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Nuclear reaction / Cross section / Decay data / Diagnosis / and radiopharmaceuticals for investigating various biochem-
Therapy / Data files ical phenomena.
Radioactivity is unique in its properties since it can con-
tribute to both diagnosis and therapy, the former by virtue
Summary. A brief introduction to nuclear data in medicine of its high detection sensitivity and the latter through the
is given. The choice of a radioisotope for medical applicationpjological effects of radiation. Depending on its decay char-
demands an accurate knowledge of radioactive decay datgcteristics and use, a radioisotope can therefore be classified

Short-lived single photon ang-emitters are preferred for ¢ 3 giagnostic or a therapeutic radionuclide. The thera-
diagnostic investigations, and longer-lived corpuscular radia-

tion emitting radioisotopes for endoradiotherapy. The nuclearp.eunc radioisotopes, esp_e_CIaIIy those SUItablgam_cra-
reaction cross section data, on the other hand, are needéHOIherapy, have been gaining enhanced attention in recent

for optimising the production routes. Besides radioactive iso-Years [Cf. 1, 2]. There is considerable need of nuclear data
topes, the use of ionising radiation in therapy is discussedreésearch relevant to the production and application of those
External radiation therapy has achieved an important place ifiadioisotopes.
medicine. The role of nuclear data is briefly discussed; they In addition to radioactive isotopes, ionising radiation in
are needed for radiation dose calculations. The hitherto rathegeneral has found many applications in therapy. Besides
neglected activation products in proton therapy are consideregshotons, electrons and neutrons, high-energy charged par-
The 'methodqlog.y of'develqpment of a nuclear data file forijcles like protons?He and heavy iong{N, 22Ne, etc.) have
medical applications is outlined. been finding increasing use in the treatment of various types
_ of tumours and malignant diseases. The data needs in this re-
Introduction gard are extensive. Also modelling of radiation transport is
portant to be able to estimate the radiation dose properly.

Soon after the discovery of radioactivity by H. Bec uerelim . ; :
Y y Oy . In this introductory article the role of nuclear data in both

in 1896, thoughts started developing about a possible appli; iagnosis and therapy is outlined. The discussion is grouped

cation of this phenomenon in medicine. It was George d PR . p

Hevesy, a Hungarian born physical chemist, who first in_tqggther under" racﬁmsotope programmes” and “external ra-
troduced radioactive tracers in biology. This concept wasd.Iatlon thergpy ) F'naHY’ the. develqpment of a nuclear data
followed by several other scientists. Tracer applications inile for medical applications is considered.

general, and nuclear medicine in particular, received an im-

petus through the development of nuclear reactors and thefignificance of nuclear datain medically related
use in the production of a large number of radioisotopes. Thé adioisotope programmes

availability of organic compounds labelled with-emitting
radioisotopes lik€H, **C, 3P, %S, etc. contributed ap-
preciably to the development of biochemistry viavitro
methods. Also forin vivo investigations a variety of ra-
diopharmaceuticals labelled with-emitting radioisotopes Radioactive decay data
like 8F, 5iCr, %™Tc, 1%, etc. were introduced. However,
for many diagnostic studies, neutron deficient radioisotope
appeared to be more suitable. Continuous efforts have ther
fore been underway to develop cyclotrons and accelerator:

devoted to the production of those radioisotopes. Today, th ommittee (MIRD) of the Society of Nuclear Medicine in

radioisotope production technology is well developed an . .
both reactors and cyclotrons are utilized for production pur-the L_Inlted States and its n;nany collabora}torf and con§ultants,
pd is referred to as the “MIRD formalism”. According to

poses. The proper use of nuclear data constitutes an integr%. formalism the d is determined via th resSion:
part of any production process. The field of diagnostic nu- IS formalis € dose IS determined via the expression:

clear medicine (i.e. diagnostic studies using radioactive trac- 5 _ 21%2 n E &,
ers) is flourishing [cf. 1, 2] and demands new radioisotopes i

In nuclear medicine programmes involving radioisotopes,
both radioactive decay and nuclear reaction cross section data
are needed. We briefly discuss the two types of data below.

