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Introduction

« Many radionuclides are used for diagnosis and therapy.
Diagnosis
» positron emitters for PET
» gamma emitters for SPECT

Therapy
» beta, alpha, and Auger electron emitters =
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Figure 3. Radiometal decay types and their corresponding
applications in nuclear medicine. 'Indicates that degree of rotation,
number of detectors, and orbital path may vary depending on
instrument.
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Figure 1. Color-coded periodic table with current or potential applications of each element in diagnostic and/or therapeutic
radiopharmaceuticals.”™'* Periodic table reproduced by permission of International Union of Pure and Applied Chemistry. Copyright © 2018
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?mTc Single photon emission computed tomography (SPECT)

« Radiopharmaceuticals with ?®™Tc are injected to patients.

« The radiopharmaeuticals concentrate on specific parts, e.g.,
tumores.

« 140-keV y rays emitted from the decay of *°"Tc can be
detected.
 The location of the concentration

can be recognized from outside of
the patient body.
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SPECT, Wikipedia
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SPECT imaging

« 140-keV vy rays emitted from the radiopharmaeuticals with
#mTc were detected for imaging.

No blood enough
reached

CT

Stroke, Wikiwand,
http://www.wikiwand.com/en/Stroke

Kuniaki Ogasawara et al., "M Tc-Bicisate and " Tc-HMPAO SPECT Imaging in Early
Spontaneous Reperfusion of Cerebral Embolism", Am. J. Neuroradiol. 20 (1999) 626.

SZ Graduate Schoolof % HOKKAIDO UNIVERSITY

Biomedical Science and Engineering



PmTc/?°Mo supply

 The half-life of ®>™Tc is 6 hours.

» Its parent ®*Mo (T,,, = 66 h) is more appropriate to deliver.

« In Japan, all amounts required for ~900,000 scans/year are
imported.

99M0

1405 keV o~

“Te

Fig. 3. Simplified decay scheme of Mo and °°™Tc.

S. Takacs et al., "Reexamination of cross sections of the 19Mo(p,2n)?°™Tc
reaction”, Nucl. Instrum. Methods B 347 (2015) 26.
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Mo production route other than U fission

e Production reactions of ®°Mo from stable nuclei.

(n,2n)
(v,n)

VB Stable nuclei

M Unstable nuclei
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%Zr(a,n)?’Mo reaction

« One of the reactions to produce °°Mo is the 2¢Zr(a,n)?°Mo
reaction.

« Cross sections had been studied in two earlier experiments.
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Method

« We used the well-established methods for the cross section
measurements.
— Stacked-foil activation technique
— y-ray spectrometry
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Experimental setup

The two targets consisted of "atZr (°Zr: 2.8%) and Mt foils

The targets were irradiated by 51 and 29 MeV a-beams
with 200 nA for 2 hours at RIKEN AVF cyclotron.

11111

wmiu

EERE™
| é N

RIKEN AVF cyclotron S

Zr/Ti foils Target holder
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Experimental conditions

Experimental conditions were changed in two experiments.

#1 (2017/10) #2 (2017/12)
Energy 51.0 MeV 28.9 MeV
Intensity 203.6 pnA 205.0 pnA
Period 7200 s 7200 s
13.3 mg/cm? 6.75 mg/cm?
natzZyr 20.5 um 10.4 um
99.2 % purity 99.2 % purity
2.3 mg/cm? 2.4 mg/cm?
natT] 5.3 um 5.4 um
99.6 % purity 99.6 % purity
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"atTi(o,X)*1Cr monitor reaction

« Cross sections derived in our experiments were compared
with the IAEA recommended values.

« The monitor cross sections could be reproduced.
* No corrections are required for the beam and targets.

Cross section (mb)
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Result: 2°Zr(a,n)??Mo reaction

The two results are very similar to each other, but different
from the previous studies.

300 1 l (
96 99 Chowdhury 1995 —o—
Zr(a,x)""Mo Pupillo 2014 —a—
250 TENDL2015 ———
This work #1 —e—
o _#_ This work #2 —#—
£ 2001 |
The amplitude is higher —
than other data. + The peak position is different from
- »% previous data, but similar to theory.
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Paper and entry

« The paper was published and compiled into EXFOR.
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44Ti/*Sc generator

»  %95c (T, = 3.97 h, B*: 94.3%) can be used for PET.

» Its parent #Ti (T, = 59.1Y, &: 100%) is expected to be a
generator.

Radiochim. Acta 98. 149-156 (2010) / DOI 10.1524/ract.2010.1701
© by Oldenbourg Wissenschaftsverlag, Miinchen

A ¥Ti/*Sc radionuclide generator for potential application
of ¥*Sc-based PET-radiopharmaceuticals

By D. V. Filosofov', N. S. Loktionova® and F. Rosch?®*

! Joint Institute of Nuclear Research. DLNP. 141980 Dubna. Russian Federation
2 Institute of Nuclear Chemistry. University of Mainz. 55128 Mainz. Germany

(Received April 27, 2009: accepted in revised form October 21. 2009)
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Scandium and titanium radioisotopes

+ 49Sc (T, = 3.97 h, B+: 94.3%)
— Emitted positrons (E,.: 632 keV) can be used for PET.
¢ 44Ti (Tl/z —_ 59.1 y, . 1000/0)

— Generator of 449Sc.

