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Neutron ac t iva t ion cross sec t ion measurements at Bra t i s lava 
Pinal report 

I . RibanBky", I n s t i t u t e of Physics, fiPRC, S-1S, 342 23 Brat is lava 

I. Introduction 

Activation technique has been used to measure the cross sec t ions 

for neutron-induced reac t ions of T i , Cr and Hi isotopes with 

emphasis on the (n,p) and (n ,np) * , Though many such data have bee 

been measured in the past i t i s generally d i f f i c u l t to oetermine 

which values are to be proffered as those dota often exhibi t mu

tua l disagreement subs tan t i a l ly exceeding the quoted uncer te in 

t e s . This i s probably the reason why the new data are s t i l l r e 

quested in 7.77EÏÏDA 33/34. Moreover, T i , Cr and Ni are a po ten t i a l 

component of fusion reac tor construct ion mater ia l and precise 

and 2el iable ac t iva t ion data are obviously needed in accordance 

with the Coordinate Research Programme ob jec t ives . 

The measurements of the reported dota were undertaken in a 

be l i e f tha t the e f f i c i en t way to improve the e x i s t i n g s i t u a t i o n 

in ac t iva t ion data for T i , Cr and Ni i s t h e i r careful reneasure-

ment using modern experimental procedures, data processing t ech 

niques and error-handl ings methods. 

In s ec t , I I , the novel experimental approaches are b r i e f ly 

described together with error-handl ing method. In s e c t . I l l the 

data measured within CRP are presented without any further com

ment and analysis os very many input informations are needed. 

They can be found in the quoted l i t e r n t u r e . The same re fe r to the 
relevant experimental d e t a i l s . 

The (n^p") symbol stands for the sum of the (n^n^p), (n,pn) 

and (n ,d) con t r ibu t ions . 
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I I , Experimental procedures and unce r t a in t i e s 

1 , Coincidence summing correct ions (CSCV In the fast neutron 

ac t iva t ion the most precise and r e l i a b l e method for measurement 

of the a c t i v i t y of the react ion products i s the Ge Li /HPGE 

4»- ray spectioscopy of the i r rad ia ted samples. Due t o r e l a t i v e l y 

low detect ion eff iciency of these detec tors and - generally - low 

ac t i v i t y of the samples the close geometry has to be used for t h e i r 

JA- counting. However at close geometry the coincidence sunming 

/due to cascading ^ - t r a n s i t i o n s / becomes an important oource of 

systematic e r ro r s un to several t ens of nercents • To corect 

for these e f fec t s one has to know the absolute photo- and t o 1 » l -

detect ion eff ic iences for a specif ic geometry used. 

7.'e have developed the method of Ge detector ca l i b r a t i on at 

close f?eo:üetry. The a^vanta^e of the method i s in use of a s t an 

dard s e t , and thersfore eas i ly avai lable of absolutely c a l i b r a 

ted M -sources for detector ca l ib ra t ion at for geometry where CSC 

are neg l i g ib l e . These dnta are transformed to close geometry by 

measuring the transformation curve using a set of uncalibrated 

s ingle- l ine sources which can eas i ly be prepared using standard 

radiac t ive so lu t ions . 

Using t h i s method we have succeeded to measure the photo-

efficiency of our detector at close geometry with the uncer t a in 

ty i l l , 5 % in the in t e rva l 60 - 2000 klV. The overa l l uncer ta in ty 

for the t o t a l eff iciency was £ 5 % which i s suf f ic ien t t o keeps 

the CSC'B uncer ta in ly below ~ 1 %• 

The method i s described in r e f . [ j l^ • 

2 . Interference of ( n t p ) and ¿ntnp") processes. For the r e l a t i 

vely l ight nucle i ( l i k e T i , Cr and TJi) the contr ibut ion to the 

ac t i v i t y of the (.AfZ-l) reac t ion product from (A + 1 , z ) t a rge t 

- (n ,np) channel - might be comporable with tha t from (A9 Z) 
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t a rge t - ( n f p ) channel» In order to d i s t inquish between these 

two channels the highly euriched samples are r equ i red . However 

such targets are not read i ly avai lable and the price might be 

nrohibi t ive espec ia l ly i f a given element cons i s t s from many 

stable i so tones . In some cases even the high enrichment can not 

guarantee thnt the contr ibut ion from n,np channel wi l l be 

negl igible ( i . e . i f ^ ^ ( A + I . Í } $ > 6 ^ > p ( A , Z ) ) . 

In our mensûrements we have used several ieo topic mixtures 

in order to diot inquish between these two channels . Than the ex-

perimentfily measured quantity X| for a given mixture i i s given 

as 

*i " «•».* (."•Z^1(A,Z) + 6; > n p ( M * \ (A+I .Z) ( I ) 

To solve t h i s system of l inear equations ( i £ 3 ) one has to use 

s t a t i s t i c a l method as bothhX*s and ^ *s hrive t h e i r uncer ta in 

t i e s . Such methods are readi ly ava i l ab l e . 

The advantage of t h i s method i s that the high enrichment 

i s no more imperative, e r ro r assignement of the extracted quan

t i t i e s i s consis tent and well defined. Moreover the well e s t a 

blished s t a t i s t i c a l t e s t s might help to discover inconsistences 

in measured q u a n t i t i e s , ttext, t h i s method can be extended to 

include three nucleón emission from ( M - 2 , Z ) t a r g e t . 

3» Uncert»int jes . To avoid an ad hoc assignement of uncer ta in 

t i e s of the measured croes sect ions end t c Include in f ina l un-

cer ta iné ies also known systematic e r ro r s in a consis tent way the 

covariance matrix method developed in r e f s . [2» 3*1 were adopted. 

