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Summary

This report summarizes information and figures describing the
“KAERI Charged Particle Cross Section Library for Radioiso-
tope production”. The library contains proton-, deutron-, He-3-,
and alpha particle-induced monitor cross sections, and gamma-
and positron-emitter production cross sections. Experimental
data and evaluation methods are described, and the evaluated
cross sections are compared with those of the IAEA, MENDL,
and LA150. The library has cross sections and emission spectra
suitable for the transport analysis in the design of radioisotope
production system, and it is available at http://atom.kaeri.re.kr/
in ENDF-6 format.
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1 INTRODUCTION 1

KAERI Charged Particle Cross Section Library

for Radioisotope Production

Young-Ouk LEE! and Doohwan KIM
Nuclear Data Evaluation Lab., KAERI, P.O Box 105 Yusung, Taejon, Korea

Yinlu HAN and You Xiang ZHUANG
Chinese Institute of Atomic Energy, 275(41), 102413, Beijing, P.R. China

1 Introduction

Medical radioisotopes are used for diagnostic and therapeutic purposes, as well as for
metabolism and physiological function research in modern medicine. The excitation func-
tions in charged particle nuclear reactions governing the medical radioisotope production
are measured with the aid of either residual nucleus activity method or outgoing particle
measurement method.

Recently, the IAEA (International Atomic Energy Agency) has published a report
”Charged particle cross-section database for medical radioisotope production: diagnos-
tic radioisotopes and monitor reactions” [1] which contains gamma- and positron-emitter
poduction cross sections as well as proton, deutron, He-3, and alpha particle monitor
reaction cross sections. The evaluation of the IAEA cross sections was performed mainly
based on the analysis, selection, and fitting of experimental data, where the theoretical
model calcuation was used as a guide rather than for full evaluation, using global input
parameters.

In 1998, Nuclear Data evaluation Lab(NDEL) of Korea Atomic Energy Research Insti-
tute(KAERI) has started evaluation of charged particle nuclear reaction data for various
applications such as radioisotope production, monitoring of light charged particle beams
at cyclotron and accelerators, and surface analysis in industrial application. In the KAERI
evaluation, theoretical model calculation is performed [2-13], along with the selection and
fitting of the experimental data [14~20]. While the theoretical model calculation for the
charged particle reaction has its weakness especially in the light target material, it has
two distinct advantages over the data analysis: consistent estimation of minor reaction

channels, and generation of transport cross sections (i.e. full energy-angle spectrum of

1E-mail : yolee@kaeri.re.kr



2 EVALUATION METHODS 2

emitting particles ). In the nuclear reaction for medical radioisotope production, the un-
wanted isotopes are parasitically produced by the accompanying reaction channels. The
cross sections for these parasitic-productions should be evaluated for the exact estimates
of the wanted productions. It is also worth noting that full information of transport cross
sections of important reaction channels helps in the accurate design of target systems
capable of giving ptimum yields.

This report summarizes evaluation results,. via data analysis and model calculations,
of charged particle cross-sections for medical radioisotope production at NDEL of KAER-
I. Chapter 2 describes data fitting and theoretical models applied in the evaluations.
Chapters 3 - 8 present evaluated cross-sections and comparisons against those of IAEA,
MENDL, and LA150, for proton, deuteron, He-3, alpha particle monitor reactions, and

gamma and positron emitter production reactions.

2 Evaluation Methods

A typical procedure to produce the evaluated cross sections, as shown in Fig. 1 is as

follows:

e Survey, analyses, and selection of reference measurements

e Applying appropriate fitting or theoretical models according to the reaction char-

acteristics

e Selection or adjustment of the recommended model parameters to better produce
the reference measurements

o Generation of the cross sections in the ENDF-6 format

The role of experimental data for the nuclear data evaluation is important; it guides
modeling of nuclear reactions, but also validate the models and parameters. From this
view point, it is desirable that the reference experimental data span over a certain number
of nuclei, reactions and incident energies. For the reference data for the charged particle
nuclear reactions, Primary journals and the EXFOR [21] database were surveyed and
analyzed.

2.1 Method of Fitting

The spline fit method, adopted for data fitting in the evaluation in this work, uses the

technque of piece wise approximation of experimental data by specifying important points
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(termed knots of the spline), applying individual interpolation in each interval between
two knots, and matching these interpolations so that the first and second derivatives are
continuous at the knots. Interpolation functions are polynomials, usually of the 3rd order
(cubic). By meaning the condition of continuous derivatives, one gets a continuous and
smooth fit with minimum twisting (oscillating behavior) of the fitting curve. A particular
feature of the spline method is that the fit in an interval is remarkably independent of data
in other intervals. Evaluation of cross-sections by the spline fit was first descibed some 30
years ago. Since then, the description of the method become a part of many textbooks,
and it was applied widely in nuclear data evalautions. The present descriptions is limited
to basic ideas, followed by specific improvements worked out by the Chinese Nuclear Data
Center (CNDC) and used in their SPF code [1, 20].

Consider a set of experimentl data
z, F;,05, with i=1,...,N, 1y

Where F; is the measured cross section with the uncertainty o; at the energy z;. Knots,
in general not identical with the experimental pints, are placed along the x-axis as judged
to be needed,

$=§17"'1€n7 . (2)

the splice s(x) is constructed piece wise, for each interval as a polynomial

4
s(z) =Y ajz* where & <x <& (3)
k=0

with continuous derivatives at knots

s'(&), $"(&;) where j=1,...,n-1, (4)

and minimized using the least squares functional

N
X' = ;(S(xi) ~ F)*/o} (5)

Several methods have been previously adopted for the spline fitting, but some opti-

mization problems remained to be solved:

e Knots have to be selected by a user, making the fit a time consumig procedure with

somewhat arbitrary result.

e Cubic splines are not always adequate for complex shapes of curves.
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e Calculated uncertainties of the fit value are not always representative.

The CNDC improved the spline fit method and developed the associated computer
code SPF. Its basic advantage is generalization and statistically correct calculation of fit
uncertainties. In particular, the code can handle discrepant sets of data, assuming that
each set can be characterized by its overall weight. Input to the code, in addition to the
experimental data (1), is a set of initial knots (2), along with the weight for each set of
data. The code uses the iterative procedure, by first fitting the experimental data with
the initial knots, then the knots are optimized and the data are fitted again, The reduced
x? value, differences between experimental data and fit values, and fit values, and add
new knots are given as output at each iteration.

The code runs in an interactive mode.Selection of the base spline order, the number
of iterations and fit results are controlled during the interactive process. In order to fit
the curves with various shapes , splines with different order can be selected and used
in the code. The SPF code is a part of the Nuclear Cross Section Evaluaion System of
the CNDC Beijing, and one of the authors (Zhuang, Y.X.) used it during his stay in the
NDEL of KAERI for the evaluation task. '

2.2 Optical Model

The optical model provides the basis for theoretical evaluations of nuclear cross sec-
tions that are used in providing nuclear data for applications. In addition to offering a
convenient means for calculations of reaction, shape elastic, and reaction cross section-
s, optical model potentials are widely used in quantum-mechanical preequilibrium and
direct-reaction theory calculation. But the most important role of optical model anal-
ysis is to supply particle transmission coefficients for Hauser-Feshbach statistical theory
analyses used in nuclear data evaluations.

The potential form factor was chosen to be of Woods-Saxon form for V. and W,,
derivative Woods-Saxon for W; and Thomas-Fermi form for spin-orbit parts as

U(r) = ~Vifulr) =Wy fulr) + 4i aws Wa %éd—)
2
_% (m}j,f:) (V:sod;d,"fvsa(r) + iWsoa%fwso(T)) l-s + Voo (6)

where m,, is the mass of the pion and the form factors f; are of the standard Woods-Saxon

shape :
1

filr) = 1+ exp((r — r;AY3) fa;)’

i = v, w, wd, vs0, wso (7)
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Usually, the potentials and form factors are functions of energy, and The best sets of
optical model potentials are determined by adjusting coefficients defined in the functional
forms. In this work, ECISPLOT [22,23] and APMNK [13,24] were applied to auto-
matically search for the optimal optical potential parameters for protons and neutrons.
Besides proton and neutron potentials, the following global potentials were employed in

the evaluations for composite particles:
- Deuterons: Perey and Perey [25]
- Tritons: Becchetti and Greenlees [26]

- Alphas: Arthur and Young [27]

2.3 Equilibrium and Preequilibrium Emission

After the above steps have been completed, all model parameters are available for the
decay processes including n, p, d, t and a particle emission. The 'latest version of the
GNASH code [28] has been used to calculate nuclear reaction cross sections using the
Hauser-Feshbach theory for equilibrium decay and the exciton model for preequilibrium
decay. The Hauser-Feshbach theory with full angular momentum and parity conservation
calculated the equilibrium emission [29]. The The exciton model was used to describe the
processes of preequilibrium emission, and damping to equilibrium, during the evolution
of the reaction. The file of discrete level information and ground-state masses, spin and
parities were provided, the mass values were based upon an interim set from Wapstra
obtained prior to the 1988 publication, and supplemented in the case of unmeasured
masses with values from the Moller and Nix calculations.

The Ignatyuk [30] nuclear level densities are used, which include the washing-out of
shell effects with increasing excitation energy, and are matched continuously onto low-
lying experimental discrete levels. The Ignatyuk model for describing the statistical level
density properties of excited nuclei is particularly appropriate for the relatively high en-
ergies studied in this work.

2.4 Compilation of Cross Sections

Evaluated cross sections are then compiled utilizing MF3-MT5 and MF6-MT5 combi-
nations in the END¥6 format which is suitable for a complete representation of the high
energy reaction data. The total nonelastic cross section is tabulated in MF3-MT5, where-

as the inclusive production cross sections (emission multiplicities) and emission spectra for
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neutron, proton, deuteron, triton, alpha particles, and all residual nuclides are tabulated
by use of MF6-MT5. Descriptions of ENDF6 formats for the incident charged particle
are summarized as follows:

ENDFB-6 format of the Charged Particle(z) Reaction Library

MF=3 MT= 2 integral of nuclear plus interference components of the
elastic scattering cross section
MT= 5 sum of binary (z,2") and (z,x) reactions
MF=6 MT= 2 elastic angular distributions given as ratios of the differ-
ential nuclear-plus-interference to the integrated value.
MT= 5 production cross sections and energy-angle distributions
for emission neutrons, protons, deuterons, and alphas;
and angle-integrated spectra for gamma rays and resid-
ual nuclei that are stable against particle emission
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3 Proton Beam Monitor Reactions

Table 1 lists 8 proton beam reactions evaluated, including the basic decay characteris-
tics of roduct nuclei (half-lives, main +y-lines along with the intensities), and energy range

of protons for which evaluations were performed.

¥ 1: Proton Beam Monitor Reactions

Reaction T2 of product Main ~-lines Proton energy
nucleus E,(keV) 1, (%) range (MeV)
27 Al(p,X)*Na 2.60 a 1274.5  99.94 30-100
27Al(p,X)**Na 14.96 h 1368.6  100.0 30-100
2754.0  99.94
natTi(p,X)*8V 15.98 d 983.5  99.99 5-30
1312.0  97.49
- netNi(p,X)3"Ni 1.50 d 13776  77.9 15-50
natCu(p,X)%¢Co 77.70 d 846.8  99.9 50-100
1238.3  67.0 30-100
natCu(p,X)%2Zn 9.26 h 596.7.  25.7 14-60
natCu(p,X)%Zn 38.1 min 669.8 8.4 4.5-50
962.2 6.6

natCu(p,X)%Zn 244.10 d 11155  50.75 2.5-100
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3.1 YAl(p,X)*Na

Cross Section (mb)

Reaction T/, of product Main 7y-lines Proton energy
nucleus E,(keV) I, (%) range (MeV)
7 Al(p,X)*Na 2.60 a 1274.5  99.94 30-100
7T Al(p, X)**Na
60 1 - ¥ T ¥ T ¥
Bodeman95  x
Cumming63 =
L Furukawa65  x
50 Sy Heydegger76 © 7
Soom Korteling70 =
N “.... Lagunas88 2
5 . Michal79  x
40 Pulfer79 o
Steyn90----.m
KAERI-calc -
30 F KAERIAfit --------- _
IAEA ——
2+ & B TTr Yyt yeaad
10
0 B L . —
20 30 40 50 60 70 80 90 100
Ep (MeV)

Related documents:

e Kim, D., Evaluation of Proton Induced Reaction Data for N-14, O-16, Al-27 and
Ca-40 up to 150 MeV at KAERI, Tech. Rep. NDL-08/01, KAERI, 2001.

e Zhuang, Y.X., “Evaluations and Calculations of B-11(d,2n)C-11, N-14(d,n)O-15,
0-16(p,a)N-13, O-18(p,n)F-18, Al-nat(p,d,He-3,a,x)Na-22, Cu-nat(p,x)Co-56, Ga-
71(p,4n)Ge-68, Ga-nat(p,x)Ge-68, Se-77(p,n)Br-77, Kr-82(p,2n)Rb-81, Kr-nat(p,x)
Rb-81, Kr-nat(p,x)Rb-81, Rb-85(p,4n)Sr-82, Rb-nat(p,x)Sr-82, Cd-112(p,2n)In-111
and W-186(d,2n)Re-186 Reaction Excitation Functions,” Tech. Rep. NDL-22/98,
KAERI, 1998.

