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INDSWO-18 

Problems of Compiling Nuclear Data 

С. H. tfestcott,- IA.jA 

ABSTRACT 

The magnitude of the task of compil ing and present ing to users the 
data a v a i l a b l e wi th in tho f i e ] d of i n t e r e s t of tho I n t e r n a t i o n a l Nuclear 
Data S c i e n t i f i c Working Group i s considered^ both from the point of view 
of w<.;rld-wide needs and of what part of t h i s work the I n t e r n a t i o n a l Atomic 
energy Agency could reasonably undertake. A proposa] i s a l s o made i n more 
p r e c i s e terms f o r the i n i t i a l s t a g e s of operat ion of the IA.mA Nuclear 
Data' Uni t . 

SUMMARY OF PROPOSED FUNCTIONS TOR IA-bA UNIT 

The f o l l o w i n g short t^rrn aims ( v . p . l ® below) arc included.: 

maintain .routine; x c t i v i t i e s on behal f of.IUDSWG and support t h i s 
group with t e c h n i c a l assessments as necessary 

perform the f i r s t task of s tudying 2200 гл/sec cross s e c t i o n s and 
provid ing a "survey papur f o r the 1964 Geneva conference . 

a s wel l as s e v e r a l i t c u a which represent in ter im a c t i o n on the long term 
aims. Tho long terra aii.is aro (v . p.ID) J 

r e c e i v e and transmit , regulxrHy or on request., r e s u l t s o f measurements 
of nucloar data, and s t o r e thurn i n s u i t a b l e form, maintain f i l e s of 
measurer1 s or other c e m e n t s on features;, r e s o l u t i o n , accuracy., r e l i a b i l i t y , 
etc» f o r a l l "raw" data hold i n arch ives 

cooperate with tho BNL d a t a - f i l e , or i f operat ing on the l a r g e r s c a l e , 
keep such a f i l e , and provide excerpts on roquustj p u b l i s h data or 
r e p r e s e n t a t i v e samples at regular i n t e r v a l s 

provide f a c i l i t i e s f o r a n a l y s i s and coordinat ion of data f o r the use 
o f v i s i t i n g s t a f f , and perform such work r e g u l a r l y with i t s own s t a f f 

aim, i n coopérat ion with e t h e r a c t i v e cen tres and l a b o r a t o r i e s , a t 
producing complete, s o t s of "evaluated data" i n a format s u i t a b l e f o r u s e r s 
(probably g e n e r a l l y on magnetic tape) f o r important roac tor m a t e r i a l s , 
r e v i s e t h e s e p e r i o d i c a l l y and d i s t r i b u t e tho r e s u l t i n g in format ion 

undertake c r i t i c a l reviews of data as appropr iate . 

N.B. Thy second of tho long-term aims i s c l e a r l y s u b j e c t to d i s c u s s i o n 
with Brookhaven or any other c e n t r e s working i n the same f i e l d . 
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1. Tho magnitude of the problem - needs to bo mot 

1 . 1 The .- . jtuatlon _in_ Ifuolour Data today 

1г i s no new thought t h a t the r a t e of product ion of i n f o r m a t i o n 
i n the v a r i o u s H o l d s of s c i e n c e has r e c e n t l y been growing so r a p i d l y 
t h a t tho problem of k e e p i n g up with tho l i t e r a t u r e i s becoming 
overwhelming. I n the narrower f i e l d o f "Nuclear Data" t h i s i s no l e s s 
t r u e , ra ther , there are some s p e c i a l c h a r a c t e r i s t i c s i n t h i s f i e l d 
which make the present time a p a r t i c u l a r l y c r i t i c a l one . "Nuclear Data" 
i s here used i n the snnae d e f i n e d by the IAEA's I n t e r n a t i o n a l Nucloar 
Data S c i e n t i f i c 4Torking r iroup, i n which neutron c r o s s s e c t i o n s 
predominate., f o r tho reason t h a t they are "of b a s i c importance i n n u c l e a r 
energy programmes." 

I n a d d i t i o n ' to neutron cross' S e c t i o n s f o r s c a t t e r i n g , r a d i a t i v e 
canture., f i s s i o n , e t c . the f i e l d o f "Nuclear Lata" i n c l u d e s angular and 
energy d i s t r i b u t i o n s of s c a t t e r e d neutrons , both f o r thermal i n e l a s t i c 
( t h o s o - c a l l e d "moderator s c a t t e r i n g lav;") and true i n e l a s t i c s c a t t e r i n g 
and (n ,2n) and s i m i l a r p r o c e s s e s . For the I n e l a s t i c s c a t t e r i n g or capture 
p r o c e s s e s , the s p e c t r a o f e m i t t e d photons , and t h e i r a n g u l a r d i s t r i b u t i o n , 
may a l s o be of i n t e r e s t , whi l e f o r f i s s i l e n u c l e i the q u a n t i t i e s "0, -q 

and 0, ( = - i ) as w e l l a s f i s s i o n fragment y i e l d s and 

energy must a l s o be inc luded» 

b s . - e c i a l l y f o r c r o s s s e c t i o n s f u r neutrons of energy between 10 eV 
and 10 keV the y e a r s around 1963/65 appear to be y e a r s of phenomenal 
growth i n the amount and d e t a i l of data becoming a v a i l a b l e , whi le above 
10 keV i t i s r a t h e r t h a t more s o p h i s t i c a t e d t e c h n i q u e s are a t t h i s t ime 
b e g i n n i n g to be used more wide ly , so t h a t g r e a t e r d e t a i l i s i n f u t u r e 
t o bo e x p e c t e d to become a v a i l a b l e - The i n c r e a s e i n d a t a - p r o d u c t i o n 
r a t e f o r the lower energy r e g i o n is" p r i m a r i l y due Lu the r e c e n t 
development and the c u r r e n t l y i n c r e a s i n g use o f e l e c t r o n l i n e a r 
a c c e l e r a t o r s a s h i g h - i n t e n s i t y sources o f very short p u l s e s o f neutrons , 
and the sirault^-oious development o f e l e c t r o n i c ( t i m e - a n a l y s e r ) t e c h n i q u e s . 
T ime-ana lysers c u r r e n t l y i n use f r e q u e n t l y have 2048 or 4096 time channe l s , 
compared with the e a r l i e r 100, 256 or 1024 channel models,- and the channel 
widths have been decreased t o 10 nanosec i n some c a s e s , r a t h e r than 
tho .V or -g с sec ' f irmerly a c h i e v e d . Two- or t h r e e - d i m e n s i o n a l a n a l y s i s 

20 2Л 
sys tems with an e f f e c t i v e number of channe l s o f up t o 2 o r 2 (about 
1 - 4 m i l l i o n ) are a l s o i n u s e . 

As a r e s u l t :if t h i s i n c r e a s e i n the r a t e o f product ion of data., 
e s t a b l i s h e d compi la t ion c e n t r e s such a s the Sigma Center a t Brookhaven 
are changing to computer t e c h n i q u e s f o r d a t a - h a n d l i n g , " instead of„ e . g . , 
p l o t t i n g graphs by hand, and s t i l l the r e v i s i o n s o f BÏIL-325 are appear ing 
l e s s f r e q u e n t l y than formerly. . In f u t u r e p u b l i c a t i o n s of t h i s type are 
l i k e l y to c o n t a i n a sample o f the a v a i l a b l e waros, and a c a t a l o g u e of what 
i s a v a i l a b l e i n a r c h i v e s , r a t h e r than a complete r e p r e s e n t a t i o n o f 
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a v a i l a b l e da ta . Another problem i s that s c i e n t i f i c j o u r n a l s - which have 
novor l i k e d p r i n t i n g e x t e n s i v e t a b l e s of r e s u l t s - w i l l now seldom p r i n t 
graphs on a l arge enough s c a l e , or i n l a r g e enough numbers, to p r e s e n t 
the r e s u l t s of' measurements a d e q u a t e l y . Some journa l s are now even 
r e f u s i n g a l t o g e t h e r to p u b l i s h papers of t h i s type , u n l e s s some fundamental 
p o i n t of nuc loar s t r u c t u r e i s i n v o l v e d or proved by the r e s u l t s , even 
though t h e r e i s a nood, f o r a p p l i e d p h y s i c s p r o j e c t s , f o r tho data 
o b t a i n e d . 

1 . 2 _ Tho reasons f o r compi l ing Nuc lear Data. 

I f the s c i e n t i f i c j o u r n a l s are a l ready r e f u s i n g papers i n t h i s 
f i e l d , one i s f o r c e d to ask the nex t q u e s t i o n s who wants t h e s e data , and 
why? What, i n f a c t , i s the aim' o f , and who u s e s , c o m p i l a t i o n s o f N u c l e a r 
Data? 

