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Problems of Coupiling Huclear Data

C. H. Westcott, TA.A

The nugnitude of the task of comosiling and presenting to users the

data available within the field of interest of the Intcrnational Nuclear
Data Scicntific Working Group is considercd, both from the point of view
of w:rld-vwide needs and of what part of this work the International Atomic
wnergy Agency could roasonably undertake. A proposal is also made in more
precise terms for the initial stages of operation of the TAwA Nuclear
Data Unit. '

SUMMARY OF PROPOSLD FUNCTIONUS TOR Taus UNIT

. The following short turn ains (v.p.1@ below) arc includeds

neintain roubine retivitics on behall of ILDSWG and suvport this
group with technicnl assossments as nccessary

porform the first task of studying 2200 n;se¢c cross soctions and
providing a survey papur for the 1964 Guneva confercnce.

as well as several itews which reproscent intoriia action on the long term
aims. The long tcra ains arc (v(pole);

rvcwive and transuit, regularly or on rcequest, results of measurcuents
of nuclecar data, and store them in suitable foru, maintain files of
ncasurer's or other cumnments on fenturcs, resolution, accuracy, reliability,
ctc. for all "raw" data held in archives

coopurate with thoe BNL data-file, or if operating on the largor scale,
keep such 2 file and provide oxcerpts on requust; publish data or
ropnrescniative samnples at rogular intcervals

provide facilitivs for analysis and coordination of data for the use
of visiting staff, and perfornm such worlk regularly with its own staff

aim, in coopcration wita other active centres and laboratories, at
producing complcte scts of "evaluated data in o fomat suitable for uscrs
(probably gencrally on nagnetic tape) for important rcactor materials,
revise these periodically and distribute the resulting information

wndertake eritical reviews of data as appropriaste.

s

N.B. Tho socond of tho long-term aims is clearly subjcet to discussion
vith Brookhaven or any other centres working in the same field.
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1. Tho magnitude of the problem — needs to be met

1.1 The situwation in Muelear Daty toduy

Lv 13 no new thought that the rate of production of information
in the various [iolds of science Lias recently beon groving so rapidly
that the problem of keeping up with the literature is becoming
vvervhelming. In ths narvrower field of "Huclear Data" this is no less
true, rather, thers are some special cunaeractzristics in this field
which muake the presont time a particularly critical one. "Nuclouar Datal
is here used in the srnse defined by the TALA's International Nuclear
Data Scientific Working “roup, in which neuhron cross scctions
predominate, for thc reason that they are "of basic importance in nuclear
energy progranmnes.’

In addition to meutron cross sections for scatisring, radiative
canture, f{ission, etc. the Ffield of "Nuclear Data' includes angular and
energy distributions of scattered neutrons, both for thermal inelastic

the mo-called "moderalor scattering law") and $rue inelastic scattering
and (n,Zn) and similar proccssces. For the inelastic scattering or capture
processes, the spectra of emitted photons, and their angular distribution,

may also be of interest, while for fissile nuclei the quantities U, 77

ﬂ“ﬁﬂl ) and X (:C%JM4;TD as well as fission fragment yields and

.u.,

energy nust also be included.

ws secially for cross sectlons {fur nsutrons of encrgy between 10 eV

. and 10 keV the yeazrs around 1963/6; appcar to be years of phenomenal
growth in the amount and detail of data becoming availabie, while above

10 keV it is rather that more sophisticated techniques are at this time
beginning to be uscd aore widely, so that greater detail is in Tuture

to be expected to become available. The increase in data-production

rats for the lower enec y rogion is primarily due Lu the ro scent
development and the currently increasing use of electron linsar
accelerators as high-intensity scurces of very short pulses of neutrons,
and the simults-eous developuont of clectronic (time—analyser) techniques.
Time-analyscrs currently in usc frequently have 2048 or 4096 time channels,
compared with the earlier 100, 256 or 1024 channel models,; and the channel
widths have been decrecased to 10 nanosec in some cases, rather than

the  or % 3;sec‘f>rmerly achieved. Two- o1 three—dimensional analysis

. . 20 2
systoems with an offective number of channels 01 up to 2 or 2 4 (about
11—

-4 lellOH) arc dlso in usc.

As a —esult T this increase in the rate of oreduction of data,
@stablished compilation centres such as the Sigma Center at Brookhawven
are changing to computer techniques for data-handling, instead of, e.3-
plotting grapns by hand, and still the revisions of BNL-325 are appearing
less fregquently than formerly. In future publications of this type are
likely to contain a sample of the available warcs, and a catalogue of what
is avallable in archivesy; rather than a complete ropresentation of



available data. Anothar problem is bthat scientiflic Jjournals - which have
never liked printing oxteonsive tables of rosults - will now seldom print
graphs on a Jarge cnough scale, or in large cnough numbeAw, to present

the results of measurements adoguately. Some journals arc now even
refusing altogether to publish papers of this type, unless some fundamental
point of nuclecar structurc is involved or proved by the results, even
though there is a nead, for applied physics projects, for tho data
obtaincd.

1.2 Tho reasong for compiling Nuclear Data.,

If the msciontilic journals are alrsady rofusing papers in this
field, one is forced to ask the next question: who wants these data, and
why? VWhat, in fact, is the aim of, and vho uscs, compilations of Nuclear
Data?

