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Production yields of 165Er and 169Yb via 24-MeV deuteron induced
reactions
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The use of Auger electrons for cancer therapy has
been widely investigated owing to their higher lin-
ear energy transfer than β− particles. 165Er (T1/2

= 10.4 h) and 169Yb (T1/2 = 32.0 d), which decay
purely via electron capture (EC), are promising can-
didates for targeted radionuclide therapy using Auger
electrons.1,2) Moreover, the decay of 169Yb accompa-
nies the emission of cascade γ-rays potentially ap-
plicable to nuclear-medicine imaging that can prove
the local chemical environment.3) In order to perform
nuclear-medicine studies with 165Er and 169Yb, we
need to produce >1 GBq of 165Er and >100 MBq
of 169Yb and chemically purify them without adding
carriers. The production cross sections for these iso-
topes were reported for the 165Ho(d, 2n)165Er4,5) and
169Tm(d, 2n)169Yb reactions.6–8) In this study, we con-
firmed the production yields of 165Er and 169Yb via
24-MeV deuteron induced reactions using thick target
foils to determine the irradiation conditions to obtain
sufficient radioactivity for nuclear-medicine studies.
We irradiated 165Ho and 169Tm targets with a 23.9-

MeV deuteron beam at the RIKEN AVF cyclotron.
The 165Ho target consisted of four 165Ho foils (10 ×
10 mm, 219.9 mg/cm2, purity 99.9%) and was irra-
diated with an average beam intensity of 102 nA for
30 min. The 169Tm target consisted of nine 169Tm foils
(8× 8 mm, 94.5 mg/cm2, purity 99%) and was irradi-
ated with an average beam intensity of 105 nA for 3
h. After irradiation, γ-ray spectroscopy was performed
using high-purity Ge detectors.
The radioactivity of 169Yb was determined with the

γ peaks of 177.2 and 307.7 keV. For 165Er, no-γ rays
are emitted; thus, the-X rays of Ho emitted after the
EC decay were used to quantify 165Er. The X-rays of
Ho (46.7, 47.5, 53.7, 53.9, and 55.3 keV) were observed
as three peaks in the γ-ray spectra. The peak corre-
sponding to the 53.7- and 53.9-keV X-rays was use-
ful to quantify 165Er because the other X-rays overlap
with the Er X-rays emitted from 166Ho (T1/2 = 26.8 h)
produced in the 165Ho(d, p)166Ho reaction. The count
rate for the peak of the 53.7- and 53.9-keV X-rays was
obtained by fitting a Gaussian function to each dataset.
The X-ray count rate as a function of the elapsed time
decreased with the half-life of 165Er (10.4 h), meaning
that interference from radioactive impurities was neg-
ligibly small. To determine the radioactivity of 165Er,
the self-absorption of X-rays by the thick Ho foils was
corrected using the γ-ray measurements for the two
sides of each foil and a database of the X-ray absorp-
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tion coefficients.9)

The cross sections of 165Er and 169Yb (Figs. 1 and
2) are almost consistent with those of previous stud-
ies.4–8) The total radioactivity of 165Er at the end
of bombardment (EOB) was 19.7(12) MBq, and the
impurity was 3.2(3) MBq of 166Ho. The total ra-
dioactivity of 169Yb at the EOB was 2.06(3) MBq,
and the impurities were 0.071(1) MBq of 168Tm and
0.16(3) MBq of 167Tm. Hence, the thick target yields
for 165Er and 169Yb were determined to be 390(24)
and 6.58(14) MBq/µAh, respectively. Via irradiation

Fig. 1. Excitation function of the 165Ho(d, 2n)165Er reac-

tion measured in this work. The values measured in

previous studies4,5) are also shown for comparison.

Fig. 2. Excitation function of the 169Tm(d, 2n)169Yb reac-

tion measured in this work. The values measured in

previous studies6–8) are also shown for comparison.
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with a 5-µA deuteron beam, we will be able to produce
1 GBq of 165Ho in 0.5 h and 100 MBq of 169Yb in 3 h,
which are sufficient for nuclear-medicine studies.
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