Consider as an example the BNL-325 compi la t ion . Thi s u s e f u l 
c o m p i l a t i o n s e r v e s many purposes , i n c l u d i n g c a s u a l u s e r s who need merely 
a few thermal c r o s s s e c t i o n s ( e . , g . to c a l c u l a t e i s o t o p e product ion r a t e s ) 
or a genera l p i c t u r e of resonance phenomena. Others may need one s imple 
curve, such as СГ(К) f o r hydrogen, whi le n u c l e a r s t r u c t u r e s p e c i a l i s t s 

or a s t r o p h y s i c i s t s have o t h e r i n t e r e s t s , , such as l e v e l s p a c i n g s and 
o t h e r resonance parameters.. I t i s g e n e r a l l y the r e a c t o r dosignjr|_s_ne' j .ds 
which are most d e t a i l e d , and t h o s e concern i s o t d p e s " c o n t a i n e d or 
produced i n the f u e l , moderators , s t r u c t u r a l and s h i e l d i n g m a t e r i a l s a s 
w e l l as f i s s i o n products , burnable poisons,* e t c . 

Tho determining f a c t o r i n c o m p i l a t i o n i s t h a t everybody ' s needs 
should be s a t i s f i e d , and i n t h i s case the r e a c t o r d e s i g n needs are the 
ones which are most e x t e n s i v e and l a r g e l y dec ide what i s needed. As 
r e a c t o r c a l c u l a t i o n s bccomo more s o p h i s t i c a t e d - and more a c c u r a t e -
what w i l l be i n c r e a s i n g l y needed i s a c c e s s to an e v a l u a t e d ' s e t of data 
based on a l l a v a i l a b l c measurements. and on theor^wESro no measurements 
exfsï". For t h i s purpose d e t a i l r e j e c t e d by j o u r n a l s may be very important . 
Thus a p h y s i c i s t measuring resonances may h i m s e l f o n l y a n a l y s e the "clean" 
c a s e s , and p u b l i s h parameters f o r enough resonances t o make a p o i n t 
concern ing n u c l c a r theory , but the r e a c t o r d e s i g n e r needs the data from 
a c c i d e n t a l l y c l o s e p a i r s o f resonances - 'or from resonances d i f f i c u l t 
t o i n t e r p r e t t h e o r e t i c a l l y - as much as from the "clean" c a s e s . Juvon i f 
no p o i n t s of n u c l c a r s t r u c t u r e thnory are i n v o l v e d , the r e s u l t s of 
measurement arc s t i l l v a l u a b l e . 

There i s another q u e s t i o n . Should a l l data which has been measured 
be e v a l u a t e d and compiled to a degree of d e t a i l l i m i t e d on ly by 
measurement r e s o l u t i o n , or can a requ ired accuracy or degree o f d e t a i l 
needed by the u s e r s be s p e c i f i e d ? I f so, should one not t r y to s p e c i f y 
what the u s e r s t h r e e _or f i v e years- from now, w i l l need? There are a l s o 
many r c a c t o r d e s i g n e r s whoscPsystems do not approach the l i m i t s o f -
p r e s e n t knowledge a n d ' t h e s e may n o t wish to u s e - a complete e v a l u a t e d 
s e t of n u c l e a r data such a s h a s ' b e e n env i saged h e r e . They can work from 
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"iritogK>l" d.'-ta and may p r e f e r t o \ti;e c o m p i l a t i o n s l i k e tho '"factor 
Handbook AHL-58OO However, tho worker я who ' compile, c o m p i l a t i o n s 
s p e c i a l l y aimed at. r e a c t o r d e s i g n e r s would have a much e a s i e r t a s k i f 
oomplotu o v a l u a t e d s o t » o f '''host values.!.1, f o r a l l daka a x i s bod. I t i s not 
intondccl tha t ' any "NucTUtC'r 'Б-ГчГа""compilation group would e n t e r tho Reac tor 
P h y s i c s f i u l d to the e x t e n t no c e s s a ry t o produce a compi Lation l i k e 
ANL-5800;, which i n c l u d e s r e c i p e s f o r h e t e r o g e n e o u s r e a c t o r s ( o v e n t o 
parapictor.-э f o r v-ix-i.-us c l u s t e r c o n f i g u r a t i o n s or uranium rods , с „go) and 
o t h e r data of t h i s t y p o . But i n the l a a t r e s o r t , e x c e p t f o r s e l f -
c o n s i s t e n c y chocks on .na t ters of -purely c a l c u l rat ional method, a l l r e a c t o r 
c a l c u l a t i o n s have u l t i m a t e l y t o ho compared wi th a c t u a l sy s t ems -
e x p e r i e n c e or expo dun. n t s - ind i m p r e c i s e data can therefore , l e a d t o wrong 
c o n c l u s i o n s . The изо , d i r e c t o r i n d i r e c t through Reactor Handbooks, o f 
the b e s t a v a i l a b l e v a l u e s o f data i s t h e r e f o r e very i m p o r t a n t . 

I t i s о С course uaol.;33 to r e f i n e d a t a i [' no adequate c a l c u l a t i o n s ! 
procedures e x i s t to изо tho data , but wc cannot mere ly take p r e s e n t 
methods as d e f i n i n g what data w i l l bu nooded i n f u t u r e . The worid compi-
l a t i o n e f f o r t , a l t h o u g h not n e g l i g i b l e , i s however much smaller- f ï ïân 
c i t h e r the world e f f o r t i n moasuriпч data or i n d e s i g n i n g r e a c t o r s and. 
u s i n g t h e d a t a , Contres f o r ( . v a l u a t i o n work, t h e r e f o r . . ; id. 11 n o t be 
" ivory towers" , but e q u a l l y wo s h o u l d n o t e x p c c t to l e a v e u n s t u d i e d 
every c l ement ( s u c h as Go or Ho) f o r tho data on which wo do not foresee-
any immediate r e a c t o r need; apar t from n u c l e a r s t r u c t u r e i n t e r e s t , tho 
e f f o r t i n v o l v e d i n e x t e n d i n g work to e x t r a i s o t o p e s i s v._.ry much s m a l l e r 
than d e v e l o p i n g and t e s t i n g the d a t a - h a n d l i n g and d a t a - e v a l u a t i o n methods 
i n tli;. f i r s t plaça. . And t h e r e are o t h e r i n t e r e s t s , e - g . a s t r o p h y s i c s , t o o . 

F i n a l l y , c o n c e r n i n g the r e q u i r e d degree o f s o p h i s t i c a t i o n of t h e 
data., c a s e s vary . For a simple- w e l l moderated ( e . g . n a t u r a l - u r a n i u m D^O) 

r c a c t o r sys tem, u n l e s s extreme burn-up o r o t h e r s p e c i a l c o n d i t i o n s are 
contempla ted , r a t h e r simple- data may s u f f i c e . Tho opposite- i s true f o r 
power b r e e d e r r e a c t o r s r>r i n t e r m e d i a t e - e n e r g y r e a c t o r s g e n e r a l l y . But the 
e x a c t c a l c u l a t i o n .of f u e l temperature c o e f f i c i e n t s .nay i n any c a s e r e q u i r e 
many d e t a i l e d resonance parameters t o bo known; i n a t l e a s t one c a s e of 
a r e a c t o r c a l c u l a t i o n o f which'wo arc aware, an imaginary s e t o f r e s o n a n c e s 
has boen p o s t u l a t e d f o r t h i s purpose , b a s e d on knowledge o f strength— 
f u n c t i o n s , e t c . , by random s t a t i s t i c a l methods i n the o v e r l a p p i n g r e g i o n 
whore measurement i s i m p o s s i b l e » I n o t h e r c a s e s group-average v a l u e s 
( f o r a n y t h i n g from, say , 6 to 20-30 groups) may s u f f i c e , but t h e s e s h o u l d 
be based 011 a w e l l - e v a l u a t e d G~(E) s o t o f v a l u e s i f thoy a r e r e l i a b l y t o 
r e p r e s e n t n a t u r e . I t i s l o s s c l e a r e x a c t l y how a c c u r a t e l y any p a i - t i c u l a r 
datum ( e . g . a needs t o bo known and how soon a s e t of 
data s h o u l d be d i s c a r d e d i f s m a l l changes o c c u r . On the one hand f r e q u e n t 

.changes render comparison o f d i f f e r e n t r e a c t o r c a l c u l a t i o n s d i f f i c u l t ; 
on the o t h e r , . s i g n i f i c a n t l y wrong data may load to с rronoous c o n c l u s i o n s 
i n i n t e r p r e t i n g o b s e r v a t i o n s on r e a c t o r systems. . As r e a c t o r codes improve 
i n r e l i a b i l i t y i t may a t once Ьесомо e a s i e r to say what error's are 

. . s i g n i f i c a n t but more d i f f i c u l t t o p r o v i d e data to tho a c c u c a c y and wi th the 
d e t a i l which are i n f a c t needed . , 
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Tho P r o c o s s o f Compilat ion 

