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FAST NEUTRON SCATTERING FROM T a ' " 

by 

A. B. Smith 

ABSTRACT 

The spectrum of neutrons scat tered from Ta'^' was 
measured at incident neutron energies ranging from 0.3 to 
1.5 Mev. Time-of-flight techniques were employed to resolve 
the elast ically and the inelastically scattered components. 
The angular distribution of the elastically scattered neutrons 
was measured at S 50-kev intervals with an incident spread of 
neutron energy of ~20 kev. Inelastically scattered neutron 
groups resulting in the excitation of residual nuclear levels at 
140 + 10, 300 ±10, 620 ±20, 725 ±25, 900 ±30, and 980 ±30 kev 
were observed. The measurements indicated that the levels 
at 725 and 980 kev were composed of two or more compo­
nents . In addition, inelastic scattering to a 480 ± 20-kev 
level was tentatively observed. The magnitudes of the dif­
ferential elastic c ross sections and of the inelastic exci ta­
tion functions were determined relative to the known elastic 
scattering c ross section of carbon. The experimental resul ts 
were compared with those obtained in previous m e a s u r e ­
ments and a qualitative comparison was made with theoretical 
calculations. 

I. INTRODUCTION 

A number of studies of the scattering of fast neutrons from T a ' " 
have been r e p o r t e d . ' 1 " ' ' These experiments have not resulted in a com­
prehensive understanding of the various contributing p rocesses . The ex­
per iments a re difficult because of the complex s t ructure of the odd-even 
T a ' " nucleus. Many inelastic exit channels a re available, resulting in 
multiple inelastic neutron groups. Detection systems employing th re sh ­
old devices generally do not provide sufficient resolution to separate the 
elast ical ly scat tered neutron group from the inelastic components. More­
over, threshold detectors yield only integral knowledge of the inelastic 
spec t rum. An examination of gamma rays emitted following inelastic 
scat ter ing can provide much insight into the s tructure of the residual 
nucleus . Such measurements do not uniquely determine the inelastic 
neutron scattering c ross section, since the derivation of this quantity 





from these measurements requires a knowledge of the internal conversion 
coefficients and of the branching rat ios of the radioactive decay. 

Theoretical interpretation of scattering from T a ' " is complicated 
by the deformation of this nucleus . '^ ' As a result , only a qualitative de ­
scription can be expected from any theory based upon commonly employed 
spherical potentials .(9,10) Scattering from a nonspherical nucleus has been 
t reated in only a limited number of instances, none of which is direct ly 
applicable to T a ' " in the energy range of this experiment.( l 1.12) The prob­
ability of direct interaction between the rotational modes of a deformed 
nucleus such as T a ' " and an incident neutron has been theoretically invest i -

(12 13) gated.^ ' ' Experimental evidence of such processes has not been obtained 
at neutron energies equivalent to those employed in this experiment.(14) 

This study of Ta was performed as part of a comprehensive study 
of fast neutron scattering from intermediate and heavy nuclei. The resul ts 
a re of applied in teres t and it is hoped that they will help provide an exper i ­
mental basis for theoretical understanding of an interesting nuclear region. 

II. EXPERIMENTAL METHOD 

A pulsed-beam, time-of-flight apparatus was employed throughout 
this experiment . The instrument used provided sufficient resolution to 
separate the elast ically scat tered neutron group from all inelastic compo­
nents and to determine the spectrum of inelastically scat tered neutrons. 
This equipment, described in detail elsewhere, was capable of producing 
a S 5 - m a current of protons at a target for ~1 nsec.^l-'" 1°' The pulse-
repetition rate was variable up to 10 Mc per second. Neutrons were p ro ­
duced at the target by means of the Li'(p,n)Be^ reaction.^ ' The lithium 
targe ts used were metal films ~20-kev thick. The resulting spread of 
neutron energy was sufficient to integrate many resonances in the tantalum 
scat ter ing samples . Some of the source neutrons struck the sample located 
~10 cm from the target , and were scat tered over a distance of the order of 
a meter to the neutron detector.^ ° ' The time between the target burst and 
the a r r iva l of the scat tered neutrons at the detector was measured, thus 
determining the scat tered neutron energy. The relative energy sensitivity 
of the detector was calibrated with respect to a "long counter."(11-19) xhe 
sensitivity cutoff of the detector was S200 kev for most measurement s . 
The source intensity was monitored with "long counters" so placed that 
they were not affected by changes in the scattering samples or in the place­
ment of the time-of-flight detector. 

