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Charged particle data-compilation and

standardization

(important data, status of nuclear data, literature sources,
methods of selection and standardization, available
databases)

F. Tarkanyi
Inst. Nucl Research, Debrecen, Hungary

e Main fields of the nuclear medicine
e Types of nuclear data
e Data needs for medical and connected
applications
e Main parameters of nuclear reaction data
e Status of the CP reaction data
e Flow of measurement, processing and
appllcatlon of nuclear data
Data measurement
Compilation
Model calculation
Evaluation
Application
e CP reaction data for isotope production
e CP reaction data for beam monitoring
e CP reaction data for therapy
e CP reaction data for medical research

CPD comp. and stundardization (F. Tarkanyi, Trieste, 1999)



Main fields of the nuclear medicine

e Diagnostics with radioisotopes(SPECT, PET)
e Radiotherapy with:
external particles(X,y,p,n,HI)
radioisotopes

e Research(nuclear analytic, biological studies)

e Development of medical equipment(wear
meas.)

o Sterilisation of medical equipments(radiation
processing)

e Dosimetry, radiation safety(space radiation
effects, accelerator shielding)

CPD comp. and standardization (F. Tdarkdnyi, Trieste, 1999)



Nuclear data
Classification

Nuclear structure data (level schemes)
mass excess, energy, spin, parity,
transition prob., life time, etc.

Nuclear decay data(decay schemes)
Decay mode, half- life, energies,
intensities of the transitions, etc.

Nuclear reaction data
Cross sections, energy spectra of
emitted particle, etc

Induced by: vy, p, n, HI

Differential or integral data

CPD comp. und standardization (F, Tdarkdnyi, Trieste, 1999)



Nuclear data needs for medical and
connected applications

Field of Type of nuclear data
application

Decay |Reaction | Structure

Diagnostics
SPECT yes yes (th)
PET yes yes (th)

Therapy

endo yes yes (th)
tele

X no
Y (th)
e (th)

(th)

(th)
(th)

Others (th)

CPD comp. and standardization (F. Tarkdanyi, Trieste, 199Y)



Nuclear data
The nuclear data needs

Neutron therapy

e Primary and secondary charged particle
spectra for calculations of absorbed dose
during the treatment

e Physics of neutron sources used for
therapy

e Collimation and shielding

e Improvement the neutron transport
calculation

e Kerma factors for the neutrons and
partial and total cross sections for
biological important elements
(scattering cross sections,(n,x), (n,a) cross
sections)

CPD comp., and standardization (F. Tdarkdnyi, Trieste, 1999)



Nuclear data
The nuclear data needs

Proton and heavy ion therapy

Mainly atomic data
e Secondary charged particle spectra for
calculations of absorbed dose during the
treatment
¢ Collimation and shielding
e Kerma factors for the CP and partial and
total cross sections for biological

important elements

e Activation products in tissue

CPD comp. und standardization (F. Tarkdnyi, Trieste, 1999)



Nuclear data

The nuclear data needs

Medical isotope production

e Reaction cross sections

e Production yields

Shielding

e Dose calculation

CPD comp. and standardization (F. Tdarkdnyi, Trieste, 1999)



Nuclear data

The nuclear data needs

Other applications(analitics, research)

e Reaction cross sections
e Production yields
e Shielding

e Dose calculation

CPD comp. and stundardization (F. Tdrkdnyi, Trieste, 1999)



Nuclear data

Main parameters of nuclear reaction
data

e Total cross sections

e Partial cross sections

e Differential data

e Integral data

e Secondary particle spectra

e [sotopic data

e Elemental data

e Production yields

e Activation data, residual activities

e Direct , cumulative

CPD comp. and standardization(F. Tdrkdnyi, Trieste, 1999)



Status of the CP reaction data

e Lack of data for many reactions

o Existing data are scattered and contraversary

o Inconsistencies

e Measured data are not allow to do proper
evaluation

e Very few compilation

¢ Very evaluation

e Very few recommended data

e Very few standard data

e Comparison with the neutron induced
reaction data

e Reason of the poor data base

CPD comp. and standardization(F. Tdrkdnyi, Trieste, 1999)



Flow chart of measurement, processing and

application of nuclear data

e Data measurement
e Compilation

e Critical analysis

e Selection

e Model calculation

e Evaluation

Application

See Fig.

CPD comp. and stundardization(F. Tdrkdnyi, Trieste, 1999)
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Sources of nuclear data

Experiment
Differential measurements are the
primary source on which applications
have to be based.
Integral data play important role in
~validating differential results and large

number of different medical
applications

Differential and integral have relative
meanings

Experimental systematics
Systematics empirical formulas, graphs
are important to predict unknown
experimental data or to “validate”
model calculations
Model calculations
Nuclear theory based model codes
are important
for:
Prediction of unknown data
Inter and extrapolation
where:
large amount of data needed
experiment is difficult

CPD comp. and stundardization(F. Tdarkdnyi, Trieste, 1999)



Data evaluation

Before being used in___applications, the
experimental and theoretical data must pass
through an evaluation stage:

Detailed compilation and critical review of
experimental and theoretical data to make the
necessary corrections and to select the best data.