ent caused by the administered radioactivity. The method-
logy used throughout the world for internal dose calcula-
ons is provided by the Medical Internal Radiation Dose

ir hese data allow a calculation of the radiation dose to the pa-
i
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€ isthe cumulative concentration of activity (Bﬁg /kQ), of the areas where deficiencies may exist inclgde and
n; the number of emitted particles or photons per decay, vy-ray intensities, EC- anfit-decay branching, Auger elec-
E, the average energy of the emitted radiation, tron spectra and intensities, etc. All those deficiencies lead
@; the part of the radiation absorbed in the organ, and to some inaccuracy in the estimation of radiation dose and
Tex the effective half-life of the radioisotope in the organ.  quantitation of effect of ionising radiation.
Nuclear theory and systematics are sufficiently advanced

Several computerized versions of the MIRD formalism, to predict decay data for normal nuclei with reasonable ac-
e.g. MIR-DOSE (a PC-based program) [3], are available.curacies. Only for light nuclei and for those far away from
The dose calculations help to decide whether the radioisothe stability line the predictions are less certain. Still, in re-
tope under study is suitable for diagnostic applications. Thecent years, two developing areas of nuclear medicine have
underlying principle in all diagnostic investigations is that revealed some deficiencies in the existing decay data. One
the radiation dose to the patient should be as low as possiblg@ertains to endoradiotherapy (and brachytherapy) with ra-

A second important aspect of radioactive decay data is redioisotopes emitting soft radiation, such as X-rays, Auger
lated to the detection of the emitted radiation. With the ever-electrons and low-energg—- or pg*-particles. The other
increasing significance of emission tomography, 8- one pertains to PET studies with non-common longer-lived
gle Photon Emission Computed Tomography (SPECT) and  B*-emitters. Accurate decay data (e.g. energies and inten-
Positron Emission Tomography (PET), radioisotopes emit- sities of emitted radiation) can only be obtained if the ra-
ting suitable radiation are in great demand. As regards theradioisotope under investigation is available in a pure form
peutic radioisotopes, a high radiation dose is deliberately defthrough the choice of a proper production reaction and
sired. For an accurate dose estimation, however, good radi@hemical or mass separation). A recent example is furnished
tion detection possibility is required. With pupe-emitters by the potentially usefup*-emitter 2% (T, = 1.35h).
(e.g.%2P,®%Y, etc.) the distribution of radioactivity cannot be Its f*-decay branching value was reported to be between
measured from outside the body. The dosimetry in the rel39 and 81%. Recent radiochemical studies [8] established
evant applications is therefore rather empirical. The decay value of 56 3%. Thus, despite the huge body of de-
data are thus of great significance in the choice and applicay data available, it may be occasionally necessary to per-
cation of a radioisotope in medicine. Some of the importantform new and accurate measurements on some selected
types of relevant decay data are given in Table 1. radioisotopes.

In general, the nuclear structure and decay data are well
known, and considerable efforts have been harnessed to es- .
tablish data files and libraries [4—6]. As far as medical app“_RlucIear reaction data
cations are concerned, the MIRD Committee has compiledrhese data are needed in radioisotope production pro-
data for about 250 radionuclides, including decay schemegrammes, mainly for optimisation of production routes.
and equilibrium dose constants [7]. In fact these data are th8ince radioisotopes are produced in reactors as well as at cy-
basis for further nuclear medical work. However, it is not ex- clotrons, both neutron and charged particle induced reaction
cluded that a radioisotope finds considerable use, althougbross section data are required. The energy ranges involved
some of its decay characteristics are not known well. Somere rather broad. In the case of neutrons mostly thermal en-

Tablel. Nuclear data relevant to medical ap-

plications of radioisotopes. Type of data Quantities Main applications
Radioactive decay data — Half-life e Choice of the radioiso-

—a-, B-, y-ray energies and tope for medical use
intensities (diagnosis, therapy)

— EC/B* branching ratio

— IT, conversion coefficient e Internal radiation dose

— X-ray and Auger electron calculation
intensities

— Decay scheme

Nuclear reaction data Neutron data
— Scattering and capture e Reactor production of
cross sections radioisotopes