Air measurements were normalized relative to the known differential 
elast ic scat ter ing c ross section of carbon. '• ' ' The measured elast ic s ca t t e r ­
ing from carbon and the measured elastic and inelastic scattering from T a ' " 
were cor rec ted for attenuation and mult iple-scat ter ing effects within the 
samples . A Monte-Carlo method was employed to ca r ry out the mult iple-
scat ter ine correc t ions . (1^/ The validity of this procedure was experimentally 





verified by examining the energy distribution of neutrons multiply e las t ic -
ally scat tered from a hydrogenous mater ia l and by experimentally determin­
ing the probability of double inelastic events. 

All samples were right equilateral cylinders. They were struck on 
their la tera l surfaces by the incident neutron beam. The sample sizes were 
such that the t ransmiss ions were >75%. The tantalum sample was fabricated 
of natural metal consisting of >99% T a ' " . The differential elastic c ross s ec ­
tions were usually measured at ten or more scattering angles between 20 deg-
30 deg and 145 deg. The angular resolution was ~± 0.7 deg. The angular 
distributions of inelastically scattered neutrons were measured at similar 
angular in tervals . In some instances, the inelastic excitation functions were 
so small that it was impracticable to ca r ry out reliable measurements at 
many scattering angles. In these instances, the inelastic measurements 
were made at scattering angles of 45 deg, 90 deg, and 135 deg. 

III. EXPERIMENTAL RESULTS 

S 2 — 

A typical experimental time distribution obtained at an incident neu­
tron energy of 1400 kev is shown in Fig. 1. The figure abscissa is propor­

tional to the flight time of the 
scattered neutrons and the ord i ­
nate denotes the relative response 
rate of the detector. The first 
neutron group to a r r ive at the 
detector following a source burst , 
to the far right in the figure, co r ­
responds to neutrons elastically 
scattered from Ta'*'. Slightly 
later in t ime, an inelastic neutron 
group corresponding to the excita­
tion of a 140-kev residual nuclear 
state is noted in the figure. The 
next group recorded corresponds 
to the inelastic scattering to a 
300-kev level. At a relative time 
position of 4.3 on the graph, a 
peak (n2) corresponding to 
940-kev neutrons is evident. A 
part of this group consists of 
those neutrons originating in 
the second component of the 
source reaction and subsequently 
elastically scattered into the de-

tector . ( l^) However, the intensity of this peak is too large to be accounted 
for solely by this p rocess . An inelastically scattered neutron group leading 
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An experimental time distribution resulting from 
the scattering of 1400-kev neutrons from T a l ° ' . 
Inelastic scattering to residual nuclear levels at 
140, 300, 480, 620. 725, and 900-kev is evident. 





to the e x c i t a t i o n of a s t a t e a t ~480 kev m u s t be the r e m a i n i n g c o n s t i t u e n t of 
the p e a k . A g r o u p c o r r e s p o n d i n g to i n e l a s t i c s c a t t e r i n g to a 620 -kev s t a t e 
a p p e a r s nex t in the f i g u r e . Th i s g r o u p i n c l u d e s a s m a l l c o n t r i b u t i o n f r o m 
p a r t of the s e c o n d n e u t r o n s o u r c e c o m p o n e n t which was i n e l a s t i c a l l y s c a t ­
t e r e d ( Q = 140 kev ) . At a r e l a t i v e t i m e pos i t i on of 6.5 on the f i g u r e , two 
p a r t i a l l y r e s o l v e d n e u t r o n g r o u p s a r e ev iden t . They c o r r e s p o n d to i n e l a s t i c 
s c a t t e r i n g to n u c l e a r l e v e l s a t 700 and 750 kev . The f o r m e r g r o u p m u s t be 
s l i gh t l y c o r r e c t e d for i n e l a s t i c a l l y s c a t t e r e d n e u t r o n s ( Q = -300 kev) f r o m 
the s e c o n d s o u r c e g r o u p . The f inal i n e l a s t i c g r o u p , a t the fa r left of F i g . 1, 
c o r r e s p o n d s to the e x c i t a t i o n of a 900 -kev l e v e l . The d i s t r i b u t i o n shown in 
F i g . 1 i s t y p i c a l of m a n y h u n d r e d s of e x p e r i m e n t a l r e s u l t s . 