Experimental data:
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e Bodemann, R., Busemann, H., Gloris, M., Leya, 1., Michel, R., Schiekel, T., Her-
pers, U. Holmgqvist, B., Conde, H., Malmborg, P., Dittrich-Hannen, B., Suter, M.,
New Measurements of the Monitor Reactions 2’ Al(p,X)"Be, 2"Al(p,3p3n)?*Na and
55Cu(p,n)®*Zn, In Progress Report on Nuclear Data Research in the Federal Republic
of Germany, ed. Qaim, S.M., see Report NEA /NSC/DOC(95)10 and INDC(GER)-
040 (1995) 29 ; EXFOR. None

e Cumming, J.B., Absolute Cross-Section for the 2C(p,pn)!!C Reaction at 50 MeV,
Nuclear Physics 49 (1963) 417 ; EXFOR. B0095

e Furukawa, M., Kume, S., Ogawa, S.K., Excitation Functions for the Formation of
"Be and ??Na in Proton Induced Reactions on 27Al, Nuclear Physics 69 (1965) 362
; EXFOR None

o Heydegger, H.R., Turkevich, A.L. van Ginneken, A., Walpole, P.H., Production of
"Be, 2Na and Mg from Mg, Al and SiO, by Protons between 82 and 800 MeV,
Physical Review C14 (1976) 1506 ; EXFOR None

e Korteling, R.G., Caretto, A.A., Energy dependence of Na and ?Na Production
Cross-Sections with 100-400 MeV Protons, Physical Review C1 (1970) 1960 ; EX-
FOR. C0253

e Langunas-Solar, M.C., Carvacho, O.F., Cima, R.R., Cyclotron Production of PET
Radionuclides: ¥Fe (109.77min; 8+ 96.9%; EC 3.1%) from High-Energy Protons on
Metallic Aluminium Targets , Applied Radiation Isotopes 39 (1988) 41 ; EXFOR
A0445

e Michel, R., Brinkman, G., Herr, W., Integral Excitation Functions for P-Induced
Reactions, In Progress Report on Nuclear Data Research in the Federal Republic
of Germany, ed. Qaim, S.M., see Report NEANDC (E) -202 U vol. V, also Report
INDC (GER)-21/L (1978) 68 ; EXFOR A0151

e Pulfer, P., Determination of Absolute Production Cross-Sections for Proton Induced
Reactions in the Energy Range 15 to 72 MeV and at 1820 MeV, Thesis(1979),
Universitat Bern, unpublished ; EXFOR D0053

e Steyn, G.F., Mills, S.J., Nortier, F.M., Simpson, B.R.S., Meyer, B.R., Production
of $2Fe via Proton-Induced Reactions on Manganese and Nickel, Applied Radiation
Isotopes 41 (1990) 315 ; EXFOR A0497
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3.2 %"Al(p,X)*Na

Reaction T2 of product Main ~-lines Proton energy
nucleus E,(keV) I, (%) range (MeV)
27Al(p,X)**Na 14.96 h 1368.6  100.0 30-100
2754.0 99.94

2T A)p, X)**Na

1 T Ll I )

Lagunasg8 =
14 F Puifer79 o |
KAERI-calc -~
2 b IAEA —— |

P
o
¥

Cross Section (mb)
0

90 100

Ep (MeV)

Related documents:

e Kim, D., Evaluation of Proton Induced Reaction Data for Ti, V, Cr, Nb and Mo
Isotopes up to 150 MeV at KAERI, Tech. Rep. NDL-06/01, KAERI, 2001.

Experimental data:

e Lagunas-Solar, M.C., Carvacho, O.F., Cima, R.R., Cyclotron Production of PET
Radionuclides: ¥F (109.77 min, 8+ 96.0%, EC 3.1%) from High-Energy Protons

on Metallic Aluminium Targets, Applied Radiation Isotopes 39 (1988) 41 ; EXFOR
A0445
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e Pulfer, P., Determination of Absolute Production Cross-Sections for Proton Induced
Reactions in the Energy Range 15 to 72 MeV and at 1820 MeV, Thesis (1979),
Universitat Bern, unpublished ; EXFOR D0053



3 PROTON BEAM MONITOR REACTIONS 13
3.3 ™*Ti(p,X)¥V
Reaction T2 of product Main <y-lines Proton energy
nucleus E,(keV) 1, (%) range (MeV)
natTi(p,X)8V 15.98 d 983.5 99.99 5-30
1312.6 9749
natTi ®, X)48V
450 T T T T
] Fink90 @
pald Kopecky93 e
400 gkt Michelss +
il (PP Michel97 =
350 | [T T+ Szelecsenyi0l 4 -
i -i.l§| KAERI-calc -~~~
- it IAEA ——
g i -‘
§ W0 0 Al l
9 ]
A 200 : [ ]
O 150 F f % .
100 | ' R .
50 | ]
0 Py - ) I ] 1
5 10 15 20 25 30
Ep(MeV)

Related documents:

e Kim, D., Evaluation of Proton Induced Reaction Data for Fe, Ni, Cu, and Zn
isotopes up to 150 MeV at KAERI, Tech. Rep. NDL-03/01, KAERI, 2001.

Experimental data:

e Kopecky, P., Szelecsenyi, Molnar, T., Mikecz, P., Tarkanyi, F., Excitation Functions

of (p,xn) Reactions on ™**Ti: Monitoring of Bombarding Proton Beams, Applied
Radiation Isotopes 44 (1993) 687 ; EXFOR D4001
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e Michel, R., Brinkmann, G., On the Depth-Dependent Production of Radionuclides
(44<A <59) by Solar Protons in Extraterrestrial Matter, J. Radioanalytical Chem-
istry 59 (1980) 467 ; EXFOR A0145

e Szelecsenyi, F., Hermanne, A., Sonck, M., Takacs, S., Scholten, B., Tarkanyi, F.,
New Cross-Section Data on "*Ti(p,X)*®V Nuclear Process for Proton Beam Mon-
itoring in Radioisotope Production, Nuclear Instruments Methods B (submitted)
2000 ; EXFOR None

e Bodemann, R., Michel, R., Rosel, R., Herpers, U., Holmgqvist, B., Conde, H., Malm-
borg, P., Production of Radionuclides from Target Elements (22<Z<29) by Proton-
Induced Reactions up to 100 MeV, Progress Report on Nuclear Data Research in
the Federal Republic of Germany for the Period April 1, 1994 to March 31, 1995
(ed. Qaim, S.M.), INDC (GER)-040, Jul-3086, 1995, p.27 ; EXFOR None

e Tanaka, S., Furukawa, M., Excitation Functions for (p,n) Reactions with Titanium,
Vanadium, Chromium, Iron and Nickel up to E, = 14 MeV, J. Physical Society
Japan 14 (1959) 1269 ; EXFOR B0043

e West, Jr., H.I,, Lanier, R.G., Mustafa, M.G., Excitation Functions for the Nuclear
Reactions on Titanium Leading to the Production of 48V, “4Sc and *’Sc, by Proton,
Deuteron and Triton Irradiations at 0-35 MeV, UCLR-ID-115738, November 1993,
Physical Review C42 (1990) 683 ; EXFOR None
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3.4 "“tNi(p,X)57Ni
Reaction T2 of product Main ~-lines Proton energyv
nucleus E,(keV) 1,(%) range (MeV)
natNi(p,X)*"Ni 1.50d 13776 779 15-50
"Ni(p,X) 'Ni
250 1 L) T L T LI T
Michel78  +
Michel80  x
S Sonck97 @
Szelecsenyi0l
200 Tarkanyi91 o 7|
KAERI-calc ------
_ IAEA ———
) :
E 150} 1
o
o
=
Q
A ‘
o
g wor s '
O kit
50 F ._i.:'l: 5
0 -:::"-2"42 Il ! 1 1 —l -
10 15 20 25 30 35 40 45 50

Ep (MeV)

Related documents:

e Kim, D., Evaluation of Proton Induced Reaction Data for Fe, Ni, Cu, and Zn

isotopes up to 150 MeV at KAERI, Tech. Rep. NDL-03/01, KAERI, 2001.

e Zhuang, Y.X., Evaluations and Calculations of B-11(d,2n)C-11, N-14(d,n)O-15,
0-16(p,a)N-13, O-18(p,n)F-18, Al-nat(p,d,He-3,a,x)Na-22, Cu-nat(p,x)Co-56, Ga-
71(p,4n)Ge-68, Ga-nat(p,x)Ge-68, Se-77(p,n)Br-77, Kr-82(p,2n)Rb-81, Kr-nat(p,x)
Rb-81, Kr-nat(p,x)Rb-81, Rb-85(p,4n)Sr-82, Rb-nat(p,x)Sr-82, Cd-112(p,2n)In-111
and W-186(d,2n)Re-186 Reaction Excitation Functions, Tech. Rep. NDL-22/98,

KAERI, 1998.
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Experimental data:

Bodemann, R., Michel, R., Rosel, R., Herpers, U., Holmqvist, B., Conde, H., Malm-
borg, P., Production of Radionuclides from Target Elements (22<Z<29) by Proton-
Induced Reactions up to 100 MeV, Progress Report on Nuclear Data Research in
the Federal Republic of Germany for the Period April 1, 1994 to March 31, 1995
(ed. Qaim, S.M.), INDC (GER)-040, Jul-3086, 1995, p.27 ; EXFOR None

Brinkman, G.A., Helmer, J., Lindner, L., Nickel and Copper Foils as Monitors for
Cyclotron Beam Intensities, Radiochemical Radioanalytical Letters 28 (1977) 9 ;
EXFOR None

Brinkmann, G., Integral Anregungsfunktionen fur protonen - und Alpha-Induzierte
Reaktionon an Targetelementen 22Zi28, Dissertation, Universitat zu koln, Cologne,
Germany, 1979 ; EXFOR None

Cohen, B.L., Newman, E., Handley, T.H., (p,pn)+(p,2n) and (p,2p) Cross-Sections
in Medium Weight Elements, Physical Review 99 (1955) 723; EXFOR B0049

Kaufman, S., Reactions of Protons with 5¥Ni and 5°Ni, Physical Review 117 (1960)
1532 ; EXFOR B0055

Levkovski, V.N., Cross-Section of Medium Mass Nuclide Activation (A=40-100) by
Medium Energy Protons and Alpha Particles (E=10-50 MeV), Inter-Vesi, Moscow,
1991, USSR ; EXFOR A0510

Michel, R., Brinkmann, G., On the Depth-Dependent Production of Radionuclides
(44<A<59) by Solar Protons in Extraterrestrial Matter, J. Radioanalytical Chem-
istry 59 (1980) 467 ; EXFOR. A0145

Michel, R., Weigel, H., Herr, W., Proton-Induced Reactions on Nickel with Energies
between 12 and 45 MeV, Zeitschrift fur Physik A286 (1978) 393 ; EXFOR B0083

Piel, H., Bestimmung der Anregunsfunktionen von (p,xn)-Reaktionen an Ni-Isotopen
Diplomarbeit, Universitat zu Koln, Cologne, Germany, 1991 ; EXFOR None

Sonck, M., Hermanne, A., Szelecsenyi, F., Takacs, S., Tarkanyi, F., Study of the
natNi(p,X)%"Ni Process up to 44 MeV for Monitor Purposes, Applied Radiation
Isotopes 49 (1998) 1533 ; EXFOR D4062



PROTON BEAM MONITOR REACTIONS 17

e Steyn, G.F., Mills, S.J., Nortier, F.M., Private communication (1996) ; EXFOR

None

e Stuck, R., Protonen-Induzierte Reaktionen an Ti, V, Mn, Fe, Co und Ni. Messung
und Hybrid Modell Analyse Integraler Anregungsfunktionen und Ihre Anwendung in
Modelirechnungen zur Produktion Kosmogener Nuklide, Dissertation, Universitat
zu Koln, Cologne, Germany, 1983 ; EXFOR A0100

e Szelecsenyi, F., Hermanne, A., Snock, M. Takacs, S., Scholten, B. Tarkanyi, F., New
Cross-Section Data on "**Ti(p,X)*V Nuclear Process for Proton Beam Monitoring
in Radioisotope Production, Nuclear Instruments Methods B (submitted) ; EXFOR
None

e Tanaka, S., Furukawa, M., Chiba, M., Nuclear Reactions of Nickel with Protons up
to 56 MeV, J. Inorganic Nuclear Chemistry 34 (1972) 2419 ; EXFOR B0020

e Tarkanyi, F., Szelecsenyi, F., Kopecky, P., Excitation Functions of Proton Induced
Nuclear Reactions on Natural Nickel for Monitoring Beam Energy and Intensity,
Applied Radiation Isotopes 42 (1991) 513 ; EXFOR D4002
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3.5 ™Cu(p,X)**Co

Reaction T2 of product Main ~y-lines Proton energy
nucleus E,(keV) I, (%) range (MeV)
natCu(p,X)*6Co 77.70 d 846.8 99.9 50-100
1238.3 67.0 30-100
na[Cu(p,X)56C0
35 I L 1 1 L
30 Bodeman95 o .
Grutter85  +
1 Michel97 @
25 F Mills92 % .
KAERI-calc -~~~
KAERI-fit -~
20 L IAEA —— 1

Cross Section (mb)

40 50 60 70 80 90 100
E, (MeV)

Related documents:

e Kim, D., Evaluation of Proton Induced Reaction Data for Fe, Ni, Cu, and Zn
isot;{opes up to 150 MeV at KAERI, Tech. Rep. NDL-03/01, KAERI, 2001.

e Zhuang, Y.X., Evaluations and Calculations of B-11(d,2n)C-11, N-14(d,n)O-15,
0-16(p,a)N-13, O-18(p,n)F-18, Al-nat(p,d,He-3,a,x)Na-22, Cu-nat(p,x)Co-56, Ga-
71(p,4n)Ge-68, Ga-nat(p,x)Ge-68, Se-77(p,n)Br-77, Kr-82(p,2n)Rb-81, Kr-nat(p,x)
Rb-81, Kr-nat(p,x)Rb-81, Rb-85(p,4n)Sr-82, Rb-nat(p,x)Sr-82, Cd-112(p,2n)In-111
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and W-186(d,2n)Re-186 Reaction Excitation Functions, Tech. Rep. NDL-22/98,
KAERI, 1998.

