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s = (Pa + Pb)
2
= m2

a +m2
b + 2PaPb ,

t = (Pa − Pc)
2
= m2

a +m2
c − 2PaPc ,

u = (Pa − Pd)
2 = m2

a +m2
d − 2PaPd ,

s+ t+ u =
c∑

i=a

m2
I + 2P	 (Pb − Pc − Pd) + 2m2

a ;
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��� 1�	��2� B���1�	��� Pa +Pb = Pc +
Pd �	� Pa = −Pb + Pc + Pd0 ��1����� 1�� 7
��0 �
� P2

a = m2
a0
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dσ

dt
∼ πR2

−t · J
2
1

(
R
√−t) ,

 E,
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� 1�� ti = −(Zi/R)

2 � �
������
 ��������� �
C�� ����0
����
� ��
���/ �����

 � ���
�� | t |O
• ����
� 1
���2� ��������� F
� 
� �
	����� �
�
��� dσ/dt(0)GG
������� � 1�	��� �
�
��
� ����
���� � �1�
�
	�

�� ��������
R 9�����O

• ”.����

� ���	���” ������������2� ������ F1
���2� �������
������2� ���������G0 �1�
�
	
���� ��� d (ln (dσ/dt)) /dt(t =
0)0 
��C
 ������ � 1�	��� �
�
��
� ����
����0 �1�
�
	�

��
�������� R 9����� � �
 ������
 �
 ����	���� 7�
�2�� F� ���
�

�� �
��

�G�

L
��� 1�	���
� 1���	�C
���5 �����	� �	� dσ/dt 1�� ��	�/
R
√| t | F� 
��C
 1���
� 1����/�C�
��
 

����� ”�������������

�����”G0 �
��/����� ��1����
� �
��
���
 ����1
�
��
���
 �����
��
������� %
��
	��

; .�
��
��	
��
 � ���
 ����?

Jm(z) =
(z
2

)m ∞∑
k=0

(−1)k
k!Γ(m+ k + 1)

(z
2

)2k
=

=
(z
2

)m ∞∑
k=0

(−z2/4)k
k!

· 1

Γ(m+ k + 1)
.

��1������0 �
� ex =
∑∞

k=0 x
k/k! 	
2�� ����

�0 �
�

J1(2x) = x

∞∑
k=0

(−x2)k
k!

· 1

(k + 1)!
;

J1(2x)

x
− e−x2/2 =

=

∞∑
k=0

(−x2)k
k!

·
[

1

(k + 1)!
− 1

2k

]
;

J1(2x)

x
= e−x2/2 − x4
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J0(xn) = 0 ⇒ xn
π

= n− 1

4
+

0.050661

4n− 1
− 0.053041

(4n− 1)3
+O

(
[4n− 1]−5

)
,

J1(Zn) = 0 ⇒ Zn

π
= n+

1

4
− 0.151982

4n+ 1
+

0.015399

(4n+ 1)3
−O ([4n+ 1]−5

)
.
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Z0 = 0 ; Z1 � 2.233π ; Z2 � 3.238π ; Z3 � 4.241π
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x1 = kϑ1R � 2.233π ; (kϑ1)
2 � 4.986π2
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dσ

dΩ
=| f |2= k2R4

4
· e−k2R2ϑ2/4 F"+�AG

dσ

dt
=

π

k2
· dσ
dΩ

= π · R
4

4
· e−R2·|t|/4 =

σ2
tot

16π
· e−R2·|t|/4 F"+�BG
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b =
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T thresh
projectile =MX+

MX

Mtarg
·
(
mproj. +

MX

2

)
, MX =Mproj+m2−Mtarg .
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sthresh = (Pproj + Ptarg)
2
= (Mproj +Mtarg +MX)

2
, F"+�EG
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sthresh =M2
proj +M2

targ + 2 (Tthresh +Mproj)Mtarg ,

2�
 �C
 ��

��0 �
� Pproj = ((T +Mproj) ,pproj) � Ptarg =
(Mtarg,ptarg = 0)� H�������� ������ ����� 1����� ���
� �����	�
F"+�EG � 1�������� 1�	��
���
 ����C
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��50 tp→meson = (Pa − Pmeson)
2
0 2�
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��� �� 1���2
TG Pmeson =
(m, 0)0 �

tp→meson = (Pa − Pmeson)
2
=
(
E∗ 2

a −m, p∗
a

)2
=

= M2
p +m2 − 2E∗

a ·m , F"+�+G
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 E∗
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√
s0 � �����
0 E∗

a =
√
s/2� .����	��� ������ ������
����

��

�� 1���2
0 
�

E∗
a =

1

2

√
s =

1

2
(Mp +MY +m) .

