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� → � + � ) =

| � !#� |
�

| �"!#� |
�
+ | � !$� |

�
+ | �"!#� |

�

� {DF �&>�>2E <%>�{DF�:1?�>�C C\:1?,I�ED|	� ��
 � ��J��wA��D> � >  Z{DA�?�J�E � ���S4 � {�EDC^4
Φ

�
|�I  1I�E�| ���

=
�
.
��K + � . ��


− � . ���
{�EDC��

=
�
.
M�� + � . 
��

− � . 
�

�V?�>�F��&>%��A�I  >2} ��
�� �&I F ?�>�F�:1} AGF

IpE | �"!#� | =
�
.
M��1� + � . � � �

− � . ��� �
��� � !#� | =

�
.
M�� � + � . � � 


− � . � 

�
�V?�>�F��&>%��A�I  >2} � 
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� TBWZTVR�f h
Ux[\W�h�]rUb]V_ | ��� � | [@U k | � � � |
$VJ2A �`{Z?�> C�>�AG>2?�<LI�ED>�C
�G?�J�< AGJ�� ��: {Z?�� ��J�E�A$?,Ip�1:�A�I J�E�F IpE A��D> } JBJ��
IpEDC�: ��>�C � � ��: {Z?�� A$?�{�E�F�I A�I J�E�F�
'�w>2? � �Z?�>%�ZI F >Q< >�A��DJBC �Z?�J� 1I C1>�C^���=A �D>
J2F��ZIp}!} {DA�I J�E�F J�� � �� ¯� �� < >�F J�E�F � � = 	 , � 	�


∆

 � =

� ��
N
π
� η � 
���� ( � �� � � � ) 
 � ���

( 	 ! )| � ! � � ∗!#� |
�

� = (
�
, � )


SFHF�:1<LI�E�| | � !#� | =
� ⇒ | � !#� | = (

�
. � ± M

.
�
) × ��M

−
� 


���D>2?�> {Z?�> A �D>�J1?�>�A�I ��{�}�:1E ��>2?�A�{1I�E�A�I >�F ��J�E1ED>%��A�>�CQ��I A�� >��ZA�?�{��&J�} {DA�IpE�|`A��D>
}!I |���A � ��: {Z?�� < {�FHF �,A
���1I ��{�}!} � ≈ ��M&M z=> ��	0AGJQA �D> �'�%�DF�I ��{�}� 2{1}�:D> J�� 
��
� ≈ � z`> ��	 I�E A �D>��&{�AGA�I ��> ��{1} �2:1} {DA�I J�E�F�
 � J ?�>�C�: ��> :1E ��>2?�AH{1I�E�A�I >�F���A �D>
} {�AGA�I ��> ��{1} �2:1} {DA�I J�E�F6C1>�A�>2?�< IpED> A�� >Q?�{�A�I J

ξ = ( � ��
 √ � �
)/( � ��� √ � �

)



| �"!#�
/

� !$� | =
M
.
K&M&� + � . � � 


− � . � � �
��>�����	 + � . � ���

− � . � � 

�,A �D>�J'	�
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W

W

s d

d s
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(a)
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s d

d s

W W

(b)

���D> ���! 1I J�} {DA�I J�E � {DF � ?�FHAnJ���F >2?  >�C IpE A�� > ED>2:�A$?�{�} �@{ J�E�F�
 � A I F
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���D>L{DF���<L< >�A�?&� IpE A �D> C1>%��{��DF J��SJ��1�&J2F�I AG> � � {Z?�|1>�C � {Z?�A�I �2} >�F�{1�1�&>�{Z?
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C�I�{�|�?
{1<%F ��I A �LC�I � >2?�>2EDArFHA$?�J�E�|d{�EDC � >�{1�d��� {DF >�F�
�� �D> FHA$?�J�E�| �'� {�F >
I F A �D> F�{�<%> �,J1? � ( � + → � +)