— Resonance integrals

— (n, charged particle)
reaction cross sections

— Fission yields

Charged particle data

— Reaction thresholds e Cyclotron production of
— Excitation functions radioisotopes
— Differential and integral

data

— Thin and thick target
yields
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ergies and fission neutron spectrum are important, and in From a given excitation function, the expected yield of
charged particles, energy ranges extending from a few Me\a product for a certain energy range (i.e. target thickness)
up to several hundred MeV. A summary of the reaction crossan be calculated using the expression:
section data needed in radioisotope production programmes .
is given in Table 1. We briefly outline the importance of nu- N, -H * 7 dE \
clear data in meeting some of the quality requirements of the Y = —p— (1 e‘“)/ (d—) o(E)dE,
(pX)

product. E1

In reactor production of radioisotopes, the most com- ) )
monly used nuclear routes include, {9, (n.fission) and Where N is the Avogadro numberi the enrichment (or
(n,charged particle) processes. They(nreaction has gen- isotopic abundance) of the target nuclidé the mass num-
erally a high cross section at thermal neutron energiesher of the target elemeni,the projectile current(%) the
so that the yield of the product is rather high. However, stopping powerg(E) the cross section at energy A the de-
a serious drawback of the process is the low specific radioaazay constant of the product ahthe time of irradiation. The
tivity which makes the radioisotope less suitable for medicalcalculated yield value represents the maximum yield which
applications. The specific radioactivity can be improvedcan be expected from a given nuclear process.
through various methods (cf. Qaim, this issue, contribution The optimisation of a nuclear process for the produc-
on diagnostic radioisotopes). Nonetheless, in principle thdion of a radioisotope at a cyclotron involves a selection
drawback remains. The fission process is a very suitablef the projectile energy range that will maximise the yield
method to produce a large number of radioisotopes in a “noef the product and minimise that of the radioactive impuri-
carrier-added” form. The chemical processing involved,ties. Whereas the non-isotopic impurities produced can be
however, is rather extensive. The (n,p) ando(nreaction  removed by chemical separations, the level of isotopic im-
cross sections are generally low; these processes are theqgdrities can be suppressed only using enriched isotopes as
fore used to produce only a few radioisotopes in the lighttarget materials an@r by a careful selection of the particle
mass element region. In general the nuclear data needed @nergy range effective in the target.
radioisotope production programmes are of integral nature The radioisotopeé?)| (T, = 13.2h), a commonly em-
(e.g. fission neutron spectrum averaged cross sections) amdoyed halogen nuclide for labelling biomolecules for diag-
are mostly available in the evaluated neutron data libraries. nostic studies using SPECT, for example, can be produced

The cross section data base for the reactor productioria various routes. Its production via tFéTe(p,2n}=I re-
of radioisotopes is well established. Only for some specialaction furnishes a good example of the importance of nu-
radioisotopes under development (e. g. those produced vielear data. In order to decrease the level of isotopic im-
double neutron capture), new measurements and evaluatiopsirities in the'?| produced, it is essential to use highly
may be necessary. As far as the predictive power of nucleagnriched'*Te as target material. However, due to the com-
theory and systematics is concerned, the low-energy)(n  peting***Te(p,n}* reaction it is not possible to eliminate
(n,p) and (no) reactions are described reasonably well bythe?*l impurity completely, even if**Te is 100% enriched.
the statistical model, and the fission yields are predicted withFig. 1, based on the excitation function measurements de-
good accuracies by the systematics. scribed in [11,12], shows that the suitable proton energy