Derivation of preferred values by appropriate
combination of different processes(fitting,
theory, systematics).

Recommended data are generated different way
In dependence of the available experimental
data, on the capability of the model codes, on the
requested accuracy of the application.

CPD comp. and standardization(F. Tdrkdnyi, Trieste, 1944)
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Main steps of the evaluation|:

Evaluation of experimental data

Collection

Data analysis

Comparison

Correction

Analysis of existing model results and syst.
New measurements

Critical assessment and selection

Experimental data processing

Data fit
Legendre polynomials
Orthogonal polynomials
Spline functions
Rationale functions
Fitted model results
Eye guide

Experiment based model calculations

Different models, different capabilities for
different parameters for different energy
ranges

Adjusted model input parameters to agree
with experimental results

CPD comp. and standardization(F. Tarkdnyi, Trieste, 1999)



Main steps of the evaluation

Collection of experimental data

Scientist, specialist in the field!!!

Collection
Full use of all available data
Importance of original publications
Database bibliography

Data analysis
Method of measurements
Experimental technique
Error calculation
Nuclear data
Laboratory
Definitions
Purpose
Data evaluation

Correction
Correction according to new standard
data

Comparison
The data are plotted to compare with
other experimental results

Analysis of existing model results and syst.
For orientation(threshold, magnitude,
shape)

New measurements
Dedicated, in case of necessity

CPD comp. und standardization(F. Tdridnyi, Trieste, 1999)



Main steps of the evaluation

Critical analysis and selection

Necessary corrections, if the data important
and the correction is reasonable

Single and simultaneous evaluation and
selection process

Equal weight selection or deselecting of
minority data sets

Normalisation of systematically shifted data
to fill the gaps

Typical problems

CPD comp. und standardization(F. Tdarkdnyi, Trieste, 1999)



Main steps of the evaluation

Experimental data processing

Data fit
Legendre pclynomials
Orthogonal polynomials
Spline functions
Rationale functions
Fitted model results

Eye guide

Problems
Realistic uncertainties
Covariences
Scattered points
Not existing resonances
Existing resonance

Energy scale problems

CPD comp, and standardization(F. Tdarkdnyi, Trieste, 1999)
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ain steps of the evaluation

Nuclear reaction theory and model calculations

Application field:
Many CPND to evaluate
Very difficult to measure
Unpredictable time delay
Expensive, manpower

Apriory model calculations
To show the tendencies
To filter the contraversary data
To make more realistic estimations
To make quick estimations

Very limited accracy,”approximatelly”

Models with appropriate parameters based on
experimental data
The present power:
e For extrapolation and interpolation of
experimental data
e To predict unknown nuclear data like
cross section, angular and energy
distribution, double differential cross
sections
e To check inconsistencies between
measurements

CPD comp. and standardization(F. Tdrkdnyi, Trieste, 1999)



Fields of CPND evaluations

e Calculations and evaluations for
protons and HI for radiotherapy

e Evaluation for medical
radioisotope production

e Evaluation for CP beam
monitoring

e Evaluation of intermediate nuclear
data for waste transmutation

e Evaluation of nuclear reactions for
wear measurement(TLA)

e Evaluation of CP nuclear reactions

for fusion

CPD comp. und standuardizution(F. Tdrkdnyi, Trieste, 1999)
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Few remarks

Success of theory depend on, what to predict
Total cross section
Residual cross section

Preevaluation, exp., final evaluation

Overlapping of different evaluations
Co-ordination of compilation and evaluation

To keep the data base in good shape, continuos
evaluation

Format of evaluated data file
Electronic, not hardcopy

Different weight of different application (isotope
production, therapy)

Weight of different evaluations
Broad application

CPD comp. und standurdization(F. Tdrkinyi, Trieste, 1999}



Methods of compilation of data base for CRP on
“ CRP data for medical isotope production”

e The program

e Participating institutes

e List of reactions

Compilation : sources and methods
New measurements

Critical selection

Fitting of experimental data

Model calculations

Recommended data

Data

Cf. examples

CPD comp. and stundardization(F. Tdrkdnyi, Trieste, 1999)



