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Daily integrated luminosity
1fb-1/day →

Accumulated luminosity 400fb-1→

Luminosity

Peak luminosity

design →

World record of the peak 
   luminosity ~1.5×1034/cm2/s
~500M BB and ~400M τ+τ−

   events have been recorded.
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Scientific Achievements of B Factories (1)

Observation of CPV in the B meson system

ACP(t) =
Γ(B→fCP;t) − Γ(B→fCP;t) 
Γ(B→fCP;t) + Γ(B→fCP;t) 

= Af cosΔmt + Sf sinΔmt

Af ~ 0
Sf = 0.652±0.039±0.020

ϒ

Consistent with BaBar’s meas. 

B0J/ψKS

B0J/ψKS

Belle, July 05

Belle, July 05



Observation of CPV in the B meson system

 Its impact on particle physics
– Second evidence for CPV 40 years after the first

observation by Fitch, Cronin et al.
– CPV is not a very special phenomenon restricted to the

neutral K system.
 Citations: 926 926 (Belle)



Scientific Achievements of B Factories (2)

Quantitative confirmation of the KM theory

φ1

φ2

φ3

Vtd

Vcb

Vub
KM unitarity 
    triangle

sin2φ1=
 0.728±0.061

Δmd=0.511ps-1

|Vtd/Vts|=
   0.200±0.046

75°< φ2 < 113°

22°<φ3<113°

|Vcb|=(4.08±0.27)×10-2

|Vub|
=(4.35±0.52)
   ×10-3



Quantitative confirmation of the KM theory

 Its impact on particle physics
– Confirmed that Kobayashi-Maskawa model

describes CPV at the weak scale.
– KM matrix was determined including its complex

phases. SM acquired predictive power.



Scientific Achievements of B Factories (3)

Hints for new physics?

fL (B V) ~ 1 in SM
ACP(B π) is equal
between B± and B0.

tree
penguin

CPV(tree)~CPV(penguin)
if only SM is assumed.

These hint at new physics contributing to bs penguin processes.

B0

B±

treepenguin



Hints for new physics

Their impact on particle physics
– Signature of the long-awaited new physics

beyond the standard model (if confirmed).
• Modern high energy physics experiments are all

driven by new physics!
• If new physics is present at a TeV scale, it is unlikely

that it does not show up in B decays.
• Weak interaction was understood well before W and

Z were discovered at the energy frontier experiments.



Scientific Achievements of B Factory (4)

Unanticipated new resonances

ηc(3653)

X(3872)

X(3940)

Y(3940)

Z(3930)

D*(2308)

D’(2427)
Σc(2800)

New resonances
observed by Belle

X(3872)→π+π−J/ψ

Y(3940)→ωJ/ψ A cc charmonium meson with this mass
   would dominantly decay to DD and/or D*D,
   and BR(Y→ωJ/ψ) should be very small.

Y(3940) = ccg hybrid?

Mass and width are incompatible with
   charmonium hypothesis.
 J PC=1++ is strongly favored: consistent
   with DD* molecule hypothesis.



Unanticipated new resonances

Their impact on particle physics
– First evidences for “meson molecule” and

“hybrid state” (if confirmed)
– Physics of multi-quark states will be opened.

• Pentaquark is a multi-quark baryon.



Other “first observations” by B factories

 b→d transitions
– B(ρ,ω)γ and BKK decays

 Color suppressed hadronic B decays
– Bπ0π0 and BDπ0 decays

 Direct CP violation
– BK+π− and time dependent analysis of Bπ+π−

 EW penguin process, b→sl +l −
– BK(*)l +l − and pseudo-reconstruction of the inclusive

process
 Non-spectator B decays

– B0Ds
+K−



Fundamental questions

There are very fundamental unanswered
questions related to quark flavor.

   What is the origin of flavor mixing and CP
       violation?
   What is the origin of the matter-dominant
       universe?
   What is the flavor structure in the “beyond SM”?
      (If BSM=SUSY, what is the mechanism of the
      SUSY breaking?)



