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Research Communities at FAIR

Nuclear Matter Physics with
35-45 GeV/u HI beams, x1000

Hadron Physics

SIS 100/300

HESR

CBM
HADES

Rare Isotope 
Production 
Target

100 m

Nuclear Structure & Astrophysics
with rare isotope beams, x10 000
and excellent cooling

High EM Field (HI) _
Fundamental Studies (HI & p)
Applications (HI)

Plasma Physics:   x600 
higher target energy 
density 600kJ/g

Hadron Physics
with antiprotons 
of 0 - 15 GeV

Special Features:
• 50ns Bunched beams
• Electron cooling of secondary beams
• SC magnets fast ramping
• Parallel operation

Super
FRS

NESR

FLAIR
CR-
RESR

Target

Antiproton
Production 
Target
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)m ∞∑
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sthresh = (Pproj + Ptarg)
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= (Mproj +Mtarg +MX)
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 � ����C
��5 �	� sthresh
� 	�����
����� ���
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�50 �� �	� ���	���� 7
� �
��6
�
�
���G � ����
��� MY 0 ����� �
������ ���

�� F7
� �
 �����

	��� ���� �
���G
��������� ��� m�

.���
�
� �����	
��� � ���

�
 �
�
�� ����� I�2�� B���1�	��
�
������ ���

�� F������
����
� ���
��
��� �� 1���2
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tp→meson = (Pa − Pmeson)
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E∗ 2

a −m, p∗
a
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=

= M2
p +m2 − 2E∗
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a =
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0 
�

E∗
a =

1

2

√
s =
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(Mp +MY +m) .
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p ·
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1 +
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)]
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M
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βcm =
p tot

Etot
, γcm =

Etot

Mtot
,

2�
 Etot = Eγ + m 
�
� 1�	��� 	�����
����� 7�
�2��0 1�� ���
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 10 γ ≈ 1?

u012 = (u1 · u2)
u12 = u1 − u2 · u

0
1 + u012
1 + u02

.
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 u01 ≈ 1 � u02 ≈ 10 
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 u012 = (u1, u2) = u01 · u02 − (u1 · u2) = 1 −
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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
.
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√
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�� � 1�
����6
�
�����
� ;�1�	���� 
� �����	�0 1�	���
�?

γcm =
s−m2

a +m2
b

2mb
√
s

=
s
(
1− m2

a−m2
b

s

)
2mb
√
s

,
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γcm =
s−m2

a +m2
b

2mb
√
s

≈
√
s

2mb
.
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γ =
1√

1− β2
, β2 = 1− 1

γ2
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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

, F"+�,G
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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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��� ���
��0 ��
�C���� 
�	��� �	
�� 1
��
��2� 1������ 1� �
	����
 1/s?

λ1/2
(
s, m2

a, m
2
b

) ≈ s(1− m2
a +m2

b

s

)
.
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1

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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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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 �
�
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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 = γcm (βcmE
∗ + p∗z) , p⊥ = 0 .
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pz = γcmE
∗ (βcm + β∗) , p⊥ = 0 ,
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tan θ =
| p⊥|
pz
≡ p⊥
pz

.
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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
m2

γ2cm

[
γ∗ 2β∗ 2 − γ2cmβ2

cm sin2 θ
]
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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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=
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=
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√
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M2 −m2

2
√
s

, F"+�"AG

� 1�7
���

E∗
µE

′∗
µ = E∗ 2

µ − E∗
µ

M2 −m2

2
√
s

. F"+�"BG

I
1
�� ����
��� 1�����
�
��
� p ∗
µp

′ ∗
µ � .����	��� p ′ ∗ 2

µ = E ′ ∗ 2
µ −µ20


� 1���
��	�� �5�� E ′∗
µ �� F"+�"AG ��

�0 1��	
 �
��	�9�� ���	���

��?

p ′ ∗
µ = p ∗
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′ ∗
µ = p ∗ 2
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√
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