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Introduction: Medlcal Radlo Isotopes (R1) of Tc

Summary of elements which possess radioisotopes for nuclear medicine [1].

Tc Rl have garnered significant
interest for medical applications.
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[1] Philip J. Blower, Dalton Trans., 11(2015), 4819-4844.

9SMo(p,n)?5eTc




rLorence 15-19 FEB 2026

IC1/426

\2 | INTERNATIONAL
CONFERENCE N ISCTOPES

Introductlon Measurement of Cross Section

for Tc radioisotope production:
along with radioactive by-products:

In this work, we investigated alpha-particle-induced reactions cross sections on natural Nb target (°3Nb 100%):

93Nb(cx,x) 968,95m,95¢,94¢,93m, 93¢ ¢
93Nb((X,X) 93mM0’ 95m,95g,92m,91m,90Nb’ 8927y and 88:878Y.

91Te

The cross sections describe 5.14 min
the probability that nuclear S
reactions will occur.

The cross sections data are
essential for evaluating RI
production:

* predict Rl yields;

» evaluate radioactive purity;
e optimize production routes;
« define irradiation energy;

* etc.

92Te
4.23 min

e+p+=100%

91Mo
15.49 min

£+p+=100%
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Produced RI
rather than Tc

[2] National Nuclear Data Center, Nudat 3.0. Available at http://www.nndc.bnl.gov/nudat3/
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Stacked F0|Is a'nd Beam Degradation

The frame of one stacked-foil arrangement.
14 sets Nb-Nb-Ti-Ti repeated.

‘ 93Np foils:
‘ natTj foils:

Aim targets of this research.
For the "@Ti(x,x)>1Cr monitor reaction.
Particles recoiled from Nb and Ti foils.

Foils measured for gamma-spectrometry

[3] J.F. Ziegler, et al., Nucl.

Instrum. Methods Phys. Res. B, 268 (2010) 1818-1823.
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Methods: Irradiation and Gamma Spectrometry
AVF cyclotron
Target holder in RIKEN HPGe Detector

Equation Cross Section: g =
q nriegeye(1-e *Tb)e~ATc(1-e~ATm)

o: cross section (cm?), N: net count of the characteristic gamma-line, A: decay constant of the radioisotope (s™'),
ny: atomic number areal density of the target (cm™2), I: deuteron-beam intensity (s™'), g, €, and & efficiency of
the HPGe detector, gamma-line branching ratio, and dead time correction. T, T,, and T, : irradiation, cooling, and

measurement times ().
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Gamma Studio
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Monitor reaction "2tTi(ct,x)51Cr
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[4] A. Hermanne, et al., Reference Cross Sections for Charged-particle Monitor Reactions, Nuclear Data Sheets, 148 (2018) 338-382
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® This Work

s V.N.Levkovski (1991)

s C.L.Branquinho et al. (1979)
--- TENDL-2023

93Nb(a, 4n)3MTc

Crosssectlon of 93Nmb(<x 4n)>3Tc Reaction

93Nb(x,4n)°3Tc
Threshold energy 25.7 MeV

> 93mTe (T, ,, = 43.5 min, e+$*: 100% & IT 77.4%)
> %3Tc (T,, = 2.75 h, e+B*: 100%)

20 30
Energy (MeV)

40
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III:
ik
)
Il
1
IA
93 93 ¥
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The production cross sections:

» 93mTc, determined by 391.8 keV gamma-line

(58.3%), after cooling times of 1.8-1.9
hours.

> 932Tc, determined by 1362.9 keV (66.2%)

gamma-line, after cooling times of 3.2-5.0
hours.
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Cross section (mb)
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o Tris Work & SNb(a, 3n)99Tc 93Nb(x,3n)%#Tc Reaction
e KKimetal. (2015)
F.K.Amanuel et al. (2011) . (Threshold energy 25.7 MeV)
¢ M.K.Sharma et al. (2007)
A AAgarwal et al. (2002)
*  F.Tarkanyi et al. (2002)
« RK.Y.Singh et al. (2001) > 94mTe (T1 » = 52 min, e+p*: 100%)
*  S.Mukherjee et al. (1993) /
V.N.Levkovski (1991) > 94gTc (Tl o= 293 min, e+B™: 100%)
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___________________ EJ ’xg 20073 V.N.Levkovski (1991)
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B . e, . . .
N B ST gamma-line, after cooling times
o 10 20 30 40 50 of 3.2 to 6.1 hours.
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93Nb(a,2n)?°Tc Reaction
Threshold energy 15.4 MeV