Experimental data:

Bodemann, R., Michel, R.., Rosel, R., Herpers, U., Holmqvist, B., Conde, H., Malm-
borg, P., Production of Radionuclides from Target Elements (22<Z<29) by Proton-
Induced Reactions up to 100 MeV, Progress Report on Nuclear Data Research in
the Federal Republic of Germany for the Period April 1, 1994 to March 31, 1995
(ed. Qaim, S.M.), INDC (GER)-040, Jul-3086, 1995, p.27 ; EXFOR. None

Grutter, A., Excitation Functions for Radioactive Isotopte Produced by Proton
Bombardment of Cu and Al in the Energy Range of 16 to 70 MeV, Nuclear Physics
A383 (1982) 98 ; EXFOR A0178

Michel, R., Bodemann, R., Busemann, H., Daunke, R., Gloris, M., Lange, J.H.,
Klung, B., Krins, A., Leya, I., Lupke, M., Neumann, S., Reinhardt, H., Schnatz-
Buttgen, M., Herpers, U., Schiekel Th., Sudbrock, F., Holmqvist, B., Conde, H.,
Malmborg, P., Suter, M., Dittrich-Hannen, B., Kubik, P.W., Synal, H.A., Filges,
D., Cross-Sections for the Production of Residual Nuclides by Low - and Medium-
Energy Protons from the Target Elements C, N, O, Mg, Al, Si, Ca, Ti, V, Mn, Fe,
Co, Ni, Cu, Sr, Y, Zr, Nb, Ba and Au, Nuclear Instruments Methods B129 (1997)
153 ; EXFOR 00276

Mills, S.J., Steyn, G.F., Nortier, F.M., Experimental and Theoretical Excitation
Functions of Radionuclides Produced in the Proton Bombardment of Copper up to
200 MeV, Applied Radiation Isotopes 43 (1992) 1019 ; EXFOR A0507
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3.6 "*Cu(p,X)%Zn

Reaction T/, of product Main 7-lines Proton energy
nucleus E,(keV) 1, (%) range (MeV)
nat Cu(p,X)%2Zn 9.26 h 596.7  25.7 14-60
"Cu(p.X)**Zn
100 T T 1 i T 1 ¥ J 1
Grutter82 o
Mills92
y Szelecsenyi0l
% | / KAERI-calc -+~ |
; -.‘ JAEA ——
i)
E 60f
o
5
g
b
w
§ 40 +
Q
20 +
0
10

E, (MeV)

Related documents:

e Kim, D., Evaluation of Proton Induced Reaction Data for Fe, Ni, Cu, and Zn
isotopes up to 150 MeV at KAERI, Tech. Rep. NDL-03/01, KAERI, 2001.

Experimental data:

e Grutter, A., Excitation Functions for Radioactive Isotopte Produced by Proton

Bombardment of Cu and Al in the Energy Range of 16 to 70 MeV, Nuclear Physics
A383 (1982) 98 ; EXFOR A0178 '
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e Hermanne, A., Szelecsenyi, F., Sonck, M., Takacs, S., Tarkanyi, F., van den Winkel,
P., New Cross-Section Data on ®Zn(p,2n)%”Ga and "*Zn(p,xn)®’Ga

e Nuclear Reactions for the Development of a Reference Data Base, J. Radioanalytical
and Nuclear Chemistry 240 (1999) 623 ; EXFOR None

e Kopecky, P., Proton Beam Monitoring via the Cu(p,X)*®Co, %3Cu(p,2n)%?Zn and
8Cu(p,n)®®Zn Reactions in Copper, Int. J. Applied Radiation isotopes 36 (1985)
657 ; EXFOR A0333

e Mills, S.J., Steyn, G.F., Nortier, F.M., Experimental and Theoretical Excitation
Functions of Radionuclides Produced in the Proton Bombardment of Copper up to
200 MeV, Applied Radiation Isotopes 43 (1992) 1019 ; EXFOR A0507
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3.7 "Cu(p,X)%Zn

Reaction T2 of product Main ~-lines Proton energy
nucleus E,(keV) 1, (%) range (MeV)
netCu(p,X)53Zn 38.1 min 669.8 8.4 4.5-50
natCu(p,X)&Zn
450 [ T ) I t ] LD 1 Grulttergzﬁ N |
Mills92 =
400 Szelecsenyi0l 4 .
KAERI-calc --—------
350 - ; IAEA
2 300
£
S 250 b
3
< 200
2
© 150 f
100
50 ¢
0

Related documents:

¢ Kim, D., Evaluation of Proton Induced Reaction Data for Fe, Ni, Cﬁ, and Zn
isotopes up to 150 MeV at KAERI, Tech. Rep. NDL-03/01, KAERI, 2001.

Experimental data:
e Barrandon, J.N., Debrum, J.L., Kohn, A., Spear, R.H., Etude du Dosage de Ti, V,

Cr, Fe, Ni, Cu et Zn par Activation avec des Protons d’Energie Limitee a 20 MeV,
Nuclear Intruments Methods 127 (1975) 269 ; EXFOR 00086
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e Colle, R., Kishore, R., Cumming, J.B., Excitation Functions for (p,n) Reactions to
25 MeV on %3Cu, *Cu and 7 Ag, Physical Review C9 (1974) 1819 ; EXFOR B0057

e Grutter, A., Excitation Functions for Radioactive Isotopte Produced by Proton
Bombardment of Cu and Al in the Energy Range of 16 to 70 MeV, Nuclear Physics
A383 (1982) 98 ; EXFOR A0178

e Hansen, L.F., Albert, R.D., Statistical Theory Predictions for 5-11 MeV (p,n) and
(p,p') Nuclear Reactions in 'V, *°Co, %3Cu, %°Cu and 3Rh, Physical Review 128
(1962) 291 ; EXFOR B0066

e Howe, H.A., (p,n) Cross-Sections of Copper and Zinc, Physical Review 109 (1958)
2085 : EXFOR. B0060

e Johnson, C.H., Galonsky, A., Inskeep, C.N., Cross-Sections for (p,n) Reactions
in Intermediate-Weight Nuclei, Progress Report ORNL-2910 (1960) 25 ; EXFOR
B0068

e Levkovski, V.N., Activation Cross-Sections for the Nuclides of Medium Mass Region
(A=40-100) with Protons and « Particles at Medium (E=10-50 MeV) Energies
(Experiment and Systematics), Inter-Vesi, Moscow (1991) ; EXFOR A0510

e Mills, S.J., Steyn, G.F., Nortier, F.M., Experimental and Theoretical Excitation
Functions of Radionuclides Produced in the Proton Bombardment of Copper up to
200 MeV, Applied Radiation Isotopes 43 (1992) 1019 ; EXFOR A0507

e Wing, J., Huizenga, J.R., (p,n) cross-sections on 4"Ti, 5V, 52Cr, %°Co and %Cu
from 4 to 6.5 MeV, Physical Review 128 (1962) 280 ; EXFOR B0065
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3.8 ™Cu(p,X)%Zn

Reaction T,/ of product Main -lines Proton energy

nucleus E,(keV) L, (%) range (MeV)
natCu(p,X)%Zn 244.10d 1115.5  50.75 2.5-100

natCu (p,X)6SZn

] Ll 1

300 T ; T T

Colle74
Grutter82
Hansen62

[ ]
+
©
250 Johnson58 = -
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I i Wing62
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150
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Related documents:

e Kim, D., Evaluation of Proton Induced Reaction Data for Fe, Ni, Cu, and Zn
isotopes up to 150 MeV at KAERI, Tech. Rep. NDL-03/01, KAERI, 2001.

Experimental data:

e Barrandon, J.N., Debrum, J.L., Kohn, A., Spear, R.H., Etude du Dosage de Ti, V,
Cr, Fe, Ni, Cu et Zn par Activation avec des Protons d’Energie Limitee a 20 MeV,
Nuclear Intruments Methods 127 (1975) 269 ; EXFOR 00086
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e Colle, R., Kishore, R., Cumming, J.B., Excitation Functions for (p,n) Reactions to
25 MeV on 8Cu, 83Cu and 7 Ag, Physical Review C9 (1974) 1819 ; EXFOR B0057

e Dmitriev, P.P., Konstantinov, 1.S., Krasnov, N.N., Excitation Function for the
5Cu(p,n)%Zn Reaction, Atomnaya Energiya 24 (1968) 279 ; EXFOR None

e Grutter, A., Excitation Functions for Radioactive Isotopte Produced by Proton
Bombardment of Cu and Al in the Energy Range of 16 to 70 MeV, Nuclear Physics
A383 (1982) 98 ; EXFOR A0178

e Hansen, L.F., Albert, R.D., Statistical Theory Predictions for 5-11 MeV (p,n) and
(p,p*) Nuclear Reactions in 'V, %°Co, 8Cu, *Cu and '®Rh, Physical Review 128
(1962) 291 ; EXFOR B0066 :

e Johnson, C.H., Galonsky, A., Inskeep, C.N., Cross-Sections for (p,n) Reactions
in Intermediate-Weight Nuclei, Progress Report ORNL-2910 (1960) 25 ; EXFOR
B0068

e Kopecky, P., Szelecsenyi, Molnar, T., Mikecz, P., Tarkanyi, F., Excitation Functions
of (p,xn) Reactions on ™*Ti: Monitoring of Bombarding Proton Beams, Applied
Radiation Isotopes 44 (1993) 687 ; EXFOR D4001

e Mills, S.J., Steyn, G.F., Nortier, F.M., Experimental and Theoretical Excitation
Functions of Radionuclides Produced in the Proton Bombardment of Copper up to
200 MeV, Applied Radiation Isotopes 43 (1992) 1019 ; EXFOR A0507

e Wing, J., Huizenga, J.R., (p,n) cross-sections on 4’Ti, 31V, 32Cr, %*Co and #Cu

from 4 to 6.5 MeV, Physical Review 128 (1962) 280 ; EXFOR B0065
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4 Deuteron Beam Monitor Reactions

Table 2 lists 5 deuteron beam reactions evaluated, including the basic decay char-
acteristics of roduct nuclei (half-lives, main v-lines along with the intensities), and

energy range of protons for which evaluations were performed.

¥ 2: Deuteron Beam Monitor Reactions

Reaction T, /2 of product Main v-lines Deuteron energy
nucleus E,(keV) I,(%) range (MeV)

2 Al(d,X)?Na 2.60 a 12745  99.94 29.5-80

27A1(d,X)*Na 1496 h 13686 100.0 15-80
2754.0  99.94

natTi(d,X)*¥V 15.98 d 983.5 99.99 9-50
1312.0 9749

netFe(d,X)*Co 7770 d 846.8 99.9 8-50
1238.3 67.0

natNj(d,X)61Cu 340 h 283.0 125 . 2550

656.0 10.66
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4.1 ?"Al(d,x)®Na

Reaction Ty /2 of product Main ~-lines Deuteron energy
nucleus E,(keV) 1, (%) range (MeV)
7A1(d,X)%Na 2.60 a 12745  99.94 29.5-80

21A1(d, X)**Na

40 | B 1 B T | )
35 F Martens70 *
Michel82 o}
TakacsO1 °
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Related documents:

e Zhuang, Y.X., Evaluations and Calculations of Al-nat(He-3,x)Na-22, N-14(p,a)C-
11 and Al-nat(d,x)Na-22 Reaction Excitation Functions, Tech. Rep. NDL-03/98,
KAERI, 1998.

Experimental data:

e Martens U. and Schweimer G.W.: Production of “Be, ??Na, 2*Na and #Mg by
Irradiation of 27 Al with 52 MeV Deuterons and 104 MeV alpha particles. Zeitschrift
fur Physics 233 (1970) 170 Exfor: B0142
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e Michel R., Brinkmann G., Galas R. and Stuck R.: Production of 2*Na and 22Na by
2H Induced Reactions on Aluminium. Data provided by Michel W, in 1982 to the
exfor data base Exfor: A0158

e Takacs S., Tarkanyi F., Sonck M., Hermanne A., Mustafa M.G., Shubin Yu. and
Zhuang Youxiang: New cross sections and intercomparison of deuteron monitor
reactions on Al, Ti, Fe, Ni and Cu. Nucl. Instr. Meth. B (submitted, 2000)
See also: Takacs S., Tarkanyi F., Sonck M. and Hermanne A. Excitation functions
for monitoring deuteron beams up to 50 MeV. Abstracts of Int. Conf. on Ion
Beam Applications and European Conf. on Accelerator in Applied Research and
Technology, 26-30 July 1999, Dresden, Germany, p. 72. Exfor: none
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4.2 "atTi(d,x)48V

Reaction Ti2 of product Main ~y-lines Deuteron energy
nucleus  E,(keV) L, (%)  range (MeV)
natTi(d,X)*®V 15.98 d 983.5  99.99 9-50
1312.0 97.49

400 o L ) T 1 ] 1] T 1
Burgus54  x
350 Takacs97 | I
Takacs01 .
West9) o
300 KAERI-fit .

IAEA -~
250

200

150

Cross Section (mb)

100

50

5 10 15 20 25 30 35 40 45 50
E, (MeV)

Related documénts:

e Zhuang, Y.X., Evaluations and Calculations of N-14(d,n)O-15, Ne-nat(d,x)F-18, Ti-
nat(d,x)V-48, Ti-nat(He-3,x)V-48, Ti-nat(a,x)Cr-51, Fe-nat(d,x)Co-56, Ni-nat(d,x)
Cu-61, Zn-nat(p,xn)ga-66, Zn-nat(p,xn)Ga-67, Ga-69(p,2n)Ge-68, Cu-nat(He-3,x)
Ga-66, Cu-nat(He-3,x)Ga-67 and I-127(p,5n) Xe-123 Reaction Excitation Functions,
Tech. Rep. NDL-19/98, KAERI, 1998.