{�EDC ¯� ( � − → � −)
<%>�F J�E=C1>%��{��DF

{�<L�1}!I A$:DC1>�F��y{DF6FHA�?�J�E�| I�E�A�>2?�{ ��A�I J�E�F�{Z?�> ��� � ��J�E�F >2?  1I�E�| 
����D>
��J�?�?�>�F��&J�EDC�IpE�| � >�{1� �'� {�F >�F {Z?�> J��SJ����2J2F�I AG> F�I |�E 
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Vud

W
+

d

b

d

u

d

u

V
∗

ub

W+

q = u c t

d

b

d

u

u

d
V ∗

qb Vqd

� � {1EDC ¯� � C�>%��{��DF�A�J
π+π−


 ���&I F A
���&> J�� �"�  1I J�} {DA�I J�EQI F �&J2FHF�I��1} >
J�E1} �dIpE ED>2:�A$?�{1};<%>�F J�EDF C�>%��{��DF�
 �sE�A�>2?&�,>2?�>2E ��>Q�&>�A#� >�>2E=A �D>Q�Z?�J ��>�FHF >�F��
� � → π+π−

{1EDC � � → ¯� � → π+π−
��{1:DF >�F�A�� > A�Ip<%> � C1>2�&>2EDC1>2EDA

{DF���<L< >�A�? � 


Aππ =
Γ(¯� � ( � ) → π+π−) − Γ(

� � ( � ) → π+π−)

Γ(¯� � ( � ) → π+π−) + Γ(
� � ( � ) → π+π−)
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OQa [ R�f ]rUwh
Pwf f ] kST�X

���D> ?�>�{ ��A�I J�E � � → � /Ψ
� �� , �

I F <%>�C�I {DAG>�C ��� �&J%�QC�I�{�|�?�{�< F � I A � �
{�EDC �̄ J�E A �D> >�� A�>2?�E {�}*}!I�ED>�F�
 � � > C1J�< IpE {�A�I�ED| } JBJ�����J�E�A$?,I��1:DA�I J�E
FHA�>2< F���?�J�< � 


ρ+iη 1−ρ−iη

βγ

α

C=(0,0) B=(1,0)

A=(ρ,η)

���D> ��� {DF >L{��1�&>�{Z?,I�ED| I�E A �D>Q<LI ��IpE�| �1I >2} C&F K
β



���D> � J1?�} C {  >2?�{D|1>
��$ 
 $ 
�� {�EDC $ 5 � ��5 <%>�{DF�:1?�< >2E�AGF�	6I F
F�IpE@K

β =
M
.
N&� � ± M

.
M��&K 


���D>L{  >2?�{D|1>  Z{�}!:D>�F���F�IpE@K
β � /Ψπ � =

M
.
N � ± M

.
K����*{�EDC

F�IpE@K
β
�

+

�
− =

M
.
K � ± M

.
N�� {�EDCdF�IpE K

β
�

∗+

�
∗− =

M
.
��� ± M

.
K�� {Z?�>

��J�E�F�I FHAG>2EDA ��I A��&IpE �,F�I ��>�{��1} > 	%:�E ��>2?�AH{&IpE�A�I >�F�
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e9T*[yX�PSR�f TVU*WDX ]V_QX�h�U��
α

���D> C�I�?�>%��A <%>�{DF�:1?�>2< >2E�AGF J��wF�I�E
(
K
α)

{Z?�> J���AH{&IpED>�C A �1?�J�:�|�� � → � �̄ �
A$?�{�E�F�I A�I J�E�F�

� � � � {Z? <L} >�FHF C1>%��{��DF�{Z?�> A �D>�J1?�>�A�I ��{�}!} �`} >�FHF �2} >�{�E A��Z{1E :�F >�C`A�JL>�� A$?�{ ��A
� ��� K