Consider as an exanple the BNL-325 compilation. This useful
compilation scrves many purposes, including casual users who necd merely
a few thermal cross sections (e..g° to calculate isotope production rates)
or a gencral picturc of resonance phenomena. Others may need one simple
cumve, such as 0 (%) for hydrogen, while nuclear structure specialists

or astrophysicists have othur intercsts, such as level spacings and
other resonance paramcters. It is generally the reactor designzr's ne=ds
which ars most detailed, and these concern isotdpeés containcd or
produccd in the fuel, modo rators, structural and shielding materials as
well as fission products, burnable poisons, ctc.

The determining facter in compilation is that everybody's needs
should be satisfied, and in this casc the reactor decsign necds are the
oncs wvhich are most extensive and largely decide wnat is nceded. As
reactnr calculations bccows more sophisticated - and more accurate -
vhat will be incroasingly nceeced is access to an evaluated set of data
basid on all ayailablc measurements, and on théoTy where no measurements
XISt Tor this purpose detail rcgocted by Jjournals may be very important.
Thus a physicist mcasuring resonancces wmay himself only analyse the "clean
cases, and publish parametecrs for onough rcsonances to make a point
concerning nuclcar thoory, but the reactor designer nceds the data from
accidcntally close nairs of resonances - or from resonances difficult
to interpret thecorctically - as much as from the Y'clean' cases. sven if
no points of nuclcar structure thoory are involved, the results of
measurement arce still valuable. '

There is anothor question. Should all data which has been measurcd
be cvaluated and compiled to a degree of detail limited only by
measurement resolution, or can a required accuracy or degrec of detail
necdoed by the users be specificd? If so, should oné not try to specify
what the uscrs threg or five ve years: fron now. will need? There are also
many rsactor dcolmpurs WwhoSC 8} systcno do not approach the limits of-
present knowledge and these may not wish to use.a complete cvaluated
set of nucloar data such as has beecn cnvisaged here. They can work from
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”uﬂ,c,grr A d b and moy profor to se compilations Jike tho Lactor
Handhnok AHL—)BOO fHowever, the workurs vho complle compilations
gocelally aimed at reactor designers would have a much casior task if
omDJVQ&ALVu]u¢1rd gave of ho t jf]ugsj for 211 data oxisted. It is not
intonicd tHat dny WAeT.4% DITR Compilation Lroup would onter the Reactor
Phyoics Tield to the cxtont neccossary to produce a compilation like
ANL~5800, which includus rocipes for heoterogensous rvactors (oven to
paranstors For various clusler confijurations or uranium ro0ds, cugn) and
other data ol this typu. But in the Just rcsort, cxeeol for sclfl-
consistency chocks on aatiers of purely caleoulae L Lonal method, 21l rcactor
caleulations have ultinzicly to bo comparcd with actual syflvms -
cxporicnce or oxrerimnts - wnd improcise data cun thoerelore lead to wrong
conclusions., The use, divcet or inlircet through Reactor Handbooks, of
the best availadlce valucs of data is thoerefore very important.

Tt is of course wicliuss to raefine cata i no adoguate caleulationzl
proccdures exist to use the data, but woe cannot merely teke pr.scnt
methods as defining wvhat dota will be nesded in Tuturcs. The wvorld compi--
lation offort, althoush not nggligiblu is howcver much smaller THER
¢ither the world cffort in measuring data or in dusigning reactors and
using ‘the data. Contres for 'Viludujup work, therofov.; Wil not be
"ivory towers', but cvqually we should not cxpcet to leave unstudicd
every clemant (such as Qo or Ho) frr the data on which we do not Foresce
any immcdiate rcactrr ncced; apart from nuclear structure interest, the
gffort involved in oxtending work to cxitra isotopes is very much smallor
than developing and t:siling the data—handling and data-cvaluation mzthods
in thi first placa., and thoere ~re other interests, e.gs. astrophysics, too.

Finally, concurning the reguircd degree of sophistication of the
data, cascs vary. For a simplce well moderated (¢.yg. natural-uranium DZO)

recactor systom, unlesg cxtromo burn-up or other special conditions arc
contemplated, vather simple date may sufficc. Thoe opposite is btruc for
povwer brocder reactors or intermodiate—cnorgy rceactors generally. But the
cxact caleculation of fucl temperature cooefficicnts nay in any casce roequire
many dotailed resonanco paramohcr~ to boe known; in 2t lcast onc casc of

a reactor czlculation of vhich we arc aware, an imaginary sct of rosonancces
has been postulated for this purposc, bas Ld on knowloedge of strength-
functions, cte., by random statistical ncthods in thu overlapping rugion
whero measurcim:.nt 1s impossible. In olbher cascso group—average values

(for anything frem, say, 6 to 2)—30 groups) may sufficc, but thesc should
be bascd on a welleovaluated G (E) sot of valucs if thoy arc reliably to
reproesent nature. It is loss cloar cxactly how accuratcly any particular
datum (c.o. a regonancs. parancl r) necds to be known and how soon a sct of
date should be discarded if Small changes occur. On the one harnd frequont
.changes render comparison of differ-ni reactor calculations dilficuld;

on theo other,. significantly wrong data may lcad to < rroncous conclusions
in intcrproting obswrvations on reactor systems. As reactor codes imnrove
in roliability it wmay at oncu bucowe wasicr to s3ay what crrors arc
~significant but more difficult to provide data to the accucacy and with the
“detail which arc in fTact nucdcdu/// '
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2. The Process of Compilation