Experimental data:
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e Burgus HW., Cowan G.A., Hadley J.W., Hess W., Shull T., Stevenson M.L., Y-
ork H.F.: Cross Sections for the Reactions Ti48(d,2n)V48, Cr52(d,2n)Mn52 and
Fe56(d,2n)Co56. Physical Review 95 (1954) 750 Exfor: none

e Takacs S., Sonck M., Scholten B., Hermanne A. and Tarkanyi F.: Excitation Func-
tions of Deuteron Induced Reactions on natTi for Monitoring Deuteron Beams Ap-
plied Radiation and Isotopes 48 (1997) 657 Exfor: D4046

o Takacs S., Tarkanyi F., Sonck M., Hermanne A., Mustafa M.G., Shubin Yu. and
Zhuang Youxiang: New cross sections and intercomparison of deuteron monitor
reactions on Al, Ti, Fe, Ni and Cu. Nucl. Instr. Meth. B (submitted, 2000)
See also: Takacs S., Tarkanyi F., Sonck M. and Hermanne A. Excitation functions
for monitoring deuteron beams up to 50 MeV. Abstracts of Int. Conf. on Ion
Beam Applications and European Conf. on Accelerator in Applied Research and
Technology, 26-30 July 1999, Dresden, Germany, p. 72. Exfor: none )

e West, Jr. H.I, Lanier R. G., and Mustafa M.G.: Excitation Functions for the
Nuclear Reactions on Titanium Leading to the Production of 48V, 44Sc, and 47Sc
by Proton, Deuterop and Triton Irradiations at 0-35 MeV. UCRL-ID-115738, 1993

Exfor: none
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4.3 ™iFe(d,x)*®Co

Reaction Ty, of product Main ~-lines Deuteron energy
nucleus E,(keV) I,(%) range (MeV)
natFe(d,X)*®Co 77.70 d 846.8 99.9 8-50
1238.3 67.0
MiEe(d,X) %Co
400 1 L) 1 ) L 1 T 1 T
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Related documents:

e Zhuang, Y.X., Evaluations and Calculations of N-14(d,n)O-15, Ne-nat(d,x)F-18, Ti-
nat(d,x)V-48, Ti-nat(He-3,x)V-48, Ti-nat(a,x)Cr-51, Fe-nat(d,x)Co-56, Ni-nat(d,x)
Cu-61, Zn-nat(p,xn)ga-66, Zn-nat(p,xn)Ga-67, Ga-69(p,2n)Ge-68, Cu-nat(He-3,x)
Ga-66, Cu-nat(He-3,x)Ga-67 and I-127(p,5n)Xe-123 Reaction Excitation Functions,
Tech. Rep. NDL-19/98, KAERI, 1998.

Experimental data:
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e Clark J.W., Fulmer C.B. and Williams I.R.: Excitation functions for radioactive nu-
clides produced by deuteron-induced reactions in Iron. Physical Review 179 (1969)
1104 Exfor: none

e Irwine J.W.: The Science and Enginering of Nuclear Power, (Ed. Goodman C.) Vol
I1.223., Addison-Wesley Press Inc., Cambridge (Mass) 1949 The data were taken
from: Tobailem J., de Lassus St-Genies C.-H. :

Sections Efficaces Des Reactions Nucleaires Induites Par Protons, Deutons, Partic-
ules Alpha. III. Fer CEA-N-1466(3), 1975, CEA, France Exfor: none

e Sud r S. and Qaim S.M.: Excitation functions of proton and deuteron induced
reactions on iron and alpha-particle induced reactions on manganese in the energy
region up to 25 MeV. Physical Review C50 (1995) 2408 Exfor: D4018

e Takacs S., Tarkanyi F., Sonck M., Hermanne A. and Sud r S.: Study of deuteron
induced reactions on natural iron and copper and their use for monitoring beam
parameters and for thin layer activation technique. Application of Accelerators in
Research and Industry. Proceedings of the 14th International Conference, Denton,
Texas, November 1996. Eds: J. L. Dugan, I. L. Morgan, AIP Conference Proceeding
392, Woodbury, New York, AIP (1997) 659. Exfor: D4044

e Takacs S., Tarkanyi F., Sonck M., Hermanne A., Mustafa M.G., Shubin Yu. and
Zhuang Youxiang: New cross sections and intercomparison of deuteron monitor
reactions on Al, Ti, Fe, Ni and Cu. Nucl. Instr. Meth. B (submitted, 2000)
See also: Takacs S., Tarkanyi F., Sonck M. and Hermanne A. Excitation functions
for monitoring deuteron beams up to 50 MeV. Abstracts of Int. Conf. on Ion
Beam Applications and European Conf. on Accelerator in Applied Research and
Technology, 26-30 July 1999, Dresden, Germany, p. 72. Exfor: none

e Tao Zhenlan, Zhu Fuying, Qui Huiyuan and Wang Gonging: Excitation functions of
deuteron induced reactions on natural iron. Atomic Energy Sciences and Technology
5 (1993) 506 Exfor: S0015

e Zhao Wen-rong, Lu Han-lin, Yu Wei-xiang and Cheng Jian-tao: Excitation functions
for reactions induced by deuteron in iron. Chinese Journal of Nuclear Physics, 17
(1995) 163 Exfor: none
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4.4 ™!Ni(d,x)%'Cu

Reaction T\ /2 of product Main ~-lines Deuteron energy
nucleus E,(keV) 1, (%) range (MeV)
7atNi(d,X)8Cu 340 h 283.0 12.5 2.5-50
656.0 10.66
"Ni(d,X)* Cu
100 i 1 Ll 1 1 L 1 1 ¥
Budzanowski62 v
Coetzee72
sk ™ Takacs97 @ ]
i TakacsOl =
[ KAERI-fit ---------
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Related documents:

e Zhuang, Y.X., Evaluations and Calculations of N-14(d,n)O-15, Ne-nat(d,x)F-18, Ti-
nat(d,x)V-48, Ti-nat(He-3,x)V-48, Ti-nat(a,x)Cr-51, Fe-nat(d,x)Co-56, Ni-nat(d,x)
Cu-61, Zn-nat(p,xn)ga-66, Zn-nat(p,xn)Ga-67, Ga-69(p,2n)Ge-68, Cu-nat(He-3,x)
Ga-66, Cu-nat(He-3,x)Ga-67 and I-127(p,5n)Xe-123 Reaction Excitation Functions,
Tech. Rep. NDL-19/98, KAERI, 1998.

Experimental data:
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e Budzanowski A. and Grotowski K.: Elastic scattering angular distributions and
total cross sections for the interactions of 12.8 MeV deuterons with Ni58 and Ni60
nuclei. Physics Letters 2 (1962) 280 Exfor: D4053

e Coetzee P.P., and Peisach M.: Activation cross sections for deuteron -induced re-
actions on some elements of the first transition series, up to 5.5 MeV Radiochimica
Acta 17 (1972) 1 Exfor: D4054

e Takacs S., Sonck M., Azzam A., Hermanne A. and Tarkanyi F.: Activation cross
section measurements of deuteron induced reactions on natNi with special reference
to beam monitoring and production of 61Cu for medical purpose. Radiochimica
Acta 76 (1997) 15 Exfor: D4045 |

o Takacs S., Tarkanyi F., Sonck M., Hermanne A., Mustafa M.G., Shubin Yu. and
Zhuang Youxiang: New cross sections and intercomparison of deuteron monitor
reactions on Al, Ti, Fe, Ni and Cu. Nucl. Instr. Meth. B (submitted, 2000)
See also: Takacs S., Tarkanyi F., Sonck M. and Hermanne A. Excitation functions
for monitoring deuteron beams up to 50 MeV. Abstracts of Int. Conf. on Ion
Beam Applications and European Conf. on Accelerator in Applied Research and
Technology, 26-30 July 1999, Dresden, Germany, p. 72. Exfor: none
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5 Helium-3 Beam Monitor Reactions

Table 3 lists 3 He-3 beam reactions evaluated, including the basic decay characteris-

tics of roduct nuclei (half-lives, main «-lines along with the intensities), and energy

range of protons for which evaluations were performed.

¥ 3: 3He Beam Monitor Reactions

3He energy
range (MeV)

Reaction Ty/2 of product Main 7-lines
nucleus E,(keV) L, (%)
2"Al(*He,X)??Na 2.60 a 1274.5  99.94
27A1(3He,X)?* Na 14.96 h 1368.6  100.0
2754.0  99.94
natTj(3He,X)%V 15.98 d 983.5 99.99
1312.0 97.49

10-100
25-100

16-100
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5.1 ?"Al(*He,x)*Na

Reaction Ty/2 of product  Main +y-lines 3He energy
nucleus E,(keV) I, (%) range (MeV)
27 A1(3He,X)?2Na 2.60 a 1274.5  99.94 10-100

2 A1CHe, X)*Na
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Related documents:

e Zhuang, Y.X., Evaluations and Calculations of Al-nat(He-3,x)Na-22, N-14(p,a)C-

11 and Al-nat(d,x)Na-22 Reaction Excitation Functions, Tech. Rep. NDL-03/98,
KAERI, 1998.

Experimental data:

e Brill O.D.: Cross-sections of 3He reactions with light nuclei. Numerical values
taken from: Semenov V.G. , Semenova M. P. and Sobolevsky N.M.: Production of
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Radionuclides at Intermediate Energies. Interactions of Deuterons, Tritons and 3He-
nuclei with Nuclei. Landolt- Bornstein, New Series, Group I, Volume 13, Subvolume

F., (ed. Schopper H.), Springer, 1995 Exfor: none

e Cochran D. R. F. and Knight J. D.: Excitation functions of some.reactions of 6-
to 24-MeV He3 ions with carbon and aluminium. Physical Review 128 (1962) 1281
Exfor: P0081

e Kondrat’ev S.N., Lobach I. Yu., Lobach Yu. N. and Sklyarenko V. D.: Production
of residual nuclei by 3He-induced reactions on 2’Al and natCu. Applied Radiation
and Isotopes 48 (1997) 601 Exfor: none

e Michel W., Brinkmann G., Galas R. and St ck R.: Production of ?!Na and 22Na by
2H Induced Reactions on Aluminium. Data provided by Michel W, in 1982 to the
EXFOR data base Exfor: A0158
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5.2 "Ti(3He,x)%¥V

Reaction T1/2 of product Main -lines 3He energy
nucleus E,(keV) I, (%) range (MeV)
natTi(3He,X) ¥V 15.98 d 983.5  99.99 16-100
1312.0 97.49

natriCHe, X)*V

450 ; - : : —_— ‘ -
¥ Ditroi98  x
R 5 Tarkanyi92 B |
400 %3z )% Weinreich80 =
X R u KAERI‘ﬁt ''''''''
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“ 200
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100 .
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Related documents:

e Zhuang, Y.X., Evaluations and Calculations of N-14(d,n)O-15, Ne-nat(d,x)F-18, Ti-
nat(d,x)V-48, Ti-nat{He-3,x)V-48, Ti-nat(a,x)Cr-51, Fe-nat(d,x)Co-56, Ni-nat(d,x)
Cu-61, Zn-nat(p,xn)ga-66, Zn-nat(p,xn)Ga-67, Ga-69(p,2n)Ge-68, Cu-nat(He-3,x)
Ga-66, Cu-nat(He-3,x)Ga-67 and 1-127(p,5n)Xe-123 Reaction Excitation Functions,
Tech. Rep. NDL-19/98, KAERI, 1998.

Experimental data:
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Ditroi F., Tarkanyi F., Ali M.A., Ando L., Heselius S.-J., Shubin Yu., Zhuang
Youxiang and Mustafa M.G.: Investigation of 3He induced reactions on natural Ti
for Thin Layer Activation (TLA), monitoring, activation analysis and production
purposes. Nucl. Instr. Meth. B (1999, in press) Exfor: none

Tarkanyi F., Szelecsenyi F. and Kopecky P.: Cross section data for proton, 3He
and a-particle induced reactions on natNi, natCu and natTi for monitoring beam
performance. Proceedings of International Conference on Nuclear Data for Science
and Technology, J lich, Germany, 13-17 May 1991, (ed. S. M. Qaim), Springer-
Verlag, Berlin, 1992, p. 529 Exfor: D4080

Weinreich R., Probst H. J. and Qaim S. M.: Production of Cr-48 for applications in
life science. International J. Applied Radiation Isotopes 31 (1980) 223 Exfor: A0169
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6 Alpha Particle Beamm Monitor Reactions

Table 4 lists 6 alpha-particle beam reactions evaluated, including the basic decay
characteristics of roduct nuclei (half-lives, main -lines along with the intensities),

and energy range of protons for which evaluations were performed.

E 4. a-particle Beam Monitor Reactions

Reaction Ty/2 of product Main ~y-lines alphe_Particle energy
nucleus E,(keV) 1, (%) range (MeV)

2" AY(a,X)**Na ~ 260a 12745  99.94 30-100
27A)(,X)?'Na 14.96 h 1368.6  100.0 30-100

: 2754.0 99.94
natTi(a,X)%'Cr 27.70 d 320.1 9.83 5-40
natCu(a,X)%Ga 9.49 h 1039.3 37.9 8-30
netCu(a,X)Ga 3.26 d 93.3 37.0 15-50

184.6 20.4

natCu(a,X)%®Zn 244.1d 11155  50.75 15-50
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6.1

Cross Section (mb)

27 Al(a,x)**Na
Reaction Ty/2 of product Main ~y-lines a-Particle energy
nucleus E,(keV) I, (%)  range (MeV)
27Al(,X)*2Na 2.60 a 12745  99.94 30-100
7 Al(a, X)**Na
70 I T ] L T ¥ T
Bouchard59 o
60 L Ismail90 =
Karpeles70 @© * i
Lindsay60  x -
Martens70  + z
50 Michelg0 =+ ~ o®29:F = -
Porile62  x
Probst76  ©
40 - Rattan8s &
Rattan86  »
KAERI-fit --------
30 TIAEA W
20 8 N
10 1

20 30

Related documents:

60
Ep (MeV)

70

80

90

100

e Zhuang, Y.X., Evaluations and Calculations of O-15, Ne-20(d,a)F-18, O-16(p,a)N-
13 and Al-nat(a,x)Na-22 Reaction Excitation Functions, Tech. Rep. NDL-08/98,
KAERI, 1998.

