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ANALYSIS OF NEUTRON INDUCED REACTIONS ON 
Ti ISOTOPES FROM 2 TO 20 MeV 

S . GMUCA 

I n s t i t u t e of Phys ics E . P . R . C , Slovak Academy 

of S c i e n c e s , Dúbravská ces t a 9 , CS-842 28 B r a t i s l a v a 

Czechoslovakia 

A b s t r a c t 

The Weisskopf-Ewing and p r e e q u i l i b r i u m models a r e used to 

o b t a i n the c r o s s s e c t i o n s of a l l the more impor t an t neu t ron 

t h r e s h o l d r e a c t i o n s on Ti i s o t o p e s . The c a l c u l a t e d r e s u l t s a re 

compared with the e x i s t i n g expe r imen ta l d a t a . The o p t i c a l mod

e l i s used f o r the c a l c u l a t i o n of r e a c t i o n c r o s s s e c t i o n s . 

1. INTRODUCTION 

The aim of t h i s work i s to p r e s e n t a complete and c o n s i s 
t e n t a n a l y s i s of t he more impor t an t i n t e r a c t i o n s of n e u t r o n s 
wi th Ti i s o t o p e s i n the energy range 2-20 MeV. 

The c u r r e n t phenomenological theory of n u c l e a r r e a c t i o n s 
a t i n t e r m e d i a t e and low e n e r g i e s / E * 50 MeV/ i s based on va 
r i o u s models of t h e r e a c t i o n mechanism. 

At lower e x c i t a t i o n e n e r g i e s , most r e a c t i o n s l e a d i n g t o 
the p a r t i c l e emis s ion a r e wel l d e s c r i b e d by the compound-nuc
l e u s e v a p o r a t i o n model . The Hauser-Feschbach theo ry p r o v i d e s 
the most c o n s i s t e n t method of c a l c u l a t i n g the cross s e c t i o n of 
t h a t p r o c e s s . I n t h e ca se of n e g l e c t i n g the a n g u l a r momentum 
c o n s e r v a t i o n i t r e d u c e s to the much s i m p l e r Weisskopf-Ewing 
c a l c u l a t i o n . 

At h i g h e r e x c i t a t i o n e n e r g i e s /E fc15 MeV/, however, t h e . 
c o n t r i b u t i o n from t h e p r e e q u i l i b r i u m mechanism becomes s i g n i -
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fi cant and cannot be neglected anymore. The exciton model of 

preequilibrium decay has recently been widely used to describe 

that fraction of cross sections. 

Thus, over the incident particle energy range considered, 

the reaction mechanism changes in character, and the integral 

cross sections and the emission spectra of reaction products 

can only be described using a combination of both 'the compound-

nucleus and preequilibrium models. Apparently, the relative 

contributions of both competing mechanisms would vary according 

to the reaction conditions. Several papers /see e.g. Holub et 

al. 1980 and references therein/ have been published demonstra

ting that such an approach can properly describe partide_emifi

sión spectra and excitation functions of reactions in the sepa

rate reaction channels. 

In this paper, emphasis is put on a simultaneous analysis 

of many reaction channels involved in the interactions of neu

trons with Ti isotopes, using a consistent set of parameters. 

Most of the calculations are compared with the available expe

rimental data. At low energies the reactions (n,n') , (n,p) and 

(n,<*) dominate, while at higher energies (n,2n), (n,pn), 

(n.n'p) and (n.nOi) become also important.The remainining 

possible reactions, (n,3n), (n,2p/ and those embracing the 

complex particles other than OL , do not contribute apprecia

bly below 20 MeV and so are excluded from consideration. 

2. OPTICAL MODEL CALCULATIONS 

Most modern theoretical nuclear data evaluations employ 

an optical model analysis using either a phenomenological or 

microscopically derived optical potential. The importance of 

this component to the evaluation is obvious as it provides 

not only the total, shape-elastic and reaction cross sections, 

but also the neutron and charged-particle transmission coef

ficients that are used in Hauser-Feschbach statistical theo

ry calculations. An important feature of such consistent ana

lyses is that they usually have to cover a very wide energy 

range; typically from 100 keV to 20 MeV or more. 