In a number of reportls, including thu author's INDSUG-5, thoe
compilation process For NMucloar Data has beun considored as a s«rlts
of logical stagos, from "Indexing' - purcly bibliosraphic - to "Promaration”
of a suitable input for a purticular type of (c.g. a cirtain multi-group)
roactor caleulation code. The Jatter will be cxcluded from consideration
hére, since this phas: of the work is goncrally specific to the ncoeds of
some particular country's programme or some particular laboratory's
muthods, and thus nft a suitable sotivity for a guncral survice
organization like the TABA, At some later date reactur codes may be
standuardized, and somoe soncrel scrvice "preparation' activity become
possible, but until thisz happens the most that could be cnvisaged. would
be that a worlker on the payroll of some particular organization might be
allowed access to the Ta.A files and facilities to undortake the
particular "preovaration’ worl hig country or organization reguirced for
its own work. '

- The remaining stages arc Indexing, Compilation of "Raw Data', and
wvaluation, Somc authors usc the term "Compilation' only for the processcs
which precede the “uvaluation" stages in the presunt report the word
compilation is uscd to cover the wholg procuss By contrast, Mevaluation
is taken to includc ru—normallzatlon or coordination of rnsulu» of-
difforont cxperimental "runs'", and not confined to.the proccss~whlch
finally produces a complcte "ovaluated! sot of data.

2.1 Indoxing

The process of ' proparing: bibliographic indices to publications, reports
‘and privats communications within the Fuclear Data Ficeld as we have dofined
it is not trivial, but it is alrcady under way in thoe form known as
TCINDA" in Jhite Plains,W.Y., and also a ncw project at BElectricité de
Franco noar Paris. In addition, the Brookhaven Sigma Conter magnetic tapo
file; Dboing developed as a rav data compilation procudure, also has
rciricval featurcs, but it i% not specifically an "index". There is no
present intention within the: IACA to parform any indexing work in Nuclear
‘Data in tht wider scnsc reprosented, ¢.g., by tho U.S. (National Acadomy
of Jcicnces) work of Dr. K. Lay,~oxcnpt insofar as the Agency's Scicnoific
and Technical Information Division's plans for a gencral information
rotricval systom will cover this ficld.

In view of thisc cxisting activitics, it would appcar that the rd8le
of the Agency in indexing might be limited to unsuring that refercnces to
all rclevant maturial arc cxchanged botween all castcrn -countrics and
thosv.of +hu westorn _alua. But if somc other country wishcd to sct up an
additional CINDA centTo, 4An addition to those in the U.S. and France, tho
sorvices of the IAWA mléht be involwved to help start such a centrec and to
‘cnsure a bi-directional flow of information thercafter.
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2.2 (Oowmpilation of "raw" oxporimental data

In contrast to indexing, the collecction of cxperimental data is an
operation of rapidly-incrcasing magsnitude. The offort required is not
only that to rcceive and store the data. In ordcr that access to the data
at a later time for purposcs of comparison with othcer measurcments of the
same or rolated quantitices will be fruitful, it is also desirablc to place
on filc any available information about the limitations of the mcthod of
measurement, and of any spccial fuaturcs or deficicnciocs. It is in practice
difficult to distinguish oxactly the procoss from "ovaluation'"; for
cxample, it is not clcar whether the now BNL files will contain all the
measurcmonts which have boon made of a guantity, or only thosc vwhich arc
morce rccent or adjudged morc roliable, or to what oxtent mecasurcd valucs
will have beon re-normalized to improvo consisteney.

For a first ostimato of volumo of data to bu dealt with, the resonance
recgion is worth considoring in dectail. Most of the data in the futurc
will come from the largo accclcrators, six or ¢ight of which will soon be
working on Nuclear Data. These arce mainly electron linacs but also include
cyclotrons at Columbia University and tho Moscow Theorctical & Expcrimental
Physics Instituto. In dloCUSSlOn7 Dr. Joly has cstimatced the oss1blc
300,000 - 400,000. Thla flgurc {5 aiittle 1mprc01so - it was obtalnﬁd
from considecring total cross scction muasurcments whore the transmissions
of scveral (perhaps 3 to §5) differcnt samplc thicknussus were mcasurcd.
A "number' is thon the rosult for one thickness and any onc time charmol;
although other runs may overlap the same cnorgy rogion, all the "numbors!
obtaincd would bu counted. Thurefore, supposing that the average laboratory
only dovotcs ono flight path to Nuclear Data muasurcmeonts, the world
prodqpt;on rate of "numbers' would be of the ordur of two to throo mllllon
ahﬁﬁally, a Tatc which should be attaincd within at most & yOar or two from
now; it will probably bu higher if multi-dimonsional analyscr results arc
to bc includcod in the compilation.

It is probablc that the volumc of "raw! data for fastcer ncutrons is
rclatively much smaller, but it will probably roequire an ovaluation cffort
comparabl( to that for th, rosocnanco rogion datau Tho total guncration ratc

"numboers” per yecar.