Experimental data:

e Bouchard G. H., and Fairhall A. W.: Production of Be7 in 30-42 MeV He-ion
bombardment. of oxigen, aluminium and copper. Physical Review 116 (1959) 160

Exfor: none
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e Ismail M.: Measurement and analysis of the excitation function for alpha-induced
reactions on Ga and Sb isotopes. Physical Review C41 (1990) 87 Exfor: none

e Karpeles A.: Anregungsfunctionen f r die Bildung von 68Ge, 65Zn und 2?Na bei
der Bestrahlung von Zink und Aluminium mit a-Teilchen. Radiochimica Acta 12
(1969) 115 Exfor: none

e Lindsay R. H. and Carr R. J.: He-ion induced reactions of aluminium and magne-
sium. Physical Review 118 (1960) 1293 Exfor: none

e Martens U. and Schweimer G. W.: Production of "Be, #?Na, 2Na and Mg by
irradiation of " Al with 52 MeV deuterons and 104 MeV alpha particles. Zeitschrift
Physics 233 (1970) 170 Exfor: B0142

e Michel R., Brinkmann G. and Herr W.: Alpha-induced production of 24-Na and
22-Na from Al. Report: INDC(GER)-22/L+SPECIAL, 45(1980) Exfor: A0153

e Porile N. T.: Study of the Al27(a,Be7)Na24 reaction from threshold to 41 MeV.
Physical Review 127 (1962) 224 Exfor: none

e Probst H. J.,, Qaim S. M. and Weinrech R.: Excitation functions of high-energy
a-particle induced reactions on aluminium and magnenesium: production of 2Mg.
International J. Applied Radiation Isotopes 27 (1976) 431 Exfor: B0174

e Rattan S. S. and Singh R. J.: Alpha particle induced fission of 209Bi. Radiochimica
Acta 38 (1985) 69 Exfor: none

e Rattan S.S., Singh R.J., Sahakundu S.M., Prakash S. and Ramaniah M.V.: Alpha
particle induced reactions of 209Bi and 63,63Cu. Radiochimica Acta 39 (1986) 61
Exfor: A0353
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6.2 ™!Ti(a,x)*'Cr
Ti/2 of product Main vy-lines a-Particle energy
nucleus E,(keV) 1, (%)  range (MeV)
"“‘Ti(a,X)51Cr 27.70 d 320.1 9.83 0-40
Mtri(a,X)  Cr
800 1 1 1 1 . 1 1
Chang73  x
Hermanne99  x
700 Morton92 o ]
Tarkanyi92 e
Vonach83 &
600 Weinreich80 2 i
- KAERI-fit ---------
ié, 500 TAEA —— 1
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g 400 .
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S 300 i
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100 .
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0 - 1
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Related documents:

e Zhuang, Y.X., Evaluations and Calculations of Kr-nat(p,x)Rb-81, Fe-nat(d,x), Co-
56,Ni-nat(d,x)Cu-61, Ti-nat(a,x)Ga-66, Rb-85(p,4n)Sr-82 and Ga-69(p,2n)Ge-68 Re-
action Excitation Functions, Tech. Rep. NDL-14/98, KAERI, 1998.

Experimental data:

e Chang C.N., Kent J.J., Morgan J.F. and Blatt S.L.: Total cross section measure-

ments by X-ray detection of electron-capture of residual activity. Nuclear Instru-
ments Methods 109 (1973) 327 Exfor: none
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e Hermanne A., Sonck M., Takacs S., Szelecsenyi F. and Tarkanyi F.: Excitation
functions of alpha particle induced reactions on natTi with reference to monitoring
and TLA. Nuclear Instruments Methods B152 (1999) 187 Exfor: none

e Morton A.J., Tims S.G.and Scott A.F.: The 48Ti(a,n)51Cr and 48Ti(a,p)51V cross
sections. Nuclear Physics A128 (1992) 167 Exfor: none

e Tarkanyi F., Szelecsenyi F. and Kopecky P.: Cross section data for proton 3He
and a-particle induced reactions on natNi, natCu and natTi for monitoring beam
performance. Proceedings of International Conference on Nuclear Data for Science
and Technology, 13-17 May, 1991 J lich, Germany (ed. Qaim S.M.), Springer Verlag,
Berlin, 1992 p. 529 Exfor: D4080

e Vonach H., Haight R.C. and Winkler G.: (a,n) and total a-reaction cross sections
for 48Ti and 51V. Physical Reviev C6 (1963) 2278 Exfor: C0318

e Weinreich R., Probst H.J. and Qaim S.M.: Production of chromium-48 for appli-
cations in life sciences. International J.Applied Radiation Isotopes 31 (1980) 223
Exfor: A0169
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6.3 ™!Cu(a,x)®Ga

Reaction T2 of product Main v-lines a-Particle energy
nucleus E,(keV) I, (%) range (MeV)
netCu(a,X)%Ga 9.49h 1039.3 37.9 8-30
mou(a,X)%Ga
600 ] J T 1] T T T 1
Bhrandwaj88 =
Hille72 o
Levkovski9l .
500 } Stelson64 v 1
. Sonck96 o
Tarkanyi92 o
- Tarkanyi99 o |
2 400 Zweit87 o
- KAERI-fit --------
8 JAEA ——
§ 300 .
175]
s
S 200 ]
L " N
100 Soprve T
.
0 i {

Related documents:

e Zhuang, Y.X., Evaluations and Calculations of Bi-209(a,2n)At-211, Zn-68(p,2n)Ga-
67, Zn-67(p,n)Ga-67, Zn-68(p,3n)Ga-66, Zn-67(p,2n)Ga-66,Zn-66(p,x)Zn-65, Cu-
nat(a,x)Ga-67 and Cu-nat(a,x)Ga-66 Reaction Excitation Functions, Tech. Rep.
NDL-17/98, KAERI, 1998.

Experimental data:
e Bhardwaj H.D., Gautam A.K. and Prasad R.: Measurement and analysis of excita-

tion functions for alpha-induced reactions on copper. Pranama J. Physics 31 (1988)
109. Exfor: A0465
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e Hille M., Hille P., Uhl M. and Weisz W.: Excitation Functions of (p,n) and (a,n)
Reactions on Ni, Cu and Zn. Nuclear Physics A198 625 (1972) Exfor: B0058

e Levkovski N.N.: Middle Mass Nuclides (A=40-100) Activation Cross Sections by
Medium Energy (E=10-50 MeV) Protons and Alpha-Particles. (Experiment and
Systematics). ”Inter Vesi”. Moscow, 1991. Exfor: A0510

e Sonck M., Van hoyweghen Y. and Hermanne A.: Determination of the external
beam energy of a variable energy multiparticle cyclotron. J. Applied Radiation and
Isotopes, 47 (1996) 445 Exfor: none

e Stelson P.H. and McGowan F.K.: Cross sections for (a,n) reactions for medium
weight nuclei. Physical Review 133 (1964) B911 Exfor: P0070/C0185

e Tarkanyi F., Szelecsenyi F. and Kopecky P.: Cross section data for proton 3He
and a-particle induced reactions on natNi, natCu and natTi for monitoring beam
performance. Proceedings of International Conference on Nuclear Data for Science
and Technology, 13-17 May 1991, J lich, FRG (ed. Qaim S.M.) Springer Verlag,
Berlin, 1992, p.529 Exfor: D4080

e Tarkanyi F., Szelecsenyi F., Takacs S., Hermanne A., Sonck M., Thielemans A.,
Mustafa M.G., Shubin Yu. and Zhuang Youxiang: New experimental data compila-
tion and evaluation for the natCu(a,x)66Ga, natCu(a,x)67Ga and natCu(a,x)65Zn

monitor reactions. Nuclear Instruments Methods (1999, submitted) Exfor: none

e Zweit J., Sharma H. and Downey S.: Production of gallium-66, a short -lived
positron emitting radionuclide. International J. Applied Radiation Isotopes 38
(1987) 499 Exfor: none
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6.4 "™*Cu(a,x)*Ga

Reaction Ty /5 of product Main ~-lines o-Particle energy
nucleus E,(keV) I, (%) range (MeV)
7t Cu(o,X)*" Ga 3.26 d 93.3 37.0 © 15-50
184.6 20.4
"Cu(a,X)*'Ga
400 ] L ) i LNl 1 ] | T
Bhardwaj88 v
v Bryant63 %
350 Graf74 = 1
g Levkovski9] o
g Mohan91 o
300 Singh94 s+ ]
~ o Tarkanyi99 v
g 250 | 1Y Watson73 o
o
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8 200 |
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50
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Related documents:

e Zhuang, Y.X., Evaluations and Calculations of Bi-209(a,2n)At-211, Zn-68(p,2n)Ga-
67, Zn-67(p,n)Ga-67, Zn-68(p,3n)Ga-66, Zn-67(p,2n)Ga-66,Zn-66(p,x)Zn-65, Cu-
nat(a,x)Ga-67 and Cu-nat(a,x)Ga-66 Reaction Excitation Functions, Tech. Rep.
NDL-17/98, KAERI, 1998.

Experimental data:

e Bhardwaj H. D., Gautam A. K. and Prasad R.: Measurement and analysis of ex-

citation functions for alpha-induced reactions on copper. Pranama J. Physics 31
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(1988) 109 Exfor: A0465

e Bryant E.A., Cochran D.R.F. and Knight J.D.: Excitation functions of reactions
of 7 to 24 MeV He3 lons with Cu63 and Cu65. Physical Review 130 (1963) 1512
Exfor: B0O079

e Graf H.P. and M nzel H.: Excitation functions for alpha particle reactions with
molibdenium isototopes. J. Inorgorganic Nuclear Chemistry 36 (1974) 3647 Exfor:
B0040

e Levkovski N.N.: Middle Mass Nuclides (A=40-100) Activation Cross Sections by
Medium Energy (E=10-50 MeV) Protons and Alpha-Particles. (Experiment and
Systematics). ”Inter Vesi”. Moscow, 1991. Exfor: A0510

e Mohan Rao A.V., Mukherjee S. and Rama Rao J.: Alpha particle induced reactions
on copper and tantalum. Pranama J. Physics 36 (1991) 167 Exfor: none

¢ Singh.N.L. Agarwal S. and Rama Rao J.: Excitation functions for a-particle-induced
reactions on light- mass nuclei. Pranama J. Physics 42 (1994) 349 Exfor: none

e Tarkanyi F., Szelecsenyi F., Takacs S., Hermanne A., Sonck M., Thielemans A.,
Mustafa M.G., Shubin Yu. And Zhuang Youxiang: New experimental data compi-
lation and evaluation for the natCu(a,x)66Ga, natCu(a,x)67Ga and natCu(a,x)65Zn

monitor reactions. Nuclear Instruments Methods (1999, submitted) Exfor: none

e Watson L.A., Waters S.L., Bewley D.K. and Silvester D.J.: A method for the mea-
surement of the cross sections for the production of radioisotopes by charged parti-
cles from a cyclotron. Nuclear Instruments Methods 106 (1973) 231 Exfor: none



6 ALPHA PARTICLE BEAM MONITOR REACTIONS 49

6.5 ™*Cu(a,x)%Zn

Reaction Ty/2 of product Main v-lines a-Particle energy
nucleus E,(keV) L, (%)  range (MeV)
natCu(a,X)%Zn 244.1d 1115.5  50.75 15-50
natey(a,X)%Zn
900 1 1 L) ¥ v ! . T
Bhardwaj88 o
Houck6l =@
800 ° IS8 Levkovski9l o ]
[P e Lin77  x
700 Ruddy68 1
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Related documents:

e Zhuang, Y.X., Evaluations and Calculations of Bi-209(a,2n)At-211, Zn-68(p,2n)Ga-
67, Zn-67(p,n)Ga-67, Zn-68(p,3n)Ga-66, Zn-67(p,2n)Ga-66,Zn-66(p,x)Zn-65, Cu-
nat(a,x)Ga-67 and Cu-nat(a,x)Ga-66 Reaction Excitation Functions, Tech. Rep.
NDL-17/98, KAERI, 1998.

Experimental data:
e Bhardwaj H.D., Gautam A.K., and Prasad R.: Measurement and analysis of excita-

tion functions for alpha-induced reactions on copper. Pranama J. Physics 31 (1988)
109 Exfor: A0465
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e Houck F.S. and Miller J.M.: Reactiohs of alpha particles with iron-54 and nickel-58.
Physical Review 123 (1961) 231 Exfor: P0058 -

e Levkovski N.N.: Middle Mass Nuclides (A=40-100) Activation Cross Sections by
Medium Energy (E=10-50 MeV) Protons and Alpha-Particles (Experiment and Sys-
tematics). "Inter Vesi”. Moscow, 1991. Exfor: A0510

e Lin S.Y. and Alexander J.M.: Reactions of 237Np with 4He near the interaction
barrier. Physical Review C16 (1977) 688 Exfor: B008S

e Ruddy F.H.: The formation and decay of the compound nucleus 68Ge. Dissertation,
Simon Fraser University, Canada, 1963 Exfor: none

e Singh N.L., Agarwal S. and Rama Rao J.: Excitation functions for a-particle-
induced reactions on light- mass nuclei. Pranama J. Physics 42 (1994) 349. Exfor:

none

e Tarkanyi F., Takacs S., Szelecsenyi F., Hermanne A., Sonck M. and Thielemans A.:
New experimental data compilation and critical evaluation for the natCu(a,x)66Ga,
natCu(a,x)67Ga, and natCu(a,x)65Zn monitor reactions. Nuclear Instruments Meth
ods (1999, submitted) Exfor: none

e Zhukova O.A., Kanasevich V.1, Laptev S.V. and Chursin G.P.: Excitation functions
of a-particle induced reactions on copper isotopes at energies up to 38 MeV. Izv.
Akad. Nauk Kaz. SSR. Ser. Fiz.-Mat., No.4 (1970) 1. Exfor: none
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7 Gamma Emitters

Table 5 shows the list of commonly used production reactions for gamma emitters
including 16 reactions. Among them are 12 reactions for isotope production and 4
reactions deal with disturbing radionuclidic imprities. Only reactions occuring on
the same targetisotope as the one used for the production are considered. Energies

of incident particles cover the range from a few MeV up to 100 MeV.

