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Atoms for Health: Disease Prevention and Control

ü Nutrition
ü Nuclear Medicine
ü Radiobiology and 

Radiotherapy
ü Dosimetry and 

Medical Physics
ü Fighting Global 

Cancer 
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NON-ENERGY APPLICATIONS

Non-energy ? Anything? A fuzzy definition…

q Medical applications: radionuclide production
q Astrophysics
q Planetary defence
q Space exploration
q Space safety
q Geological applications
q …
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ND needs in space propulsion

Taken from WANDA 2021 presentation by K. Palomares
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ND needs for planetary defense

Taken from WANDA 2021 presentation by Lansing Horan
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q The utilization of radiation in medicine for
diagnosis and treatment dates from the 19th
century, almost from the time x-rays (atomic data)
and radioactivity (nuclear data) were discovered

q Now its use is deeply embedded in medical
practice. For many purposes, it is indispensable
– both for diagnosis and for treatment

NUCLEAR DATA FOR
MEDICAL APPLICATIONS
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https://nds.iaea.org/publications/indc/indc-nds-0776/

NUCLEAR DATA
NEEDS FOR MEDICAL

APPLICATIONS

IAEA meeting in 2018
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THREE DISTINCT MEDICAL FIELDS
• Diagnostic radiology

Ø100% diagnostic
• Radiotherapy

Ø100% treatment
• Nuclear medicine

Ø80% diagnostic
Ø10% treatment
Ø10% lab testsMultidisciplinary team: physicians, physicists, 

radiographers,..
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Radionuclide Clinical use Application Decay mode (used emission) T½
99mTc ~80% Imaging IT (g 140keV) 6.0h
133Xe ~1% Imaging b- (g 81keV) 5.3d
111In ~1% Imaging EC (g 171, 245keV) 2.8d
123I ~0.5% Imaging EC (g 159keV) 13h
201Tl ~0.1%  (↓) Imaging EC (g 135, 167keV) 3.0d
51Cr ~5% Blood tests EC (g 320keV) 28d
18F ~2%  (↑) PET imaging b+ (g 511keV) 110min
11C ~0.6% PET imaging b+ (g 511keV) 20min
15O ~0.3% PET imaging b+ (g 511keV) 2.1min
124I Research PET imaging b+ (g 511keV) 4.2d
131I ~5% Therapy b- (806keV; g 364keV) 8.1d
32P ~0.2% Therapy b- (1706keV) 14d
153Sm ~0.2% Therapy b- (810keV; g 103keV) 47h
89Sr ~0.1% Therapy b- (1480keV) 51d
177Lu Research Therapy b- (497keV; g 208keV) 6.6d
211At Research Therapy a (5870, 7450keV) 7.2h
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NUCLEAR DATA FOR 
RADIOISOTOPE 
PRODUCTION
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IAEA projects on radioisotopes: Overview
Radioisotopes for medical applications:

accelerator and reactor production

I. CRP on “Charged Particle Cross-Section Database for
Medical Radioisotope Production: Diagnostic Radioisotopes
and Monitor Reactions”-completed in 2002 ( updated in 2007)

II. CRP on “Nuclear Data for the Production of
Therapeutic Radionuclides” 2003-2007

IAEA TRS 473 (2011)

IAEA-TECDOC-1211

CRP on “CP monitor reactions and nuclear data for
non-standard positron emitters”, 2012-2017
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Diagnostic radioisotope production
https://nds.iaea.org/medportal/
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Radioisotope production data
https://nds.iaea.org/relnsd/isotopia/isotopia.html
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Beam monitor reactions (reference XS)
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Mo-99 production via (n,2n) reaction 
(deployed in Japan) 
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F-18 production in small cyclotrons

All EXFOR data
(broad distribution!)
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Neutron data for production in a nuclear reactor
– production of neutron excess radionuclides
– experimental data and comparison with theory 

Charged-particle data for production at a cyclotron
– production of neutron deficient radionuclides
– crucial role of nuclear data to check impurities
– experimental data and comparison with theory

