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Caloric curves and phase transition

Constant-pressure caloric curves

20 @ Negative heat capacity was obtained.
(First order phase transition)
15
@ From liquid-gas coexistence to gas phase

s
210 P o Consistent with the quantum relation E;, = aT?
. \ with @ = A/(8-13 MeV).

5 1!\,\ / o Critical point (T, Po) ~ (12 MeV, 0.2 MeV/fm®)

”Tz /8 7 “— Etotal/Atota=(3/2)T
0o 1/0 PP — Furuta and Ono, PRC79 (2009) 014608;

Elotal Avotal [MeV] PRC74 (2006) 014612.
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Antisymmetrized Molecular Dynamics

AMD wave function

‘& é.> Initial State [D(Z)) = dﬁt[ eXp{—V(l‘j Xal (]) ‘ @ @>
‘U’ Branching
/ \ N / \

//\L\ V7 PN Z, = \fD // \\ Antisymmerization o \
1 1 .«—> —_— / \\
/x \ N o f N “‘/ \_
) v :  Width parameter = (2.5 fm)~2 N o
[ .. +c2. N +Cy . + P \\ ‘J/
' 0.. e Xo; © Spin-isospinstates =p T,p L,n T,n | \J

Stochastic equation of motion for the wave packet centroids Z:

d

EZ,» ={Z;, H}pg + AZ;(t) + (NN collisions)

@ Mean field (Time evolution of single-particle wave functions)

@ Nucleon-nucleon collisions (as the residual interaction)

Energy is conserved. No temperature in the equation.
Quantum effects are included.
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Isospin Effects in High Density Region

BRCES

) and p,(r) at t = 30 fm/c

pp(r

p(r) [fm™?)

p(r) [fm™®)

Au + Au E/A = 150 MeV
b<1fm
Gogny
t=30fmic
b —
n—
Gogny
s 10 i5 2
1 [fm]
Au + Au E/A =150 MeV/
b<1fm
Gogny[C(po)]
t=30fmic
p -
n—
Gogny-AS
v s 10 i5 20
T [fm]
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97Au + 97Au, 150 MeV/u, b < 1 fm

Ono, PTP Suppl 146 (2002) 378.
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Cluster correlations

H n . E o
E/A = 150 MeV

Deuteron pole in nuclear matter (T = 0)

© 1000 \
>
=
=, 800

[ )
N deuteron @@ . @
€ 600
5 0500
GEJ 400 |~ 7 @@ .. ..
(o]
= E/A = 250 MeV
S 200 b
(=} L. ; e JopoOooo
o L Coop‘er pair
§ %% 100 200 300 400 500 @ JOOOOO

p. [MeVic]

deuteronization e 00O

Danielewicz and Bertsch, NPA 533 (1991)
712.
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Cluster formation

—

During the time evolution of AMD, \\/.gf

@ Cluster formation

@ Propagation /'/\>.:4.§
@ Breakup ;I

N1+B1 + N2+Bg —)C1+Cg‘

@ N;, N, : Colliding nucleons @.‘
.
P1 + q

@ B;, B, : Spectator nucleons/clusters

@ Ci, G, : N, (2N), (3N), (4N) V)’:
do

70 = Fin K@ lpT DI Kphlp, >|2

c.f. Danielewicz et al., NPA533 (1991) 712.
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Effects of cluster correlations

40Ca +“°Ca, E/A = 35 MeV, filtered violent collisions

w/o cluster correlations with cluster correlations experiment

B C-Ne
o] 6.7 p 4.4
d 1.5 d 1.8 Effects of clusters
t 0.3 t 0.5
He 0.3 He 0.6 oM |
a 27 a 5.0 oM, 1T
° YwmZ |

Coherence time: Tnn-coll
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Collision Dynamics and Isospin Fractionation

Sn+SnatE/A=50MeV, 6<b<8fm

Liquld=0D0000000000
24gn 4+ #gnoooooooon

Nig = Ziiq °
0= N ¥ 7y °
02 liq lig
124sn +|248n .
0.18 1248'_I +112S'_I .
— M2g, 124g,
T T L 1123n +|128n
© 014 @ Fractionation/Distillation0 0 O O

S(0D0)<s@D)

e J000UUUUUDN Y(N,Z2)OuOoO
O Isoscaling 0 O O
0 50 100 150 200 250 300 S>00000000oogooo

Time t (fm/c)

AMD 00000000 MM Skyrme SLy4

0.08
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Isospin Diffusion

124Sn + 1248n

Sn+SnatE/A=50MeV, 6<b<8fm

Liquld=0OO0OOoooooooo

Niq — Zj; L
=_—2 "8 Projectile-like (p. > 0)
Niig + Ziig
0.2
124Sn +124Sn
0.18 124g,  M2g,
— 1'23n+1243n
T T S N 1|an +1‘28n
w 0.14

0 50 100 150 200 250 300
Time t (fm/c)

AMD 00000000 M Skyrme SLy4
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Isospin Diffusion — Transport Ratio

6000000 Transport Ratio

6<b<8fm San + 1
@ AA =124Gn +1243n
1
0ap T Ri @ AB ="%8n +'28n
— 2g, 124g,
0s @ BB = '128n 4+ 112gp
£ o 2045 —0aa—0
s Ri(5) = 2048~ 0aa — Obp
é 0 533 + —1 6AA - 6BB
05 000000000000000000
e 00 t000D00O0O0O0ODOODO
-1
e $000000000000DO XOO
0 50 100 150 200 250 300 oo
Time t (fm/c)
AMD 00000000 Skyrme SLy4 Ri(0) = Ri(X)
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Dependence on Impact Parameter, EOS and Model

t = 300 fm/c O O Transport Ratio ImQMD 0O O
M.B. Tsang et al., PRL102 (2009) 122701.

0.8 .
R, v, ImQMD
06 2.0 ' -
o 05 o3~ T
g 02 08
s 0 1245n 4+ 123
H
I3
§ -0.2
= 0.0 b
0.4
— gy teg e
0.8 Y e T . o
Rl -0.5F _ _I
0 2 4 6 8 10 12 T
Impact parameter b (fm)
L
4 6
AMD 00000000 Skyrme SLy4 b (fm)

ooooooooOoobooooooo
e EOSOD0DDDODDDDDDODODOIsospin Transport 00 0O
e JI0O00OOOOCOODOOODOOOOODOOODOOOOOOOODOODODOOO
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Dependence on Impact Parameter, EOS and Model

t = 300 fm/c O O Transport Ratio ImQMD 0O O
M.B. Tsang et al., PRL102 (2009) 122701.
1
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