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INTEGRAL--ACTIVATION''.CROSS SECTION RATIOS OF Ti (n ..>; )Se46•-, 
TiCr. ,>:)Sc47, Ti48 (n ,p >Sc48 , Ti50 (n ,cOCa47 RELATIVE TO 

Al«E7<n ,c)NaH4 .IN. THE1 NEUTRON SPECTRUM PRODUCED ВУ 23". E MeV 
DEUTERONS ЩЩЩ^Т^у^А-IHICK Be METAL TARGET 

M. D. BovisiD;̂ iBri-̂ %̂ î TLci;. D^ Ща^гп^^т^^^^.^х^щ^гта 
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.--, г.-'••• : l R - t e g r a l ; , a c t i v a t i c n i , ; c r c f 5 , £ , . 5 e c t . i o n . - r a t i o s , h a v e b e e n -
-!"•:> -,•-.' j m e a s u r e d ^ ^ o F . T i ^ n i ^ y S c ^ Ä ; ; , . . T i (n ••,-ix-),Sc^7 ,- T i 4 B ^ n , p XSc-AS -
- , i ,:•'. a n d T i S O C n , a ) G a ^ 7 r e l a t i v e t o ATE7 in,,;a-').Na2A , i n , t h e ; 

•;).-• ; • / n e u t r o n s.pec t r u m p r o d u c e d - by S3 .-2 MeV; j e u t e r o n s i n c i - ^ 
M ; .£, . ' , dent : ;o .n ;-a t h i c k me+-аД> Be!, t a r g e t , v V a i l i d a t i D n of r , t h e s e -

c r o s s s e c t i o n s i n a h i g h e n e r g y n e u t r o n c o n , t i n u u m -, 
:;-> .-• - s p e c t r u m •::!;&.' - t h e o b j e c t . c,f t h i s . - wor k,. ; •• The n e u t r o n 
,A : v >_' ;sp;e.c tr,um in, t h e - i r r a d i a t i o n , s i tej -.has Abe;en . . o b t a i n e d --.in ; 

ä p r e v i o u s - worJs . and'(.,-tes ted. ,by t h e .e >(oe 12 en/ t a g r e e m e n t -
vi: : .v. :...-f,i--'3Yt& be tt*een;Ve>: p e r i d e n t a l • .-and. \ЕЫЩ-ВМ or. Л'1 c a l c u -
•••••ы .:•: -Лated. ^ i s ^ i e r * .r<a,t;i.ps,vtqi.U2.35,.- E v a l u a t e d ; a c t i v a t i o n - •.: 
-. .• t :..'t.-cfq£;sV s e c t i o n 4 T r i b r ' a r . i e s h a v e , :beer^; -used- . to _ca Ic.u l a t e 

t h e t-itarii.um. i n t e g r a l a c t i v a t i o n c r o s s s e c t i o n s -••Дп с 
t h e i r r a d i a t i o n s p e c t r u m . In a d d i t i o n a new g r o u p of 
e x p e r i m e n t a l . d i f f e r e n t i a l ,da t a ,-. n e n - e v a l u a t e d ,-- • n u b - ; 

•г.: -:..-• < 3±феаЛ$Кот ЖЯЩ •Лольр-чм ( a ü . I . i c h ^ ^ S e e i , .ANL) . W a s ^ a l s o 
;..;,- --i -.tiee'd - to ; - сa. I - cu l a+e . t h e --.. i n - t eg r - a l . c r o s s г s e c t ions,- . , A com.- : 

• -.-.'.-... - v.-, p a r isonvA o,f,-.-- •the.-v ;-Ti '•- - i s o tope . s ; •e.Kpei-rimen.'.ta-l. ;• i n - t e g r ä, I -
-"•-."' : :: сго '55 л - . sec- t ion ; ; with the , . :ca I c u l a t e d .va lues - - s h o w s a n e x - ; -

c e ' I I e n t a g r e e m e n t w i t h t h e ; . new ..«set o,f> - :>.nqn; •',- e v a l u a t e d / . 
•'•':.'•.'. . •-••data' an,d ao*or} .;agreen-.&n t^w. i t h t h e -eval-a'a t e d - l i b r a r i e s . 
.-.:;.. ':• CfESg:- sge i£ , t ru rn . ^ . - ave raq '&d ' c ros s s e c t i o n s h o w s , s i m i l a r -. 

