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IARA Consultants®' Meeting on
DATA REQUIREMENTS FOR MEDICAL RADIOISOTOPE PRODUCTION
ammmmm——

in co—operation with the
Institute of Physical and Chemical Research (RIKEN)
Tokyo, 20-24 April 1987

SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS

Working Group I: EXPERIMENTAL DATA

R.M. Lambrecht (Chairman), S.L. Waters (Co-~chairman), Lu Hanlin,
S.M. Qaim, H. Umezawa, G.J. Beyer, H. Heinzl, M. Bonardi, T. Nozaki,
A. Hashizume, M.C. Lagunas-Solar, K. Kitao, D. Berényi

The standardization of reported nuclear data for medical radioisotope
(MRI) production could serve to, (i) establish and maintain international
uniformity; (ii) improve the accuracy, where this would become necessary;
and (iii) help developing laboratories and hospital- based medical
cyclotron facilities. It was felt that there is a need to standardize
the following parameters

- The type of particle accelerator and the incident beam energy and
resolution set by the magnetic field or as measured by either
time-of-flight (neutron and/or gamma flash) or monitor reactions

should always be reported.

It was concluded that monitor reactions would be the most
convenient and important to the largest number of laboratories
involved in MRI production. The errors in incident energy, energy
degradation in the target and the estimated error in stopping

power should be cited.

- The following monitor reactions are very useful for beam energy

and intensity measurements. These reactions were chosen on the

x basis of reported cross sections, decay properties of product
nuclei and the suitability of target materials as monitor foils.

12C(p.pn)nc
27Al(p.3pn)24Na
27Al(p.3p3n)22Na
59Co(p,pn)SBCo
,63Cu(p,n)632n
63Cu(p.2n)622n
65Cu(p.n)GSZn
natCu(p,x)61Cu
27p1¢d,3p2m) 2 Na
Sly(d,2n)ter
56Fe(d,n)57Co
"etri Che, 0%y
63Cu(3He,p3n)622n
65Cu(3He,2n)66Ga
65Cu(3He,p2n)652n
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63Cu(aHe,pn)§52n
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65Cu( He,2n)67Ga

- It was reeogniied that there is no general'agreemeht;ohdthe use of
standard reactions for monitoring beam energy and intensities and
that this may be responsible for some of the dlscrepancles in the

><r reported cross . sectlon data. It was strongly recommended that the

"TIAEA make arrangements at the Agency or at another nuclear data
center to compile and evaluate the data for the above reactlons as

soon as poss1b1e

— All (reference) standard sources of radioactivities used for the
caelibration of detectors should be traceable to the IAEA or other
reference 1aborator1es recogn1zed by the TIAEA.

- The consultants were 1n unanimous agreement that all experlmental
data should be reported to journals and nuclear data banks in the
form of cross-— seet;ons. A period of tolerance for the barn (for
example untxl ‘1990) would be acceptable before the complete
imposition of SI unit
A/p‘s"»eu. Gacan I_cko:L.s& be ﬁ’.co.j"“i’"‘ as e Sr u"“’” CHO;)

- The topic of how to ‘report practical thick target ylelds was more
controversial. This has remained so since the publication and
discussion summary of Svoboda and Silvester at the Oxford meeting
in 1969(1) - For: ‘the moment the: selection of the pract1ca1 ‘unit
(in terms of the way the data are to be ‘used)_ should remain at the
discretion of the author, although there was a strong focus toward
the adoption ‘of ST units. ‘Reporting "of the 1ntegra1 y1e1d or
production yield curve at saturation vs energy was considered
useful to the MRI radiochemists.

- The working group asks the IAEA to communicate to experimentalists
and editors of journals that publications should provide relevant
experimental details about target preparation, including details
of target composition, chemical form, isotopic abundance,
preparation and containment and the estimation of the number of
target atoms. Information about recoil range distribution, and
beam power density effects on targets should also be described.

