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KEKB Accelerator

8.0 GeV e-

3.5 GeV e+

Continuous injection

Luminosity



FPCP 29.05.2010Thomas Kuhr Page 4

KEKB Performance

➢ World record luminosity: 2.1 x 1034 cm-2s-1  Twice design→
➢ 1 ab-1 of integrated luminosity 

Design

Crab

Crossing
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Physics Objective of Belle

535 x 106 BB

PRL 98,031802 (2007)  

B0

B0

➢ Confirmation of KM mechanism of CP in the Standard Model
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Places to Look for New Physics

Time dependent 
CP violation
in b  qqs →
decays
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More Places to Look for New Physics

B  K→ (*)l+l-  FB asymmetry Direct CP
violation

Precision angle measurements

SM

B0

vs.
B0

B-

vs.
B+

∆A(K0π0): 0.15 (~0.5 ab-1)
            → 0.042 (50 ab-1) → Zero crossing with 5% precision at 50 ab-1

 → Precision at 50 ab-1: ϕ2  1°, ≃ ϕ3 = 1.5° 
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X(3872)

Even More Places to Look for New Physics

Lepton flavor violation

CP violation in D0 mixing

Charged Higgs: 
B  →  5

discovery
region

The unexpected

Signal = 
zero energy

B(τ  → µγ) 90% CL UL [10-9]: 45 (~0.5 ab-1)  5 (50 ab→ -1)

Precision of |q/p|: 0.16 (~0.5 ab-1)  0.05 (50 ab→ -1)
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Flavor Physics in the LHC Era

Altmannshofer, Buras, Gori, Paradis and Straub
Nucl.Phys.B830, 17-94, 2010

● Complementary to direct 
search for NP at LHC

➔ “DNA test” of NP
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Physics at Super B Factory

A. G. Akeroyd et al. 
KEK-REPORT-2009-12, Feb 2010,
arXiv:1002.5012 [hep-ex] 
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Aim For 50 ab-1

8 x 1035

cm-2 s-1
SuperKEKB      
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Accelerator Design: Nano Beam Scheme

x
* (cm) y

* (mm) y x (nm) Ibeam (A) L (cm-2 s-1)

KEKB w/ crab 120/120 5.9/5.9 0.13/0.09 18/24 1.6/1.2 2.11 x 1034

SuperKEKB 3.2/2.5 0.27/0.42 0.09/0.09 3.2/1.7 3.6/2.6 80 x 80 x 10103434

ξy ∝ √(βy*/εy)
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SuperKEKB Upgrade

e- 2.6 A

e+ 3.6 A

Belle IIBelle II

Replace long TRISTAN 
dipoles with shorter 
ones (HER).

Redesign the HER arcs to 
squeeze the emitance.

New Superconducting /
permanent final focusing
quads near the IP

New damping ring

New IR

TiN coated beam pipe with 
antechambers

New low emmitance
electron source

Larger crossing angle
    2φ = 22 mrad → 83 mrad

Smaller asymmetry 
    3.5 / 8 GeV → 4 / 7 Gev
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Projection of Luminosity

50 ab-1

in 2020

Shutdown
for Upgrade
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Belle II Detector

➔ Higher background, higher event rate 

Belle II

Belle

Nano beam:
Synchrotron 
radiation low,

Touschek 
background 
much higher
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Belle II Detector

4 layer silicon
strip detector

Belle

2 layer DEPFET 
pixel detector

➔ Improved 
vertex 
resolution

● Larger radius
➔ Better KS 

efficiency
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Belle II Detector

Drift chamber

Belle
● Smaller cells
● Larger radius
➔ Better momentum

resolution
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Belle II Detector

Belle

➔ Improved particle identification

Time of propagation

“Focusing”
RICH
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Belle II Detector

Belle

● Wave form sampling
➔ Better signal to

background separation

Electromagnetic
Calorimeter

● Scintillators 
in end-caps

➔ Improved 
beam 
background 
tolerance

KL and µ
Detector

DAQ
● Upgrade to cope

with higher rate
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Belle II Computing Model

