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B-factories 1st gen.: Test of the Flavour Sector of the SM 

BELLE

BaBar (PEPII@SLAC) and Belle (KEKB@KEK)  
[J.Phys.G:Nucl.Part.Phys.27,1101] 

Unitarity Triangle @ 2000 Unitarity Triangle @ 2011 
[CKM fitter] 

Confirmation of the Kobayashi-Maskawa 
mechanism of CPV. 
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Asymmetric B factories: 
flavour physics at the intensity frontier
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Courtesy	of	A.Zupanc



The next decade: the power of quantum loops
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Proton	decay

The	power	of	quantum	loops

(Adapted	from	Ligeti/Muyrama)



The intensity frontier
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SuperKEKB is the e+e- intensity frontier

40 times higher 
luminosity

����

KEKB

PEP-II
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SuperKEKB



(1) Smaller by
*

(2) Increase beam currents
(3) Increase xy

How to increase the luminosity?

Collision with very small spot-size beams

Invented	by	Pantaleo	Raimondi	for	SuperB

“Nano-Beam” scheme
-

-

-

e-

e+

sx~10µm,sy~60nm

60nm

10µm
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SuperKEKB design parameters

parameters KEKB SuperKEKB
units

LER HER LER HER
Beam energy Eb 3.5 8 4 7 GeV

Half crossing angle φ 11 41.5 mrad
Horizontal emittance εx 18 24 3.2 4.6 nm

Emittance ratio κ 0.88 0.66 0.37 0.40 %
Beta functions at IP βx*/βy* 1200/5.9 32/0.27 25/0.30 mm

Beam currents Ib 1.64 1.19 3.60 2.60 A
beam-beam parameter ξy 0.129 0.090 0.0881 0.0807

Luminosity L 2.1 x 1034 8 x 1035 cm-2s-1

• Nano-beams	and	a	factor	of	two	more	beam	current	 to	increase	luminosity	
• Large	crossing	angle
• Change	beam	energies to	solve	the	problem	of short	lifetime for	the	LER
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e- 2.6	A

e+	3.6	A

To	get	x40	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)

KEKB	à SuperKEKB
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e- 2.6	A

e+	3.6	A

Damping	ring

Low	emittance gun

New	beam	pipe
&	bellows

Belle	II

New	IR

Add	/	modify	RF	systems	
for	higher	beam	current

Low	emittance electrons	
to	inject

Low	emittance positrons	
to	inject

Installation of 100 new long 
LER bending magnets 

Damping	ring	tunnel	

Installation of HER wiggler chambers
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• Phase I (2016)
• Circulated both 

beams but no 
collisions;

• Tune accelerator 
optics, etc.; vacuum 
scrubbing 

• Beam Background 
studies with 
dedicated BEAST 
II/1 detector

• Phase II
• First collisions
• Beam 

Commissioning
• Background 

measurements with 
BEAST II/2

• Physics run with 
Belle II w/o VTX
• on Y(4S) and Y(6S)

• Phase III
• Physics run
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SuperKEKB luminosity projection

Goal of Be!e II/SuperKEKB

9 months/year
20 days/month
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electron  (7GeV)

positron (4GeV)

KL and muon detector:
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps, inner 2 barrel layers)

Particle Identification 
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (fwd)

Central Drift Chamber
He(50%):C2H6(50%), Small cells, long 
lever arm,  fast electronics

EM Calorimeter:
CsI(Tl), waveform sampling (baseline)
(opt.) Pure CsI for end-caps

Vertex Detector
2 layers DEPFET + 4 layers DSSD

Beryllium beam pipe
2cm diameter
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Belle II Detector

Lots	of	Data

COMPUTING



Belle II Detector (in comparison with Belle)
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SVD: 4 DSSD lyrs g 2 DEPFET lyrs + 4 DSSD lyrs
CDC: small cell, long lever arm
ACC+TOF gTOP+A-RICH
ECL: waveform sampling (+pure CsI for endcaps)
KLM: RPC g Scintillator +MPPC (endcaps, barrel inner 2 lyrs)

In	colours:	new	
components



Vertex Detector
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First	pixel	sensor

An	VXD	Slice	tested	in	DESY



Belle II CDC

Wire stringing in a clean room 
• thousands of wires, 
• 1 year of work...

Much bigger than in Belle!