I n a number of reports, , i n c l u d i n g the a u t h o r ' s IHD3WG-5, the , 
c o m p i l a t i o n p r o c e s s f o r Mucloar Data has boon considorod'"aa a s e r i e s 
o f l o g i c a l stages, , from "Indexing" - pure ly b i b l i o g r a p h i c - to "Preparat ion" 
of a s u i t a b l e input f o r a p a r t i c u l a r type o f ( e . g . a c e r t a i n mul t i -group) 
r e a c t o r c a l c u l a t i o n code. The- l a t t e r w i l l by exc luded from c o n s i d e r a t i o n 
here , s i n c e t h i s phase of the work i s goneral'Jy s p e c i f i c t o tho ncods o f 
soma p a r t i c u l a r c o u n t r y ' s programme; or some p a r t i c u l a r l a b o r a t o r y ' s 
methods, and thus not a s u i t a b l e a c t i v i t y f o r a genera l s e r v i c e 
o r g a n i z a t i o n l i k e the ÏA'iA. At some .la tor date r e a c t o r codes may be 
s t a n d a r d i z e d , a n d some g e n e r a l s e r v i c e "preparat ion" a c t i v i t y bocome 
possible1;, but u n t i l t h i s happens the most t h a t c e u l d be env i saged , would 
bo t h a t a worker on tho p a y r o l l of some p a r t i c u l a r o r g a n i z a t i o n might bo 
a l l o w e d a c c e s s t o the I_-L,jA f i l e s and f a c i l i t i e s to undertake tho 
p a r t i c u l a r "preparat ion" work h i s country or o r g a n i z a t i o n requ ired f o r 
i t s own work» 

• Tho remaining s t a g e s are Indexing,, Compilat ion of "Raw Data", and 
E v a l u a t i o n , Some authors use the torm "Compilation" only f o r tho p r o c e s s e s 
which procodo the "'..valuation" stage-, i n tho p r e s e n t report .the word 
c o m p i l a t i o n i s used to cover the whole: p r o c e s s By c o n t r a s t , . "eva luat ion" 
i s tak';ii to i n c l u d e r e - n o r m a l i z a t i o n or c o o r d i n a t i o n of ' r e s u l t s '.of-
d i f f e r e n t exper imental "runs", and not c o n f i n e d t o • t h e p r o c e s s - w h i c h 
f i n a l l y produces a complete "evaluated" s o t of data . • • • 

2 . 1 I n d e x i n g •: 

The procos s of ' preparing": b i b l i o g r a p h i c i n d i c e s to p u b l i c a t i o n s , r e p o r t s 
and p r i v a t e communications w i t h i n the Nuc lear Data F i e l d as. не have d e f i n e d 
i t i s not t r i v i a l ; , but i t is a l ready under way in. the form known as 
"CII'IDA/1 i n White; P l a i n s , N. Y„,, and a l s o a now p r o j e c t a t E l e c t r i c i t é do 
France noar P a r i s . I n addit ion. , the Brookhavon Sigma Center magnet ic tapo 
f i l C j b e i n g deve loped as a raw data c o m p i l a t i o n procedure , a l s o has 
r e t r i e v a l f e a t u r e s , but i t i s not s p e c i f i c a l l y an "index". There i s no 
p r e s e n t i n t e n t i o n " w i t h i n the: -IAT1A to perform any i n d e x i n g work i n Huclear 

•Data i n th:e' 'wider " s e n s e represented;, e . g . , by tho U.S. ( N a t i o n a l Academy 
of S c i e n c e s ) -work o f Dr. 1С: '/Jay/ except i n s o f a r as the Agcncy's S c i o n f c i f i c 
and Technica l I n f o r m a t i o n D i v i s i o n ' s p l a n s f o r a genera l i n f o r m a t i o n 
r e t r i e v a l system w i l l cover t h i s f i e l d . 

I n v iew of t h e s e e x i s t i n g a c t i v i t i e s , , it , would appear t h a t tho r ô l o 
of the; Agency i n i n d e x i n g might be l i m i t e d to ensur ing t h a t r e f e r e n c e s to 
a l l r e l e v a n t m a t e r i a l arc exchanged between a l l e a s t e r n - c o u n t r i e s and 
those ..of j U ^ ^re^is^L-SJÈïia^ But i f some o t h e r country wished t o s e t up an 
a d d i t i o n a l -CÏ1ÎDA" centre', d n a d d i t i o n to t h o s e i n the U.S . and Franco, tho 
s e r v i c e s o f the'' IAn.A' might be i n v o l v e d t o h e l p s t a r t such a. c e n t r e and to 

• ensure a bi-di-re-cti 'onal f l o w of i n f o r m a t i o n t h e r e a f t e r . • 
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2. 2 Compi lat ion of "raw" озеро r i m e n t a i data 

I n c o n t r a s t t o indexing. , the c o l l e c t i o n of exper imenta l data i s an 
o p e r a t i o n o f r a p i d l y - i n c r e a s i n g magnitude. The e f f o r t r e q u i r e d i o not 
on ly t h a t t o r e c e i v e and s t o r e tho datu e In order t h a t a c c e s s to the data 
a t a l a t e r t ime f o r purposes of comparison with o t h e r measurements o f tho 
samo or r e l a t e d q u a n t i t i e s w i l l Ъе f r u i t f u l , i t i s a ] s o d e s i r a b l e to p l a c e 
on f i l o any a v a i l a b l e i n f o r m a t i o n about the l i m i t a t i o n s o f ' t h e method o f 
measurement^ and o f any s p e c i a l f e a t u r e s or d o f i c i o n c i o s . I t i s i n p r a c t i c o 
d i f f i c u l t to d i s t i n g u i s h e x a c t l y tho p r o c e s s from " e v a l u a t i o n " ; f o r 
example, i t i s not c l o a r whether the now BNL f i l e s w i l l c o n t a i n a l l tho 
moasuromonts which have 'boon made o f a q u a n t i t y , o r o n l y t h o s e which aro 
more rocont or adjudged more r e l i a b l e , o r t o what e x t e n t measured v a l u e s 
w i l l have been r e - n o r m a l i z e d t o improve c o n s i s t e n c y . 

For a f i r s t oa t imato o f volume o f data to be d e a l t with , the resonance 
r e g i o n i s worth c o n s i d e r i n g i n d e t a i l . Most of the data i n the f u t u r e 
w i l l come from the l a r g o a c c e l e r a t o r s , s i x or e i g h t o f which w i l l soon bo 
working on N u c l e a r Data. These are mainly e l e c t r o n l i n a c s but a l s o i n c l u d e 
c y c l o t r o n s a t Columbia U n i v e r s i t y and the Moscow T h e o r e t i c a l & Exper imenta l 
P h y s i c s I n s t i t u t o . I n d i s c u s s i o n , Br. J o l y has e s t i m a t e d tho p o s s i b l e 
annual ou tput o f "numbers" from one f l i g h t p a t h a t such a machine a s about 
300 ,000 - 4ОО3ООО.'This f i g u r e i s a ~ i i t t l o i m p r e c i s e - i t was o b t a i n e d 
from c o n s i d e r i n g t o t a l c r o s s s e c t i o n measurements whore t h e t r a n s m i s s i o n s 
o f s e v e r a l (perhaps 3 to 5) d i f f e r e n t sample t h i c k n e s s e s were measured» 
A "number" i s then t h e r e s u l t f o r ono t h i c k n e s s and any one t ime channe l ; 
a l t h o u g h o t h e r runs may o v e r l a p the same energy region., a l l the "numbers" 
o b t a i n e d would bo counted . Theruforo , s u p p o s i n g t h a t t h e average l a b o r a t o r y 
on ly d e v o t e s ono f l i g h t p a t h t o Nuc lear Bata measurements, the, .world 
p r o d u c t i o n r a t e of "numbers" would be of the order o f two to t h r e e ' m i l l i o n 
" a n n u a l l y a r a t e which shou ld be a t t a i n c T d ~ w i f r o m 
now; i t w i l l probably bo h i g h e r i f m u l t i - d i m e n s i o n a l a n a l y s e r r e s u l t s aro 
t o bo i n c l u d e d i n tho c o m p i l a t i o n . 

I t i s probable t h a t the volume o f "raw" data f o r f a s t e r n e u t r o n s i s 
r e l a t i v e l y much s m a l l e r , but i t w i l l probably r e q u i r e an e v a l u a t i o n e f f o r t 
comparable to t h a t f o r the resonance r e g i o n data . The t o t a l g e n e r a t i o n r a t e 
f o r n u c l e a r data i s t h e r e f o r e roughly e s t i m a t e d a t t h r e e t o f o u r . m i l l i o n 
"numbers" p e r y e a r . 