By i n t e g r a t i n g the r e s p e c t i v e p e a k s of the m e a s u r e d t i m e d i s t r i b u t i o n s 
and r e l a t i n g the r e s u l t i n g v a l u e s to t h o s e ob ta ined fronn s i m i l a r m e a s u r e m e n t s 
of e l a s t i c s c a t t e r i n g f r o m the c a r b o n s t a n d a r d , the d i f f e ren t i a l c r o s s s e c ­
t i ons of T a ' " w e r e ob ta ined a s a funct ion of s c a t t e r i n g and inc iden t n e u t r o n 
e n e r g y . A t y p i c a l r e s u l t ob ta ined a t an inc iden t n e u t r o n e n e r g y of 710 k e v 

i s shown in F i g . 2. The d i f f e r en t i a l 
e l a s t i c c r o s s s e c t i o n and the d i f f e r ­
en t i a l c r o s s s e c t i o n s for the i n e l a s t i c 
exc i t a t i on of a 140-kev and a 300 -kev 
l eve l a r e e v i d e n t . Both of the i n ­
e l a s t i c c r o s s s e c t i o n s a r e i s o t r o p i c 
wi th in e x p e r i m e n t a l a c c u r a c y . M e a s ­
u r e m e n t s of t h e s e and o t h e r i n e l a s t i c 
c r o s s s e c t i o n s a t v a r i o u s e n e r g i e s 
up to 1.5 Mev w e r e a l l c h a r a c t e r i z e d 
by a s i m i l a r i s o t r o p y . 

b|<3 
•o ro 

1.0 

0.5 

0.1 

0.05 

1 1 1 1 1 1 1 1 1 1 
181 ^" • " ° ' •" ' 

Ta 
REF. 

6 

^« ° 
•̂̂  ° ^ o > . 0 

THIS 
EXP. 
• ELASTIC 
• 140 heV — 
# 300 kaV : 

V • 
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s ion 

Fig. 2. 

e(LAB) 

The differential cross section for the scat-
181 tering of 710-kev neutrons from Ta . The 

elastic cross section and the inelastic cross 
section for the excitation of the 140-kev 
and the 300-kev levels are shown. 

d a ( e l ) q ( e i ) 

477 *I W- p . (1) 

to the e x p e r i m e n t a l r e s u l t s . In t h i s 
e x p r e s s i o n , a(el) i s the e l a s t i c s c a t ­
t e r i n g c r o s s s e c t i o n and W- r e p r e s e n t 

t h e e x p e r i m e n t a l l y d e t e r m i n e d coef f i c ien t s of the L e g e n d r e P o l y n o m i a l s P - . 
The do t t ed c u r v e s shown in the f igure a r e ob ta ined in an a n a l o g o u s m a n n e r , 





but refer to experimental measurements which include the first inelastic 
group (Q = -140 kev) with the elastic component. In reference to Fig. 3 it 
should be remembered that the fitting procedure is used to extrapolate the 
measured values forward from 20 deg and backward from 145 deg. Thus, 
some divergence occurs at the extreme angles, which is not truly r e p r e ­
sentative of the experimental measurements . 

30 60 90 120 
6 (LABI. (l«great 

Fig. 3. A three-dimensional representation of the energy and angular 
dependence of the differential elastic cross section of Ta'-^ . 