Thus a l l our experimental r e s u l t s represent t o t a l uncer ta in 

t i e s . 
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IJT# T. xpe r iment a l r e s u l t e 

The f i n a l r e s u l t s for the neu t ron a c t i v a t i o n CXOBS s e c t i o n s for 

T i , Cr and Ni i s o t o p e s are Riven subsequent ly i n t a b l c s j l , z] 

and 3 . The corresponding exper imenta l d e t a i l s , comparisons 

wi th o ther dt»ta «nd t h e i r ana lyses are given i n l e f s . j~4f 5J 

for T i , i n r e fg for Cr and in r e f s . [ j # Q~\ fo r Hi i s o t o p e s . 

L i t e r a t u r e 

1 §• Gnuca and I . P-'baneky, Nucl . I n e t r . ;.feth. 202 ( l 9 3 2 ) 

435 

2 W. '.Innnhnrt, r e p o r t T^B-FÜPB-34, 19U 

3 r>,L. Smith, Renort /l!L/!ir«:i-62t 1931 

4 I . Plbnnsky" and S. Gnuca, J . Phyo. Gi Nuc l . Phys. 9Í1933) 

1537 

5 I . Piibancky and g . <^:nca, Report ITTTC (cfsr.) - 4 / T J , I/EA, 

Vienna, 1933 

6 I . PJbansky*, Ts • Ponte leev and L. S tceva , fnn. ITucl. 

l ïne rsy , 12 (¿935^ 577 

7 I , Pibfmsky", J . KriiHSok, L. S toeva , C. Pnnte leev 

Csech. J . Ph:,'Q. B3J5 (.19^5) 1123 

3 I . P ibansky, J . K r i H i r i c , L. ntoeva and C. Pnn tc l cev , 

Penort nn)C(CSpy 7/GT, I J T A , Vienna 1935 
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Table 1 . Activation cross sect ions for Ti isotopes at 14.9 Mev 

Reaction 

4 6 T i ( n . p } 4 6 m S c 
4 7 T i ( n t n p ) 4 6 m S c 

4 6 T i ( n , p ) 4 6 g S c 

4 7 T i ( n , n p ) 4 6 s S c 

4 6 T i ( n , p ) 4 6 l a + « S c 

4 7 T i ( n , n p ) 4 6 m + 8 S c 

4 7 T i ( n , p ) 4 7 S c 

4 3 T i ( n , n p ) 4 7 S c 

4 3 T i ( n , p ) 4 3 S c 

49Ti(n,»!p)43Sc 

5 0 T i ( n , p } 5 0 S e 

5 ü T i ( n , o ^ ^ 7 C a 

e 
(fflbarn) 

55,0 

6 .92 

211.7 

55.9 

266.7 

62 .3 

169.5 

11 .52 

71 .7 

6.9 

15.40 

9.0 

Uncerta int ies 
(mbarn) 

2 .2 

0.33 

3 .3 

2.3 

3 .6 

2.4 

6.9 

0 .51 

2.6 

0 . 7 

0 .63 

0 . 3 

Correlat ion 
matrix 

100 

-45 

100 

-14 

100 

- 5 1 

100 

-23 

100 

100 

100 

100 

Table 2. îteutron ac t iva t ion cross-sec t ions tor Cx i sotopes 

at 14.3 T.toV 

Reaction 

g- Uncertainty Correlation 

(rabaru) (mbarn ) matrix (%) 

5 0 Cr(n,2n) 4 9 Cr 

5 2 Cr(n,2n) 5 1 Cr 

52Cr(n,p')52V 

5 3Cr(n,np) 5 2V 

53Cr (n,p)5 3V 

5 4Cr(n,np) 5 3V 

5 4 Cx(n,p) 5 4 V 

5 4 Cr(n,« . ) 5 1 T 1 

21.2 

375 

73.4 

7.6 

37.0 

1.6 

15.3 

11.0 

1 .2 

23 

3 . 2 

0 .6 

1.6 

0 . 2 

0 .7 

0 .5 

-

-

100 

-14 100 

100 

-25 100 

-
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Table 3 . Neutron a c t i v a t i o n c roos s e c t i o n s fo r Hi i s o t o p e s 

a t 14 .3 MeV. 

r e a c t i o n 

5 % i ( n , 2n ) 5 7 Hi 

5 3 I I i (n ,np} 5 7 Co 

5 3 I i iCn,p) 5 3 mCo 

5 % i ( n , n ) 5 3 S c o 

5 3 ï ï i [n f p) 5 3 l w -^Co 

C n Hi(n ,p ) 6 C a Co 

6hll(n,np)GOmCo 

G 1 M ( i i , p ) 6 1 C o 

6 2 I t t ( n t p ) 6 2 n C o 

6 2 I I i ( n , p ^ 2 G C o 

6 2 ¡ í i (n ,p ) 6 2 n H - e Co 

^ T i ^ n p ^ C o 

6 4 7 I i ( n , ^ 6 l F e 

G 
(robarnN 

5 7Co 32 .6 

467 

134.2 a / 

1?0.4 Q / 

254. G 

50 .1 

25 .3 

66.6 

11 .7 b / 

17.3 b / 

29.0 

0 .36 

4 .23 

Uncer t a in ty 

(zibarn ) 

2 . 3 

23.3 

6 .2 

6 .9 

7 .1 

4 . 2 

0 .9 

3 . 1 

0 .3 

1.2 

0 .9 

0.04 

0.15 

C o r r e l a t i o n 
m a t r i x 

100 

- 2 3 100 

100 

-29 100 

100 

-49 100 

100 

-66 100 

a / .Analysis of the 910 ,3 l:eV U- l i ne decay curve 

b / a n a l y s i s of the 1129.1 keV, 1163.5 keV and 1173,0 IceV 

V^-line decay c u r v e s . 
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