is particularly interesting, both because only < 5.6fb�1 of data have been2353

collected there previously, and also because of the discoveries of multiquark Zb states in its2354

midst [132]. At ⇠ 11 GeV, 20 fb�1 could be used to understand ⌥ (6S) ! ⇡±Z⌥
b

decays, e.g.2355

the relative production of mZb
= 10610 versus 10650 MeV, in final decays to hb(1P, 2P ) and2356

⌥ (1S, 2S, 3S). It may also be possible to search for Zb partners [197] in decays ⌥ (6S) ! �Wb2357

and ⌥ (6S) ! ⇡+⇡�Wb, and in analogy to ⌥ (5S) decays, study bottomonium transitions with2358

su�cient phase space for hb(3P ), ⌥ (2D), and F-wave discovery, as discussed in the previous2359

section. Other Belle results for decays to ⇡⇡⌥ may point to cross section enhancements2360

indicative of these intermediate states for energies in the range of 10.7 - 10.8 GeV, where2361

only ⇠ 2fb�1 of data have been collected [195].2362

Energies below ⌥ (4S) are useful for both the study of bottomonium states and their2363

transitions, and physics Beyond the Standard Model in searches for the dark sector and2364

light Higgs. Datasets in the > 200 fb�1 range during Phase 3 o↵er a chance to reach this2365

type of physics from the ⌥ (3S). Another strategy could an Ecm scan of the expected ⌥ (13D1)2366

and ⌥ (23D1) mass regions (10160 MeV and 10450 MeV, respectively) to discover these states2367

directly in e+e� collisions.2368

1.8.2. Operating conditions. The majority of Phase 2 will focus on accelerator commis-2369

sioning, with the goal of reaching an instantaneous luminosity of ⇠ 1⇥ 1034 cm�2s�1. Once2370

this is accomplished, beam time can be dedicated to physics studies. During the early phases2371

of Belle II, the beam energy spread is expected to be close to the nominal value of ⇠ 5 MeV.2372

70/83

Quarkonia	spectroscopy
SuperKEKB	limitations

maximum beam energy of the injector linac. With beam energies much lower than ⌥ (1S),236

for example near the ⌧ production threshold, the current lattice design is not su�cient.237 PTEP 2013, 03A011 Y. Ohnishi et al.
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Fig. 1. Beam energies to achieve the center of mass energies, ϒ(4S), ϒ(6S), 11.24 GeV, and 12 GeV.
The horizontal axis is the LER beam energy and the vertical axis the HER beam energy.

2.3. Nano-beam scheme
One of the keys for a high luminosity collider is how to make an extremely low beta function at the
IP. In order to overcome the hourglass effect for a relatively long bunch length, a small beam size at
the IP with a large Piwinski angle is applied. The overlap area with the small spot size at the IP is
localized and the length of the overlap area can be written as

d = σ ∗
x

sin φx
, (4)

where φx is the half-crossing angle. The overlap length, d, is the effective bunch length, which is
much shorter than the bunch length along the beam axis and should be compared to the vertical beta
function for the hourglass effect. The vertical beta function should satisfy this hourglass requirement:

β∗
y ≥ d = σ ∗

x

sin φx
. (5)

In order to squeeze the vertical beta function at the IP, the effective bunch length, d, is decreased by
decreasing the horizontal spot size at the IP and increasing the crossing angle.

On the other hand, the spot size in the horizontal direction effectively becomes σz sin φx , which is
larger than the nominal σ ∗

x . The luminosity formula (Eq. (2)) and the beam–beam parameter (Eq. (3))
are modified by replacing σ ∗

x with the effective spot size, σz sin φx . The horizontal beam–beam
parameter in the nano-beam scheme can be small compared with the general head-on scheme:

ξx± = re

2πγ±

N∓β∗
x

σ ∗
x (σ ∗

x + σ ∗
y )

Rξx± ∝ N∓β∗
x

(σz sin φx )2 , (6)

where we assume that the beta function and the bunch length, σz , are the same for the positrons and
the electrons. The dynamic effect due to beam–beam interactions such as a dynamic beta function and
a dynamic emittance in the horizontal direction, which causes an aperture problem, can be reduced
in the nano-beam scheme since the horizontal beam–beam parameter is small. The betatron tune
in the horizontal direction is chosen to be above 2νx + νs = integer to avoid a strong synchro-beta

4/17

Fig. 1: Beam energies required to achieve centre of mass energies for ⌥ (4S), ⌥ (6S), 11.24

GeV, and 12 GeV. The horizontal axis is the LER beam energy and the vertical axis is the

HER beam energy.

1.7 Data taking overview238

The SuperKEKB accelerator will have the capacity to delivery e+e� collisions in the239

centre of mass energy range from just below the ⌥ (1S) (9.46 GeV) to the near the ⌥ (6S)240

(11.25 GeV). While the vast majority of the data will be taken at ⌥ (4S), a program of data241

taking at other centre-of-mass energies will be undertaken as was done at Belle. The existing242

B-factory data sets are given in Table 2.243

There are a multitude of physics topics unique to the physics program of Belle II: with rare244

decays and CP asymmetries in B decays at the forefront. The program provides simultaneous245

studies of a wide range of areas in b-quark, c-quark, ⌧ -lepton, two-photon, quarkonium and246

exotic physics. The latter two topics have come to the fore in recent times, particularly247

concerning puzzles in our understanding of QCD in describing 4 (and 5)-quark states, and248

the searches for a dark sector. Open questions will be addressed with extended run periods at249

⌥ (1S), ⌥ (2S), ⌥ (3S), ⌥ (5S), near the ⌥ (6S), and fine energy scans in intermediate regions.250

Measurements at ⌥ (5S) also o↵er unique insight into Bs decays.251

Data taking at SuperKEKB will be performed in two main phases.252
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Note: features predicted by theory 
(coupled channel model)
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Scan	above	the	Υ(4S)
Where	to	run	for	∫Ldt	~	10	fb-1?

			
⇒	E	=		10.65	GeV	

Dip	in	Rb	,	just	on	B*B*	threshold		

⇒	E	=	10.75	GeV		
On	the	first	Zbπ	threshold,	above	
Rb	drop	at	10.74	where	a	bump	is	
observed	in	RΥ			

⇒	E	=	11.02	GeV	
	Y(6S)	peak.	(A	6	point	scan	(1	fb-1	
each)	taken	by	Belle-I)		

Phase	II
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• After	a	successful	phase	I	operation	in	2016,	phase	II	of	SuperKEKB	
commissioning	is	fast	approaching	

• Machine	parameters	will	be	tuned	to	obtain	the	Oirst	collisions	in	Spring	of	2018	

• The	Belle	II	detector	commissioning	is	also	well	under	way	to	be	ready	to	exploit	the	Oirst	
delivered	luminosity	during	phase	II	

• Even	without	the	vertex	detector	and	a	small	expected	integrated	luminosity	in	phase	II,	
Belle	II	will	be	in	a	position	to	produce	signiOicant	Oirst	physics	results,	possibly	on	
searches	for	dark	matter	invisible	decays	and	quarkonia	spectroscopy	

• Following	the	installation	of	the	vertex	detector	in	summer	2018,	the	
complete	Belle	II	detector	will	ready	for	the	Oirst		physics	run	to	start	in	
fall	2018	at	the	Υ(4S)	energy	

• The	Belle	II	Collaboration	is	looking	forward	to	the	next	10	years	to	
carry	out	a	rich	physics	program,	complementary	to	existing	
experiments,	and	to	signiOicantly	contribute	to	the	quest	for	new	physics	
beyond	the	Standard	Model	

23

Summary
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• Most	theories	involving	NP	include	additional	CP-violating	phases	

• Some	allow	large	deviations	from	SM	predictions	for	B	meson	decays	

• Search	for	new	sources	of	CPV	by	comparing	mixing-induced	CP	
asymmetries	in	penguin	transitions	with	tree-dominated	modes	

• Time-dependent	CPV	in	b	➝	s	decays	such	as	B	➝	φK0,	η’K0,	K0K0K0	

• Discrepancies	with	respect	to	J/ψ	K0	could	  
provide	evidence	for	NP

25

New	sources	of	CPV?
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• Discrepancies	with	respect	to	J/ψ	K0	could	  
provide	evidence	for	NP
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New	sources	of	CPV?

Unambiguous sign of New Physics, 
easily detectable at Belle II
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BEAST	II	-	Phase	1
Beam	Exorcisms	for	A	Stable	Belle	II	Experiment

29th Rencontres de Blois, 31.05.2017Thomas Kuhr Page 4

BEAST II: Background Measurements

The BEAST data archive begins on 2015-02-15, with a LER2156

beam dose slightly above 2 A · h.2157

Finally, the result in Figure 75 shows that for operating cur-2158

rents reaching Amperes at the end of phase 1, the HER dynamic2159

pressure contribution is of comparable scale with the base pres-2160

sure. However, for the LER, the dynamic contribution domi-2161

nates the base pressure by a factor of at least 10. Should dP/dI2162

keep following the same power-law behaviour, the LER should2163

be operated for more than 1⇥104 A ·h in order for the dynamic2164

pressure to be on the same scale as the base pressure, at the2165

design 3.6 A beam current.2166

Measurement based on BEAST detectors. Figures 76 and 772167

show the scrubbing process as seen by the BEAST detectors2168

for HER and LER scrubbing processes, respectively. The same2169

general power-law dependence is observed across all detectors.2170

For the HER scrubbing shown in Figure 76, LYSO, 3He and

-

Figure 76: Measured Touschek-subtracted electron beam induced background
as a function of delivered current

2171

BGO are in good agreement with the power-law model across2172

all four decades. The slopes of LYSO and 3He data are -0.742173

and -0.77 respectively, therefore close to the dP/dI value. For2174

BGO, the slope is larger at approximately -1.2. The other2175

two sub-detectors exhibit di↵erent behaviours, which can be at-2176

tributed to instrumental e↵ects.2177

In both figures 76 and 77, there is plateauing or increase2178

of the rates beyond 400 A·h observed with all subdetectors.2179

A possible explanation is related to conditioning of the non-2180

evaporable getters (NEG) that happened during that period.2181

Such conditioning is known to release heavier elements in the2182

vacuum chamber, which produces considerably more back-2183

ground due to the Z2 dependence.2184

Otherwise, the biggest change to the accelerator during this2185

period is the addition of permanent magnets to the uncoated alu-2186

minium bellows meant to reduce electron multipacting at large2187

currents. The SuperKEKB group showed that this e↵ectively2188

reduced the electron-cloud e↵ect without changing beam orbit2189

and optics [67].2190

Figure 77: Measured Touschek-subtracted positron beam-induced background
as a function of delivered current

6.1.4. Sample results of residual gas analysis and e↵ective2191

atomic number2192

Figure 78 below shows example results obtained from the2193

beam-gas constituents analysis. The top panel shows the prod-

Figure 78: Time series of a pressure bump experiment and typical results

2194

uct of average pressure and beam current P · I with and without2195

weighting with Ze
2 as defined in equation (48). The central2196

panel shows recorded background rates for one typical channel2197

of two di↵erent subsystems, and the bottom panel shows the Ze2198

during the vacuum bump experiment.2199

Qualitatively, it is observed that the recorded background2200

rates track the weighted P·I better than the default, un-weighted2201

version. We see an increase of the hit rates around 13:42 which2202

is not associated with any notable increase of the average pres-2203

sure. The explanation is that heavier elements are released2204

first. They don’t contribute significantly to the pressure in-2205

crease, yet the e↵ective Z of the gas is larger then, and the2206

Z2-dependence of beam-gas interactions produces a visible in-2207

45

⇒	Rings	vacuum	scrubbing

⇒	Touschek	&	beam-gas	
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Belle II: b→c Tree
• Combination of Babar, Belle & LHCb 4 σ from SM. 

