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Achievements of the B Factories

Quantitative confirmation of the KM model
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Another important achievement

Success of KEKB and PEP-II enabled us to design the next 
generation e+e− B factory with much higher Lpeak. 

Daily integ. luminosity
1fb-1/day

Asymmetric e+e− collider with L > 1034



What is next with flavour physics?

If new physics at O(1)TeV…
– It is natural to assume that the effects are seen in B/D/τ

decays.
– Flavour structure of new physics?
– CP violation in new physics?
– These studies will be useful to identify mechanism of 

SUSY breaking, if NP=SUSY.

Otherwise…
– Search for deviations from SM in flavor physics will be 

one of the best ways to find new physics.



New physics effect in B decays

G.Hiller

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



Physics at SuperKEKB
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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
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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.



A possible hint for NP: b→sqq

Naïve average
sin2φ1

eff=0.5 ± 0.09
(2.6σ from sin2φ1)

(Cf= −Af)



Sensitivity to new CP phases
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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 flavour 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.



“B meson beam” technique

Υe− e+

B

B π

full reconstruction

0.2~0.3% for B+

D

H± search in B τν
Application

tan cotb um mβ β+

b

u H+/W+

tanmτ β

τ +

95.5%C.L. exclusion boundaries  

Belle, 2006

5ab-1

assumed



Charm physics at B factories

(0,0)
CL 96.1%

Belle, 2005, 400fb-1

D0D0 mixing may be observed at B factories with higher L.



Search for flavor-violating τ decay

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

γ

2
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Expected sensitivity
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Comparison with LHCb/ATLAS/CMS

e+e− is advantageous in… LHCb is advantageous in…

CPV in B→φKS, η’KS,…

CPV in B→KSπ0γ

B→Kνν, τν, D(*)τν

Inclusive b→sμμ, see
τ→μγ and other LFV
D0D0 mixing

CPV in B→J/ψKS

Time dependent 
measurements of BS

BC and bottomed baryons

Most of B decays not 
including ν or γ

B(S,d)→μμ

These are complementary to each other !!



Goal:∫L dt = 50-100 ab-1 

Most of the interesting measurements will be limited by 
unavoidable systematics when we reach 50-100 ab-1.

sin2φ1

φ2

φ3

|Vub|
SφKs

DCPV in b→sγ

Obs. δstat with 50ab-1 δsyst with 50ab-1

AφKs

Sη’Ks

Aη’Ks

0.004 0.014

Theory err.

~0.01
1.2º a few º
1.2º O(1) º
1% ~1% ~5 %

0.023 0.020
0.016 0.018
0.013 0.020

0.0170.009
0.003 0.002 0.003



KEKB
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SuperKEKB

Asymmetric energy e+e− collider at ECM=m(ϒ(4S)) to be
realized by upgrading the existing KEKB collider.
Super-high luminosity ≅ 8×1035/cm2/sec → 1×10 10 BB per yr.

→ 9×10 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













Proposed schedule
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Belle is here.
0.58ab-1

Crab cavity installation

2 yr shutdown 
for upgrade

Lpeak~1.5×1034 1.5 - 3×1034
SuperKEKB
~4×1035

5B BB and τ+τ−

every year



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



J-PARC R&D

2006 2008 2010 2012 2014 2016 2018 2020

KEKB

ILC R&D

ILC construction

J-PARC ν, n construction
J-PARC ν, K experiment

experiment

J-PARC n, μ experiment

Budget transfer

Budget transfer

upgrade

Budget transfer

Scenario Version 1

PF upgrade PF

Budget transfer
ERL prototype

ERL construction experiment

By previous KEK management



2006 2008 2010 2012 2014 2016 2018 2020

KEKB

ILC R&D

ILC construction

J-PARC ν, n construction
J-PARC ν, K experiment

experiment

J-PARC n, μ experiment

KEKB upgrade experiment

J-PARC R&D upgrade experiment

Budget transfer

Budget transfer

PF upgrade PF

Budget transfer
ERL prototype

ERL construction experiment

Scenario Version 2

By previous KEK management



From B Factories to Super B factories

• Traditional design of B factories hits fundamental limits 
when scaled to 1036/cm2s :

– Bunch Disruption:  (Nσz/σxσy) upper bound set by beam-beam effects

– Hour glass effect ( βy < σz ): lowering σy (and thus βy ) is ineffective

– Wall-plug power limit: upper bound on the Collision frequency 

• New ideas… a new machine concept is needed !

