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1. R-VALUES AND Q-VALUES

The fission mass yield as a function of neutron energy and fissile material is best ex-
pressed as a ratio of ratios known as the R-value, eq. 1. The advantage of this ratios is
that systematic errors cancel. The numerator of the R-value is a measured radioactivity of
a fission product, i, divided by a reference radioactive isotope chosen to be proportional
to the total number of fissions in an experiment. The reference isotope is usually 99Mo or
147Nd because these isotopes are on the peaks of the mass yield curve where the fission
yield varies least as a function of neutron energy and fissile material. The denominator
is the same ratio for 235U measured from a sample irradiated in a reactor thermal neutron
spectrum. The count rates are expanded in terms of detector efficiencies, branching ratios,
decay constants, cumulative mass yields, and number of fissions in equation 2. All the
terms, except the cumulative mass yields, cancel as shown in eq. 3.
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Another important ratio is called the Q-value. This ratio is the measured radioactivity
produced per fission of fission product, i, divided by measured radioactivity produced per
fission of the same fission product produced by fission of 235U measured from a sample
irradiated in a reactor thermal neutron spectrum. These measurements require the use of
dual fission chambers to minimize systematic errors. These experiments will be described
later.
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where, i is the isotope mass, j represents the fissile material, and k represents the neutron
energy.
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Just as with the R-value this ratio reduces to a ratio of fission yields, as shown in eq.
5. The R-value and Q-value can be used to calculate a more accurate fission yield for an
experiment such as plutonium irradiated by 14.1 MeV neutrons. This is done by scaling an
absolute fission yield determined by many experiments using 235U irradiated in a thermal
neutron reactor spectrum. This method is illustrated for 147Nd in eq. 6.
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