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Eva Šimečková c
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1. Introduction

One promising tool for internal vectorized radiotherapy is the 
terbium quadruplet (Müller et al., 2012; Müller et al., 2014; For-
mento-Cavaier et al., 2020; Dellepiane et al., 2022), which contains 
radio-isotopes that could be used for therapy (149Tb: α therapy and 
161Tb: β− therapy) as well as imaging (152Tb: Positron Emission To-
mography - PET - and 155Tb: Single-Photon Emission Computed To-
mography - SPECT -). Indeed, combinations of these isotopes represent 
optimal theranostic pairs as their chemistry is identical. The same bio-
conjugate can be then labeled with all Tb radioisotopes, forming com-
pounds of practically same pharmacokinetic behavior for theranostics.

A major constraint is limited capability to produce these radionu-
clides in sufficiently large quantities and with high chemical and iso-
topic purity, by an economically sustainable production route (Müller 
et al., 2014; Duchemin et al., 2016; Favaretto et al., 2021).

The 155Tb radionuclide can be formed in various nuclear reactions. 
Currently, the highest radionucleidic purity is achievable in spallation 
reactions followed by offline radioisotope separation, as performed for 
instance at the MEDICIS facility at CERN) (dos Santos et al., 2014) or at 
TRIUMF ISAC facility (Fiaccabrino D. E et al., 2021). Unfortunately, this 

production mode provides small activities only sufficient for pre-clinical 
research studies, but not potential clinical demand. In addition, the 
spallation reaction production requires expensive infrastructure result-
ing in high costs. From this point of view, cyclotron production seems to 
meet routine manufacturing requirements better. Among the most 
promising reactions are 155Gd(p,n)155Tb and 155Gd(d,2n)155Tb. How-
ever, the highest commercially available purity of 155Gd (ca 92 %) is not 
sufficient for production of high purity 155Tb (Dellepiane et al., 2022; 
Wang et al., 2023). Moreover, co-production of 156Tb is unavoidable. It 
can notably be considered as an issue and must be taken into account 
due to its high energy γ rays (Eγ > 1 MeV) that increase radiation burden: 
ratio of equivalent dose between 156Tb and 155Tb can go up to ～ 10 
depending of the organ (for instance, ICRP, 1994). In addition, high 
energy γ-rays of 156Tb can also affect the SPECT image. γ rays of these 
155Tb and 156Tb used in this experimental study are summarized in 
Table 1. A recent study, mainly based on calculations, on the effect of 
contaminants, especially 156Tb, has been reported by Barbaro et al. 
(2024). This shows the interest of experimental data obtained with 
isotopically pure targets.

At IJCLab, Orsay, we have the opportunity to use a high-performance 
electromagnetic separator, SIDONIE (Camplan et al., 1970; Alexandre 
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et al., 1970; Chauvin et al., 2004; Bacri et al., 2017) for production of 
isotopically pure targets.

Here we report on the tests with first experimentally produced 
enriched targets of 155Gd with the aim to validate the whole experi-
mental chain from the isotope production to the final product analysis.

This work is a part of a project aiming at demonstration of the ad-
vantages of highly enriched 155Gd targets for production of 155Tb in the 
proof-of-concept phase and evaluation of the 156Tb content in the 
product. As the two reported experiments are test experiments, not all 
results will be presented and we focus on 155Tb and 156Tb. The main goal 
of these test experiments was to develop and implement our methods 
and data analysis, and to ensure that they are trustworthy before per-
forming a more extensive study that will cover a larger energy range 
relevant for the investigated evolution of production cross sections as a 
function of the beam energy. For these test experiments, a selection of 
the experimental conditions, such as beam energy, was driven by an idea 

to reduce the factors that would contribute to a complex situation in 
final products decays (energy straggling) to have a better control on 
uncertainties entering the development-measurement chain and the 
availability of beams/detectors in experienced laboratories.

Here, we report here for the first time the irradiation of 99.9% 
enriched 155Gd targets, referred in the following as pure 155Gd, for 155Tb 
and 156Tb proton-induced reactions cross section measurements. Further 
experiments are to be performed soon to cover a broader energy range.

2. Materials and methods

2.1. Cross section measurements techniques

Cross section measurements were performed using the stacked-foils 
technique (Duchemin C. et al., 2016) followed by off-line γ-ray spec-
troscopy. Two irradiations were performed in order to verify the method 
in two independent experiments.