¥ 5: Commonly Used Production Reactions for Gamma Emitters. Denoted by Asterisk
are Reactions Yielding Radionuclidic Impurities.

Reaction Ty/2 of product Main <-lines Proton energy
nucleus E,(keV) L, (%) range (MeV)

67Zn(p,n)¥Ga 3.26 d 93.3 37.0 2-25
184.6 20.4

8Zn(p,2n)%"Ga 3.26 d 93.3 37.0 13-30
184.6 20.4

natKr(p,X)3'Rb 4.58 h 190.4 64.3 14.5-80

82Kr(p,2n)*'Rb 4.58 h 190.4 64.3 14.5-30

MCd(p,n)Hin 2.8d 171.3 90.24 4-30
254.4 94.0

112Cd(p,2n) ' In 2.8d 171.3 90.24 11.5-35
245.4 94.0

123Te(p,n)%1 132 h 159.0 83.3 4-20

124Te(p,2n) 23] 132 h 159.0 83.3 12-30

124Te(p,n) 241 418 d 602.7 61.0 5-30

1271(p,5n)' B Xe '2.08 h 148.9 49.0 37-100

127](p,3n)!25Xe 169 h 188.4 54.9 20-100

124X e(p,2n)'2Cs 5.87 min 97.4 14.5 15.5-40

124X e(p,pn)'2Xe 2.08 h 148.9 49.0 16.5-40

Remark: 12Xe decays into 21, 2Cs decays into 'Xe, 1Xe decays into 1?°1.
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7.1 %Zn(p,n)"Ga

Reaction T2 of product Main «v-lines Proton energy
nucleus E,(keV) L, (%) range (MeV)
67Zn(p,n)%" Ga 3.26d 93.3 37.0 2-25
184.6 20.4

6-’Zn(p, n)67Ga

800 ¥ | | 1 T T 1
Blaser51 +
Bonardi83
700 Hermanne94 v .
Johnson60  x
Kopecky90 o
600 | Nortier91 2
Szelecsenyi98 o
Tarkanyi90 o |
>00 KAERI-cal¢ --------
KAERI-fit
400 IAFA ——

300

Cross Section (mb)

200

100
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Related documents:

e Kim, D., Calculation and Evaluation of Proton Induced Reactions on N-14, O-18
and Zn-nat,66,67,68 up to 50 MeV, Tech. Rep. NDL-02/99, KAERI, 1999.

e Zhuang, Y.X., Evaluations and Calculations of Bi-209(a,2n)At-211, Zn-68(p,2n)Ga-
67, Zn-67(p,n)Ga-67, Zn-68(p,3n)Ga-66, Zn-67(p,2n)Ga-66,Zn-66(p,x)Zn-65, Cu-
nat(a,x)Ga-67 and Cu-nat(a,x)Ga-66 Reaction Excitation Functions, Tech. Rep.
NDL-17/98, KAERI, 1998.

Experimental data:



GAMMA EMITTERS 53

e Blaser, J.-P., Boehm, F., Marmier, P., Peaslee, D.C., Fonctions d’Excitation de la
Reaction (p,n), 1., Helvetia Physica Acta 24 (1951) 3 ; EXFOR B0048

e Bonardi, M., Birattati, C., Optimization of Irradiation Parameters for Ga-67 Pro-
duction from Zn(p,xn) Nuclear Reactions, J. Radioanalytical Chemistry 76 (1983)
311 ; EXFOR None

e Hermanne, A., Kume, S., Ogawa, S.K., Private Communications (1994) (See: Sz-
elecsenyi et al (1998) and Hermanne, A., Walravens, N., Cicchelli, O.; Optimization
of isotope production by cross-section determination. Proceedings of International
Conference on Nuclear data for Science and Technology, May 1991 Julich, Germany,
(ed. Qaim, S.M.), Springer Verlag, Berlin (1992), p. 616) ; EXFOR A0494

e Johnson, C.H., Galonsky, A., Inskeep, C.N., Cross-Sections for (p,n) Reactions in
Intermediate-Weight Nuclei, ORNL-2910 (1960) 25 ; EXFOR B0068

o Kopecky, P., Cross-Sections and Production Yields of %Ga and ’Ga for Proton
Reactions on Natural Zinc, Applied Radiation Isotopes 41 (1990) 606 ; EXFOR
None

e Nortier, F.M., Mills, S., Steyn, G.F., Excitation Functions and Yields of Relevance
to the Production of ’Ga by Proton Bombardment of "*Zn and "*Ge up to 100
MeV, Applied Radiation Isotopes 42 (1991) 353 ; EXFOR A0498

e Szelecsenyi, F., Boothe, T.E., Takacs, S., Tarkanyi, F., Tavano, E., Evaluated Cross-
Section and Thick Target Yield Data Bases of Zn+p Processes for Practical Appli-
cations, Applied Radiation Isotopes 49 (1998) 1005 ; EXFOR C0506

e Tarkanyi, F., Szelecsenyi, F., Kovacs, Z., Sudar, S., Excitation Functions of Proton
Induced Nuclear Reactions on Enriched %Zn, "Zn and ®Zn: Production of 7Ga
and ®©Ga, Radiochimica Acta 50 (1990) 19 : EXFOR D4004
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7.2 %Zn(p,2n)¥"Ga

- Reaction T2 of product Main ~-lines Proton energy
nucleus E,(keV) L, (%) range (MeV)
68Zn(p,2n)% Ga 3.26 d 933  37.0 13-30
184.6 204

B 7n(p, 2n)°'Ga

1000 T 1 ¥ T 1 LN L
Bonardi83 +
Hermanne94 ©
Hermnne99 x
Levkovski9l v
800 Nortierdl + |
' Szelecsenyi98 o
P Tarkanyi90 o
E KAERI-calc ----=---
= 600 KAERL-fit -~~~ -
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g 400 .
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200 i
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Related documents:

e Kim, D., Calculation and Evaluation of Proton Induced Reactions on N-14, O-18
and Zn-nat,66,67,68 up to 50 MeV, Tech. Rep. NDL-02/99, KAERI, 19909.

e Zhuang, Y.X., Evaluations and Calculations of Bi-209(a,2n)At-211, Zn-68(p,2n)Ga-
67, Zn-67(p,n)Ga-67, Zn-68(p,3n)Ga-66, Zn-67(p,2n)Ga-66,Zn-66(p,x)Zn-65, Cu-
nat(a,x)Ga-67 and Cu-nat(a,x)Ga-66 Reaction Excitation Functions, Tech. Rep.
NDL-17/98, KAERI, 1998.

Experimental data:
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e Barandon, J.N., Debrun, J.L., Kohn, A., Spear, R.H., Etude du Dosage de Ti, V,
Cr, Fe, Ni, Cu et Zn par Activation avec des Protons d’Energie Iimitee a 20 MeV,
Nuclear Instruments Methods 127 (1975) 269 ; EXFOR 00086

e Bonardi, M., Birattati, C., Optimization of Irradiation Parameters for Ga-67 Pro-
duction from Zn(p,xn) Nuclear Reactions, J. Radioanalytical Chemistry 76 (1983)
311 ; EXFOR None

e Hermanne, A., Private Communications (1994) (See: Szelecsenyi et al (1998) and
Hermanne, A., Walravens, N., Cicchelli, O.; Optimization of isotope production by
cross-section determination. Proceedings of International Conference on Nuclear
data for Science and Technology, May 1991 Julich, Germany, (ed. Qaim, S.M.),
Springer Verlag, Berlin (1992), p. 616) ; EXFOR A0494

e Hermanne, A., Szelecsenyi, F., Sonck, M., Takacs, S., Tarkanyi, F., van den Winkel,
P., New Cross-Section Data on ®Zn(p,2n)%"Ga and ™**Zn(p,xn)*’Ga Nuclear Reac-
tions for the Development of a Reference Data Base, J. Radioanalytical and Nuclear
Chemistry 240 (1999) 623 ; EXFOR None

e Levkovski, V.N., Cross-Section of Medium Mass Nuclide Activation (A=40-100) by
Medium Energy Protons and Alpha Particles (E=10-50 MeV), Inter-Vesi, Moscow,
1991, USSR ; EXFOR. A0510

e Norrtier, F.M., Mills, S., Steyn, G.F., Excitation Functions and Yields of Relevance
to the Production of ®”Ga by Proton Bombardment of "*Zn and "*Ge up to 100
MeV, Applied Radiation Isotopes 42 (1991) 353 ; EXFOR A(498

e Tarkanyi, F., Szelecsenyi, F., Kovacs, Z., Sudar, S., Excitation Functions of Proton
Induced Nuclear Reactions on Enriched %7Zn, 7Zn and %8Zn: Production of Ga
and %Ga, Radiochimica Acta 50 (1990) 19 ; EXFOR D4004
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7 GAMMA EMITTERS
7.3 ™Kr(p,X)%'Rb
Reaction - Typ of product Main ~-lines Proton energy
nucleus E,(keV) L, (%) range (MeV)
natKr(p,X)* Rb 4.58 h 190.4 64.3 14.5-80
natKI( D, X)Sle
200 LI ] 1 ¥ ] I
" Kovacs9l &
z Steyn91l o
Steyn91II o
KAERI-calc -----
150 L IAEA —— |
-
E
=
S
g 100 |
7,3
8
Q
50 |
0 1 1 1 1 1 1
10 20 30 40 50 60 70
Ep (MeV)

Related documents:

80

e Kim, D., Evaluation of Proton Induced Reactions on Se-77, Cd-112, I-127, Cu, KT,
and Rb up to 50 MeV, Tech. Rep. NDL-08/99, KAERI, 1999.

e Zhuang, Y.X., Evaluations and Calculations of B-11(d,2n)C-11, N-14(d,n)O-15,
0-16(p,a)N-13, O-18(p,n)F-18, Al-nat(p,d,He-3,a,x)Na-22, Cu-nat(p,x)Co-56, Ga-
71(p,4n)Ge-68, Ga-nat(p,x)Ge-68, Se-77(p,n)Br-77, Kr-82(p,2n)Rb-81, Kr-nat(p,x)
Rb-81, Rb-85(p,4n)Sr-82, Rb-nat(p,x)Sr-82, Cd-112(p,2n)In-111 and W-186(d,2n)
Re-186 Reaction Excitation Functions, Tech. Rep. NDL-22/98, KAERI, 1998.

Experimental data:
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o Acerbi, E., Birattari, C., Bonardi, M., de Martinis, C., Salomone, A., Kr(p,xn)
Excitation Functions and 8 Rb-81"Kr Generator Studies, Int. J. Applied Radiation
Isotopes 32 (1981) 465 ; EXFOR None

e Kovacs, F., Tarkanyi, F., Qaim, S.M., Stocklin, G., Excitation Functions for the
Formation of Some Radioisotopes of Rubidium in Proton Induced Nuclear Reactions
on "tKr, 82Kr and 33Kr with Special Reference to the Production of 8 Rb (8'™Kr)
Generator Radionuclide, Applied Radiation Isotopes 42 (1991) 329 ; EXFOR A0489

e Steyn, G.F., Mills, S.J., Nortier, F.M., Haasbroek, F.J., Integral Excitation Func-
tions for "*Kr + p up to 116 MeV and Optimization of the Production of 8'Rb for
8lmK 1 Generators, Applied Radiation Isotopes 42 (1991) 361 ; EXFOR A0499
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7.4 32Kr(p,2n)*'Rb

Reaction T2 of product Main 4-lines Proton energy
nucleus E,(keV) 1,(%) range (MeV)
82Kr(p,2n)®'Rb 458 h 190.4 64.3 14.5-30
82K e(p,20)*'Rb
600 T L L i ! ¥ T
Kovacs91l &
KAERI-fit -~~~
JAEA ——
500 .
= 400 -
g
[~
S
8 300 -
2
e
O 200 + I
100 ' .
0 | - | 1 1 L [
10 15 20 25 30 35 40 45 50

E; (MeV)

Related documents:

e Kim, D., Evaluation of Proton Induced Reactions on Se-77, Cd-112, 1-127, Cu, K,
and Rb up to 50 MeV, Tech. Rep. NDL-08/99, KAERI, 1999.

e Zhuang, Y.X., Evaluations and Calculations of B-11(d,2n)C-11, N-14(d,n)O-15,
O-16(p,a)N-13, O-18(p,n)F-18, Al-nat(p,d,He-3,a,x)Na-22, Cu-nat(p,x)Co-56, Ga-
71(p,4n)Ge-68, Ga-nat(p,x)Ge-68, Se-77(p,n)Br-77, Kr-82(p,2n)Rb-81, Kr-nat(p,x)
Rb-81, Rb-85(p,4n)Sr-82, Rb-nat(p,x)Sr-82, Cd-112(p,2n)In-111 and W-186(d,2n)
Re-186 Reaction Excitation Functions, Tech. Rep. NDL-22/98, KAERI, 1998.

