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Past:      DORIS, CESR, LEP

Present: Tevatron, KEK-B, PEP-II

Future:   LHC, Super B-Factory







KEKB asymmetric e+e- collider
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RF RF
FUJI Area

HER LER
Linac

Two separate rings

e−

 
(HER) : 8.0 GeV

e+ (LER) : 3.5 GeV

ECM : 10.58 GeV at Υ(4S)
Design:

Luminosity:1034 cm-2s-1

Current: 2.6 / 1.1A

±11 mrad crossing angle

(LER     HER)
Beam size: σy ≈3 μm  

σx ≈
 

100 μm

βγ
 

= 0.425



•
 

Peak luminosity 
Lpeak =  1.71 x 1034 cm2/s

∫
 

Ldt ≈0.71 ab−1∫
 

Ldt ≈0.71 ab−1

KEKB

Mt. Tsukuba

Belle

Linac
3 km

Japan

Results based on 
535M BB pairs 

World record

World record

KEKB asymmetric KEKB asymmetric ee++ee-- collidercollider



μ / KL detection
14/15 lyr. RPC+Fe

Tracking + dE/dx
small cell +

 
 He/C2

 

H5

CsI(Tl) 16X0

Aerogel Cherenkov cnt.
n=1.015~1.030

Si vtx. det.
3 lyr. DSSD

TOF counter

SC solenoid
1.5T

Belle Detector

8GeV e−

3.5GeV e+



PID System at BellePID System at Belle



AerogelAerogel CherenkovCherenkov CountersCounters



Electromagnetic Calorimeter at BelleElectromagnetic Calorimeter at Belle



Light output – 5000 ph.el./MeV
Electronics noise σ~200 KeV

CsI(Tl) crystals for Belle













=

CP Analysis: Time Distribution



B0B0 D*lν : reconstruction
tag

Flavor tagging – dilution factor
Classify the events into six classes and measure  
D = (1-2w) for each.   (w : wrong tag prob.)

Efficiency > 99.5%
εeffective

 

= 28.8±0.5%



Golden modeGolden mode

Biggest contributor to the fcp
 

event sample

Ks →π+π−

σ~4MeV/c2

B0 → J/ψ
 

Ks (→π+π− ) 0

8000

16000

Dilepton mass (GeV/c2)

E
ve

nt
s/

(5
 M

eV
/c

2)

Dimuons
Yield: 28160. ±   345.

Mean:  3096.1 ±   0.1 MeV/c2

Width:   9.6 ±   0.1 MeV/c2
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Dielectrons

Yield: 24000. ±   287.

Mean:  3094.1 ±   0.1 MeV/c2

Width:  10.8 ±   0.2 MeV/c2

J/ψ→μ+μ−

J/ψ→e+e−

σ~11 MeV/c2

σ~10 MeV/c2



Reconstruction of B mesons
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B0 J/ψ K0 : combined result

sin2φ1 = 0.642 ±0.031 (stat) ±0.017 (syst)
A

 
= 0.018 ±0.021 (stat) ±0.014 (syst)

previous measurement
sin2φ1

 

= 0.652 ± 0.044
(386 M BB pairs)
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_ _

background 
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good tags



2006: BaBar + Belle



sin2φ1
 

history (1998-2005)

4% precision



Summary
Unitary triangle from CPV angles

UT from CP-conserving quantities

φ1

φ2

φ3



Summary
•

 
Large CP violations seen in B decays

•
 

Excellent agreement with KM ansatz
–

 
sin2φ1 a new “gold standard” for New Physics searches

•
 

Room for New Physics is pretty small
–

 
either the NP mass scale is very high

–
 

or NP is somehow hidden from the flavor sector

•
 

But the strength of CP violation in SM is 
not sufficient to explain Baryon Asymmetry 
in the Universe 

•
 

NP searches with B’s have another order-
 of-magnitude of reach (at least).

–
 

A phased approach to Super-KEKB/Belle seems likely
–

 
An announcement from the KEK DG Suzuki soon?!



What’s next?



•
 

Many improvements over last year
•

 
More pbars, more reliable

–
 

Monthly int. lum. increased 25 → 45 pb-1

–
 

Peak lum. increased 180 1030 → 286 1030 cm-2 s-1

•
 

Expect ~6-7 fb-1 by Oct. ‘09

2007

2006
2005 2004

2003

Design

Base

Fiscal Years

1500 pb-1

750 pb-1

Tevatron Performance



Tevatron Detectors

η

 

= -1

η

 

= -2

DZero
 

Run II upgrades
2T solenoid
inner tracking
Preshower
extended μ

 
coverage

and shielding
Trigger, DAQ

CDF Run II upgrades
Inner tracking
Forward calorimeter
extended μ

 
coverage

Trigger, DAQ 

recorded  3 fb-1

data taking efficiency ~ 85%



A year ago…
1 fb-1

CDF

SM limit1



LHCb detector



Flavor Physics at LHCb

At LHCb huge xsection (.5 mb), long decay length  
(1 cm)
….but high backgrounds, high performance trigger 
fundamental.
Systematics will be more important than statistics, 
at the startup at least.
Rich program possible, even at modest luminosities

A few examples……



Very Rare B Decays: Bs
 

→ μ+μ–

•
 

Very rare loop decay, 
sensitive to New Physics:

–
 

BR ~3.5x10–9

 
in SM, 

can be strongly enhanced in SUSY
–

 
Current 90% CL limit from 

–
 

CDF+D0 with 1 fb–1 is 
–

 
~20 times SM

W

Wb

s μ+

t
μ−

ν? 

? 

MSSM •
 

Main issue is background 
rejection

–
 

With limited MC statistics, 
indication that main background 
is

 
b→μ, b→μ



Very Rare B Decays: Bs
 

→ μ+μ–

0.05 fb–1 ⇒competitive with CDF+D0
0.5   fb–1 ⇒ exclude BR values down to SM

2 fb–1 ⇒

 
3σ

 
evidence of SM signal

10 fb–1 ⇒

 
>5σ

 
observation of SM signal

LHCb Sensitivity
(signal+bkg is observed)

Integrated Luminosity (fb-1)
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Super B factory at KEKSuper B factory at KEK
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