2 . 3 E v a l u a t i o n o f N u c l e a r Bata 

¥0 have a l r e a d y remarked t h a t i t i s d i f f i c u l t t o s e p a r a t e tho s t a g e s 
o f c o m p i l i n g raw data from i t s e v a l u a t i o n . Thus., f o r tho t o t a l c r o s s 
s e c t i o n work d i s c u s s e d by Br. J o l y tho numbers f o r the ( 3 t o 5) d i f f e r e n t 
sample t h i c k n o s s o a are a lmos t immedia te ly combined t o g i v o one number, 
the c r o s s s e c t i o n f o r t h a t p a r t i c u l a r e n e r g y . With, an a l l o w a n c e f o r 
o v e r l a p p i n g energy ranges i n s u c c e s s i v e runs , and s i m i l a r f a c t o r s , which 
are a l s o l i k e l y to e x i s t f o r o t h e r t y p e s o f measurement, we s e e t h a t tho 
annual ou tput o f "numbers'1 оxpr^tc_d_is_rj^jLiсo.d. by t h i s f i r s t s t a g e o f 
e v a l u a t i o n from n e a r l y f o u r m i l l i o n t o , say , about 7 5 0 , 0 0 0 " e f f e c t i v e 
numbers". ' 
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Tho го i s a l s o a n o t h e r f a c t o r operative-5 Dr. J o l y ' s f i g u r e s f o r a 
S a c l a y - t y p e machine vie re o f p o s s i b l e measurements, and. i n f a c t , tho a c t u a l 
a t t a i n e d output o f data "numbers" i s c u r r e n t l y o n l y about 2 0 0 , 0 0 0 p e r y e a r 
f o r his. i n s t a l l a t i o n . Thi s i s . because measurements t end to ~bn- ' s topped 
^1гоп~''№""1а7^Г17хЬТо'""тапрог;сг f o r i n t e r p r e t a t i o n o f the r e s u l t s has enough 
data to коop i t f u l l y o c c u p i e d . Tho a c c e l e r a t o r team may then do something 
e l s e , s u c h as t o s t or t r y t o improve the machine o r i t s i n s t r u m e n t a t i o n . 
On t h i s b a s i s a botter e s t i m a t e of the vrorld output may bo not more than 
perhaps 500 ,000 " e f f e c t i v e numbers" a n n u a l l y . On the o t h e r hand, some 
newer machines w i l l be more power fu l than tho Sac lay machine - t h e r e may 
be more p r e s s u r e to make e x t r a measurements s i n c o they w i l l be made того 
q u i c k l y on newer machines - and a l s o some o f the i n t e r p r é t a t i v e work may 
be done a t data e v a l u a t i o n c e n t r e s . So perhaps 8 0 0 , 0 0 0 " e f f e c t i v e numbers" 
a n n u a l l y may remain a good f i g u r e t o d i s c u s s . 

The r e s u l t of a completed " e v a l u a t i o n " o p e r a t i o n should be a s o t o f 
v a l u e s ( " b e s t v a l u e s " to use an o l d e r term) o f the q u a n t i t i e s concerned 
a s a f u n c t i o n o f . n e u t r o n energy , g e n e r a l l y f o r t h e whole range from a few 
m i l l i - e V t o , s a y , 15 MoV. Theory o r "educated g u e s s e s " may sometimes have 
to bo invoked t o f i l l gaps i n tho a v a i l a b l e measurements. Resonance p a r a -
meters aro convoniont a s r e d u c i n g the number o f data p o i n t s to bo quoted 

: i n tho r e g i o n where they g i v e a good enough f i t to the a c t u a l d a t a . For the 
f i s s i l e i s o t o p e s С",, (T̂  and I"1 /~У or -% measurements have a l s o to be 
combined i n t o a best; sot'. At h i g h e r e n e r g i e s , i n s t e a d o f problems o f 
resonance i n t e r f e r e n c e , e t c . , ono has to d e a l wi th o t h e r c o m p l i c a t i o n s such 
as (11, 2n) and i n e l a s t i c s c a t t e r i n g phenomena. 

I t i s d i f f i c u l t t o e s t i m a t e tho man-powor r e q u i r e d - or even t h a t 
a l r e a d y i n v o l v e d - i n such work. Much o f i t i s . now do no p a r t - t i m e by u s e r s 
o f the r e s u l t s f o r r e a c t o r c a l c u l a t i o n s , but e s t a b l i s h e d c o m p i l a t i o n groups 
a t ML, BÏÏL, Livermor-., A>ffiE, Karlsruhe and a number o f o t h e r p l a c e s a l r e a d y 
r e p r e s e n t an <-'ffort which must approach, i f not oxcood, the e q u i v a l e n t o f 
30 to 40 f u l l - t i m e p h y s i c i s t s . I n many c a s e s , e s p e c i a l l y i n Kuropo f o r t h e 
h i g h o r - e n e r g y neutron da ta , i t seems d e s i r a b l e f o r c e r t a i n e s t a b l i s h e d 
groups to cont inue as t h e y aro , wi th on ly somo c o - o r d i n a t i o n o f t h e i r 
e f f o r t s o r programmes, fin o t h e r f i e l d s a c o m p i l a t i o n c e n t r e i n Vienna ç o u l d 
make a v a l u a b l e c o n t r i b u t i o n o f i t s own-to the world e v a l u a t i o n e f f o r t / } 
Probably the- bo i t c h o i c e o f a t e c h n i c a l f i e l d where a d d i t i o n a l e v a l u a t i o n 
e f f o r t i n Europe would improve tho g e o g r a p h i c a l b a l a n c e o f work and 
prov ide f a c i l i t i e s of g e n e r a l advantage would be i n the- rosonancc r e g i o n . * 
Such a с .-litre c o u l d have the needs o f u s e r s more c l o s e l y i n mind than 
groups a t tho s i t e s where the measurements are made, and c o u l d a l s o p r o -
bably s t i m u l a t e some: o f tho e x p e r i m e n t a l groups to undertake needed 
measurements i n a d d i t i o n t o t h e i r e s t a b l i s h e d programme, when t h i s was 
l i m i t e d by t h e l o c a l l y - a v a i l a b l e i n t e r p r e t a t i v e e f f o r t . S u i t a b l e a r r a n g e -
ments w o u l d ; o f -course-be'-'h-ecdod5- and^v i ' s i t s t o the .measuring s i t e s by the 
d a t a - c o n t r o s t a f f who would a n a l y s о tho r e s u l t s would o f c o u r s e bo e s s e n t i a l . 
I t i s no t c l e a r how m u c h - a d d i t i o n a l data cou ld be o b t a i n e d a s a r e s u l t o f 
such c o o p e r a t i o n , but f o r c e r t a i n t y p e s o f data f o r which, a p a r t i c u l a r 
need e x i s t e d t h i s p l a n s h o u l d have a" cons iderable- m e r i t . ^ 

' / / 

* See Appendix I f o r examples o f a c t i v i t i e s proposed 
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This s o c t i o n t h e r e f o r e c o n c l u d e s w i th a r a t h e r more d e t a i l e d s tudy 
o f t h e . q u a n t i t y of d a t a a v a i l a b l e and tho work to be done i n the r e s o n a n c e 
reg ion» The annual- wor ld outp\rt o f perhaps 4 0 0 , 0 0 0 data p o i n t s ( " e f f o c t i v o 
numbers") w i t h i n t h i s l i m i t e d t e c h n i c a l f i e l d may r e p r e s e n t about 8 , 0 0 0 
•resonances t o be a n a l y s e d . T h i s f i g u r e i s o b t a i n e d by a s s u m i n g t h a t , on 
t h e a v e r a g e , about 1 0 - 1 5 p o i n t s l i e w i t h i n each r e s o n a n c e w h i l e some 
3 0 - 5 0 p o i n t s f a l l be tween r e s o n a n c e s . Of c o u r s e , c a s e s vary w i d e l y , but i t 
i s e s t i m a t e d t h a t s t o p о o r a r e a a n a l y s i s may bo needed f o r , s a y , 5->000 -
6 , 0 0 0 r e s o n a n c e s a y e a r i n t h o y e a r s around 1965/67= M u l t i d i m e n s i o n a l work 
( e . g . s t u d i o s o f gamma s p e c t r a r e s u l t i n g from n e u t r o n c a p t u r e ) i s probably 
a d d i t i o n a l to t h i s f i g u r e . I t i s i n t e r e s t i n g t o n o t e t h a t t h e r e a r e about 
300 i s o t o p e s which a r e s t a b l e and o f r e a s o n a b l e abundance, o r l o n g - l i v e d 
buT"~of~ importance i n r e a c t o r s , i n t h e i s o t o p e charts .; i f we assume t h a t tho 
a v e r a g e medium o r heavy n u c l e u s h a s 1 5 0 - 2 0 0 r e s o n a n c e s i n t h o energy r e g i o n 
be low t h a t where o v e r l a p p i n g i s a s e r i o u s problem, t h e r e must be some 
5 0 , 0 0 0 r é s o n a n c e s t o bo a n a l y s e d , o r an e i g h t - t o - t e n - y e a r "supply" a t the 
r a t e q u o t e d . I n f a c t , i t i s n o t t o be e x p e c t e d t h a t a l l t h e i s o t o p e s w i l l 
bo e x h a u s t i v e l y measured; a n o t h e r f a c t o r i s t h a t a t t a i n a b l e e x p e r i m e n t a l 
r e s o l u t i o n s a r e now so h i g h t h a t f u r t h e r re -measurement_wi th improved 
r e s o l u t i o n may n o t g e n e r a l l y be wort'}T~vjMlT:l~TKrrc"fo'rïï""tho e x i s t i n g t r e n d 
towards more d e t a i l e d s t u d i o s , wi th m u l t i - d i m e n s i o n a l a n a l y s e r s y s t e m s , and 
away from t o t a l c r o s s s e c t i o n measurements , i s l i k e l y t o becomo a predominant 
t r e n d by about 1970 . 

