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The dependence of nuclear temperature upon excitation energy ĥ M f̂ewH experi-
mentally studied .with increasing values of excitation energy over the years. The study
of projectile "spectators" in reactions at several hundreds of MeV/u allowed to reach
high excitation energies [1] . In this Aladin experiment, the temperature was obtained
via double ratios of two isotope pairs [2] . The relation between this isotope tempera-
ture TV0 and E*/A signaled a phase transition, with the nuclear gas regime dominating
above E*/A = 10 MeV. u. y\m~d*A .

We have undertaken ^ study of the relation between isotope temperatures and
excitation energy up to 25 MeV per nucleorrTThe drawbacks relative to the Aladin
experiment are a poorer separation between the sources of particles and a smaller mass
of the decaying nucleus. The advantages are : i) this mass does not vary with excitation
energy, ii) temperatures were obtained from several pairs of isotopes, and iii) kinetic
temperatures were also obtained. s~ Syi**^ ii U i / r J h ^ k ^

The systegMEaa 30Ar +58 M at 52,74 and 95 MeV/u. The kinetic energies of all
charged products were measured with"the indetector array INDRA. The selection of
well characterized events, the impact parameter sorting, the reconstruction of the ex-
cited quasi-projectile, the determination of its charge and mass, and the determination
of its excitation energy via calorimetry were made as in previous studies [3].

Determining a temperature value makes sense only if thermal equilibrium was at-
tained in the source. Experimentally one can check that the angular distributions of
various products are isotropic in the source frame. All QP products exhibit angular
distributions in the QP frame which are nearly flat below 90°.

Temperatures were calculated for several pairs of isotopes differing by one neutron
which have large values of the binding energy differences and no low energy levels. The
relationship between the temperature and the yields Y of the isotopes was given in [2]
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where n ( d) stands for the pair of isotopes with the smallest (largest) binding energy
difference, and appears at the numerator (denominator) on the right side. B is the
difference of binding energy differences. The greater the value of Z?, the better the
accuracy of TV, especially at high temperature.

In fig. 1 are shown the temperature values obtained at 95 MeV/u with various
isotope pairs listed in the figure caption. The double ratio of isotones d3IIe-6He7Li was
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also studied , but the very small number of 6He did not allow to get significant results.
When B is not large (fa 5 MeV), i.e. p,d-6Li,7Li and 7Li,8Li-cLi,7Li, the curves

increase very slowly with E*/A and saturate at low 7Y° values. Such ratios cannot be
used. When the isotopes having the largest binding energy difference, 3 / /e — a, are
involved (at the denominator ) larger B values are obtained (13 to 18 MeV) and Tr°
increase more with E*/A. The curves obtained with isotopes p — d and d — t at the
numerator , do not overreach Tr° — 6 MeV and do not show any increase of slope at
high excitation energies. A different behavior is observed for the apparent temperature
^•L«TLi-3//e» ' which was the one used in the Aladin experiment[l]. It increases rapidly
with E*/A up to 3-4 MeV, then the slope becomes weaker, but no plateau is observed,
at variance with Aladin . The Tj? values seem to be close to those shown in [1] , but
in the present work the value of B is taken according to [2] whereas in Aladin it was
increased by 20%. Thus our values are about 30% higher. Above E*/A=10 MeV, the
temperature overcomes 6 MeV and the slope increases slightly, much less than in [1].

A difficult correction is to take into account the decay via particle emission of
fragments emitted by the initial nucleus. This reduces the yields of the decaying
fragments and increases the yields of daughter fragments : side-feeding. The large
differences between the Tr° values obtained for the pairs Li-He, pd-IIe and dt-Ile
are likely due to side feeding. Then the apparent temperatures in fig. la cannot be
used directly. Initial temperatures must be obtained via calculations including the
population of all excited states contributing to the reduction or the feeding of the
isotopes of interest.
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Fig 1: Measured apparent temperatures versus excitation energy per nucleon.
a : Isotope temperatures. Solid symbols : average excitation energy obtained in

bins of events sorted according to the violence of the collision. Open symbols : no such
sorting, excitation energy obtained event by event.
Solid squares and open circles : isotope pairs 6Li,'Li - 3He,a.
Light stars : d,t-3IIe,a.
Solid triangles and open squares : p,d - 3He,o.
Thick stars : 7Li,8Li - 6Li,7Li.
Solid and open triangles : p,d - 6Li,'Li.

b : Slope parameters from deuteron kinetic energy spectra at incident energies 52
(stars), 74 (crosses) and 95 MeV/u (circles).
For orientation, the Fermi gas correlation is shown with A/12 (thick line) and A/8
(dashed line) in a. and with A/10 in b.
For clarity, error bars show statistical uncertainties only.
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