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Introduction

Nuclear data needed for medical applications
Nuclear Structure Data

Nuclear Decay Data

Nuclear Reaction Data

Evaluated Nuclear Data

Purpose for the production of radionuclides
Diagnostics

Therapy

Theragnostics
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Scientific Background

 IAEA-TECDOC-1211(Charged particle database 
for medical radioisotope production: diagnostic 
radioisotopes and monitor reactions)

 IAEA-Technical report series -473 (Nuclear Data 
for the production of therapeutic radionuclides) 

 IAEA, INDC(NDS)-0591,0596 (Summary reports 
of meetings)
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Nuclear Model Calculations

 EMPIRE
 TALYS
 STAPRE
 ALICE-IPPE

The nuclear model calculations is an integral part of 
evaluation 
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Scientific Background at GCU Lahore
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Scientific Background at GCU Lahore
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AREAS OF INVESTIGATION IN CRP

 Monitor reactions for charged particle beams
 Discrepancies and new directions in data for 

production of diagnostic gamma emitters
 Production of novel positron emitters (direct 

production and production via generator isotopes)
 Production of therapeutic isotopes (alpha emitters, 

electron and X-ray emitters)
 Decay data
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Status of production data of positron emitters

Positron Emitter Status
52Fe, 55Co, Evaluation required
61Cu, 66Ga,68Ga Evaluation required, re-measure and re-

evaluate the positron intensity of 66Ga 
72As,73Se, 76Br Evaluation required, re-evaluate the 

positron intensities
86Y, 89Zr Evaluation required, re-evaluate the 

positron intensities

94mTc Re-evaluate the positron intensity

110mIn Include the production data
120I Evaluation required, re-evaluate the 

positron intensities
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Selected positron emitters and nuclear reactions for
their production

Positron Emitter Nuclear Reaction
52Fe 55Mn(p,4n) 52Fe, natNi(p,x)52Fe , 

52Cr(3He,3n)52Fe
55Co 58Ni(p,a) 55Co, 54Fe(d,n)55Co, 56Fe(p,2n)

55Co
66Ga 66Zn(p,n) 66Ga, 63Cu(a,n)66Ga
72As natGe(p,xn) 72As
76Br 76Se(p,n)76Br, 77Se(p,2n)76Br, 

75As(a,3n)76Br 
86Y 86Sr(p,n)86Y, 85Rb(a,3n)86Y, 88Sr(p,3n)86Y
89Zr 89Y(p,n)89Zr, 89Yr(d,2n)89Zr
120I 120Te(p,n)120I, 122Te(p,3n)120I
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Research proposal for the first year of CRP
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Evaluation Methodology of Charged Particle Data 

 Choice of charged particle induced reactions
(target material, type and energy of charged particle, 
reaction cross section, competing reactions)

 Compilation of activation cross section data
(EXFOR, recent publications)

 Scrutiny of data
(reliability, consistency, etc.)

 Normalization of data
- extrapolation to 100 % enrichment of target material
- adjustment of data to newly evaluated γ-ray intensities
(NUDAT)

- normalization of data to monitor cross section values given 
in IAEA-TECDOC-1211. 
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Evaluation Methodology (continued) 

 Ratio of experimental to calculated data plotted as a
function of energy, followed by a polynomial fitting
(with errors as the weighting factor) to estimate the f(E).
Data beyond 3 σ limit were rejected. The 95 %
confidence limits obtained for the f(E) were transformed
back to cross section to estimate the uncertainty.

 Evaluation procedure repeated with all model
calculations. Recommended data generated by
averaging the normalized model calculations.
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Evaluation Methodology (continued) 

 Ratio of experimental to calculated data plotted as a
function of energy, followed by a polynomial fitting
(with errors as the weighting factor) to estimate the f(E).
Data beyond 3 σ limit were rejected. The 95 %
confidence limits obtained for the f(E) were transformed
back to cross section to estimate the uncertainty.

 Evaluation procedure repeated with all model
calculations. Recommended data generated by
averaging the normalized model calculations.
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Recently completed work related to CRP, 76Br
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Evaluated cross section data
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Calculated integral yields
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Yield calculations of impurities 
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Comparison of production routes
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Publication
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Conclusions

 Methodology developed will be used to evaluate charged particle 
induced reaction cross section data over a wide energy range (making 
use of a statistical procedure, supported by nuclear model calculations 
(EMPIRE, TALYS, ALICE-IPPE) to fit the data)

 Method will be applied to evaluate several p, d, 3He- and α-particle
induced reactions used for the production of medically important
radionuclides

 Recommended sets of data will be reported with 95 % confidence limits

 Data should be useful for optimization of production routes of the
radionuclides at cyclotrons
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Evaluation Methodology of Charged Particle Data 

 Choice of charged particle induced reactions
(target material, type and energy of charged particle, 
reaction cross section, competing reactions)

 Compilation of activation cross section data
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Evaluation Methodology (continued)

Comparison of normalized data with the results of nuclear model calculations
(STAPRE, EMPIRE, TALYS) over a given energy range

(model parameters varied within recommended limits (RIPL-2) to get good
description of experimental data)

where σev(E), σmodel(E) and f(E) are the evaluated cross section, model calculated
cross section and the energy dependent normalisation factor, respectively.

It appears a good assumption to approximate the f(E) with a third order polynomial
function. The ORIGIN code of the OriginLab Corporation was used for the fitting
procedure.

Basic consideration σev (E) = f (E) σmodel (E)
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Evaluation Methodology (continued) 
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function of energy, followed by a polynomial fitting
(with errors as the weighting factor) to estimate the f(E).
Data beyond 3 σ limit were rejected. The 95 %
confidence limits obtained for the f(E) were transformed
back to cross section to estimate the uncertainty.

 Evaluation procedure repeated with all model
calculations. Recommended data generated by
averaging the normalized model calculations.

Tuesday, August 06, 2013



 Thank you for your attention

Tuesday, August 06, 2013


