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�í��S�8 : xµ = (t, x) ! " xµ = (t, ! x)

! =
!

"
#

"

Dirac Þeld: (chiral representation)

! 5 =
!

! 1 0
0 1

"
, ! 0 =

!
0 1
1 0

"
, ! i =

!
0 " i

! " i 0

"

Chirality = ! 5�w�{���‹

! 5" L = ! " L , ! 5" R = " R

! L : �(�è�V , ! R : �È�è�V
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�(�è�V�q�È�è�V�x� �q�s�×���S .

! L =
1 ! " 5

2
! =

!
#
0

"
, ! R =

1 + " 5

2
!

!
0
$

"

! (t, x) P! " " 0! (t, ! x)

! L ! " " 0! R

ø! 1L " µ ! 2L ! " ø! 1R " µ ! 2R

Vµ ! " V µ
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CHARGE CONJUGATION

�Y�?�ž�þ : !�{� <{S�{� 

�(�è�V�q�È�è�V�‹�Ö�•�õ�Q �” .

! (t, x) C! " ! i" 2[!   (t, x)]T

! L ! " ! i" 2[!  
R ]T

ø! 1L " µ ! 2L ! " ! ø! 2R " µ ! 1R

Vµ ! " ! V  
µ
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�(�è�V (�È�è�V )�i�Z�p���a�” .

�§� �å �ç�s�g�æ
P, C�x��• �o�M�” .
CP�x�-���` �o�M�o�‹�‘�M .

! (t, x) C P! " ! i" 0" 2[!   (t, ! x)]T

! L ! " ! i" 0" 2[!  
L ]T

ø! 1L " µ ! 2L ! " ! ø! 2L " µ ! 1L

Vµ ! " ! V   µ
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�·�Û�è �Ó�Ä�Ç�¿�«�H�u�t�S�Z �” CP�w��•K L

AL =
! (K L ! ! ! "+ #L ) " ! (K L ! ! + "! ø#L )
! (K L ! ! ! "+ #L ) + ! (K L ! ! + "! ø#L )


:�w	—�s�M�Y�?�è �Ó�Ä�ï (! ! )�›ú�í�q Ó���[ Ó.

Citation: C. Amsler et al. (Particle Data Group), PL B 667, 1 (2008) (URL: http:/ / pdg.lbl.gov)

Quadratic parametrizationassuming µ-e universality

! !
+ (K 0

µ3) = ! !
+ (K 0

e3) = (2.40 ± 0.12) ! 10" 2 (S = 1.2)

! !!
+ (K 0

µ3) = ! !!
+ (K 0

e3) = (0.20± 0.05) ! 10" 2 (S = 1.2)

! 0(K 0
µ3) = (1.16 ± 0.09) ! 10" 2 (S = 1.2)

Pole parametrization assuming µ-e universality

Mµ
V (K 0

µ3) = Me
V (K 0

e3) = 878 ± 6 MeV (S = 1.1)

Mµ
S (K 0

µ3) = 1252 ± 90 MeV (S = 2.6)

K 0
e3

!
!fS/ f+

!
! = (1.5+ 1.4

" 1.6) ! 10" 2

K 0
e3

!
!fT / f+

!
! = (5+ 4

" 5) ! 10" 2

K 0
µ3

!
!fT / f+

!
! = (12 ± 12) ! 10" 2

KL " "+ "" #, KL " "+ "" "!+ "!" : $K # = $ 0.205 ±
0.022 (S = 1.8)

K 0
L " "+ "" #, K 0

L " "+ "" "!+ "!" : $D I P = $ 1.69 ±
0.08 (S = 1.7)

KL " %+ %" e+ e" : a1/ a2 = $ 0.737 ± 0.014 GeV2

KL " %0 2#: aV = $ 0.54 ± 0.12 (S = 2.8)

CP-violation parametersCP-violation parametersCP-violation parametersCP-violation parameters[ee]

AL = (0.332 ± 0.006)%!
!&00

!
! = (2.222 ± 0.012) ! 10" 3 (S = 1.7)

!
!&+ "

!
! = (2.233 ± 0.012) ! 10" 3 (S = 1.7)

!
!'

!
! = (2.229 ± 0.012) ! 10" 3 (S = 1.7)

!
!&00/ &+ "

!
! = 0.9951 ± 0.0008 [hh] (S = 1.6)

Re(' !/ ' ) = (1.65 ± 0.26) ! 10" 3 [hh] (S = 1.6)

Assuming CPT

( + " = (43.51 ± 0.05)# (S = 1.1)

( 00 = (43.52 ± 0.05)# (S = 1.1)

( ! = ( SW = (43.51 ± 0.05)# (S = 1.1)
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d

!

