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KEKB parameters:

HER: 8.0 GeV
LER: 3.5 GeV
crossing: 22 mrad

KEKB operation

∫
1999

2010

L dt  1 ab−1

ECMS=M  4S
=0.425

e+ source

Ares RF cavity

Belle
detectorSCC RF(HER)

ARES(LER)

First physics run on June 2, 1999
Last physics run on June 30, 2010

http://jp.f35.mail.yahoo.co.jp/ym/ShowLetter/ringanimation2M.gif?box=Inbox&MsgId=2406_9445966_98224_1696_384623_0_1738_499387_3403004772&bodyPart=1.4&filename=ringanimation2M.gif&tnef=&YY=43275&order=down&sort=date&pos=0&view=a&head=b
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KEKB/Belle time-line

Crab-crossing

Tokyo (40 mins by Tsukuba Expss)

Peak luminosity (WR!): 
2.1x1034 cm-2s-1

CP violation in 
neutral B system

X （ 3872 ）

CP violation in 
penguin decays

CP violation in 
B→Kπ  decay

b→dγ 
transition

B→τν 
decay

Anomalous CP 
violation in 
B→Kπ  decay
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Success of B-factories 

● Measurements of CKM matrix elements and angles of the unitarity triangle
● Observation of direct CP violation in B decays
● Measurements of rare decay modes (e.g., B→τν, Dτν)
● b→s transitions: probe for new sources of CPV and constraints from the 
b→sγ branching fraction
● Forward-backward asymmetry (AFB) in b→sℓ+ℓ- has become a powerful tool 
to search for physics beyond SM.
● Evidence of D mixing 
● Searches for rare τ decays
● Observation of new hadrons

global fit to UT 

CKM mechanism confirmed at “1st order”

Small discrepancies exist → much more data 
needed (two orders) to investigate
→ Super B-factory
(complementary to LHC)
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Υ(4S)

e- (7GeV) e+(4GeV)

B

B

π
full reconstruction
B→Dπ etc. (0.3~0.6%)

Decays of interest
  B→Xu ℓ ν,
  B→K νν
  B→Dτν, τν

Powerful tool for B decays with neutrinos 

Advantage of e+e-- example: full reconstruction tag

Fully reconstruct one of the B’s to:
● Tag B flavor/charge
● Determine B momentum
● Exclude decay products of one B from further analysis

„Offline B meson beam!“
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Advantage of e+e — example event
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B-  → τ−ν – charged higgs limits

τ
ντ

b
u

W/H±

5 ab-1

→ limit on charged Higgs mass vs. tanβ

50 ab-1

r H=
Br B

Br BSM
=1− mB

2

mH
2 tan2 
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B  D→ (*)τν – sensitive to charged Higgs

1.Smaller theoretical uncertainty of R(D)
For B→τν,

There is O(10%) fB uncertainty from lattice QCD

Ulrich Nierste arXiv:0801.49382.Large expected Br

Compared to B→τν

3. Differential distributions can be used to discriminate W+ and H+

4. Sensitive to different vertex  Bτν: H-b-u, BDτν: H-b-c
                                  (LHC experiments sensitive to H-b-t)

W/H± τντ

b c
Br of τ to µ,e could be reduced/enhanced significantly 

T.Miki, T.Mimuta and 
M.Tanaka:hep-ph 0109244.

RD ≡ Br B D
Br BD ℓ 
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HFAG, Winter’09

D. Atwood et al., PRL79, 185 (1997) 5 ab-1

50 ab-1

adopted from HFAG 

P B0 f ; t = e
−∣ t∣/
4

[1SCP
f sin m t ACP

f cos m t ]

SCP
K S

0=−0.15±0.20

ACP
K S

0=−0.07±0.12

SCP
K S

0= 0.09 @ 5ab−1

0.03 @ 50ab−1 (~SM prediction)

B  K*→ γ  t-dependent CPV

∣SCP
K S

0∣≈2m s/mbsin 21≈0.04
SM:

Left-Right Symmetric Models:
∣SCP

K S
0∣≈0.67 cos 21≈0.5
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τ ( )eµ