With p r e s e n t t e c h n i q u e s , and w i t h the h e l p o f computers and a u t o m a t i c 
p l o t t e r s , e t c . , i t would s t i l l appear t h a t a p h y s i c i s t can...probably n o t 
analys.j^i^re j..thajq_.7.0-8Q r e s o n a n c e s a y e a r , ~so t h a t some 100 r e s o n a n c e - "" 
a n a l y s e r s w i l l bo needed t o cope w i t h "the world 1 s measurements. . Only when 
' ^ f i t t i n g ^ n^thojis f o r _ a n a _ l y s i s become much т о г о s o p h i s t i c a t e d , e l i m i n a t i n g 
human " i n t e r v e n t i o n (and t h e p l o t t i n g o f graphs f o r t h i s purpose ) a t s e v e r a l 
s t a g e s o f the p r o c e s s o f s t u d y i n g each --troup o f r e s o n a n c e s , i s i t l i k e l y 
t h a t t h i s f i g u r e w i l l r i s e g r e a t l y . At 'the e x p e r i m e n t a l s i t e s t h e r e m i l 
p r o b a b l y bo 4 0 - 5 0 such p h y s i c i s t s c o n t i n u a l l y s t u d y i n g re sonances . . For t h e 
c o m p i l a t i o n c e n t r e s ox tho world t o have a t o t a l o f 15—20 p h y s i c i s t s working 
on d a t a f o r s l o w and i n t e r m e d i a t e n e u t r o n energy data would n o t bo 
unreasonable5 perhaps t h o most t h a t we can e x p e c t f o r i n t e r n a t i o n a l and 
o t h e r wor ld c o m p i l a t i o n c e n t r e s f o r a l l n e u t r o n data, i s 2 5 - 3 5 p h y s i c i s t s , 
tho r e s t b e i n g workers i n n a t i o n a l l a b o r a t o r i e s who may s p o n t k p a r t o f t h e i r 
t ime on e v a l u a t i o n o f d a t a and the r e s t i n p r e p a r i n g i t f o r r e a c t o r com-
p u t a t i o n , or. i n making such c o m p u t a t i o n s thorns..-Ives. Of t h i s l a t t e r typo 
o f p h y s i c i s t t h e r e must a l r e a d y be a t l e a s t 100, and p r o b a b l y more, w i t h 
perhaps an e v a l u a t i o n e f f o r t e q u i v a l e n t t o 50 f u l l - t i m e workers . 

3» Tho s u g g e s t e d l o n g - t e r m r ô l e o f the IAEA i n N u c l e a r Data c o m p i l a t i o n s 

Wo t h e r e f o r e h e r e o u t l i n e what would a p p e a r t o be a d e s i r a b l e t a r g e t , 
t o bo a t t a i n e d w i t h i n a f ew y e a r s , f o r t h e work o f a N u c l e a r Data u n i t 
w i t h i n the IAEA. Wo h e r e c o n s i d e r wor ld needs r a t h e r than p r e s e n t budge tary 
o r o t h e r l i m i t a t i o n s , o r how l o n g i t would t a k e t o r a i s e budget c e i l i n g s -
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' in ' -a f o l l o w i n g s e c t i o n some i n t e r i m p r a c t i c a l s t e p s aro proposed . But the 
fundamental p o i n t s i n the- longer- term p l a n n i n g should bo; 

( a ) World needs , a s o u t l i n e d above, o f data "consumers". 

(h ) World supply o f data from measur ing c e n t r e s . 

( c ) P o s s i b l e e x t r a data measurements which c j u l d be s t i m u l a t e d 
Ъу a data c e n t r e o f f e r i n g to i n t e r p r e t the r e s u l t s where a 
need f o r . c e r t a i n data could be demonstrated . 

(d ) The need to a t t r a c t competent p h y s i c i s t s to the work i n 
adequate numbers, adequate f a c i l i t i e s are o f course p r e - s u p p o s e d . 

( e ) Competent p h y s i c i s t s are e s s e n t i a l i f tho data c e n t r e i s t o 
a c h i e v e - s c i e n t i f i c r e s p e c t a b i l i t y and a d e q u a t e l y t o perform the 
l i a i s o n - f u n c t i o n s between o a s t and w e s t . 

. I t i s f e l t t h a t such a data c e n t r e shou ld k e e p a r c h i v e s o f "raw" 
data w i th such c r i t i c a l n o t e s a s w i l l f a c i l i t a t e l a t e r r e - e v a l u a t i o n s o r 
comparison o f new r e s u l t s with t h o s e a l r e a d y h e l d i n a r c h i v e . I t s h o u l d 
a l s o perform some c u r r e n t e v a l u a t i o n work. I t i s not f e l t t h a t a data 
exchange of a l i b r a r i a n s h i p type i s a d e q u a t e l y to meet the n e e d s . 

As a minimum v i a b l e s i z e i t would seem n e c e s s a r y to have a team o f 
about s i x p h y s i c i s t s i n an LAhiA data u n i t ; i f the proposed e v a l u a t i o n 
a c t i v i t i e s f o r resonance data aro a c c e p t e d , a t l e a s t t h r o e workers i n t h i s 
f i e l d are needed, and two p h y s i c i s t s f o r f a s t da ta i s a r e a s o n a b l e minimum. 
There w i l l a l s o be rout ine ' a r c h i v i n g and data t r a n s m i s s i o n f u n c t i o n s , and 
t e c h n i c a l d i r e c t i o n o f tho work, a s w e l l as the IAEA's d u t i e s i n main-
t a i n i n g t h e o p e r a t i o n s o f the INDSWGj i n c l u d i n g the l a t t e r f u n c t i o n s , a 
group o f a t l e a s t one s e n i o r o f f i c e r and s i x s u p p o r t i n g p r o f e s s i o n a l 
workers i s proposed a s a b a s i c IAiiA-paid s t a f f . Attachments from n a t i o n a l 
l abo " t o ( 3 s o r v i s i t i n g s p e c i a l i s t s , , s h o u l d b r i n g tho t o t a l up t o 
9 - 1 0 p h y s i c i s t s . , I;f-t-lîë-'- 6 - 7 IAiIià-r pay r o l l f i g u r e i s i n f a c t not a t t a i n a b l e , 
t h e on ly s e n s i b l e way of reducing, s t a f f would seem to be not to undertake 

i any e v a l u a t i o n or c r i t i c a l f u n c t i o n s f o r f a s t neutron da ta , i n which c a s e 
a s t a f f \ o f 4 p h y s i c i s t s p l u s an admlni s t r a t i vo ( o r l i b r a r i a n - t y p o ) 
• a s s i s t a n t wi th some t e c h n i c a l knowledge might s u f f i c e . These numbers do 
n o t i n c l u d e c l é r i c a l a s s i s t a n t s , card punchers or computer c o d e r s . 

Thi s proposa l i s q u i t e modest i n terms, of tho world n e e d , ' g i v e n above 
a s 15-20 p h y s i c i s t s i n data c e n t r e s f o r resonance data a l o n e , and i f 
Brookhaven does not m a i n t a i n tho predominant p o s i t i o n i t now h a s , i t would 
be d e s i r a b l e f o r t h e I A j J A ' s group t o be a t l e a s t double , and .perhaps t r e b l e , 
t h e s i z e proposed above, r i s i n g i n the l a t t e r c a s e t o 20 p h y s i c i s t s p l u s 
n a t i o n a l l y a t t a c h e d s t a f f , making 25-30 i n a l l . Such a c e n t r e , e f f i c i e n t l y 
o r g a n i z e d , would be a b l e to perform an e x c e l l e n t s e r v i c e on t h e world 
a l though, perhaps then i t would f e e l the need t o s t a t i o n a few ,o.f i t s 
workers i n the American c o n t i n e n t ( s a y New York or Brookhaven) , .'and 
perhaps two or throe i n o t h e r a r e a s . ' . . , ..r 
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У ч 3*1 Toohnica l f u n c t i o n s o f tho IAEA data u n i t ( l o n g - t e r m p r o p o s a l ) 

A u n i t such as t h a t proposud shou ld , to summarizo3 

( a ) Rocoivc and t r a n s m i t , r e g u l a r l y o r on .roquost, r e s u l t s of 
measurements of n u c l e a r data., and s t o r e thorn i n s u i t a b l e form. 

(b) Cooperate with' the ,BEL d a t a - f i l e , or i f o p e r a t i n g on the 
l a r g e r s c a l e , keep such a f i l e and prov ide o x c o r p t s on r o q u o s t . 

( c ) P u b l i s h data or r e p r e s e n t a t i v e samples a t r e g u l a r i n t e r v a l s . 

(d ) Mainta in f i l e s of m e a s u r e r ' s or o t h e r comments on f e a t u r e s , 
r e s o l u t i o n , a c c u r a c y , r e l i a b i l i t y , e t c . , f o r a l l "raw"data ho ld 
i n a r c h i v e s . 

( e ) P r o v i d e f a c i l i t i e s f o r a n a l y s i s and c o o r d i n a t i o n of data f o r 
the use o f v i s i t i n g s t a f f , and perform such work r e g u l a r l y with 
i t s own s t a f f . 