• high luminosity  from small σy and σz  but also low 
disruption

L =
Ne+ Ne−

4π  σ xσ y
fcollision



Damping ring: ILC-like rings
• OCS lattice used (ILC D.R. are 6.0km 

Circumference)
• Scaled to 4 and 7 GeV ( Υ4S )
• Shortened to 3.2 Km ( 2.4 Km also possible)
• Wiggler field 1.4 T (permanent magnet)

Total Wall Power (60% transfer eff.): 32 MW
Energy cost per produced B meson:16KJ/B 
Efficiency 50 x of the present B factories



Parameters set

600Collision freq  MHz

0.9e-3Sige_Lum

2*25Cross_angle  mrad

1.0Lmultiturn 1036

3.0DR_length       km
6000Nbunches

20Damping_time msec

2.3Np           10e10
1.3e-3Sige_DR
6.0Sigz_DR       mm

8.0Emiz             μm
0.002Emiy             nm
0.8Emix             nm

1.3e-3Sige_IP
6.0Sigz_IP        mm
0.080Bety            mm
9.0Betx            mm
12.6Sigy             nm
2.67Sigx*           μm

• Defined a parameters set 
based on ILC-like parameters

• Same Damping Ring (DR) 
emittances

• Same DR bunch length

• Same DR bunch charges

• Same DR damping time

• Same ILC-IP betas

• Crossing Angle and Crab 
Waist to minimize Beam 
Beam blowup



Crabbed focus: displace along Z the waist  position 
for  left, center, right particles

2σz ~ 10 mm
2σx

θ = 25 mRad
z

2σx/θ ∼ 100 μm

2σz*θ

e-e+
βY

x

•All components of the beam collide at a minimum βy :
- the ‘hour glass’ is reduced (effective luminous region length ~ 100 μm)
- the geometric luminosity is higher (5-10%)
- the beam beam effects are reduced (factor 2-4) P.Raimondi



Features

• Expected background in the detector lower 
than in PEPII (it allows a beam pipe 
diameter smaller than in PEPII/Babar).

• One polarized beam is also considered (an 
ad hoc subcommittee is presently looking 
to possible gains in physics  from 
polarization)



More on machine

• Luminosity upgradeable by a substantial 
factor towards 10 37 .

• Site to be chosen according to possible 
offer by Laboratories and funding agencies.

• Full international collaboration should be  
foreseen to build and run machine and 
detector.



Documents

The Discovery Potential of a Super B Factory 
(SLAC-R-709)

Letter of Intent for KEK Super B Factory
(KEK Report 2004-4)

Physics at Super B Factory (hep-ex/0406071 )
At the URL :
– http://belle.kek.jp/SuperB
– http://www.pi.infn.it/SuperB



SuperKEKB Internationalization

“KEK + in-kind contribution from the others” is a 
favorable scenario for KEK.
– KEK cannot afford to pay for all, because it will also 

support J-PARC and ILC R&D.
– Better chance to get early approval by the Japanese 

Government.   
We are open to any proposal.
A possible way: form an international steering 
group of Super B factory without having a specific 
site or technology selected.
– Have both SuperKEKB and Linear Super B (and others, 

if any) in the scope.
– Submit joint proposals to the possible host labs. 





Summary
KEKB/Belle and PEP-II/BaBar have been running very successfully, 
and brought important scientific achievements.
Next generation e+e− B factory with L>>1035 will be very useful to study 
the new sources of flavor mixing and CP violation.
SuperKEKB upgrade has been proposed 

ILC inspired SuperB being proposed

Internationalization will be necessary for any Super B Factory to be 
realized.

How? – Increase NB, decrease βy*, and crab crossing: L=8×1035/cm2/s
What? – New beam pipe, crab cavity, new injector with damping ring. Belle will also 
be upgraded assuming DC is usable.
Where and when? – Upgrade existing KEKB in 2009-2010.

ILC-like damping rung + final focus to achieve >1036.
O(1)A beam current → lower detector background
Wall plug power ~32MW < KEKB/PEP-II