The e l a s t i c s c a t t e r i n g p a r a m e t e r s of Eq . ( l ) ob ta ined f r o m the 
f i t t ing p r o c e d u r e a r e l i s t e d in Tab le I and i l l u s t r a t e d in F i g . 4 . All a n g u ­
l a r d e p e n d e n c e i s e x p r e s s e d in the l a b o r a t o r y s y s t e m . No e r r o r s a r e 
a s s i g n e d to the to t a l s c a t t e r i n g c r o s s s e c t i o n s , s ince t h e s e u n c e r t a i n t i e s 
c a n n o t be d e r i v e d in a sound s t a t i s t i c a l m a n n e r . H o w e v e r , it i s be l i eved 
t h a t the m e a s u r e d a (el) v a l u e s a r e known to ~7%, inc lud ing an ~ 5 % u n c e r ­
t a i n t y in the e l a s t i c c r o s s s e c t i o n of the c a r b o n s t a n d a r d . The a v e r a g e 
d e v i a t i o n of the a (el) v a l u e s f r o m the e m p i r i c a l l ine shown in F i g . 4 i s 
c o n s i d e r a b l y l e s s than 7%. The e r r o r s given for the Wj v a l u e s a r e s t a n d ­
a r d d e v i a t i o n s d e r i v e d f r o m the fi t t ing p r o c e d u r e . As such , they a r e 
r e p r e s e n t a t i v e of e r r o r s r e s u l t i n g f r o m a fit to a g iven e x p e r i m e n t a l d i s ­
t r i b u t i o n , but they do not n e c e s s a r i l y r e p r e s e n t the a c t u a l e x p e r i m e n t a l 
u n c e r t a i n t i e s . The r e l a t i o n of t h e s e e r r o r s to the e m p i r i c a l c u r v e s , shown 
in the f i g u r e , i n d i c a t e s t h a t r a n d o m e x p e r i m e n t a l v a r i a t i o n s f r o m e n e r g y 
to e n e r g y a r e not l a r g e . 
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aoenotes measurements including the l i rs t inelastic group witti the elastic component. The differential elastic cross section 
corrected lor this contr ibut ion is given in the subsequent l ine. 

In Table I, the resul ts obtained at incident energies above 1250 kev 
a re noted. These values were obtained from measurements which included 
the f irs t inelastic group (Q = -140 kev) with the elastic component. The 
open points in Fig. 4 refer to the same measurements . Careful m e a s u r e ­
ments of this inelastic component at a few scattering angles were used to 
cor rec t the composite angular distributions for their inelastic content. The 
corrected values a re represented by solid square points in Fig. 4 and are 
noted directly below the uncorrected quantities in Table I. All resul ts 
given in Table I and Fig. 4 have been corrected for multiple scattering 
effects. 

The nuclear s t ructure of T a ' " observed in this experiment is shown 
in Fig. 5 along with that reported in the literature.(•^•^•^°"2^) The ob served 
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Fig. 5. The level s tructure of T a ' " as obtained from this experiment 
compared with that reported in the l i te ra ture . The widths of 
the boxes represent the energy uncertainties in this 
experiment. 
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inelast ically excited level at 140 ± 10 kev closely corresponds to the known 
136-kev, 9/2+ state . Whether or not a reported l l / 2 " level at 158 kev con­
tr ibutes to the inelastic process is uncertain due to insufficient experimental 
resolution to distinguish the two neutron groups. The inelastically excited 
level at 300 ± 10 kev appears equivalent to the reported 301-kev 11/2+ state . 
As noted above, levels in the vicinity of 480 kev are partially masked by the 
effect of the second neutron group from the source reaction. However, a 
relatively strong excitation of a level at ~480 kev is indicated, correspond­
ing to the known s t ructure in T a ' " at approximately this excitation energy. 
The inelastically excited levels at 620 ± 20 kev and 725 ± 25 kev are in 
reasonable agreement with the previously reported structure in this region. 
The experimentally indicated doublet separation of ~50-kev for the 725-kev 
level is somewhat la rger than previously reported. The inelastically ex­
cited 900 ± 30 and 980 ± 30-kev states do not precisely correspond to p r e ­
vious knowledge of level s tructure in T a ' " , nor does the observed doublet 
s t ructure of the 980-kev level appear, even qualitatively, in other work. 