ø"

øu

d
KL ! p

!
!K0"

+ q
!
!K̄0"
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SU(3)C ! SU(2)L ! U(1)Y
〈Φ〉
" # SU(3)C ! U(1)EM

Q = T3 + Y

G W B lLi eR i qLi uR i dR i !
SU(3)C 8 1 1 1 1 3 3 3 0
SU(2)L 1 3 1 2 1 2 1 1 2
U(1)Y 0 0 0 Ð1/2 Ð1 1/6 2/3 Ð1/3 1/2

i = 1, 2, 3, ááá
H�E

lLi =
!

! Li

"Li

"
, qLi =

!
uLi

dLi

"
, ! =

!
#+

#0

"

14



�Y�?�§�è �ï�Ä
ì�“�^�;

15

�®�”�´
ì�“�^�;�w�{��	Ý�6 d!
L , u!

L

L C C =
g2!

2
W +

µ øu!
Li ! µ d!

Li +
g2!

2
W "

µ
ød!
Li ! µ u!

Li

�í�”�w�{��	Ý�6 dL , uL

L C C =
g2!
2

W +
µ ūL ! µ VdL +

g2!
2

W !
µ d̄L ! µ V   uL

V ! U  
u Ud Cabibbo-Kobayashi-Maskawa �æ�»

Ud,u �â�Ç �»�æ�”�æ�»

d!
L = Ud dL , u!

L = Uu uL

15



CP�w��•

16

L C C =
g2!

2
Vij W +

µ øuLi ! µ dLj +
g2!

2
V !

ij W "
µ

ødLj ! µ uLi

CP�!�õ

L CP
C C =

g2!
2

Vij W !
µ

ødLj ! µ uLi +
g2!

2
V "

ij W +
µ øuLi ! µ dLj

Vij �wó
É�•
ì
�«�¥�”�«�w�•
ì�w���[�t�‘�� .

CP�w��• Vij != V ∗
ij
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ó
É���Ø	Í�w�~�¯��

�â�Ç �»�æ�Â�Ÿ�”�Ä�å� �ž�ï�¬ �ç

�~�¯���w���•�Ø
u�x , �«�¥�”�«�w�•
ì�t�‘�’�s�M .

�•
ì�w�6���[�x , �~�¯��
¶�.�w�s�8�t�0� .
3!

k=1

ei ! k V !
k i e

" i ! i e" i ! k Vk j ei ! j = ei ( ! j " ! i )
3!

k=1

V !
k i Vk j = 0

i != j �w�q�V ,
3!

k=1

V !
k i Vk j = 0
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�~�¯���U�m �•�•�s�M

Vij�î
:�p�s�M �U���O
(�«�¥�”�«�w�•
ì�t�‘�’ �c )

�UCP�›��”L C C

�~�¯���w�Ø
u  �d CP�w��•�w�G�V�^
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N=2�x�¼�Ý.

N�¯���U�m �•�•�s�M CP�w��•

N"3 �s�’ OK.

�«�¥�”�«�x��	��¨�Ž	Í .

	–�› ¥�ù
’�wC�_ . �Ê�”�Õ�ç	Æ (2008)

(N ! 1)(N ! 2)/ 2ú�g�$ó
É�•
ì�w
:
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CKM�æ�»�w�Ï��
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VCK M =

!

"
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

#

$

=

!

"
c12c13 s12c13 s13e! i ! 13

! s12c23 ! c12s23s13ei ! 13 c12c23 ! s12s23s13ei ! 13 s23c13

s12s23 ! c12c23s13ei ! 13 ! c12s23 ! s12c23s13ei ! 13 c23c13

#

$

cij = cos! ij , sij = sin ! ij

PDG parameterization
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Wolfenstein parametrization

�î�g : 1 ! |Vus| ! |Vcb| ! |Vub|

s12 = ! ! 0.22, s23 = ! 2A, s13e! i ! 13 = ! 3A(" − i #)

!

"
1 ! ! 2

2 ! ! 3A(" ! i#)
! ! 1 ! ! 2

2 ! 2A
! 3A(1 ! " ! i#) ! ! 2A 1

#

$ + O(! 4)
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B�¤��� �w�,�Š�$
Q�í
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�í�” : mB ! 5.3GeV

	#�Ë :

(mb ! 4.2GeV)
! B ! 1.6ps

SU(3) 3	O�ò(B +, B 0
d , B 0

s ) = (øbu,øbd,øbs)

(B ! , B̄ 0
d, B̄ 0

s ) = (ūb, d̄b, s̄b)

�H�u�7�Ü :

u

øb

f1

øf2

annihilation

d, s

øb

c, u

øc, øu

spectator exchange
q

b̄

q

f 1

f̄ 2

c̄, ū
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V ∗
ubVud + V ∗

cbVcd + V ∗
tbVtd = 0

ø! = ! (1 ! " 2/ 2 + ááá)
ø! = ! (1 ! " 2/ 2 + ááá)

ø!

