
� � � � � � � � � 	 
 �

�  � � � �

� � � � � � � � �
� � � � � � � � � � � � � ! "
� # $ % & ' ( � ) * +

# $ % & ' ( , � � �
� � � - .0/ � 1 2 3 4 5 6 7 8 9 : / ; < 9

= > ? @ 8 A
� B C D E B C B C
� # $ % & ' ( , � F G H I J KL� M N 8 A
� � @ 8 A
O P Q R S T � � �
� U V W � � 5 6 7 8 9 : / ; < 9
� � � � � � � �X� � � ! " Y[Z \ ] U V � � � ^ _ +
� ` a b c d � e f g h i j � f
� ` a b c d k c B C
� l m � 8 A

n o p q r
# $ % & ' ( h s t u � � � v � w x y p � z

{ | � � � } s ~ � � � � � � �
� s � �
O P Q R S � z � � $ � � � � � � � � � } �



� � � � � 	 � �
) � � J�� � � � � � ��� �   - ¡

¢ £ ¤ ¥ ¦ § ¨ © ª « ¬  ® ¯ £

� � ! "
� � ! "
� n ° ± ²´³ J�� �
� µ K ¶ J ·0� �
� � � � � � � ! "

¸¹¸º¸
» § ¼¾½ § § ¿ À

� Á Â Ã Ä -
� Á Â Ã Ä Å Æ Ç È u É Ê

1 2 Ë Ì � � � Í � � � Î Ï Å Ð Ñ Ò , Ó Ô�Õ Ö < 9

� ) � � J ' ( × Ø Ù � Ú Û × Ø T Ü Û Ý Þ ß à á â ³ ã
ä å Ä

æ Ô Ìèç é ê ë Í ì í î ï ê ð

ñ ò ó ô õ ö ã ÷ ø ù úüû ý þ ÿ ó ô õ ö ã � Û â � ã î �
� ê

ñ � � � � � 	 
 � � ï Ø  Û ï Ø ä � Ü Û â � ã �



~ 
20

0 
M

eV

ρ 0

S
u

p
er

C
o

o
le

d
 N

u
cl

. M
at

te
r

N
u

cl
eo

n
 L

iq
u

id

Q
G

P B
la

ck
 H

o
le

E
xp

an
d

in
g

 M
at

te
r

T

N
u

cl
eo

n
 G

as

H
ad

ro
n

 G
as

H
ig

h
 E

. H
IC

S
o

lid

ρ 0
~ 

10
 

5 
~ 

8 
M

eV

N
o

rm
al

 N
u

cl
ea

r 
M

at
te

r

M
es

o
n

 C
o

n
d

.

In
te

rm
ed

. E
. H

IC

E
ar

ly
 U

n
iv

er
se

S
u

p
er

N
o

va N
eu

tr
o

n
 S

ta
r

Q
u

ar
k 

P
ai

ri
n

g

N
u

cl
eo

n
 P

ai
ri

n
g

S
p

in
o

d
al

ρ B

H
ad

ro
n

ic
 M

at
te

r 
P

h
as

e 
D

ia
g

ra
m



� � � � � � � � � �
�������! #"%$�&('*),+.-!/0"#�1/#243657+98;:#<

0.2 0.4 0.6 0.8 1 1.2 1.4

50

100

150

200

250

early universe=

LHC

RHIC

baryonic chemical potential µB [GeV]

te
m

p
er

at
u

re
 T

 [M
eV

]

SPS

AGS

SIS

atomic
nuclei neutron stars

chemical freeze-out

thermal freeze-out
>

hadron gas

quark-gluon
plasma

deconfinement
chiral restoration

? $�&@-BAC #' 8;$�&@ACDE"( #'



F � G H I � J K L
���M+4/0"N$� #O�P( #'E'E Q&(�; #'*�ERTSVUWS7XY365 8;/#'E'E [Z\�M]_^`��36a@)�+.bcUWd#e�RBfM:[e#a()Eg@h#i#h��

j j
k l m l

npo@q0r s t jvu nwo@qxr s y�zE{ j | }
~ � � � � � � � � � � �



� � � � �
�w�MX�fMS7�[/#�!�!DE��/�&@�� #'*��RT�������B^�S75736UWa.+9U���i#d#��RT�#h[h#h#a!��g(:

� ë � â � � � ú � � ¡ ¢ £ ¤
� ç ë ¥ � � � ú � ¦ � � § �
¨ © ª � � ª ¥ � � � ú � � § �

� « ª ¬  ó ô õ ö ® ¢ ¯ ° ±
² ¢ ³ ´



µ F ¶ �

Neutron, E ~ 1 MeV

Fission Radioactive
Elements

GeV Proton

Secondary
Reaction

Decay of Unst. Frag.
(Q-value, <n>, ....)

p, π, α,  d

Neutron
γ, α, p

Fragment 
Formation

Nuclear Physics
(Reaction)

Nuclear Physics
(Structure)

ñ · ¸ ¦ û ý ¹ � � º � ¦ û ý
» � ¦ ¼ ½ ¾ § ¿ À Á � ¦ Â ® Ã
Ä�ÅÇÆ_ÅÉÈÊÅÉË7ÅÇÌ�ÅÉÍ9Å Î Ï ¦ zÐz0z ¢ Ñ Ò

Ó ÎÕÔ � Ö×´ ¢ Ø Ù ¼ Ô ¼ ½ ¾ §Ú» � Û Ü ¾ § ÎÕÔ � ¦ Â ® Ã
Ó Ý Þ ß à á ® âäã Á å æ º � ç è

» å ¦ ¼ ½ ¾ § ¿ À Á å Î Ô å ¦ Â ® Ã
éëê ì í î ï ð ñ ò ó ï ô õ ö ÷ ø ù ú
â Ï û ü ý þ ÿ � � � � � � ��� Ñ Ò ý þ ÿ



	 
 � �
 � � � � � � �

ê � � î � � � � î � �
Ó � ç è � � �  ! " # � $ � % & ' ( ) �  * +
, - . / � 0

� 1 2 3 4
Ó 5 ! 6 7 � � 8 9 � : ; < = > � ?A@ B � C ' . D

E 3 4 F G H ó I
JLKNMPORQTSVUXWNY[ZX\L]_^a`cbd`cegfihjfRklfmSPnofRpq`srutXvwZXxRyizjK|{ixRWNxR}jMP~

0

20

40

60

80

100

20 40 60 80 100 120 140 160

A
rb

itr
ar

y 
U

ni
t

�

θLab

PBEAM=12.0 GeV

� 5 ! 6 7 � � 8 9 � : ; < = > � ? @ B � C ' . D
� û � < ' � � � ' � D

� � � � � � � ' � � ý þ ÿ � �
� � � � � � � � � � � � � � � �



	 � � � � � � � � � � �

Initial Cascade

Multiple Scatt.

+ Mean Field Evol.

Fragmentation

Coulomb Expansion
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