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 �� ������ a0 − a2! �	
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 ������	�� �# ������ ���	����	��� �����#
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F = fse
iδ0

0(s) + fpe
iδ1

1(s) cos θπ, G = gpe
iδ1

1(s), H = hpe
iδ1

1(s). $�%

0��� s = M2
ππ( θπ ��� ��"�����	 ��
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	�	� ��	����	���
 �' 	&� ����
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π+π− → π0π0 ��� "��� "��
� ��� '�������� '�� ππ 
#
	�� �� l = 1 
	�	�
 ��� 	� ����	�	#
�' ���	��� ����
! ���
( 	�� �����
	�� 	���
�	���
 ��� ������ ���# 	�� 9�
	 	��� �� 	�� '���
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 �� ����( ��	 �
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M00 = M̃00(1 + ik1a00) + ik2axM̃+−
M+− = M̃+−(1 + ik2a+−) + ik1axM̃00. $8%

0���( M̃00( M̃+− ��� 	�� 
�.������ =�����	�����> �����	���
 �' ����#
 $*%? 2k1 =√
M2 − 4m2

0( 2k2 =
√
M2 − 4m2

c ��� 	�� �����	� �' π0π0 ��� π+π− 
#
	��
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��� ��"�����	 ��

 M ! ��� a00( a+−( ax ��� 	�� s.&�"�
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�
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#���	�#
����	 	��# ��� ������	�� &�	� 
��		����� ����	�
 a0( a2 	������ 	�� ����	���
/

a00 = (a0 + 2a2)/3, a+− = (2a0 + a2)/3, ax =
√

2(a0 − a2)/3. $�%

5��� 	�� ���� ∆I = 1/2 '�� 
������	���� ����#
 �	 '����&
 � 
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 M̃+− =

√
2M̃00! ;
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 '��� 	��
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#���	�# ����	 $k1 = k2%/

M00 = M̃00(1 + ika0) = M̃00

√
1 + k2a2

0 e
iδ0

0 ,

M+− = M̃+−(1 + ika0) = M̃+−
√

1 + k2a2
0 e

iδ0
0 . $@%
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M00 = [M̃00(1 − ik2a+−) + ik2axM̃+−]/D, M+− = [M̃+−(1 − ik1a00) + ik1axM̃00]/D,

D = (1 − ik1a00)(1 − ik2a+−) + k1k2a
2
x. $A%

�	 �
 ���"�����	 	� ��&��	� 	��
� �1��	���
 �� 	�� '���/

M00 = M̃00

√
1 + k2

2(a+− −
√

2ax)2 eiδ00/|D|,
M+− = M̃+−

√
1 + k2

1(a00 − ax/
√

2)2 eiδ+−/|D|, $B%
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δ00 = arctan
k1a00 + k2a+−

1 + k1k2(a2
x − a00a+−)

− arctan k2(a+− −√
2ax),

δ+− = arctan
k1a00 + k2a+−

1 + k1k2(a2
x − a00a+−)

− arctan k1(a00 − ax/
√

2). $�%
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M00 =
M̃00√

1 + k2a2
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R00 =
tan δ00
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, R+− =
tan δ+−
k2a0
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K± → π±π0π0, $*E%

K± → π±π+π− $**%

��"� � "������� ��'����	��� �� 	�� S &�"� ππ 
��		����� ����	�
 a0 ��� a2 '�� �
�
��� 0
��� 2 ��
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 �' ���	��� ����
M2 = (p1 +p2)
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 +8,/

T = T0 + 2ikaxT+, $*�%

&���� T0, T+ ��� =�����	����	��> �����	���
 '�� ����#
 $*E% ��� $**%( ��
���	�"��#(
��� k =

√
M2 − 4m2/2 �
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;
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 �' �������	�"�
	�� 1���	�� ��������
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T = T0 + 2ikfxT+, fx = ax/D,

D = (1 − ik1R11)(1 − ik2R22) + k1k2R
2
12. $*8%

0���( k1 =
√
M2 − 4m2

0/2( k2 = k =
√
M2 − 4m2/2 ��� 	�� ���	��� ��� ������� ����
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 +@, ax = (a2 − a0)/3( a00 = (a0 + 2a2)/3(
a± = (2a0 + a2)/6 �����
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	�� ��� ���
	�� ����.���� 
��		�����

R12 =
√

2ax, R11 = a00, R22 = 2a±. $*�%
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	���� 9��� r0 �!�!

ik → τ =
d log[G0(kr) + iF0(kr)]

dr

∣∣∣∣
r=r0

. $*@%

0���( F0, G0 ��� 	�� ������� ��� ��������� 
���	���
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τ = ik − αm
[
log(−2ikr0) + 2C + ψ

(
1 − imα

2k

)]
= Re(τ) + iIm(τ),

Re(τ) = −αm
[
log(2kr0) + 2C +Reψ

(
1 − imα

2k

)]
,

Im(τ) = ikA2, A = exp

(
πξ

2

)
|Γ(1 + iξ)|, ξ =

αm

2k
, $*A%

&���� C = 0.577( α = 1/137 ��� ����� ��� 9�� 
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k → iκ �� 	�� ���"� �����

���

τ = −κ− αm
[
log(2κr0) + 2C + ψ

(
1 − mα

2κ

)]
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Mn = 2m− κ̄2
n

m
, κ̄n =

αm

2(n− δ)
,

δ =
1

π
arctan ∆, ∆ = αm

[
a22 − k2

1a11a
2
12

1 + k2
1a

2
11

]
,

Γn =
4πk1a

2
12κ̄

3
n

m(1 + k2
1a

2
11)
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