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Fragment definitions/recognition algorithms
MST_algorithm

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

iEC@EIjEC/(ri—rj)<r

clust

With r_, .. the clusterization radius

clust

MSTE algorithm

In this case clusters are defined in the following way:
2

ieC@EIjeC/(IZ—H—kaO

With [ the reduced mass and p;the relative momentum




Early Cluster Formation Model

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

2

E=Y [T oL+ Y vln)

G, |\i€C. 2m c.m.C, i<j,eC,

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
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Problema de extremar alguna funcion
Sea un problema relamente complicado (NP complete)

Recordemos MMC

2(s) — —SPCBEE))
> exp(—=BE(s))
pi = P SI;— > ]
= p;'lj:— S ::— < 1




Ahora interpretamos

.T'T(S') _ e‘\p(—ﬁE(s))
T D exp(—PE(s))
E(s) funcion de merito
1
ﬁ = — “Temperatura efectiva”
T

T — 0 buscamos el “ground state en la pseudo energia con ur
pseudo temperatura



Input & Axzesy Initial Selution

Y

Extirmaie Initial lemperstumne
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Cenerate Mew Ssolution
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Asmsrgs Mews Solution

Update Siores

A

Adpust Tempemature

The structure of the simulated annealing algorithm




The following figure shows the progress of a SA search on the two-dimensional Rosenbrock function.
f=[(1-x;)*+ 100 (x2 - x9)]*:

1.5

1.0

0.5

0.0

Search pattem




NP completo
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Fig- 9. Resulis at four temperatures for & clustered 400-city traveling salesman problem. The
points are wmformly distibuled in mine regions, (2l T = 1.2, a = L0%7: bl T = 0.8,
a=1315T=04a=10585dT=00a=0T89



Physics Letters B 301 (1993 ) 328-333

Morth-Holland PHYSICS LETTERS B

I\

Early recognition of clusters in molecular dynamics

C. Dorso ' and J. Randrup
Nuclear Science Division, Lawrence Berkeley Laboratory, University of Californg, Berkeley, CA 94720, US4

Recerved 13 Novemnber 1992, revised manusenpl receved 26 December 1992



Fragment recognition algorithms
MST_algorithm

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

iEC@EIjEC/(ri—rj)<r

clust

With r_, .. the clusterization radius

clust

MSTE algorithm

In this case clusters are defined in the following way:
2

ieC@EIjeC/(IZ—H—kaO

With [ the reduced mass and p;the relative momentum




Early Cluster Formation Model

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

2

E=Y [T oL+ Y vln)

c; |liec. 2m c.m.C. i<j,eC,

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.0O.Dorso & J.Randrup Phys.Lett. B 301 (1993) 328



Como se resuelve esto que es tan auto consistente ?



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
function of time, for
different values of the
total energy.

ECRA results show that
fragments are formed

early inthpven g ion
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Free System CC and TRF
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Fig. 1. The kinetic energy of a gas of nucleons that interact only
via the Pauli potential {top panel ), the binding energy of nuclear
matter as a function of the density {(middle panel ), and the bind-
ing energy of fimte nucler as a function of their mass number
{ bottom panel), as calculated with the employed molecular dy-
namics madel.

400
Time t (fm/c)

Fig 2 Based on 106 head-on collisions of Ca with Ca at 40 MeV
per nucleon, the figure shows the average particle number of the
largest fragment A, (lop panel) and the average multiplicity of
clusters contaiming more than two particles (bottom panel), both
as functions of the ume elapsed since the first contact was made
The full curve connects the results of the simulated annealing
analysis, whereas the dots indicate the results of a spacial analysis
using a cluster range of r.=6 fm



o->2<Ak<8
o->4<h<B
0O->8<4<10
M8 <A<12

n‘nl | i ;+| Nl I i i i i l L1 L | L L 1
o 100 200 300 400 500
10.00 T ._ L L [ L p?
5.00 —
£.1.00 Ca+CaBOMsVA —
o 50 0O->2LA<H _:
. ¢ =>4<Ahc<B .
5 E ) ﬂ' "
0.10 ; —
0.06 ° =
o+u1 L 1 i [ 1 L '] i I L i 1 'l I 1 L i i ! 1 1 1 1
V] 100 200 300 400 500
Time t (fm/c)

Fig 3 The average multiphcity binned according to the number
of particles 4, for central colhisions of two calcium nucler. Top
panel the same 106 events as used n fig | Bottom panel: 40
events corresponding to a bombarding energy of 60 MeV per
nucleon.
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Fig 4 The muluplicity distribution at three different points in
ame, for the same event set as in fig 2, using either ssmulated
inneahing (sohd histogram) or spatial analysis {dotied histo-
aramj.
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