The low energy transmission coefficients preserve their 

importance even at high incident energies in order to cor-
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r e c t l y c a l c u l a t e the muí t i p a r t i d e emiss ion i n the v a r i o u s 

r e a c t i o n c h a i n s . 

In t h i s pape r , the o p t i c a l model c a l c u l a t i o n s were made 

u s i n g the s p h e r i c a l o p t i c a l model code SCAT2 by B e r s i l l o n 

/ 1 9 8 1 / . The g l o b a l o p t i c a l model p a r a m e t e r s of Perey / 1 9 6 3 / 

f o r p r o t o n s , and those of McFadden and S a t c h l e r / 1 9 6 6 / f o r 

e x . - p a r t i c l e s , were u s e d . The neu t ron o p t i c a l model p a r a m e t e r s 

f o r Sc and Ti i s o t o p e s a r e l i s t e d i n Table 1, and the t o t a l 

c r o s s s e c t i o n s o b t a i n e d wi th these p o t e n t i a l s a re ahown i n 

F i g s . 1 and 2 , and compared with the expe r imen ta l da t a of 

F o s t e r and Glasgow / 1 9 7 1 / . These comparisons confirm t h a t 

t hese p o t e n t i a l s g ive an adequa te d e s c r i p t i o n of the expe

r i m e n t a l d a t a . 

5 . STATISTICAL KODEL CALCULATIONS 

Al l c a l c u l a t i o n s were made by u s i n g the Weisskçf-Ewing 

e v a p o r a t i o n model i n combinat ion wi th the precompouxi e x c i t o n 

model. S ince the Weisskopf-Ewing model i s wel l knowx.and i t s 

d e s c r i p t i o n may be found i n o r i g i n a l pape r s /Weisskof 1937, 

Weisskopf and Ewing 1940/ , only the precompound exciten model 

used and r e l e v a n t p a r a m e t e r s a r e b r i e f l y desc r ibed te-low. 

A c losed- form e x c i t o n - model e x p r e s s i o n fo r d i f f e r e n t i a l 

precompound c r o s s s e c t i o n s i s g iven by 

The emiss ion of p a r t i c l e s of type fi> of k i n e t i c energy é}% from 

an n - e x c i t o n s t a t e of the composi te system a t an exa.ton ene r 

gy E, i s p r o p o t i o n a l to the emiss ion r a t e W ( n , E , < * ) m u l t i p l i e d 

by the time T(n,E) the system spends i n t h i s p a r t i c u l a r s t a t e . 

The t o t a l p r o b a b i l i t y f o r the emiss ion of p a r t i c l e s £ wi th en

ergy €(i i s ob ta ined by summing up the c o n t r i b u t i o n s from a l l 

e x c i t o n s t a t e s u n t i l the e q u i l i b r i u m i s r eached . ( ^ ( E . ) i s 

the c r o s s s e c t i o n f o r the fo rmat ion of the composite system by 

an incoming p a r t i c l e <x of energy E. . The emiss ion rete 
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W-(n ,E ,¿^) i s given by the usual expression 

Here the proton-neutron d i s t i n g u i s h i b i l i t y f ac to r CL^p), as 
suggested by Kalbach / 1977 / , makes i t poss ib le to use the one-
fermion densi ty of exci ton s t a t e s . The Ericson s t a t e densi ty 
Ou(p,h,E,E^) for a n-exci ton s t a t e /n=p+h/ corrected fo r the 
Paul i p r inc ip ie une the f i n i t e deptr. of hole e x c i t a t i o n , as 
determined by Béták and Dobes /1976 / , i s given by 

n h h 

Co(p,h,E,E,F} ¡) = — r ( f ) f J ^ / 3 / 
h p ! h ! ( n - l ) « / T o l V 

x ( E - A p , h - ^ E
H ) n " 1 ^ C E . A P f h - / g , 

where A . is the correction factor due to the Pauli princi

ple /Meneses 1963/ 

Ap,h= ~ { p h ~ P ( P + 1 ) / 4 - n(h+i)/4J , ¡hi 
O 

and EH is the finite depth of hole excitation /Cmuca 1980/. 