List of participating laboratories

No | Institution Investigator Profile
1 Free A. Hermanne |compilation,
University selection,
Brussels, experiment
Belgium
2 | CNDC Zhuang theory, calculation,
Beijing, China | Youxiang fitting
3 |INC S. M. Qaim compilation,
Forschungszen selection,
trum Julich, experiment
Germany
4 | INR HAS F. Tarkanyi compilation,
Debrecen, selection,
Hungary experiment,
fitting
5 NAC Faure, M. Nortier, compilation,
South Africa (H. Mills) selection,
| experiment
6 |IPPE Yu. Shubin theory, calculation,
Obninsk, fitting
Russia
7 | LLNL M. Mustafa, theory, calculation,
Livermore, (M. Blann) fitting
USA

CPD comp. and standardization(F, Tdrkdnyi, Trieste, 1999)




Status Nuclear reaction Responsible for | Available | New measurement Selected

compilation data data

Production reactions for diagnostic radioisotopes

Diagnostic gamma emitters

67Zn(p,n)”Ga Atomki 11 Hermanne et al. (1999) 8
(’"Zn(p,zn)m(;a Atomki 19 Hermanne et al. (1999) 8
“Kr(p.2n)"'Rb Faure 3 3
"Kr(p,x)"'Rh Faure 7 3
MCd(p,n)"In Atomki 10 10
MCd(p,2n)' 'In Atomki 4 4
3 Te(p,n) 1 Atomki 7
124Tc(p,2n)123l Atomki 5 3
3 Te(p.n) I Atomki 8 2
T (p,5n) ' Xe Faure Y 7
27 (p,3n) FXe Faure 10 8
X e(p,2m) ' P Cs Julich 2 2
Hxe(ppny U Xe Julich 2 2
T30 P VUB 8 n
BT (p,dn) " Ph VUB 6 4
*BTI(p.20) " Ph VUB 4 4
Diagnostic positron emitters i

UN(pa)''C Julich 0 9
“O(pa) PN Julich 11 10
BN(p.nto Julich 5 5
BN(d,n)' 0 Jutich Y Szucs et al. (1997) 5
*0(p,m)"F Julich 7 1
(o) F Julich 3 Fenyvesi et al. (1997) 3
YGa(p.2n)"Ge VUB 3 2
"MGa(px)”Ge VUB 3 2

1 “Rhp.4n)“Sr Faurc 3 2
" Rb{p.x)V Sy Faure

CPD comp. and standurdization(F. Tirkdnyi, Trieste, 1999)




References used compilations and evaluations

EXFOR database is available at Nuclear Reaction Data Centers, CJD- Obninsk,
IAEA-NDS, NEADB- NEA Data Bank, NNDC-US National Data Center

P Albert, G. Blondiaux, J. L. Debrun, A. Giovagnolt, M. Vailadon:

Activation Cross Sections for Elements From Lithium to Sulphur

Handbook on Nuclear Activation data, IAEA Technical report Series No. 273, [AEA,
Vienna, 1987, p.479

P Albert, G. Blondiaux, J. L. Debrun, A. Giovagnoli, M. Valladon:

Thick Target Yields for the Production of Radioisotopes

Handbook on Nuclear Activation data, IAEA Technical report Sertes No. 273, [AEA,
Vienna, 1987, p.537

Munzel H. et al
Karlsruhe Charged Particle Reaction Data Compilation, Physics Data, Karlsruhe,
1982

V. A. Vukolov and F. E. Chukreev:
Evaluated cross -sections used as proton beam monitors
INDC(CCP)-330, IAEA, Vienna, Austnia, 1991

O. Schwerer, and K. Okamoto, IAEA Report, INDC(NDS)-218/GZ+, 1AEA NDS§,
Vienna, Austria, 1989
Status Report of Monitor Reactions for Radioisotope Production.

A. Hashizume, Proceedings of the [AEA Consultants” Meeting on Data Requirements
for Medical Radioisotope Production, Tokyo, Japan, 20-24 April 1987 (ed. K.
Okamoto). INDC(NDS-195/GZ, IAEA NDS, Vienna, Austria, 1988, p. 44

Monitor reactions for the production of radioisotopes tor medical use.

Y Tendow, A. Hashizume, Y. Obkuba, and K. Kitao, Riken Acce!. Prog. Rep. 23
(1989) p.105
Excitation Function for 67Ga Production

P.P. Dmitriev, INDC{CCP)-263/G+CN+SZ, IAEA, Austria, 1986
Radionuclide Yield in Reactions with Protons, Deuterons, Alpha Particles and
Helium-3, Moscow, Energoatomizdat, 1986

D. Gandrias-Cruz and K. Okamoto:

Status on Compilation of Nuclear Data for Medical Radioisotopes Produced by
Accelerators

INDC(ND$)-209/GZ, IAEA Nuclear Data Section, Vienna, Austria, 1998

CPD comp. and standardization(F. Tirkdnyi, Trieste, 1999)



J. Tobailem, C-H de Lassus St-Gentes, L. Leveque

Sections efficaces des reactions nuclearies induties par protons, deutons, particules
alpha

1. Reactions nucleaires moniteurs

Note CEA-N-1466 (1), 1971, CEA, France

). Tobailem, C-H de Lassus St-Genies

Sections efficaces des reactions nuclearies induties par protons, deutons, particules
alpha

1I-Fer

Note CEA-N-1466 (1), 1971, CEA, France

A S l1ljinov, V. G. Semenov, M. P. Semenova, N. M. Sobolevsky, and L. V.
Udovenko:

Production of Radionuclides at Intermediate Energies.

