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∂
∂ pi

ṗ i=
∂
∂ pi [−

∂H
∂q i ]

∂
∂ qi

q̇i=
∂
∂ qi [

∂ H
∂ p i ]

Sumando

∂
∂ pi [−

∂ H
∂ qi ]+

∂
∂q i [

∂ H
∂ pi ]=0=∂

∂ pi

ṗi+
∂
∂ qi

q̇i



  

0 !!!

en Γ  space

derivada convectiva



  

ρ∑
i=1

(
∂ q̇i

∂qi

 + 
∂ ṗi

∂ pi

)  = ρ∑
i=1

(
∂

2 H
∂q i∂ pi

 - 
∂

2 H
∂qi∂ pi

)  = 0

usando corchetes de Poisson

∂ρ

∂ t
 = −{ρ , H }

usando el Liovilliano

i L̂  = ∑
i=1 [

∂H
∂ pi

∂
∂qi

 - ∂H
∂qi

∂
∂ pi ]⇒

∂ρ

∂ t
 + i L̂ρ  = 0 ∂⟨A ⟩

∂ t
 = 

1
i ℏ
⟨ [ A , H ]⟩



  

Atención



  



  



  



  

Pesa las distintas
Regiones del 
espacio de fases 
De modo que no
Diverja la integral



  

aquel que:

 =  
μ0(A )

μ0(Γ)



  



  



  



  



  

x(0)

x(t)

w(t)

w(0)

trayectoria

Trayectoria “vecina”

de 



  



  



  



  



  

TRF < 0 !!!!!!!



  



  

N
PPP iii

1
010 Aproximamos numero de posibles nuevos

 intervalos involucrados en la 
evolucion a partir de i0



  

N=numero de celdas
visitadas



  

K=−[∑ le−λ ln (le−λ )−l ln l ]
K=−eλ le− λ ln (le− λ )+l ln l
K=l ln l−l ln l+lλ=lλ



  



  

l

l exp(y)

l exp(x)

Pi0=l2

Pi0,i1=l2e

K=

En dos dimensiones 

Nuevamente K y  , ademas al contraerse no baja el numero de celdas



  

lo visto al ppo.)



  

*



liouvilliano



  

∂ F (q , p ;t )
∂ t

≡∂t F (q , p : t )=[H (q , p) , F (q , p ;t )]P

Ecuación de Liouville

∂t F (t )=LF (t )

LF (t )=[H , F ]P=∑n=1

N
{
∂H
∂ qn

∂ F
∂ pn

−
∂H
∂ pn

∂F
∂qn

}

Liouvilliano

Se suele usar i∂t F=L ' F  con L'=iL



  

propagacion



  

Atencion :

exp [iLt ]  ≠ exp [iLx t ]exp [iLp t ]

Para operadores que no conmutan tenemos 

exp [ A+B]  ≠ exp [ A ]exp [B]

[iLt ] = [iLx t ] + [iLp t ]



  



  

Trotter

La identidad de trotter es :  

e(A+B) = lim
P→∞
(eA /2 P eB /P eA /2 P

)
P

Para P finito

e(A+B)  = (eA /2 PeB /P eA /2P
)
P eO(1/P2

)

Para el liouvilliano

A
P
≡

iLp t
P
≡Δ ṗ(0) ∂

∂ p
B
P
≡

iLx t

P
≡Δ ẋ (0) ∂

∂ x

con Δ  = t /P  un paso ⇒(eiLpΔ /2eiL xΔ ei LpΔ /2)



  

Teniendo en cuenta que



  

F(Δ)]

m

Velocity Verlet



  



  



  



  



  



  



  



  



  



  

Problema a resolver :
Sistema confinado en un volumen V
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Explosiones

y diversas sorpresas que te da la vida



  

System under analysis
a) We study drops of size 147 particles interacting via a truncated Lennard 
Jones potential 

v (rij)=[( σrij
)
12

−(
σ
rij
)

6

−( 13 )
12

+( 13 )
6

]4 ε rij3

0)( ijrv otherwise

b) We work in units of    and m

c) We use velocity Verlet algorithm

d) Initial conditions are constructed by 
cutting a “sphere” of 147 particles out 
of a equilibrated PBC system



  

               Fragment Recognition Algorithms
One of the main observables in Fragmentation experiments are the asymptotic fragment 
mass distributions.