Z

A

42T 3T 44T i 46T

(209 ms) (509 ms) (59.1y) (8.25%)

L . 455(:
44gSC (100%)
(3.97 h)

40Ca 41Ca 42Ca 43Ca 44Ca
(96.94%) (9.94x10%y) (0.647%) (0.135%) (2.09%)

4].SC 4ZSC 43SC
(596 ms) (681 ms) (3.89 h)
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Cross section (mb)

Proton- and deuteron-induced reactions on 4>Sc

The literature data of proton- and deuteron-induced
reactions found in the EXFOR library were scattered or few.

I
_BSc(p,2n)HMTi

<l McGee (1970)

L+ Levkovski (1991)
00 Ejnisman (1996)
2 Daraban {2009)

—— TENDL-2019

Cross section (mb)

Energy {MeV)
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Our experimental results

We performed two experiments to measure the cross
sections.
proton deuteron
Beam 51.0 MeV, 195 nA, 3600 s 24.3 MeV, 180 nA, 1800 s
45Sc 102 um, 99 % purity 25.8/250 um, 99.9% purity
natTj 4.97 um, 99.6 % purity 20.2 um, 99.6 % purity
70 | I T 40 T T T
60 455¢(p,2n) 44T < 35 | Sc¢(d, 3n)H4Ti
N < McGee (1970) 30 <1 Hermanne {2012)
2 50 - + Levkovski (1991) n 2 —— TENDL-2019
E 40 0 Ejnisman (1996) E 25 | e This work .
5 - ~  Daraban (2009) 1 &
. s i T
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Physical thick target yield

« The physical thick target yield of #Ti in the 4Sc(p,2n)*Ti
reaction was derived using the measured cross sections.

« The yield was ~1 MBg/C (3.6 kBg/pAh) at the incident
energy of 30 MeV.
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Activity required for 18F-FDG scan

« The required activity for the PET scan is 74-370 MBq, which
depends on the weight of each patient.
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Possible beam intensity at J-PARC

« The possible beam intensity of a 30-MeV proton beam at J-
PARC is more than 50 mA.

Proceedings of IPAC2015, Richmond, VA, USA THPF039

STABILITY STUDIES FOR J-PARC LINAC UPGRADE TO 50mA/400MeV

Y. Liu, T. Maruta, K. Futatsukawa, T. Miyao KEK/J-PARC, Ibaraki-ken, Japan
M. Ikegami, FRIB, East Lansing, USA
A. Miura, JAEA/J-PARC, Tokai-mura, Japan

[ 90-deg dump l

J-PARC linac consists of

* 50-keV negative hydrogen ion source = New ion source
* 3-MeV RFQ <2RFQ3

* 50-MeV DTL (Drift Tube Linac)

* SDTL (Separate-type DTL) 181-MeV = 190MeV

*400 MeV ACS (Annular Coupled Structure Linac)

100-deg dump

Injection section
2" Arc

MEBT2 (+ 2

Front-end new bunchers) j
_‘.7 m) DTL SDTL(+SDTL16) Newly installed P
(27 m) (84 m) ACS section
|

LEBT+ RFQ + MEBT

L,

181 MeV
=190MeV

E:I_l (109 m)

400MeV

Figure 1: Layout of J-PARC linac.
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Possible activity

If we can use a 30-MeV proton beam of 50 mA for 3 h, the
produced activity of ~525 MBq is expected.
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Paper and entry

Applied Radiation and Isotopes 168 (2021) 109448
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211Rn/211At generator

» Z2UAt (T, = 7.22 h) is an alpha emitter and can be used for

therapy.

» Its parent 2!1Rn (T,,, = 14.6 h) can be a generator.

Journal of Radioanalytical and Nuclear Chemistry (2020) 323:921-926
https://doi.org/10.1007/510967-019-06990-2

Measurements of the excitation functions of radon and astatine
isotopes from Li-induced reactions with 2*Bi for development
of a 2''"Rn-?""At generator

Eita Maeda' - Akihiko Yokoyama? - Takumi Taniguchi' - Kohshin Washiyama® - Ichiro Nishinaka*

Received: 30 September 2019 / Published online: 14 December 2019
© Akadémiai Kiadé, Budapest, Hungary 2019
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209Bij(“Li,5n)?1Rn reaction

Cross section (#1)

Cross section (#2)

Yield

Beam

71.9 MeV, 147 nA, 3600 s

71.9 MeV, 147 nA, 3420 s

71.2 MeV, 142 nA, 1200 s
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1062 mg/cm?, 100%
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Summary

« To discuss production of radioisotopes for generators,
nuclear data, e.g. cross sections and yields, are necessary.

« We systematically measure experimental cross sections
using stacked-foil activation technique and gamma-ray
spectrometry.

« Activation cross sections for some generators were
measured.
— 99Mo/99MT¢
— 44Tj/44Sc
— 211Rn/211At
— 68Ge/68Ga
— 140N(/140pPr
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