In fact, the inclusion of the correction for the finite depth 

of hole excitation is the only major difference between the • 

commonly used exciton model and that used in this work. Such 

a type of correction is in accord with the recent results of 

Wilkinson /1977/, who pointed out the dominating role of the 

nuclear surface in nuclear interactions. In terms of energy, 

this means that the depth of hole excitation is expected to 

be comparable with the strength of the effective residual in

teraction which is a few MeV. This may be compared with the 

total depth of the Fermi sea, i.e. several tens of MeV. Inde

ed, the recent evaluation of the equilibration of finite fermion 

systems by V/olschin /1981/ showed that, during the relaxation 

process, the occupation probabilities of only a small part of 

the nucléons below the Fermi energy /holes/ were changed substan

tially. The remaining part of nucléons continued to be inviolab-
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le. The width of the energy region influenced by the equilibra

tion was approximately equal to the.thermodynamic temperature of 

the compound nucleus. Thus, the following relation, based on the 

arguments given above, was adopted for the evaluation of the ef

fective finite depth of hole excitation /Gmuca 1982/ 

£„ - /Ê/T, /5/ 

a being tne leve l densi ty parameter of compound nucleus. 
The time T(n,E) t ha t the composite system spends in an 

n-exci ton s t a t e was evaluated by the closed-form expressions 

T(n,Ej - tn(E)Tf V O . E H J . O O /6/ 

Ai=+2 

%a 

O ' 

where jt.fn.Ey i s the t r a n s i t i o n r a t e forming n+2 - exci ton 
s t a t e . The J l t r a n s i t i o n r a t e i s given by the "golden ru le" 
as 

2% 
a + ( n , E ) - — | M l 2 0 3 + Cn.E.Ejj), 111 

*n f 

where the density of access ib le f i n a l s t a t e s c*> (n ,E ,E„) , cor
rected for the f i n i t e depth of hole e x c i t a t i o n , was taken as 
given by Biták and DobeS / 1 9 7 6 / . For the normalizat ion of the 
absolute magnitude of the XÏ t r a n s i t i o n r a t e , i t i s necessary 
to know the averaged squared matrix element fM/ . Since no r e 
l i a b l e microscopic ca l cu la t ions e x i s t for the two-body i n t e -

rac t ion in the nucleus, a phenomenological expression for I !•' ! 
i s usua l ly used. In t h i s work, JMJ i s expected to behave ap
proximately as /Gmuca 1982/ 

I Ml2 = K g'3 E^ , / 8 / 

where the finite depth of hole excitation was taken into ac

count. The single particle density g is related to the level 
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d e n s i t y pa ramete r a by 

6 
g =£ , a / 9 / 

The d imens ion l e s s f r e e pa rame te r K was r e c e n t l y determined 

to be 0 .30 f o r neu t ron induced r e a c t i o n s /Gmuca 1 9 8 2 / . 

In Keisskopf-Ewing model c a l c u l a t i one the l e v e l d e n s i t y 
formula of the t r a d i t i o n a l Fermi gas form 

iu)mn">{'K°-*)l'/l} /10/ 

was used a t h i g h e r e x c i t a t i o n e n e r g i e s , j o i n i n g smoothly to 

the c o n s t a n t t empera tu re formula f o r e x c i t a t i o n e n e r g i e s below 

5 MeV. 

The a and <f a r e the pa ramete r s of the l e v e l d e n s i t y f o r 

mula, and t h e i r v a l u e s used a r e l i s t e d i n Table 2 . They were 

taken mainly from Grimes e t a l . /197A and 1978/ , and s l i g h t l y 

modified / i f n e c e s s a r y / to ach ieve f i t s to the e x c i t a t i o n fun

c t i o n s and p a r t i c l e emiss ion s p e c t r a c a l c u l a t e d . These m o d i f i 

c a t i o n s were mainly due to d i f f e r e n t s e t s of the o p t i c a l model 

pa ramete rs used . 