2.3 DBvaluaticn of Nuclecar Data

We have alrcady remarkoed that it is difficult to scparatc the stages
of compiling raw data from its c¢valuation. Thus, for thc total cross
scetion work discusscd by Dr. Joly the numbers for the (3 o 5) diffecront
sample thicknossos arc almost immcdiatcely combined to give onc number,
tho cross scction for that particular cnorgy. With an allowance for
overlapping oncrgy rangcs in successive runs, and similar factors, which
arc also likcly to cxist for othoer types of mecasurcomsnt, we sce that the
annval output of '"mumbers” oxpected is reduced by this first stage of

cvaluation from nuarly “four million to, say, about 750,000 "cffeccetive
numbcrs'. T
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. Thore is also anothur factor opurative; Dr. Joly's figurcs for a
Saélay—typo machine wer. of possible measurcments, and in fact, thoe actual
attaincd output of data 'numbeors' is currcntly only about 200,000 per ycar
for his installation. This is, bucausce mcasurcments tend to b stopped — -
WhontHe avaiTable hanpower for intorprotation of the results has onough
data to kcep it fully occupicd. The accclerator becam may then do somcthing
¢lsuy,such as tost or try to improve thu machine or its instrumcntation.

On this basis a bettur ostimate of the world output may be not more than
perhaps 500,000 Yoffcetive numbors'" annuvally. On the other hand, some
nower machines will e more powcrful than the Saclay machince - therce may
be morc pressurc to make ¢xtra moasurcments since thoy will bc made morc
quickly on ncwer machines - and also some of the intorprctativo work mey
be donc at datn ovaluation centres. So purhaps 800,000 "effcctive numbers!
annually may romain a good figurc to discuss.

The result of 2 completed “evaluation' operation should be a sct of
values ("best valuss' to usc an older turm) of the quantitics concerned
as a function cf noutron cnergy, gonerally for the wholc range from a fow
milli-cV to,say, 15 MaV. Thoory or "cducated gucsses" may somctimes have
to be invoked to fill gaps in the available measurcmonts. Resonance para-—
meburs arc convenicont as reducing the nusber of data points to be guotcd
“in tho region where thoy give a good cnough fit to tho actual data. For the
fissile isotopes ., €5 and /% or ‘% mcasurcments have also to be
combincd into a bost sot: At higher oncrgics, instcad of probloms of
rosonance interferenc., cte., onc has to decal with otiicr complications such
as (1,2n) and inclastic scattiring phenomena.

It is difficult to cstimatc the man-power roguired - or vven that
alroady involvid - in such work. Much of i+t is now donca part-timc by uscrs
of thc results for rcactor calculations, but cstablishcod compilation groups
at ANL, BNL, Iivormor.,; AWRE, Karlsruhc¢ and @ numbor of other places alrcady
represent an offort which must approach, if not oxcced, the cquivalcnt of
30 to 40 fuil-timc physicists. In many cascs, uspecially in murope for the
highor-cnergy ncutron data, it scems desirable for certain cstablished
groups to continuc as thuy are, with only somec co-ordination of their
‘offorts or programmosoézn other ficlds a compilation contre in Vicnna gould
make a valuable contribution of its own-to the world cvaluation cffort.
Pronably the best choice of a technicul ficld where additional ovaluation
affort in Burope would improve the geographical balance of work and
provide facilitics of gencral advantagce would be in the rgsonanco region.
Such a c'mtre could have the nceds of users morce closcly in mind than
groups at tha sites vhers the moasuroments are made, and could also pro-
bably stimulatc some of the cxperimuntal groups to undortake nceded
measurcincnts in addition to thelr cstablished programme, wheon this was
limited by the locally-—-available intoerpretative cffcert. Suitable arrange-
mentg would of course be-hecdods and visits to the .mcasuring sitcs by the
q;taacontro staff who would analyse the roesults would of coursce bo csscntial.
It is not clear how much ndditional data could be obtained as a result of
guch ccoperation, but for ccrtain types of data for vhich a particular
nced oxisted this pland should have a considerable morit. .

n . ’ , /"
e
See Appendix I for cxamples of activities proposed

4
3§
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This scction therufore concludus with a rathoer morc dectailed study
of the :quantity of data available and the work to bue donc in the rusonance
rogion. Thoe annual world output of pourhaps 400,000 data points ("effoctivo
numbcers") within this limitcd tochnical ficld may ruprescnt about 8,000
‘resonances to be analysed. This figurc is obiaincd by assuming that, on
the avoragoe, about 10-15 points lic within cach rosonance whilc somce
30-50 points fall butweon resonances. Of courss, cas:s vary widely, but it
is c¢stimated that shapce or arcae analysis may bo nco ded for, say, 5,000 -
6,000 resonances a year in the ycars around 1965/67 Multidimensional work
'(u 8. studies of gamma spoctra roesulting from ncutron capturc) is probably
additional to this figurc. Lt is interosting to note that thoerc arc about
300 isotopes which arc stable and of rcasonablc abundancc, or long-lived
But of importance in ruactors, in the isotopc charts; if we assume that the
average medium or hoovy nucleus has 150-200 resonances in the cnergy rcgion
below that where overlapping is a scrious problem, there must be some
50,004 yusonances to bo analyscd, or an cight-to-ton-ycar "supply" at the
ratc guotcd. In fact, 1t is not to be oxpected that all the isotopss will
be exhaustively mcasurced; another factor is that attainable cxperimental
rosolutions arc now so high that further re-measurcment with improved
resolution may not goncrally be worth wnite: THOTSIOTs the cxisting trend
towards morc detailed studic 's, with multi-dimcnsional analysor systcms; and
away from total cross saction measurcments, is likcly to bocomo a prcecdominant
trend by about 1970,