^ ( f ) Aim, i n coo i )orat ion wi th o t h e r a c t i v e c e n t r e s and l a b o r a t o r i e s , 
A a t produc ing complete s o t s of "eva lua ted data" i n a format 

s u i t a b l e f o r u s e r s (probably g e n e r a l l y on magnet i c tape) f o r 
important r e a c t o r mat e r i a l s , , r o v i s o t h e s e p o r i o d i c a l l y and 
d i s t r i b u t e the r e s u l t i n g i n f o r m a t i o n . 

.,(g) Undertake c r i t i c a l r e v i e w s of data a s a p p r o p r i a t e . 

I t i s not i n t e n d e d (v., page -5, para 1, above) to undertake "pre-
p a r a t i o n " of da ta f o r s p e c i f i c r o a c t o r codes or t o d e a l with s p e c i f i c a l l y 
r o a c t o r p h y s i c s problems. Tho i t ems (b) and ( c) above, i t must bo a d m i t t e d , 
are somewhat dependent on d e c i s i o n s y e t to bo taken wi th Brookhaven or 
c o n c e r n i n g tho a c t i v i t i e s o f any o t h e r c e n t r e s which may a l s o vrork w i t h 
Brookhavon i n these- m a t t e r s . 

3° 2 Loca.tion o f work - c o s t s and p r e l i m i n a r y budg'otary 
e s t i m a t e s f o r t h e l o n g - t e r m p r o p o s a l s 

jvxact' c o s t - e s t i m a t e s are r a t h e r d i f f i c u l t to make a t p r e s e n t , s i n c e 
i t i s not c l e a r e i t h e r where tho work w i l l be done o r what computers w i l l 
bo a v a i l a b l e . Tho most f a v o u r a b l e case would a r i s o i f . , a t t h e timo i n 
q u e s t i o n , an IBM 7^90 or s i m i l a r machine wore a v a i l a b l e f o r t h i s work i n 
Vienna,, I t i s i n g e n e r a l c h e a p e s t to use a smal l f r a c t i o n o f the t ime o f 
a l a r g e computer, but i n Vienna wo may havo to pay some k ind o f a prtiuxum 
p r i c e t o o b t a i n "the f a c i l i t i e s we w i l l needs the a l t e r n a t i v e i s to l o c a t e 
some (OÏ1 a l l ) of tho work away from Vienna. This would c o s t some money 
i n t r a v e l l i n g expenses but we might save on computing c o s t s . A l o c a t i o n 
such a s , say , the P a r i s a r e a (where l a r g e computers arc a v a i l a b l e ) a l s o 
has the advantage o f the p o s s i b i l i t y of the members of the group d i s c u s s i n g 
t e c h n i c a l problems wi th e x p e r i m e n t e r s working wi th the v a r i o u s measuring 
and a n a l y s i s t e c h n i q u e s . Some of tho d e t a i l s of t h e s i t u a t i o n c o n c e r n i n g 
computers i n Vienna i s g i v e n i n p a r a . 4 be low. But a t t h i s timo a l l t h a t 
can be s a i d i s i t would bo d e s i r a b l e t o have most - i f not a l l - the 
n u c l e a r data u n i t l o c a t e d a t one s i t e i f i t wore away from Vienna. P l a n s 
may a l s o be a f f o c t e d by any arrangements which may be made ( s e e para 4»2 
below) to coopera te wi th any o t h e r data c o n t r e which may be s e t up. 
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The budget ну £ l,$urou which foHow tivu nnly о'иЬгм o f rnngnltudu, 
prc])OBud f'oГ (Mt-icmniim. "Conbinftuiclou o r Tr . ivv l" covuITÎ the e x t r a oonI.о 
mentioned In iho p r e v i o u s p j-ragraph, no ггпч] duty t r a v e l b e i n g inoludorl 
in ofcaiT ovofho.ult;. ',/.; have four cioots t,o conoid: r, vl/,.. 

(a ) Near-minimum rij.!ju rrtaiT envisaged in рм п . . ['> above i n c l u d i n g 
•лоте, far-.t neutron upeci'i l I» L;j( a mourning Brookh tvon and nirni'lar 
c e n t r e s c o n t i n u e , 

( b) The earno but pruned to exclude, fnot neutron f i e l d -

( c ) An (a) above but with come margin ovuf the minimum, e . g . 
enabl. ing v i . î i tLng a p o c i ' t l i u t o to be olTerod emoluments t o сшо 
to Vienna to ana.'lyno t h e i r own work Lhc.ro and cor i ' e la to i t 
with o l d e r jno'usujv.mant,» a v a i l a b l e i n the a r c h i v e s . 

(d) An order of magnitude of what would be nuuded i f con tree l i k e 
Brooklnven cLouud down and tho IA.-JA had te f i l l the gap. 

There i s a l e e а ипыН al lowance i n the f iL )uro f o r computing time f o r 
the corafca of a gener . i l computer o e r v i c e ( card punching and normal pro-
gramming), but an e x t r a item if , nhovrn f o r the co:;t of programming u t a f f 
p a r t i c u l a r to our own work. Thir; item 1.u q u i t e u n c e r t a i n wince i t w i l l 
depend on where the work in done and how tho computer in o r g a n i z e d . I n a l l 
c a s e s , e о mo small a d d i t i o n a l i tern с ( e . g . P'ollowehi ne to enablu s u i t a b l e 
persons t o l oarn-whi lo -work ing with the Data Uri.it) may be i n v o l v e d i n 
a d d i t i o n to the i t ems nhown below. Al l f i g u r é e aro 15 per annum. 

Budget b a s i s ( s e e above) a b с d 

P r o f e s s i o n a l s ta IT- 1 0 0 , 0 0 0 , 7 0 , 0 0 0 120 ,000 240 ,000 
Prograrnming st.'-f f ( eк t » ) * 12 ,000 10 ,000 13 ,000 25>000 
General S e r v i c e С fcafre- 25 ,000 1 8 , 0 0 0 28 ,000 4 8 , 0 0 0 
computing t ime, e t c . 80 ,000 6 5 , 0 0 0 9 0 , 0 0 0 175 ,000 

C o n t i n g e n c i e s or t r a v e l 12 ,000 10 ,000 14 ,000 25 ,000 
P u b l i s h i n g and i n c i d e n t a l 6 , 0 0 0 5 , 0 0 0 7 , ООО 12 ,000 

T o t a l s 15 per y e a r 235,000 178 ,000 272 ,000 525^000 

The p r e s e n t budget ("г man and a boy") i о about £ 7 5 , 0 0 0 , on t h i s b a s i s . 

4° A proposa l f o r i n t e r i m o p e r a t i o n s o f tho IA jJA Nuc lear Data Un i t 

For 1964 ''A group o f s i x or sovon p h y s i c i s t s working on Nuc lear Data 
w i t h i n the 1A.::-A i s not a t t a i n a b l e , the budget p r o v i d e s $ 35>000 f o r com-
p u t i n g t ime, e t c * , and two s t a f f members w i l l bo a v a i l a b l o , with some 
exper t a s s i s t a n c e , e . g . f o r i n i t i a l computer programming. Further s t a f f 
may be h i r e d during tho year , but no s p e c i f i c p o s t s y e t e x i s t . Tho aims 
a t t h i s s t a g e are t h e r e f o r e , i n a d d i t i o n t o drawing up р1апз f o r tho fu tures 

* i n c l u d i n g overheads 
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( a ) s t u d y i n g m. f'i r:vb ( r a i h t . r modes t) tochn. lœl programme, i . e . , tho 
v a l u e s of.' Uio 2200 m/нио е го or: noctioni,! of the f i s s i l e i c o t o p o o 

( b) miking аггнnguruun tri foj' r e c e i v i n g and p l a c i n g i n a r c h i v e 
n i g n i f i.ovnt samples o f data and , f o r thoi v onward t r a n s m i s s i o n 

( o ) prepar ing f o r the rnnonarico a n a l y s i s p r o j e c t a l r e a d y d e s c r i b e d , 

ï ' i r s t y topo have t h o f e f o re been t ikon to try to ensure- that the 
b a s i c hardware f o r such o p e r a t i o n s in a v a i l a b l e a t the same time t h a t tho 
a d d i t i o n a l s t a f f members are be ing r e c r u i t e d - Uarly i n 1964? a f t e r the 
r o u t i n e matturn of the TNDeUG meeting have boon disponed o f , s e r i o u s 
c o m p i l a t i o n a c t i v i t i e s can b e g i n , During February-lia;/ 1964 work w i l l bo 
c o n c c n t r a t u d on i tem (tt) o f the above l i s t which w i l l i n c l u d e a l o a s t -
squ iron f i t f o r • and •/ a s wо"П чо the c r o s u - o e c t i o n s . Some work on tho 
v a l u e s of tho resonance i n t e g r a l s f o r thosu i s o t o p e s w i l l a l s o bo 
i n v o l v e d i n c i d e n t a l l y i n i n t e r p r e t i n g some o f tho measured v a l u e s . T h i s 
work w i l l l e a d to the rjomowhat b re ad о r survey of tho s i t u a t i o n i n r e a c t o r 
data f o r which a paper from tho lAlJA has boun proposed f o r the 1964 
3rd I n t e r n a t i o n a l Conf\ ,ronce on tho P e a c e f u l Uses o f Atomic .energy - Tho 
task ( b ) , to bo begun mo re g r a d u a ] l y / i s the c o n t i n u i n g one o f k e e p i n g 
a r c h i v é s and m a i n t a i n i n g tho f l o w of i n f o r m a t i o n , and should a l s o form a 
b a s i s f o r the work under heading ( c)„ 

By the middle o f I964 i t e x p e c t e d t h a t adequate computer f a c i l i t i e s 
w i l l bo a v a i l a b l e ; tho d e t a i l s of the p o s i t i o n c o n c e r n i n g computers i s 
g i v e n i n Appondix I I . 