• Belle II should confirm/deny this anomaly with 5 ab-1 

• Tag{Had, SL, Inclusive} x Signal {τ → l ν ν , τ → h ν} ~ 6 statistically independent approaches. 

• B → D* τ ν: 5 ab-1 ~ 3% (down from about 8%) 

• B → D τ ν: 5 ab-1 ~ 6% (down from 16%) - though Belle yet to release R(D) with SL tag.
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Table 10: Expected precision on RD(⇤) and P⌧ (D⇤) at Belle II. The first and the second values

are the expected statistical and the systematic errors, respectively. These expectations are

shown as the relative (absolute) values for RD(⇤) (P⌧ (D⇤)).

5 ab�1 50 ab�1

RD (6.0 ± 3.9)% (2.0 ± 2.5)%

RD⇤ (3.0 ± 2.5)% (1.0 ± 2.0)%

P⌧ (D⇤) 0.18 ± 0.08 0.06 ± 0.04
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Fig. 8: Expected Belle II constraints on the RD vs RD⇤ plane (top) and the RD⇤ vs P⌧ (D⇤)

plane (bottom) compared to existing experimental constraints from Belle. The SM predic-

tions are also indicated by the black dots with error bars. In the right panel, the new physics

scenarios “Scalar”, “Vector” and “Tensor” assume contributions from the operators OS1
,

OV1
and OT , respectively.

Future prospect. Based on the existing results from Belle and expected improvements at 523

Belle II, we estimate precisions in the RD(⇤) and P⌧ (D⇤) measurements as shown in Table 10. 524

In Fig. 8, the expected precisions at Belle II are compared to the current results and the SM 525

expectations. The RD(⇤) precision will be comparable to the current theoretical uncertainty 526

in the SM expectations. Furthermore, using information of P⌧ (D⇤), discrimination of the 527

new physics scenarios may be possible. In the estimates for P⌧ (D⇤), no improvement in the 528

systematic uncertainty arising from the hadronic B decays with three or more ⇡0, ⌘ and � is 529

assumed. However, although challenging, understanding for these modes may be improved by 530

the future measurements at Belle II and the systematic uncertainty will be further reduced. 531

As shown in Fig. 6, the Belle analyses of B ! D(⇤)⌧⌫⌧ largely rely on the EECL shape 532

in discrimination of the signal from the background events. One of the possible problem 533

at Belle II is therefore e↵ects from the large beam-induced background onto EECL. Deep 534

understanding of the beam background will be essential. 535

With high statistics of the Belle II data, the new physics scenarios can be also precisely

tested with q2 distributions. Figure 9 is demonstration of the statistical precision of the

q2 measurement with 50 ab�1 data based on a toy-MC study. A quantitative estimation

for future sensitivity to search for new physics by B̄ ! D(⇤)⌧ ⌫̄ is shown in Fig. 10 [66]. In

the figure, it is shown that the regions of CX are probed by the ratios (red) and the q2
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Fig. 9: (left) q2 distribution in the hadronic tag analysis and ⌧�
! `�⌫̄`⌫⌧ with the full Belle

data sample [26]. (right) Projection to the 50 ab�1 of the Belle II data. In both panels,

the solid histograms show the predicted distribution shape with the 2HDM of type II at

tan �/mH± = 0.5 (GeV/c2)�1. In the right panel, pseudo-data are shown based on the SM

hypothesis.

distributions (blue) at Belle II with 5 ab�1 (dashed lines) and 50 ab�1 (solid lines) at 95%

CL3. One finds that the distributions are sensitive to the scalar and tensor scenarios. On

the other hand, the ratios and distributions are comparable for constraining the other new

physics scenarios. A new physics contribution that enters in CX is typically described as

CX ⇡
1

2
p

2GFVcb

gg0

M2
NP

, (48)

where g and g0 denote the general couplings of new heavy particles to quarks and leptons (at536

the NP mass scale MNP). Given that the couplings g, g0 ⇠ 1, one observes that the Belle II537

reach of new physics mass scale, MNP ⇠ (2
p

2GFVcbCX)�1/2, is about 5 – 10 TeV.538

1.4.2. B ! ⇡⌧⌫. Authors: R. Watanabe (th.), F. Bernlochner (exp.)539

As is presented above, discrepancies in the b ! c⌧⌫ processes with the SM predictions540

have been reported by the B physics experiments. This is particularly interesting because541

the processes are described by the b ! c charged current and predicted at the tree level in542

the SM. In this sense, it would be natural to expect that the b ! u⌧⌫ processes may also543

provide hints of new physics.544

The branching fraction of B ! ⇡⌧ ⌫̄ has been measured by the Belle collaboration in545

Ref. [67]. They observed no significant signal and obtained the 90% CL upper limit as B(B !546

⇡⌧ ⌫̄) < 2.5 ⇥ 10�4. Alternatively, one obtains B(B ! ⇡⌧ ⌫̄) = (1.52 ± 0.72 ± 0.13) ⇥ 10�4,547

where the first error (along with the central value) is read o↵ from the observed signal548

strength and the second one comes from the systematic uncertainty (8%) [67].549

On the theory side, evaluations of form factors for the B ! ⇡ transition have been devel-

oped. In the recent lattice studies of Refs. [68, 69], the authors have computed the vector

3 To see how small new physics contribution is probed, the central values of the experiment are
assumed to be those of the SM while the experimental errors, extracted from the BaBar data [41]
for q2 distributions and given as the world average [8] for the ratios, are scaled by luminosity. See
Ref. [66] for further details of the analysis.
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Flavour	anomaly	in	R(D)	and	R(D*)

Belle II should be able to confirm the excess with ~5 ab-1
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• Belle II should confirm/deny this anomaly with 5 ab-1 

• Tag{Had, SL, Inclusive} x Signal {τ → l ν ν , τ → h ν} ~ 6 statistically independent approaches. 

• B → D* τ ν: 5 ab-1 ~ 3% (down from about 8%) 

• B → D τ ν: 5 ab-1 ~ 6% (down from 16%) - though Belle yet to release R(D) with SL tag.
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Table 10: Expected precision on RD(⇤) and P⌧ (D⇤) at Belle II. The first and the second values

are the expected statistical and the systematic errors, respectively. These expectations are

shown as the relative (absolute) values for RD(⇤) (P⌧ (D⇤)).

5 ab�1 50 ab�1

RD (6.0 ± 3.9)% (2.0 ± 2.5)%

RD⇤ (3.0 ± 2.5)% (1.0 ± 2.0)%
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Fig. 8: Expected Belle II constraints on the RD vs RD⇤ plane (top) and the RD⇤ vs P⌧ (D⇤)

plane (bottom) compared to existing experimental constraints from Belle. The SM predic-

tions are also indicated by the black dots with error bars. In the right panel, the new physics

scenarios “Scalar”, “Vector” and “Tensor” assume contributions from the operators OS1
,

OV1
and OT , respectively.

Future prospect. Based on the existing results from Belle and expected improvements at 523

Belle II, we estimate precisions in the RD(⇤) and P⌧ (D⇤) measurements as shown in Table 10. 524

In Fig. 8, the expected precisions at Belle II are compared to the current results and the SM 525

expectations. The RD(⇤) precision will be comparable to the current theoretical uncertainty 526

in the SM expectations. Furthermore, using information of P⌧ (D⇤), discrimination of the 527

new physics scenarios may be possible. In the estimates for P⌧ (D⇤), no improvement in the 528

systematic uncertainty arising from the hadronic B decays with three or more ⇡0, ⌘ and � is 529

assumed. However, although challenging, understanding for these modes may be improved by 530

the future measurements at Belle II and the systematic uncertainty will be further reduced. 531

As shown in Fig. 6, the Belle analyses of B ! D(⇤)⌧⌫⌧ largely rely on the EECL shape 532

in discrimination of the signal from the background events. One of the possible problem 533

at Belle II is therefore e↵ects from the large beam-induced background onto EECL. Deep 534

understanding of the beam background will be essential. 535

With high statistics of the Belle II data, the new physics scenarios can be also precisely

tested with q2 distributions. Figure 9 is demonstration of the statistical precision of the

q2 measurement with 50 ab�1 data based on a toy-MC study. A quantitative estimation

for future sensitivity to search for new physics by B̄ ! D(⇤)⌧ ⌫̄ is shown in Fig. 10 [66]. In

the figure, it is shown that the regions of CX are probed by the ratios (red) and the q2
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Fig. 9: (left) q2 distribution in the hadronic tag analysis and ⌧�
! `�⌫̄`⌫⌧ with the full Belle

data sample [26]. (right) Projection to the 50 ab�1 of the Belle II data. In both panels,

the solid histograms show the predicted distribution shape with the 2HDM of type II at

tan �/mH± = 0.5 (GeV/c2)�1. In the right panel, pseudo-data are shown based on the SM

hypothesis.

distributions (blue) at Belle II with 5 ab�1 (dashed lines) and 50 ab�1 (solid lines) at 95%

CL3. One finds that the distributions are sensitive to the scalar and tensor scenarios. On

the other hand, the ratios and distributions are comparable for constraining the other new

physics scenarios. A new physics contribution that enters in CX is typically described as

CX ⇡
1

2
p

2GFVcb

gg0

M2
NP

, (48)

where g and g0 denote the general couplings of new heavy particles to quarks and leptons (at536

the NP mass scale MNP). Given that the couplings g, g0 ⇠ 1, one observes that the Belle II537

reach of new physics mass scale, MNP ⇠ (2
p

2GFVcbCX)�1/2, is about 5 – 10 TeV.538

1.4.2. B ! ⇡⌧⌫. Authors: R. Watanabe (th.), F. Bernlochner (exp.)539

As is presented above, discrepancies in the b ! c⌧⌫ processes with the SM predictions540

have been reported by the B physics experiments. This is particularly interesting because541

the processes are described by the b ! c charged current and predicted at the tree level in542

the SM. In this sense, it would be natural to expect that the b ! u⌧⌫ processes may also543

provide hints of new physics.544

The branching fraction of B ! ⇡⌧ ⌫̄ has been measured by the Belle collaboration in545

Ref. [67]. They observed no significant signal and obtained the 90% CL upper limit as B(B !546

⇡⌧ ⌫̄) < 2.5 ⇥ 10�4. Alternatively, one obtains B(B ! ⇡⌧ ⌫̄) = (1.52 ± 0.72 ± 0.13) ⇥ 10�4,547

where the first error (along with the central value) is read o↵ from the observed signal548

strength and the second one comes from the systematic uncertainty (8%) [67].549

On the theory side, evaluations of form factors for the B ! ⇡ transition have been devel-

oped. In the recent lattice studies of Refs. [68, 69], the authors have computed the vector

3 To see how small new physics contribution is probed, the central values of the experiment are
assumed to be those of the SM while the experimental errors, extracted from the BaBar data [41]
for q2 distributions and given as the world average [8] for the ratios, are scaled by luminosity. See
Ref. [66] for further details of the analysis.
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Table 10: Expected precision on RD(⇤) and P⌧ (D⇤) at Belle II. The first and the second values

are the expected statistical and the systematic errors, respectively. These expectations are

shown as the relative (absolute) values for RD(⇤) (P⌧ (D⇤)).
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Fig. 8: Expected Belle II constraints on the RD vs RD⇤ plane (top) and the RD⇤ vs P⌧ (D⇤)

plane (bottom) compared to existing experimental constraints from Belle. The SM predic-

tions are also indicated by the black dots with error bars. In the right panel, the new physics

scenarios “Scalar”, “Vector” and “Tensor” assume contributions from the operators OS1
,

OV1
and OT , respectively.

