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On-resonanceOff-resonance

Ø Belle	at	KEKB
BABAR	at	PEP-II

Ø Very	high	luminosity:
✓ ~2x1034/cm2/s	
(Belle)(twice	the	design	
value)

Ø Asymmetric	beams:
✓ 8GeV	e-/3.5	GeV e+ (Belle)
→	Boosted	BB	pairs	

(→	time	dep.	CPV)

BaBar,	PRD	72,
032005	(2005)
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The	Belle	+	BaBar Era
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Belle-II Goal: 40 x present = 4 x 1010 BB pairs  ...but how to do it?

>1000 fb-1

550 fb-
1

CLEO	11	fb-1

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
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Belle

How	to	achieve	40x	luminosity?	
Super-KEKB
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(0.01-0.02)

(0.8-1.0)

beam size:  100 μm(H) x 2 μm(V) → 10 μm(H) x 59 nm(V)

83mrad
× 40

× 2

× 1/20
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Next	generation	B-factories
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KEKB

8×10	35

BEPCII 2016

KEKB	peak	L:	2.11×1034 cm-2 s-1 ,	LHC	peak	L:	2.06×1034 cm-2 s-1
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SuperKEKB and	Belle	II
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KEK	
Tsukuba	
campus

(877m)

KEK is located in Tsukuba, Japan (50km away from Tokyo)



Belle Belle	II	detector
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Belle	II	collaboration

8

Base	on	Belle	II	collaboration.	Many	people	from	Belle	and	Babar.	
810	colleagues,	108	institutions,	25	countries/regions

http://belle2.kek.jp (April.	11	2018)

Belle II中国组: 北京大学，高能物理研究所，中国科学技术大学，北京航空
航天大学，复旦大学 + 辽宁师大 + 苏州大学

Belle II中国组: 北京大学，高能物理研究所，中国科学技术大学，北京航空
航天大学，复旦大学 + 辽宁师大 + 苏州大学
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Belle	II	collaboration
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Belle II中国组: 北京大学，高能物理研究所，中国科学技术大学，北京航空
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Belle II中国组: 北京大学，高能物理研究所，中国科学技术大学，北京航空
航天大学，复旦大学 + 辽宁师大 + 苏州大学

Base	on	Belle	II	collaboration.	Many	people	from	Belle	and	Babar.	
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SuperKEKB /	Belle	II	Luminosity	projections
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Belle	II/SuperKEKB is	gradually	being	launched	
Phase	1	w/o	Belle	II	(2016…done)	
Phase	2	partial	Belle	II	(since	2018…ongoing!)
Phase	3	full	Belle	II	(plan	for	early	2019)

We	are	here!
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Belle	II	status
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First	collisions	at	Apr	26!
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B	factory	came	back	to	the	game!



Belle
First	collisions:	Some	“first”	events
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Bhabha event

Hadronic event

𝑩𝑩# like event
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…	and	revisit	PDG
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Ks π0

D*+



Belle
Phase	2	status

Phase	2	operation	continues	until	July	17th
Achievement	so	far

Peak	luminosity:	 ~	3.0	× 1033 cm-2s-1	(3/20	of	KEKB	record)
Integrated	luminosity:	 ~	180	pb-1 as	of	June	4th
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Still	various	kind	of	study/tuning	are	ongoing
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Phase	3	preparation
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Belle	II	physics	prospects
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Belle
Lepton	Universality	in	B→D(*)ℓν

The	experimental	observation	 is	away	
from	the	SM	prediction	at	a	4.1σ	level.

The	R(D(*))	is	a	sensitive	parameter	
to	a	new	physics	beyond	the	SM.

Now

Belle	II
5ab⁻¹

Belle	II	should	be	able	to	confirm	
the	excess	with	~5ab⁻¹	data.

𝑹 𝑫(∗) =
𝐁𝐫(𝑩 → 𝑫 ∗ 𝝉𝝂)
𝐁𝐫(𝑩 → 𝑫 ∗ 𝝁𝝂)

Exp SM

𝑅(𝐷∗) 0.304+0.013+0.007 0.252+0.003

𝑅(𝐷) 0.407+0.039+0.024 0.300+0.008
HFAG	(FPCP2017)
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Lepton	Flavor	Universality	in	B→K(*)ℓ	ℓ	
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Lepton	Flavor	Universality	in	B→K(*)ℓ	ℓ	
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Dark	Photon	and	Dark	Matter
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Lepton	Flavor	Violation
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Roadmap
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Summary

24



Belle

Thank	you	for	your	attention
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Belle KEKBàSuperKEKB

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)
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