The J*-ray compe t i t i on may e x e r t a s e r i o u s i n f l u e n c e upon 

the p a r t i c l e emiss ion , p a r t i c u l a r l y around t h r e s h o l d s . I n t h i s 

work, the f - r a y t r a n s m i s s i o n c o e f f i c i e n t s of the Br ink-Axe l 

g i a n t d i p o l e resonance form were u sed , wi th the p a r a m e t e r s t a 

ken from the systema t i c s 

£"GDR= 80 A ' 1 / 3 /MeV/, 

P G D R= 5 /MeV/, / 1 1 / 

6~GDR= 1 3
 ^ G D R / * * / -

No a t t emp t s were made to c a l c u l a t e f - r a y s p e c t r a . The fl*-ray 

emiss ion s e rve s only a s a c o m p e t i t o r t o the p a r t i c l e emis s ion 

thus improving the d e s c r i p t i o n of the e x c i t a t i o n f u n c t i o n s , , 

mainly n e a r the t h r e s h o l d s . 
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U. RESULTS AND COMPARISONS TO DATA 

The calculations were performed using the program SPECTR-II 
/Gmuca 1984/ that handles a complex sequence of compound nuclei 
resulting from the neutron and proton emission chains in a sin
gle run. Neutrons, protons, alphas /or other complex particles/ 
and r -rays are allowed to be emitted from each compound nuc-
leus. In Fig. 3, an example of calculations for n+ Ti cross 
sections obtained in a single run is shown. Below, the results 
of calculations will be compared to the available experimental 
data. 

n • 46Ti 

Neutron activation cross sections data for the Ti(n,p) S< 
reaction are relatively abundant and they are complemented at 
15 MeV by total proton emission spectra measured using the qua-
drupole spectrometer by Grimes et al. /1977/. While there was 
no problem to describe the proton emission spectra at 15 MeV 
/see Fig. A/, a successful description of the excitation func
tion was only possible by varying the level density parameter 
a of the residual nucleus Sc with energy /a similar problem 
was also met in Ti(n,n*p+pn) Sc reaction, leading to the same 
residual nucleus/. The energy dependent form of a as given by 
Maino and Menapace /1983/ 

a.(u) « a(l - e'*") /12/ 

was, the re fo re , adopted for Sc with ei = 5.85 and 7» =0.43. In 
t h i s , case , a reasonable agreement both with the experimental 
data and with the ENDF/B-V evaluat ion was achieved / s e e F i g . 5 / . 

The only datum for a lpha-product ion c ross sec t ions on Ti 
i s t ha t of 15 MeV neutron induced a lpha-product ion, as measured 
by Grimes e t a l . / 1 9 7 7 / . Our ca l cu l a t i on of t h i s r eac t ion i s 
compared to the experimental spectrum i n F ig . 6 . 

The experimental data for the Ti.(n,2n.) Ti r eac t i on are 
both abundant and cons i s t en t , and well described by the ca lcu la 
t i on . The agreement near the threshold i n d i c a t e s a co r r ec t low-
energy neutron t ransmission coe f f i c i en t s behaviour governed 
by the neutron o p t i c a l p o t e n t i a l parameters l i s t e d in Table 1. 

