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Achievement of the B Factories

Quantitative confirmation of the KM model

Af ~ 0
Sf = 0.652±0.039±0.020

Violation of CP symmetry !

B0 J/ψKS

B0 J/ψKS

Belle, July 05

Belle, July 05

Discovery of CP violation in BB systemDiscovery of CP violation in BB system



Other highlights

SMBelle, 2005

D0-D0 mixing

AFB in B K*l++++l−−−−

X(3872)

Many new resonances

b dγγγγ transition

Evidence for B τντντντν

and more…

Z(4430)

B D*τντντντν



Another important achievement

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

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.



Belle with improved rate immunityBelle with improved rate immunity

Background tolerant 
small cell

drift chamber

Faster calorimeter with wave 
form sampling and pure CsI

Si vertex detector with
very short strips

•• Asymmetric energy Asymmetric energy ee++++++++ee−−−−−−−− collidercollider at at EECMCM=m=m((ϒϒϒϒϒϒϒϒ(4S)) (4S)) to beto be realized by realized by 
upgrading the existing KEKB upgrading the existing KEKB collidercollider..

•• Initial target: Initial target: 1010××higher luminosityhigher luminosity ≅≅≅≅≅≅≅≅ 22××××××××10103535/cm/cm22/sec/sec
→→→→→→→→ 22××××××××1010 99 BBBB and and ττττττττ++++++++ττττττττ−−−−−−−− per yr.per yr.

•• Final goal: Final goal: LL=8=8××××××××10103535/cm/cm22/sec/sec and and ∫∫L L dtdt = = 5050 abab--11

Crab cavityCrab cavity

3.5GeV e+

8GeV e−

New beamNew beam--pipespipes
with antewith ante--chamberchamber

DampingDamping
ring for ering for e++

New IR with crabNew IR with crab
crossing and crossing and 

smaller smaller ββββββββyy**

More RF for higherMore RF for higher
beam currentbeam current

SR
beam

after 3 year shutdown



Physics at upgraded KEKB

New source ofNew source of
CP violationCP violation

New source of New source of 
flavor mixingflavor mixing

LFV LFV ττττττττ decaysdecays

SUSY breaking SUSY breaking 
mechanismmechanism

Precision test Precision test 
of KM schemeof KM scheme

SuperSuper--high statisticshigh statistics
measurements:measurements:

ααααααααSS, sin, sin22θθθθθθθθWW, etc., etc.

Charm physicsCharm physics
New resonances,New resonances,
DD00DD00 mixingmixing……



Precision test of KM scheme
M.Pierini
CKM2006



Quark flavor changing
processes

Lepton flavor violation

LHC/ILC
SUSY mass spectrum 

Diagonal Off-diagonal

SUSY flavour physics: mass matrix of squark and slepton will be determined 
by their direct production at the energy frontier and flavour physics measurements.

Y.Okada, Nov. 2007



Present upper
limits

Measurements
at upgraded KEKB

�ab-1�

Reach of present
B factories

Reach of upgraded
KEKB

D
ev

ia
tio

n 
fro

m
 S

M

Deviation from SMDeviation from SM

Relevant to 
baryogenesis?
Relevant to 
baryogenesis?

New source of CP 
violation
New source of CP 
violation

CP asymmetries of penguin dominated B decays

Searches for new sources of 
quark mixing and CP violation



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

U-KEKB

T.Goto et al., 2007



A possible hint for NP: b→sqq

Smaller than b ccs
in all of 9 modes
Smaller than b ccs
in all of 9 modes

Theory : 
tends to 
positive 
shifts

Naïve average of all b s modes

sin2βeff = 0.52 ± 0.05
2.6 σ deviation from SM 

Naïve average of all b s modes

sin2βeff = 0.52 ± 0.05
2.6 σ deviation from SM 



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:



Precise measurements of τ decays

LFV violating τ decay?

Integ. Lum.�ab-1�
Reach of B factories

Upgraded KEKB

Upper limits

τ−>µγ

µ->eγ

τ−>eγ

T.Goto et al., 2007



B decays with more than one ν

10ab-1

B τν decays

tan cotb um mβ β+

b

u H++++/W++++

tanmτ β

τ +

B

ν

Search region with
B τν decays

Provides a unique method to 
measure b-H±-u and
b-H±-c coupling strength.

Provides a unique method to 
measure b-H±-u and
b-H±-c coupling strength.

Interactions of H±

Belle, 2006
400fb-1

Υe− e+

B

B π

full reconstruction
0.2~0.3% for B+

D



Identification of SUSY breaking scenario

Pattern of deviations from the Standard Model
Y.Okada

Observ-
ables

SUSY
models

mSUGRA

SU(5) SUSY
GUT + νR
(degenerate)

SU(5) SUSY
GUT + νR
(non-degenerate)

U(2) Flavor
symmetry

Unitarity
triangle B→φKS

�→�γ
Indirect CPV

�→�γ
Direct CPV

τ→µγ
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Baryon asymmetryBaryon asymmetry

Why three generations?Why three generations?