In cyclotron production of radioisotopes, the reaction range for the production df?l is E, = 25.0 — 18.0 MeV,
cross section data play a very important role (for early re-i.e. the energy of the incident protons should be selected as
views [cf. 9, 10]). Due to rapid degradation of the projec- 25.0 MeV and the thickness of the tellurium target should
tile energy in the target material, the energy range coveredegrade the incident energy only to.a8/eV. Under these
within the target is relatively broad, and, since the reactionconditions the yield of?| at the end of bombardment (EOB)
cross section varies rather rapidly with energy, it is not ap-amounts to 565 MBfuAh and the level of?l impurity in
propriate to adopt an average cross section over the whol&®l to about 1%. If still a lower impurity level is desired, the
energy range. One needs rather the full excitation functiorenergy window would have to be further adjusted. Evidently,
of the nuclear process to be able to calculate the yield with
a reasonable accuracy. A further important point is the num-
ber of competing reaction channels. At an incident projectile
energy of 20 MeV, for example, about six reaction chan-
nels with significant cross sections accur. With a view to
estimating the activity balance, it is imperative to know the £
cross sections of all those processes. Production of radioisc§
topes may be carried out using protons, deuterédHg-
or a-particles. A knowledge of all the reaction cross sec-
tions is necessary. The demands on the data may thus 1S
extensive. In practice, however, only a few radioisotopes
are produced via reactions induced by particles other tha 0 , , , |
protons. The data requirements are therefore foreseeabl 0 5 10 15 20 25 30 35
At small-sized cyclotrons, low-energy reactions like (p,n), Proton energy [MeV]

(p. @), (d,n), (da), etc. are used. At higher energies, on Fig. 1. Excitation functions of***Te(p, n)*?*l and **Te(p, 2n)*#I re-

the other hgnd, (p,xn) reactions are commpnly employed. [Rictions. The suitable energy range for the productioffifis E,=
some special cases, the (p,spall) process is applied. 25.0— 18.0MeV (based on data reported in [11, 12]).

3
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it is necessary to know the excitation functions of the variousdata needed for both electron and photon therapy are well
competing reactions accurately. documented. Only in the case of very high energy photons,
The radioactive impurities have a dual effect: firstly, they photonuclear processes likg, 6), (v, 2n), etc. may occur.
adversely affect the line spread function in imaging and secThe energy and angular distributions of the emitted neutrons
ondly, cause enhanced radiation dose to the patient. If thare then of importance both from the viewpoint of radiation
amount of a longer-lived impurity is too high, it may jeop- transport and radiation shielding. Furthermore, some activa-
ardise the whole advantage of the short-lived radioisotopéion products may also be formed.
used. It may then be necessary to look for an alternative Two important considerations in radiation therapy are
route of production for the desired radioisotope. thelinear energy transfer (LET) and therelative biological
Besides isotopic impurities discussed above, in recenéfficiency (RBE). Use of hadrons in comparison to conven-
years the awareness of isomeric impurities has also intional therapy can have the advantage of a better physical
creased. Several medically interesting research type raselectivity, i.e. an improved dose profile and a higher bi-
dioisotopes have isomeric states which are rather disturbingplogical efficiency, corresponding to greater killing in the
A few examples aré*"Tc (**9Tc), 2% (2m), etc. The  tumour [cf. 15]. However, the various hadrons differ in their
isomeric impurities cannot be controlled through a care-properties. In Fig. 2 the depth-dose relationship of photons,
ful adjustment of the energy window (as mentioned above)neutrons, protons and nitrogen ions are compared. Obvi-
Since the isomeric cross section ratio is primarily dependenbusly neutrons and photons have a similar dose distribution
on the type of reaction involved (for a review see [13]), it whereas for charged particles the dose increases with the
is essential to investigate all the possible production routepenetration depth, reaching a maximum value in the Bragg-
and then to choose the reaction and the energy range gipeak area. Neutrons do not exhibit this advanced physical
ing the best results. Obviously, nuclear data play here a vergose profile but differ in their RBE from photons. The ul-
important role. timate aim of hadron therapy is to optimise both physical
The nuclear reaction cross section data relevant to thand biological selectivity (cf. contributions by Jones and by
production of the commonly used cyclotron radioisotopesWambersie, on the rationale of hadron therapy, this issue).
are fairly well known, and a recent IAEA-TECDOC [14], In ion therapy, both atomic and nuclear interactions are
prepared as an outcome of a Coordinated Research Praavolved, the contribution of the latter increasing with in-
gramme (CRP) on “Medical Radioisotope Production”, de-creasing energy. The interactions of neutrons are somewhat
scribes the recommended data in the desired energy rangedifficult to understand since they involve many nuclear phe-
New measurements are generally required while searchingpomena which cannot always be calculated in a reliable
for an alternative route of production of a useful radioiso- manner.
tope or while performing development work on a potentially  In neutron therapy, cross sections are needed for the for-
important radioisotope. The two fast developing areas of numation of secondary neutrongrays and charged particles;
clear medicine mentioned above, viz. endoradiotherapy and very brief summary is given in Table 2. The data are re-
PET studies using longer-livett-emitters, demand consid- quired to estimate the absorbed dose in the patient. Informa-
erable amount of experimental nuclear data work. tion on secondary neutrons apdays is needed to calculate
As far as nuclear model calculations are concernedradiation transport over large distances. The data on charged
in the case of charged particle induced reactions, vary-
ing degree of success has been met. The cross sections
for the light mass target nuclei can hardly be described
by the model calculations. In the medium and heavy mas:
regions, however, both the compoypdecompound and
precompounghybrid models (using, for example, the codes
STAPRE/GNASH and ALICE-IPPE, respectively) have -
been partially successful. In general, a priori calculations dc
not meet the accuracy requirements needed in radioisotog ?
production programmes. Experimental studies are thus ofte g
necessary. :

