complex: t-c+c-t 2 · Vtb Vtd* Vcb Vcd*~l6·mt mconly slightly complex:c-c,(VcbVcd*)2~l6 ·mc 2 14) B-Meson System

W+W-tcutcudbbdWWt c udbt c uM12M12 is very complex if h ~ 1very complex: t-t,(Vtb Vtd

2~l6·mt2

dominating term

a) OscillationsM12 � (Vtb Vtd*)2i.e. arg M12 = arg (Vtb Vtd*)2( = -2 arg Vtd in the Wolfenstein�s parametrization)

bdudbcW+W-G12cucomplex: u-c+c-u 2 · Vub Vud* Vcb Vcd*~ 2 · l6only slightly complex:c-c,

cd*) 2~ l6 very complex: u-u, ( V ub V ud * ) 2~ l6

CKM unitarity relation: Vtb Vtd* = - Vcb Vcd* - Vub Vud*(Vtb Vtd

= ( V cb V cd * ) 2 + ( V ub V ud * ) 2 + 2 V cb V cd * V ub V ud * If mu

arg

M12 = arg G 12 No CP violation (GIM)

In reality mu << mc << mt

DGD G O

m M mbt

= » �Ł� �ł� = ( )<<-

12 12 2 310 1

for both Bd

and Bs

a p = - + »-�Ł� �ł� * *

- + ( ) M

M

M

12 12

12 12

12 12 2

2

1 1

2

12

i i e i M G

G

G

Im arg

O(10-3)|a| = 1 + O(10-3) CP violation in B-B oscillationsSMALLa » e-i(p + 2argVtd)Bda »e-i(p + V ) B s G

: Unlikely to be affected by new physics M 12 : Could be affected by new physics

DG/Dm ~ O(10-3) for both Bs and BdDG /(G+ +G-) =10-3 for Bd (using measured Bd lifetime)Dm s D m d ts V

td |2 = 1/l

2~ 20 D G /( G + + G - ) ~ 0.1 for Bs

not negligible

b) Unitarity triangleVtd Vtb* + Vcd Vcb* + Vud Vub* = 0Vtd V ud * + ts V us

* + V tb V ub * = 0 gab� Vub*� Vcb� Vtdg ¢� Vub*� Vtd� V

dgarg V

= 0 , arg ub - g , arg V

- b V p + g - g ¢B d: a » e- i 2 b Bs:a » e i 2 dg

B0 at t = 0

B B B B B B B B l h l h l h l,h 0 0 2 0 2 0 2 0 2 21 2 2 t f t e f t e e e e f t e e e i t im t im t i t im t im t

( ) = ( ) + ( ) = + ( ) = – ( ) ( ) = –( )

+ - - - - -- – - - -^{bbG}^/

B0 at t = 0

B B B B B l h l h 0 2 0 0 22 t e f t f t e e e

i t im t im t

( ) = ( ) + ( )

= -()- +- - -bG /

c) Time evolution

d) CP violation parametersJ/y KS

cbcsW+ddJ/yKSarg (Vcb*VcsV * ud p pgsbt c uW

+ccddJ/yKSp parg ( Vtb*VtsVus*Vud ) = - dg + parg AJ/y KS » 0with a very good approximationl2l2 · asvery small�l2

CP (J/y KS) = -1, AJ/y KS / AJ/y KS = -1with absence of CP violation CP(Bl) = +1, CP(Bh

) = -1

h yy b b

y y b y y b y b J/ K S W l

S W h

J/ K J/ K

S S S S S J/ K B

= +-

= -+

= + -

- HH

A e A e i i i 2 2 1 2 sin cos

pure imaginaryCP violation in the interplay between the oscillation and decaylike K system

G

D

G D

G D

G

J/ K S W

S W l S W h

h

J/ K

J/ K

h

J/ K

S

S

S

S

J/ K B

J/ K B J/ K B

y

y

y

y

y

y y

h

b b

t H t

e

e H H

A

e e

A

e mt

t i mt

t i mt

t

( ) = ( )

= +

= +

=

+ ( ) - ·( )

- - -

02 2 2 2 2 4

4 1

4 1 2 1 2 cos sin sin

Time dependent decay rates

G D G J/K h J/ K S Sy y^b b t A e mt

t() ==^{+( )} + ·( )_{-2}^{4 1 2} 1 2^{cos} sinsin

p+ p-ubudW+ddp-arg (Vub* Vud ) = ggdbt c uW+uuddarg ( tb* ) = - barg

AJ/y KS » g - b·penguinp+p - p + l 3 l 3 · a s strong phase, rescattering, etc. etc.

wait for some more theoretical works.....

if we neglect penguin,

h p p p p b g b g a a p p b g b g + - =

= -+

= +_{( )} + + ( ) = -

+ -+ - - - - - H e e e e i_{i ii i}

WhWlB^B121212^{2 22 2} sincossincos

g ¢ + dg can be measured by studying the oscillation amplitudes forBsfiDs-K+, Ds+K- and BsfiDs-K+, Ds+K-requires very good decay time resolutionbackground B

fiDsp~20 times larger branching fractionparticle identificationdg

BsfiJ/y f

and BsfiJ/y f

requires very good decay time resolutionorbital angular momentum configuration neededvery small expected effect

A toy modelFlavour Changing Neutral Current (FCNC)of a Higgs type

Hwith a complex couplingproportional to the quark massDD¢

D¢DM12 = CKMbox + HtreeG12 = (CKMtree + Hloop)2An extreme example:CKM = real15) An Alternative Model

Im Im M M m 12

12 = H-tree D H B H K tree

tree () ()^{= >>} m m b

s 1 H B CKM B

tree box () ()^» 1 from the observed small CPviolation in jM-G in thekaon system

Im ImM M m 12

12 = ()H B_{tree} D is large due to Htree(B)arg M12 = large

H K CKMKtreebox()()<< 1

However...,

ImG1212M

is still small since G12 is small.CP violation in B-B oscillations is small.a » e-i(p + aH )Bd

h h aa p p J/yK HH

s 1+cos = = + - isin

The reality could be a mixture of CKM-phase + H-phase....

Need to study CP violation in different decay modes.

B Physics in near future (~2000)electron-positroncollidershadron machinesKEKB, PEP-IITevatronHERAenergiesat ¡(4S)p+p at 1.8 TeVp+Cu at 40 GeV

~1 nb~100 mb~760 nb

σ bb σ inelastic

2.5·10-12·10-310-6s

No B

running at ¡

and General B physics

16) Future Experiments in the B-Meson System

BELLEBABARCDFD0HEAR-BExperiments by ~2000 Physics with 108 effective B-mesonsK/p separationno K/p separationhigh pt m m +hadron K/ p separation s 2b (

J/y K S ) 0.08

0.13

0.08

ssin 2a

(p+p -) 0.10

(background)

0.14

0.15 sg ( DK *) - - 12 � x s <17 ? not compatible

with CP

σ_{bb} σ_{inelastic}

B_s → μ^+μ^–

B → J/ψ K_s

B → J/ψ K_s

Γ_{I = 0}

Γ_L + Γ_S ≅0.99

y= ΔΓ Γ ≅2

x= Δm Γ ≅0.95

≅10^{– 3}

y= ΔΓ Γ ≅5 × 10^{– 3}

y= ΔΓ Γ ≅0.1

x= Δm Γ ≅0.72

x= Δm Γ ≅big

τ B ≅τ K × 10^{– 2}

ΔmB_d ≅ΔmK × 10^2

≅1

mB ≅mK × 10

≅10^{– 3}