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ABSTRACT .

We propose a restricted high-density percolation
that may belong to a new universality class. A Monte Carlo:
simulation for our model is performed with systems of finite
number of FCC lattice sites within a sphere. The cluster
distribution is shown to obey a power law with an exponent
T = 2.50 at critical probability P, = 0.50. Comparisons
 with the experimental data from p + Kr and p + Xe collisions

are made.

PACS numbers: 64.60.Ak, 25.70.Np

Key~words: High-density percolation; FCC lattice; Nuclear

ffagmentation.
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The most interesting phenomenon in the collision of
atomic nuclei with high-energy protons or heavy idns.is
perhaps the multifragmentation reagtion, in which target
nuclei are broken into varicus light and medium size fragments
with no residue nuclei remain. Expérimentally,.it_has been
established that fragmentation is a high energy process
occurring in a central collision and that the.reaction products
are typically found to be less than about one: third of original

1.2 have fohnd that the

target mass1.'Re¢ently, Hirsch et al.
fragment mass yields produced in high energy (80 - 350 GeV)
proton-krypton and proton-xenon collisions obey a pover law:

-T

Yield & Af (1)

where A_ is the fragment mass number and the exponent T has

£
_the value 2.65 and 2.64, respectively, for Kr and Xe target.
The fact théﬁ T is practically independent of target mass
for heaVy térgets indicates that such a specific value of T
should characterize the statistical clustering mechanism in
the fragment formation. -

Finn et al.2 have mentioned that the general problem
of clustering can be treated By percolation theory, in which
. clusters are fofmed by sites that are randomly occupied (site
'percolation] or by sites that are linked throuch randomly

distributed bonds (bond percolation). The cluster distribution

is found to obey the scaling law3:
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n, o~ s E(es ), (2)

where ng is the mean number of clusters of size s, T and ¢
are exponents and the scaling function f has the property
f{(0) = 1. Also, &£ = p - P, with p the probability concentra-
tion and pé the critical probabilify. Near Pgr the cluster
distribution has similar power-law behavior as Eq. (1), with
T = 2.1 for percolation on three-dimensional lattices. On

the other hand, Minich et al.4 and Hirsch et al.1

have treated
the formation of fragments as a liquid-gas phase trapsition'
.at the critical point, in analogy with the condensation theofy
of Fisher? which also has a power law dependence for cluster
distribution. |

The.relevance of percolation ideas in nuclear frag-
mentation.has further been demonstrated by Campi§ through cross
relations émong various moments of the fragmént size distri-
bution. It is found that the moments of the experimental -
fragment size distribution in individual eventsT.are strongly
correlated, which can be interpreted as signature of critical
phenomena. Furthermore, the critical exponents deduced from
such correlations are found to be close to those of percolation
for firite systems,

In this Letter, we consider a new percolation model
on a finite sphere gontaining a number of sites Ao on the

FCC lattice. Each site has a certain probability p for being

occupied and 1 - p for being vacant. Clusters are formed by
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'partidles héving tetrahedron linkages with their nearest
neighbors. Our model is a high-density percolatioﬂB having
-minimum number of neighbors m = 3, but with restrictions on
the orientétion of the neighboring particles. Such restrictions-
_significantiy\modify the percolatioh process, as our results
indicaté that our restricted high-density percolétibn seems
to belong to a new universality class.

ﬁe_use the Bonte Carlo techniqué to select randomly
a certain fiactidn'pf sites pA, to be occupied. We then
search for”gﬁoups_qf‘four particles forming tetrahedron
clusters. Clusters sharing at least one common particle are
combined into a single one. Qur percolation model excludes
clusters of size two and three and the choice of *he FCC
lattice furthér_excludes clusters of size five. In 511 systéms
with 87, 135 and 201 sites considered, we find nearly the
same "critidal probability® P T 0.50. Near such "criticél
probability”, the cluster size distribution is expected to
cbey a power law Bimllar to the infinite systém; This is shown
in Figs. 1 and 2, that illustrate the log-log plots for the
number of clusters (yleld) as a funétion of the cluster ;ize
(fragment mass number) at p = 0.50. The data points for these
cases seem to lie most closely on a straight line.