γ

τ%
0χ%

( )eµ% %

2
23(13)l(m )%

τℓγ 

τ3ℓ,ℓη 
τ µ

( )sµ

( )sµ

h

          model 　        Br(τ→µγ)     Br(τ→ℓℓℓ )
mSUGRA+seesaw 　 10-7        10-9

SUSY+SO(10) 　　　　  10-8        10-10

SM+seesaw 　　　　 10-9        10-10

Non-Universal Z’ 　 10-9        10-8

SUSY+Higgs 　　　　 10-10        10-7

LFV and New Physics

Integ. Lum. （ ab-1 ）

Reach of B factories
Super B factories

Upper limits

● Neutral Higgs mediated decay.
● Important when MSUSY >> EW scale
● bkg. free (U.L.  ∝ 1/L)● SUSY + Seasaw

● Large LFV
● bkg. from ee→ ττγ (U.L.  ∝ 1/√L)
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● Smaller βy*
● Increase beam currents
● Keep ξy Collision with very small spot-size beams

Invented by Pantaleo Raimondi for SuperB

“Nano-Beam” scheme  

-

-

SuperKEKB high luminosity strategy

 x~10m , y~60 nm

 x~100m , y~2m
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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 4.3-4.6 nm

Emittance ratio κ 0.88 0.66 0.27 0.25 %

Beta functions at IP βx*/βy* 1200/5.9 32/0.27 25/0.31 mm

Beam currents Ib 1.64 1.19 3.60 2.60 A

beam-beam parameter ξy 0.129 0.090 0.0886 0.0830
Luminosity L 2.1 x 1034 8 x 1035 cm-2s-1

• Small beam size & high current to increase luminosity 
• Large crossing angle
• Change beam energies to solve the problem of LER short lifetime

SuperKEKB machine design parameters
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KEKB upgrade to SuperKEKB

e- 2.6 A

e+ 3.6 A

To get x40 higher luminosity → 
8x1035 cm-2s-1 

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 emitance 

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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SuperKEKB – big step forward

Construction started !
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Shutdown for upgrade
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Milestone of SuperKEKB

9 month/year
20 days/month

Commissioning starts
in 2nd half of 2014

We will reach 50 ab-1

in 2020~2021.

SuperKEKB luminosity time-line



Samo Korpar
University of Maribor and Jožef Stefan Institute

Physics Reach and Status of SuperKEKB/Belle II
(slide 16)

December 6 – 11, 2010
DISCRETE2010, Roma, Italy

Belle II detector requirements

Higher background ( x10-20):
● radiation damage and occupancy
● fake hits and pile-up noise in the EM

Higher L1 trigger rate (~ 0.5kHz→20kHz):
● higher rate trigger, DAQ and computing

Require special features:
 low momentum µ identification   sµµ recon. eff.
 hermeticity   ν “reconstruction”

Critical issues at L= 8 x 1035/cm2/sec

TDR published arXiv:1011.0352v1 [physics.ins-det] 

Solutions:
● Replace inner layers of the vertex detector with
  a pixel detector.
● Replace inner part of the central tracker with
  a silicon strip detector.
● Better particle identification device
● Replace end-cap calorimeter crystals and electronics
● Faster readout electronics and computing system.

http://xxx.lanl.gov/abs/1011.0352v1
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Belle II: an upgrade of Belle

Parameters are preliminary

SVD: 4 DSSD layers  2 DEPFET + 4 DSSD layers
CDC: small cell, long lever arm
ACC+TOF  TOP+A-RICH
ECL: waveform sampling, pure CsI for end-caps
KLM: RPC  Scintillator +SiPM (end-caps)
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Vertex detector (PXD+SVD)

18

A prototype ladder using the first 6 
inch DSSD from Hamamatsu has 
been assembled and tested.

Beam Pipe r = 10mm
DEPFET

Layer 1 r = 14mm
Layer 2 r = 22mm

DSSD
Layer 3 r =  38mm 
Layer 4 r =  80mm
Layer 5 r = 115mm
Layer 6 r = 140mm

Mechanical mockup of pixel detector

Prototype DEPFET pixel sensor and readout
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Vertexing performance and KS efficiency

π+π− Ks track

 IP profile

B vertex

γ γ

γ

B decay point reconstruction 
with KS trajectory

Larger radial coverage 
of SVD

γ

Pixel detector close
to the beam pipe

Belle

Belle II

1.0 2.00

sin
ba

p νσ
β θ

= +

σ z[
µm

]

pβsin(θ) 5/2 [GeV/c]
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Barrel PID – TOP counter

• Cherenkov ring imaging with precise time 
measurement. (DIRC based)

• Reconstruct angle from two coordinates and the time 
of propagation of the photon
– Quartz radiator (2cm) 
– Photon detector (MCP-PMT)

• Good time resolution ~ 40 ps
• Single photon sensitivity in 1.5 T
• Wave-form sampling read-out 
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End-cap PID – aerogel RICH counter

Aerogel

Hamamatsu HAPD
peak Q.E. ~33% (‘Super 
Bialkali’)

Clear Cherenkov image observed

Test Beam setup

Cherenkov angle distribution

6.6 σ π/K at 4GeV/c !