> 95mTc (T, , = 61.0 d, £+B*: 96.12% & IT:
3.88%)

> 95€Tc (T, ,,=19.3 h, e+B*: 100%)
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The production cross sections:

» 95mTe, determined by 204.1 keV (29.9%)
gamma-line, after cooling times of
293.4 - 315.5 hours.

» 95eT¢ (Cumulative), determined by
765.8 keV (93.8%) gamma-line, after
cooling times of 17.4 to 36.7 hours.

> 95eTc (Independent), identical to
cumulative values within the limits of
significant figures.
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93Nb(ax,n)%Tc Reaction
Threshold energy 7.3 MeV

> 96mT¢ (T, , = 51.5 min, e+B*: 2% & IT: 98%)
> 98eTc (T, , = 4.28 d, e+B*: 100%)
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The production cross sections:

> 96mTc determined by
1200.15 keV (1.1%)
gamma-line, but with large
uncertainties (>30%).

> 96eTc (Cumulative),
determined by 812.5 keV
(82%) gamma-line, after
cooling times of 211.7 -
218.1 hours.
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m,92m,91m,90Nbh Reactions
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of 23Nb(x,x)?2™Mo, 88:878Y Reaction
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Results Thlck Target Yleldsf(1TY) of Radioisotopes

Physical Thick Target Yields of Tc

6 6 . . .
10 oo ore F 10 Physical thick target yields produced through °3Nb(«x,x)
F —a— 969T¢ (T; =4.3d —+— 949T¢c (T, =4.9h ; ] . . ‘
B ¢ (T ) ¢(Tp ) reactions, were estimated based on the interpolation
| —m— 99MT¢ (T1/2 =61 d) 23mTe (T'_|/2 =435 min) . . .
5_ - - _ s | of cross sections measured in this work.
10 = 9Tc (T1/2 =19.3 h) —— 9Tc (Tl,tz =2.8 h) 10
- ) Physical Thick Target Yields of Mo and Nb .
o 10 —F 10
Q l ) - —— 9MMo (Ty, = 6.9 h)
Eg’ h 10 - —=— 9MNb (T1 = 3.6 d)
= - 10° 959Nb (T1, = 35.0 d) - 10°
>_ 103 i 103 Q E —— gszb (T1/2 =10.2 d)
||: = g, 91mNp (T, = 60.9 d) ,
C 10 — 10
» é F—o— gong (T1/2 =14.6 h)
2| | .2 i
10 - = 10 |_
- F 10" 10’
: ;
101 I Y I N I | | | 1 11 1 1 1 | 11 1 | | | | | I I T I A | | | | I Y I A | 101 100 _: f I 100
0 10 20 30 40 50 a !F"f
Energy (MGV) 0 1I0 EZIO |\/| 3{0/ 4|0 5|0
The °6£Tc shows highest TTY before 19 MeV. - nergy (MeV)
The 252Tc shows highest TTY at 19 - 35 MeV. The TTY of radioisotopes rather than Tc were

The %42Tc shows highest TTY at 35 - 50 MeV. less than 10 MBq/C
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Conclusion

> Activation cross sections of 23Nb(cx,x)%68:95m,95¢,94g,93m,93gTg 93m\]g, 95m,95g,92m,91m,90N|,
89¢Zr, 88,87eY reactions were measured up to 50 MeV alpha-particle energy.

» Our results were compared with the theoretical values obtained from the TENDL-2023
[8], and the previously reported experimental data [9-33].

> 9%eTc was the most produced radioisotope before 19 MeV, 2°8Tc was the most
produced at 19-35 MeV, and °*€Tc was dominant above 35 MeV.

» The derived cross-section data contribute to the production of medical radioisotopes
and the development of theoretical nuclear reaction models.

[8] A.J. Koning, et al., Nuclear Data Sheets, 155 (2019) 1-55.
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