Nitrogen
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Significance of nuclear datain external radiation
therapy

External radiation therapy involves the use of electrons,
X-rays, high-energyy-rays or hadrons (neutrons, protons,
heavy ions, etc.). The use of low-energy electrons (emittec Ny | /Y-fays
from radioactive sources or supplied by small accelerators) Neutrons — Q-\\_
X-rays (from conventional sources), high-energy electrons 0 | | | , |
(supplied by a LINAC) and high-energy photons (produced 0 5 10 15 2 25
as bremsstrahlung in the interactions of high-energy elec Depth [cm]

trons with heavy elements) constitutes conventional or stan,-:ig' 2. Depth dose distribution of-rays, neutrons, protons and nitro-

dard therapeutic practice. The int?raCtions inVO'_Ved F€Preyen ions in tissue (adapted from [15]). The area around the maximum
sent well-understood phenomena in atomic physics, and theose in the case of charged particles is termed as “Bragg-peak” area.

Relative dose
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Table2. Nuclear data relevant to hadron
therapy.

Type of data Quantities

Main applications

— Elastic and nonelastic
cross sections

— Secondary neutron and
y-ray emission (differen-
tial and double differential
cross sections)

— Charged particlép, d, t, o)
emission (differential and
double differential cross
sections)

— Activation cross sections

Neutron data

e Calculation of neutron
spectra

o Radiation transport calcu-
lations

e Calculation of kerma
coefficients

e Determination of activity
balance

— Total nonelastic cross
sections

— Neutron, charged particles
andy-ray emission
(differential and double

Proton data

e Estimation of proton
beam depletion

e Calculation of energy
deposition and radiation
transport

differential cross sections)
— Average energies for the
light ejectiles
— Product recoil spectra
— Activation cross sections

