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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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Medical application of Astatine-211

» Astatine-211 (T, = 7.22 h) is an alpha emitter and attracts
many researchers because of effectiveness in therapy.
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Production of 211At

Cross sections for 21At (T,,, = 7.22 h) production via the
209Bij(a,2n)?!1At reaction were measured by several groups.

The incident energy should be less than 29 MeV to avoid
production of 219At (T,, = 8.1 h, e+p*: 99.825%, —41%Po
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Production of 211Rn via the 20°Bi+’Li reaction

* Unfortunately, the half-life of 1At (T,, = 7.22 h) is too
short to deliver.

 21Rn (T, = 14.6 h) is expected to be a generator.

« One possible production reaction, the 29°Bi(“Li,5n)411Rn
reaction, was investigated.

922 Journal of Radicanalytical and Nuclear Chemistry (2020) 323:921-926
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Production cross sections of 211Rn and 219Rn

« Production cross sections of 211Rn and 219Rn were
determined.

« The measured cross sections are slightly deviated from
those of previous studies.
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Another alpha emitter: Tb (T, = 4.1 h, I, = 16.7%)

« Is 1%Sm(“Li,2n)1**Tb reaction available for production?
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Monitor reactions

* Monitor reactions play an important role to determine
projectile energy to produce required amounts of RI of
interest under constraints to minimize impurities.
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Monitor reactions

« Cross section values recommended by IAEA are used to
assess experimental parameters, such as beam intensity
(amplitude), projectile energy (peak position) and target
thicknesses (shape).
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Purpose

There are no monitor reactions for lithium-induced reactions.
We performed cross section measurements of ‘Li-induced

reactions on "aCu and MatTj,

Proton

27A|(p’X)22,24Na
natTi(p,X)48V,4GSC
natNi(pIX)57Ni
natCu(p’X)62,63,652n,56,58C0
natMO(pIX)96m+gTC

HOKKAIDO UNIVERSITY
Graduate School of
Biomedical Science and Engineering

Deuteron Alpha
27A1(d, x)2224Na
natTi(d,X)48V,46SC 27A|(qlx)22,24Na
natFe(d,x)>*Co natTi(a,x)>1Cr
”atNi(d,X)61CU,56'58CO ”atCLI(CI,X)66'67G a,6SZn
"atCu(d,x)62r63165Zn
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Method

« We performed cross section measurements using the
following well-established methods at RIKEN.
— Stacked-foil activation technique
— Yy-ray spectrometry
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Experiments of Cu targets

« Experiments were conducted at the RIKEN AVF cyclotron
« Three stacked targets were irradiated with 71.6-MeV “Li

beams.
#1 (0) #2 (0) #3 (TTY)
Energy 71.6 £ 0.4 MeV
Intensity 314 £ 16 nA 321 £ 16 nA 309 £ 15 nA
Period 3600 s 3600 s 1800 s
Target Cu-l;le'ei-thi){)ilS Ti-/iiéj-t/ilc}];ils 8 Cufoils
natCy 4.49 + 0.04 mg/cm? 21.5 £ 0.2 mg/cm?
natTj 2.34 £ 0.02 mg/cm?
277l 1.21 £ 0.01 mg/cm?
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Activation cross sections

« Cross sections to form 6°.68Ge, ¢7:66Ga, and %°™%>Zn derived
from the two experiments are consistent.
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Result: Ge radioisotopes

Proton (Z) #

Production cross sections of ©2.98Ga were derived.
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Result: Ga radioisotopes

Proton (Z) #

Production cross sections of ¢/.26Ga were derived.
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Result: Zn radioisotopes

Proton (Z) #

Production cross sections of ©°m.65Zn were derived.
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Comparison of thick target yields

« Experimental physical thick target yields of ©2:68Ge, 67.66Ga
and %9m557n were determined and compared with the
calculated ones using the measured cross sections.

 The consistencies could be found.
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Possible monitor reactions with Cu targets

« The three reactions, "Cu(’Li,x)%:%/Ga, ©°Zn, may be
appropriate for the monitor reactions.

« Another reaction, "tCu(”Li,x)*°Ge, can be added.

Proton Deuteron Alpha “Li
TApXEENS A -
natTij(p,x)*8V,4eSc natTi(d,x)*8V,*Sc Al(a,x)%*?Na
natNi(p,x)>’Ni natfFe(d,x)¢Co natTi(a,x)>1Cr natCu(”Li,x)®6.67Ga,®5Zn
natCu(plx)62,63,652n,56,58C0 natNi(dlx)GICu’56,58C0 natCu(alx)66,67Ga,652n
natMo(pIX)96m+ch natCU(d,X)62'63'652n
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Experiments of Ti targets

« Experiments were conducted at the RIKEN AVF cyclotron
« Three stacked targets were irradiated with 71.6-MeV “Li

beams.
#1 (0) #2 (0) #3 (TTY)
Energy 71.6 £ 0.4 MeV
Intensity 314 £ 16 nA 321 £ 16 nA 309 £ 15 nA
Period 3600 s 3600 s 1800 s
Target Cu-l;le'ei-thi){)ilS Ti-/iiéj-t/ilc}];ils 7 Tifoils
natTj 2.34 £ 0.02 mg/cm? 22.7 £ 0.2 mg/cm?
natCy 4.49 £ 0.04 mg/cm?
277l 1.21 £ 0.01 mg/cm?

