
Excitation function measurements for 
radioisotope production at RIKEN

Masayuki AIKAWA



Introduction

• Many radionuclides are used for 
application, such as medicine.

• Diagnosis
• β+ emitters for PET
• γ emitters for SPECT

• Therapy
• β, α, and Auger-electron emitters
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T.I. Kostelnik et al., Chem. Rev. 119 (2019) 902
https://doi.org/10.1021/acs.chemrev.8b00294



Radioisotopes produced
in RIKEN, Japan
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• RIKEN supplies a wide variety of 
radioisotopes for both 
applications and research.

• As shown in the list, numerous 
RIs and their corresponding 
production reactions are 
available.

H. Haba, Proceedings of the 2020 Symposium on 
Nuclear Data, (2021) 36.

https://doi.org/10.11484/jaea-conf-2021-001 

Dr. Haba, Tue_S3_B,  2026/02/17 
17:20



Need for reaction comparison
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F. Barbaro et al., Medical Physics 50 (2023) 1843

Comparison of natCr(p,x)52gMn (dashed) 
and natV(α,x)52gMn reactions (solid)• All feasible reactions must 

be examined to choose the 
most efficient production 
route.

• Maximizing production yield
• Minimizing production cost 

and radionuclidic impurities

Systematic cross-section measurements are required.



Method

• We perform cross section 
measurements using the well-
established methods.

• Stacked-foil activation technique
• γ-ray spectrometry 
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Slide courtesy of 
Dr. Haba (RIKEN)

Advantages of the facility
• TOF system
• Faraday-cup like target holders

• 8 × 8 or 10 × 10 mm 
targets

• HPGe detectors
• Calibration sources

• Projectiles
• 30-MeV protons
• 24-MeV deuterons
• 50-MeV α
• 70-MeV 7Li
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Slide courtesy of 
Dr. Haba (RIKEN)
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Slide courtesy of 
Dr. Haba (RIKEN)



169Yb used for brachytherapy

• 169Yb (T1/2 = 32.0 d) is an 
Auger electron and X-ray 
emitter and can be used for 
brachytherapy.
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Adams et al., Medical Physics 47 (2020) 6430.
https://doi.org/10.1002/mp.14533



Charged-particle-induced reactions for 169Yb

• There are several charged-
particle-induced reactions to 
produce the medical RI 169Yb.

• 169Tm(p,n)169Yb
• 169Tm(d,2n)169Yb
• 169Tm(α,x)169Yb
• natEr(α,x)169Yb
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Previous studies
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169Tm(p,n)169Yb 169Tm(d,2n)169Yb

169Tm(α,x)169Yb natEr(α,x)169Yb
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169Tm(p,n)169Yb
@ATOMKI

169Tm(d,2n)169Yb
@RIKEN

169Tm(α,x)169Yb
@RIKEN

(To be submitted)

natEr(α,x)169Yb
@RIKEN

Our results
M. Saito et al., Nucl. Instrum. Methods B 471 (2020) 13
M. Saito et al., Appl. Radiat. Isot. 154 (2019) 108874
M. Saito et al., Appl. Radiat. Isot. 125 (2017) 23



Thick target yields
• Using the measured cross 

sections, physical thick 
target yields (MBq/μAh) 
were derived and compared.

• The best route can be 
discussed based on the 
derived yields.
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The 169Tm(d,2n)169Yb reaction is the 
best for 169Yb production.



Medical application of Astatine-211

• Astatine-211 (T1/2 = 7.22 h) is an 
α emitter and attracts many 
researchers because of 
effectiveness in therapy.

Masayuki AIKAWA – aikawa@sci.hokudai.ac.jp 14

Fujiki et al., Chem. Sci. 10 (2019) 1936
https://doi.org/10.1039/C8SC04747B



Production of 211Rn via the 209Bi+7Li reaction

• 211Rn (T1/2 = 14.6 h) is 
expected to be a generator.

• One possible production 
reaction, the 
209Bi(7Li,5n)211Rn reaction, 
was investigated.
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Maeda et al., J. Radioanal. Nucl. Chem. 323 (2020) 921.
https://doi.org/10.1007/s10967-019-06990-z



Production cross sections of 211Rn and 210Rn

• Production cross sections of 
211Rn and 210Rn were 
determined.

• The measured cross sections are 
slightly deviated from those of 
previous studies.
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Experiments by our group (2025–2026)
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Reaction Authors Date Remark
1 Ce+α Ebata et al. 2025/2
2 Ho+α Tornyi et al. 2025/2 Accepted in EPJ/A
3 Nb+α Huang et al. 2025/2 Published (10.1016/j.cjph.2025.11.038)
4 Rh+α Ditroi et al. 2025/2 Published (10.1140/epja/s10050-025-01670-x)
5 Fe+Li Aikawa et al. 2025/3
6 V+Li Aikawa et al. 2025/3
7 Ag+Li Aikawa et al. 2025/4
8 Zr+Li Aikawa et al. 2025/4
9 Sr+d Nambu et al. 2025/6

10 Au+α Damdinsuren et al. 2025/9
11 Fe+α Aikawa et al. 2025/9 Published (10.1016/j.apradiso.2026.112460)
12 Mg+α Aikawa et al. 2025/9 Submitted to NIM/B
13 Ra+p Nambu et al. 2025/10
14 Ho+d Ukon et al. 2026/2
15 Pb+d Bold et al. 2026/2



Collaborators (for experiments in 2025-2026)
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Thank you for your attention.
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