e Estimation of RBE

e Determination of activity
balance and extra dose
through decay

particle emission in fast neutron induced reactions are ofingle-dependent emission spectrayefays, neutrons and
considerable interest for calculating the heat deposited irtharged particles are needed. Due to the large effort involved
the tissue. The effect is expressed in termg&enfma coeffi- in such studies, only a limited number of experimental data
cient (kinetic energy released in matter). The accuracy of thesets for biologically important target elements are available.
neutron induced cross sections is often estimated by a comA heavy reliance on theory is therefore obvious. Since the
parison of kerma coefficients derived from cross sectionsaccuracy requirements are not as stringent as in the case
with those obtained experimentally. If the cross sections giveof data for production of diagnostic radioisotopes, the data
a kerma coefficient that is in agreement with experimentalpredicted via nuclear model calculations are generally ac-
measurements, the confidence in the absorbed dose prediceptable (cf. Chadwick, this issue).
tions by a transport code is increased. The availability of medium-energy nuclear data for radi-
In proton therapy, cross sections are needed for the foration therapy has been discussed (cf. Haight, this issue). The
mation of neutrons angirays, and to some extent secondary new needs arising in connection with newly emerging thera-
charged particles. This information is required to calculatepies are under constant review [cf. 16, 17]. Recently a very
the radiation transport and radiation dose. A brief summarythorough group study on nuclear data for neutron and pro-
of the data needed is given in Table 2. The major advantag®n radiotherapy has been performed [18] under the auspices
of this therapy is the capability to treat deep-lying tumours,of the International Commission on Radiation Units and
close to critical structures. This is possible mainly due to theMeasurements. The final report of the group [18] gives infor-
high selectivity of the Bragg-peak. mation on neutron-induced nuclear reaction cross sections
The heavy-ion beam therapy has been performed witrand kerma coefficients up to 150 MeV, and proton-induced
12C, N, ®Ne, 28Si and“°Ar ions, but currently only?C  cross sections up to 250 MeV. The energy range of neutrons
is used. However, this is a rather specialized technique andurrently used in therapy extends to about 70 MeV. How-
despite its great potential, has found so far only limited ap-ever, since higher energies may be used in the future, the
plication. Another therapeutic approach is represented bylata are given up to 150 MeV. All the data were obtained by
the administration of a boron based compound and, aftea combination of experiment and theory. For this purpose,
its accumulation in the tumour containing organ, irradiationuse was made of the GNASH nuclear model code, which
via an external thermal (better epithermal) neutron sourcéncorporates theories for compound nucleus, preequilibrium
(boron neutron capture therapy, BNCT). The nuclear pro-and direct interactions. Optical model calculations served to
cess®B(n, a)’Li leads to the release of short-range, denselydetermine total, total nonelastic and elastic scattering cross
ionisinga-particles and théLi-recoils which cause the ther- sections.
apeutic effect. In hadron therapy nuclear data are needed primarily
for the major isotopes of H, C, N, O, Al, Si, P, Ca, Fe,
Cu, W and Pb, the latter elements being collimator and
Spectral data shielding materials. Most detailed information is needed for
From the above discussion it is evident that in radiation therthe most important elements, with lesser information for
apy primarily spectral data are needed. Besides total, elaghe others. The above mentioned report [18] follows this
tic and nonelastic scattering cross sections, the energy- arstrategy.
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Activation products

In general, the activation of tissue components is not very
serious and hence very few experimental studies have bee
reported with regard to the formation of activation products
in neutron as well as proton therapy. In several special case
however, activation may not be negligible. We discuss som
of them below.

The interactions of fast neutrons with light mass nu-
clei lead to the formation of significant amounts of tri-
tium (T, = 12.3 a). In a comprehensive study with 53 MeV
d(Be) neutrons it was shown [19] that the (n,t) cross section:
for the lightest elements are exceptionally large (between 1i
and 400 mb). However, for elements with> 20 the triton
emission cross section is constant at about 5 mb. Another a
tivity observed wasBe (T, = 53.3 d); however, with the
cross section in theb range [20]. In the medium mass
region several short- and long-lived products were also ob
served with formation cross sections of 5 to 10 mb [19, 21].
Thus, except for tritium, the radioactive products formed in

S. M. Qaim
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Fig. 3. Excitation function of the*N(p, x)*!C process. For a detailed

neutron therapy may not be of much Signiﬁcance_ The acticompilation of the data up to 20 MeV, see [14]. The diagram has been

vation of shielding and collimator materials, however, may
be significant.
Comprehensive experimental studies on the formation o

activation products in proton induced reactions exist in the,

literature [22—24]. However, the biologically relevant elem-
ents have not been investigated in detail. As regards proto

therapy, a few experimental studies have been performed i
the following four directions:

a) formation of short-lived*-emitters, like 'C (Ty, =
20.3min), *N (Ty, =100min) and ®*F (T, =
1100 min),

b) accumulation ofBe (T, = 53.3 d),

c¢) formation of medium mass activation products, fikda
(Ty2 = 2.6 @), *K (T2 = 124h), 8V (T, = 16.0d),
*1Cr (T, = 27.7 d), etc.,

d) accumulation of long-lived activity in collimators, like
*Mn (T, = 3122d), etc.