β
�V�&>%��{�:�F > A �D> �Q{Z?�>Q< >�C�I {DA�>�C � � � → � �&>2E�|�:&IpE`{�EDC � → � �̄ �

A$?�>�> C�I�{�|�?�{�< F6J�� C�I �V>2?�>2E�A ��� {DF >�F%{�EDC A �D> F�{�<%> J�?�C1>2? IpE
λ


 ���D>
{ C1C�I A�I J�E {1}*?�>2} {DA�I  >`��� {DF >

∆α
I F6>�� A$?�{ ��AG>�C �G?�J�< A��D>`I F J2F��&I�EL{�E {�} �DF�I F�


�VJ�E�FHA$?�{&IpE�AGF��

I
��?�J�< � � → π+π−

M
◦ < α <

� �
◦

J�? ���
◦ < α <

���&M
◦



I
��?�J�<

ρ+π−
�
ρ−π+ {�EDC

ρ � π � α = ( � � + 

�
− � )◦

I
��?�J�< � → ρπ

C1>%��{��DF
α = ( � � + 

�

− � )◦
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l RHT�X1TVU*W XZW&[\W�P;X^]x_
γ

� >%� �1E&I ��:D>�F=:�F >�C �,J1? >�� A$?�{ ��A�I J�ELJ��
γ

I
�
± → � � ±

C1>%��{��DF
� �D> |1J�} C1>2Ed< >�A��DJBC A�JY<%>�{DF�:1?�> A �D> {�E�|�} >

γ
I F��G?�J�< A�� >

I�E�A�>2?&�,>2?�>2E ��> J�� � + → ¯� � � + {�EDC � + → � � � + A�?�{�E�F�I A�I J�E�F�

� �D> >�� A$?�{ ��AG>�C���J�E�FHA$?�{&IpE�AGF J�E

γ
�1I >2} C �

γ = (
N�� +


 �
−


� )◦

I
� → � (∗)±π∓

C�>%��{��DF
� �D> {�E {�} �DF�I F�J��nIpE�AG>2? �#>2?�>2E ��>=�&>�A#� >�>2E����nz � ��{% ZJ�:1?�>�C {�<L��}�I A$:DC1>
J�� � � → � (∗)−π+ {�EDCdC1J�:��1} ���"� z � F�:�� ?�>�FHF >�C {1<=�1}�I A�: C1> J��
� � → � (∗)+π−


����D> J���AH{&IpED>�C
 2{1}�:D> �1I >2} C&F
F�I�E

(
K
β + γ) =

M
.
� + � . 
 �
− � . � �
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� a T PSUwh�W&[VR$h�W � WZT�XZWDX

�VJ�E�FHA$?�{&IpE�AGF J�E��"� zv>2} >2<%>2E�AGF��
I
� �D>�� ?�FHA ?�J��

| � ��� |
�
+ | � ��� |

�
+ | � � � |

�
=

M
. � � � K ± M

.
M&M��&�

.
� � 	

I
� �D> F >%��J�EDC^?�J��

| ��� � |
�
+ | � � � |

�
+ | ����� |

�
=

M
. � N&� ± M

.
�����

.
z=J�?�>Q�Z?�>%�ZI F > C1>�A�>2?�<LI�E {DA�I J�E I F6J���AH{1I�ED>�C �G?�J�< F�:1��A$?�{ ��A�I�ED|!� � 	
�G?�J�< A��D>���5 � � K <%>�{DF�:1?�<%>2EDA �

| � � � |
�
+ | � � � |

�
+ | � ��� |

�
=

�
.
M&M�� ± M

.
M&K �

.
� K�	

I
� �D>�� ?�FHA ��J�}!:1<=E

| ����� |
�
+ | ����� |

�
+ | �"!#� |

�
=

�
.
M&M�� ± M

.
M&M��

.
� ��	
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I
� �D> F�:1<

α + β + γ = (
��� � + � �

−

 � )◦. � � 	

���D> >����&>2?,Ip<%>2E�AH{1}�} � J���AH{&IpED>�C
 2{1}�:D>�F J��@A �D> ���nz � {Z?�{�<%>�A�>2?�F%{�EDC
���Z{�F >�F%{Z?�> ��J�E�F�I FHA�>2E�Ar��I A � A �D> A���?�>�> |1>2ED>2?�{DA�I J�E�F 7Vz 
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 }�}'��J�<L�&IpED>�C ?�>�F�:1} AGF {Z?�> :�F >�C
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