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• Discovery of K meson  1947

• Discovery of CP violation 1964

• Discovery of Y(4S) 1980

• Discovery of CP violation in B decays 2000
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When I was 27, I was excited by

K  as this was a loop effect

which will be a critical test of

gauge theory!
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Wigner-Weisskopf approximation
• c(0), d(0), e(0),・・・=0

• ｔ>> 強い相互作用の時間スケール
• a(t), b(t) 以外興味がない。
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CPT symmetry 
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K中間子ー反K中間子遷移

CP 保存非保存

この遷移がおこるのはK－反Kだけ

三田一郎 名古屋大学大学院 理学研究科



K中間子系でのCP非保存はどう理解するのか

三田一郎 名古屋大学大学院 理学研究科

振り子は敏感な顕微鏡

K

微小な力も
長く待てば観測できるK

tcu ,,s d

d tcu ,, s

W W0K
0K
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Phases of the KM matrix
ＫＭ行列の位相

q e qi i
i i

3 x3 unitary matrix has 9 real parameters
For 6 quarks, there
are 5 phases we can
adjust

Ｋｍ matrix has 4 parameters

KM matrix has 4 parameters

３rotation angle３rotation angle 1 CPV phase1 CPV phase

)( dbB

)( dsK
1980年には未発見

より深くCPを理解するために
当時未発見

素粒子の種類

三田一郎 名古屋大学大学院 理学研究科



1980年の計算 0B 0B の遷移

tcu ,,b d

d tcu ,, b

W W0B
0B

S を ｂに変えるだけ？

In 1979 we did not know ,ij tV M

三田一郎 名古屋大学大学院 理学研究科
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Extremely long Life time - 1ps

G MF
2 5

3192

G M
VF b

cb

2 5

3
2

192
6 3( )| |

b c

d

eu
e

151, 10 seccb BV

mt
m t m life time

mixing time

Needs time to show interesting physics

21
4 ( co s( ))

L S
SL

ttte e e m t

Experimentalists can only count the number of particles
They can’t use protractor to measure the phase angle!

Measuring an angle by counting 
particles in optics
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Penguins and me in Cape Town, Jan., 1999Penguins and me in Cape Town, Jan., 1999
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Principle of measurement

BB

K S

ｘ
t

t 0 t 0

Travels only 
20 micronsImpossible to measure

With present technology 



Asymmetric collider

8GeV
electron

3GeV
positron

B

B

Travels 200 microns



世界

反世界

三田一郎 名古屋大学大学院 理学研究科



４００億円

三田一郎 名古屋大学大学院 理学研究科

なぜ21年かかったのか？
１．1980年 B崩壊における大きなCPの破れの予言

B中間子を発見

２．1983年 B中間子の寿命の測定

３．1987年 B-反B遷移が発見された

４．崩壊する前に残す飛跡はわずか 0.02mm

５． 0.01秒にデータを処理する。
0.02mmの飛跡を追うのは無理

６．非対称加速器 飛跡が 0.2mmになる
三田一郎 名古屋大学大学院 理学研究科



Comparison between CP-odd and -even
Raw asymmetry ∫L dt = 78 fb-1

CP = 1 sample

sin2 1

= 0.716±0.083

CP = 1 sample
(B0 J/ KL)

sin2 1

= 0.78±0.17

Yamauchi KEK
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PDG2002
(http://pdg.lbl.gov
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+ New Belle result

Yamauchi KEK



History of sin2 1

Yamauchi KEK
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SS andand AA
∫L dt = 78 fb-1

A > 0 with 99.6%CL.
S < 0 with 99.6%CL.

S = 1.21±0.41

A = 0.77±0.27±0.08

0.08
0.07

A ≠0 indicates Direct CPV

i.e., (B0 )≠ (B0 )
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Comparison with BaBar’s result

Yamauchi KEK



CPV in b sss

In the Standard Model,

Ssss = sin2 1 (b ccs)

Asss = ~ 0

B(B0 ’K0) = 5.8x10-5 : anomalously large

New physics contribution ??
Measure its phase.

Yamauchi KEK



S K = 0.73±0.64±0.18

A K = 0.56±0.41±0.12

φKS
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CPV inCPV in bb ssssss
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Uncertainty in CP ± fractions
w = (3       )%16

3

Raw asymmetries

S sin2 1 in b ccs
(=0.719±0.074±0.035)

Preliminary

Yamauchi KEK

Mission of Super B Factory(ies)

Bread’nd butter
for B factories.Mission 1

Precision test of KM unitarity.

Mission 2

Mission 3

Search for new physics in B and decays.

See quantum effect in 
penguin and box loop.

Identify SUSY breaking mechanism.

Very important 
if New physics = SUSY.

Yamauchi KEK
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SUSY scenario vs. B decays (1)

(|Vub|/|Vcb|)
= 0.02 (now)

0.005(1ab-1)

3
10°(1ab-1)

mS will be measured
at Tevatron soon.

sin2 1
=0.082 (now)

0.02 (1ab-1)

Yamauchi KEK

T.Goto et al.,
PRD:035009,02

KEKB upgrade strategy

Present KEKB
L=1034

2002 03 04 05 080706 09 10 11

L>1035

L~1036

∫Ldt =300fb-1

One year shutdown to:
replace vac. chambers
upgrade inj. linac C-band

ILER=1.5A

ILER=9.4A

ILER=20A
Constraint:

8GeV x 3.5GeV
wall plug pwr.<100MW
crossing angle<30mrad

Crab
crossing

Increase no. of RF
cavities
larger beam current
smaller y*
long bunch option

Yamauchi KEK



GUT

Big Bang

CP

Proton DecayQuark Mass

God

strings

Baryon number

STANDARD MODEL

50-100%
CP violation
in B system

CP violation
in K system

We don’t expect new physics effect
to be sticking out at few % level.
We don’t know if it will stick out at 1%
level. But, if that’s the best you can do,
we have to go for it!



1. Much work remains after B factory. 
2. Precision experiments can reveal

new physics if it is out there around 
1 TeV.

3. I m certain that orders of magnitude
more B mesons will be available 
in the future.