I n t r o d u c t i o n ..i$ v.-;-:- « ?•• :\ * -:•-,--._, 
• -..-.- .:;••-: i...- •-'.-' e.i--i : :У -.-•."! ..• ....-' J,- -... :• •,:; • r g я . ; ; ' . ' . -: :: •; Л • 
i ;•::•=:-•-r.-.T.i.t-anäüm: i t i vp)' - s s d , Cn^-g'), a c t i y a t i o n ^ , - c r o s s , s e c t i o n , - r e a c -
j . - ' t i Q B ' s - , и г е ' ; i m p o r t a n . t -;in ^ n e u t r o n dos ime- t r ; y anjd _-.; f u s i o n r e a c t o r 
г. • t e c h n o l o g y .,L-O : •-•---=•.;. •-.'.. : ь ^ ; . •'-••. -r •'v>; •: .."."•';•• 7-.'' -L-.r1 • . -

T h e s e ;.-i-n,t;eg,£''al . c r c s s ; s e c t i o n s .hev.e> b e e n m e a s u r e d by 
*̂ s e v e r a l - r e s e a r c h e r s ..in , a : G f 3 5 S f i s s i o n " . n e u t r o n , s p e c t r u m , i n 

. . t h e U335 :.f i ' s s i o n . spec tr.um i p r b d u c e d t h e r m a l . ; n e u t r o n s / , and . o n e 
j i*. m e a s u r e m e n t - .made- ^ r e c e n t l y ' 1 by . t h e J ü l i c h , - ' ; . g r o u p , . i n . n e u t r c n 
.-, - s p e c t r a i n d u c e d , by ••SOL-.a.D.d :SS.-,MBV- d e u t e r o n s ' i n c i d e n t - :.on.-. . ;a Be 
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.-',••'•' V ' • . : ' • • ' , - j . •• л ,. \ - ^ ' v , : 7 :;•»••! b T . - e S # ^ ' . : , . . r»« r^;v.^ , ,r-->=-^'..T,-:v.\V*r • 

" '*v-A< . M Y . * ' .-У. ;•;;, g-jt;- f E , № ^ m e n ^ f ; • l ^ . f i . : ' - U^U 

^ a . T r r a d i a t J o h - а л а ^ п е и ^ г о т ^ f Ш^;. m r y n i i b n i n g ^ У У - H S - ? ,Л ' 
E x p e r i m e n t s .were made a t t h e t a r . d a r a c c e l e r a t o r of t h e 

CNEA, •••'- w i t h d e u t e r o n s of-SS.^E 'МёУ and1 к £ . 3 5 UA- a v e r a g e beam 
c u r r e n t . ' The d e t e c t o r s^ 'wefe p l a c e d a t ' 4 -cm f r o m " t h e beam s p o t 
I n t h e Б е t a r g e t a t a p p r o x i m a t e l y 0 d e g r e e . Two i r r a d i a t i o n s 
(TANS a n d TAN?) of a b o u t Ш h o u r s w e r e m a d e . 

An a c t i v a t i o n s t a o k Y c B m p b s e d of m e t a l f o i l s w r a p p e d w i t h 
t h i n a l u m i n u m was i r r a d i a t e d t o g e t h e r w i t h a SSNTD • s t a c k a s 
( d e s c r i b e d i n r-ef •* '1 , '•• - t o a s s u r e e x a c t l y - t h e ' s a m e ' s p e t ' t r u m a s 
i # t h e u n f o l d i n g , s p e c t r u m ^ m e a s u r e m e n t . - The NaSA a c t i v i t y d i s 
t r i b u t i o n 'of- Aluminum f s l i l s " ' i n t e r c a l a t e d i n t h e ^ s t a c k s was 
u s e d ' t o «check g e o m e t r i c a l r e p r o d u c i b i l i t y - ' a n d n o r m a l i s e t h e 
r e s u f l t s * ' t o - t h e same' "f l u x / . a t ; t h e b a c k -of " t he s t a c к -" ürä-, 9 . 5 x 1 0 * 

