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Background & Motivation

Precise nuclear data information for indium (In) isotopes are important for
the development of medical radioisotopes.

(Examples)
Hn - 14pym -
* Cerebrospinal Fluid Imaging : "'In-DTPA,  « +_1ay190.34 keV(T, ,:49.51days)
« Bone marrow scintigraphy : !!In-Cl,  y-ray imaging,

* thrombo-scintigraphy : !!!In-Platelet / o 14In  B-ray Radioisotope therapy

IAEA publication deals with the production method of
H4Inm and assigned it as “emerging isotope”

Production IIlCthOd Neutron induced reaction Photon induced

<—W reaction
115|n
114Cd 116Cd
** Experiment was

113Cd

Natural Indium

In-115(95.7%) i
In-113(4.3%) =

111Cd

Purpose: performed in 2013-2014.

In this study, we measured the "In(y, xn) cross sections to evaluate
the possibility of medical RI production method by using photons.
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Experiment

Pohang Accelerator Laboratory (PAL) Irradiation
100MeV electron linear accelerator room

* Electron energy: 63 MeV

* Frequency :15 Hz

* Beam current: 37 mA

* Target: Tungsten (W), 1.0mm thickness

* Irradiation time: 30 mins

Sample Ge detector EFF (%) at PAL
o Mp (0.0832g) lcm x1cm x 0.1mm

« 197Au(0.1905g) lcm x Iecm x 0.1mm
for the flux monitor

Eu-152, Ba-133
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Gamma-ray spectrum of products obtained

Counts

IR R

10° §§'| - 5 | Indium Sample Ey(MeV) e K R £
A ] WS N 156.56 132 IT 20.56m 112mIn
10'F 3% % L g 3 17128 90 e 2.8047d 1l1lIn
o || = ’ ie S5 190.29 1556 IT 49.51d  114min
101 H é & g _ 24275 41 etb' 58.0m  108In
STHECCRE (] I 3 5 - 245395 94 ¢ 2.8047d 1llIn
| I | | 32092 102 etb® 324m  107In
Lo? P 33624 4583 IT 4.486h  115min
%\m 39169 64.2 IT 1.6582h 113mln
MW | 53722 87 IT 77m _ Illmin
10° WWM 55253 257 etb’ 62m  106In
632.97 100 etb’ 58.0m  108In
100 . : 641.68 25.9 etb’ 49h 110In
200 400 6499 937 IT 134m  109mln
Energy (keV) 657.7622 983 e+b’ 4.9h 110In
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Data analysis for activation cross sections

o Activation cross sections

\ (CL) nogdlye(1 — e™)e (1 — e7CD)
obs CT — P\
n — Number of atoms (/cm?)
¢ — Number of incident photons

t & T — Irradiation time & Cooling time

CL & LT — Real time & Live time
o ¢ was determined from the 197Au(g,n)1%Au reaction " T 600
Nops (CL/CTA f — Au-197 (g,n) TALYS 500

S )

: g Flux monitor :Au- S

N.ps - Number of measured g-rays with 355 keV % 1.E-03 197(g,n) - 300 Z
. . = n

og - Calculation using TALYS1.6 = 200 3
21.E-04 N / o

o Correction factor of photon number T\ - 100
[5 % ¢ (E)dE 1.E-05 L 0

FACT = ——th

Emax
Esn(Au—-197) q)(E)dE
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Activation cross sections of "'In (g, xn) reactions

o Experimental average cross sections

Nops(CL/CT)A

< oexp >= nolye(1—e-At)e-AT(1_e-ACL))

[ o(E)(E)dE
Ja $(E)AE

< ocal >=

o(E) :Cross sections using
¢ (E) :Energy distribution of incident
photons using Schiff formulae

__________________________________________

+ Total ERR (7 - 15 %) §
-Statistical ERR 1-10%.
-Systematic ERR

o Irradiation time ~0.5%

o Detection efficiency ~4%
o Photon flux 5-10%

Flux-Weighted Average Cross Sections [mb]

Theoretically determined average cross sections

Flux-Weighted Average Cross Sections for 72tIn(g,xn)
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Summary

* Photo activation experiment for the "In(y, xn) reactions was
performed using 63 MeV bremsstrahlung at the Pohang Accelerator
Laboratory in 2013 - 2014.

 Averaged production cross sections for 1%111|n were derived
experimentally and theoretically (TALYS).

* In the future,
* Analysis of the other cross sections in the "In(y, xn) reactions
* Consideration of about medical applications

A. M thanks to Dr. H. Naik for the opportunity
of data analysis and useful discussions again
after a long time.
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