Future prospect. Based on the existing results from Belle and expected improvements at 523

Belle II, we estimate precisions in the RD(⇤) and P⌧ (D⇤) measurements as shown in Table 10. 524

In Fig. 8, the expected precisions at Belle II are compared to the current results and the SM 525

expectations. The RD(⇤) precision will be comparable to the current theoretical uncertainty 526

in the SM expectations. Furthermore, using information of P⌧ (D⇤), discrimination of the 527

new physics scenarios may be possible. In the estimates for P⌧ (D⇤), no improvement in the 528

systematic uncertainty arising from the hadronic B decays with three or more ⇡0, ⌘ and � is 529

assumed. However, although challenging, understanding for these modes may be improved by 530

the future measurements at Belle II and the systematic uncertainty will be further reduced. 531

As shown in Fig. 6, the Belle analyses of B ! D(⇤)⌧⌫⌧ largely rely on the EECL shape 532

in discrimination of the signal from the background events. One of the possible problem 533

at Belle II is therefore e↵ects from the large beam-induced background onto EECL. Deep 534

understanding of the beam background will be essential. 535

With high statistics of the Belle II data, the new physics scenarios can be also precisely

tested with q2 distributions. Figure 9 is demonstration of the statistical precision of the

q2 measurement with 50 ab�1 data based on a toy-MC study. A quantitative estimation

for future sensitivity to search for new physics by B̄ ! D(⇤)⌧ ⌫̄ is shown in Fig. 10 [66]. In

the figure, it is shown that the regions of CX are probed by the ratios (red) and the q2
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Fig. 9: (left) q2 distribution in the hadronic tag analysis and ⌧�
! `�⌫̄`⌫⌧ with the full Belle

data sample [26]. (right) Projection to the 50 ab�1 of the Belle II data. In both panels,

the solid histograms show the predicted distribution shape with the 2HDM of type II at

tan �/mH± = 0.5 (GeV/c2)�1. In the right panel, pseudo-data are shown based on the SM

hypothesis.

distributions (blue) at Belle II with 5 ab�1 (dashed lines) and 50 ab�1 (solid lines) at 95%

CL3. One finds that the distributions are sensitive to the scalar and tensor scenarios. On

the other hand, the ratios and distributions are comparable for constraining the other new

physics scenarios. A new physics contribution that enters in CX is typically described as

CX ⇡
1

2
p

2GFVcb

gg0

M2
NP

, (48)

where g and g0 denote the general couplings of new heavy particles to quarks and leptons (at536

the NP mass scale MNP). Given that the couplings g, g0 ⇠ 1, one observes that the Belle II537

reach of new physics mass scale, MNP ⇠ (2
p

2GFVcbCX)�1/2, is about 5 – 10 TeV.538

1.4.2. B ! ⇡⌧⌫. Authors: R. Watanabe (th.), F. Bernlochner (exp.)539

As is presented above, discrepancies in the b ! c⌧⌫ processes with the SM predictions540

have been reported by the B physics experiments. This is particularly interesting because541

the processes are described by the b ! c charged current and predicted at the tree level in542

the SM. In this sense, it would be natural to expect that the b ! u⌧⌫ processes may also543

provide hints of new physics.544

The branching fraction of B ! ⇡⌧ ⌫̄ has been measured by the Belle collaboration in545

Ref. [67]. They observed no significant signal and obtained the 90% CL upper limit as B(B !546

⇡⌧ ⌫̄) < 2.5 ⇥ 10�4. Alternatively, one obtains B(B ! ⇡⌧ ⌫̄) = (1.52 ± 0.72 ± 0.13) ⇥ 10�4,547

where the first error (along with the central value) is read o↵ from the observed signal548

strength and the second one comes from the systematic uncertainty (8%) [67].549

On the theory side, evaluations of form factors for the B ! ⇡ transition have been devel-

oped. In the recent lattice studies of Refs. [68, 69], the authors have computed the vector

3 To see how small new physics contribution is probed, the central values of the experiment are
assumed to be those of the SM while the experimental errors, extracted from the BaBar data [41]
for q2 distributions and given as the world average [8] for the ratios, are scaled by luminosity. See
Ref. [66] for further details of the analysis.
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Flavour	anomaly	in	R(D)	and	R(D*)

Belle II should be able to confirm the excess with ~5 ab-1
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Super	KEKB	limitations
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• Heavy	quarkonia	are	bound	states	of	cc-bar	
and	bb-bar	quarks	

• Heavy	quark	mass	⇒	NRQCD	potential	models	predict	
spectra	

• Test	perturbative	and	non-perturbative	QCD

29

Quarkonia	Spectroscopy

Spectroscopy of heavy quarkonia
Heavy quarkonium: bound states of !!̅ or ##$
l Treated with NRQCD due to the heavy c/b mass
l Tests of perturbative and non-perturbative QCD

B-factories did great job in establishing the long awaited 
states and finding surprises in exotic quarkonium-like states

6/11/17 2

Before B-factories
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Spectroscopy of heavy quarkonia
Heavy quarkonium: bound states of !!̅ or ##$
l Treated with NRQCD due to the heavy c/b mass
l Tests of perturbative and non-perturbative QCD
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states and finding surprises in exotic quarkonium-like states
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• Evidence	of	Y(6S)⟶hb(nP)π+π−		transitions	via	π	Zb(10610)/
Zb(10650)	decays	obtained	in	Belle	data	

• Resonance	structure	of	decay	could	not	be	resolved	

• ~10	Ob-1	at	Υ(6S)	would	be	sufOicient	to	separate	the		Zb(10610)/Zb(10650)	
contributions

30

Study	the	Zb	at	the	Υ(6S)

hb(1P) hb(2P)

PRL	117,142001(2016)

Phase	II
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	Missing	bb	states	below	threshold	
Below threshold

* 3S: ηb(3S) not yet observed by anyone,  
maybe reachable from hb(3P)?
* 3P:  χb(3P) discovered at LHC, not yet 
resolved, can we see them from 4S?
         hb(3P): too high to be reached from 5S 
via Zb, maybe from 6S? How? 

* 1D states:  triplet states best studied from 
3S, singlet (2−+) maybe reachable from 
hb(2P). We plan to scan the 1−− region. 

* 2D, 1F, 1G: totally unknown
We propose to search for the lowest 
member of the 2D triplet with a scan.
The others may be reached from 6S.

The 1F triplet 2,3,4++ is very close in mass 
to Υ(3S), but may be reached from the 2D 
triplet via E1 radiative  transitions.  

6S

5S

4S

3S

2S

1S

3P

2P

1P

2D

1D

  1F        1G
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	A	rich	physics	program	at	Y(3S)	
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5

Bottomonium samples
Needs to fulfill the bottomonium program

   100 fb-1  @ Y(6S)                        +
   300 fb-1  @ Y(3S)                        +
   400 fb-1   @ Y(5S)-Y(6S) scan     +
   _____________________________     0.8 ab-1  for bottomonium only   (1.6% of BelleII dataset)                     
   
   1 ab-1     @ Y(5S)   (for Bs also)  =
   _____________________________     1.8  ab-1  for bottomonium + Bs    (3.6 % of BelleII dataset) 

              
    Minimum needs to produce new results

   60 fb-1           @ Y(3S)        Not enough lumi in  PhaseII                      

   200 fb-1     @ Y(5S)        Not enough lumi in  PhaseII                     

   10 fb-1       @ Y(6S)        sqrt(s) too high for PhaseII                     
                        
   10-20 fb-1   @ 10.7  10.8 GeV   mini-scan   Doable?�
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Belle	II	-	PID
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Fig. 15: Muon e�ciency (solid, left-axis scale) and pion fake rate (dashed, right-axis scale)

for three values of the log-likelihood-di↵erence cut: �min = 0 (black), 10 (blue), and 20 (red)

as a function of momentum (top left), polar angle (top right), and azimuthal angle (bottom

left). Muon ine�ciency as a function of � vs ✓ (bottom right), illustrating the geometric

ine�ciencies at the sector boundaries (8 horizontal enhancements in the barrel; 4 horizontal

enhancements in each endcap) and in the vicinity of the solenoid chimney.

describe the full-width half-max and the mean of the Gaussian (CB) function, respectively.610

↵ describes the length of the tail, n describes the slope of the tail, and fr is the fraction of611

the convoluted probability distribution function which is taken from the CB function.612

These parameters vary with momentum and polar angle of the ECL shower associated613

with the electron. As such, a data file was created which contains the fit parameters for all614

possible combinations of 39 di↵erent momentum ranges and 4 di↵erent polar angle ranges.615

The closest combinatorial range is chosen by the ECL Electron ID Module and the associated616

stored parameters are used in fitting the E/p distribution of the unknown particle. Finally,617

a fit quality is used to calculate a log likelihood for determining the type of particle cause618

the ECL shower.619

Separation between electrons and muons is quite good for su�ciently energetic parti-620

cles (i.e. muons with p > 0.3 GeV/c which are thus able to reach the KLM). Separation621

between electrons and pions, however, is much more di�cult. This is particularly true for622
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Fig. 17: Global EID e�ciency for true electrons (teal) and true pions (black) for samples

generated without (left) and with (right) beam background.

variables (PIDe, PIDpi, etc) which have a tendency to take on values of either 0 or 1. As640

can be seen in Fig. 19, we again recognise that the separation between electrons and pions641

becomes more ambiguous at lower momentum.642

As has become apparent, there is poor distinction between low-momentum electrons and643

low-momentum pions. As such, additional EID algorithms must be considered. These will644

include examinations of Zernike moments of lateral shower shapes, longitudinal shower645

information, track–cluster matching, and necessary corrections for Bremsstrahlung.646

1.5.5. Combined PID performance. The performance of Belle II PID is estimated using647

inclusive cc̄ MC samples. Minimal track quality restrictions are applied. Using the generated648

information, a sample of each particle type is constructed. The PID e�ciency for a sample649

of particles of type ↵ is determined by taking the ratio of events that have L(↵ : �) > 0.5 to650

the total sample size, for a given �. For example, the K/⇡ selection e�ciency is given by the651

fraction of a sample of true kaon tracks that have L(K : ⇡) > 0.5. In a similar fashion, the652

pion fake rate is the fraction of a sample of true pion tracks that have L(K : ⇡) > 0.5. The653

selection e�ciency for various pairs of particle types are given in Figs. 20 and 21. The slight654

di↵erence in PID performance between the two releases is primarily due to errors in the655

dE/dx pdfs in release-00-05-03. The performance for release-00-07-00 is the more accurate656

estimate.657

In addition to the e�ciency plots, Fig. 22 and Fig. 23 show receiver operating charac-658

teristic (ROC) plots for K/⇡ and ⇡/K separation in release-00-05-03 and release-00-07-00,659

respectively. These plots use kaon and pion samples from D⇤ decays to D0⇡ in ⌥ (4S) generic660

MC, where the D0 decays to K⇡. In this way, a relatively clean sample of each particle type661

can be obtained with minimal selection criteria and without truth information.662
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Fig. 19: Electron e�ciency against pion fake rate as calculated using the delta log likelihood.