•'••'• "The'•'-" t i t a n i u m ' ;-foi l ' - ' ' w a s Ддатта- m e a s u r e d • ••to",! ' o'b-t'ain t h e 
t i t a n i u m •••reat t i o n s ;:А'1е7(.п;,©ФМаЁ4 was ' u s e d a s f l u x -mopl . to r , Au 
srTdrNb: w e r e u s e d -äs s e c en d!a1rf':mo"ni t o r s . ; " v --.*: У •..•<?•• \ •• 
. "'-"T^he . ' t i tarriüfT:, ' n i o b i u m - a n d val?üminum f o i l s ' in. the" a c t i v a t i o n 
•:s;-i?ät'k>-"'fw*efe- l . E S ; •'•-'i'/.C- a a d l / ^ v l E mm • t h i c k , r e s p e c t i v e l y and h a v e 
о;# ' \> • - 'd iameter ;• •'• and -•' the 1 • • g o l # - - f o i l w a s 0 . 0 7 'mm t h i c k / a n d i cm 
d.iame;ter^ :-•'-•: --r " '- '•• '>.ix>i'.-x •-* :v. 11 -.--; -:'• ••,<• .-*•;•-..*. .v:;: • 

"-•.,' '••? ji-;-.r • •. . ••; с ,T.C.: -•-> с .--и -*-I ,.'".'•'•"-'"-^•'' т . : f-- i .+ ' • 'Ь л %-;i -..•••'•.. 
. I - g 4 ^ A c . t i v a t i o n Measurements-- . . •- - •'•'" '•-. ' - "'' ." " - ^ ' " '•• .-; '• > 
. -^-~i.Cri^;-;)Sc'4-6, -Ti (n , »)©e;^?;j" TSWB 'Cri , p XScAS ,- T i 5 0 (П*о >Га47 i n -
t e g f a U ^ c r o s s ; s e c t i o n s - w a r e '"-measured - by a c t i v a t i o n ; - t e c h n i q u e . 
F f u x J m e n ' i t o r i n q a n d / s p e c t r u m v e r i f i c a t i o n / w a s made b y " m e a s u r -

. t h e ^ a c t i v i t y of А127чп^е:>!ча24 , : 'AuI97 ('n..2n.>*Au;t9&^3hd" NÖ93 i ТТГП -

f.r.f! 1 +Гй-\,v; • j'iE.v.'HsVtfiri m o n i t o r r e s c i i o i r s ; - • >.- - ••• - i ':<-- .. - .. •;"•:.- v. 
•> --̂ T.lhe-. ' й е и - t r s r r i n d u e ' e d • p h d t s p e a k s ' a c t i v i t i e s 1'и; T i - ^ ' o f Sc 4 ? 

f;'.3r4ä-E;'-'-days-v-; 99.987-% 1-59;:'4 fee У.) , : Sc *4ö '. (83 ' -S3 d a y s:./'-"' 9 ? . 9В4£ 
B S 9 . 3 кеУ and 99.987%, 1 Ш 0 . 5 <кеУ ) , . So^S ( l . B E i > --days, . - 10 й« 

• 9 3 3 . 5 -.- and : 1.312.0 кеУ . a n d 9 7 . 5 % 1 0 3 7 . 5 keV'3 and € a 4 7 , ( 4 . 5 3 
d a y s ; 74.9%: 1 2 9 7 . i кеУ•).' w e r e m e a s u r e d i n а 20% reverse HP-G.e 
d i o d e w-itm a t h i n Be win:d;o:w:-•;'-i' .;.-. 

T h e a c t i v i t i e s of; t h e f i r s t r u n (TANS) w e r e . m e a s u r e d a t 18 
~^~&nä •'•/ES-"^cm Gi is tance ' " , f r : sm^; the d i o d e . ; - 4 The - a c t i v i t i e s correc t e d 
'?••• 4f.Qf e f f i e ' i e n d y i n ' b o t h . geome t r i e s - a g r e e ^ w i t h i n 1%, -- e x c e p t E% 

f o r t h e 1 E 9 7 . 1 кеУ p h o t o - p e a k t h a t h a v e p o o r ' s t a t i s t i c s ; a t 
*' E5cm 't- 'The a c t i v i t y ~6i e a c h - p e a k was w e i g h t e d a v e r a g e d , 
'• *' •:•''••• Theisecond- run- (TAN9> was on 1 у "measured at l.S cm.- -The Ac-
C'V.. tiv'-ity'pf -each gamma ray ::f-r:öm "the two runs , ' corrected for ' time 
-' .'irradiation, and beam cürren t -"f lue tuatipns , - agree -H-2%; • ::These 
r- activities'were weighted .•averaged and'reduced .. for photopeak 

gamma intensity, gamma -self-absorption in the sample г and;, dif-
"' -*:feren;ces;; in' flüx due» to/the- foil-^position in . the..sample stack. 
•; "True, coifrcidences summing-up,, 'calculated with Andreev et. ei . s 

~-l formalism neglecting апдй^агг'соггelation3 was negligible ;-,-:. 
Titanium reaction, .rates - ' -were-measured re lä tiye ; to: A127 

-"-̂ Ti-.a З^аЕЛ' reaction rateC Ta:b le • 1 v 'Reactions rates are exprefs-
''• -sed". per-'atom -q.f .isotope , - fi(.:n ,* 3Sc4.7 -per atom -;of -T'î 7;- + 2Ti4S . 

