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AN ESTIMATION OF THE PRODUCTION YIELDOF 111In AND 123I ISOTOPES USING THE 16OINDUCED REACTION ON natAgS. Chojna
ki, J. Kowna
ki, P. Lubi«ski, J. TysHeavy Ion Laboratory, Warsaw UniversityPasteura 5a, 02-093 Warszawa, PolandD. Brzozowie
y, and M. KapustazInstitute of Experimental Physi
s, Warsaw UniversityHo»a 69, 00-681, Warsaw, Poland(Re
eived June 21, 1999)The produ
tion of 111In and 123I isotopes has been studied, using 16Oindu
ed rea
tion. The maximal 
ross se
tion for the produ
tion of theseisotopes was measured to be 168 �b and 187 �b for 111In and 123I, respe
-tively, for a beam energy of about 70 MeV.PACS numbers: 27.60.+jThe produ
tion 
ross se
tion of the radionu
lides 111In and 123I popu-lated via the heavy-ion rea
tion 16O + natAg at 80 MeV on the WarsawCy
lotron has been studied. The target made of natural silver 
ontains twostable isotopes 109Ag and 107Ag with abundan
es of 48.2% and 51.8%, re-spe
tively, giving the possibility to produ
e simultaneously both the 111Inand 123I nu
lides due to the expe
ted rea
tions:16O+109 Ag!125 Cs� ! pn+123 Xe (1)123Xe �!�+;EC123 I (2)and 16O+107 Ag!12 C+111 In : (3)y Undergraduate student at Heavy Ion Laboratory.z PhD student at Heavy Ion Laboratory.(693)



694 S. Chojna
ki et al.The se
ond 
onsidered above rea
tion 
an be 
lassi�ed as an transferrea
tion of the � parti
le and the estimation of the experimental 
ross se
tionfor su
h pro
ess is of spe
ial interest. The beam of 16O ions was used toirradiate a sta
k of four Ag and Au targets (Fig. 1). The Au foils were appliedto stop the rea
tion produ
ts 
reated in the Ag foils. Due to the energy lossin the target sta
k the bombarding energy ranged from 80 down to 56 MeV.The energies of the proje
tiles were adjusted in su
h a way that the relativeex
itation fun
tions 
ould be measured in an energy range starting below thepertinent Coulomb barriers. Table I shows the irradiation 
onditions and the
beam 16O

chamber

Ag1/Au1 Ag2/Au2 Ag4/Au4Ag3/Au3

Faraday cup

targets:Fig. 1. S
hemati
 presentation of the target 
hamber with the sta
k of the Ag andAu foils.beam energies in the subsequent targets. The irradiation of the sta
k of foilswas performed during 6.6 h with an integrated 
harge of 6.487�106 nC. The
hanges in the beam intensity were taken into a

ount in order to estimatethe fra
tion of nu
lei de
ayed during the irradiation. The 
orre
tion equalto 2.9% and 15% was obtained for 111In and 123I, respe
tively. TABLE IExperimental 
onditions for the measurements of the irradiated targetsTarget Target Beam Relative Distan
e Photopeakthi
kness energy dete
tor [
m℄ e�
ien
y [%℄[mg/
m2℄ [MeV℄ e�
ien
y for 
 lines [keV℄Ag Au 159 171 2451 2.78 1.23 80 15 5 2.4 2.3 1.72 3.2 1.23 72.1 17 5 2.3 2.1 1.53 3.16 1.1 64.3 60 10 1.3 1.3 1.14 3.2 1.1 56.0 20 10 0.8 0.8 0.6Immediately after the irradiation the samples were taken to a low-ba
k-ground measurement room 
ontaining four HPGe dete
tors pla
ed in a spe-
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ial ba
kground redu
ing sele
ted Pb shields. The measurements were 
on-du
ted for one week. Basing on a pre
ise energy and e�
ien
y 
alibrationswith 152Eu sour
e the representative 
-lines and their half-lives belonging[1℄ to the 111In and 123I isotopes were determined. The measured intensitiesof the observed 
-lines were used for the estimation of the number of atoms
reated in the targets at the end of the irradiation. In Table II the weightedTABLE IIResults for the 111In and 123I isotopes produ
ed in 16O beam intera
tion with natAgtarget.Target Beam energy Number of nu
lei [106℄ Cross se
tion [�b℄[MeV℄ 111In 123I 111In 123I1 80 4.5�0.5 160�17 0.76�0.12 21.9�3.42 72.1 5.8�0.3 187�10 5.2�0.4 168�133 64.3 0.86�0.6 27.8�1.7 3.1�0.3 100�104 56.0 0.22�0.06 6.4�2.0 0.070�0.015 2.0�0.6number of 
reated nu
lei (
orre
ted for the de
ay during irradiation) andresulting measured 
ross se
tion for the 111In and 123I produ
tion are shown.A

ording to our knowledge the produ
tion 
ross se
tion for the 
onsideredhere radionu
lides has not previously been investigated in the rea
tion withheavy ions. The obtained results are indi
ating a possibility to produ
e theradioisotopes 111In and 123I by the irradiation of natural Ag with 16O ions.
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Fig. 2. The ex
itation fun
tions measured in the 107Ag(16O,12C)111In and109Ag(16O,2p)123I rea
tions.



696 S. Chojna
ki et al.However, the maximal 
ross se
tion for the produ
tion of these isotopesobserved for an energy of about 70 MeV is equal only to 168 �b and 187 �bfor 111In and 123I, respe
tively (Fig. 2). Perhaps, after an optimization ofthe rea
tion e�
ien
y one 
ould expe
t that it would be possible to obtainsmall, but su�
ient for medi
al use amounts of these isotopes by means ofextra
tion [2℄ of indium and iodine from silver target.The authors would like to thank T. Inamura, R. Lieder, K. Siwek--Wil
zy«ska and J. Wil
zy«ski for valuable dis
ussions and 
riti
al read-ing of manus
ript. Partial support of the Polish Committee for S
ienti�
Resear
h under grant KBN 2-PO3B-023-08 is also highly appre
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