This is shown for all particles, low-momentum particles, mid-momentum particles, and high-

momentum particles.

and timing information can be used in the future to provide particle lists of di↵erent e�-680

ciency and purity.681

682

The reconstruction of ⇡0s from ⇡0 ! �� is based on the combination of two photon candi-683

dates. For ⇡0 energies below about 1GeV the angular separation between the two photons684

is usually large enough to produce two non–overlapping ECL clusters. For ⇡0 energies above685

about 1 GeV but below about 2.5 GeV, the ECL clusters from the two photons overlap but686

can still be reconstructed as two separate photon candidates in the ECL. The ⇡0 energy can687

be directly reconstructed from the photon 4-momenta. The ⇡0 energy resolution is improved688

by performing a mass constrained fit of the two photon candidates to the nominal ⇡0 mass.689

It is planned to use multivariate classifiers to provide purer ⇡0 particle lists. A low photon690

energy threshold is mandatory to obtain a high ⇡0 e�ciency for generic B decays: A 50 MeV691

threshold for both photons results in a ⇡0 e�ciency of 76 %, 30 MeV in 93 % and 20 MeV in692

98 %.693

694

For ⇡0 energies above about 2.5 GeV, e.g. from B ! ⇡0⇡0, the two photon induced showers695

often do not have separate local maxima anymore and are reconstructed as one photon696

candidate. The ⇡0 energy can be deferred from the showers second moment shower shape697

variable that is available since release-00-08-00.698

1.6.2. K0
L identification. The identification of K0

L mesons is based on information collected699

by the KLM and ECL detectors. The detector material of the KLM provides > 3.9 hadronic700

inter action lengths �0 and the ECL provides ⇡ 0.8 �0.701

Multivariate methods are used to classify ECL clusters and KLM clusters according to their702

probability to originate from a K0
L.703
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OfOline	computing
Distributed computing following the LHC model

• Manage the processing of massive data sets

• Production of large MC samples

• Many concurrent user analysis jobs

MC Campaigns
High speed networking data 
challenge in 2016:

• Belle II networking 

requirements are satisfied
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Simulated	Background	Rates	in	Belle	2
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4 Belle II Simulation

The background types are listed in Table 22. The rate of events is calculated from the 812

number of events in the sample and the equivalent accelerator running time. 813

Table 22: Beam background types (12th background campaign).

type source rate [MHz]

radiative Bhabha HER 1320

radiative Bhabha LER 1294

radiative Bhabha (wide angle) HER 40

radiative Bhabha (wide angle) LER 85

Touschek scattering HER 31

Touschek scattering LER 83

beam-gas interactions HER 1

beam-gas interactions LER 156

two-photon QED - 206

Background mixing The simulated background samples are used to add background to 814

the simulated events. Adding background to simulated events is done by adding SimHits; 815

digitization is done after that. Possible pile–up of hits is therefore inherently included. The 816

average number of background events of a given type to be added to a single simulated event 817

is determined from the rate R of a particular background sample and the time window �t 818

in which the background is mixed 819

N̄ = sR�t, (1)

where s is an optional scaling factor. The number of background events added to a particular 820

simulated event is then generated according to Poisson distribution with the mean N̄ . To 821

simulate contributions from di↵erent bunches, the background events are shifted in time 822

randomly within the time window. This means that all SimHits of a given background event 823

are shifted by the same time and therefore the correlations between detector components 824

are preserved. The discrete bunch nature is however neglected because of su�ciently small 825

bunch spacing. 826

The size of the time window depends on the detector component. It ranges from 100 ns 827

(TOP) to 26 µs (ECL). To reduce CPU time we chose the time window of [�1.0, 0.8] µs, 828

which fits the most detector components, except PXD and ECL; these two have time windows 829

of [�17.6, 8.5] µs and [�10.0, 10.0] µs, respectively. Additional background samples are used 830

for mixing the background outside the default time window in these two cases. 831

Table 23 shows a comparison of the number of digitized hits (clusters for PXD and SVD) 832

per event from beam–induced background with those from generic BB events. 833

Background Overlay When experimental data become available we will use di↵erent 834

method. Instead of using simulated beam background, the background overlay method will 835

add background measured by random trigger. The background overlay is therefore done by 836

adding the measured background event to the simulated one using digitized hits. Possible 837

pile-up of hits must be taken into account with dedicated methods. These methods can 838
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Table 23: Number of digitized hits per event for beam-induced background (12th background

campaign) and for generic BB events withount background. For PXD and SVD the clus-

ters are counted instead of digits. Numbers in parenthesis are without two–photon QED

background.

component background generic BB

PXD 10000 (580) 23

SVD 284 (134) 108

CDC 654 810

TOP 150 205

ARICH 191 188

ECL 3470 510

BKLM 484 33

EKLM 142 34

model the pile-up only approximately since the measured background includes only the hits839

above the detection threshold.840

A framework for background overlay has been designed to unify the method for all detector841

components. It consists of two basf2 modules and a base class for digitized hits (or clusters842

of hits). The first module, which must run in a single process mode, reads the data from a843

standard basf2 ROOT background file, and the second module, which can run in a multi-844

process mode, performs the overlay. Each class for digitized hits must implement two base845

class methods: the one that returns the unique channel identifier of the hit and the one that846

implements the pile-up method, which is usually detector specific. The first method is used847

to identify channels where background hits are added to the existing simulated hit. If this848

happens, the second method is called. The return value then signals whether the pile-up849

criterion was fulfilled. If not, the background hit is added to the collection of simulated hits.850

4.5. Detector Simulation851

The simulation package of basf2 is based on the Geant4 software [36, 37], with the version852

number 10.1.2.3 There are two methods to supply the primary event to Geant4: One can853

use the particle gun class, which is part of the Geant4 package, or one can employ a specific854

generator software. For the latter case, the particles created by the generator package are855

sent to Geant4 for simulation via the interface implemented in the basf2 simulation package.856

Most of the decay processes of particles are described by the generator software. Short lived857

particles such as K0
S are usually decayed by Geant4. Exchange bosons and initial particles858

such as e� and e+ is not passed to Geant4. During the simulation, Geant4 transports each859

primary particle step–by–step inside the detector and creates secondary particles. Digitiza-860

tion of hit information in the sensitive volume of the detectors is handled by separate basf2861

modules, rather than using software objects incorporated into Geant4 [4]. The result from862

3 Geant4 version 10.1.2 was included in basf2 release 00–06–00 on December 2015. Before, version
9.6.2 was used.
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Total	rates	from	simulation

Total	number	of	hits	per	event	in	
each	sub-detector

*

*	in	parentheses	numbers	without	2-γ	QED

Backgrounds	
are	~	x20	Belle



R.	de	Sangro	(LNF-INFN)R.	de	Sangro	(LNF-INFN) Jan	21-28,	2018 56th	2018	-	Bormio,	Italy
Belle

37

CKM	&	CPV

Table 26: Expected uncertainties on the S and A parameters for the channels sensitive to

sin(2�1) discussed in this chapter for an integrated luminosity of 5 and 50 ab�1. The present

(2017) World Average [1] errors are also reported.

WA (2017) 5 ab�1 50 ab�1

Channel �(S) �(A) �(S) �(A) �(S) �(A)

J/ K
0 0.022 0.021 0.012 0.011 0.0052 0.0090

�K
0 0.12 0.14 0.048 0.035 0.020 0.011

⌘
0
K

0 0.06 0.04 0.032 0.020 0.015 0.008

!K
0
S

0.21 0.14 0.08 0.06 0.024 0.020

K
0
S
⇡
0
� 0.20 0.12 0.10 0.07 0.031 0.021

K
0
S
⇡
0 0.17 0.10 0.09 0.06 0.028 0.018

We projected the uncertainty on the determination of �2 considering the isospin analyses1325

of B ! ⇡⇡ and B ! ⇢⇢. The B ! ⇢⇡ system, which is usually considered together with1326

B ! ⇡⇡ and B ! ⇢⇢, was not taken into account due to the di�culty of realistically sim-1327

ulating the full Dalitz plot analysis of B0
! ⇡

+
⇡
�
⇡
0 in MC. The expected uncertainties on1328

�2 extracted via isospin analysis of B ! ⇡⇡ and B ! ⇢⇢ and via combined isospin analysis1329

of these two decay systems are summarized in Table 27. The projections of the experimental1330

errors and the central values of previous measurements that enter the isospin analysis of1331

B ! ⇡⇡ and B ! ⇢⇢ are presented in Tables 20 and 21, respectively. Additionally, we per-1332

formed a feasibility study for the novel time dependent CP analysis of the decay B ! ⇡
0
⇡
0.1333

The uncertainty on the measurement of the time dependent asymmetry S⇡0⇡0 is estimated1334

to be �S⇡0⇡0 = 0.29. Consequently, the current 8-fold ambiguity in the determination of �21335

performing the isospin analysis of B ! ⇡⇡ will be reduced by factor 4 (S. Fig. 18). It is also1336

possible, that the values of �2 extracted from the isospin analysis including S⇡0⇡0 have a1337

tension to the values expected within the SM (S. Fig. 19). The sensitivity study of B ! ⇡
0
⇡
0

1338

and the projections of previous measurements were performed for a total Belle II integrated1339

luminosity of 50 ab�1. So far, we did not consider isospin breaking e↵ects on the projection1340

of the sensitivity to �2. Possible ways to extract the size of the bias in �2 due to isospin1341

breaking e↵ects were discussed in Sec. 1.4. At present, isospin breaking e↵ects can be only1342

partially included. In principle, there are observables where the theoretical error is only of1343

second order in isospin breaking and thus below the per-mill level. However, as discussed in1344

[80], it will be impossible to measure them to the required level of accuracy.1345

References
[1] Y. Amhis et al., Averages of b-hadron, c-hadron, and ⌧ -lepton properties as of winter 2016 (2016).1346

[2] J. Charles, O. Deschamps, S. Descotes-Genon, and V. Niess, CKMfitter (2017), arXiv:1705.02981.1347

[3] Y. Amhis et al., Heavy Flavor Averaging Group (HFAG) (2014), arXiv:1412.7515.1348

[4] Philipp Frings, Ulrich Nierste, and Martin Wiebusch, Phys. Rev. Lett., 115, 061802 (2015),1349

arXiv:1503.00859.1350

[5] Yuval Grossman, Alexander L. Kagan, and Zoltan Ligeti, Phys.Lett., B538, 327–334 (2002), arXiv:hep-1351

ph/0204212.1352

[6] Bernard Aubert et al., BaBar, Phys. Rev., D79, 072009 (2009), arXiv:0902.1708.1353

[7] I. Adachi et al., Phys. Rev. Lett., 108, 171802 (2012), arXiv:1201.4643.1354

[8] Roel Aaij et al., LHCb, Phys. Rev. Lett., 115(3), 031601 (2015), arXiv:1503.07089.1355

[9] Andreas Hocker, H. Lacker, S. Laplace, and F. Le Diberder, Eur. Phys. J., C21, 225–259 (2001),1356

52/55

sin(2β/Φ1)



R.	de	Sangro	(LNF-INFN)R.	de	Sangro	(LNF-INFN) Jan	21-28,	2018 56th	2018	-	Bormio,	Italy
Belle

38

CKM	&	CPV
Table 21: Branching fractions, fractions of longitudinally polarised events and CP asymme-

try parameters entering in the isospin analysis of the B ! ⇢⇢ system: Belle measurements at

0.8 ab�1 and 0.08 ab�1, BaBar measurements at 0.5 ab�1 and expected Belle II sensitivity

at 50 ab�1.