Our stacks were composed of natGd foils and enriched pure 155Gd of 
our own production interleaved by Ni and Ti monitors dedicated to 
beam current verification (Tables 2 and 3). The average beam current 
was deduced from the total charge recorded during irradiation. It was 
corrected using the monitor reactions natNi(p,x)57Ni and natTi(p,x)48V. 
The fraction of the 57Ni and 48V activity recoiled on the following foil 
was carefully quantified (Červenák and Lebeda, 2020). The pure target’s 
graphite backing (99.997%, Goodfellow) acted itself as a catcher for Gd 
activation products.

All the thicknesses are expressed in atoms/cm2. For natGd, C backing 
and monitor foils, they were deduced from Goodfellow indications and 
weighting. For pure 155Gd deposits, they were deduced from the RBS 
measurements that were focused on the beam spot region, (Rutherford 
Back Scattering, M. Mayer, 2003) and done at Orsay (see § 2.2).

The first irradiation was performed at ARRONAX, St Herblain 
(France) for 2 h, with a proton beam current of 121 ± 5 nA and an 
entrance energy of 30.7 ± 0.3 MeV. The average proton beam energy at 
the center of each target was calculated using stopping power range 
tables (Hubert et al., 1990; Northcliffe and Schilling, 1970) as a part of 
LISE++ software (Tarasoz and Bazin, 2008).

pure 155Gd target and monitor activities were measured at Orsay two 
days after EOB (End Of Bombardment), while natGd targets were 
measured 11 days after EOB because of their high activities. Measure-
ments continued for two weeks. All targets were measured multiple 
times by two calibrated and shielded HPGe detectors: MIRION GC4018 
detector and n-type HPGe with 1.9 keV resolution at 1.33 MeV and ef-
ficiency around 18 %. The stack is described in Table 2.

The second irradiation was performed at the NPI CAS cyclotron, at 
Řež (Czech Republic) for 55 min, with a proton beam current of 92.4 ±
4.8 nA and an incident energy of 27.1 ± 0.2 MeV. The γ-ray spectra 
acquisition began 2 h after the end of the bombardment and continued 
for 5 days. This was impossible in the previous experiment because of 
the delay due to the transport. A description of the stack and the detector 
which was used to measure each foil or target is reported in Table 3. All 
detectors were shielded.

Table 1 
Energy and intensities of the γ-rays of 155Tb, 156Tb ground state (National Nu-
clear Data Center (NNDC), 2024) used for quantification of 155Tb, 156Tb activ-
ities in this study.

155 Tb T½ = 5.32 d 156gTb T½ = 5.34 d

Energy (keV) Intensity (%) Energy (keV) Intensity (%)

EC decay γ rays 105.3 25.1 199.19 41
180.1 7.5 296.49 4.5
262.3 5.3 356.38 13.6
340.7 1.2 422.34 8.0

534.29 67
925.68 3.4
1065.11 10.8
1154.07 10.4
1222.44 31

Table 2 
Composition of the stack used during the first irradiation (ARRONAX experi-
ment) and proton energies at the center of each layer of the stack. All foils have 
been purchased from Goodfellow (UK). The pure 155Gd deposit has been done 
with the SIDONIE separator (see §2.2).

Purity (%) Thickness 
(atoms/cm2)

Producer Ecenter 

(MeV)
natNi 99.99 1.14 1020 Goodfellow 

(UK)
30.5 ±
0.3

natGd 99.0 7.55 1020 29.5 ±
0.3

natNi 99.99 1.14 1020 28.5 ±
0.3

natGd 99.0 7.55 1020 27.5 ±
0.3

natNi 99.99 1.14 1020 26.4 ±
0.4

pure 155Gd 
(target 
#1)

155Gd 
deposit

99.98173 

± 0.00080

(1.050 ±
0.003) 1018

home made 26.3 ±
0.4

C 
backing

99.997 7.55 1020 Goodfellow 
(UK)

Table 3 
Composition of the stack of foils in the experiment at NPI CAS, Řež, and proton energies at the center of each target. All foils have been purchased from Goodfellow 
(UK). The pure 155Gd deposits have been done with the SIDONIE separator (see §2.2).