B physics’ approach to these questions

SuperKEKB will answerSuperKEKB will answer
these questions bythese questions by
scrutinizing loopscrutinizing loop
diagrams.diagrams.

_
d
b s_

sB φ
_
d
s Ks

Questions to be answered by B physics:
  Are there new CP-violating phases?
    Are there new right-handed currents?
    Are there new flavor-changing interactions with
       b, c or τ?



New physics effect in B physics

G.Hiller

Likelihood for the effects of new physics 
to be seen in B decays. 



Super KEKB

 Asymmetric energy e+e− collider at ECM=m(ϒ(4S)) to be
realized by upgrading the existing KEKB collider.

 Super-high luminosity ≅ 4×1035/cm2/sec → 5×10 9 BB per
yr.

                                                                  → 4×10 9 τ +τ − per
yr.

Higher beam current,
more RF, smaller βy* and
crab crossing
 → L = 4×1035/cm2/sec

Belle with improved rate immunity

http://belle.kek.jp/superb/loi



Physics at Super KEKB

New source ofNew source of
CP violationCP violation

New source ofNew source of
flavor mixingflavor mixing

LFV decaysLFV decays
SUSY breakingSUSY breaking
mechanismmechanism

Precision testPrecision test
of KM schemeof KM scheme

 

Super-high statisticsSuper-high statistics
Measurements:Measurements:
ααSS, sin, sin22θθWW, etc., etc.



Precision test of KM scheme
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Search for new CP phases

In general, new physics contains new sources of flavor 
mixing and CP violation. 

In SUSY models, for example, SUSY particles contribute to the b→s 
    transition, and their CP phases change CPV observed in B→φK, η’K etc.

SM SUSY contribution

SM only

0.2
0.4

0.6
0.8

ASUSY
  ASM

|            |

Effect of SUSY phase θSUSY
on CPV in B→φK decay

In general, if SUSY is present, the s-quark
mixing matrix contains complex phases just
as in the Kobayashi-Maskawa matrix.



Sensitivity to new CP phases
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θnew physics

Discovery region with 50 ab-1
Estimated error in the measurement of 
time dependent CP violation



Search for new flavor mixing

?b quark s quark

l +
l − : Probe the flavor changing 

  process with the “EW probe”.

Theoretical predictions for l +l − forward-backward 
charge asymmetry for SM and SUSY model with 
various parameter sets. 

γ, Z0

The F/B asymmetry is a consequence 
of γ-Z0 interference.

This measurement is especially sensitive to new 
physics such as SUSY, heavy Higgs and extra dim.

        Ratio of branching fractions
 Branching fraction
 CP asymmetry
 q 2 distribution
 Isospin asymmetry
 Triple product correlation
 Forward backward asymmetry
 Forward backward CP asymmetry

Possible observables:



Sensitivity to new flavor mixing

MC, 50 ab-1

Experimental result with 0.35 ab-1

Belle, 2005

These patterns were excluded 
by recent data from Belle.

Standard model

Sensitivity at Super KEKB

Zero-crossing q2 for AFB will be 
   determined with 5% error with 50ab-1.



Identification of SUSY breaking scenario

+++++++++
U(2) Flavor
symmetry

++++++--
SU(5)SUSY
GUT + νR
(non-
degenerate)

-+-++-
SU(5)SUSY
GUT + νR
(degenerate)

+-----
mSUGRA

b->sγ
direct CP

B->Msγ
indirect CP

B->φKsΔ m(Bs)  εBd-
unitarity

++: Large, +: sizable, -: small

Observ-
ables

SUSY
models

Pattern of deviations from the Standard Model Y.Okada



“B meson beam” technique

Υe− e+

B

B π

full reconstruction

0.2~0.3% for B+

D

H± search in BD(*)τν

δ(Br)/Br = 2.5% at 50 ab-1

Sensitivity of H± search

Application



Search for flavor-violating τ decay

 SUSY + Seesaw
– Flavor violation by  ν-Yukawa coupling.
– Large LFV Br(τµγ)=O(10-7~9)

!