.���
���� 1�	��
���
 ����C
��
 � �����	� F"+�+G0 1��	
 �
��	��
9�� �	2
�����
���� ���	���� 1��/���� � ������� �����	
?

tp→meson =M2
p ·
[
1− m

Mp

(
1 +

MY

Mp

)]
.

�
��
��� ���	�2����� �������0 �

����� ���
� �����	� �	�
������
�� B���1�	����0 1
�
�����/ �
 1�� ”1������� 1��
�� N ����
�
����� 1��
��” �	� ”1������� 1��
�� N ������ Y ”�

5����� 	; #������� � 1
����� 1���
� ������? "G ��1�	����

 �1�
�
�
	
��
 1���2� �
����� � �����	�

 7�
�2�5 ��
��� Ethresh

γ � 	��
����
����� ���

�
 �� 1���2
 ������
����
��� �
�����O  G �����


������
� βcm ���

�� �
�
�� ���� 1�� Ethresh

γ O AG ���� 7�
�2�5 �
��1�	�� ��C�
���2� φ��
���� � ���

�
 �
�
�� ����0 �����

 �
�


�� 1��
��	
���� ��1���0 ��1�	��� 	��
��
����
 1�
����������
 ��
������ � 	��� �	� ��1�	��� φ��
����� .��	
 �
�

� �� ��1���� 1
���2�
1���
� ������0 �������� �	� 1����� �
�

� �� ��1���� 

 �
���2�
1���
� �
 
�
��5
���

5����� #;
�
��
��� 
�� C
0 ��� � 1�� �
9
��� ������ +0 �� ���
����0 �
�

M 
= m0 �

����� ����

�0 �
� 1���2���� 7�
�2�� ��
��� � 	��� 
�
�

Ethr
γ =M ·
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1 +

M
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βcm =
p tot

Etot
, γcm =

Etot

Mtot
,
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 Etot = Eγ + m 
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s0 � p tot = pγ + ptarg = pγ 
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 + 
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u012 = (u1 · u2)
u12 = u1 − u2 · u

0
1 + u012
1 + u02

.
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u12 = u1 − u2 .
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s = (Pa + Pb)
2
= m2

a +m2
b + 2Eamb ;
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Ea =
s−m2

a −m2
b

2mb
.
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pa =
λ1/2

(
s,m2

a,m
2
b

)
2mb

,
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βcm =
pa

Ea +mb
≈ 1− 2m2

b

s
, γcm =

s−m2
a +m2

b

2mb
√
s

≈
√
s

2mb
.

-� � � 
; 4��
��
����� 2��������
��0 1� �1�
�
	
��50 
�
� �
�
��9
��
 1�	��� 7�
�2�� ���
��� F�	� ���

�� ���
��G � 

 7��
��

����� ����
 F�	� ��������� ���
��� 7
� 1���
� ����� ���
���G�
3��������
�� �	� ���

�� �
�
�� ���� F� 	��� ���

�
G 
�
�0 
���

γcm =
Ea +mb√

s
,


�� ��� 1�	��� 7�
�2�� ����	���2� ���
����� 
�
� Ea + mb0 � 7��
�
�
����� ����� ����	���2� ���
����� 
�
� �
 �
� ���
0 ���

√
s�

����C
��
 �	� Ea �
�
� �
	����� s ��	� 1�	��
�� � 1�
����6
�
�����
� ;�1�	���� 
� �����	�0 1�	���
�?

γcm =
s−m2

a +m2
b

2mb
√
s

=
s
(
1− m2

a−m2
b

s

)
2mb
√
s

,

�
� � 1�
�
	
 s� m2
a0 s� m2

b 0 ��2�� � ���	�

	
 ��C�� 1�
�
��
��
�
���� �	
��� � ������/0 ��

 ������
 ����C
��


γcm =
s−m2

a +m2
b

2mb
√
s

≈
√
s

2mb
.
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βcm =
pa

Ea +mb
≈ 1− 2m2

b

s
.
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βcm =
λ1/2

(
s, m2

a, m
2
b

)
s−m2

a +m2
b
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λ1/2
(
s, m2

a, m
2
b

)
= s

(
1− 2

m2
a +m2

b

s
+

(
m2

a −m2
b

)2
s2

)1/2

,
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λ1/2
(
s, m2
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b

) ≈ s(1− m2
a +m2

b

s

)
.
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s−m2
a +m2

b

=
1

s
(
1− m2

a−m2
b

s

) ≈ 1

s

(
1 +

m2
a −m2

b

s

)
.
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βcm =
pa

Ea +mb
≈ 1− 2m2
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s
.
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pa =
λ1/2

(
s,m2

a,m
2
b

)
2mb

, Ea =
s−m2

a −m2
b

2mb
, Ea+mb =

s−m2
a +m2

b

2mb
.
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�� ma = mb = m?

