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Observing how the thermodynamic properties
of nuclei change with composition
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THE SCIENCE
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The nuclear equation of state describes thermody- m, = =———
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namic relationships for extremely dense matter (p>10'2 A: 0.04 < . < 0.08 AR
g/cmd). Improving our knowledge of the relation be- O A s -y
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tween temperature, internal energy, density, pressure,
and chemical potential provides insight into physical

processes on the most extreme scales, from the cre- 10
ation of elements in supernovae to femtonova created
in modern particle accelerators. The caloric curve for

nuclei, the relation between temperature and internal
energy, has demonstrated features suggesting a liquid- 8
gas phase transition.
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THE IMPACT

We have experimentally measured a dependence of 6 -

the nuclear caloric curve on the composition of the T T T T P T e s s e

material. Increasing the neutron content decreases 1 2 3 4 5 6 7 8

the temperature observed for a given internal energy. E*/A (MeV)

These results can guide the development of models

with more realistic equation of state. Data Chart: We observe the caloric curve from nuclei exhibits decreasing tempera-
tures for increasing neutron content. Photo inset: NIMROD Detector Array.

SUMMARY

We have measured reaction products produced in col-
lisions of nuclei in the A=70 mass range with the NIM-
ROD-ISIS array at Texas A&M University. The complete
geometric coverage, the superb isotopic resolution, and
the simultaneous measurement of the free neutrons all
prove crucial to our result. The reaction products are
used to reconstruct the excited projectile-like fragment
immediately following its collision with the target. The
mass, charge, excitation energy, and temperature of
this highly excited nuclear material are extracted. As we
increase the internal energy of the nuclear material, the
temperature rises monotonically as the nuclear mate-
rial approaches its boiling point. The striking new fea-
ture we observe is that increasing the neutron content
lowers the temperature significantly for a given amount
of internal energy. To date, theoretical models disagree
on whether the temperature should rise, fall, or re-
main the same. This measurement of the composition
dependence of the nuclear caloric curve can constrain
theoretical models and lead to an improved under-
standing of the nuclear equation of state.
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