2

23(13)l
(m )%

0tanâ =30, A =0, ì > 0
Gaugino mass = 200GeV

Present Belle Super-KEKB
τlγ

τlπ/η/η’

τ3l

τl Ks

τBγ/π

Expected sensitivity at Super KEKB
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Clean environment  measurements that no other experiment can
perform. Examples: CPV in B  φK0, B  η’K0 for new phases, B 
KSπ0γ  for right-handed currents.

“B-meson beam” technique  access to new decay modes.
Example: discover B  Kνν.

Measure new types of asymmetries.
Example: forward-backward
asymmetry in b  sµµ, see

Rich, broad physics program
including B, τ and charm physics.
Examples: searches for τ  µγ and
D-D mixing with unprecedented
sensitivity.

Comparisons with LHCb



Relation to other experiments

New
physics

Quark sector
Lepton sectorNe

w p
ar

tic
le

s

ν experiments,
gµ-2, µeγ, etc.

Super B factory, 
LHCb, K experiments etc.

LHC, ILC

ν mass and mixing,
CPV, and LFVMass spectrum

Flavor mixing,
CP phases

τ LFV, τ CPV



Note

The parameters and designs of the machine
and detector I show today are all “models”.



KEKB / SuperKEKB
The Luminosity FrontierThe Luminosity Frontier

(number of events/unit time)
= (cross section) X (luminosity)



SuperKEKB, the next step



Super KEKB parameters



Interaction Region
Crab crossing
θ=30mrad.
βy*=3mm
New QCS

Components to be upgraded

Linac upgrade

More RF power

Damping ring

New Beam pipe



Crab cavity and ante-chamber
 Head-on collision w/ Crab cavity

 Ante-chamber /solenoid for reduction of electron clouds

Circular-chamber

Build-up of
electron clouds

Ante-chamberAnte-chamber
with solenoid field



Bellows chamber with comb type RF-shield

 Comb-type bellows were installed in the LER (2004).

High thermal strength
Low impedance
No sliding contact on the
 surface facing the beam



Fabrication
          &   Processing 1

Hydro-forming

Nb
Half
Cell

Grinding of
Welding Part

Barrel
Polishing



Fabrication & Processing 2

Electro-Polishing

Annealing at 7000C for 3 hours

High Pressure Water Rinsing
by 80 bar Ultra-Pure water



Electron cloud

Blow-up of the vertical beam size in LER has
been suppressed by more solenoid windings.
The coverred length of solenoids reached
2,300 m, raised the threshold to 1.8 A.

No Solenoid

Solenoid (800 m)

Specific luminosity vs. LER current.
Solenoids are just so effective.



Winding more solenoids in the LER



Super KEKB: Proposed schedule

Crab cavity

1.5x1034

470 fb-1
5x1034

1 ab-1
4x1035

10 ab-1
Lpeak (cm-2s-1)
Lint

5x109 BB/yr.
& also τ+τ-





Requirements to the detector

- low p µ identification   sµµ recon. eff.
- hermeticity   ν “reconstruction”

- radiation damage and occupancy
- fake hits and pile-up noise in the EM

- higher rate trigger, DAQ and computing

Issues
 Higher background ( ×20)

 Higher event rate ( ×10)

 Require special features

Possible solution:
 Replace inner layers of the vertex detector
    with a silicon striplet detector.
 Replace inner part of the central tracker
    with a silicon strip detector.
 Better particle identification device
 Replace endcap calorimeter by pure CsI.
 Faster readout electronics and computing
    system.



BkgBkg & TRG rate in future & TRG rate in future

4.1

9.4

5

1.2

1.6

~1.5

HER curr. (A)

LER curr. (A)

vacuum (10-7Pa)

x 20-Bkg increase

14
10

  4

0.4
0.2

0.2

TRG rate (kHz)
phys. origin

Bkg origin

50~1
Luminosity
(1034cm-2sec-1)

SuperBKEKB

Shynchrotoron radiation
Beam-gas scattering (inc. intra-beam scattering)
Radiative Bhabha

SVD CDC PID / ECL KLM

KEKB
Bkg

x10 Bkg

x20 Bkg



Poison of high background

Luminosity (/nb/sec)

B
kg

 R
at

e 
(H

z/
cm

2 )
Eff. 90%

Eff. 80%

Eff. 70%

High-Bkg degrades Eff. badly
Si Vertex det.