- Cross-section data for several medical radioisotopes are well
documented. However, with increasing energy the data needs also
increase. Many existing data are adequate, but in some cases more
experimental measurements are needed. Due to the fact that each

Amphlett, C.B. (ed.), The Uses of Cyclotrons in Chemistry, Metallurgy
& Biology, Proc. Conf. held at St. Catherine's College, Oxford, 22-23
Sept. 1969, Butterworth, London, 1970. Also K. Svoboda and D.J.
Silvester presented their paper "Quantities and Unit Used in the
Production of Radionuclides by Charged Particle Bombardment™ to Int.
J. Appl. Radiat. Isotopes 22 (1971) 269.
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institution is  in ‘a different situation as regards the maximum
particle energy available at a given accelerator, the types of
the particles accelerated, the chemical form and enrichment of the
target, only individual data needs could be identified. It
was recognized that there are deficiencies in excitation functions
for a number of medical radioisotopes. It is believed that work
is in progress in some laboratories on some of these reactions.
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The consultants concluded that it would be useful if  the IAEA in
collaboration with - other nuclear - data. centers- would look
criticially at the experimental -information -available on
cross-sections and production yields for the more commonly used
medical radioisotopes. .These include 11C 13N - 150 18F
67Ga, 1111n 1231 20111 I

The deca data for medical tadlolsotopes are 1n most cases well
known and documented. However, during the. meeting several

radioisotopes were identified for which minor revision or
verification of the available decay data would be desirable.

These are 35Co (half-life uncertainty), 32®n,. ‘778r, 627n,
632!1, ‘ 66G8, . 75[(1-’ 77Kl‘, 81mRb' 123xe . 195m+gH8 __
195mpy  (branching - ratios, Y-ray abundances, etc: ) The. ~IAEA
is asked to bring these deficiencies to the attentlon ‘of -the
relevant bodies. e o hm w5 T

X
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- The .working-group encouraged -the development .of .a .compilation _of -
nuclear data .for medical radioisotopes produced :by. accelerators .

Such as .that. independently -initiated in -1981 by Qaim{2) and
X recently updated :by. JI_,DS_(?’ .-.- The .working . group proposed. -that -
~the : compilation - .should -.include ‘all - medical . radioisotopes - of .

% current  interest, -.and = exhsustive = references of . all. reported

cross—section .and  production. yield related .details.. A suggestion

is to include threshold energies and thick target yields and to
add the following‘pgdionuclides to the list prepared by Nps(3),

47ca, ¢7cu, 66Ga, 75se, '7kr, 7%r, 89zr, 95mre,
96Tc. 100pd,\ 101mgp ."‘1°7Cd71°7mAg, 1241’ 157Dy,
117mSn' 127xet'1‘ ‘~169Yb’ 186Re, ZIIRn‘_ 211At, 20531,
206g; . o

- The working group ‘strongly supported the continuation of various
TIAEA activities .in medical radioisotope production. The Agency
should look at the matter at some intervals at the Consultants’
level. Further more it was felt that a joint seminar dealing with
nuclear data}*igtechnblogical and radiochemical aspects of
accelerator radjgfso@ope - production (possibly in collaboration
with the nucleatr”'data, chemistry and physics sections of the
Agency) be held around 1989.

- The question of enriched stable isotopes for medical radioisotope
production was addressed by the Agency's Consultants' Meeting held
in Turku in 1985(4). " This working group agrees that there are
presently no serious difficulties in obtaining the commonly used
highly enriched : target materials for the production of 1lc,
13y, 159, 18p and ‘2°1T1. However, certain highly enriched
stable isotopes ‘reéquired for medical radioisotope research and
dgzelopment are - not - readily - available, e.g. 1221, 1237,

Xe. e ‘-

- The working gfoﬁé - qgognized,kthe predictive value of computer
codes based upon nuclear models. It was, however, strongly

X emphasized that the codes ‘should be user oriented, and that the

(2)

(3)

(4)

Agency should encourage access to these codes.

- A wide -distribution -of - this report. by the IAEA :is. - strongly

recommended, (a detailed 1list of recipients will be augmented by .

the working group). - e

S.M. QaimfiRaéioqhiyicgrAqta~§g (1982) 147-162

|

T B

D. Géﬁ&@figs;Ctuzahn&,K;’bkamoto; #tésenté&[ai«thié;méetihglhﬂuﬁieat;
Data for Medical Radioisotopes Produced by Accelerators -, Status. and

Compilation™. .