9 



n + 4 7 T 1 

t'y I ry 

Only few measurements oí Ti(n,j>) Sc cross s ec t ions were 
made a t energies o ther than 14-15 MeV. At energies below 10 MeV, 
mutually cons i s ten t data by Smith and Meadows / 1 9 7 5 / , Swinhoe 
and Ut t ley /1979/ and Husain and Hunt /19B3/ are a v a i l a b l e , and 
our ca l cu la t ions are f a i r l y cons i s t en t with these /be ing only 
somewhat lower a t energies below 5 MeV/, and with the ENDF/B-V 
eva lua t ion . This i s documented by F ig . 7 . Above 10 MeV, howe
ver, there i s a considerable disagreement between our ca l cu la 
t ion and the ENDF/B-V evaluat ion which i s , in f a c t , based only 
on one o lde r measurement by Pai / 1 9 6 6 / . Unfor tunately , due to 
a la rge spread, the i n t e g r a l cross s ec t ions measured a t 14-15 
MeV energies do not allow a r e l i a b l e normalizat ion of the c a l 
cula t ion and thus do not improve the s i t u a t i o n in the upper pa r t 
of the neutron energy range considered. Our c a l c u l a t i o n i s com
pared to the 14-15 MeV s ing le -po in t data in Fig. 8 . 

The ca l cu l a t i on of the Ti(n,n 'p+pn) Sc r eac t i on i s com
pared with three ava i l ab l e experimental data and with the 
ENDF/B-V evaluat ion in F ig . 9 . The energy-dependent l eve l dens i -

46 

ty parameter a for the Sc nucleus was used as discussed ear

lier. 
48 

n + ̂ °Ti 

48 The Ti nucleus i s the most abundant and most important 
isotope of the Ti i s o t o p i c chain. Experimental and evaluated 
data for ( n f p ) , (n ,n 'p+pn) and ( n , < 0 r eac t ions are a v a i l a b l e , 
and the ca l cu la t ions are compared to them. 

48 y » 48 Many measurements of Ti \n ,p) Sc cross sec t ions were 
made, and these are complemented by a recen t measurement of 

48 a proton production spectrum on Ti with 15 MeV neutrons by 
Grimes e t a l . / 1 9 7 7 / . Our ca lcu la t ions are compared to the 
t o t a l proton emission spectrum in F ig . 10, to experimental 
cross sec t ions from near the threshold up to 20 MeV i n F i g . 

11, and to some recent s ing le -po in t measurements around 14-15 
MeV in Fig . 12. As one may see, an exce l l en t f i t to the proton 
emission spectrum was achieved. The desc r ip t ion of the e x c i t a 
t ion function i s general ly good. In the region 6-12 MeV, howe
ver, our ca lcu la t ion i s about 12 -Á higher than the ENDF/B-V 
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e v a l u a t i o n ; i t f i t s the da ta of Swinhoe and U t t l e y / 1 9 7 9 / 
measured a t s e v e r a l e n e r g i e s between 6 and 14 MeV, r a t h e r 
than the c r o s s s e c t i o n s of Smith and Meadows / 1 9 7 5 / on which 
the e v a l u a t i o n in t h i s r e g i o n i s b a s e d . A s i m i l a r s i t u a t i o n 
appears a l s o i n the r e g i o n 14-16 MeV, where the c a l c u l a t i o n 
i s i n agreement with a c c u r a t e measurements by Vonúch e t a l . 
/ 1 9 6 0 / , Ribansky and Gmuca / 1 9 8 3 / and Swinhoe a n d ' U t t l e y 
/ 1 9 7 9 / , whi le the E N D F / B - V e v a l u a t i o n i s lower . 

Measurements of the i n t e g r a l c r o s s s e c t i o n s of the (n,ot) 
48 r e a c t i o n on Ti a r e few and s c a t t e r e d . The r e c e n t measurement 

48 
of the 15 MeV neutron-induced a lpha p r o d u c t i o n on Ti have im
proved t h i s s i t u a t i o n c o n s i d e r a b l y . Our c a l c u l a t i o n s of the 
48 

T i ( n , i O c r o s s s e c t i o n from t h r e s h o l d to 20 MeV a r e compared 
wi th the expe r imen ta l a c t i v a t i o n c r o s s s e c t i o n s i n F i g . 13• 
and wi th the a l p h a - p r o d u c t i o n spectrum a t 15 MeV i n F i g . 14. 

