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Prodution cross sections of 9Yb and 167:168170Tm jsotopes in
deuteron-induced reactions on %°Tmf

M. Saito,*!*2 M. Aikawa,*!*2 Y. Komori,*?> H. Haba,*? and S. Takécs*>

The '9Yb (T, = 32.018 d, EC = 100%) radionu-
clide is an Auger electron and X-ray emitter, mak-
ing it suitable for brachytherapy.’?) Previously mea-
sured experimental cross-section data suggest that the
deuteron-induced reaction on *Tm?3®) is one of the
best candidates for the production of high-specific-
activity '%°Yb owing to the large cross sections of the
(d,2n) reaction and 100% natural abundance of the tar-
get 199Tm. However, the available experimental cross-
section data of the '°Tm(d,2n)'%*Yb reaction have
relatively large uncertainties and are scattered; there-
fore, the excitation function is not defined properly.
We report cross-section data of the 19Tm(d,2n)**?Yb
reaction using pure, thin metallic thulium foils as the
target material to reduce the uncertainty of the exper-
imental data.

The excitation functions of the deuteron-induced re-
actions on '%*Tm were measured by using the stacked-
foil activation method and high-resolution v-ray spec-
trometry of the irradiated target foils. The '%9Tm
metallic target foils (purity: 99%, Goodfellow, UK)
were stacked with "™ Ti (purity: 99.9%, Goodfellow,
UK) and 27Al foils (purity: >99.95%, Nilaco, Japan)
for monitoring the beam parameters and for degrading
the beam energy. The average thicknesses of Tm, Ti,
and Al foils were determined by measuring the sur-
face area and the weight of larger pieces of the foils
and were found to be 28.65, 4.95, and 13.44 mg/cm?,
respectively. The irradiation was performed at the
AVF cyclotron of the RIKEN RI Beam Factory. The
stacked target was irradiated for 75 min with a 24.36-
MeV deuteron beam having an average intensity of
135.6 nA, which was measured by a Faraday cup. The
incident beam energy was measured by the time-of-
flight method using plastic scintillator monitors.®) The
beam-energy degradation in the stacked target was cal-
culated using the SRIM code available online.”) The
~-ray spectra of the activated foils were measured by
HPGe detectors. Nuclear decay data were taken from
the online NuDat 2.7 database.®)

The excitation function of the ®Tm(d,2n)'%"Yb
reaction was derived from the ~-line at 177.21-keV
(22.28%), as shown in Fig. 1, together with the pre-
viously measured experimental data,>®) and the re-
sult of the TALYS calculation.?) Our peak energy is in
good agreement with the previous data®®) although
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Fig. 1. Excitation function of the '*Tm(d,2n)***Yb reac-
tion. The solid curve shows a spline fit over the experi-
mental data. The result is compared with the previous
experimental data® ®) and TENDL-2015.%)

the cross sections are slightly higher. In addition to
169Yh, we have measured the production cross sections
of 167168170y The measured data of Tm isotopes
are not included in this report owing to the space limi-
tation, but all data are available in Appl. Radiat. Isot.
125, 23 (2017). The present results for the Tm isotope
production show good agreements with the previous
data in general.

In summary, we determined the cross sections of the
deuteron-induced reactions on '%*Tm to produce '*°Yb
and 671681707y by using the stacked-foil activation
method and v-ray spectrometry. The thin metallic Tm
foils with Ti and Al foils were irradiated by a 24.36-
MeV deuteron beam. The obtained excitation func-
tions were compared with previous experimental data,
and good agreements were found in general. The ex-
citation function of the %°Tm(d,p)!"™®Tm reaction is
reported for the first time.
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