In order to extract this information from numerical simulations we need fragment 
recognition algorithms.

The ones we use are :

•MST              correlations in q space

•MSTE               correlation in qp space (aprox.)

•ECRA               most bound partitions in phase space

A.Strachan & C.O.Dorso Phys.Rev.C 56(1997)995



  

MST algorithm

Given a set of particles i,j,k,…, clusters are defined such that :

clustji rrrCjCi  )/(

With rclust the clusterization radius (rclust=3=rc in our case)

MSTE algorithm

In this case clusters are defined in the following way:

clustij

p
rvCjCi ij  )/( 4

2

μ

With  the reduced mass and pij the relative momentum

Fragment recognition algorithms



  

Early Cluster Formation Model 

Given a set of particles (i,j,k..) clusters are defined as those
 partitions Ci that minimize the following expression:

 






























i i
i

iC Cji
ij

CmcCi

ij rv
m

p
E

,..

2

)(
2

This is a highly self consistent problem  that has been solved by devising a method 
in the spirit of simulated annealing (ECRA).

For such a problem a Markov chain in the space of partitions is constructed 

C.O.Dorso & J.Randrup Phys.Lett. B 301 (1993) 328



  

Asymptotic Mass 
spectra for exploding 
systems at 6 different 
energies
The spectra evolves 
from a exponetialy 
decaying  to a “U” 
shaped (low energies)
In between a power 
law like mass spectrum 

is found. 

Asymptotic Mass spectra

a) E=2.2 b) E=1.8 c) E=.9 d) E=.5 e) E=-0.5 f) E=-0.9 

This results 
are 
independent 
of the 
fragment 
recognition 
algorithm 
used

A.Stracha & C.O.Dorso Phys.Rev.C. 55(1997) 79



  

ECRA vs MST 

ECRA

MST

time
ff

fe



  

MST vs ECRA

In this figures we show the 
multiplicity of intermediate mass 
fragments and the size of the 
biggest fragment according to MST 
and ECRA analysis, as a funtion of 
time, for different values of the 
total energy.

ECRA results show that fragments 

are formed early in the evolution 

E=1.8
E=0.9
E=0.5

3IMF15



  

 



ev cl i

i
i

cl
iev tb

ta
tm

tmN
tP
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)(
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)(

11
)(

Microscopic stability of partitions

2/)1)()(()(  tntntb iii

with

The number of pairs of particles 
belonging to cluster i at time t

The persistence P(t) is given by:

)(tai

The number of pairs of  particles 
that remain together in 

asymptoyic clusters 
a) E=1.8, b) E=.9 , c) E=.5, d) E=-0.5

C.O.Dorso & P.Balonga Phys.Rev.C. 50(1994) 991



  

Energies
We divide the drop in concentrical shells

For each cell we calculate the mean radial velocity.

 





ev ij j

jj

i

i
rad
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We then factorize the kinetic energy in )()()( int tKtKtK coll 

with 2))((
2

)(
1

)( tv
m

tN
Nn

tK i
rad

shells
i

ev
coll 
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shells ij

i
radj

ev
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Energy Partition at different times

Total kinetic energy

Radial kinetic energy

Intrisic kinetic energy

Potential energy



  

Extended CC expanding system

Fragmentation regime“liquid” 

“solid”
“solid-liquid”

A.Strachan & C.O.Dorso PRC59 (1999)285

CC= functional relationship between the temperature and the energy at ff



  

Free System CC and TRF

True CC

“Fake” CC

energy

Temperature()

TRF



  

Temperatures

Average Temperature of asymptotic 
clusters for all the energies 
considered as a function of the cluster 
mass

Average temperatures of MBDF at 
ff for all the energies considered

The information about the temperature of fragment formation is in the asymptotic clusters

2)(
int )(

2
121

),( cm
j

ijl
i

n

vm
nN

tnT  


Intrinsic cluster Temperature
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