RICH with a novel 
“focusing” radiator – 
a two layer radiator 

Employ multiple layers with 
different refractive indices       
Cherenkov images from 
individual layers overlap on the 
photon detector. 
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wave form sampling:wave form sampling:

new electronics:
  16 meas. of time and amplitude; 
  fake clusters suppressed by 7x;

end-caps:end-caps:
   replace 
   CsI(Tl)
   with 
   pure CsI
  (partially)

currently only 
amplitude measured

expected performance 
@ 10x bkg.
  ~ 5%-10% lower ε

ECL calorimeter
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Strips: polystyrene with 1.5% PTP & 0.01% POPOP

WLS: Kurarai Y11 ∅1.2 mm GAPD

Mirror 3M (above 
groove & at fiber end)

Iron plate

Aluminium frame

y-strip 
plane

Optical glue increase the 
light yield ~ 1.2-1.4)

Scintillator-based KLM (endcap)

Diffusion reflector (TiO2)

End-cap KLM upgrade

● Two independent (x and y) layers in one super-layer made of
  orthogonal strips with WLS read out
● Photo-detector =  Geiger mode avalanche photo-diode (GAPD, SiPM) 
● ~120 strips in one 90º sector 
  (max L=280cm, w=25mm)
● ~30000 read out channels
● Geometrical acceptance > 99% 
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Belle II collaboration

13 countries/regions, ~60 institutions, ~350 collaborators

http://belle2.kek.jp
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Summary

● KEKB/Belle  have proven to be an excellent instruments to study 
flavor physics, with reliable long term operation, constant improvement 
of the performance and achieving and surpassing design performance
● Major upgrade at KEK in 2010-14 → SuperKEKB+Belle II, L x 40, 
construction started
● Physics reach updates available

● Technical design report published

Expect a new, exciting era of discoveries, complementary to the LHC

TDR published arXiv:1011.0352v1 [physics.ins-det] 

arXiv:1002.5012 (http://belle2.kek.jp/physics.html)

http://xxx.lanl.gov/abs/1011.0352v1
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BACKUP SLIDES
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Beam pipes (LER)

FY2010 FY2011 FY2012 FY2013 FY2014 FY2015

Beam pipes (HER)

Magnets & Power supplies

Tunnel clear

Beam monitors and Control

IR hardware

RF system

Fabrication
TiN coating

Install

Remove magnets and 
beam pipes Base 

plates

Fabrication
Install

Design / Fabrication
Field measurement

Install
Cabling / Check

Alignment

Layout change / Add stations / Cavity improvements

Design & Fabrication

MR commissioningKEKB operation

Design

Design

Conditioning

Test

SuperKEKB Main Ring schedule
Oct. 20, 2010

Infrastructure Building construction 
Cooling system

QCS prototype QCS fabrication Install & test

Physics Run
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Tunnel & building

HP testHP test

InstallBeam pipes

B&Q mag. fabricate

Install

Magnets & Power supplies

FY2010 FY2011 FY2012 FY2013 FY2014 FY2015

Alignment

Tunnel construction 

RF System

Linac upgrade and DR construction schedule

Other magnets

Design 

Building construction 

Base plan 

cavity design
cavity fabrication cavity install

HP&LLRF install

Install

Monitors, Control
Fabrication

Fabrication

Low emittance e- gun

e+ new matching & L-band acc. 
R&D  Construction 

R&D Construction

Damping Ring

Linac upgrade

Power supplies
Field measurement

DR commissioning

Oct. 20, 2010

Fabrication

Beam transport and kickers

Linac commissioning

R&D

Cooling 
system 

Install
Alignment

Buildings 

PF injection

Study (A1 gun)
DR jnct. 

3T 3-2T
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Installation Schedule of Belle II
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