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Why B 2

e Discovery of K meson 1947

* Discovery of CP violation 1964
* Discovery of Y(4S) 1980
* Discovery of CP violation in B decays 2000

is 34 years behind K

K physics has been
—sgomgon—for-53 years
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Rare B Decays
Reveals more new physics than

Rare K decays

When I was 27, I was excited by

K — 7e'e” as this was a loop effect
which will be a critical test of

gauge theory!
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B’'s show the loop
effects better than K’'s




Wigner-Weisskopf approximation
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CPT symmetry

CP symmetry

Since M and I are hermaitian,
M, =M, TI,=0,

Complex M,, or I'), violate CP symmetry

CP eigenstate
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(P cyrmelry and cormplx phase

k
H=ch+ch
h particle dynamics

h' anti-particle dynamics
CP h CP"=h'

CPHCP' =cht +¢"h

If ¢ is complex, worlds is
not invariant under CP
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Discovery of GP violation

Fitch—Cronin experiment




¥M scheme of GPV
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Phases of the KM matrix

3 x3 unitary matrix has 9 real parameters

. i¢; . For 6 quarks, there
qi — € ¢ are 5 phases we can
adjust

KM matrix has 4 parameters

| CPV phase
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In 1979 we did not know V.., M
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Discovery of B—B mixing
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Longevity of B mesons
Life time - 1ps

V, =1, 7, 107" sec
Needs time to show interesting physics
B I'yr+I'g
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life

mixing
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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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[(B(t) > yK,) - T(B(1) > yK,)
[(B(t) > yKy) + T (B (1) > yKy)

= sin(2¢,) sin( =
T

Three families needed

3 x3 unitary matrix has 9 real parameters

i¢i . For 6 quarks, there
qgi = € g are 5 phases we can
adjust




Why is CPV in K decays so© sall?
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No miracle
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Principle of measurement
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Travels only

Impossible to measure 20 microns

With present technology




Asymmetric collider

—
8GeV 3GeV
electron positron

Travels 200 microns
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Comparison between CP-odd and -even
Raw asmmetry _[ [ dt=78 fb_1
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A AV (p—in+L2%)
1-12% —inA* A (1+ind?)
AV (- p—in) —AA? 1

p-n plane

sIn2¢,
=0.719+ 0.074+ 0.035
Belle July, 2002

PDG2002
(http://pdg.Ibl.gov
/2002/Kmmixrpp)

+ New Belle result
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Asymmetry

0.08
S._=-1.21% 0.41 5y

A_=+0.77+ 0.27+ 0.08

A_# 0 indicates Direct CPV

i.e., I'(B°>ntn )z I'(B°>ntn)

Yamauchi KEK

le 78fb:
le 1
le 2G

le 3o
le 4¢

sical Ix:undg?ry

Yamauchi KEK




s Halle 7L 1 a Haluar BHAA (57 E]
Hodla 1o Habar 1o
. Balla 2o Babar 2o
“Belle 3T Babarda T
. _— A

Faldman & Cousins confidence intarval

CPV 1n b= sss

In the Standard Model,
S = sin2¢4 (b—>ccs)
A ~0

B(B°->n’'KP) = 5.8x10° : anomalously large

New physics contribution ??
Measure its phase.
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Mission of Super B Factory(ies)

Bread’'nd butter
Mission 1 for B factories.

Precision test of KM unitarity.

See quantum effect in

. penguin and box loop.
Mission 2

Search for new physics in B and t decays.

Mission 3
|ldentify SUSY breaking mechanism

Very important
if New physics = SUSY.

Yamauchi KEK



New CP violation MUST exist

Baryon asymmetry
in the universe
can not be explained by
the KM ansat=z.

SUperSYmmetric
GrandUnified Theory
(SUsY GUT)




SIUSY scenario vs. B decays (1)
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KEKB upgrade strategy

mncrease no. of RF
cavities
» larger beam current
» smaller B, *
» long bunch option
< g P

Constraint:
» 8GeV x 3.5GeV -
» wall plug pwr.<100MW L>10 _
» crossing angle<30mrad

Crab One year shutdown to:

crossing » replace vac. chambers

Present KEKB » upgrade inj. linac » C-band

L=10%

[ Lar=300fb

| | | | | |
2002 03 04 05 06

Yamauchi KEK




Baryon number

STANDARD MODEL

. . 50-100%
CP violation CP violation

in K system in B 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!

Your window for discovery
precision mMmeasurements
in hadronic states




Conclusion

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.