With prescnt vochnigues; and ith the help of computurs and automatic
plottors, cte., it would still appcar that a phy51clst can probably not
analyso more than 70-80 resonances a year, “So that somc 100 TcsonanceI”
analyscrs w111 be nceded to cope with the world's measurcments. Only whon
"fitting" mcthods for analysis bocome much more sophisticated, coliminating
humuﬁ‘lntorvcntlon (and the plotting of graphs for this purposc) at scveral
stages of the process of studying cach froup of resonances, is it likoely
that this figurc will risc grecatly. A %he cxperimental sites there will
probably bo 40-50 such physicists continually studying resonances. For the
compilation contres of the world to have a ftotal of 15-20 physicists working
on data for slow and intcrmcdiate ncutron cnurgy data would not bo
unrcasonabley perhaps the most that woe can c¢xpcct for internaticnal and
-other world compilotion contros for all ncutron data is 25-35 physicists,
the rest boing workors in national laboratorics who may spenth part of their
time on gvaluation of data and the rest in preparing it for rceactor com-
putation, or in making such computations thoms.lves. 0f this lattcer type
of physicist there must alrcady be at lcast 100, and probably morc, with
pcrhaps an cvaluation cffort cquivalont to 50 full"timo workurs.

3. The suggested long—term rolc of the TABA in Nuclcar Data compilations

3

We thercfore here outline what would appcear to be a desirable target,
to be attained within a fow years, for the work of a Nuclcar Data unit |
within the TAEA. (e here consider world nceds rathor than present budgetary
or other limitations, or how long it would take to raisc budget ccilings -
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"in"a following scctioh somz intorim practical stcps arc proposcd. But the
fundamental points in the longer—torm planning should bo:

(2) vorld needs, as outlined above, of data "consumers'.
(b) Vorld suppnly of data from mexsuring centres.

(c) Possible extra data measurements which eiuld be stimulated
by a data cuntre offering to interpret the results where a
need for, certain data could be demonstrated.

(d) The need to attract competent physicists to the work in
adequate numbers; adequate facilities are of course pre-supposed.

(e) Competent physicists are essential if the data centre is 1o
achieve scientific respectability and adeguately to perform the
liaison -functions between oast and wvoest.

It is felt that such o data centre should keep archives of "raw"
data with such critical notes as will facilitate later re-evaluations or
comparison of new rcsults with those alrcady held in archive. It should
also porform some current cvaluation work. It is not Felt that a data
sxchange of a librarianship itype is adeguatcely to meet the needs.

As a minimum viable size it would scem noccssary to have a team of
about six physicists in an TAunA data unit; if the proposcd evaluation
activities for resonance data are accepted, at least three workers in this
fl ld arc nccded, and two physicists for fast datoa is 2 reasonable minimum.
Therce will 21lso be routine archiving and data transmission functions, and
technical dirvection of the work, as well as the IAGA's duties in main-
taining the operations of the INDSWG; including the latter functions, a
group of at least onc senior officer and six supporting professional
workcers is proposed as o basic TALA-paid staff. Attachments from national
laboratories, or vis iting specialists, should bring the total up to
9--10 phys 101stsu Tl G G--7 IASA-payroll figure is in fact not attainable,
the only sensiblc way of rcducing staff would seem to be not to undertake
any ouvaluation or critical functions for fast neuiron data, in which case
a_staff of 4 physicists plus an administrative (or librarian-typo)
15%55%“GZ¥iﬂgomb technical knowledye might suffice. These numbers do
not include clérjqﬁl assistants, card punchirs or computer coders.

This ;ropocal is guite modest in terms. of the world noed “given above
as 15-20 physicists in data centres for resonance data alone, and if
Brookhaven does not maintain the predominant pesition it now has, it would
be desirable for the TALA's group to be at least double, and’ perhaps trcble,
the size proposcd above, rising in the latter casc to 20 physlclsts plus
nationally attachced staff, making 25-30 in all. Such a centre, efficicently
organized, would be able to perform an cxcellent sec rvice on the world s~ L
although. perhaps then it would fecl the nced to station a fow of its
vorkcrs in the Amcrican continent (say New York or Brookhaven),..nd
perhaps two or three in other arcas. = S )

9

Lo,
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/r“ 3.1 Technical functions of the IABA data unit (long-torm proposal)

A unit such as that proposud should, to summarizo:

(2) Roccive and transmit, regularly or on roquost, results of
neasurcments of nuclear data, and store thoem in suitable form.

><i'(b) Coopurate with the BNWL data-filc, or if opurating on the
’ larger scalc, koeup such a file and provide coxcorpts on roquost.

(¢) Publish data or represcntative samnlos at rogular intervals.

(d) Maintain files of measurcr's or other commonts on featurces,
resolution, accuracy, roeliability, ctc., for all'raw"data hold
in z2rchives. '

(¢) Provide facilitics for analysis and coordination of data for
the use of visiting staff, and perform such work regularly with
its own sgtaff,

,/(f) Aimg,in cooperation with other active centres and laboratorics,
/X; at producing complete scts of "evaluated data' in a format
suitable for users (probably gencrally on magnctic tape) for
importunt rcoctor materinls, rovisc thesc periodically and
distribute the resulting information.