Aerogel radiator Hamamatsu HAPD + readout

Barrel	PID:	Time	of	Propagation	Counter	(TOP)

Aerogel radiator

Hamamatsu HAPD

200mm

n~1.05

Endcap	PID:	Aerogel	RICH	(ARICH)

200

Particle Identification Devices

Quartz radiator
Focusing mirror

Small expansion block

Hamamatsu MCP-PMT (measure t, x and y)



ECL Endcap installation

EM calorimeter: upgrade needed because of higher rates 

(electronics à waveform sampling) and radiation load



Trigger, DAQ and readout



Tsukuba 
Hall

17June	2016:	Magnetic	Field	Mapping

May	2016:TOP	in	Belle	II	structure
Oct	2016:	Central	Drift	Chamber	inside	Belle	II

Feb	2017:	Final	Focus	installation



Belle II Collaboration
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>700	members,	
101	institutions,	
23	countries	



March 22, 2017 F.Forti, KEK-SKB-BelleII 19

Institutional Board 
Chair: Christopher Hearty 
Institutional representatives

Management 
Spokesperson: Thomas Browder 
Project Manager: Yutaka Ushiroda 
Financial Officer: Yoshihide Sakai

Executive Board 
Chair: Francesco Forti

21-Oct–2016       https://confluence.desy.de/display/BI/Organization+OrganizationalTransitions  

Financial Board 
Chair: Yoshihide Sakai 
National representatives

Outreach Committee 
Chair: Toru Iijima

Detector 
Technical coordinator: 
Peter Krizan (acting) 
Integration leaders: 
Ichiro Adachi (outer) 
Shuji Tanaka (inner)

Software 
Coordinator: 
Thomas Kuhr

Computing 
Coordinator: 
Takanori Hara

Physics 
Coordinator: 
Phillip Urquijo

VXD 
PXD: L. Andricek,  
C. Kiesling,  
S. Tanaka (l) 

SVD: C. Schwanda, 
G. Rizzo (dep),  
T. Tsuboyama (l)

DAQ R. Itoh

IR H. Nakayama

TOP J. Fast,  
T. Iijima (dep), K. Inami (l)

TRG Y. Iwasaki

ARICH S. Nishida,  
S. Korpar

ECL A. Kuzmin, I. Nakamura (l)

EKLM P. Pakhlov, K. Sumisawa (l)

BKLM L.Piilonen, K. Sumisawa (l)

STR I. Adachi

BKG S. Vahsen,  
H.Nakayama (dep)

Generators T. Ferber

Simulation D. Kim

Background M. Staric

Tracking  
M. Heck, E. Paoloni

Alignment and  
calibration 
T. Bilka, C. Kleinwort

Database  
M. Bracko, L. Wood

Semileptonic & Leptonic 
A. Zupanc, G. De Nardo,  
F. Bernlochner

Radiative & Electroweak  
Penguin  A. Ishikawa

Time-dependent CP violation  
L. Li Gioi, A. Gaz 

Hadronic B: B → charm 
P. Goldenzweig, B. Pal 

Bottomonium  
U. Tamponi, B. Fulsom

Tau & Low multiplicity  
K. Hayasaka, T. Ferber

Analysis Software & tool  
validation A. Zupanc 

Combined Particles 
F. Tenchini 

HLT/Trigger Menu  
C-H. Li 

Distributed computing  
Architecture I. Ueda

Network 
M. Schram

Data processing 
T. Hara

Training/tutorial 
H. Miyake, Y. Kato,  
K. Hayasaka

Computing Steering  
Group F. Bianchi

Belle II Organization

Liaisons (l)

CDC S. Uno

Operations 
Run coordinator: 
Shoji Uno

Charm R. Briere, G. Casarosa 

Speakers Committee 
Chair: Ida Peruzzi

VXD commissioning 
C. Marinas,  
K. Nakamura 

Clustering and 
neutrals T. Ferber

Charged PID 
L. Santelj

Online 
integration  
C. Pulvermacher

Data Production 
Coordinator: 
Jake Bennett 
Deputy: 
Karim Trabelsi 

Hadronic B: B → charmless 
J. Libby,  K. Trabelsi

Charmonium C. Shen

EvtGen 
F. Bernlochner 
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Tokai
Tsukuba

Electron machines in Tsukuba 
and proton machines in Tokai
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