Purity (%) Thickness (atoms/cm2) Ecenter (MeV) detector type
natTi 99.6 7.32 1019 27.1 ± 0.2 Coaxial HPGe Ortec GEM40P4-83-SMP
natGd 99.0 1.96 1020 26.8 ± 0.2 HPGe detector Canberra GR4520
natNi 99.99 1.21 1020 26.5 ± 0.2 Coaxial HPGe Ortec GEM40P4-83-SMP
natTi 99.99 7.38 1019 26.3 ± 0.2 Coaxial HPGe Ortec GEM40P4-83-SMP
pure 155Gd (target #2) 155Gd deposit 99.81980 ± 0.00136 (1.275 ± 0.003) 1018 26.3 ± 0.2 HPGe Canberra GR4520

C backing 99.997 1.25 1021

natTi 99.6 7.38 1019 25.6 ± 0.2 Coaxial HPGe Ortec GEM40P4-83-SMP
pure 155Gd (target #1) 155Gd deposit 99.98173 ± 0.00080 (1.050 ± 0.003) 1018 25.6 ± 0.2 Planar LEGe Canberra GL0515R

C backing 99.997 2.51 1021
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During the two experiments, dead time during the measurements 
was kept below 5 %. The only peaks taken into account during γ-ray 
spectra analysis were those with the net area higher than 1000 counts.

Production cross-sections for the formation of 155Tb as well as 156Tb 
in the proton-induced nuclear reactions on natGd and pure 155Gd were 
derived from γ-ray spectrometry measurements (see § 3).

2.2. Production of pure 155Gd target with the SIDONIE separator at 
IJCLab/Orsay

SIDONIE is an electromagnetic isotopic separator built at Orsay 
delivering 40 keV beams of almost all stable elements up to a few mA 
currents. Its separation power exceeds 2000 mm × Δ M/M at the focal 
plane. The selected ionized isotope is slowed down to 100 eV or below to 
be deposited onto a backing. The separated beam is scanned both hor-
izontally and vertically in order to make the target homogeneous.

The sample preparation necessary for isotopic analysis was per-
formed at the LUTECE platform of the IRSN. The isotopic characteriza-
tion of each target was measured by Inductively Coupled Plasma tandem 
Mass Spectrometry (ICP-MS/MS, Agilent 8800) of PATERSON, the 
IRSN’s mass spectrometry platform. In order to avoid polyatomic in-
terferences (particularly 155GdH + on 156Gd+) and to minimize the peak 
tailing (155Gd + on 154Gd+), the MS/MS mode with O2 in the collision 
reaction cell were used and Gd+ was analyzed in GdO + ion species. 
Target homogeneity has been verified by the RBS measurements per-
formed with the MOSAIC platform at Orsay (Bacri et al., 2017). The 
proton beam has been carefully shaped and focused so that to be inci-
dent on the homogeneous thickness target area.

Results of the isotopic analysis are reported in Table 4.

3. Data analysis and results

Activity of the radionuclides produced in the irradiated target was 
measured using γ-ray spectrometry. The data analysis was done using 
the software Fityk 1.3.1 (Wojdyr, M., 2010) and Fitzpeaks 3.71 
(Fitzgerald and Servives’s).

The EOB activity (AEOB) of a particular radionuclide was calculated 
from the following equation (Červenák and Lebeda, 2020, Duchemin C. 
et al., 2016): 

AEOB =
Pγ

ε . Iγ . tl
λ . tm

(1 − e− λtm )
eλtc (1) 

Where:

- AEOB is activity of the radionuclide at the EOB (Bq)
- Pγ is net peak area of the γ line selected for the radionuclide’s 

quantification
- λ is decay constant of the radionuclide (s− 1)
- tm is the real time of measurement (s)
- ε is detection efficiency at the selected γ-line energy
- Iγ is emission probability of the selected γ line (abs)
- tl is the live time of measurement (s); tl = tm-dead time

- tc is the cooling time, i. e. time elapsed between the EOB and start of 
the measurement (s)

For each studied radionuclide, its major emitted and interference- 
free γ-rays, reported in Table 1, were used. It permits us to verify the 
consistency of the deduced radionuclide activity and to present an 
average value. Finally, the production cross section of the radionuclide 
of interest is calculated (Červenák and Lebeda, 2020, Duchemin C. et al., 
2016): 

σ =
AEOB

φ .e . χ . (1 − e− λtb )
(2) 

Where:

- σ is the cross section for the formation of particular radionuclide 
(cm2)

- AEOB is activity at the EOB for the given radionuclide (Bq), from Eq. 1
- φ is particle beam flux (s− 1)
- e is the target thickness (atoms/cm2)
- χ is abundance of the particular nucleus or element in the target, on 

which the nuclear reaction takes place. In our case, χ = 1 for both 
natGd and 155Gd, as we provide elemental and isotopic cross sections, 
respectively.