{g) Undertake critical roviews of data as appropriate.
-

It is not intended (v. page 5, para 1, above) to undertakc "pro-
paration' of data for spceific recactor codes or to deal with specifically
roactor physics problems. The items (b) and (c) above, it must be admitted,
are somcewhat dependent on decisicns yet to be taken with Brookhaven or
concerning the activities of any other centrcs which may also work with
Brookhaven in thesc matters.

3.2 Tocation of work - costs and preliminary budgetary
agtinates for the long-torm proposals

mxact cost-estimatos are rather difficult to make at present, since
it is not c¢lear cither vwhere the work will be donc or whet computers will
bo available. Tho nost favourablo casc wonld arisc if, at the timeo in
question, an IBM 7090 or similar wmachine werce available for this work in
Vicnna. It is in goncral cheapest to use 2 small fraction of the time of
a largc computer, but in Vienna we muy have to pay some kind of a premium
price to obizin the facilitiecs we will nceeds the altornative is to locate
some (or all) of the work away from Vicnna. This would cost somc monocy
in travelling expcenses but we might sove on computing costs. A4 location
such as, say, the Paris arca (whcro large computors arc available) also
has the advantage of tho possibility of the memboers of the group discussing
technical problems with oxperimenters vorking with the various mcasuring
and analysis techniguces. Some of the details of the situation concerning
computors in Vienna isg given in para. 4 below. But at this time all that
can bce said is it would be desirable to have most - if not all - the
nuclear data unit located at cne site if 1t were away from Vienna. Plans
may also be affeeted by any arrangements which may be made (see para 4.2
below) to cooperatc with any other data contre which may be set up.
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The budgotipy Clgures whleh follov npro only ovders of wagnl tude,
propocud for digcussioun. "Continpgunelos or Lravel" covurs tho wxtre coshs
muentioncd in tho proviow: paragraph, normal duty travel boing inceluded
in gtall overhouads. o have Lour cusus bo conanidore, viz.

(2)  Newr-minimum cizu atard envigaged In parra.d above ineluding
somas et noubron spucialiols, aossuming Brookhiiven and pimilar
cuntros contivo,

(b)  Tho vame but pruncd to cxelude fast neubron fiuld.

(e) Awu (n) above bub with zome margin over the minimum, c.g.
unabling visiting specinlivte to Lo off'ored omolument:s to cunmo
to Vivnno bo analyno thoeir own work there and corrolate it
vith older monnureanonts avallable in Lhe archivoes.

(d) An order of mognitudo of what would be nouded if contros 1liko
Brookhiwvon cloued down and tho Indh had to £311 tho gap.

Thero 16 2loo 2 gmall allowince in tho i uro for computing timo for
the cosbz of 2 genoral computur scrvice (eard punching and nomal pro-
@ra,mmin(g)., but 2n extra item La shown for the coust ol programeing otaff
particular to our own work. This itom g quite uncoertain since it will
depond on whore the work Lo done and how thoe computur io organized., In 2ll
cases, some amill additionsl itume (G.g. Followshins to cnablou sultable
persons to learn-whilu-working with the Data Unit) may be involved in
addition to thoe itess shown below. All Pipgurce nre $ per onnum,

Budget basis (sce ~bove) n b c a
Profussionnl staff* 105,000 | 70,000 120,000 240,000
Progruming at.ff (wat.)” 12,000 10,000 13,000 25,000
Gunoeranl Bervice Joaffw 25,000 18,000 28,000 48,000
. Computing time, otce. 80,000 65,000 50,000 175,000
Conbingencics or travel 12,000 10,000 14,000 25,000
Publishing nnd incidontal 6,000 5,000 7,000 12,000
Totals $ per year 235,000 178,000 272,000 525,000

The present budget (M"x mun and a boy") is about § 75,000, on this basis.

'

4. A proposal for intcrim opurations of the TAJSA Nuclear Data Unit

Por 1964 a group oif six or seven physicists working on Nuclecar Data
within the IAZA ie not attainable, the budgot provides & 35,000 for com—
puting time, c¢te., and twe staff members will be availablo, with sonmo
expert assistance, c.g. for initial computer programming. Furthoer staff
may be hircd during +the year, but no specific posts yot oxist. The aimg
at this stage arce thercfore,in addition to drawing up plans for tho future:

* including overheads
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() studying o 09 eet (rather modoct) tochnicd programme, 1.0., tho
valuon of fho 2200 m/nee crove sectioms of tho fissile icotopus

(b) maikirvg arengononts for rocclving and placing in nrchive
sieniticont camplus of data and for thedr onuvard treanomission

(o) preparing for the resonanc., analysio prejoet alrondy deseribod.