Origin of massesOrigin of masses

Fundamental questionsFundamental questions

Fundamental symmetryFundamental symmetry

B physics’ approach to the fundamental questionsB physics’ approach to the fundamental questions

Non-KM CP violating 
complex phases ? 

Non-KM CP violating 
complex phases ? 

Interactions of Higgs
with quarks and leptons

Interactions of Higgs
with quarks and leptons

Quark mixing other 
than CKM?

Quark mixing other 
than CKM?

Lepton number
violation?

Lepton number
violation?

Questions to be answered
by flavour physics

Questions to be answered
by flavour physics

CPT conserved?CPT conserved?

Right-handed
current?

Right-handed
current?

Measurements to be
done at B mesons

Measurements to be
done at B mesons

B Dτν�DµνB Dτν�Dµν
B τν�µνB τν�µν

B K(*)ννB K(*)νν

ϒ(5S), ϒ(3S) decaysϒ(5S), ϒ(3S) decays

Very precise measurements 
of CKM matrix 

Very precise measurements 
of CKM matrix 

New CP phase in b s
transition

precision��°

New CP phase in b s
transition

precision��°

τ µγτ µγ

DD oscillation  DD oscillation  

Test of CPTTest of CPT



1st layer

Beam Background (after 1st optimization)

Conservative, robust detector should be 
handle up to 20 times more background

Rad-Bhabha mask around QCS magnet
IR chamber design

Results based 
on GEANT sims
validated by 
Belle/KEKB 
experience.



Belle upgrade

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



Long term strategy 

Assumption: Crab scheme works as expected.
10 ab-1�Initial target   50 ab-1�Final goal

08 09 10 11 171615141312 1918 20 21 22

Tem of the Roadmap

Upgrade of machine 
and detector

Operation + increase of RF

Achieving 10 ab-1

Another decision�
Physics results
Results from LHC(b)
Situation of LC…

Achieving 50 ab-1

KEKB upgrade proposed in the Roadmap

Operation + increase of RF



Summary
KEKB/Belle and PEP-II/BaBar have been running very 
successfully, and brought important scientific and technical 
achievements.
Next generation e+e− B factory with L~1036 will be very 
useful to study the new sources of flavor mixing and CP 
violation.
– Search for new CPV in b s transition 
– Very precise test of CKM scheme
– Search for lepton flavor violating τ decays
– Studies of H± interactions with fermions
– Very precise measurements of αS(@10GeV), sin2θW(@10GeV)…

KEKB machine upgrade plan Oide’s talk
Detector upgrade necessary to improve BKG/rate immunity.
New collaboration to be formed soon. 



BACK UP SLIDES



Search for right handed interaction

CP violation in B → KSππππ0γ γ γ γ 

P
re

ci
si

on
 o

f t
he

 m
ea

su
re

m
en

t

Present exp. precision

Reach of 
upgradedKEKB SM

Sizable CP asymmetry is expected 
in B0→→→→Xγ decay, if right-handed 
interaction exists in new physics.

Sizable CP asymmetry is expected 
in B0→→→→Xγ decay, if right-handed 
interaction exists in new physics.

Left-right summetry in new physics?

U-KEKB

T.Goto et al., 2007



B decays into invisible particles?

B → K(*)νννννννν [[[[or χχχχχχχχ]]]]
_

Light dark matter can be
Searched for in the upgraded
KEKB.

Light dark matter can be
Searched for in the upgraded
KEKB.

Heavy darm matter is being
searched for in direct detection
experiments.

Heavy darm matter is being
searched for in direct detection
experiments.Model prediction

Light dark matter?



New resonances

ηηηηc’ & e+e- cccc
D0*0 & D1*0

X(3872)

ΣΣΣΣc* baryon     
triplet

X(3940), Y(3940)
χχχχc2’

Y(4660) 
Y(4008)

DsJ(2700)
ΞΞΞΞcx(3090)

Z(4430)

DsJ(2317/2460)

DsJ(2860)

Y(4260)

Y(4320)

New resonances found at Belle 

Among them X�3872�and
Z�4430�are considered to be
“exotic” states.

Among them X�3872�and
Z�4430�are considered to be
“exotic” states.

More and more exotic states will be
Observed by the upgraded KEKB.

More and more exotic states will be
Observed by the upgraded KEKB.

More than 10 new resonances
have been found at Belle

More than 10 new resonances
have been found at Belle



Strong competitors



Comparison with LHCb

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 !!