From those studies it was concluded that the amount o
Be accumulated is negligible [25]. Similarly the medium

adapted from [28].

f The cross section data for the formation of short-lived

-emitters are important from two viewpoints: firstly, for
estimating the extra dose caused to the patient, and secondly,
for precise localisation of the dose distribution related to
ﬂwerapy. Regarding the first, an estimate was done [28] for
liver as a source organ and a 200 MeV proton beam intersity
of 5nA/c?. The dose caused BYC, *N and**O amounts

to approximately 500 mSv. Compared to a total radiation
dose of 2 Sv per therapy run, the enhancement in the radi-
ation dose through the decay of the short-liedemitters
amounts to about 25%. Regarding the localisation of the
dose distribution, a combination of PET and proton therapy
is very promising [2]. Ideally, a simultaneous combination is
desired. However, technically it is very difficult since it in-
volves placing the therapy gantry and the PET machine very
close to each other (around the patient). A PET investigation
ffter the ion therapy (usingC formed during the therapy
run) is more convenient and is practised at a few therapy

mass activation products are also not significant [26]. Thecentres.

activation of collimators, however, is appreciable [27] and

In summary, the activation cross sections may not be

due precautions are necessary to protect the therapy persoofF great significance in general radiation therapeutic appli-

nel. The formation of short-livef*-emitters is of consider-
able scientific interest. We therefore discuss it in more detalil
The formation cross sections of short-lived-emitters
are significant but the information available over the whole
energy range is rather scanty. The results of a recent mea
urement and analysis on the formation BC (T, =

cations. However, they are of considerable importance in
following some special therapeutic aspects.

fievelopment of nuclear datafile

20.3 min) from "N are shown in Fig. 3 [28]. Whereas ex- The development of a nuclear data file for applications in-
tensive data exist up to 20 MeV [14], the data base at highevolves several steps (Fig. 4). Experimental measurements
energies is rather weak. Worth mentioning is that two ma-are done using both activation and spectral methods. It is im-
jor contributing processes with different thresholds are in-portant that the reported data contain a full description of
volved, viz.**N(p, a) *C and“N(p, 2p2n*'C. Asmall con-  the experiment and various sources of errors together with
tribution from the®™N(p, an)*'C reaction is also expected. their estimated magnitudes. The second source of data is the
A theoretical calculation based on the precompound hytheory. Many nuclear models have been developed to pre-
brid code ALICE-IPPE, incorporating-particle emission, dict unknown cross sections. Combining the experimental
is also shown in Fig. 3. Obviously the theory reproduces thedata and theoretical results to obtain the best values of cross
shape of the excitation function to some extent. However, thesections is termed as “Evaluation”. An evaluator attempts to
magnitudes differ considerably. derive “best” values from a set of incomplete experiments
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Nuclear Data Development

for Applications 1

2.

Experiment

Theory |

Evaluation

'

Validation

'

Quality assurance

'

Recommendation
for application

Integral Tests Benchmarks

Fig.4. Steps in the development of a nuclear data file for applications.

12.

and only partially reliable theoretical models. In the exer-
cise, often several adjustments have to be made. In energ
regions where few measurements exist, either due to lack
of facilities or due to experimental difficulties, a heavy re-
liance on theory is called for. The next step involves the
validation of evaluated data. This is generally done via some
benchmarks or integral tests. If large deviations occur, som
new measurements or calculations may be necessary. If the
validation experiments exhibit good reliability, some qual-
ity assurance tests, especially a description of errors and

definition of application limits are essential. The data thus 15

obtained are then considered as recommended data and con-
stitute a “file” for some special application.

Many types of data files exist in the literature and are co- 16.

ordinated by one or more of the four major Nuclear Data
Centres, namely,

— NNDC, Brookhaven, USA,

— OECD-NEA Data Bank, Paris, France,

— IAEA Nuclear Data Section, Vienna, Austria,
— Nuclear Data Centre, Obninsk, Russia.

18.

However, the majority of those files deal with the en-
ergy related data. As far as medical applications are con-
cerned, the efforts invested so far have been rather modest,

mostly directed to neutron therapy. The evaluation method-19-

50.

ology (especially for data related to diagnostic applications)
is hitherto not as developed as in the case of energy relate
data. The two most recent comprehensive efforts, one related
to diagnostic radioisotopes [14] and the other dealing with

the hadron therapy [18], are expected to fill the existing gaps??-

in data. Further detailed efforts are, however, essential to ens,
hance our knowledge about several aspects of diagnosis an
therapy.

10.

11.

17.
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