Experimental data:
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e Acerbi, E., Birattari, C., Bonardi, M., de Martinis, C., Salomone, A.; Kr(p,xn)
Excitation Functions and 8 Rb-81"Kr Generator Studies, Int. J. Applied Radiation
Isotopes 32 (1981) 465 ; EXFOR. None

e Kovacs, F., Tarkanyi, F., Qaim, S.M., Stocklin, G., Excitation Functions for the
Formation of Some Radioisotopes of Rubidium in Proton Induced Nuclear Reactions
on "Kr, 82Kr and #¥Kr with Special Reference to the Production of #Rb (81™Kr)
Generator Radionuclide, Applied Radiation Isotopes 42 (1991) 329 ; EXFOR. A0489

e Steyn, G.F., Mills, S.J., Nortier, F.M., Haasbroek, F.J., Integral Excitation Func-
tions for ™*Kr + p up to 116 MeV and Optimization of the Production of ¥ Rb for
81mKr Generators, Applied Radiation Isotopes 42 (1991) 361 ; EXFOR A0499
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7.5 112Cd(p,2n)"In

Reaction Ty/2 of product Main y-lines Proton energy
nucleus E,(keV) I, (%) range (MeV)
12Cq(p,2n)HIn 2.8d 171.3 90.24 11.5-35
245.4 94.0
2edp,2n)!ti
1400 ¥ ¥ | 1 t 1 1
Otozai66 o
Skakun75 o
Tarkanyi%4  x i
1200 KAERI-calc -------
| KAERIfit -+~~~
1000 TABA ——
=
g
e 800 i
o
=
3
% 600 ]
¢
@)
400 .
20 i@ N — .
R e ST
0 1 L
40 45 50

Related documents:

e Kim, D., Evaluation of Proton Induced Reactions on Se-77, Cd-112, I-127, Cu, KT,
and Rb up to 50 MeV, Tech. Rep. NDL-08/99, KAERI, 1999.

e Zhuang, Y.X., Evaluations and Calculations of B-11(d,2n)C-11, N-14(d,n)O-15,
0-16(p,a)N-13, O-18(p,n)F-18, Al-nat(p,d,He-3,a,x)Na-22, Cu-nat(p,x)Co-56, Ga-
71(p,4n)Ge-68, Ga-nat(p,x)Ge-68, Se-77(p,n)Br-77, Kr-82(p,2n)Rb-81, Kr-nat(p,x)
Rb-81, Rb-85(p,4n)Sr-82, Rb-nat(p,x)Sr-82, Cd-112(p,2n)In-111 and W-186(d,2n)
Re-186 Reaction Excitation Functions, Tech. Rep. NDL-22/98, KAERI, 1998.
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Experimental data:

e Otozai, K., Kume, S., Mito, A., Okamura, H., Tsujoni, R., Kanchiku, Y., Katoh,
T., Gotoh, H., Excitation Functions for the Reactions Induced by Protons on Cd
up to 37 MeV, Nuclear Physics 80 (1966) 355 ; EXFOR P0019

e Skakun, E., Kljucherev, A.P., Rakivnenko Yu.N., Romany, I.A., Excitation Func-
tions of (p,n) and (p,2n) Reactions on Cadmium Isotopes, Izvestiya Academy Nauk.
SSSR, Ser. Fiz. 39 (1975) 24 ; EXFOR A001

e Tarkanyi, F., Szelecsenyi, F., Kopecky, P., Molnar, T., Ando, L., Mikecz, P., Toth,
Gy., Rydl, A., Cross-Sections of Proton Induced Reactions on Enriched ''Cd and
112Cq for the Production of !In for Use in Nuclear Medicine, Applied Radiation
Isotopes 45 (1994) 239 ; EXFOR D4027
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7.6 '2Te(p,n)'®I

Reaction T}/, of product Main «-lines Proton energy
nucleus E,(keV) I, (%) range (MeV)
123Te(p,n) 21 132 h 159.0 83.3 4-20
123Te(p,n)123|
900 1 i 4 ¥ 1 T 1 | I 1
hgahunka92 °
' cholten89 =
800 KAERI-calg -~~~
IAEA ———
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S 600 -
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9 400 .
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o
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100 )
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Ep (MeV)

Related documents:

e Kim, D., Calculation and Evaluation of Proton Induced Reaction Data for Te-122-
130 50 MeV, Tech. Rep. NDL-35/99, KAERI, 1999.

Experimental data:

o Hupf, H.B., Eldridge, J.S., Beaver, J.S., Production of Iodine-123 for Medical Ap-
plications, Int. J. Applied Radiation Isotopes 19 (1968) 345 ; EXFOR None

e Mahunka, I., Ando, L., Mikecz, P., Tcheltsov, A.N., Suvorov, L.A., Iodine-123 Pro-
duction at a Small Cyclotron for Medical Use, J. Radioanalytical Nuclear Chemistry,
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Letters 213 (1996) 135 ; EXFOR None

e Scholten, B., Qaim, S.M., Stocklin, G., Excitation Functions of Proton Induced
Nuclear Reactions on Natural Tellurium and Enriched 123Te: Production of 23] via
the 1?3Te(p,n)123I Process at a Low Energy Cyclotron, Applied Radiation Isotopes
40 (1989) 127 ; EXFOR A0473
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7.7 %Te(p,2n)'?1

Reaction Ty of product Main ~-lines Proton energy
nucleus E,(keV) 1, (%) range (MeV)
124Te(p,2n) 121 13.2 h 159.0 83.3 12-30
12“Te(p,2n)123|
1 v 1 1 L) P‘(ondo77 T a
1200 Scholten9s  * 1

KAERI-calc -----—--
IAEA ——

1000

800

600

Cross Section (mb)

.
~——

Related documents:

e Kim, D., Calculation and Evaluation of Proton Induced Reaction Data for Te-122-
130 50 MeV, Tech. Rep. NDL-35/99, KAERI, 1999.

Experimental data:

¢ Kondo, K., Lambrecht, R-M., Wolf, A.P., 2*I Production for Radiophamaceuticals-
XX. Excitation Functions of the '**Te(p,2n)'**I and '**Te(p, n)'**I Reactions and
Effect of Target Enrichment on Radionuclidic Purity, Int. J. Applied Radiation
Isotopes 28 (1977) 395 ; EXFOR B0090
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e Scholten, B., Kovacs, Z., Tarkanyi, F., Qaim, S.M., Excitation Functions of '?*Te(p,xn)
124,137 reactions from 6 to 31 MeV with Special Reference to the Production of 1241

at a Small Cyclotron, Applied Radiation Isotopes 46 (1995) 255 ; EXFOR D4019
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7.8 1%Te(p,n)'*1

Reaction . Ty, of product Main ~-lines Proton energy
nucleus E,(keV) I, (%) range (MeV)
¥124Te(p,n) 241 4.18d 602.7 61.0 5-30
124Te(p,n)124l
700 T T T T T T T L)
Acerbi75 o
Scré%lt’engs °
- KA -calg - _
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Related documents:
e Kim, D., Calculation and Evaluation of Proton Induced Reaction Data for Te-122-
130 50 MeV, Tech. Rep. NDL-35/99, KAERI, 1999.

Experimental data:

o Acerbi, E., Birattari, C., Castiglioni, M., Resmini, F., Production of 23] for Medical

Purposes at the Milan AVF Cyclotron, Int. J. Applied Radiation Isotopes 26 (1975)
741: EXFOR A0266
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e Scholten, B., Kovacs, Z., Tarkanyi, F., Qaim, S.M., Excitation Functions of '?*Te(p,xn)
124,123 reactions from 6 to 31 MeV with Special Reference to the Production of 1241
at a Small Cyclotron, Applied Radiation Isotopes 46 (1995) 255 ; EXFOR D4019
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7.9 %I(p,5n)'?Xe — 21
Reaction Ty /2 of product Main ~y-lines Proton energy
nucleus E,(keV) I, (%) range (MeV)
127](p,5n) B Xe 2.08 h 148.9 49.0 37-100
127|(p,5n)123Xe
500 1 L ] L) T
0 g Deptula90  x
450 | Diksic77 ﬂ
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400 "i, O Sakgmotoss a ]
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Related documents:

e Kim, D., Evaluation of Proton Induced Reactions }on Se-77, Cd-112, I-127, Cu, Kr,
and Rb up to 50 MeV, Tech. Rep. NDL-08/99, KAERI, 1999.

e Zhuang, Y.X., Evaluations and Calculations of N-14(d,n)O-15, Ne-nat(d,x)F-18, Ti-
nat(d,x)V-48, Ti-nat(He-3,x)V-48, Ti-nat(a,x)Cr-51, Fe-nat{d,x)Co-56, Ni-nat(d,x)
Cu-61, Zn-nat(p,xn)ga-66, Zn-nat(p,xn)Ga-67, Ga-69(p,2n)Ge-68, Cu-nat(He-3,x)
Ga-66, Cu-nat(He-3,x)Ga-67 and 1-127(p,5n)Xe-123 Reaction Excitation Functions,

Tech. Rep. NDL-19/98, KAERI, 1998.
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Experimental data:

e Deptula, C., Khalkin, V.A., Han, K.S., Knotek, O., Konov, V.A., Mikecz, P.,
Popenkova, L.M., Rurarz, E., Zaitseva, N.G., Excitation Function and Yields for
Medically Import Generators #Sr — 8Rb, 12Xe — 2] and ?'Bi — 20!1Pb — 2017}
Obtained with 100 MeV Protons, Nucleonika 35 (1990) 3 ; EXFOR 00306

¢ Diksic, M., Yaffe, L., A Study of **I(p,xn) and !?"I(p,pxn) Reactions with Special
Emphasis on Production of !2*Xe, J. Inorganic Nuclear Chemistry 39 (1977) 1299 ;
Exfor B0081

e Lagunas-Solar, M.C., Carvacho, O.F., Liu, B., Jin, Y., Sun, Z.X., Cyclotron pro-
duction of High-Purity !?I. A Revision of Excitation Functions, Thin Target and
Cumulative Yields for '¥I(p,xn) Reactions, Applied Radiation Isotopes 37 (1986)
823 ; EXFOR A0363-A0362

e Paans, A.M.J., Vaalburg, W., van Herk, G., Woldring, M.G., Excitation Function
for the Production of 1231 via the 127I(p,5n)'?*Xe Reaction, Int. J. Applied Radiation
Isotopes 27 (1977) 465 ; EXFOR A0161

e Sakamoto, K., Dohniwa, M., Okada, K., Excitation Functions for (p,xn) and (p,pxn)
Reactions on Natural, +8Br, 8+8Rp, 12T and *Cs up to E,=52 MeV, Applied
Radiation Isotopes 36 (1985) 481 ; EXFOR None

e Syme, D.B., Wood, E., Blair, LM., Kew, 1., Perry, M., Cooper, P., Yield Curves
for Cyclotron Production of 221 and %I and '2!I by ?'I(p,xn)-Reactions, Int. J.
Applied Radiation Isotopes 29 (1978) 29 ; EXFOR R0007

e Suzuki, K., Production of Pure %] by the 125I(p,5n)123Xe — BL Reaction, Ra-
dioisotopes 35 (1986) 235 ; EXFOR. None

e Wilkens, S.R., Shimose, S.T., Hines, H.H., Jungerman, J.A., Hegedus, F., de Nardo,
G.L., Excitation Functions and Yields for 123] Production Using th 123I(p,5n)'#Xe
Reaction, Int. J. Applied Radiation Isotopes 26 (1975) 279 ; EXFOR R0024
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7.10 '?"I(p,3n)'?*Xe — %]

Reaction T2 of product Main -lines Proton energy
nucleus E,(keV) 1, (%) range (MeV)
*127(p 3n) % Xe 16.9 h 188.4 549 20-100
127l(p,3n)125Xe
1000 I ] L ¥ i 1 1 |
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Related documents:

e Zhuang, Y.X., Evaluations and Calculations of N-14(d,n)O-15, Ne-nat(d,x)F-18, Ti-
nat(d,x)V-48, Ti-nat(He-3,x)V-48, Ti-nat(a,x)Cr-51, Fe-nat(d,x)Co-56, Ni-nat(d,x)
Cu-61, Zn-nat(p,xn)ga-66, Zn-nat(p,xn)Ga-67, Ga-69(p,2n)Ge-68, Cu-nat(He-3,x)
Ga-66, Cu-nat(He-3,x)Ga-67 and 1-127(p,5n) Xe-123 Reaction Excitation Functions,

Tech. Rep. NDL-19/98, KAERI, 1998.

e Kim, D., Evaluation of Proton Induced Reactions on Se-77, Cd-112, I-127, Cu, Kr,

and Rb up to 50 MeV, Tech. Rep. NDL-08/99, KAERI, 1999.