Morot stups hove therofore boeen 4aikoen Lo try to unourae that tho
basice hardwnre for sueh opcrations in wvallawble ot the same time that tho
additional otalf membors are boing recruited. Larly in 1964, after tho
routine mattors of the THDING muuhlnb hnve bueon disposed of, serious
compllation wcbivitluu can begin, During Fobruary-liay 1964 work will be
concentratod on Ltem (@) of the ~bove ]LJt which will include a loosgt-
gquires it for o and o as well g bhe eroso-scetions. Some work on the
vilucs of the ruconncee intoprals for those Lootopen will also bo
invoelved incidoentally in intoerproting somo of the measured valucs. This
work will loead to Lhy somuvhnt broxdor survey of the gitustion in roactor
dato Tor wvhich v paper from tho TAZA has boen proposcd for the 1964
2rd Inturnatioral Conforence on the Porecful Uses of Atomic wnorgy.The
b¢ skt (b), to be bugun morc gradurlly, is thu continuing onu of kecping

rehives and mnantaining thoe flovw of informotion, and should also form a
bwsis for the work undor heading (c).

By the middle of 1964 it is cxpoeted thit adequate computer facilitios
vill be available; the detrils of the position concerning computers is
givon in Appeondiz I1.

It ig proposcd o altenpt to obtain one or two additional assistant
poats for the Muclear Datr Unit, and 1f posasible to havo both of them start
vork during the lattoer hoalf of 1964. AL this time first trials of nmcthods
of rusonanca analysis should have been mnde and scrious work in this field
can boegin, with offorts dirceted simultuncously a2t using cxisting pro-
gramaca and developing more 1loxible ones, including oncs bascd on multi-
levol resonanee theory. The budget request for computer time is being
stupped up from this date, wrd 2utomatic plotting fcilitics may then

veome .:n importint roquiroment.

In 1965 a furthoer incrunse in staff for the Wuclear Data Unit should
becom pessible. The decision then to be made is whether to start a
soction within the Unit for critically considering and actively working
on fast noutron drba. I 2 budget of roughly the size of alternative (a)
of parii.3.2 2bovi looks attainable in or by the ond of 1966, the time to
ctart looking o1 2 fiirly scnior specinlist on fast noutron data is in
1945, and if this cours. is pocosible (in the civoumstances prevailing
at that time)-its 2dontion is vrecommended. Thoe team, without.the fast data
spoeialist, should then number four and they would bc handling th¢ moxrc
routine matturs (including the committcer business of INDSHG) as well as
the resonance region work. Frem labe 1965 onwards a further enlargement
from five to six or soven stalff mombers should be expected, including at
loast onc additional man primarily for fast ncutron data, and therc should
then also be about threc non-profossional staff in the group including
an (oithor full- or part-iimc) computer programming assistant.
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‘4.1 hetivitico during the initial period

n tho basic of 2 stolf complement as outlinced above and with porhaps
somou support in ‘the form of attachued staff, it is hoped to fulfill the
following functions (the ordur in which the itoms aru giver. is roughly
chronological, nd docs not veprosent thoir rolative importance):

(i) mointain routine activitics on behalf of INDSUG and support
this group with tochnical asscosments as nceussary

(ii) perform the firgt task of studying 2200 m/soc cross sccetions
and providing a survey paper for the 1964 conferonce

(132) - maintain archive Tilos of "raw" dato and cxchange data on a
world—-wido hagis

(iv) perform rugonance analysis and cther dato coordination
functions ag a contribution to "evaluution" activitics

(v) koop in touch with other ¢valuation work and start to
keep archiveus of cvaluated constants, and distributce thosc
on reqguest

(Vi) consider probloms of publication and relations with other
' compilation centres.

In the above list, points (iii) and (vi) involve questions of some
form of collaboration with Brookhaven. It is belicved that the IBM 7040
computer can ensily handle activitics similar to ‘those proposcd by the
BNIL group for their new magnotic tapce data file. By the time the Brookhaven
group has built up a uscful file of data on magnetic tapes, we should have
accoss to high-density tapc facilitices and thus be able to take a full part
in this work. ‘o would then offer to assume the réle of an Luropcan countor—
part and corrcspvonding subsidiusry to tho BNL Sigma Ccontre group, to roceive
and transmit for them daote from and to all countries in Liurope, and pcrhops
other arcas.

4.2 Relations with other International Nuclear Data Centrcs

I+ now ippoars that another international centre in Lurope for
Wucl: ar Data distribution and compilation is alsc becing proposed, under the
acgis of wLNBA. Jhilc additional effort in this field is wclcome, it should
be a mattur for coopcration, and steps should be taken to avoid too much
overlapping of functbion. ¥We also beliceve that the next fow months should
enablc the TALA group to clarify any gucstions of technical feasibi ity
as well as to demonstrate an actual flow of information in operation. On
this basis we would offeor to provide close cooperation with the BNL magnetic
tape data file system, and if dosired To act as Turopcan countervart. By the
time—their programmes are writton and tested; ond a useful amount of
information has boen filed using this system, wo should be gquite ready with
the nceeessary technical facilities in Vienna.
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There has also buen a proposal] 'to have, perhaps at loctricité de
I'rance, a cuntre for bibliographic indexing on the lines of CIKDA as
hitherto operated in the USA (ihite Plains, N.Y.). W¢ welcomc this
propoesal and do not propose bo compctc in this activity. If a centre in
another geogrdaphical arce should :lso wish to c¢stablish a CIEDA file, and
to c¢xchange cntrivs reciprocelly, the TALA would hope to bc in a position
te provide encouragcuwent and assistance in the initistion of such a centre
and to act as a channcel thercaltocr, 1T desired, for ruciprocal cxchange
of new references botwoeen tho new site and the older oncs.