I t i s proposed t o n t t o u p t to o b t a i n one or two a d d i t i o n a l a s s i s t a n t 
p o s t s f o r the N u c l e a r Data U n i t , and i f p o s s i b l e to have both of them s t a r t 
work dur ing tho l a t t e r h a l f o f 1964. At t h i s time f i r s t t r i a l s o f methods 
o f resonance; a n a l y s i s shou ld have boon made and s e r i o u s work i n t h i s f i e l d 
can b e g i n , wi th e f f o r t s d i r e c t e d s i m u l t a n e o u s l y a t u s i n g e x i s t i n g p r o -
grammes and d e v e l o p i n g more f l e x i b l e ones , i n c l u d i n g ones based on m u l t i -
l e v e l resonance t h e o i y . Tho budget r e q u e s t .for computer time i s b e i n g 
s topped up from t h i s d a t e , and automat ic p l o t t i n g f a c i l i t i e s may thon 
bocorno an important requirement. . 

I n I.965 a f u r t h e r i n c r e a s e i n s t a f f f o r the N u c l e a r Data Uni t shou ld 
become p o s s i b l e - Tho d e c i s i o n then t o bo made i s whether to s t a r t а 
s e c t i o n w i t h i n the U n i t f o r c r i t i c a l l y c o n s i d e r i n g and a c t i v e l y working 
on f a s t neutron data.. I f a budget o f roughly tho s i z e o f a l t e r n a t i v e ( a ) 
o f p a r a . 3 . 2 above l o o k s a t t a i n a b l e i n o r by the end o f 1966, the t ime to 
s t a r t l o o k i n g f o r a f a i r l y s e n i o r s p e c i a l i s t on f a s t neutron data i s i n 
1965, and i f t h i s course i s p o s s i b l e ( i n the c i r c u m s t a n c e s p r e v a i l i n g 
a t t h a t t ime) i t s adopt ion i s recommended. Tho team, w i t h o u t . t h o f a s t data 
s p e c i a l i s t , should then number f o u r and thoy would be h a n d l i n g t h e more 
r o u t i n e m a t t e r s ( i n c l u d i n g tho committee b u s i n e s s o f INDSV/G) as w e l l a s 
the rosonancc r e g i o n work. Fa-om l a t e 1965 onwards a f u r t h e r enlargement 
from f i v e to s i x o r sovon s t a f f members should bo e x p e c t e d , i n c l u d i n g a t 
l o a s t one a d d i t i o n a l man p r i m a r i l y f o r f a s t neutron da ta , and t h e r o s h o u l d 
then a l s o be about t h r o o n o n - p r o f o s s i o n a l s t a f f i n the group i n c l u d i n g 
an ( c i t h e r f u l l - or p a r t - t i m e ) computer programming a s s i s t a n t . 



/ | . 1 Лoti v l t i о с during tho i n i b ia l per iod 

On thu b a s i c of a s t a f f comp'loinont as o u t l i n e d above and with perhaps 
some support i n the form o f a t t a c h e d s t a f f , i t i s hoped to f u l f i l l the 
f o l l o w i n g f u n c t i o n s ( t h e order i n which tho i t ems are giver, i s roughly 
c h r o n o l o g i c a l , xn'i does not r e p r e s e n t t h e i r r e l a t i v e importance)'. 

( i ) mainta in r o u t i n e a c t i v i t i e s on b e h a l f of INDSUG and support 
t h i s group with t e c h n i c a l as sossmonts as n e c e s s a r y 

( i i ) perform the f i r s t task of s t u d y i n g 2200 m/sec c r o s s s e c t i o n s 
and p r o v i d i n g a survey paper f o r the 19^4 conference 

(ii:' ,) • ma inta in arch ive f i l e s of "raw" data and exchange data on a 
world-wide b a s i s . 

( i v ) perform resonance a n a l y s i s and o t h e r data c o o r d i n a t i o n 
f u n c t i o n s as a c o n t r i b u t i o n t o "eva luat ion" a c t i v i t i e s 

(v) keep i n touch with o t h e r e v a l u a t i o n work and. s t a r t to 
keep a r c h i v e s of e v a l u a t e d c o n s t a n t s , and d i s t r i b u t e those 
on reques t 

( v i ) c o n s i d e r problems of p u b l i c a t i o n and r e l a t i o n s with o t h e r 
c o m p i l a t i o n c e n t r e s . 

I n the above l i s t , p o i n t s ( i i i ) and ( v i ) i n v o l v e q u e s t i o n s of some 
form of c o l l a b o r a t i o n with Brookhavon. I t i s b e l i e v e d t h a t the IBM 7О4О 
computer can e a s i l y handle' a c t i v i t i e s s i m i l a r to t h o s e proposed by the 
BNL group f o r t h e i r new magnet ic tape data f i l e . By tho timo the Brookhaven 
group has b u i l t up a u s e f u l f i l e of data on magnet ic t a p e s , wo should have 
a c c e s s t o h i g h - d e n s i t y tape f a c i l i t i e s and thus be a b l e to take a f u l l p a r t 
i n t h i s work, :Jo would then o f f e r t o assume the r ô l e of an Uuropoan c o u n t e r -
par t and corresponding s u b s i d i a r y t o the BNL Sigma Centre group, to r e c e i v e 
and t ransmi t f o r them data from and to a l l c o u n t r i e s i n Europe, and perhaps 
o t h e r a r e a s . 

4 . 2 R e l a t i o n s with o t h e r I n t e r n a t i o n a l Nuclear Data Centres 

I t now appears t h a t another i n t e r n a t i o n a l c e n t r e i n Lurope f o r 
Nuc'l: ar Data d i s t r i b u t i o n and c o m p i l a t i o n i s a l s o b e i n g proposed, under the 
a e g i s o f jJtfEA. '.Jhile a d d i t i o n a l e f f o r t i n t h i s f i e l d i s wclcome, i t should 
bo a mat ter f o r c o o p e r a t i o n , and s t e p s should bo taken t o a v o i d too much 
o v e r l a p p i n g of f u n c t i o n . a l s o b e l i e v e t h a t the n e x t few months should 
enable the IAEA group t o c l a r i f y any q u e s t i o n s o f t e c h n i c a l f e a s i b i l i t y , 
a s we l l a s to demonstrate an a c t u a l f l o w o f i n f o r m a t i o n i n operat ion» On 
t h i s b a s i s we would o f f e r to prov ide c l o s e cooperation—ш-kh. the BEL magnet ic 
tape data f i l e system, and i f d e s i r e d Êo a c t as European counterpart . . By the 
tfnre ЁЕоГг~"рго gramm e s are w r i t t e n and t e s t e d , and. a u s e f u l amount of 
i n f o r m a t i o n has boon f i l e d u s i n g t h i s system, wo should be q u i t e ready wi th 
tho n e c e s s a r y t e c h n i c a l f a c i l i t i e s i n Vienna. 
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There lias a l s o been a proposa] t o hays , perhaps a t ^ l o c t r i c i t e de 
Б'гапсе, a c e n t r e f o r b i b l i o g r a p h i e i n d e x i n g on the l i n e s o f CIKDA a s 
h i t h e r t o o p e r a t e d i n tho USA ( i i h i t e P l a i n s . . N . Y . ) . Vie welcome t h i s 
p r o p o s a l and do not propose to compete _in t h i s a c t i v i t y . I f a c e n t r e i n 
a n o t h e r g e o g r a p h i c a l area s h o u l d a l s o wish to e s t a b l i s h a CIKDA f i l e , and 
to exchange e n t r i e s r e c i p r o c a l l y , tho IA:_,A would hope t o be i n a p o s i t i o n 
to p r o v i d e encouragement and a s s i s t a n c e i n tho i n i t i a t i o n o f such a c e n t r e 
and t o a c t a s a channe l t h e r e a f t e r ; , i f d e s i r e d , f o r r e c i p r o c a l exchange 
o f new r e f e r e n c e s between tho new s i t e and the oldc-r o n o S y 

5-, C o n c l u s i o n 

This document i s w r i t t e n f o r d i s c u s s i o n w i t h i n the IUBSUG and must 
t h e r e f o r e be t r e a t e d a s e n t i r e l y p r o v i s i o n a l . 
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APPENDIX I 

Examples of s p é c i a l a c t i v i t i e s concern ing tho neutron resonance r e g i o n 

As mentioned i n tho "body of the r e p o r t , i n some c a s e s r s s u l t s might 
Ъе a n a l y s e d a t the i n t e r n a t i o n a l data c e n t r e , the measurements concerned 
be ing made s p e c i a l l y by one of tho n a t i o n a l l a b o r a t o r i e s on reques t from 
the cen tre ( b e i n g a d d i t i o n a l to those measurements f o r which l o c a l a n a l y s i s 
e f f o r t s e x i s t ) . This would be p a r t i c u l a r l y v a l u a b l e i f data wore wanted 
f o r r e a c t o r purposes which d id not have a great i n t e r e s t i n c o n n e c t i o n wi th 
t h e o r i e s of n u c l e a r s t r u c t u r e and t h e r e f o r e might not o t h e r w i s e be measured. 