48 Only f o u r measurements a r e a v a i l a b l e f o r the T i [ n , n , p + •\47 pnj Sc r e a c t i o n . Our c a l c u l a t i o n i s compared with t h e s e and 
with the ENDF/B-V e v a l u a t i o n i n F i g . 15 . 

49 n + ^Ti 

The Ti nuc l eus has n o t been i n c l u d e d i n t o the ENDF/B-V 
49 . »49 

e v a l u a t i o n . The exDer imenta l d a t a a r e a v a i l a b l e f o r T i ( n , p ) Sc 
49 / . \48 

and Ti.(n,n p+pn) Sc r e a c t i o n s . I n bo th cases the d a t a a r e 

scan ty and c o n c e n t r a t e d w i t h i n the 14-15 MeV r e g i o n , e x c e p t 

f o r the o ld da ta by Pa i / 1 9 6 6 / c o v e r i n g the 13 .5 -19 .5 MeV r e 

g i o n . No da ta a r e a v a i l a b l e fo r e n e r g i e s below 13 MeV. Our c a l 

c u l a t i o n s a r e compared to the e x p e r i m e n t a l da ta f o r t h e 

T i ( n , p ) r e a c t i o n i n F i g . 16, and f o r the T i ( n , n ' p + p n ) r e a c 

t i o n i n F i g . 17. A l l the expe r imen ta l da t a were o b t a i n e d u s i n g 
49 , v49 the a c t i v a t i o n method. Note t h a t f o r the T i ( n , p ) Sc r e a c t i o n 

no ^»'s a r e a v a i l a b l e f o r i d e n t i f i c a t i o n and coun t ing of t h e 
r e a c t i o n p roduc t and, t h e r e f o r e , ^ - c o u n t i n g had to be u s e d . 
Probably t h i s f a c t , i n view of we l l known drawbacks of such 
a kind of c o u n t i n g , i s r e s p o n s i b l e f o r the s u b s t a n t i a l i n c o n 
s i s t e n c y of measured c r o s s s e c t i o n s i n the 14-15 MeV r e g i o n . 

5ûr n + 'Ti 

50 50 
The T i ( n , p ) Sc r e a c t i o n has n o t been inc luded i n t o the 

ENDF/B-V e v a l u a t i o n . The c a l c u l a t i o n of t h e e x c i t a t i o n f u n c t i o n 
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of t h i s r e a c t i o n i s compared to the expe r imen ta l da t a i n F i g . 
18. Our r e s u l t s agree we l l wi th the da ta of Pai / 1 9 6 6 / , B a r r e i -
ra and Fanger / 1 9 8 1 / and Ribansky and Gmuca / 1 9 B 3 / . Those of 
Oaim and Molla / 1 9 7 7 / , Schwerer e t a l . / 1 9 7 6 / and Viennot e t 
a l . / 1 9 8 1 / a r e somewhat lower , a l t h o u g h g iv ing a s i m i l a r s l o p e 
i n the 14-15 MeV r e g i o n . No da ta a r e a v a i l a b l e below 13 MeV. 

The expe r imen ta l c r o s s s e c t i o n s f o r the ^°Ti (n ,«e 
r e a c t i o n a r e a v a i l a b l e a t 14-15 MeV e n e r g i e s o n l y . A l l d a t a a r e 
mutua l ly c o n s i s t e n t w i t h i n the e r r o r l i m i t s quoted, and we l l 
d e s c r i b e d by both the ENDF/B-V e v a l u a t i o n and our c a l c u l a t i o n 
a s shown i n F i g s . 19,20 wi th seemingly somewhat p r e f e r a b l e f i t 
of the l a t t e r . At o t h e r e n e r g i e s , however, t h e r e i s a s t r o n g 
d i sagreement between the e v a l u a t i o n and our c a l c u l a t i o n . C l e a 
r l y , the expe r imen ta l d a t a a t o t h e r / m a i n l y h i g h e r / e n e r g i e s 
a r e r e q u i r e d to r e s o l v e t h i s d i s c r e p a n c y . 

