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THERMAL EQUILIBRIUM POPULATION OF THE
FIRST FEW NUCLEAR EXCITED STATES “

(Aq Th, Pa, U, Np, Pu, Am, Cm, Bk, and Cf ISOTOPES)

by

G. D. Doolen,H. H. Hsu, and C. L. Doolen

ABSTRACT

The Boltzmann distributions of nuclear excited states are
plotted for most actinide isotopes for temperatures from Oto
60 keV.

*

When working with nuclear excited states, it is often use~l to refer to plots of
thermal equilibrium populations as a function of material temperature. These
Boltzmanndistribution plots are easilygenerated,and they are usefulfor understand-
ing nuclear behavior in high-temperatureenvironments. Such plots for the actinides
form the main content of this report. Two subsequentreports are planned:one on the
Ianthanidesand the other on the remaining detector isotopes.

The plots contain the Boltzmannthermal equilibrium nuclearexcitedstate popula-
tions. The fraction excitedin state i, with excitationenergy,Ei, equals

(2Ji+ I)exp (–~/kT)/ ~ (2Jm+ 1)exp (–Em/kT) ,
n

where k is the Boltzmann constant, T is the temperature, and Ji is the nuclear spin of
the i* state. The sum over n goes over those states included in each plot label.
Generally,states with excitation energiesbelow200 keV are included. The spins and
energylevelsare from the most recentdata availablefrom the NuclearData Sheets’ or
from the Tableof Isotopes.2

Eachof the 81 plotscontains, as a function of temperature, the thermal equilibrium
total excitedstate fraction of an actinide isotope.The population of each excited state
is also plotted. The actinide isotopes plotted are shown in Fig. 1. A few isotopesare
included for which unknown spins were estimated from systematic. These spins are
followedby a ? in the plots.
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