^ — - 1 1 -

A l s o , a n a l y s e s could be performed by way of supplement t o those done ty 
tho o r i g i n a l i n v e s t i g a t o r s , and subsequent t h e r e t o , i n order t o c x t r a c t 
whatever a d d i t i o n a l i n f o r m a t i o n can be obta ined , e . g . , from c l o s e p a i r s o f 
rosonancosj tho n e a r l y - o v e r l a p p i n g r e g i o n , or o t h e r s p e c i a l c a s e s . 

A] though i t i s t e c h n i c a l l y one of tho moj5.t rii.ffj._cult problems, a 
p r i n c i p a l aiaLof—tho—ccji-t-re„ should bo to study and c o - o r d i n a t e tho 
measurements ( e . g . , o f сПр and 'i or'f/c-\as a f u n c t i o n of energy) f o r tho 
p r i n c i p a l f i s s i l e i s o t o p e s , The problem o f a d j u s t i n g such data f o r con-
s i s t e n c y may have to be d e a l t with b e f o r e an understanding o f rcsonancc 
i n t e r f e r e n c e e f f o c t s f o r those i s o t o p e s can be reached, 

î î u l t i - l o v e l formulae of v a r i o u s t y p e s should a l s o be made the b a s i s 
f o r semi-automat ic a n a l y s i s . This s u b j e c t has some i n t e r e s t i n g p o s s i b i l i t i e s j 
to take one example, which a r i s e s from the f a c t t h a t m u l t i - l e v e l f i t s 
appear no_t—to—b^-uniquo - a g i v e n s e t of exper imenta l r e s u l t s might—'be 
rCasïïru/bly w e l l f i t t e d by s e v e r a l d i f f e r e n t m u l t i - l e v e l formulae с The 
n u c l e a r data u n i t might t h ; n , f o r oxamplra, perform d o p p l s r - w i d t h - v a r i a t i o n 
or o ther s t u d i o s based on tho d i f f e r e n t t h e o r e t i c a l f i t s , and proceed -
i f n e c e s s a r y i n c o l l a b o r a t i o n with some i n t e r e s t e d r e a c t o r d e s i g n group -
to i n v e s t i g a t e whether my s i g n i f i c a n t d i f f e r e n c e s e x i s t e d , from tho u s e r s ! 
p o i n t of v iew, between the r e s u l t s u s i n g d i f f e r e n t models t o f i t tho data." 



APPENDIX I I 

INDSWG-18 

Summary o f Computer F a c i l i t i e s oxpooted t o bo a v a i l a b l e i n Vienna. 

I n S o r v l c o Centres i n Vienna t h e r e are a v a i l a b l e a Zuse 23 and an 
IBM 1401 a s w e l l a s , a t p r e s e n t ; an IBM 1620 (which however may s h o r t l y be 
d i s c a r d e d ) . However i t i s f e l t t h a t the r o c c i p t , s t o r a g e and r o i s s u o o f data , 
probably a t i r r e g u l a r i n t e r v a l s and i n m i s c e l l a n e o u s f o r m a t s , i s not a v e r y 
s u i t a b l e o p e r a t i o n f o r contrac.ting_to_^_comm.eji.cal. . .Soj7vice_Cantxe. I n an 
e a r l i e r document the p l a S s ~ f o r i n s t a l l i n g an IBM 1620 computer a t S e i b o r s d o r f 
i n tho A u s t r i a n Atomic Snorgy S t u d i o n g e s o l l s c h a f t l a b o r a t o r i e s were a l s o 
ment ioned, but those aro now i n abeyanco. No d e c i s i o n h a s y e t boon taken 
about i n s t a l l i n g a computer on the IAEA premise s but i t i s c l e a r t h a t any 
such computor would n e c e s s a r i l y be a smal l u n i t o f l i m i t e d c a p a b i l i t i e s . 

Howovor, the Vienna Tochnische Hochschulo I n s t i t u t e f o r Mathematics 
and Mathematical work (undor P r o f e s s o r R. Infr inger) i s e x p e c t i n g d e l i v e r y o f 
an IBMJ7040 - computer around 1 s t A p r i l 1964? and i t i s now c l e a r t h a t a c c e s s 
by IAEA p e r s o n n e l to t h i s ^ i n s t a l l a t i o n can be arranged. The f i n a n c i a l terms 
^"r^Tïch"~acce"ss have y e t t o be n e g o t i a t e d and some f e a t u r e s o f t h i s i n s t a l -
l a t i o n s t i l l depend on c o n f i r m a t i o n of a c o n t r a c t f o r p a r t - t i m e use by t h e 
IBM Research Group i n Vienna. However? i t now appears a lmost c e r t a i n t h a t a 
16384-word memory w i l l be a v a i l a b l e and t h a t f i v e IBM type 7330 magnet ic 
t a p e u n i t s w i l l be a t t a c h e d t o the machine. I t a l s o seems l i k e l y t h a t 
p r o v i s i o n o f a 32768-word memory or magnet ic t a p e u n i t s of a more advanced 
type cou ld a l s o be arranged i f we r e q u i r e d t h e s e , but i n such a case a 
p a r t n e r s h i p - c o n t r a c t , i n c l u d i n g a guaranteed minimum t i m e - r e n t a l c l a u s e , 
would have to be n e g o t i a t e d . Some o t h e r d e t a i l s are not y e t s e t t l e d , i n c l u d i n g 
whether t ime c o u l d be r e n t e d on a s m a l l e r machine f o r i n p u t and output 
o p e r a t i o n s o r how or where an automat ic g r a p h i c a l p l o t t e r c o u l d be i n s t a l l e d . 
I t i s p o s s i b l e t h a t the IBM S e r v i c e Centre 1401 computer c o u l d have t h e 
n e c e s s a r y f e a t u r e s added t o enab le i t t o perform t h e s e f u n c t i o n s , but s e v e r a l 
a l t e r n a t i v e s a l s o appear p o s s i b l e . 

Such an IBM 7О4О computer appears l i k e l y t o be s u i t a b l e f o r e s s e n t i a l l y 
a l l t h e теsonanô^arSr^s iXlwoik^pbl sh . .we propose'~tl3~un"d"ertalcë^ and"'we~"plan-~to-
do"e"TO^~tTïirïg~'except" i n p u t o p e r a t i o n s and format " change s ("such as punched tape 
t o card c o n v e r s i o n ) on the 7^40. With s u i t a b l e arrangements f o r g r a p h i c a l 
p l o t t i n g , good f a c i l i t i e s f o r s emi -automat i c resonance parameter f i t t i n g work 
would thus be prov ided . S i n c e t h e Tochnische Hochschule i s o n l y f i v e minutes 
walk from the IAEA h e a d q u a r t e r s , t h i s arrangement appears v e r y f a v o u r a b l e . 
Whether or not a computer i s i n s t a l l e d on the IAEA p r e m i s e s thus appears to 
a f f e c t our p l a n s on ly p e r i p h e r a l l y . 

We t h e r e f o r e oxpec t t o be a b l e t o conf i rm, b e f o r e the January INDSWG 
meet ing , t h a t arrangements a s i n d i c a t e d above wi th P r o f e s s o r I n z i n g e r are i n 
f a c t p o s s i b l e . Tho computer s h o u l d be a v a i l a b l e f o r use i n A p r i l 1964j a l t h o u g h 
t h e magnet ic tape u n i t s may o n l y a r r i v e 011c o r two months l a t e r . Other changes 
s u b s e q u e n t l y found t o be n e c o s s a r y ( e . g . , l a r g e r memory s i z e ) cou ld be addod, 
w i t h o n l y tho normal d e l a y s f o r d e l i v e r y o f IBM equipment from the d a t e o f t h e 
n e c o s s a r y . spe c i a l . contract„and-minimum-time gi^rarrtce . The c o s t s o f any unused 
t ime i n c u r r e d under such a guarantee cou ld probably be j u s t i f i e d because the • 
o n l y a l t e r n a t i v e would be to spend a d d i t i o n a l funds on l o c a t i n g t h e N u c l e a r 
Data u n i t away from Vienna. S u b j c c t , t h e r e f o r e , to any recommendations from 
t h e January m e e t i n g we e x p e c t to bo a b l e t o arrange adequate f a c i l i t i e s f o r 
t h i s work w i t h a minimum of d i f f i c u l t y . — —— 
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