Value 0.8 ab�1 50 ab�1

fL,⇢+⇢� 0.988 ±0.012 ± 0.023 [78] ±0.002 ± 0.003

fL,⇢0⇢0 0.21 ±0.20 ± 0.15 [84] ±0.03 ± 0.02

B⇢+⇢� [10
-6

] 28.3 ±1.5 ± 1.5 [78] ±0.19 ± 0.4

B⇢0⇢0 [10
-6

] 1.02 ±0.30 ± 0.15 [84] ±0.04 ± 0.02

C⇢+⇢� 0.00 ±0.10 ± 0.06 [78] ±0.01 ± 0.01

S⇢+⇢� �0.13 ±0.15 ± 0.05 [78] ±0.02 ± 0.01

Value 0.08 ab�1 50 ab�1

fL,⇢+⇢0 0.95 ±0.11 ± 0.02 [69] ±0.004 ± 0.003

B⇢+⇢0 [10
-6

] 31.7 ±7.1 ± 5.3 [69] ±0.3 ± 0.5

Value 0.5 ab�1 50 ab�1

C⇢0⇢0 0.2 ±0.8 ± 0.3 [68] ±0.08 ± 0.01

S⇢0⇢0 0.3 ±0.7 ± 0.2 [68] ±0.07 ± 0.01

the list in Table VIII of Ref. [84]; and for B⇢+⇢0 and fL,⇢+⇢0 , the list of sources given in1089

Ref. [69]. We assume all sources in these lists to be reducible apart from the number of B1090

mesons (1.4%). For C⇢+⇢� and S⇢+⇢� , the list in Table VIII of Ref. [78] is taken into account.1091

Apart from the tag side interference (±1.02 for C⇢+⇢� and ±0.08 for S⇢+⇢�), we assume1092

all sources in this list to be reducible. Although the measurement of C⇢0⇢0 and S⇢0⇢0 was1093

performed by BaBar, we consider for these parameters the sources of systematic uncertainties1094

taken into account by Belle for the measurement of C⇢+⇢� and S⇢+⇢� . A summary of the1095

Belle and BaBar measurements together with the extrapolated uncertainties is presented in1096

Table 21.1097

�2 expected sensitivity using isospin analysis We estimate the Belle II sensitivity to the1098

�2-angle performing the isospin analysis introduced in Sec. 1.4.1 for B ! ⇡⇡ and B ! ⇢⇢.1099

We perform a scan of the confidence for �2 from a �
2 distribution which is obtained by1100

minimising �2 log(L). The likelihood L has the form of a multivariate normal distribution1101

�
2 = �2 log

2

4
exp

⇣
1
2 (xdata � xtheo)

T
⌃

�1 (xdata � xtheo)
⌘

p
(2⇡)n det⌃

3

5 . (33)

where xdata and xtheo are vectors containing respectively the measured values and the the-1102

oretical predictions of the parameters B+�, B00, B+0, C+�, S+�, C00 and S00. For the1103

theoretical predictions, we adopt the alternative amplitude parametrisation proposed in1104

Ref. [85]. The covariance matrix ⌃ contains the uncertainties in the diagonal and the1105

correlations between the measured parameters in the non-diagonal part.1106

Figure 18 shows the results of the scan of the confidence for the �2-angle performing the1107

isospin analysis of B ! ⇡⇡. We use the Belle measurements and the projection for Belle II1108

summarised in Table 20 without and with S⇡0⇡0 constraint. One can recognise the eight1109
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Table 20: Branching fractions and CP asymmetry parameters entering in the isospin analysis

of the B ! ⇡⇡ system: Belle measurements at 0.8 ab�1 together with the expected Belle II

sensitivity at 50 ab�1.

Value 0.8 ab�1 50 ab�1

B⇡+⇡� [10
-6

] 5.04 ±0.21 ± 0.18 [82] ±0.03 ± 0.08

B⇡0⇡0 [10
-6

] 1.31 ±0.19 ± 0.18 [81] ±0.04 ± 0.04

B⇡+⇡0 [10
-6

] 5.86 ±0.26 ± 0.38 [82] ±0.03 ± 0.09

C⇡+⇡� �0.33 ±0.06 ± 0.03 [83] ±0.01 ± 0.03

S⇡+⇡� �0.64 ±0.08 ± 0.03 [83] ±0.01 ± 0.01

C⇡0⇡0 �0.14 ±0.36 ± 0.12 [81] ±0.03 ± 0.01

Extrapolation of the B
0

! ⇡⇡ sensitivities The expected statistical uncertainties for B⇡+⇡� , 1058

B⇡+⇡0 , C⇡+⇡� and S⇡+⇡� are estimated through extrapolation of Belle measurements at 1059

0.8 ab�1 assuming a final integrated luminosity of 50 ab�1 at Belle II. For B⇡0⇡0 , C⇡0⇡0 and 1060

S⇡0⇡0 , the statistical uncertainties are taken from the sensitivity study in Sec. 1.4.2. 1061

An estimation of possible systematic uncertainties is performed following the guidelines in 1062

Sec. 1.2.1. We assume that reducible systematics will scale with the luminosity since they are 1063

evaluated with control samples and MC events. We sum in quadrature the irreducible and 1064

the extrapolated reducible systematic uncertainties. For B⇡+⇡� and B⇡+⇡0 , the list of sources 1065

of systematic uncertainties in Table II of Ref. [82] is considered, and, for B⇡0⇡0 and C⇡0⇡0 , the 1066

lists in Ref. [81]. We assume all sources in these lists to be reducible apart from the number 1067

of B mesons(1.7% for B⇡+⇡� and B⇡+⇡0 as well as 1.4% for B⇡0⇡0) and the contribution 1068

from the PHOTOS MC generator (0.8%). We add an additional reducible flavour tagging 1069

contribution of ±0.0034 to C⇡0⇡0 considering Table VI of Ref. [64]. For C⇡+⇡� and S⇡+⇡� the 1070

systematic sources in Table II of Ref. [83] are considered. Apart from the tag side interference 1071

(±3.18% for C⇡+⇡� and ±0.17% for S⇡+⇡�) and the �t resolution (±0.415% for C⇡+⇡� and 1072

±1.0% for S⇡+⇡�), we assume all sources in this list to be reducible. The �t resolution 1073

contribution is reduced by factor two considering an improvement thanks to the PXD and 1074

the new reconstruction algorithms (S. Sec. 1.2.1). A summary of the Belle measurements 1075

and the extrapolated uncertainties is presented in Table 20. 1076

The systematic uncertainty for S⇡0⇡0 is assumed to be about 10% of the statistical uncer- 1077

tainty and in the order of magnitude of the systematic uncertainties of C⇡+⇡� and S⇡+⇡� . 1078

This gives in total �S⇡0⇡0 = ±0.29 ± 0.03. 1079

Extrapolation of the B
0

! ⇢⇢ sensitivities The expected statistical uncertainties for all the 1080

parameters entering in the isospin analysis of the B0
! ⇢⇢ decay mode are estimated through 1081

extrapolation of Belle and BaBar measurements assuming a final integrated luminosity of 1082

50 ab�1 at Belle II. We consider BaBar measurements only for C⇢+⇢� and S⇢+⇢� since these 1083

measurements have not been performed by Belle. 1084

An estimation of possible systematic uncertainties is performed in a similar way as in 1085

the previous section for the B ! ⇡⇡ system: the irreducible and the extrapolated reducible 1086

systematic uncertainties are summed in quadrature. For B⇢+⇢� and fL,⇢+⇢� , the list of sources 1087

of systematic uncertainties in Table VIII of Ref. [78] is considered; for B⇢0⇢0 and fL,⇢0⇢0 , 1088
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Table 19: Purity and fraction ncombin

nsig+ncomb
of wrongly reconstructed signal events (combinato-

rial background) after the final selection.

Decay Channel Purity [%] ncombin/nsig + ncomb [%]
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Fig. 14: Projections of the fit results for candidates reconstructed as

B
0

! ⇡
0 ( ! e

+
e
�
�) ⇡

0 (! ��). The projections for one example toy MC exper-

iment are shown onto Mbc (left top), �E (left middle), yDC (left bottom) and �t (right).

The �t projection is shown for B0 mesons tagged as B0 (right top) and as B̄0 (right middle)

together with the CP asymmetry (right bottom). Points with errorbars represent the toy

MC sample. The full fit results are shown by the solid blue curves. Contributions from signal

with Dalitz decays, signal with conversions, generic BB̄, continuum and combinatorial

background are shown by the long dashed-dotted green, long dashed violet, short dashed

red, dash-dotted blue and dotted orange curves, respectively.
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Table 18: Fraction of generated events in the acceptance nacc
gen/ngen, reconstruction e�ciency

nrec/n
acc
gen and e�ciency after final selection n

FS
rec/n

acc
gen (the e�ciencies are normalised to the

number of generated events in the acceptance n
acc
gen). Events with converted photons and

Dalitz ⇡
0s (first and second rows) were reconstructed as B

0
sig ! ⇡

0
dal ⇡

0
�� . The highlighted

row corresponds to the whole set used for time dependent CP -analysis.