$ memem HOKKAIDO UNIVERSITY



Activation cross sections

Cross section (mb) Cross section (mb)

Cross section (mb)

Cross sections to form >#529Mn, 51,4948Cr, 48\, and 48:47:46Sc
derlved from the two experlment are consistent.
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Result: Mn radioisotopes

Proton (Z) #

Production cross sections of >*°29Mn were derived.
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Result: Cr radioisotopes

Cross section (mb)

Production cross sections of >14948Cr were derived.
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Result: V radioisotopes

« Production cross sections of 4V were derived.
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Comparison of thick target yields

« Experimental physical thick target yields of >#°29Mn, >1Cr, 8V,
and 447:4Sc were determined and compared with the
calculated ones using the measured cross sections.

 The consistencies could be found.
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Possible monitor reactions with Ti targets

The three reaction, "atTi(’Li,x)>*~29Mn, >1Cr, may be
appropriate for the monitor reactions.

Proton Deuteron Alpha “Li
27A1(p,x)222*Na 27A1(d,x)222*Na
natTi(p,x)*8V,46Sc natTi(d,x)*8V,*6Sc 2’Al(a,x)?>>*Na o NB4.52 51
natNi(p,x)>’Ni natFe(d,x)**Co natTi(a,x)31Cr " TICLiX)> 45%9Mn,> Cr

natCu(p,X)6263652n, 56:58Co natNi(d,x)61Cu, 56:58Co natCu(a,x)66:67Ga,55Zn "*Cu(’Li,x)°%%?Ga,*Zn

natMo(pIX)96m+ch natCU(d,X)62'63'652n
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ARTICLE INFGQ ABSTHACT

Kapweds: Avtivativn cross sections for “Li-induced eeuctions on ™ Ti were uweasured 1o discuss e suitubility of selected
Tl induced renetian on 1§ reactions as monitor anes. "The eross seetians for the productian of "®%in, ¥y Sy and S e
Manitor reaction oo deteemined for the fisst time, Additionally, the thick target yields of *“*Mn, Ey, and TS were
Troduction cress section of ' *#iin A o i f i
e capurimentally measumed and compared with the yiclds calealated from the mo cross sections. The
a7 ang Mg agreement hetween the experimental and caleulated thick target yields validates rhe bility of the exper
Lecliation functiva mental data muasurcd in this work. The “Li-induced roactions un ™1 for the production of *“*5n, and ®tr

are reeommended Ay monilor reactions,

1. Introduction

Radionuclides procuce in chargeckparlicle-induoad reactions are
useful for different applications, such as imaging and thetapy In nuckear
medicine, radio tracing, thin layer activation and so on. One possible
prajectile is "Li, which can generate a medically important radioisatope
VR [Ty — 146 h) [1-3] for the 2 Rn T Ar gencrator via the 17Bi
(“11,50)°"'Ru reaction [4,5]. The production of “!'Rn for practical use
needs to be maximized, while minimizing the generation of unnecessary
by-products. To determine and optimize the target thickness and the
Desm parameters, monitor reaclions are essential. However, no suitable
monitor reactions have been identified yet for “Li-induced reactions. We
have initiated a systemarie study to identify potential monirtor reactions
inchiced by the “Li projectiles. Among passible target materals, we
investigated ™0 and identified several reactions that may seve as
potential monitor ones (5] Tn this paper, we focus on *'Ti as a target
material.

Titanium is widlely usec as target material for monitor reactions
induced by protons, deuterons, “He, and e pasticles [7-9). 1t 1s also
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expected o serve as a target for “Li induced monitor reactions. A liter
ature survey using the EXFOR Tibrary [10] revealed no experimental
studdies on the cross sections of these reaclions. Therefore, we conduelad
experiments using "Li beams. The production cross seclions of ¥5%n,
g Cr, **V, and “**"*sc and the physical thick rarget yields of
fan, o, ™, and “*"sc were measured. The experimental
yields wore compared with values caleulated from the erass sections Lo
validate the obtained tesults. The reactions are discussed from the
petzpective of their suitability for monitoring “Li beam parameters. They
should have sufficiently large cross sections in a wide energy range and
he excitation functions should be smooth with a few clear maxima.
These characteristics are essential for eomparison with measured daca
and for fine tuning parameters.

2. Fxperimental defails and data analysis
We conclucted three experiments: two to determine excitation

functions and one to determine thick target viekls of “Li-nduced re-
actions. The expetiments wee implemented using 72-MeV "Li beams
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Summary

« There are no monitor reactions for lithium-induced reactions.

« We performed to measure cross sections of ‘Li-induced
reactions on "3Cu and "atTj to discuss possible monitor
reactions.

« We found several possible reactions,
— NatTj(7Li,x)>%>29Mn,>1Cr
— natCy(7Li,x)%6:67Ga,5Zn

« We will accumulate their data and study other possible
targets, e.q., 2/Al, "aNj, and "atFe,
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