ESTABLISHED: 89Sr,90Y, 131I,153Sm,186Re,188Re
32P,125I,103Pd,137Cs,192Ir (brachytherapy) 

(n,g) 
(n,f)
(n,p)

(p,xn)
(d,xn)
(α,xn)

(3He,xn)

EMERGING: 64Cu,67Cu, 67Ga, 86Y,105Rh,111In, 114mIn,
124I,149Pm,166Ho,169Y,177Lu
211At,213Bi,225Ac (a emitters)

Nuclear Data for the Production of 
Therapeutic Radionuclides
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REACTORS

Neutron-induced reactions
(n,g)
(n,p)

(n,f)
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ENSDF data

130Te(n,g)131Te        131I reaction

131I production
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130Te(n,g)131Te : s(m+g)

130Te(n,g)131Te        131I reaction

mailto:R.CapoteNoy@iaea.org
http://www-nds.iaea.org/


25 Roberto Capote, IAEA Nuclear Data Sectio
e-mail: R.CapoteNoy@iaea.org; nds.iaea.org

NUDATAPATH – 1st international on-line school on nuclear 
data (videoc), Madrid, February 21 to March 4, 2022

130Te(n,g)131Te : s(g)

130Te(n,g)131Te        131I reaction
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64Zn(n,p)64Cu (raw EXFOR data)
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64Zn(n,p)64Cu reaction (evaluation)
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Integral Validation

Neutron fields
Average cross section, mb

C/E
Calculated [A] Measured [*] 

235U thermal fission 
neutron spectrum

38.9 ± 0.7 
(1.7%)

38.9 ± 2.8 1.000

252Cf spontaneous 
fission neutron 
spectrum

42.7 ± 0.80 
(1.9%)

42.3 ± 0.9 1.009

[A] – Zolotarev, INDC(NDS)-0526, Vienna, Austria
[*] – evaluated experimental cross section 

64Zn(n,p)64Cu reaction
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qExperimental data compilations and data selection,
theoretical calculations and the final evaluations for
each of the reactions producing therapeutic radionuclides,
have been undertaken

qData will help to define strategies for the production of
radioisotopes both at cyclotrons and reactors

qThe resulting completeness and accuracy of the cross-
section data for the production of these nuclides, along
with a re-definition of their decay data, should be
extremely beneficial in ensuring their safe and efficient
application both in nuclear medicine and cancer therapy.

summary on RN production
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HEAVY CHARGED PARTICLE 
INTERACTIONS

FOR RADIOTHERAPY

mailto:R.CapoteNoy@iaea.org
http://www-nds.iaea.org/


31 Roberto Capote, IAEA Nuclear Data Sectio
e-mail: R.CapoteNoy@iaea.org; nds.iaea.org

NUDATAPATH – 1st international on-line school on nuclear 
data (videoc), Madrid, February 21 to March 4, 2022

mailto:R.CapoteNoy@iaea.org
http://www-nds.iaea.org/


32 Roberto Capote, IAEA Nuclear Data Sectio
e-mail: R.CapoteNoy@iaea.org; nds.iaea.org

NUDATAPATH – 1st international on-line school on nuclear 
data (videoc), Madrid, February 21 to March 4, 2022

Protons vs Photons
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Special case: Paediatric patients
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Bragg peaks vs exp. : 20Ne  @ 670 MeV/n
Dose vs depth 

distribution for 670 
MeV/n 20Ne ions on a 

water phantom.
The green line is the 
FLUKA prediction

The symbols are exp 
data from LBL and 

GSI

Exp. Data Jpn.J.Med.Phys. 
18 (1998) 1

Fragmentation products

Taken from A. Ferrari presentation in 2010

Better fragmentation 
data are needed
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PROBLEMS IN EVALUATED 
GAMMA SPECTRA
Nuclear data needs of gamma spectra (D. Lawrence & P. 
Peplowski)
q Carbon sequestration ()
q Active neutron interrogation (C. Romano et al)
q Non-proliferation applications (D. Matters)
q Planetary science (T. Prettyman et al)
q Subsurface exploration (M.-L.Mauborgne et al)
q Shielding and criticality safety (Miller et al.)