βcm =
pa

Ea +mb
=
λ1/2

(
s,m2,m2

)
s

.
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β ∗
a =

p ∗

E ∗ ,
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β ∗
a =

p ∗

E ∗ =
λ1/2

(
s,m2,m2

)
s
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βcm = β ∗
a �	� g ∗

a =
βcm
β ∗
a

= 1 .
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pz = γcmE
∗ (βcm − β∗) , p⊥ = 0 ,
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tan θ =
| p⊥|
pz
≡ p⊥
pz

.

� ���2�� �
�����0 ��
�����0 �
� p⊥ = p ∗
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pz = γcmE
∗ (βcm + β ∗ cos θ ∗) , p ∗ = β ∗E∗ .
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tan θ =
sin θ ∗

γcm (g ∗ + cos θ ∗)
, g ∗ =

βcm
β ∗ .
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E∗ + βcmγcmp cos θ = γcm
(
p2 +m2

)1/2
.
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p2
(
1− β2

cm cos2 θ
)− 2pmβcm

γ∗

γcm
cos θ +m2

(
1− γ∗ 2

γ2cm

)
= 0 .
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4D̃ = 4m2β2
cm

γ∗ 2

γ2cm
cos2 θ − 4

(
1− β2

cm cos2 θ
) ·m2

(
1− γ∗ 2

γ2cm

)
,
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D̃ = m2

[
β2
cm cos2 θ +

γ∗ 2

γ2cm
− 1

]
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cos2 θ + sin2 θ = 1 , γ∗ 2 − 1 = γ∗ 2β∗ 2 .
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4D̃ = 4
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p± =
m

γcm
· βcmγ

∗ cos θ ± [γ∗ 2β∗ 2 − γ2cmβ2
cm sin2 θ

]1/2
1− β2

cm cos2 θ
.
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µ)

2
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2
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µE
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µ cos θ
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tmin = 2µ2 − 1

2s

[(
s+ µ2 −m2

) (
s+ µ2 −M2

)−
− λ1/2

(
s, µ2,m2

)
λ1/2

(
s, µ2,M2

)]
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εµm =
µ

2Eµ
=

mµ

s− µ2 −m2
, εµM =

µ

2E ′
µ
=

Mµ

s− µ2 −M2
.
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(
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)2 − 4m2µ2
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=
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(
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) (
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=
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(
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) (
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(
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))
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(1 + x)1/2 = 1 +
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E ′∗
µ =

s+ µ2 −M2

2
√
s

= E∗
µ −

M2 −m2

2
√
s
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E∗
µE

′∗
µ = E∗ 2

µ − E∗
µ

M2 −m2

2
√
s
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µ � .����	��� p ′ ∗ 2

µ = E ′ ∗ 2
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p ′ ∗
µ = p ∗

µ

[
1− E∗

µ

p ∗ 2
µ

· M
2 −m2

√
s

+
1

p ∗ 2
µ

(
M2 −m2

)2
4s

]1/2
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′ ∗
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µ
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1− E∗

µ
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µ

· M
2 −m2

√
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+
1

p ∗ 2
µ

(
M2 −m2

)2
4s

]1/2
.
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p ∗
µp

′ ∗
µ = p ∗ 2

µ

[
1− 1

2

E∗
µ

p ∗ 2
µ

· M
2 −m2

√
s

+
1

2p ∗ 2
µ

(
M2 −m2

)2
4s

−

− 1
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p ∗ 4
µ + µ2

p ∗ 2
µ

·
(
M2 −m2

)2
s

+

+
1

4

E∗
µ

p ∗ 4
µ

·
(
M2 −m2
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4s
√
s

− ...
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l =
kf + ki∣∣kf + ki

∣∣ , m =
kf − ki∣∣kf − ki

∣∣ , n =
ki × kf∣∣ki × kf

∣∣ ,
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l = m× n , m = n× l , n = l×m .
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∣∣ · ∣∣ki × kf
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ki × [ki × kf ] = ki (ki kf )− kf (ki ki) = ki cos θ − kf ,

kf × [ki × kf ] − ki × [ki × kf ] = (ki + kf ) (1− cos θ) ,

2�
 θ � �2�	 �
C�� 
��������� �
�
����� kf � ki�
I
1
�� ������
��� ����
��

	�?

∣∣kf − ki

∣∣ · ∣∣ki × kf

∣∣ = sin θ
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2 (1− cos θ) = 2 cos
θ

2
(1− cos θ) ,
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2 cos θ/2
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