- λ is decay constant of the radionuclide produced in the nuclear re-
action (s− 1)

- tb is the bombardment time (s)

3.1. 155Tb cross section in the natGd (p,x) and 155Gd(p,n) reaction

The obtained cross-sections for formation of 155Tb in the natGd(p,x) 
nuclear reactions are presented in Fig. 1 and in Table 5.

Our measurements are in agreement with each other and also with 
Vermeulen’s et al. (2012). The measurements also indicate production 
cross-sections increase for the proton energies around 30 MeV.

Measurements performed with pure 155Gd targets allowed us to 
determine for the first time the cross sections of the 155Gd(p,n)155Tb 
reaction. Results are summarized in Table 6 and displayed in Fig. 2.

These values are significantly lower than those obtained on natGd, 
where cross sections reach 200 mb (see Fig. 2). This is due to absence of 
other Gd isotopes found in natGd that significantly contribute to the 
formation of 155Tb in this energy region, especially the 157Gd, as re-
ported in TENDL data base (TENDL, 2023). In this case, pure 155Gd 
naturally doesn’t improve the 155Tb yield, as the maximum of the 155Tb 
cross-section from 155Gd is expected at much lower energies. In addition, 
comparison with TENDL database (TENDL, 2023) shows that experi-
mental values are six times lower than the predicted cross sections (see 
Fig. 2).

However, as shown below, the use of pure 155Gd reduces remarkably 
the content of 156Tb. This contaminant production may be an issue, 
especially due to its high-energy γ rays (cf. Table 1). Isotopically pure 
targets are usually more favorable regarding minimizing available 

Table 4 
Results of the isotopical analysis of the enriched targets made with SIDONIE separator. Measurements were done using the ICP-MS technique.

Target #1 irradiated at ARRONAX and NPI CAS, Řež Target #2 irradiated at NPI CAS, Řež
152Gd/Σ(Gd) (%) (4.3 ± 2.6) 10− 4 (5.5 ± 2.3) 10− 4

154Gd/Σ(Gd) (%) (1.25 ± 0.41) 10− 3 (4.32 ± 0.20) 10− 3

155Gd/Σ(Gd) (%) (99.98173 ± 0.00080) (99.81980 ± 0.00136)
156Gd/Σ(Gd) (%) (5.69 ± 0.12) 10− 3 (1.0681 ± 0.0011) 10− 1

157Gd/Σ(Gd) (%) (5.33 ± 0.62) 10− 3 (1.996 ± 0.809) 10− 2

158Gd/Σ(Gd) (%) (3.93 ± 0.58) 10− 3 (2.695 ± 0.739) 10− 2

160Gd/Σ(Gd) (%) (1.64 ± 0.25) 10− 3 (2.216 ± 0.579) 10− 2
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reactions channels resulting in radionuclidic impurities. Since 156Tb 
seems to be the most critical contaminant due to its impact on SPECT 
imaging quality and increase of the patient’s radiation burden (Barbaro 
et al., 2024), we have also paid attention to measuring its production 
cross sections.

3.2. 156Tb cross section in the natGd (p,x) and 155Gd(p,γ) reactions

156Tb has three isomers: the ground state (156gTb : T1/2 = 5.34 d), the 
first metastable state (156m1Tb, T½ = 24.4 h) and the second metastable 
state (156m2Tb, T½ = 5.4 h). All these three are directly produced during 
the irradiation, while m1 and m2 states decays feed directly the ground 
state. Measurement of the cumulative activity of 156Tb (usually labeled 
as 156cumTb) as a function of cooling time is of interest due to its rele-
vance for estimating potential total 156Tb activity injected to a patient. 
Thus, it is independent on the isomer production and feeding of the 
ground state. These measurements may be performed more than 60 h 
after the EOB, when m1 and m2 states have almost completely decayed 
to the ground state (see Fig. 3). The cumulative activity of the ground 
state is then extrapolated to the EOB using the ground state decay 
constant (cf. Fig. 3). However, such approach doesn’t give any idea 
about the 156gTb activity change in time close to the EOB, as it ignores 

activities of the shorter-lived isomers.
Activity measurements were performed on a natGd target during the 

second irradiation campaign. Gray line corresponds to the exponential 
decay of the cumulative 156gTb activity extrapolated to the EOB using its 
half-life. Black line is a fit of the measured 156gTb activities with the 
Bateman equation (Eq. (3)) that include contribution of 156gTb, 156m1Tb 
and 156m2Tb in real time. The two points, gray disc and black inversed 
triangle at t = 0, correspond to the cumulative 156cumTb activity 
extrapolated to the EOB and 156gTb activity itself extrapolated to the 
EOB from the Bateman equation fit, respectively.