Decay. Channel n
acc
gen/ngen [%] nrec/n

acc
gen [%] n

FS
rec/n

acc
gen [%]

B
0 ! ⇡

0

dal
⇡
0
�� 2.0 52.0 7.2

B
0 ! ⇡

0
�c� ⇡

0
�� 3.0 48.8 4.2

Dal + Conv 5.0 50.1 5.4

B
0 ! ⇡

0
�� ⇡

0
�� 76.2 86.0 19.2

Estimate of sensitivity from toy MC studies The expected statistical uncertainties are1025

estimated performing a set of toy MC experiments. A time integrated CP -analysis is per-1026

formed for events reconstructed as B
0

! ⇡
0
��(! ��) ⇡

0
��(! ��) and a time dependent for1027

events reconstructed as B
0
sig ! ⇡

0
dal(! e

+
e
�
�) ⇡

0
��(! ��). As input parameters we used1028

C⇡0⇡0 = �0.43 [66] and S⇡0⇡0 = 0.79. We extracted pdfs for the distributions of the di↵erent1029

components and performed an unbinned extended multi-dimensional maximum likelihood1030

fit using MC. For the time dependent and the time integrated analyses we used �E and1031

Mbc as fit variables. For the time dependent analysis, the classifier output yDC was used in1032

addition. The fit was performed assuming no correlation between the fit variables.1033

Each generated toy MC set corresponds to an integrated luminosity of 50 ab�1 includ-1034

ing signal together with combinatorial, BB̄ and continuum background. The signal and1035

the combinatorial background were obtained by extracting random sub-samples from the1036

generated signal MC. The assumed branching fraction B⇡0⇡0 = 1.91 · 10�6 [66] yields 150661037

signal events for the time integrated analysis and 271 for the time dependent analysis. The1038

latter number of events is composed of 147 signal events with Dalitz decays and 124 signal1039

events with conversions. These two types of signal events are considered as two independent1040

signal components in the maximum likelihood fit which can be distinguished by the yDC fit1041

variable. The purity1042

Purity =
nsig

nsig + ncombin + n
BB̄

+ ncont
(32)

and the fractions of combinatorial background are presented in table 19. The continuum1043

and the BB̄ background events were generated from pdfs which were modelled using MC1044

samples corresponding to 2 and 4 ab�1, respectively. We generated 527 toy experiments for1045

the time dependent and the time integrated analyses. Projections of the fit results for one1046

example toy MC experiment are shown in Figs. 14 and 15 for the time dependent and the1047

time integrated analysis, respectively.1048

We verify that the signal yields and the CP -violation parameters are determined without1049

bias and without over- or underestimation of the error through examination of the fit pulls.1050

Figure 16 shows the residual distributions for the CP -violation parameters extracted from1051

the time dependent analysis. From the residual distribution of S⇡0⇡0 we extract the statistical1052

uncertainty �S⇡0⇡0 = ±0.29.1053
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Table 19: Purity and fraction ncombin

nsig+ncomb
of wrongly reconstructed signal events (combinato-

rial background) after the final selection.

Decay Channel Purity [%] ncombin/nsig + ncomb [%]
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Fig. 14: Projections of the fit results for candidates reconstructed as

B
0

! ⇡
0 ( ! e

+
e
�
�) ⇡

0 (! ��). The projections for one example toy MC exper-

iment are shown onto Mbc (left top), �E (left middle), yDC (left bottom) and �t (right).

The �t projection is shown for B0 mesons tagged as B0 (right top) and as B̄0 (right middle)

together with the CP asymmetry (right bottom). Points with errorbars represent the toy

MC sample. The full fit results are shown by the solid blue curves. Contributions from signal

with Dalitz decays, signal with conversions, generic BB̄, continuum and combinatorial

background are shown by the long dashed-dotted green, long dashed violet, short dashed

red, dash-dotted blue and dotted orange curves, respectively.
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possible solutions and the improvement of rejection power at Belle II even without S⇡0⇡0 . The 1110

scan including the S⇡0⇡0 constraint is performed for several S⇡0⇡0 central values. Compatible 1111

S⇡0⇡0 values are estimated by calculating the theoretical predictions. For these calculations, 1112

we used the fit parameters obtained at the solutions of the scan performed without the S⇡0⇡0 1113

constraint. As it can be seen in Fig. 18 (right), the solutions for each value of S⇡0⇡0 that is 1114

compatible with the scan performed without the S⇡0⇡0 constraint overlap with two of the 1115

eight possible solutions, thus reducing the ambiguities in the determination of the �2-angle 1116

by factor 4. 1117
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Fig. 18: Scan of the confidence for �2 performing isospin analysis of the B ! ⇡⇡ system.

The black solid line (left) shows the result of the scan using data from Belle measurements

(S. Table 20). The blue shaded area in both plots shows the projection for Belle II. Results

of the scan adding the S⇡0⇡0 constraint (right): Each line shows the result for a di↵erent

S⇡0⇡0 value. The dotted horizontal lines correspond to one �.

Because of the experimental precision, it is possible that the value of S⇡0⇡0 that will be 1118

measured at Belle II will not be compatible with any of the four predicted values obtained 1119

from the the scan without the S⇡0⇡0 constraint. Figure 19 shows di↵erent possible scenarios: 1120

a value of S⇡0⇡0 that is compatible with the solution around 88� and two values that are 1121

not compatible with any of the eight solutions. In both situations there is a large range that 1122

can be excluded at one �. In the case of the compatible value (S⇡0⇡0 = 0.83), which is very 1123

close to the value assumed for the toy MC studies (S⇡0⇡0 = 0.79), the width of the solution 1124

around 88� corresponding to a confidence of one � is about ��2 ⇡ 4�. 1125

Figure 20 (left) shows the results of the scan of the confidence for the �2-angle performing 1126

the isospin analysis of B ! ⇢⇢. The analysis was performed using the current Belle measure- 1127

ments without S⇢0⇢0 constraint. The results of the scan are consistent with the Belle results 1128

presented in Fig. 7 of Ref. [84]. Since the B ! ⇢⇢ system exhibits a two fold ambiguity, we 1129

focus on the range which is consistent with the current measurements of the unitarity trian- 1130

gle. Figure 20 (left) shows also projections for Belle II without and with the S⇢0⇢0 constraint. 1131

The measurements and the projections are summarised in Table 21. The estimated sensitiv- 1132

ity for Belle II at the one �-level without the S⇢0⇢0 constraint is found to be about ��2 ⇠ 1�. 1133

For the case with the S⇢0⇢0 constraint, an estimation was performed using the central value 1134

S⇢0⇢0 = �0.14. This value was chosen such that the solutions of the scan using this value 1135

43/55

)° (
2
φ

0 30 60 90 120 150 180

1 
- C

L

0

0.2

0.4

0.6

0.8

1

)° (
2
φ

0 30 60 90 120 150 180

1 
- C

L

0

0.2

0.4

0.6

0.8

1 0π0πS   
  0.60
 -0.12

Fig. 19: Scan of the confidence for �2 performing isospin analysis of the B ! ⇡⇡ system.

The blue shaded area in both plots shows the projection of the Belle measurements (S. Fig.

18) for Belle II. Results of the scan with additional S⇡0⇡0 constraints are shown by dashed

lines. Each line correspond to di↵erent input S⇡0⇡0 values. The red long dashed line on the

left figure shows the result for S⇡0⇡0 = 0.83. The dotted horizontal line correspond to one �.

are compatible with the solutions of the scan performed without the S⇢0⇢0 constraint. The1136

improvement with S⇢0⇢0 at the one � is about one third: ��2 ⇠ 0.7�.1137

Figure 20 (right) shows the results of the scan of the confidence for �2 combining the1138

isospin analyses of B ! ⇡⇡ and B ! ⇢⇢. In order to have consistent central values of the1139

input parameters for the study of the Belle II sensitivity, the value of B⇡0⇡0 was adjusted to1140

be 1.27 · 10�6. This adjustment, which is within one sigma of the measured value (S. Table1141

20), ensures that the solutions of the isospin analyses of B ! ⇡⇡ and B ! ⇢⇢ correspond to1142

the same true value of the �2. The �2 scan using current Belle measurements was performed1143

without S00 constraints. The projections for Belle II were performed for both cases, without1144

and with S00 constraints. For the former case, the estimated sensitivity is found to be about1145

��2 ⇠ 1�. For the case with the S00 constraints, the analysis is performed with central values1146

of S⇢0⇢0 and S⇡0⇡0 which are compatible in terms of �2 (S⇢0⇢0 = �0.14 and S⇡0⇡0 = 0.75).1147

The improvement in the �2-precision at the one � level with the S00 constraints is about1148

factor 2: from ��2 ⇠ 1� to ��2 ⇠ 0.6�.1149

�2 from B
0

! ⇢⇡ The measurement of �2 from a Dalitz plot analysis of B0
! ⇡

+
⇡
�
⇡
0 has1150

been pioneered by Belle [71] and BaBar [70]. Both Collaborations succeeded in extracting1151

meaningful information about �2, however BaBar performed some studies on the robustness1152

of the extraction of �2 and discovered the existence of two secondary solutions on either side1153

of the expected primary solution. These secondary solutions do not arise from ambiguities1154

intrinsic on the method, but are rather artefacts that result from the limited statistics of1155

the sample that was analysed and are expected to vanish with significantly larger datasets.1156

This strongly motivates the repetition of the analysis at Belle II, with a data sample1157

of at least a few ab�1. The dominant background will arise from random combinations of1158

particles arising from continuum events and the model for the signal component will include1159

the ⇢(770), ⇢(1450), and ⇢(1700) resonances.1160
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Fig. 20: Scans of the confidence for �2 performing an isospin analysis of the B ! ⇢⇢ system

(left) and combining the isospin analyses of the B ! ⇡⇡ and the B ! ⇢⇢ systems (right).

The black solid lines show the results of the scans using data from measurements at current

precision (S. Tables 21 and 20). The blue shaded areas show the projections for Belle II. The

red long dashed lines show the results of the scans adding the S00 constraints: S⇢0⇢0 = �0.14

and S⇡0⇡0 = 0.75. The dotted horizontal lines correspond to one �.

For the reasons explained above, and due to the di�culty of realistically simulating the full 1161

Dalitz plot analysis on the Monte Carlo, we do not provide any prediction of the sensitivity 1162

attainable by Belle II. 1163

1.5. Time dependent CP violation analysis of B0
! K0

S⇡0(�) 1164

1.5.1. Theory: probing New Physics with B
0

! K
0
S
⇡
0
�. Contributing authors: F. Bishara, 1165

A. Tayduganov 1166

The radiative loop b ! s� processes have been extensively studied as a probe of NP beyond 1167

the SM. In the SM bL ! sR�R is ms/mb suppressed compared to bR ! sL�L, if QCD inter- 1168

actions are switched o↵. In order to use this as a probe of NP it is important to estimate 1169

reliably the QCD corrections to these expectations. We review the current status below. 1170

The short distance contributions to b ! s� are given by 1171

O
(0)
7 =

e

16⇡2
mbsL(R)�

µ⌫
bR(L)Fµ⌫ , (34)

in the e↵ective weak Hamiltonian. The operator O7 describes the bR ! sL�L, while O
0
7 1172

describes the bL ! sR�R process. Due to chiral suppression, in the SM C
0
7/C7 ' ms/mb. 1173

The b ! s� also receives long distance contributions, most notably from the “charm loop” 1174

contributions from insertion of O
c

1,2 operators. 1175

We focus on the B ! K
⇤
� decay. An analysis of 1/mb expansion based on Soft Collinear 1176

E↵ective Theory in Refs. [86, 87] shows that the the right-handed helicity amplitude is sup- 1177

pressed. The largest contribution is expected to come from O2 = (sL�µcL)(cL�µbL) operator, 1178

giving a parametric estimate: 1179

M(B ! K
⇤
�R)

M(B ! K⇤�L)
⇠

(C2/3)

C7

⇤QCD

mb

⇠ 10% . (35)

The numerical value was obtained using naive dimensional analysis for the relevant matrix 1180

element. 1181
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Table 27: Current world average error [2] and expected uncertainties on the determination

of �2 performing isospin analyses of the decay systems B ! ⇡⇡ and B ! ⇢⇢ together with

a combined isospin analysis of these two systems. For the current world average error, also

the decay system B ! ⇢⇡ was considered.