see WANDA 2021 presentations at:
https://conferences.lbl.gov/event/504/
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ND needs in planetary gamma spectroscopy

Taken from WANDA 2021 presentation by D. Lawrence and P. Peplowski
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ND needs in planetary gamma spectroscopy

Taken from WANDA 2021 presentation by D. Lawrence and P. Peplowski
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ND needs in planetary gamma spectroscopy

Taken from WANDA 2021 presentation by T. Prettyman
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ND needs in planetary gamma spectroscopy

Taken from WANDA 2021 presentation by D. Matters
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Si(n,n’γ)

Hint:
ENDF/B-VI.8

was better for gammas

Marie-Laure Mauborgne et al, CSWEG 2019 & EPJ WoC 239 (2020) 20007 (ND2019)

Problems identified in inelastic/capture  
gammas of many ENDF/B-VIII.0 evaluations
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Marie-Laure Mauborgne et al, CSWEG 2019 & EPJ WoC 239 (2020) 20007 (ND2019)

Problems identified in inelastic/capture  
gammas of many ENDF/B-VIII.0 evaluations

Hint:
ENDF/B-VI.8

was better for gammas

56Fe(n,γ)
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Marie-Laure Mauborgne et al, CSWEG 2019 & EPJ WoC 239 (2020) 20007 (ND2019)

Problems identified in inelastic/capture  
gammas of many ENDF/B-VIII.0 evaluations

Similar problems:
Mn(n,γ), (Si(n,n’γ), 
Fe(n,γ), Fe(n,n’γ),  

Mg(n,γ), Mg(n,n’γ), 
Ti(n,γ), Ti(n,n’γ)

Hint:
ENDF/B-VI.8

was better for gammas
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Problems discussed, but not solved
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55Mn update of thermal (n,γ) gammas

55Mn  - case study of the problem

New INDEN files
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EGAF lines superimposed on a 
calculated continuum

Thermal capture photon spectrum updated

See description in INDC(NDS)-0810, performance restored

55Mn update of thermal (n,γ) gammas

EGAF IAEA database:
Measured thermal capture γ

Quite challenging to 
reproduce via modelling

But very well measured J,
Let’s use it.

mailto:R.CapoteNoy@iaea.org
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55Mn update of thermal (n,g) gammas
q Mn-55 evaluation in ENDF/B-VIII.0 was criticized for poor 

prediction of capture and inelastic gamma spectra (Marie-Laure 
Mauborgne, CSEWG-2019, EPJ WoC 239, 20007 (2020).

q The data are important for oil-well exploration.
q Using the information in the EGAF library and EMPIRE nuclear 

model calculations the gamma production data were improved. High 
resolution energy bins (~5 keV/bin)

q Good performance of updated file mn55e80p on proprietary 
benchmark was confirmed by Marie-Laure Mauborgne (file 
mn55e80p available at 
https://nds.iaea.org/INDEN/data/mn55e80p_ENDF.zip )

q Documented in INDC(NDS)-0810 on "Evaluation of thermal capture 
gamma spectra"

q Updated methodology tested to be applied to other evaluations, but: 
PUBLIC EXPERIMENTAL BENCHMARKS NEEDED

mailto:R.CapoteNoy@iaea.org
http://www-nds.iaea.org/
https://nds.iaea.org/INDEN/data/mn55e80p_ENDF.zip
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NUDATAPATH – 1st international on-line school on nuclear 
data (videoc), Madrid, February 21 to March 4, 2022

Summary
qA non-comprehensive (and biased) selection of

nuclear data priorities have been presented as a
motivation for nuclear data research

qApplications like radionuclide production of
medical radioisotopes, planetary exploration, space
nuclear propulsion, planetary defense, and
geological applications have been discussed to
highlight associated nuclear data needs

qWorkshop for Applied Nuclear Data Activities
(WANDA 2021) is an excellent resource of
information: https://conferences.lbl.gov/event/504/

mailto:R.CapoteNoy@iaea.org
http://www-nds.iaea.org/
https://conferences.lbl.gov/event/504/