Experimental data:
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e Deptula, C., Khalkin, V.A., Han, K.S., Knotek, O., Konov, V.A., Mikecz, P.,
Popenkova, L.M., Rurarz, E., Zaitseva, N.G., Excitation Function and Yields for
Medically Import Generators 82Sr — 82Rb, 128Xe — 8] and 20!Bi — 20'Pp — 2017
Obtained with 100 MeV Protons, Nucleonika 35 (1990) 3; EXFOR 00306

e Diksic, M., Yaffe, L., A Study of *¥I(p,xn) and '?"I(p,pxn) Reactions with Special
Emphasis on Production of !2Xe, J. Inorganic Nuclear Chemistry 39 (1977) 1299;
Exfor B0081

e Lagunas-Solar, M.C., Carvacho, O.F.; Liu, B., Jin, Y., Sun, Z.X., Cyclotron pro-
duction of High-Purity '21. A Revision of Excitation Functions, Thin Target and
Cumulative Yields for '27I(p,xn) Reactions, Applied Radiation Isotopes 37 (1986)
823; EXFOR A0363-A0362

e Lundqvist, H., Malmborg, P., Langstrom, B., Chiengmai, S.N., Simple Production
of 7’Br and %I and Their Use in the Labelling of ["Br|BrUdR and ['2IJIUdR, Int.
J. Applied Radiation Isotopes 30 (1979) 39; EXFOR None

e Paans, A.M.J., Vaalburg, W., van Herk, G., Woldring, M.G., Excitation Function
for the Production of 1231 via the '27](p,5n)'?3Xe Reaction, Int. J. Applied Radiation
Isotopes. 27 (1977) 465; EXFOR A0161

e Sakamoto, K., Dohniwa, M., Okada, K., Excitation Functions for (p,xn) and (p,pxn)
Reactions on Natural, "**+3!Br, 85+86Rb 127[ and 33Cs up to E,=52 MeV, Applied
Radiation Isotopes 36 (1985) 481; EXFOR None

e Syme, D.B., Wood, E., Blair, LM., Kew, 1., Perry, M., Cooper, P., Yield Curves
for Cyclotron Production of 21 and %I and '?!I by !2'I(p,xn)-Reactions, Int. J.
Applied Radiation Isotopes 29 (1978) 29; EXFOR R0007

e Suzuki, K., Production of Pure 2] by the 2I(p,5n)!?3Xe — !23]-Reaction, Ra-
dioisotopes 35 (1986) 235; EXFOR. None

e Wilkens, S.R., Shimose, S.T., Hines, H.H., Jungerman, J.A., Hegedus, F., de Nardo,
G.L., Excitation Functions and Yields for 1?1 Production Using th 23I(p,5n)3Xe
Reaction, Int. J. Applied Radiation Isotopes 26 (1975) 279; EXFOR R0024
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7.11 '2Xe(p,2n)'%BCs — BXe — 121

Reaction T2 of product Main ~y-lines Proton energy
nucleus E,(keV) I, (%) range (MeV)
124X e(p,2n)'BCs 5.87 min 97.4 14.5 15.5-40
124Xe(p,2n)12303
900 I ) T I i LI
Kurenkov89
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Related documents:

e Kim, D., Evaluation of Proton Induced Reaction Data for Iodine and Xenon isotopes
up to 80 MeV, Tech. Rep. NDL-17/00, KAERI, 2000.

Experimental data:
e Kurenkov, N.V., Malinin, A.B., Sebyakin, A.A., Venikov, N.I., Excitation Functions

of Proton Induced Nuclear Reactions on 12 Xe: Production of 1231, J. Radioanalytical
Nuclear Chemistry Letters 135 (1989) 39; EXFOR. A0436
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e Tarkanyi, F., Qaim, S.M., Stocklin, G., Sajjad, M., Lambrecht, R.M., Schweickert,
H., Excitation Functions of (p,2n) and (p,pn) Reactions and Differential and Inte-
gral Yields of 1231 in Proton Induced Nuclear Reactions on Highly Euriched '**Xe,
Applied Radiation Isotopes 42 (1991) 221; EXFOR D4029
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7.12 12Xe(p,pn)'?Xe — 1231

Reaction T1/2 of product Main ~-lines Proton energy
nucleus E,(keV) I, (%) range (MeV)
124X e(p,pn)'BXe 2.08 h 148.9 49.0 16.5-40
1246(p,np) 123X
300 i T R I L ] ¥
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Related documents:

e Kim, D., Evaluation of Proton Induced Reaction Data for Iodine and Xenon isotopes
up to 80 MeV, Tech. Rep. NDL-17/00, KAERI, 2000.

Experimental data:

e Kurenkov, N.V., Malinin, A.B., Sebyakin, A.A., Venikov, N.I., Excitation Functions
of Proton Induced Nuclear Reactions on '**Xe: Production of 1231, J. Radioanalytical
Nuclear Chemistry Letters 135 (1989) 39; EXFOR A0436
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e Tarkanyi, F., Qaim, 5.M., Stocklin, G., Sajjad, M., Lambrecht, R.M., Schweickert,
H., Excitation Functions of (p,2n) and (p,pn) Reactions and Differential and Inte-
gral Yields of 1?3 in Proton Induced Nuclear Reactions on Highly Enriched 2*Xe,
Applied Radiation Isotopes 42 (1991) 221; EXFOR D4029
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8 Positron Emitfers

Table 6 shows the list of commonly used production reactions for positron emitters

including 10 reactions. Among them are 6 reactions for production of short-lived “or-

gainc” positron emiters and 4 reactions to produce longer-lived isotopes for supply

of PET radioisotopes via generators. and 4 reactions deal with disturbing radionu-

clidic imprities. Energies of incident particles cover the range froma few MeV up to

100 MeV.

# 6: Commonly Used Production Reactions for Positron Emitters.

Reaction T1/2 of product B* branching (%) Proton energy
nucleus range (MeV)
UN(p,a)*N  20.39 min 99.8 4-25
160(p,a)3N 9.96 min 99.8 6-20
1N(d,n)*0 2.04 min 99.9 1-15
180(p,n)¥F  109.8 min 97.0 2.5-20
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8.1 M¥N(p,a)!'C

Reaction  Ty; of product B* branching (%) Proton energy

nucleus range (MeV)
4N (p,@)!'N 20.39 min 99.8 4-25
"N a'lc
300 T T T ] R T F_ T
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Related documents:

e Zhuang, Y.X., Evaluations and Calculations of Al-nat(He-3,x)Na-22, N-14(p,a)C-
11 and Al-nat(d,x)Na-22 Reaction Excitation Functions, Tech. Rep. NDL-03/98,
KAERI, 1998.

Experimental data:

e Bida, G.T., Ruth, T.J., Wolf, A.P., Experimentally Determined Thick Target Yields
for the *N(p,a”)!'C Reaction, Radiochimica Acta 27 (1980) 181; EXFOR A0286
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e Laser, J.-P., Marmier, P., Sempert, M., Anregungsfunktion der Kernreaktion *N(p,o")
11C, Helvetia Physica Acta 25 (1952) 442; EXFOR None

e Casella, V.R., Christman, D.R., Ido, T., Wolf, A.P., Excitation Functions for the
“N(p,a”)1*C Reaction up to 15 MeV, Radiochimica Acta 25 (1978) 17; EXFOR
C0177/R0010

e Ingalls, P.D., Schweitzer, J.S., Anderson, B.D., N(p,a”)!'C Cross-Sections from
3.8 to 6.4 MeV, Physical Review C13 (1976) 524; EXFOR C0178

e Jacobs, W.W., Bodansky, D., Chamberlein, D., Oberg, D.L., Production of Li and
B in Proton and alpha Particle Reactions on 4N at Low Energies, Physical Review
C9 (1974) 2134; EXFOR R0025

e Kohl, F., Krauskopf, J., Misaelides, P., Michelmann, R., Wolf, G., Bethge, K.,
Determination of Nitrogen in Semiconductor Materials Using the *N(p,a)'!C and
14N(d,n)!3O Nuclear Reactions, Nuclear Instruments Methods B50 (1990) 19; EX-
FOR None

e Nozaki, T., Okuo, T., Akutsu, H., Furukawa, M., The Radioactivation Analysis of
Semiconductor Graphite for Nitrogen by the *N(p,a)''C Reaction, Bulletin Chem-
ical Society Japan 39 (1966) 2685; EXFOR R0026 '
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8.2 %0(p,0)N

Reaction T3 of product A7 branching (%) Proton energy
nucleus range (MeV)
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Related documents:

e Zhuang, Y.X., Evaluations and Calculations of O-15, Ne-20(d,a)F-18, O-16(p,a)N-
13 and Al-nat(a,x)Na-22 Reaction Excitation Functions, Tech. Rep. NDL-08/98,
KAERI, 1998.

Experimental data:

e Dangle, R.L., Oppliger, L.D., Hardie, G., '0(p,a)'*N and '®O(p,p’)!®0 Differential
Cross-Sections, Physical Review 3B (1964) 647; EXFOR None (Numerical data
from: Clayton, D.D., Woosley, E.: Thermonuclear astrophysics. Reviews Modern
Physics 46 (1964) 755)
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e Furukawa, M., Ishizaki, Y., Nakano, Y., Nozaki, T., Saji, Y., Tanaka, S., Excitation
Function for the Reaction "B(p,n)!''C up to E, = 15 MeV and Energy Levels of
12C, J. Physical Society Japan 15 (1960) 2167; EXFOR P0045

e Gruhle, W., Kober, B., The Reactions %Q(p,a), ?*Ne(p,a) and #Mg(p,a), Nuclear
Physics A286 (1977) 523; EXFOR B0157

e Hille, H.A., Haase, E.L., Knudsen, D.B., High-Resolution Measurements of the
160(p,a)**N Excitation Function, Physical Review 123 (1961) 1301; EXFOR None

e Kitwanga, S.W., Leleux, P., Pipnik, P., Vanhorenbeeck, J., Production of *N Ra-
dioactive Nuclei from 3C(p,n) or *O(p,a) Reactions, Physical Review C40 (1989)
35; EXFOR P0051 -

e Maxson, D.R., °O(p,@)!®N Angular Distributions at 13.5-18.1 MeV, Physical Re-
view 123 (1961) 1304; EXFOR C0246

* @ McCamis, R.H., Moss, G.A., Casmeron, J.M., Total Cross-Section of *O(p,a)¥N
from Threshold to 7.7 MeV, Canadian, J. Physics 51 (1973) 1689; EXFOR R0043

e Nero, A.V., Howard, A.J., 1%0(p,aq)'*N Cross-Section Measurements, Nuclear Physic
s A219 (1973) 60; EXFOR None

e Sajjad, M., Lambrecht, R.M., Wolf, A.P., Cyclotron Isotopes and Radiopharma-
ceuticals XXXVII. Excitation Functions ¥O(p,a)'3N and *N(p,pn)*®*N Reactions,
Radiochimica Acta 39 (1986) 165; EXFOR C0202

e Whitehead, A.B., Foster, J.S., Activation Cross-Sections for 2C(p,pn)*'C, **O(p,a)
BN and °F(p,pn)!®F, Canadian, J. Physics 36 (1958) 1276; EXFOR P0051
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Related documents:

e Zhuang, Y.X., Evaluations and Calculations of B-11(d,2n)C-11, N-14(d,n)O-15,
O-16(p,a)N-13, O-18(p,n)F-18, Al-nat(p,d,He-3,a,x)Na-22, Cu-nat(p,x)Co-56, Ga-
71(p,4n)Ge-68, Ga-nat(p,x)Ge-68, Se-77(p,n)Br-77, Kr-82(p,2n)Rb-81, Kr-nat(p,x)
Rb-81, Rb-85(p,4n)Sr-82, Rb-nat(p,x)Sr-82, Cd-112(p,2n)In-111 and W-186(d,2n)
Re-186 Reaction Excitation Functions, Tech. Rep. NDL-22/98, KAERI, 1998.

Experimental data:

e Kohl E., Krauskopf J., Misaelides P., Michelmann R., Wolf G. and Bethge K.:

Determination of nitrogen in semiconductor materials using the *N(p,a )*'C and
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14N(d,n)'*0 nuclear reactions. Nuclear Instruments Methods B50 (1990) 19 Exfor:

none

e I. Nonaka, S. Morita, N. Kawai, T. Ishimatsu, K. Takeshita, Y. Nakajima, N.
Takano: On the Neutrons from the “N(d,n)'*O Reaction-II. Journal of The Phys.
Soc. of Japan, 12 (1957) 841. Exfor: none

o Sz cs Z., Hamkens W., Takacs S., Tarkanyi F., Coenen H.H. and Qaim S.M.: Ex-
citation functions of N(d,t)!*N and *N(d,a n)!'C reactions from threshold to
12.3 MeV: Radionuclidic purity of **O produced via the *N(d,n)!*O reaction. Ra-
diochimica Acta 80 (1998) 59 Exfor: none

e Vera Ruiz H. and Wolf A.P.: Excitation functions for O production via the
14N(d,n)*®0O reaction. Radiochimica Acta 24 (1977) 65 Exfor: B0125/D0025
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8.4 1B30(p,n)¥F

Reaction  Ty; of product S+ branching (%) Proton energy
nucleus range (MeV)
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Related documents:

e Zhuang, Y.X., Evaluations and Calculations of B-11(d,2n)C-11, N-14(d,n)O-15,
0-16(p,a)N-13, O-18(p,n)F-18, Al-nat(p,d,He-3,a,x)Na-22, Cu-nat(p,x)Co-56, Ga-
71(p,4n)Ge-68, Ga-nat(p,x)Ge-68, Se-77(p,n)Br-77, Kr-82(p,2n)Rb-81, Kr-nat(p,x)
Rb-81, Rb-85(p,4n)Sr-82, Rb-nat(p,x)Sr-82, Cd-112(p,2n)In-111 and W-186(d,2n)
Re-186 Reaction Excitation Functions, Tech. Rep. NDL-22/98, KAERI, 1998.

Experimental data:

e Anderson J.D., Bloom S.D., Wong, Calvin, Hornyak W.F. and Madsen,V.A.: Ef-

fective two-body force infered from the (p,n) reaction on 70, 30, 27 Al and other
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light nuclei. Physical Review 177 (1969) 1416 Exfor: none

e Bair J.K.: Total neutron yields from the proton bombardment of 17,}*0Q. Physical
Review C8 (1973) 120 Exfor: none

e Bair J.K., Miller P.D. and Wieland B.W.: Neutron yields from the 4-12 MeV proton
bombardment of 1'B, *C and 80 as related to the production of *C, 3N and '3F.
International J. Applied Radiation Isotopes 32 (1981) 389 Exfor: none

e Blaser J.-P., Boehm F.M., Marmier P., Preiswerk P. and Scherrer P.: Function
d’excitation de la reaction 30(p,n)!8F. Helvetia Physica Acta 22 (1949) 598 Exfor:

none

e Blaser J.-P., Boehm F.M., Marmier P. and Scherrer P.: Function d’excitation de
la reaction (p,n) (III) elements legers. Helvetia Physica Acta 24 (1952) 465 Exfor:

none

e Ruth T.J. and Wolf A.P.: Absolute cross sections for the production of ¥F via
180 (p,n)'8F reaction. Radiochimica Acta 26 (1979) 21 Exfor: A0235 '
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