T i ( s r r , x O S c 4 6 - p e r . a t om of T i n s , , : .T"i/(n f x-;)bc4S -' pe r ' s t o m ^ ö t - . - 1 1 4 ' S 
- T h e r e a c t i o n r a t e s of i the : , s e c o n d a r y ' s t a n d a r d s , , . AU!l97-tn;,2r p.e-

--*•- a n d ; Kb93(h ,2n 3;, w e r e a I sp ; .measures -^a r )d - ' t h e i r r a t i b l - r e ; l a t i y e t o 
-'-- Na24f- s a r e e ' <%J6tf- of b e t t e r - w ' i t h ; ' . t he - same , r a t i o s ^ o b t a i n e d i n t h e 



u n f o i d l n d * s » p e £ i e n c e - d e s c r i b e d i n ' r e f •.:' 1": ^ ' '• n; • !:.;;, . :- ..-..• 
r n r «A;- b v P t tvi' ' Ov'"b •.'•"-,>- •:•_:'•,•;; *<:;c- ••;••••:..• r •••':•:;* г л г т j 'r -fH-, 
•^u;?: t#ns I s v~v a-tr'"-*" T a b l e - ' * , . * " f e ^ ' e f i - m e h t a i ' R e s u - Ä s ^ f ]>J~;:- '""/"-• 

: : : : : — . — • — . - ' - , : _ i j i _ — • " • ' - - . - . -'• " ; ' • ' - " '•' ' > — ' . — ^ 

'•-̂-*; 'Reaction- fi''̂ :---i----j' -'-'- R a t e - " ^ *' "' R a t l o " ^ — * .-;<cr> 
---•-'-""' •'•'""Я'- -.'.f-'̂ v/'-; ' -(d/s/atömT*-' ;'to' Na24 : -<mbarh);-
'•:'• • •'•> *>' •-•>...• г-'gy.-i g '••-. - •>.. '. . • л и - ' ^ :• : '' о.--"- .:'-:.-•- : *-'.'• .};' • - ' ' r 

AI27<n,a>Na24 3.65E-16±2.2% " ".;.v .*•>:-^ " - ' "'• 40:.54«= ''"; 
""'•'•"' A(H97(n,2n>Aüi9u^' . 5.B3E-15±3':5%- ' • : ; 1 5 Л 5 ' - : • -'-6-1'4;Ё±4 .;!*/. 
•H.r,'-"'Nb934n,2n.)-Nb.9am"-' •' -' 1 .15E-I5+2 .5 % -.'.'.' : 2.9S8-'-'1 ' 121 .1+3 .4% 
•;:<--';Ti(n^->Sc46-'* •-1-'*'* rl .40E-15±2.5% "">' '^3^635' "-147:413.3% 

Ti<n,x>Sc47b i.32E-l&±4.7% 0.344 • •"' '"''.'- 13.'93±5.2% 
'•••'"-T i48-(-ri * p;) Bc'4.85"-••'•'•r- i.86E-lb±2.6%' : ; Ö.4S4 ' • 19.60+3.4% 
ŝ "?"'T-i50'(.n:va)€'a47:' '̂«-"-л '2'.42Е-17±4Ь.8% '"•' 0 .0628 -"" / • 2.548+5.2% 
~"' '• _-; ' ' '--••' •—— - •" "• ' * : ; L: __; li - L _ j ; •" ' '' -* — "- — '. :_^ : ^_ 

fc.-.r.c i">>..'Ä R a t e ''per* atom of Ti46 , ^ Rate' per : atom 4 of Ti'47+Ti48 '•' 
-**'•*-- •".&• 4 P > ''#1.27 (n;;ä;i^ca leu la-ted' using unfolded spectrum 'fTERl 