This experiment depended upon the measured inelastic scattering 
to known levels in Zr, Fe , and Nb for its establishment of the energy scale 
in a region corresponding to nuclear excitations of 800-1000 kev. As a r e ­
sult, it is believed that the identification of the 900- and 980-kev levels is 
energetically valid to within the stated e r r o r s . Throughout this exper i ­

ment, the resolution was insufficient to 
distinguish the reported first excited, 
9/2", state at 6 kev in T a ' " from the 
ground state. As a result , any processes 
possibly involving this first level were 
referenced to the ground state instead. 

M i l l 
.'9° » 725 keV • AVG. + IkeV 

750 
— o 9 0 0 heV ' 

— • 980 keV 

I I I I I I I I I 
0.8 

0.4 

I M I I I I I I I "TT 
" 4 8 0 keV 
- 6 2 0 keV ^^--ty-^^r-

I I I I I I I I I I I I I I I I 

2 2.0 

b 

J M I I I I I I I I I I > l I 
o 140 keV 

o 3 0 0 keV 

(7 INELASTIC TOTAL 

To 

1 1 I I I I I I 

F i g 

0,4 0,6 0.8 1,0 1,2 
NEUTRON ENERGY, MeV 

6. The measured inelastic 
excitation functions of 
T a ' " . 

The cross sections for the in­
elastic excitations of the above states 
are shown in Fig. 6. Since all of the ob­
served differential inelastic c ross s ec ­
tions were observed to be isotropic, an 
average of the differential measurements 
was used in obtaining the values given in 
Fig. 6. All measurements were inde­
pendently normalized to the elastic 
scattering cross section of the carbon 
standard and were corrected for multiple 
scattering. The e r r o r s shown are the 
result of subjective est imates of the 
measured accuracy and include an ~5% 
e r ro r assigned to the c ross section of 
the carbon standard. The measured 
c ross sections for the excitation of 
140-, 300-, 900-, and 980-kev levels 
were usually resolved and not perturbed 
by the second source neutron group. 
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H o w e v e r , due to the p r e s e n c e of the s econd s o u r c e g r o u p , s m a l l c o r r e c ­
t i o n s w e r e n e c e s s a r y in the m e a s u r e d c r o s s s e c t i o n s for s c a t t e r i n g to the 
7 0 0 - and 6 2 0 - k e v l e v e l s . The r a t i o of the p r o b a b i l i t y of e x c i t a t i o n of the 
7 0 0 - k e v l e v e l to t h a t of t he 750-kev l e v e l was e s t i m a t e d to be ~0.75 a t a 
1 4 0 0 - k e v i n c i d e n t n e u t r o n e n e r g y . In F i g s . 5 and 6 t h e s e two n e u t r o n g r o u p s 
a r e t r e a t e d a s a s ing l e c o m p o n e n t l ead ing to an "e f fec t ive" l e v e l a t 
725 ± 25 k e v . S i m i l a r l y , what a p p e a r s to be a mu l t i p l e l eve l s t r u c t u r e a t 
980 kev i s t r e a t e d a s a s ing le "e f fec t ive" l e v e l at 980 ± 30 kev in both 
F i g s . 5 and 6. The 4 8 0 - k e v e x c i t a t i o n function shown m u s t be c o n s i d e r e d 
only q u a l i t a t i v e s i n c e , a t a l l t i m e s , the m e a s u r e m e n t s inc luded a s i z e a b l e 
c o n t r i b u t i o n f r o m the s econd s o u r c e n e u t r o n g r o u p . Knowing the r e s p e c ­
t ive e l a s t i c c r o s s s e c t i o n s and the r e l a t i v e abundance of the second s o u r c e 
g r o u p , c o r r e c t i o n s for the s econd s o u r c e g r o u p con t r i bu t ion w e r e m a d e . ( ^ ° ) 
In v i ew of t h e s e c o r r e c t i o n s , the a c c u r a c y of the m e a s u r e d c r o s s s e c t i o n 
for the e x c i t a t i o n of the 4 8 0 - k e v l eve l i s e s t i m a t e d a t ±50%. 