5 . CONCLUSION 

The r e s u l t s p r e s e n t e d i n t h i s p a p e r show t h a t most of neu

t ron t h r e s h o l d r e a c t i o n s on Ti i s o t o p e s may be r e l i a b l y d e s c r i 

bed by a combinat ion of Weisskopf-Ewing and p r e e q u i l i b r i u m mo

d e l s . I n a few c a s e s , however, t h e r e a r e a l a r g e d i s c r e p a n c i e s 

between our c a l c u l a t i o n s and the ENDF/B-V e v a l u a t i o n s . The most 

pronounced one i s t h a t of the T i ( n , p ) Sc r e a c t i o n . Our c a l 

c u l a t i o n of the T i ( n , p ) Sc c r o s s s e c t i o n s g r e a t l y o v e r e s t i 

mates the ENDF/B-V e v a l u a t i o n above 10 MeV. In t h i s c a s e , the 

Hauser-Feschbach c a l c u l a t i o n wi th a d e t a i l e d gamma-ray cascade 

w i l l be v a l u a b l e . 

The f i g u r e s show only those c r o s s s e c t i o n s - that can be 

compared with e x i s t i n g e x p e r i m e n t a l d a t a . Numerical v a l u e s of 

a l l the r e a c t i o n s c a l c u l a t e d i n c l u d i n g t o t a l p a r t i c l e p roduc 

t i o n c r o s s s e c t i o n s may be o b t a i n e d from t h e a u t h o r upon r e 

q u e s t . 
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TAHLE 1; Neutron optical potential parameters 

Sc isotopeo ' r(fm) 8(fan) 

Vri(E) = 58.20 - 0.2189 E - 24(N-Z)/A 1.16 0.677 

WD(E) = 9.755 - 12(N-Z)/A 1.208 0.310 

VS0(E) = 6.C74 1.105 0.760 

Ti isotopes v 

VR(E) = 48.979 - 0.2361 E - 24(N-Z)/A 1.287 0.560 

WQ(E) = 8.582 - 0.1074 E - 12(N-2)/A 1.345 0.470 

VV (E) = 0.718 + 0.1855 E - 12(N-Z)/A 1.345 0.470 

VS0(E)= 6.2 1.120 0.470 

'•"-'Based on the potential of Oka et al. (1982) for Se. 

TABLE 2: Level density parameters 

Nucleus 

45Ti 
46Ti 
47Ti 
40Ti 
49Ti 

• 50Ti 
51T1 
45Sc 
46Sc 
47Sc 
48Sc 
49Sc 
50Sc 

afMeV"1) 

5.80 

5.85 

5.90 

5.80 

5.90 

6.20 

6.30 

5.80 

5.85+> 

5.90 

5.90 

6.20 

6.20 

cT(MeV) 

_ 0.30 

1.80 

0.00 

1.80 

1.00 

1.80 

0.60 

0.00 

-1.80 

0.20 

-0.30 

1.80 

-1.30 

Nucleus 

-42Ca 
43Ca 
44Ca 
45P Ca 
46r Ca 
47r Ca 
48r Ca 
49Ca 
42l< 
43l< 
4 4K 
4 5K 
4 6K 

a(MeV"a) 

5.50 

5.50 

5.85 

5.80 

5.85 

5.90 

5.80 

5.90 

5.50 

5. 80 

5.85 

5.90 

5.90 

-cT(MeV) 

1.20 

-1.00 

1.40 

-0.60 

1.80 

-1.20 

1.80 

1.00 

-1.60 

0.00 

-1.40 

0.00 

-1.60 

*'The excitation energy dependent parameter (9ee text) 
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