ø"

0 1V !
cbVcd

V !
tbVtdV !

ubVud

#3 #1

#2

1

24
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1

! mdB ! X u l !
B → (! , " )l#

B ! D ! l !
B ! Xcl!

B ! ! !

B ! DK

B ! J/ ! K S

25
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box diagram

top�w�/�)�U�§��$

M 12(Bd) ! (Vt bV !
t d)2

M 12(Bs) ! (Vt bV !
t s)2

B 0ÐøB 0
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�í�”�)
! mq ! 2|M 12(Bq)| (q = d, s)

0 0.5 1 1.5 2 2.5 3

t/!

0

0.2

0.4

0.6

0.8

1

D
ec

ay
 r

at
e

B
0
(t) !! > l

+
X

B
0
(t) !! > l

"
X

Flavor specific decay

#m/! =2
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ξ = 1.23 ± 0.02 ± 0.03 lattice QCD

∆md

∆ms
=

!
!
!
!
Vt d

Vt s

!
!
!
!

2

! 2 ! : SU(3)�w��•

!
!
!
!
Vt d

Vt s

!
!
!
! = 0.209 ± 0.001 ± 0.006

! ms = 17.77 ± 0.10 ± 0.07ps! 1
! md = 0.507 ± 0.005ps! 1�î�g�‹ :

28
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! (B 0(t) ! f ) " 1 + |! f |2 + (1 # |! f |2) cos! m t

+ 2Im! f sin ! m t

! ( øB 0(t) ! f ) " 1 + |! f |2 # (1 # |! f |2) cos! m t

# 2Im! f sin ! m t

! f =
q
p

! f | øB 0"
! f |B 0"

#
M !

12

|M 12|
! f | øB 0"
! f |B 0"

A f =
! (B̄0(t) ! f) " ! (B0(t) ! f)
! (B̄0(t) ! f) + ! (B0(t) ! f)

= Sf sin∆m t " Cf cos∆m t
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Cf =
1 ! |! f |2

1 + |! f |2

Mixing induced CPV Sf = !
2 Imλf

1 + |λf |2

B 0

B̄ 0

f

Direct CPV

B f
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(CP odd)f = J/ ! K S

SJ/! KS = sin 2! 1 CJ/! KS = 0

sin 2φ1 = 0.681 ± 0.025

�î�g�‹

! J / ! K S =
M !

12

|M12|
=

V !
t bVt d

Vt bV !
t d

= e" 2i " 1
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!  CP�w��•  ~ ó
É�•
ì

3
H�E�p 1�m�wó
É�•
ì

!  	–�› ¥�ù
’�g�æ

�â�Ç �»�æ�Â�Ÿ�”�Ä�å� �ž�ï�¬ �ç

!  B�wú�g

UT�w�%, �¯�S
B 0ÐøB 0 ���ù

(Rare decays, penguin diagram)

(QCD, HQET)
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14 11. CK M quar k-mixi ng matr i x

!

!

"

"

!"#

#$

#$

$"#%&%!"#

'()

%$*+%,

-./012%34%56%7%829:;
%<%8%$=12%>?%0=$%,

./01'!.!%
34%

56%
7%

829:

"

%!

&
!"#$ !$#% $#$ $#% "#$ "#% &#$

'

!"#%

!"#$

!$#%

$#$

$#%

"#$

"#%
./01'!.!%3@.3%A3$%56%7%829:

F igur e 11.2: Const raints on the ø! , ø" plane. The shaded areas have 95% CL.

These values are obtained using the method of Refs. [5,89], and the prescript ion of
Refs. [98,115] gives similar results [116]. The Þt results for the magnitudes of all nine
CKM elements are

VCKM =

!

"
0.97419 ± 0.00022 0.2257 ± 0.0010 0.00359 ± 0.00016
0.2256 ± 0.0010 0.97334 ± 0.00023 0.0415+ 0.0010

! 0.0011
0.00874+ 0.00026

! 0.00037 0.0407 ± 0.0010 0.999133+ 0.000044
! 0.000043

#

$ , (11.27)

and the Jarlskog invariant is J = (3.05+ 0.19
! 0.20) ! 10! 5.

Fig. 11.2 illust rates the const raints on the ø! , ø" plane from various measurements and
the global Þt result . The shaded 95% CL regions all overlap consistent ly around the
global Þt region, though the consistency of |Vub/ Vcb| and sin 2# is not very good.
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