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From Diversity to Universality

Nature consists of myriad scales of structure, 

from the tiny scales of elementary particles 

and atomic nuclei to the vast scale of the 

universe.

Our attempt to elucidate the 

great variety of phenomena 

exhibited over this complete 

range of scales is a pursuit 

http://www.cc.kyoto-su.ac.jp/department/physics/top_deptphys.html

range of scales is a pursuit 

of diversity.

We exist.

Stars exist.

Galaxy exist.

By diversifying, we reach 

the fundamental 

understanding  -

the universal law which 

makes the universe tick.



Some 80 years ago Koshiba was born

Constructed KAMIOKANDE

They reached KAMIOKANDE a month before his retirement

Few thousand light years ago,

Supernova exploded

At the time this picture was taken, SN neutrinos where 

Only 10 light years away

Discovered Neutrino astronomy why looking for proton decayDiscovered Neutrino astronomy why looking for proton decay



[ , ]p q i= h

Under time reversal symmetry 
†U pU p→−

†U qU q→

†[ , ] [ , ]U p q U p q→−

†U i U i→−h h

If there is no “i” in quantum 

mechanics. It violates time 

reversal invariance 

[ , ]p q i= h

The time reversal symmetry  is 

anti-unitary   WIGNER



ΦA particle state is 

represented by 
Then what is *Φ ?

[ ][ ] 0ieA m ieA mµ µ

µ µ∂ − − ∂ − − Φ =

*µ µ∂ + − ∂ + − Φ =*[ ][ ] 0ieA m ieA mµ µ

µ µ∂ + − ∂ + − Φ =

If      corresponds to a particle,        

corresponds to an antiparticle with 

same  mass and opposite charge     

Φ
*Φ

+e eγγ −
�

1CP HCP H− =

1 †CP CP− Φ = Φ

Particle Antiparticle

Energy   particles and antiparticles

The world of particles is exactly the same as the world of antiparticles

+e eγγ −
�

But, matter and antimatter will

annihilate each other

Or, there is anti-universe



• First giant footstep for the mankind

•The moon is not made out of antiparticles 

Alpha Matter Spectrometer

Space Shuttle NASA program
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Where did antiparticles go?
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About the mismatch
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→ 8810=
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Present universe is created 
From these particles

No partner to annihilate



Sakharov
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     particle dynamics

   antiparticle dynamics

H ch c h

h

h

= +

† †CPhCP h=

† † *CPHCP ch c h= +

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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Measuring a phase angle between two 

Paths
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The phase between two amplitudes
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Remember, you only count

external particles!

You can’t see their phases!

Not so if we have 3 generations.

ud, ,

cd, ,

g   

g   
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us ub
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g gtd, ,g   ts tbg g

,  c, t

d, s, b

W

u
9 coupling constants

7 fields



K Meson

  sd
00sd = K  = K
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It requires three generations 

of quarks

The reason K meson CP violation is small

is that it involves only 1st and 2nd generations
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Cronin Fitch
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B Meson
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Particle to antiparticle transition

must be found
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0B

All you have to do:

0B

0 0

B meson has not been discovered

e e B B+ −+ → +

Simple computation impied B meson lifetime 

to be 0.001ps

0 4 is very rare. Once every 10  BSB Kψ→ ０decays

To detect 10% asymmetry, we need 1000 times

more luminosity than any accerlerator that existed at that time

to be 0.001ps

10% asymmetry, if B meson lifetime is at least 1ps



*arg( )tb tdi g g
e

B B

0B

0B

B decays in 10-12 sec. 

Light travels only 3mm during 

that time.

B travels only 0.02mm before it B travels only 0.02mm before it 

decays. 



9GeV+3GeV asymmetric collider
200µm spaceial resolution

Now it is 

0B

Now it is 

possibe to 

measure the 

decay length 

0B





www2.slac.stanford.edu/vvc/experiments/spear.html
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7/23/98 First collision PEPII

1/29/99 First collision KEKB

2/8/99 5.2x1032 PEPII

3/26/99 1.2x1031 KEKB

5/26/99 Babar commissioned PEPII

PEPII started January, 1994 and  KEKB in April,1994 

5/26/99 Babar commissioned PEPII

6/1/99 Belle commissioned KEKB

11/11/99 8 B→ψKS events PEPII

11/11/99 2  B→ψKS events KEKB



The discovery of the large CPV in SB Kψ→

July, 2001 Lepton Photon

1

1

sin 2 0.45 0.44( ) 0.09( )

sin 2 0.12 0.37( ) 0.09( )

stat syst Belle

stat syst BaBar

φ

φ

= ± ±

= ± ±

July, 2000  ICHEP Osaka

1sin 2 0.99 0.14( ) 0.06( )φ = ± ±stat syst Belle

1sin 2 0.59 0.14( ) 0.05( )φ = ± ±stat syst Babar

July, 2001 Lepton Photon

1sin 2 0.99 0.37( ) 0.09( )stat systφ = ± ±
2000

with double statistics
1sin 2 0.99 0.25( ) 0.09( )stat systφ = ± ± with double statistics

in 6 months