The q u a n t i t a t i v e m e a s u r e m e n t of the exc i t a t i on funct ions w a s t e r ­
m i n a t e d ~300 kev above the r e s p e c t i v e t h r e s h o l d s . Although the d e t e c t o r 
r e s p o n s e e x t e n d e d down in e n e r g y to ^ 2 0 0 kev , it was be l i eved tha t the r e ­
gion f r o m 200-300 kev was too s e n s i t i v e to shif ts in d e t e c t o r r e s p o n s e to 
p e r m i t good quan t i t a t i ve m e a s u r e m e n t s . The sol id c u r v e s in F i g . 6 a r e 
e m p i r i c a l and a r e m e a n t to d e l i n e a t e the e n e r g y dependence of the e x p e r i ­

m e n t a l r e s u l t s . They have no 
a p r i o r i r e l a t i o n to the t h e o r y . 
The to ta l i n e l a s t i c c r o s s s ec t i on 
of T a ' " , a s d e t e r m i n e d by s u m ­
ming the ind iv idua l c o m p o n e n t s , 

! 6.o|— / V, I ~\ i s a l so shown in F ig . 6. 

J I I I I I I I I I M I I I. 
T o " ' a ( T O T A L ) , BNL-325 (REf. 2 9 ) -

- \ JL -

: / O-(SCATTERINS), ANL-5567 (REF. 7) 

CT(SCATTERING) THIS EXP. 

I I I I I I I 

0 .4 0 .6 0 .8 1.0 1.2 
NEUTRON ENERGY, MeV 

F i g . A c o m p a r i s o n of the m e a s u r e d 
d i f f e ren t i a l to ta l s c a t t e r i n g 
c r o s s s e c t i o n s of Ta 

IV. DISCUSSION 

The d i f f e ren t i a l e l a s t i c 
and i n e l a s t i c c r o s s s e c t i o n s d e ­
t e r m i n e d in th i s exper innen t w e r e 
c o m b i n e d to obta in the d i f f e r e n ­
t i a l to ta l s c a t t e r i n g c r o s s s e c t i o n . 
The r e s u l t i s c o m p a r e d with the 
m e a s u r e m e n t s of L a n g s d o r f et a l . 
in F ig . 7.̂  ' The a g r e e m e n t b e ­
tween the two m e a s u r e m e n t s i s 
r e a s o n a b l y good in both m a g n i ­
tude (o s c a t t e r i n g ) and a n g u l a r 
dependence [ d e s c r i b e d in f o r m 
of Eq. ( l ) a b o v e ] . F i g u r e 7 a l s o 
shows the to ta l c r o s s s e c t i o n of 
T a ' " a s r e p o r t e d in BNL-325 . ( ^9 ) 





The lat ter is not in part icularly good agreement with the resul ts reported 
in reference 7 nor with those obtained from this experiment, the differ­
ences being far too great to be reasonably accounted for by the capture 
c ross section. 
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Previous measurements of the microscopic scattering cross sec ­
tions for T a ' " are not plentiful.(^'^^ The resul ts of one such m e a s u r e ­
ment are indicated by open points in Fig. 2.(6) The elastic and inelastic 
differential c ross sections a re given at an incident neutron energy of 
710 kev. As is evident in Fig. 2, the inelastic cross sections obtained in 

the present experiment are appreciably 
lower than those given in reference 6. 
Moreover, the elastic cross section 
reported in reference 6, does not agree 
with the results of this experiment in 
either shape or magnitude. Multiple 
scattering effects, possibly not co r -

b|a L \ \ J rected for in the previous work (ref­
erence 6), may be a contributing factor 
to this discrepancy. 