•and differential data from« "IRDF90" , V'4' •' *'-' " ' '"s"' ;;'!-

.s~:'•:;i2::'•:„ АУ-Г'.': ..'J?JT^:::.LL^•?;••..- •Л^С.^.'Д'-:;, j . - :. Л J L •^-.l..''.;:r."-.- .-.:.r -"':; 
The e r r o r s i n t h e c o r r e c t i o n ' , f a c t o r s , are"-: ." , i^)' T h e " : e r r q r in 

V - ' g a m m a ' e f f i c r e n e V ^ ^ ä e t e r m i n a t l o r i . i s - ' l e s s t h a n " 1% i n „ m o s t c a s e s 
J ' • . ( e x c e p t ' 2% f o f ' t h e - low- e n e r g y -'-"159V4 • ke*"'- '"p 'hqtopeak' ' -" o f ' S c ^ 7 > 
-*-J - p l u s ' ' 2%' " e r f o r ; - ' " f r o m : t h e i n t e n s i t y u n c e r t a i n t y o f c a l i b r a t i o n 
'-''•- •seäfce,s4.'- = 2 ; " ' " - E x t r a p o l a t i o n ana ' ' - . " sa tu ra t ion ' ' c a l c u l a t i o n s " e r r o r s 

d u e t o h a l f l i f e u n c e r t a i n t i e s w e r e - a l w a y s n e g l i g i b l e ^ 3 ) 
S.e lf-f a b s o r p t i o n . i n t h e s a m p l e was c a l c u l a t e d ' a ssu ; ! r i inc_ 'exppnen-
t i a l ' appro>: imat- ior i - and" p h o t o n i c : a b s o r p t i o n ' - ' c o e f f i e l e n t s f rom 
S : h i r i - e y ^ V ' ~ ' a m s ü r v t s ' t o 1 ' o r 2%~~'in~air c a s e s , e x c e p t - 5^--f o r t h e 
5сч!7 pho topeä lV i л''Errors- w e r e assumed ' t o be - e q u a l t o ha I f t h e 
c o r s e c t i o n - - 4 - 3 - T-he-xe l a t i v e ™ e r r e r - ' i n - t h e ^ ' n o r m a l i - z a t i o n f a c t o r s 
t s ^ ^ t r - i Ыс^-Ъл^ск f l u > ; - ; ' ' ^ a s . • e s t i m a t e d b e t w e e r , O 7 : ^ ^ a n d 0 . 6 % 
acco rd - ing - - to- - fo r i - -i.'ö era t i o n • in - t h e - s t a c k . .5) A -4L.6%, c o r r e c t i o n 
was a p p l i e d to* g.O'1'S b e c a u s e t h e f o i l 'd'iamete-г ( le rn) was l o w e r 
t h a n - - : t h e — r s t a r i d - a r d - - - d i a m e t e r - o f 0 ; 5 ' Ч t h e - e r r o r - i s 0". 5% - a s d i s 
c u s s e d ! i n a - - p r e v i o u s work ; 1 . .••::••• . т .-: r • , 

L r o s s :Bsz:t£pb^r-t-ä-Xcu'lst^&n 

-Ira—-Erf f e r e - n t i - a l — G r o s s • 5ec- t io ,n -s"used : 

s e v e r a l c r o s s s e c t i o n s 
7r : t i t a n i u m " ' - " • i s o t o p e s ' ' ^ r - l ^ ENDF/Б^УГ ^ v a l u a t e ' d ' ' n e u t r o n ' d o s i m e t r y 

••"-f-ileH. е''Г'-1ЙЁА e v a l U ' ä t i b n '6y Manqkhfin e t ä l - i* , : whib i i ' I s m a i n l y 
Ьаве.а -on BDSPÜR-EO" M a c h i n e " L i b r a r y ^ " of-' : e v a l u ä t e d . ' T h r e s h o l d 

' :- ""'Re а с t i c « E f o E s ' " S e c t i o n s and" i t s - ' t e s t i n g . ' by ' m e a n s ' o f In t e g r a 1 
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(п.. x).Sc47. 11 is quite clear the different behaviour above and 
bellow 12 MeV, suggesting the underestimation of .(n,np) cross 
section in the evaluated libraries and also ENDF/B-V'I overes-
timation of (n,p) cross section bellow 10 MeV. 

We may conclude emphasizing the importance of the valida
tion of the differential activation cross sections at higher 
energy neutron spectrum (Ек7.5 MeV) in addition to the valida
tion at lower energy (E~2 MeV) as has been used in the past. 
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