5. Conclusion

This document is writton for discussion within the INDSUG and must
therefore be treated as cntirely provisional.
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APPENDIX T

Sxamples of spueial activitics concerning the ncutron resonance reglow

As nentioned in tho body of the roport, in some cases results nmight

be analyscd at the international data centre, the measurements concerncd

cing made spccially by onu of the national Ilaboratorics on roquest from
the contre (being additional to thosc measursments for which local z2nalysis

offortc exist). This would be particularly valuable if data werc wanted
for rcactor purposcs which dAid not have a great intcerost in conncction with
theorIes of mucleor structure and thvrofore mignt net otherwise b mcasurced.

et e st s,

Also, analyscs could be performed by way of supploment o those done by
the original investigators, and subscquent thorctoy, in order to cxiract
whatever additionsl infecrmation can be obtainced, c.g., from close poairs of
rosonances, the ncarly-overlapping rogion, or other special cascs.

Although it is tecchnically one of the most ¢ifficult problems, 2
_principal aim of the-contre. should be to study and co-ordinatc the
measurencnts (Go.g., of Ips ip and o4 orﬁﬂ?&s a function of cncrgy) for the
principal fissile isotopes. The problzm of adjusting such data for con-
sistoney may have to be dealt with bofore an understanding of rcsonancc
intoerforcence cffeects for thoese isotoves can be reachoed.

IMulti-level formulac of various typoes should also be made the basis
for sumi-automatic analysis. This subjoct has some intercsting possibiliticss
to take onc example, which ariscs from the fact that multi-lovel {its
apvear not to-beunique - a given sct of cxperimontal Tosulis might—be
rCﬁEEEEBiy well fitted by sceveral different multi-level formulae. The
nucloar 22ta unit might thrn, for oxample, perform doppler-width-variation
or othur studics bascd on the different thuoretical fits, and procced -
if nceessary in ceollaboration with some intercsted reactor design group -
to investigote whothor wny significant differonces uxistoed, from the uscrs!
point oi vicw, betuwoin the rosulis using differont models to fit the data.”
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Sumnary of'Computer Faclilitics cxpected to be available in Vienna.

In Service Centres in Vienna there are available a Zuse 23 and an
IBM 1401 as well as, at present, an IBM 1620 (which however may shortly be
discarded). However it is felt that the receoipt, storage 2nd roissuc of data,
Probably at irregular intervals and in misccllancous formats, is not a very
suitablc operation for contracting_to_a commerical. Sorvice-Centre. In an
earlicr document the plafs for installing an IBM 1620 computer at Scibersdorf
in the Austrian Atomic Hnergy Studicngescllschaft laboratories werc also
mentioned, but those are now in abesyance. No decision has yect been taken
about installing a computer on the IATA premises but it is clear that any
such computer would nccrssarily be a small unit of limited capabilities.

However, the Vienmna Tochnische Hochschule Institutc for Mathematics
and Mathcmatical work (under Professor R. Inzinger) is expecting delivery of
an IBM 7040.computer around 1lst April 1964, and it is now clear that access
by IﬁEA personnel to thls _installation can be arranged. The financial terms
foT EUCh a66668 have yet to be negotiated and some features of this instal-
lation still depend on confirmation of a contract for part-time use by the
IBM Research Group in Vienna. Howevery it now appears almost certain that a
16384-word memory will be available and that five IBM +type 7330 magnetic
tape units will be attached to the machine. It also seems likely that
provision of a 32768-word memory or magnetic tape units of a more advanced
type could also be arranged if we required these, but in such a case a
partnership-contract;, including a guaranteed minimum time-rental clause,
would have to be negotiated. Some other details are not yet settled, including
whether time could be rented on a smaller machine for input and output
operations or how or where an automatic graphical plotter could be installed.
It is possible that the IBM Service Centre 1401 computer could have the
necessary features added to enable it to perform these functions, but several
alternatives also appear possidle.

Such an IBM 7040 computer appears. 11kely to be suitable for essentially
all thc resonande ana1y51s work whlch ye propose “to undertake, and we plan—to-
doeVeTy thing “except input operatlons and format” changes (such as punched tape
to card conversion) on the 7040. With suitable arrangements for graphical
plotting, good facilities for scmi-automatic resonance paramcter fitting work
would thus be provided. Since the Technische Hochschule is only five minutes
walk from the TATA headquarters, this arrangement appears very favourable,
Whether or not a computcr is installed on the IABA premiscs thus appears to
affect our plans only peripherally.

We therefore oxpect to be able to confirm, before the Januvary INDSUHG
meeting, that arrangements as indicated above with Professor Inzinger are in
fact possible. The computer should be available for usc in April 1964, although
the magnetic tape units may only arrive onc or two months later. Other changes
subsequently found to be necessary (e.g., larger memory size) could be added,
with only the normal delays for delivery of IBM equipment from the date of the
necessary  special _contract_and minimum-time guarantce. The costs of any unused
time incurréd under such a guarantce could probably be justified because the
only alternative would be to spend additional funds on locating the Nuclear
Data unit away from Vienna. Subjecct, thercfore, to any rccommendations from
the January meeting we cxpcct to be able to arrange adeguatc facilities for
this work with a2 minimum of difficulty. fA[:[
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