The elastic cross section at 
1.0 Mev resulting from this exper i ­
ment is shown with that reported in 
reference 1 in Fig. 8. At forward 
angles the agreement between the two 
measurements is good. At backward 
angles the previous measurements 
(reference 1) lead to a larger cross 
section than that found in this exper i ­
ment. The difference between the two 
resul ts shown in Fig. 8 is essentially 
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A comparison of the ex­
perimental and theoret i ­
cal differential elastic 
c ross sections of Ta' 
at 1.0 Mev. 

equal to the inelastic c ross section for the excitation of the 140-kev level 
in T a ' " . This is to be expected since the "elastic" measurements of 
reference 1 apparently did not appreciably discriminate against this in­
elast ic component. 

Several measurements of the inelastic cross section of T a ' " have 
been ca r r ied out with threshold detectors.(^'^ '• '") When this technique is 
employed to study inelastic scattering from nuclei having low-lying levels, 
such as T a ' " , the resul ts are difficult to interpret due to uncertainties in 
the effective threshold. Despite this problem, the resul ts of measurements 
made at 1.0 Mev by means of the threshold method are in qualitative 
agreement with those obtained in this experiment.^ ' / 

Studies of gamma rays emitted in the n -n '7 process do not result 
in unique determinations of the inelastic cross sections, since a knowledge 





15 

of internal conversion, branching ra t ios , and nuclear s tructure are requisi te . 
However, studies of the inelastic excitation of a 136-kev gamma ray do lead 
to c ro s s sections for inelastic scattering in qualitative agreement with the 
c ross section for the excitation of the 140-kev state obtained in this 
experiment.(3) 

Recent gamma- ray measurements reported by Lind and Day are more 
difficult to re la te to the resul ts of this experiment.(^ '^) These authors r e ­
port a relat ively large c ross section for the excitation of a 480-kev gamma 
ray leading to the ground state. This result is reasonable in the context of 
the above discussion of the resul ts of this experiment. However, the very 
low upper l imi t s , set by the above authors, on the intensity of a 300-kev 
gamma ray leading from the I1/2+ state to the ground state is puzzling. The 
c rossover rat io for the decay of the I I /2+ level to the ground state relative 
to the decay to the 136-kev, 9/2+ level is known, and the internal conversion 
coefficients can be reasonably estimated.(^"--^ 1) If the resul ts of this exper i ­
ment and the above information are employed, the cross section for the p ro ­
duction of a 3 00-kev gamma ray should be 5-10 t imes that repor ted. (^ ' 

Ta ' is a highly deformed nucleus .^^ It has been shown that an 
incident neutron can interact directly with the character is t ic rotational 
s t ructure of such a nucleus without forming a compound state.(^'^'^•' ' Ex­
perimental evidence of such direct interactions may take the form of in­
elastic neutron distributions which are not symmetric about 90 deg. Not 
only were all inelastic groups experimentally observed in this experiment 
symmetr ic about 90 deg, but they were also isotropic (see Fig. 2, for ex­
ample). This isotropy indicates that, at the energies employed in this ex­
periment , direct interaction mechanisms do not play a significant part in 
the inelast ic scattering of fast neutrons from Ta'^'. 

Several authors have employed Mauser-Feshbach forrnalism to 
in terpre t elast ic scattering from a wide range of elements.(**' The resul ts 
obtained from one such calculation, as applied to T a ' " , are shown in 
Fig. 8.(^'^' The same figure shows the elastic distribution as measured in 
this experiment and that previously reported.(1) In this part icular calcula­
tion (reference 10), a nonlocal potential and a spin-orbit t e rm were used. 
Compound elast ic scattering is included in the curve shown in Fig. 8. The 
theoret ical agreement with either of the experiments is only qualitative. 
Better agreement cannot real ly be expected until the theoretical methods 
employed take proper cognizance of the non-spherical nature of the Ta' ' 
nucleus. It is hoped that improved experimental understanding of sca t t e r ­
ing from deformed nuclei such as Ta '° ' will encourage further theoretical 
study of this important c lass of nuclei. 
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