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The question of whether or not an
excited nuclear system reaches an equilibrium
state before decaying is of importance when
studying heavy ion reactions.

In an earlier study of the four systems of
“Ar and “Ca on ®Fe and *Ni, the isobaric
ratios of 'Li/'Be, °Be/°B and “B/MC were
invegtigated as a function of the (N/Z) of the
compound system and beam energy [1]. It was
demonstrated that as the (N/Z) of the compound
system increases, so does the neutron content of
the fragments. More importantly, there is an
indication of an onset of isospin non-equilibrium
seen in these data. If hot nuclear matter has had
a chance to become equilibrated before emitting
fragments, then the isobaric ratios plotted for
two different systems having identica (N/Z)
content, such asthe casein the Ar on Ni and Ca
on Fe systems, will be equal to one ancther. In
the 33 MeV/A data, the data suggest that
fragments are emitted from an equilibrated
source. On the other hand, in the 45 MeV/A
data, the data suggest fragments are being
emitted from a non-equilibrated source. This
tells us that the isospin equilibration is
dependent on energy of the projectile and that
the onset of non-equilibration for these systems
lies between 33 and 45 MeV/A.

Further work was done usng BUU to
predict the isospin equilibration of systems over
arange of energies[2]. Using BUU, the number
of protons and neutrons stemming from
reactions of 25, 35, 45, and 55 MeV/nucleon
“°Ar on *°Ni are plotted as a function of time and
of emission direction. At low energies, the
neutrons and protons oscillate toward
equilibrium and have very sSmilar isospin

content in both the forward and backward of the
center of mass. At higher energies, there is an
isospin asymmetry seen between the nucleons
forward of the center of mass and the nucleons
backward of the center of mass, indicating that
isospin equilibrium had not yet been reached
when fragmentation began. Therefore, for these
calculations, isospin equilibration begins to fall
between 35 and 45 MeV/nucleon.

In a later experiment, the isosin
equilibration of *°Ru and *°Zr at 400 MeV per
nucleon has been sudied [3]. Using the
symmetric systems as a calibration, the factor of
R; is caculated to determine the degree of
transparency.

RZ: 2(Zdet) - Zdetzr - ZdetRu
ZdetZr - ZdetRu

Zge 1S the number of protons present in a
given cell in momentum space. R, is equd to
twice the number of protons in a selected cell of
momentum space less the number of protons in
detected in the symmetric Ru and Zr systems
divided by the difference in protons detected
between the symmetric Zr and Ru systems. In
the symmetric systems, R, takes the value of +1
for the Zron Zr and -1 for Ruon Ru. R; takesa
value of zero when the emitting source is in full
isospin equilibrium. 1t was shown that the mixed
reactions of Zr and Ru at a projectile energy of
400 MeV/nucleon are never equilibrated and as
the collisons become more peripheral, the
system becomes less and less equilibrated.

Isospin equilibration has been shown to
occur a low energies and to fall off at higher
energies. In the first example, fragments were



andyzed to give isospin  equilibration
information. In the last example, the nucleonsin
a given cel were used to probe the isospin
equilibration question. It is our intention to
further investigate the transition between
equilibrium and non-equilibrium behavior using
®Fe and *®Ni mixed systems at intermediate
energies with the methodology in the last
example, Rz, and also with isobaric ratios. Data
on the following was taken in spring of 2000 on
the NIMROD apparatuss 35 and 45
MeV/nucleon **Fe and *Ni on **Feand *Ni, as
well as 35 MeV/nucleon *Ni and **Feon *Fe
and **Ni. Cdibrations and anaysis will begin
presently.

References

[1] H. Johnston, et al., Phys Lett B, 371, 186
(1996).

[2] Bao-An Li and Sherry J. Yenndlo, Phys
Rev C, 52(4), R1746, (1995).

[3] "Isospin tracing: a probe of non-equilibrium
in centra heavy ion collisons,” F. Rami, et al.,
In Press.