Deconvolution of this decay curve is possible using the Bateman 

Fig. 1. natGd(p,x)155Tb cross-section versus beam energy. Results obtained at 
ARRONAX and NPI CAS Řež (black diamond) compared with Vermeulen’s 
measurements (gray triangle - Vermeulen et al., 2012).

Table 5 
Experimental cross-sections of the natGd(p,n)155Tb reactions 
obtained at the ARRONAX and NPI CAS, Řež facilities.

Ep (MeV) σ (mb) for natGd(p,x)155Tb

29.5 ± 0.3 241 ± 28
27.5 ± 0.3 195 ± 23
26.8 ± 0.2 195 ± 16

Table 6 
Obtained cross sections for the 155Gd(p,n)155Tb reaction at the ARRONAX and 
NPI CAS, Řež facilities.

Ep (MeV) Target σ (mb) for 155Gd(p,n)155Tb

26.3 ± 0.4 Target #1 (ARRONAX irradiation) 8.38 ± 0.76
26.3 ± 0.2 Target #2 (NPI-CAS-Řež irradiation) 9.89 ± 1.71
25.6 ± 0.2 Target #1 (NPI-CAS-Řež irradiation) 12.0 ± 1.5

Fig. 2. 155Gd(p,n)155Tb versus beam energy results obtained at ARRONAX and 
NPI CAS Řež compared with TENDL prediction.

Fig. 3. Activity of 156gTb as a function of the time, where t = 0 correspond to 
tEOB. Gray disc indicates cumulative activity of 156cumTb extrapolated to the 
EOB, while the black inversed triangle denotes actual 156gTb present at the EOB. 
Our experimental data on natGd obtained at NPI-CAS-Řež are reported as 
crosses. Gray line corresponds to the exponential decay constant of the 156gTb, 
while the black one is the result of a fit of experimental data with the Bateman 
equation (see Eq. (3)).
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equation for this particular case (Dellepiane et al., 2022): 

Acum(t)= Ag(0)e− λg t +
λg

λg − λm1
Am1(0)

[
e− λm1 t − e− λg t]

+
λg

λg − λm2
Am2(0)

[
e− λm2 t − e− λg t] (3) 

Where Ag(0), Am1(0) and Am2(0) are respectively the EOB activities of 
156gTb, 156m1Tb and 156m2Tb, and λg, λm1 and λm2 respectively their decay 
constants.

The activities of the isomers, Ag(0), Am1(0) and Am2(0) necessary for 
their independent cross section calculation were deduced from the fit of 
this Bateman equation onto our measurements. Moreover, we have also 
calculated the cumulative cross-section of 156Tb using the previously 
described usual method. The obtained results are summarized in 
Table 7.

These results were be compared in Fig. 4 with those reported by 
Vermeulen (Vermeulen et al., 2012).

Even if the results from our two experiments are compatible with 
each other, our 156cumTb measurements are not compatible with Ver-
meulen’s et al. (2012) measurements that are for 30% smaller. Sur-
prisingly, our cross section for direct formation of 156gTb seems to agree 
well with the cumulative cross-sections for this ground state reported by 
Vermeulen’s et al. (2012).

Such discrepancy deserves clarification. However, one can also note 
that there is a difference of a similar magnitude between Dellepiane’s 
and Vermeulen’s measurements at lower energies. We hope that further 
measurements at various energies will help to solve this inconsistency.

Additionally, measurements performed with pure 155Gd targets only 
allowed us to obtain the cumulative cross-sections of 156cumTb, as ac-
tivity of 156gTb was too low to follow its decay.

These results reported in Table 8 show that the production of 
156cumTb with pure 155Gd targets is significantly lower than with natGd 
targets in the 25–30 MeV range. Although this energy range is not the 
most interesting for production of 155Tb, it confirms very low production 
rate of 156Tb. Further measurements in an energy range covering rele-
vant cross-sections region are needed to identify the optimal proton 
energy for production of 155Tb with the lowest production of 156Tb.

3.3. 156Tb/155Tb production cross-section ratios

In order to compare production of 155Tb and 156Tb impurity content 
in different targets, we have calculated the production cross-section 
ratio of 156cumTb and 155Tb for both natGd and pure 155Gd targets. Re-
sults are summarized in Table 9.

