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THIN-TARGET EXCITATION FUNCTIONS: A POWERFUL TOOL FOR
OPTIMIZING YIELD, RADIONUCLIDIC PURITY AND SPECIFIC

ACTIVITY OF CYCLOTRON PRODUCED RADIONUCLIDES
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In accelerator production of radionuclides, thin-target yield, y(E), is defined as a
function of the projectile energy E, at the End Of an Instantaneous Bombardment
(EOIB), as the slope at the origin of the growing curve of the activity per unit beam
current (A/I) of a specific radionuclide vs. irradiation time, for a target in which the
energy loss is negligible with respect to the projectile energy itself. In practice, y(E) is
defined as the second derivative of A/I with respect to particle energy and irradiation
time, calculated when the irradiation time tends to zero (EOIB). The thin-target yields of
different radionuclides, produced by direct and side reactions, are numerically fitted,
taking into account the overall statistical errors as weights. The “effective” cross-section
σ*(E) as a function of projectile energy is proportional to thin-target yield, but as stated
in previous papers, the physical meaning of this parameter is poor, being only a raw
summation of the several cross sections of the reaction channels concerned, weighted
on target isotopic composition.

Conversely, Thick-Target Yield, Υ(E,∆E), is defined as a two parameter function of
the incident particle energy E(MeV) onto the target and the energy loss ∆E (MeV), in the
target itself, obtained by integration of thin-target excitation function, y(E). This
approach holds in the strict approximation of a monochromatic beam of energy E, not
affected by either intrinsic energy spread or straggling. The energy straggling is
computed by Monte Carlo computer codes, like TRIM 2001. In case of total particle
energy absorption in the target, for a nuclear reaction of energy threshold Eth, the
function Υ(E,∆E) reaches a value Υ(E,E-Eth), for ∆E=E-Eth, that represents
mathematically the envelope of the Υ(E,∆E) family of curves. This envelope is a
monotonically increasing curve, never reaching either a maximum or a saturation value,
even if its slope becomes negligible for high particle energies and energy losses. Some
loci of the maxima of Υ(E,∆E) curves are present in most cases. As a relevant
conclusion, use of target thickness larger than the “effective” value, is unsuitable from
technological point of view, due to larger power density deposited by the beam in target
material itself, instead of target cooling system. Finally, this set of Thick-Target Yields
and maxima permits calculating the optimum irradiation conditions to produce
radionuclides with higher as possible yield, radionuclidic purity and specific activity.

In order to join the advantages of the accurate knowledge of thin-target excitation
functions and cross-sections of radionuclide of interest and its radioisotopic impurities,
very selective radiochemical separations were optimized to separate the radionuclide
itself from the irradiated target without any addition of isotopic carrier.

A large number of very high specific activity radionuclides for environmental,
toxicological and biomedical research applications have been produced in No Carrier
Added form, by medium energy proton, deuteron and alpha accelerating cyclotrons.
Some practical examples of radionuclides produced recently will be presented.