Raw Data Storage
and Processing

MC Production
and Ntuple 
Production

MC Production
(optional)

Ntuple
Analysis

Common framework
for DAQ and offline
based on root I/O
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Belle II Collaboration

➢ June 2004: Letter of Intent

➢ March 2008: First proto collaboration meeting

➢ December 2008: New collaboration founded

➔ ~300 members
47 institutes from 13 countries
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International Collaboration

● Item

You are welcome to join!
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Belle II Organization

Spokesperson:
P. Krizan

Project Manager:
M. YamauchiExecutive Board:

Chair: A. Aihara

Institutional Board:
Chair: L. Piilonen Speakers 

Committee:
Chair: Y. Sakai

Physics 
Coordinator:

B. Golob

Technical 
Coordinator:
Y. Ushiroda

Computing 
Coordinator:

T. Hara / T. Kuhr
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Project Status

✔ Preliminary approval by 
Japanese government in January

● Final decision expected soon

✔ TDR is written (~480 pages)

➔ Reviewed last weekend
➔ To be published in July

● Belle data taking ends in June

➔ Then upgrade work can start

➢ Well on track to start data taking in 2014
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Summary

➢ There are still many places where NP
or “the unexpected“ can hide

➔ Need much more data to discover, identify 
or exclude this NP

✔ 50 ab-1 in 2020 possible with nano-beam 
scheme at SuperKEKB

✔ Belle II detector is designed for conditions at
next generation B factory

✔ 6th Open Belle II Meeting July 5-7

➔ You are welcome to attend

➔ Looking forward to friendly competition 
with SuperB and LHCb http://belle2.kek.jp
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Backup
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KEK Site

Tsukuba

Tokyo

Mt. Fuji
Narita
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Integrated Luminosity
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Comparison KEKB/PEP-II

KEKB

PEP-II

Design
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Direct CP Violation in B  K→ π

Sum rule:

50 ab-1now
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B  K→ 

-0.6

MC study:
5 observation
with 50 ab-1

Signature 
sensitive to 
light dark matter

● Theoretically clean mode

➔ SM: B(B+  K→ +) = (3.8 +1.2) x 10-6
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Physics at Belle II

1, 2, 3  @ 50 ab-1

Lepton flavor violation

CP violation in D0 mixing
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Physics at Belle II
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Physics at Belle II
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Comparison Belle II / LHCb
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Belle II Collaboration
Australia Univ. of Sydney

Univ. of Melbourne

Austria Austrian Academy of Sciences (HEPHY)

China
Institute of High Energy Physics, Chinese 
Academy of Science
Univ. of Science and Technology of China

Czech Charles University in Prague

Germany

Karlsruhe Institute of Technology
Max-Planck-Institut fur Physik - MPI Munich -
Univ. of Giessen
Bonn Univ. 

India

Indian Institute of Technology Guwahati
Indian Institute of Technology Madras
Institute of Mathematical Sciences 
(Chennai)
Panjab Univ.
Tata Insitute of Fundamental Research

Korea Gyeongsang National Univ.
Korea Institute of Science and Technology 
Information
Korea Univ.
Kyungpook National Univ.
Seoul National Univ.
Yonsei Univ.
Hanyang Univ.

Poland
The Henryk Niewodniczanski 
Institute of Nuclear Physics - 
Polish Academy of Science

Russia

Budker Institute of Nuclear 
Physics
Institute for Theoretical 
Experimental Physics

Slovenia Jozef Stefan Institute (Ljubljana)
Univ. of Nova Gorica

Taiwan Fu Jen Catholic Univ.
National Central Univ.
National United Univ
National Taiwan Univ.

U.S.A. Univ. of Cincinnati
Univ. of Hawaii
Virginia Polytechnic Institute and 
State Univ.
Wayne State Univ.

Japan Nagoya Univ.
Nara Women's Univ.
Niigata Univ.
Osaka City Univ.
Toho Univ.
Tohoku Univ.
Tokyo Metroporitan Univ.
Univ. of Tokyo 
KEK
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