Channel ��2 [�]

Current world average +4.4
�4.0

B ! ⇡⇡ 4.0

B ! ⇢⇢ 0.7

B ! ⇡⇡ and B ! ⇢⇢ Combined 0.6
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FIG. 23: Distribution of the ISR energy fraction (rk)
calculated from observables in data (solid dots) and in
the signal MC samples (histogram). The data distribu-
tion is shown after background subtraction. The MC
events are normalized to the experimental yield after
background subtraction. Note that there are uncertain-
ties in the value of rk originating from the measurement
and kinematical approximation.

for Q2
|F (Q2)|). Taking this into account, the uncer-

tainty on A reported by BaBar could be replaced by
A = 0.182± 0.005 GeV. To compare our results with
BaBar’s, we use the same parameterization in our fit
procedure and assume a Q2-independent systematic
uncertainty (thus, the total normalization error) of
3.2% for Q2

|F (Q2)|; we remove this component from
the combined statistical and systematic errors and
instead add it in quadrature to the uncertainty in A.
The fit results from Belle are A = 0.169±0.006 GeV
and � = 0.18 ± 0.05. The goodness of the fit is
�2/ndf = 6.90/13, where ndf is the number of de-
grees of freedom. The fit results are also shown in
Fig. 24. The fit of the Belle data to the function is
good, and we find a difference of ⇠ 1.5� between the
Belle and BaBar results in both A and �.

We then try another parameterization in which
Q2

|F (Q2)| approaches an asymptotic value, namely

Q2
|F (Q2)| =

BQ2

Q2 + C
. (23)

The fit gives B = 0.209± 0.016 GeV and C = 2.2±
0.8 GeV2 with �2/ndf = 7.07/13, and is also shown
in Fig. 24. The fitted asymptotic value, B, is slightly
larger than the pQCD value of ⇠ 0.185 GeV but is
consistent.

For a simple estimate of the consistency between
the Belle and BaBar results, we compare the data
from individual experiments with a reference curve

FIG. 24: Comparison of the results for the product
Q2|F (Q2

)| for the ⇡0 from different experiments. The
error bars are a quadratic sum of statistical and system-
atic uncertainties. For the Belle and BaBar results, only
a Q2-dependent systematic-error component is included.
The two curves denoted fit(A) use the BaBar parameter-
ization while the curve denoted fit(B) uses Eq.(23) (see
the text). The dashed line shows the asymptotic predic-
tion from pQCD (⇠ 0.185 GeV).

obtained by fitting the data from both experiments
together using parameterization of Eq. (23). The
seven data points from Belle (from BaBar) for the
range 9 GeV2 < Q2 < 20 GeV2, where the two mea-
surements seem to be systematically shifted, devi-
ate from the reference curve by (�6.1 ± 3.8)% (by
(+4.8 ± 3.0)%) in average relative to it. We incor-
porate the Q2-independent uncertainty in each mea-
surement in the above error. The difference between
the Belle and BaBar deviations, (10.9 ± 4.8)%, cor-
responds to a 2.3� significance. This result does not
depend on choice of the reference curve.

VI. SUMMARY AND CONCLUSION

We have presented a measurement of the neutral
pion transition form factor for the process ��⇤

! ⇡0

in the region 4 GeV2 <
⇠ Q2 <

⇠ 40 GeV2 with a
759 fb�1 data sample collected with the Belle detec-
tor at the KEKB asymmetric-energy e+e� collider.
The measured values of Q2

|F (Q2)| agree with the
previous measurements [1, 3, 4] for Q2 <

⇠ 9 GeV2.
In the higher Q2 region, in contrast to BaBar, our
results do not show a rapid growth with Q2 and are
closer to theoretical expectations [5].

3

0

FIG. 1: A Feynman diagram for ��⇤ ! qq̄ ! ⇡0 in
e+e� collisions

ized form [6]

F (Q2) =

p
2f⇡
3

Z
1

0

dxTH(x,Q2, µ,↵s(µ))

⇥�⇡(x, µ), (1)

where f⇡ ' 0.131 GeV is the pion decay con-
stant, x is the fraction of momentum carried by
a quark (q) or antiquark (q̄) in the parent pion,
TH(x,Q2, µ,↵s(µ)) is the hard-scattering amplitude
for ��⇤

! qq̄ (Fig. 1), µ is the renormalization scale,
and �⇡(x, µ) is the leading-twist pion distribution
amplitude (DA) at x and µ. Note that the pion
DA is a universal function and, once determined, de-
scribes leading terms in all hard exclusive processes
involving a pion. The most prominent examples are
the pion electromagnetic form factor and the weak
semileptonic decay rate, B±

! ⇡0`±⌫` [6].
At sufficiently high Q2, Eq. (1) can be written

as [6]

F (Q2) =

p
2f⇡
3

Z
1

0

dx
�⇡(x)

xQ2
+O

�
1/Q4

�
. (2)

Because the asymptotic pion DA is �asy

⇡
= 6x(1 �

x), it follows that Q2F (Q2) at Q2
! 1 is exactly

normalized as [5]

Q2F (Q2) =
p
2f⇡ ' 0.185 GeV. (3)

The measurements reported by CELLO [3] and
CLEO [4] support this prediction; the measured val-
ues seem to approach this asymptotic value from
below. The recent measurement by BaBar [1] has
changed this situation drastically. The measured
Q2

|F (Q2)| values seem to increase with Q2, exceed-
ing the QCD asymptotic value by as much as 50%;
this has created excitement and renewed interest in
this quantity.

Many theoretical constructs have been made to
explain this Q2 dependence. Early attempts pointed
out that the BaBar result requires a nearly flat pion
DA (e.g., [7, 8]), which implies that the pion be-
haves as a point-like particle. The conclusions of the
theoretical analyses can be divided into two groups:
those that can explain the BaBar result (e.g., [6, 9])
and those that cannot (e.g., [10, 11]).

This theoretical controversy seems to have been
settled by a recent analysis of Brodsky, Cao and de
Téramond [12], who investigated TFFs of the ⇡0,
⌘ and ⌘0 using four typical models of the meson
DA. They concluded that the rapid growth of the
⇡0 TFF with Q2 at BaBar, together with the gentle
Q2-dependence of the ⌘ and ⌘0 TFFs also measured
at BaBar are difficult to explain within the present
framework of QCD. They also pointed out drawbacks
of earlier theoretical attempts that explained the Q2

dependence of the ⇡0 TFF at BaBar and stated that
the BaBar ⇡0 result, if confirmed, would imply new
physics beyond standard QCD.

In this Article, we report an independent measure-
ment of the ⇡0 TFF in the Q2 region of interest.

II. EXPERIMENTAL APPARATUS AND
EVENT SELECTION

We briefly describe the Belle detector and then
give a description of the event selection. Finally,
we present some event distributions to illustrate the
selection criteria.

A. The Belle detector and data sample

We use a 759 fb�1 data sample recorded with
the Belle detector at the KEKB asymmetric-energy
e+e� collider [13]. We combine data samples col-
lected at several beam energies: at the ⌥(4S) res-
onance (

p
s = 10.58 GeV) and 60 MeV below it

(637 fb�1 in total), at the ⌥(3S) resonance (
p
s =

10.36 GeV, 3.2 fb�1) and near the ⌥(5S) resonance
(
p
s = 10.88 GeV, 119 fb�1). When combining the

data, the slight dependence of the two-photon cross
sections on beam energy is properly taken into ac-
count.

This analysis is performed in the “single-tag”
mode, where either the recoil electron or positron
(hereafter referred to as electron) alone is detected.
We restrict the virtuality (Q2) of the untagged-side
photon to be small by imposing a strict transverse-
momentum balance with respect to the beam axis
for the tagged electron and the final-state neutral

2-γ	process

21

FIG. 20: Differences between the e+e� ! (e)e⇡0 differ-
ential cross section measured by the p-tag (squares) and
e-tag (circles) from their weighted mean (equal to a half
of the combined cross section). The vertical scale is nor-
malized by the error of the weighted mean (which is the
same as half of the error for the combined cross section).
The horizontal positions of the p-tag and e-tag plots are
displaced intentionally so that the error bars are visible.

FIG. 21: Comparison of the results for the e+e� !
(e)e⇡0 differential cross sections among different experi-
ments. The vertical error bars are statistical only. The
algorithms used to measure the cross section differ be-
tween the experiments.

fluctuations, as listed in column 6 of Table II.
To estimate the systematic uncertainty in the trig-

ger efficiency, we study the efficiency using a radia-
tive Bhabha process; we find agreement between the
data and the Rabhat MC at the 5 � 10% level, as
shown in Fig. 30(c,d) (Appendix B 3). In addition,
the comparison of the absolute yields of the radia-
tive Bhabha events shows consistency between the

TABLE III: e+e� ! (e)e⇡0 differential cross section
combined for the p- and e-tags with systematic uncer-
tainties (✏sys) and the transition form factor Q2|F (Q2

)|.
The first and second uncertainties for Q2|F (Q2

)| are sta-
tistical and systematic, respectively.

Q2 d�/dQ2 ✏sys Q2|F (Q2
)|

(GeV2) (fb/GeV2) (%) (GeV)
4.46 75.0± 22.3 10 0.129± 0.020± 0.006
5.47 43.3± 9.6 9 0.140± 0.016± 0.007
6.47 31.15± 2.64 10 0.161± 0.007± 0.008
7.47 17.86± 1.38 8 0.158± 0.006± 0.007
8.48 13.88± 0.85 8 0.175± 0.005± 0.007
9.48 8.62± 0.55 8 0.169± 0.005± 0.007
10.48 5.68± 0.42 8 0.165± 0.006± 0.007
11.48 4.44± 0.41 9 0.173± 0.008± 0.007
12.94 2.65± 0.23 12 0.168± 0.007± 0.010
14.95 1.73± 0.22 14 0.179± 0.012± 0.013
16.96 1.123± 0.208 13 0.183± 0.017± 0.012
18.96 0.845± 0.160 13 0.198± 0.019± 0.013
22.29 0.431± 0.074 14 0.195± 0.017± 0.013
27.33 0.275± 0.064 14 0.236+0.026

�0.029 ± 0.016
34.46 0.066± 0.027 14 0.188+0.035

�0.043 ± 0.013

FIG. 22: Results for the ⇡0 transition form factor from
the present measurement multiplied by Q2. The error
bars are statistical only. The dashed line shows the
asymptotic limit from pQCD (⇠ 0.185 GeV).

data and MC also within 10% level, which is com-
parable to the estimated size of systematic uncer-
tainty without including the uncertainty from the
trigger efficiency of ⇠ 8% (see Fig. 29(c,d) and the
text in Appendix B 3). Therefore, we conclude that
the systematic uncertainty in the trigger efficiency
does not exceed the deviations seen in studies us-
ing radiative Bhabha events: 12% for the p-tag and
10% for the e-tag, where the values are taken from
the overall tendency of the deviations in the Q2 de-
pendence shown in Figs. 29(c,d) and 30(c,d). How-