In Fig.1, the maximum fragment size for the system

A, = 87 is shown to be about 30, which is approximately one

0
third of the size of the system. Furthermore, the exponent
has the value " " = 2.55 comparing with 2.65 for thelproton—

-krypton (A = 86} collision. In Fig.2, the A, = 135 system
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is shown to-have an exponent T = 2.50, which is to be com-
pared with 2,64 for the proton-xenon (A = 132) collision. For
the A, = 201:system, we find that 7T 1is nearly the same as

that for'the.Ao = 135 system. If the exponent T converges to

a value near 2.50, our model should belong to a new universal-
ity class different from the ordinary percolatidn as well as

the high—deﬁéity:percolation previodsly considered.

The values of T in our simulation has a discrepan-
cy of about 2%«bétween the &y = 87 and Ao = 135 systens, whereas
the experiﬁental values for p + Kr and p + Xe collisions are
nearly the same. However, examining the data points for the
p + Kr collision of Hirsch et al{1, we note that a slighty
larger value of T can fit more closely the data pbints cor-
responding'to Ag 7 25.

Our model can be.cqnsidered as a two-stage fragmen-—
tation process. In the first stage, a certain fraction of
high;energy-nudleonS-is ejected out of the térget nucleus and
the residue nucleus is then consistiné of clusters similar to
the ordinary percolation clusters. In the second stage, these
clusters undergo further fragmentation and more stable frag-
ments as well as low-energy evaporated nucleons are produced.
Such a two-stage process seems to be supported by experimental
central collision such as that of a 42 Gév Ne + Au reaction,
in which about one hundred fast nucleons are ejected in the
first stage, then five or six fragmenis are produced together
with about thirty slow nucleonsg.

The clusters in ordinary percolation theory can have

very ramified configurations. However, it is dificult to ima-
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gine that such clusters can form observable nuclear fragments.

Most previous percolation approaches to the fragmentation

reaction10_12

al.13 have incorporated some "compactedness" conditions, it

have included such clusters. Although Campi et

is unclearlthat they were able to produce an expcnent in
agreement with the experimental value.

Moreover, we have performed our simulation on the
FCC lattice, which is shown by Cook and Dallacasa'® as the
only lattice model that is isomorphic with theiindependent—par—
ticle description of nuclei.

In conclusion, we have proposed a new percélation
model that seems to belong to a different universality class
ffom the ofdinary percolation as well as the high-density
pefcolation; Our model simulates aitwo—staée fragmentation.
The results show good agreement with the experimentai fragment

mass distribution for the proton-induced reactions.

We are indebted to Prof. T. Kodama for many discussions
as well as valuable suggestions on performing simulations. One
of us (NCC) would alsc like to thank the financial support from
the Departamento de Fisica Nuclear e Altas Energias at CBPF and
the Pontificia Universidade Catdlica do Rio de Janeire durxing
the course of this research. This work was partially supported

by CNPq and FINEP (Brasil).
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FIGURE CAPTIONS:

- PFig.1:

Fig.2:

Cluster number (yield) vs cluster size (fragment mass
numbef) for a restricted high-density éite rercolation
for AO = 87 sites on the FCC lattice within a sphere

at p #IOJSO. Data are the results of Monte Carlo simula~

tion of 3000 runs.

Cluster number (yield) vs cluster size (fragment mass
number) . for a restrictéd.high-den;ity site percolation
for Ao.é'135 (dots) and Ao = 201 {crosses) on the FCC
lattice within a sphere at p s 0.50., Data are the_resdlts

of Mﬁnte Carlo simulation of 2000 runs.
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