Landolt-Bornstein, New Series, Group 1, Vol 13, Berlin-Heidelberg-New York:
Springer:

Subvol. A, 1991 Interactions of Protons withTargets from He to Br

Subvol. B, 1992: Interacttons of Protons with Targets from Kr to Te

Subvol. C, 1993 Interactions of Protons with Targets from | to Am

Subvol. D, 1994: Interactions of Protons with Nuciei (Supplement to I/13A B,C)

V.G. Semenov, M P. Semenova, and N.M. Sobolevsky:

Production of Radionuclides at Intermediate Energies,

Landolt-Bornstein New series. Group I, Vol 13F, Springer-Verlag, Berlin, 1995
Interaction of Deuterons, Tritons and 3He-nucler with Nucler

V. G. Semenov, M P Semenova, and N.M. Sobolevsky:

Production of Radionuchdes at Intermediate Energies,

Landolt-Bornstein New series, Group I, Vol 13G, Springer-Verlag, Berlin, 1996
Interaction of a-Particles with Targets from He to Rb

V. G. Semenov, M.P. Semenova, and N M Sobolevsky:

Production of Radionuciides at Intermediate Energtes,

Landolt-Barnstein New series, Group | Vol 13H, Springer-Verlag, Berlin, 1996
Interaction of a-Particles with Targets from

Nuclear data
E. Browne and R. B Firestone:

Table of Radioactive 1sotopes (Shirley V. S ed.)
Wiley, New York (1986)

CPD comp. und standardization(F. Tirkdnvi, Trieste, 1999)



PR

Literature sources (bibliography)

T. W. Burrows and P. Dempsey:
The bibliography of the Integral Charged Particle Nuclear Data. 4™ Edn. Supl. 1-2,
BNLNCS-50640

N. E. Holden, S. Ravamataram and C.L. Dunford:
Integral Charged Particle Nuclear Data Bibliography
1" Edn Sup. 1-5, BNLNCS-51771, 1985, 1986, 1987, 1988, 1989
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Accelerator Produced Nuclides for Use in Biology and Medicine.
BNL 50448 vol. 1-3, 1975, 1978, 1983

Chemical Abstracts (1947-) American physical Sociely

Definitions

M. Bonardt:

Proceedings of the IAEA Consultants’ Meeting on Data Requirements for Medical
Radioisotope Production, Tokyo, Japan 20-24 April 1987 (ed. K. Okamoto). INDC
(NDS-195/GZ, IAEA NDS, Vienna, Austria, 1988, p. 98

The contribution to nuclear data for biomedical radioisotope production from the
Milan cyclotron facility

CRP documents:

P. Oblozinsky:

Summary Report of the first Research Co-ordination Meeting on

Development of Reference Charged Particle Cross Section Database for Medical
Radioisotope Production

IAEA. Vienna, Austria

15-17 November 1995, INDC(NDS)-349, 1996, IAEA. Vienna, Austria

P. Oblozinsky:

Summary Report of the second Research Co-ordination Meeting on

Development of Reference Charged Particle Cross Section Database for Medical
Radioisotope Production

National Accelerator Center, Faure, Cape Town, South Africa

7-10 April 1997, INDC(NDS)-371, 1997, IAEA, Vienna, Austria

P. Oblozinsky:

Summary Report of the third Research Co-ordination Meeting on

Development of Reference Charged Particle Cross Section Database for Medical
Radioisotope Production

VrijeUniversiteit Brussel. Brussels, Belgium

28 September-2 October 1998, INDC(NDS)-388, 1999, IAEA, Vienna, Austria

CPD comp. and standurdization(F. Tdrkdnyi, Trieste, 1999)



Tarkanyi F. Oblozinsky P
Development of reference charged particle cross section database for medical
radioisotope production.

International Conference on Nuclear Data for Science and Technology. Trieste, 19-24
May 1997 Conference Proceedings. Ed.: G. Refto, A.
Ventura, C. Grandi. Vol 2. Bologna, Italian Physical Society 59 (1997) 1629.

CPD comp. and standardization(F. Tdirkdnyi, Trieste, 1999)
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