Belle,	2012,	759	Ob-1



R.	de	Sangro	(LNF-INFN) June	5-9,	2017 FCPC	2017	-	Prague,	Czech	Republic
Belle

The	Central	Drift	Chamber	(CDC)

• Installed	on	Oct,	2016	
•Commissioning	with	cosmic	ray	tracks	is	ongoing

43

4

10mmt Aluminum endplates

5mmt CFRP outer cylinder

0.4mmt CFRP inner cylinder

30um Φ Au-W sense wire (14336) 
126um Φ (no-plated) Al field wire (42240)

BELLEBelle

low material

He : ethane (50:50) mixture gas

0.5 1 1.5 2 2.5 3 3.5 40

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

Pt [GeV/c]

P
t
re
so
lu
ti
on

[%
]

simulation
fitting

material : only CDC
generated muon

calculated resolution : �k
(�k)2 = (�kres)

2 + (�kms)
2

(�kres) : measurement resolution

(�kres) : multiple scattering

�r� = 100µm
B = 1.5T
Number of layers = 56
X0 = 269.471m

calculation and simulation

multiple scattering effct is 
dominant to momentum resolution

Oct. 11 Oct. 12

Oct. 13 Oct. 13

support bar is inserted in Belle support bar is inserted in CDC

installed in Belle
cosmic ray test

16

0.2− 0.15− 0.1− 0.05− 0 0.05 0.1 0.15 0.20

1000

2000

3000

4000

5000

6000

7000

8000

D01-D02 hdD0
Entries  71420

Mean  0.006408− 

Std Dev    0.02192

 / ndf 2χ  176.9 / 38

Prob  20− 8.379e

p0        51.1±  6941 

p1        0.00007±0.00683 − 

p2        0.00010± 0.01219 

p3        43.0± 913.6 

p4        0.000274±0.005488 − 

p5        0.00047± 0.03072 

D01-D02

2− 1.5− 1− 0.5− 0 0.5 1 1.5 20

500

1000

1500

2000

2500

3000

3500

4000

4500

Z01-Z02 hdZ0
Entries  71420
Mean   0.04344
Std Dev    0.2702

 / ndf 2χ  76.13 / 48
Prob   0.005991
p0        100.4±  3771 
p1        0.00153± 0.04844 
p2        0.0031± 0.2112 
p3        107.2± 937.4 
p4        0.00387± 0.03119 
p5        0.0083± 0.3633 

Z01-Z02

�1 = 2.1mm (70%)

�2 = 3.6mm (30%)

�1 = 122µm (75%)

�2 = 307µm (25%)

�d0[cm] �z0[cm]
�d0 = dupper0 � dlower

0

�z0 = zupper0 � zlower
0

d0 : impact parameter(r�)
z0 : impact parameter(z)

CDC

upper track

lower track

cosmic ray

one cosmic ray track is track-fitted as separated tracks 
 in upper and lower regions

mean is shifted due to mis-alignment of wire position

good resolution is obtained

track 1

track 2

3

N
um

be
r o

f c
el

l
ce

ll 
si

ze
 [m

m
]

radius [mm]

radius [mm]

small cell

10mmt Aluminum endplates

5mmt CFRP outer cylinder

0.4mmt CFRP inner cylinder

30um Φ Au-W sense wire (14336) 
126um Φ (no-plated) Al field wire (42240)

6-8mm

10
m

m

10-18mm

18
m

m

small cell normal cell

5 X axial layers → 2D tracking 
4 X stereo layers → z information

spatial layers of small cell

25
0m

m
25
0m

m

1200mm

(a)

(b)

Belle

Belle-II

Axial wire
Stereo wire

finer Φ-division 
smaller cell size in Φ

finer Φ-division 
smaller cell size in Φ→ reduce occupancy

BELLEBelle

low material

60-80 mrad

He : ethane (50:50) mixture gas



R.	de	Sangro	(LNF-INFN) June	5-9,	2017 FCPC	2017	-	Prague,	Czech	Republic
Belle

Barrel	PID:	Time	Of	Propagation	
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Cherenkov ring imaging with precision time measurement (better than 100ps)

Installation completed!  2016, May 11 
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Aerogel with high transparency is required (                       ) 

 

Minimize photon loss on tile edges 

→ large tiles (~ 17 x 17 cm)

..

1

12

cossin
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CC
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Nl
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water jet cutting

@400nm

target

target

Radiator – Silica Aerogel

Mass production and QA completed

T.Iijima, S.Korpar et al. NIMA548 (2005) 383

M.Tabata et al.,The Journal of Supercritical Fluids 110 (2016) 183-192
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HAPD – Hybrid Avalanche Photo-Detector

 - Basic requirements:     - 1.5 T   -          tolerance (                 )     - large coverage (3.5 m^2)

4.9 mm

APD 
chip

- Developed in collaboration with Hamamatsu photonics

Size 73x73 mm

# of channels 144 (36-ch APDx4)

Total gain >60000 (1500 x 40)

Peak QE ~30%

Active area 64%

Weight 220g 

Photon detector – HAPD 

bias
320V

S.Nishida et al, NIMA610(2009)65

- position resolution
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Beamtests 

Detailed Geant4 simulation  

electron beam, 2013 @ DESY

Excellent performance in 
desired momentum range!

Proof of principle 

R. Pestotnik et al., Nucl. Instrum. Meth. A766 (2014) 270–273; 
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Beamtests 

Detailed Geant4 simulation  

electron beam, 2013 @ DESY

Excellent performance in 
desired momentum range!

Proof of principle 

R. Pestotnik et al., Nucl. Instrum. Meth. A766 (2014) 270–273; 

Beam	test	measurements

Use	two	aerogel	layers	in	focusing	
conOiguration	to	increase	n.	of	photons	
without	resolution	degradation	
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ARICH	Rings	from	cosmic	ray	muons

•First	events	from	CR	tracks	recorded	in	a	partially	
instrumented	sector	of	the	ARICH

46

•Production of 
aerogel tiles and 
HAPDs is finished.  

•Installation on the 
structure 
complete! 

•Install in Belle II in 
September.

SiPMs for the aerogel RICH at Belle II ?
Rok Pestotnik

Jožef Stefan Institute, Ljubljana, Slovenia

Contents:
• Belle II ARICH 
• Sensor candidates
• RICH with SiPMs
• Results
• Summary

29/5/2017 R. Pestotnik: SiPMs for ARICH at Belle II

SiPMs ?

Beyond the LHCb Phase-1 Upgrade
28-31 May La Biodola, Isola d'Elba (Italy)
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E.M.	Calorimeter	(ECL)

47

Early	prototype	tested	at	Belle

Belle	calorimeter	

• 8736	CsI(Tl)	crystals		
• 6624	Barrel	
• 1152	Fwd	Endcap	
• 		960	Bwd	Endcap

• High	rates	(machine+physics)	⇒	upgrade	of	electronics	
- shorter	signal	shaping	
- waveform	fit	to	extract	signal	time	and	amplitude

CHAPTER 9. CALORIMETER (ECL)
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Figure 9.9: Measured time distributions for 5 MeV (left) and 100 MeV (right) cluster energy
depositions.
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Figure 9.10: Left: pile-up noise dependence on polar angle for new and old electronics. Right:
measured time resolution as a function of single-crystal hit energy.
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Electromagnetic	calorimeter	(ECL)

31

Eugenio Paoloni Pasadena  FPCP 2016

ECL: T he Electromagnetic Calorimeter

Higher backgrounds (Machine +  Physics)

Electronic upgrade: improved waveform features 
extraction ( ADC & fitting )

Cosmic rays commissioning ongoing

28

EM Calorimeter
Cope with higher particle rate 

1. Electronics upgrade: waveform sampling & fitting 
2. Endcap crystal update: (baseline option) pure CsI (short decay time)+ 

photopentode

15

Early prototype tested at Belle
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Early prototype tested at Belle

Belle Read-out electronic upgrade 

01/03/2017	 C.	Cecchi	

EARLY PROTOTYPE 
TESTED AT BELLE 

CHAPTER 1. MOTIVATION AND OVERVIEW

1.3 The Belle II overview

Figure 1.9: Upgraded Belle II spectrometer (top half) as compared to the present Belle detector
(bottom half).

The design of the Belle II detector follows to a large extent the scheme discussed in the Letter
of Intent [5] and its 2008 supplement, Design Study Report [6], with one notable exception: a
pixel detector now appears in the innermost part of the vertex detector. Other modifications are
due to the change in the accelerator design from the high current version to the “nano-beam”
collider, and are associated with the larger crossing angle, the need to have the final quadrupoles
as close as possible to the interaction point, and the smaller beam energy asymmetry (7 GeV/c
on 4 GeV/c instead of 8 GeV/c on 3.5 GeV/c).
For the Belle II detector, our main concern is to maintain the current performance of Belle
in an environment with considerably higher background levels. As discussed in detail in the
2008 Design Report [6], we evaluate the possible degradation of the performance in a high-
background environment by extrapolating from the present operating conditions of KEKB and
Belle by accounting for the scaling of each component of background with the higher currents,
smaller beam sizes and modified interaction region. From these studies, we assume a conservative
factor of twenty increase in the background hit rate. The physics event rate will be about 50
times higher.
The following changes to Belle will maintain a comparable or better performance in Belle II:

• just outside the beam pipe, the silicon strip detector is replaced by a two-layer silicon pixel
detector based on the DEPFET technology;

• the silicon strip detector extends from just outside the pixel detector to a larger radius

14

Belle Read-out electronic upgrade 

01/03/2017	 C.	Cecchi	

EARLY PROTOTYPE 
TESTED AT BELLE 
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ECL	commissioning	

48

150GeV shower!

Combined	CDC-ECL	cosmic	ray	test

BWD	endcap	installation	
January	2017 • Barrel ECL under CR test since 2015

• Endcap calorimeter CR test ongoing
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The	KLong	and	Muon	detector	KLM
- 14	iron	layers	4.7cm	thick	

- 15	barrel	active	layers	

✓ 2	x	[scintillator	strips	+	WLS	+	SiPM]			⇐		NEW	

✓ 13	x	[double	glass	RPC	+	5	cm	orthogonal	phi,	z	
strips]	

- 14	endcap	active	layers	

✓ 14	x	[scintillator	strips	+	WLS	+	SiPM]	⇐		NEW

49

CHAPTER 10. K0
L AND µ DETECTION (KLM)
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Figure 10.1: Side view of the KLM, located outside the ECL and solenoid. The gray lines mark
the nominal polar angular acceptance of Belle II.
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• All	endcap	glass	RPC	+	2	
in	the	innermost	layers	
of	the	barrel	replaced	
with	scintillator	strips	
to	resist	higher	
backgrounds	

• Installation	is	complete	

• Commissioning	with	
cosmic	rays	ongoing

Eugenio Paoloni Pasadena  FPCP 2016

KLM: K Long and Muon system
The end-caps and the two innermost layers of the barrel  were replaced 

with scintillators to cope with increased backgrounds

Installation completed

Commissioning in progress with cosmic rays data

31