Summarj?;Report, of\ftheT>IAEA Cohsultanté‘-;neeting!von‘ "Cyclbtron;
Production  of Radionuclides with Eanriched . Targets”, Turku, -Finland, .

22-25 July 1985 (edited by H. Vera-Ruiz).

X
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The Consultants' ‘workmg group on expenmental data recomended the
followmg actions -on .the. part of the. Agency.- - (1) .The compllatlon and
evaluation .of .- data for nuclear,‘”teaqtlonsk used 4o monitor  accelerator
beam energy. and 1nten51ty as soon as - possible, (2) the evaluation of
cross -sections. and productzon y1e1ds for -the commonly  used accelerator
produced medical rndwlsotopes, (3). the transmission -of def1c1enc1es in
certain. exc;tatxon functions .and nuclear data to the. relevan bodies, (4)
the comp11at1on of nuclear data for all accelerator produced medical
radioisotopes, = (5) “'the ‘holding - of - a sqm1nar «ron nuclear data,
technological 'and tradiochemical ' aspects ‘-of " medical radioisotope
production ‘around v1989,:and. (7) ‘the dlssemmatxon of -the results of the
discussion “on the standardization of the cross- -section measurements to
experlmentahsts. journal editors, and libraries.
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AND CDFPUTER FILE OF EXCITATION FUNCTIONS =° .~

LATION

AN

,"A. Pavlik, K.fﬂata; M.C. Lagunas-Solar == .
CS.M, ngm;?K.*Sueki = wp o mwad mnocw ot

have heard a well balanced and versatile range of presentations
spanning the range of ‘accelerator production of ‘radioisotopes for medical
applications. Hérefﬁéfﬁiéhgto‘say7% few words- about ‘the: 'presentations
déaling” with ‘nuclearmodel codes' 'ds a tool for use in radicisotope
production.

There was unanimous agreement that the final answer in obtaining
necessary reaction cross sections, if feasible, should always be
experimental. Yet, we also saw in many of the research end of the field
the wish to understsnd reaction cross sections in terms of nuclear
reaction models, and perhaps eventually to be able to use these models as
a guide in selecting the best experimental conditions for producing a
given radioisotope without having to measure all the possible reactions.

Along these lines we heard preliminary efforts by Lagunas-Solar in
interpeting his yields of F-18 with ALICE code. Lu Hanlin and his
co-workers at Beijing have the most impressive agreement with the
experimental excitation functions around A=87 region using a code they
wrote based on the hybrid precompound and Weisskopf-Ewing evaporation
models. We hope to get more information on this fine code.

The RIKEN workers, given in the papers by Tendow, Kitao and Sueki,
have also illustrated the comparisons of calculated excitation functions
with several data sets. The question was raised as to whether the
calculations may sometimes not be of a help to select the better data set
when there are large disagreements between several sets.

A major step beyond the usual statistical/precompound codes was
presented by Hata of JAERI in the OSCAR code. This is really a code
system designed to give the thick target yield information necessary to
most medical radioisotope production problems. It includes the use of
experimental thin target yields as input when available, supplemented by
results from systematics from the ALICE nuclear model code where
experimental results are not available. A contribution from Masumoto
suggests algorithms for computing yields for photonuclear reactions.

There were two additional papers stressing the use of nuclear
theory. Pavlik gave a summary of physics of several of the popularly
used codes. He went on to illustrate the excellent results which could
be obtained by careful applications of STAPRE (Hauser-Feshbach plus
exciton model) code of Uhl. The latter is internationally recognized as
the best code in the class. Pavlik showed predictive power to within 30%
of experimental yield. We hasten to point out that experimental yields
may often have systematic errors approaching this limit.

L]
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Blann presented comparisons of the results of ALICE code with a broad
range of nuclear reactions, mostly proton and light ion induced, at
energies up to 200 MeV. Thescalculated results shown were generally done
by the experlmental groups who measured ‘the relevant excitation
functlons.,@ The philosophy .of ALICE code (Weiskopf- Ew1ng -plus hybrid
model) differs from that of STAPRE, in that it is not intended to give
the best possible calculatlon, but rather it stresses ease of use by
non-experts, and short computer time requirements. There is agreement
between the Vienna and Livermore code groups that STAPRE is the code of
choice when the highest possible accuracy (30% region) is desired, and
ALICE is useful when a factor of two or better is adequate, - -and when the
user, wlshes to keep the 1nvestment in. t1me to run the- codes at a m1n1mum