The cross-section ratio σ(155Tb)
σ(156cumTb)

is higher by about an order of 

magnitude for pure 155Gd targets compared to the natGd targets. pure 155Gd 
targets are obviously much more favorable for production of 155Tb with 
minimized 156Tb content using proton activation.

Table 7 
Independent reaction cross sections for the natGd(p,x)156g,156m1,156m2Tb ob-
tained from fitting the data measured at the NPI, Řež facility for Ep = 27.1 MeV.

Production cross-section from natGd (mb)

Direct measurement Deduced from Bateman equation fit
156cumTb 156m1Tb 156m2Tb 156gTb

337. ± 18. 15.7 ± 0.9 112. ± 6. 220. ± 12.

Fig. 4. natGd(p,x)156Tb cross-section versus proton beam energy. Small di-
amonds (our work), triangles (Vermeulen et al., 2012) and squares (Dellepiane 
et al., 2022) represent 156cumTb cross-section. Large diamond corresponds to 
156gTb activity deduced from applying the Bateman equation on the measure-
ment performed in NPI CAS, Řež.

Table 8 
Obtained cross sections for the 155Gd(p,γ)156cumTb reaction at the ARRONAX 
and NPI CAS, Řež facilities.

Ep (MeV) Target σ (mb) for 155Gd(p,γ)156cumTb

26.3 ±
0.4

Target #1 (ARRONAX irradiation) 0.66 ± 0.16

26.3 ±
0.2

Target #2 (NPI-CAS-Řež irradiation) 0.65 ± 0.11

25.6 ±
0.2

Target #1 (NPI-CAS-Řež irradiation) No signal

Table 9 

The cross-section ratio 
σ
(

155Tb
)

σ
(

156cumTb)
for the two natGd and pure 155Gd targets measured at ARRONAX and NPI CAS, Řež. The target #1 measurement results from the 

ARRONAX irradiation campaign.

σ
(

155Tb
)

σ
(

156cumTb)

Ep (MeV) natGd target (this work) natGd target with  
156cumTb fromVermeulen et al.

σ
(

155Tb
)

σ
(

156cumTb)

29.5 ± 0.3 0.6 ± 0.1 0.8 ± 0.1 Ep (MeV) pure 155Gd target (#1)
27.5 ± 0.3 0.7 ± 0.1 0.9 ± 0.1 26.3 ± 0.4 14. ± 5.
26.8 ± 0.2 0.6 ± 0.1 0.9 ± 0.1 26.3 ± 0.2 15 ± 4
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4. Conclusions/perspectives

For the first time, 155Gd targets with an enrichment larger than 99.8 
% have been prepared and irradiated with protons in two independent 
test experiments.

Cross sections of the natGd(p,x)155Tb and natGd(p,x)156Tb nuclear 
reaction in the energy range of 25–30 MeV have been measured to verify 
the robustness of our measurements, and 155Gd(p,n)155Tb and 155Gd 
(p,γ)156Tb have been investigated.

Concerning the 155Tb production with natGd target, our results are in 
agreement with measurements published by Vermeulen’s et al. (2012). 
Moreover, as 156Tb is a critical contaminant that cannot be avoided in 
the cyclotron production route, its formation was also investigated. 
Proper evaluation of 156gTb production is challenging due to formation 
of its two metastable states. Our 156cumTb measurements are not 
compatible with Vermeulen’s et al. (2012). Further measurements are 
necessary in order to identify the source of the discrepancy.

Our measurements of the 155Gd(p,n)155Tb reaction shows clearly 
that prediction of the TALYS nuclear reaction model code adopted from 
the TENDL library overestimates our results ca six times.

In the 25–30 MeV energy range, cross-section ratio σ(155Tb)
σ(156cumTb)

revealed 

superiority of pure 155Gd over natGd regarding 156Tb content in 155Tb.
Further experiments covering the cross sections of the proton- 

induced nuclear reactions on pure 155Gd in the proton energy range of 
9–25 MeV are to be performed soon in order to find optimal 155Tb 
production conditions. Optimum (proton energy, target thickness and 
purity, etc.) will be a compromise between a high production rate of 
155Tb and a low production rate of contaminants.
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Declaration of competing interest

Authors declare that there is no competing interest.

Data availability

Data will be made available on request.

Acknowledgements

This research has been partially funded by the TTRIP project 
(2022–2025) of the French National Research Agency (ANR) under the 
project ANR-21-CE19-0037-01. Financial support has also been 

obtained through a grant from the MITI (Mission for Transversal and 
Interdisciplinary Initiatives) of CNRS, the French National Centre for 
Scientific Research.
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