Calorimeter

KL/µ



w/o 
Event Builder

Upgrade
* Dead time evolution
   is not linear to trigger rate.

* Prediction is obtained by a 
   fit to 0 ~ 550 Hz region
   with a 2nd order polynomial.

* Prediction has a large
  ambiguity.

Another loss: deadtime

Present
operation



Ongoing upgrade

Extensive PE shield 
against neutron

Faster signal processing
with CMS chip in  SVD
(Silcon vertex det.)

New pipelined data
Acquisition system (COPPER)

2.21.81.5 1.6 0.8

fast neutron
(mSv/2weeks)

LER

HER

Belle



Further upgrade for SuperKEKB



Si vertex det. &  Tracker (CDC)

2-layer sensors at
inner layer for

robust vertexing

R = 1 cm

•Self tracking of low
momentum tracks.
•Dead time less readout
at the luminosity of
5x1035/ cm2/sec.
•Rejection of beam
background that is 30
times severer than that
in KEKB.

•Smaller cell size
      Lower hit rate for each wire.
      Shorter maximum drift time.
•Faster drift velocity

 Shorter maximum drift time

SVD CDC

•6 or more
Layers
•Large area
Si tracker



Monolithic Active Pixel Sensor(MAPS) and
Silicon striplet

MAPS

10µm

Key Features
•Thermal charge collection (no HV)
• Thin - reduced multiple-scattering, γ
conversion, background γ target
• NO bump bonding – fine pitch possible
(8000x geometrical reduction)
• Standard CMOS process - “System on
Chip” possible

X and Y (long) strip configuration 

U and V short strip configuration



Particle ID  &  Calorimeter

Aerogel Ring image Cherenkov (RICH)
with focusing configuration

B
arr

el

Endcaps

Pure CsI for Calorimeter 
under high background

Pile up noise
Simulated by 
90Sr b ray.



● measure overlaping rings
“focusing” configuration

Aerogel RICH
with multiple refractive indices
and high resolution HPD

0

500

1000

1500

0 500 1000 1500 2000 2500 3000 3500 4000
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new AD

HPD with

old AD
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MCP-PMT

(TOP)



KL/µ det. and Data Acq. (DAQ)

KL/µ det.
for high
count
capability

Scintillator Tile 
and WLS fiber

New generation
Photon 
Detector

 PMC
Processor

 Trigger

 Generic
PMC slot

Sub-detector 
I/F

Sub-detector 
I/F

Sub-detector 
I/F

Sub-detector 
I/F

On-board Ether

Form factor = VME 9U

Common Readout Platform: COPPER

Data transfer on COPPER
measured  >65 MB/s.

>30 kHz L1 rate @ 1.6 kB/ev.
Data size corresponds to typical
SuberKEKB DC/COPPER.



Super Belle

New Dead time free 
readout  and 
high speed  

computing systems

Faster calorimeter with
Wave sampling and pure
CsI crystal Super particle identifier with 

precise Cherenkov device

Si vertex detector with
high background 

tolerance

Background tolerant 
super small cell
tracking detector

KL/µ detection
with scintillator 

and new generation
photon sensors



Summary
 KEKB/Belle has been running very successfully, and brought important

scientific achievements together with BaBar.
– Observation of CPV in the B meson system
– Quantitative confirmation of the KM theory
– Hints for new physics
– Unanticipated resonances
– …and other new observations

 Super KEKB upgrade has been proposed
 Why? – Search for new sources of flavor mixing and CP violation
 How? – Increase NB, decrease βy*, and crab crossing: L=4×1035/cm2/s
 What? – New beam pipe, crab cavity, new injector with damping ring. Belle

will also be upgraded assuming DC is usable.
 Who? – KEKB/Belle (and PEP-II/BaBar) will be core of the project.
 Where? – Upgrade existing KEKB.
 When? – JFY2009 and 2010
 How much? – up to US$450M, depending on what to be upgraded.


