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Production cross sections of (d,x) reactions on natural platinum† 
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 An accurate knowledge of nuclear reaction phenomena of 
light charged particles with platinum shows significance 
due to its various applications in science and technology. 
The microscopic experimental cross-sections of platinum 
are very useful for the production of medical radioisotopes, 
the verification of nuclear reaction theory, the thin layer 
activation analysis, etc. Recently, we investigated 
deuteron-induced reaction cross sections from various target 
elements because measured data of the (d,x) processes are 
limited compared to those of (p,x) processes. A survey of 
literature shows that several investigations have been 
conducted for the natPt(d,x) reactions leading to various 
applications. As an example, the production of the 198gAu 
via the natPt(d,x) reaction finds applications in  targeted 
radiotheraphy and imaging procedures 1,2). Its half-life is 
suitable for an uptake and residence time of antibodies 
especially in the treatment of solid tumors without a 
significant loss of activity. Due to the monoisotopic 
characteristic of 197Au target, the 197Au(n, )198Au reaction 
with a nuclear reactor of quite moderate power is currently 
being utilized as a commercial production route for 198Au in 
many countries for clinical use 2). But the successive and 
simultaneous formation of 199Au via the secondary 
198Au(n, )199Au reaction is significant because of its very 
high cross-section, and therefore causes a small portion of 
199Au isotopic impurity and reduce the specific activity of 
198Au. Thus, measurements of new experimental 
cross-sections via the deuteron irradiation on natural 
platinum are expected to provide new production pathways 
for the no-carrier-added 198Au. 

The objective of the present study was to report the latest 
cross sections of the natPt(d,x)
192,193,194,195,196m2,196,198m,198,199Au, 195m,197Pt and 
190(g+m1+0.086m2),192(g+m1),194mIr reactions that were measured 
with a high precision over the energy range of 2–24 MeV
using the AVF cyclotron facility of the RIKEN RI Beam 
Factory, Wako, Japan. Details on the irradiation technique, 
radioactivity determination, and data evaluation procedures 
are available in Ref. 3). Owing to the space limitation of this 
report, we present only the natPt(d,x)198gAu cross sections 
and the deduced yield in Figs. 1 and 2, respectively. 
Measured cross sections with an overall uncertainty are 
listed in Ref. 3). The cross-sections were normalized by 
using the natTi(d,x)48V monitor cross sections recommended 
by IAEA. Measured data were critically compared with the 
available literature data and theoretical data, and only 
partial agreements were obtained with the earlier 
experimental and theoretical data extracted from the 
TENDL-2013.
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The deduced thick-target yields indicate that a low amount 
of no-carrier-added 198gAu could be obtained on an enriched 
198Pt (100%) target with the yield of 22 MBq/μA-h at 15 
MeV deuteron energy from a cyclotron. 

Fig. 1. Excitation function of the natPt(d,x)198gAu reaction. 

Fig. 2. Physical thick target yields for the 199,198g+m,196,196m2Au and 
195mPt radionuclides. 
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Chemical characterization of superheavy elements is one 
of the most important and challenging subjects in the field 
of nuclear chemistry. We plan to conduct model 
experiments for chemical studies of element 107, Bh, using 
radiotracers of its homologs, Tc and Re. Long-lived 95mTc 
(T1/2 = 61 d), 183Re (T1/2 = 70 d), and 184m,gRe (m: T1/2 = 169 
d; g: T1/2 = 35.4 d) are useful for the model experiments.
These isotopes are producible in the deuteron-induced 
reactions on natMo and natW (nat: natural isotopic 
abundance) using the RIKEN AVF cyclotron. Previously, 
we measured production cross sections of Tc isotopes in the 
natMo(d,x) reactions for quantitative production of 95mTc.1)

In this work, we have measured the cross sections of Re 
isotopes in the natW(d,x) reactions up to 24 MeV.

The cross sections were measured using a stacked-foil 
technique. The target stack consisted of twenty sets of natW
foils (99.95% purity, 40.7 mg/cm2 thickness) and natTi foils 
(>99.6% purity, 4.7 mg/cm2 thickness). The Ti foils were 
used to calibrate the beam current and the incident energy 
via the monitor reaction natTi(d,x)48V.2) The size of all foils
was 15 × 15 mm2. The target stack was irradiated for 1 h 
with a 24-MeV deuteron beam supplied from the RIKEN 
AVF cyclotron. The average beam current was 0.18 μA.
After the irradiation, each foil was subjected to γ-ray 
spectrometry with a Ge detector.

The excitation functions were measured for the
natW(d,x)181,182a,182b,183,184m,184g,186gRe,187W,182g,184Ta reactions. 
Figure 1 shows the excitation function of the natW(d,x)183Re 
reaction. Our results are in good agreement with those of
Tárkányi et al.3) and Duchemin et al.4) and slightly smaller 
than others.5–7) Figure 2 shows the excitation function of the 
natW(d,x)184mRe reaction. There are only two reports4,5) on
the cross sections of 184mRe and our data confirmed the 
results reported by Duchemin et al.4) It can be seen that the 
theoretical model code TALYS (TENDL-2014)8) reproduces 
well the experimental cross sections of 183Re. However, the 
code significantly overestimates the excitation function of 
184mRe though it can reproduce the shape of the function. As 
for 184gRe, our results are slightly smaller than those in the 
literature.3–5) The TALYS code slightly underestimates our 
excitation function of 184gRe, though it reproduces the shape 
of the function. Thick-target yields of 183,184m,184gRe were 
deduced from the measured cross sections. The deduced
yields of 183,184m,184gRe at 24 MeV are 1.7, 0.043, and 1.2
MBq/μA·h, respectively. Based on the present results, we 
produced 183,184m,184gRe by typical irradiations of a 200 
mg/cm2-thick natW target foil with the 24-MeV deuteron 
beam with 5-μA for 3 h. These Re isotopes were chemically 
separated as no-carrier-added forms from the target material
and by-products by using anion-exchange and alumina
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columns. We are using these radiotracers to develop a rapid 
solvent extraction apparatus and to determine suitable 
experimental conditions to study the aqueous chemistry of 
Bh.9)

Fig. 1. The excitation function of the natW(d,x)183Re reaction.
The errors of the cross sections were evaluated by 
propagating those of counting statistics in the radioactivity 
measurement, detector efficiency, and γ-ray intensity. The 
error in the deuteron energy corresponds to the energy 
degradation in each foil.

Fig. 2. The excitation function of the natW(d,x)184mRe
reaction.
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