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Activation cross sections of deuteron-induced reactions on natural
gadolinium up to 24 MeV†
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Terbium (Tb) and gadolinium (Gd) radionuclides can
be used for medical applications. For example, 161Tb
(T1/2 = 6.89 d) can be used for targeted β− radionuclide

therapy.1) The production cross sections of the radionu-
clide are important nuclear data in terms of practical use.
The radionuclide can be produced via charged-particle-
induced reactions on natGd, of which can yield the com-
positions as follows: 152Gd (0.2%), 154Gd (2.2%), 155Gd
(14.8%), 156Gd (20.5%), 157Gd (15.7%), 158Gd (24.8%),
and 160Gd (21.8%). In this study, we focused on the
deuteron-induced reactions on natGd. In the literature
survey, only two experimental studies of the cross sec-
tions were found.2,3) However, the experimental data
show a discrepancy between them. Therefore, we per-
formed to measure cross sections of the deuteron-induced
reaction on natGd. The result was compared with the lit-
erature data2,3) and the TENDL-2021 values.4)

The experiment to determine the activation cross sec-
tions was conducted at the RIKEN AVF cyclotron. The
stacked-foil activation technique and the high-resolution
γ-ray spectrometry were adopted. The stacked target
comprised foils cut from natGd (0.025 × 50 × 100 mm,
99.9% purity, Nilaco Corp., Japan) and natTi foils
(0.005×50×100 mm, 99.6% purity, Nilaco Corp., Japan).
The thicknesses of the natGd and natTi foils were derived
from the measured size and weight and found to be 25.3
and 2.34 mg/cm2, respectively. natTi foils were used for
the natTi(d,x)48V monitor reaction to assess the beam
parameters and target thicknesses. The foils were cut
into a size of 8× 8 mm and stacked into a target holder
that served as a Faraday cup.
The stacked target was irradiated with a deuteron

beam for 60 min. The average beam intensity mea-
sured by the Faraday cup was 98.1 nA. The beam energy
measured by the time-of-flight method5) was 24.1 MeV.
Further, the energy degradation in the stacked target
was calculated using the target thicknesses and stopping
powers derived from the SRIM code.6)

The γ rays emitted from each irradiated foil were
measured using a high-resolution HPGe detector (OR-
TEC GMX30P4-70) and the dedicated software (SEIKO
EG&G Gamma Studio). The spectra of each foil were
measured four times with different cooling time and dis-
tance. The associated dead time was less than 6.3%.
Comparisons indicated that the beam intensity was cor-
rected by +6.5% within its uncertainty (7%).
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The cross sections of the natTi(d,x)48V monitor re-
action, beam energy and measured foil thicknesses were
adopted without any correction. The cross sections us-
ing the corrected parameters were consistent with the
recommended values.
The cross sections of the natGd(d,x)161Tb reaction

were derived using the γ line at 74.57 keV (Iγ = 10.2%).
The self-absorption of the low-energy γ line in each natGd
foil was estimated as 9.5%. The measurements were per-
formed following a cooling time of 39–42 d. The co-
produced parent 161Gd (T1/2 = 3.66 min) decayed dur-
ing the cooling time.
The cumulative cross sections are shown in Fig. 1 with

the literature data2,3) and the TENDL-2021 values.5)

Both experimental data were consistent our data below
12 MeV with deviations observed above 12 MeV. The
TENDL-2021 values were smaller than the experimental
data.

Fig. 1. Excitation function of the natGd(d,x)161Tb reaction

with the previous data2,3) and the TENDL-2021 data.4)

In addition to 161Tb, we also determined the produc-
tion cross sections of 153, 154m1, 154m2, 155, 156, 160Tb and
153, 159Gd. The cross sections are almost consistent with
the experimental data studied earlier. The results are ex-
pected to contribute to development of theoretical model
calculation and nuclear medicine.
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