AT W

LiimSomeA conference part1c1pants felt that the capablllty' of runn1ng
model codes in their laboratories would be valuable With many codes in
ex1stence, the IAEA could help in the selection of process by summarizing
1mportant facts on, the ava1lab111ty and capability. of .each code. workxng
Gr has ptepared spec1f1 recommendat1ons 1n‘thls regardi 5 o

wx;efimtntui, Yel, we &ls
the wish ta understand Tesac
and rf”hapk &
ting 33

; e withoubt hs ; 5 \ s
" The worklng{group feels that computat1ona1 capab111ty of excxtatlon

functions is a valuable .tool to help guide ultimate. exper1meutal programs
in. radlolsotope productlon for medical appllcat1on§,, : ~

terms
v onge B hess
for

\ a. related organlzatlon c uld provide 2. ery valuable
,ths communxty gn several ways, -the.goa. being to aid, 4n :the

i‘.“

seiectlon gndndetepmxna ion .of availability of ;these .codes.

In order,. to~evaluate the suitability.of the many. codes in existence,
' select .the . code or -.codes: best itting .. each
3 a{compilatlon of answers . waifew questions . . would
. An 1n1t1a1 set‘of questions ig as follows: <.«

(D) 'Uhat codes "are presently avallable whlch are suitable for
_.general .use for calculating excitation  functions,. ;and -to. whom
‘does one wrxte to receive a copy of - theseﬁ odes? 18 there any.
,cost? . Are : the codes written ent1re1y .in ,for oexemple, a

FORIRAeranguage° . g . .

L$153W};kfeM sample *1nputk and 'output ;avaxlable for checking the
. operation of the .code on _the end. user's. computer?. . What are. the
ptlons ong;nput and output? R

is 1n the code ‘_,v. ;
of precompound decay,ﬁe

‘Uhat 1s.“che max1mum ex01tat10n energy whlch the>ydxstr1buted
version of the code will accommodate’
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What is the range of AAand AZ of product nuclei (i.e. how
«. manyenneutrons:riand : protons smay:: be’ emitted wein i: single
c‘a‘l’éu‘la’tidn" spions, selY prabon ana ? : o

oy Z Moy }i”\

Are 811 reaction’y paths treated“s

wWhen

%ﬁ“*(10)~‘How are” 1evel densitles handled’ e

(11) vae a sample 1nput for some ‘test: problem

what 1s¢the computer core: requ1rement;and runn1n5;t1me .on: the
duthor's computer?:~'Is-the ‘code -known" to run"on “any smaller
heomputer?:d smesifis voosmmangsvions i ihisors

11 )

Group
(13) 1Is the code written to run in batch mode or im interactive mode?

""Egcond Nvaluable result to present would be an intercomparison of
several of these codes in calculating several excitation functions.
Reconmended = are gxhegrlgwl(p.xn)I:andﬁ;ISAs(p;xn) excitation 2functions  .at
incident: proton zénergies “up ‘to .70 MeV. - It would :be:nice ‘to have the
sample input: for reach code required to.:run these tests, and the computer
type and CPU time used. These calculations should be performed for
incident protons in :2 MeVienergy increments.. i Results: of all calculated
excitation ‘functionssnshpuld be = shown:; graphzcally.‘\xogether ‘with the
experamental résultsion: the same-graphs.: of otk der

A- resonably = cdmpleteriistf“of>;codes/authors/users*ywds,asent;wfrom
leermore (H'fslann) as’ foilows e iae ok B RS S ETEEE

STAPRE (IRK) f““ & s.kw11b00158k :B. strohma1er H, Uhi, Vlenna SR

STAPRE (LLL-1) D.G. Gardner, M.A. Gardner, LLNL, Livermore

GNASH: (LAS):sat  codPiG.rYoung, « LANL - (N. B = there are several)&GNASH— HF,

8o WE, Los Alamos ' -~ #7¢ reria s e 4 E

= M:Z:Herman,  ENEA, Bologna,“?A H&rcxnkowskl,/ Narsaw

snEt ‘University; Warsaw ° Paler L T smeme :

PERINNI (ECN-1)::. H.“Gruppelaar; H.A.J. van der Kamp, Petten

HAUSER-V (TRM-1) S.B. Garg, A. Sinha, BARC, Trombay Bombay

TNG (ORL) "nr ~C.Y:>Fu, ORNL, :0akridge: ir=ve manunl

PRANG (ECN:2):werisHicGruppelaar;  H:A:J.  van:der: Kamp, Petten

No Y-ray compet1t10n included (future option: see

GRYPHON :code, i Ref. H.: » Gruppelaar; I:iM. Akkerman, Int.

Conf:on :Nuclear data‘for.ﬂasxc,andehppliedLScienCe,
o : -Santa Fé,"USA, May 1985 and Rep. ECN 164)

PEOGM (SLO) E. Bevtak, Bratislava

GNASH: (JAE)- = K, Shibata, E.  Arthur,-P.G. Young, Tokal, LANL

PREM(TOH) == % G. Keeni, 'S. Yoshida, Sendai: :) =

PREANGL1 (TRH—Z) > 8.B. Garg, A. Sinha, BARC, Trombay Bombay

AMAPRE (TUD) H. Kalka, D. Hermsdorf, D. Seeliger, Dresden

SECDIST (KFK) ‘= I.=Broeders, U.-Fischer, H.:Jahn,‘E;Awiegner;axarlsruhe

EMPIRE (IBJ)::




PRECO-D2 (TNL) 5 C.:*Kalbach, U. North Carolma sroductonued
PENELOPE (IDA) °-G: Reffo, ENEA, Bologna . -~ = '~
ALLICE (LLL-2 --3) M. Blann, LLNL, Livermore

HELGA (MPI) H. Klapdor Heldelberg

oot H

I

Sy e

These exercises are intended to inform the medical radioisotope
producer communlty as to which codes are available to them, and which are
compatible -with their 'specific needs and computational resources. The
second part is intended to show the relative merit of the output of these
codes, which “is -4n” important- criterion in deciding which ‘code or ‘codes to
implement.

the code
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C. Fairown i, R
Working: Gtoup IIT:

-3y ¥, Blann, LLNL 1
(1nc1ud1ng<Proposa1 for an IAEA Handbook on
"Data for Medical Radioisotope Production”

" DATA COMPILATION

> sXeTolee D A ;rwﬁ;, H B .
D Berenyl (Chalrman). G J Beyer H Blann H‘gBonard1,
.- Hashizume, M.C, Lagunas- Solar R. H Lambrecht Lu Hanlln,
;T - Nozaki, -<A: Pav11k S:M. Qa1m, S. L Waters, K Bata,
; :“.ﬁIgaras1, K. Kitao, H. Hor1naga,,Y. Ohkubo,‘
K. Sueki, Y. Tendow, H. Umezawa

The Working Group III held its session in the form of a plenary
meeting and discussed the issue of the compilation of the most important
nuclear data for the medical radioisotope production by accelerators and
that of a proposed IAEA Handbook on Nuclear Data for Medical Radioisotope

Production.

After some discussion it was concluded that it is not timely and
suitable to publish a compilation and a handbook separately.

It is suggested to make one publication with the title "Handbook on
nuclear data for medical radioisotope production". The contents could be
as follows: 1In a shor ntroduction e most important nuclear concepts
on radioisotope production by accelerators should be clarified (in a
"definition-like" way). Then comes a section with evaluated cross
section data for the production of some of the most important medical
radioisotopes (e.g. the lightest positron emitting isotopes for PET
studies, mnamely 110, 13N, 150, and 18F and other isotopes such as
67Ga, 1117y, 1231. 2011)) as well as those for monitor
reactions. In this section the rules for standardization of the
pertinent data should also be included (see the Report of WGI) which
would be guide-line for the evaluators but - at the same time - it might
promote to measure and publish the data concerned by the authors in the
future in a more unified and more complete way. It is also expected that
the evaluation work on the data for production of most important medical
radioisotopes will show the shortages and inconsistencies in the
pertaining data and so it can initiate further experimental studies in
some cases.

Finally, an important part of the handbook would be a rather detailed
and somewhat critical tabulation (a compilation) of the data for the
production of medical radioisotopes (see some details in the Report of

WGI).






