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. . 
','- . . Tota l -neutron c ross 'sec t ions  o f  t h e  heavy and ' a c t i n i d e  nuc le i '  lUTa, 19'/Au. 2j2Th, 

. ' 2 3 9 ,  . 2 3 5 ~ ,  238U,L239Pu and 240Pu'were measured f rom 30 keV t o  4.8 MeV. The exper i -  
.. ' mental procedures emphasized a h igh 'consis tency o f  t h e  measured data. Systematic un- 

c e r t a i n t i e s ,  exc lud ing those a ~ s o c i a t e d  with.sample masses, were ~ 0 . 5 %  and s t a t i s t i -  
.. c a l  u n c e r t a i n t i e s  were t y p i c a l l y  (1.0%. At low energies a t t e n t i o n  was g iven  t o  reson- 

,. ance , s e l f - s h i e l d i n  e f fec ts .  . The'experimental r e s u l t s  a re  i n  good agreement w i t h  3 2 3 2 ~ h , : ~ ~ ~ ~  and 23 U data p rev ious ly  repor ted from t h i s  labora to ry  and a t  h i g h e r  ener- 
g ies  w i t h  t h e  comparable va lues reported. by Fos te r  and ~ l a s g o w l ,  except ing 2 4 0 ~ u  

' . which was no t . ' s tud ied  i n  the  l a t t e r  work. The measured t o t a l - c r o s s - s e c t i o n s  were i n -  
: t e r p r e t e d  i n  terms o f  a  spher ica l  o p t i c a l  model and a deformed coupled-channels model. 

. . .  
i [To ta l  neutron cross sgction.; 0.03-4.8 MeV, lslTa, l s 7 ~ n ,  232Th, 2 3 3 ~ ,  235U, 238U, 2 3 9 P ~ ,  2 4 0 P ~ .  J 

. . . .  . .  

I . . 
. . 

- .  
. ' ' INTRODUCTION 

. I 
. i  ' . 

! MEASUREMENT TECHNIOUES AN0 METHODS 
I 

The measurement o f  t o t a l  -neutron c'ross sect ions ', j The measurements cons is ted  o f  t h e  de te rmina t ion  
i s  a s t r a i g h t  forward task us i "g  cdnventional t rans -  . : - :o f  t h e  average t ransmiss ion  o f  a  c o l l i m a t e d  neutron 
miss ion  techniques t h a t  a re  inheren t l y .  s e l f  normal i -  :. beam through t h e  heavy-nucl ide samples. A1 1 t h e  
z i n g  and empl by r e l a t i v e l y  .simple equipment.'. Th is  . measurements employed fas t -neu t ron  t ime-of - f  1  i g h t  
i s  p a r t i c u l a r l y  so-when, ,as i.n the.present  work, . .  ' .  : techniques a t  t h e  Argonne Nat iona l  Laboratory  Fas t  
energy-average.d.tfoss .sect ions a re  determined. I n  t h e  jNeutron Generator (FNG) i n  one o f  two modes. I n  t h e  
l a t t e r  cases the , . to ta l  cross sect ions are deduced f rom "'monoenergetic" mode v e l o c i t y  Spectra were i n t e r p r e t e d  
t h e  energy-arerage t ransmiss ion o f  .neutrons .through , . / , , t o  def ine t h e  pr imary source and c o n t r o l  background 
t h e  sample, . ' 

i wi t h  t h e  inc iden t -neu t ron  energy and r e s o l u t i o n  de- 
[ f i n e d  by t h e  neutron source. I n  t h e  second "pseudo- : 

. . fl>=<exp(- no(^))>... . !whi teu.  mode t h e  i n c i d e n t  neutron energy and reso lu -  : 
/ t i o n  was determined f rom t h e  measured neutrdn f l  i g h t  

However, f i n e .  energy-dependent- s t r u c t u r e  hay be pres- j t imes and f l i g h t  paths us ing  a pseudo-white neutron 
- :'source. I n  bo th  modes t h e  7 L i  (p,n) 'Be r e a c t i o n  pro-  . en t .  and then  t h e  average transmissi'on. y i e l d s  . the  : . ,, 

average. cross sect ion, <a>, on ly  t o  the  extent  t h a t  . i v ided t h e  pulsed neutron source w i t h  p r o t o n  bursts .  of 
- the  exponent ia l  of Eq. 3 can he .approximaterj r e p e t i t i o n  r a t e  of 2MHz (monoener- 
l i n e a r  term, l -na(Ej ,  a t  a1.l energies,... Th is  o r  0.5 MHz (whi te) .  The monoenergetic mode was 
samples t h a t '  a re  s u f f i c i e n t l y  t h i n  so t h a t . 0 0  =: 200 keV-to 4.8 MeV w i t h  i n c i d e n t -  
<<1 a t  a l l  energi,es. . :. neu.tron energy spreads o f  40-120 keV. At  lower  ener- : 

. . ... . . . .  . . g ies  t h e  w h i t e  mode was used w i t h  a pseudo-white . ... 
I n '  vi.ew'.of t h e  .s-impl.icity 'o'f' techniques spread' of n 250 keV. 

i t . i s  s u r p r i s i n g  t h a t  l a r g e  discrepancies and/or - f .- 

I 
j 

, o m i s ~ i o n s  p e r s i s t  i n .  t o t a l  -neutron-cross-sect ion i A s h i e l d  and c o l l i m a t o r  p laced about t h e  neutron j 
data.?,r3. The s i t u a t i o n . i s  f u r t h e r  comp1icated.b~ t h e  . /  ' s o u r c e  def ined a neutron beam a t  a  zero-degree reac- : 

.., frequent, and erroneous i n t e r p r e t a t i o n  o f  repor ted ex- i . t i o n  angle hav ing a diameter i n  t h e  range ;: 0.5 - 
! 1.0 cm. per imenta l  t o t a l  -neutron' cross sect ions as "true! '  - . 

average t o t a l  -neutron cross 
a re  o f t e n  " e f f e c t i v e "  average cross 
obta ined a t .  room temperature 
thick.ness v i a  t h e  i n v e r s i o n  o f  Eq ... l.;:i.e., rang ing  f rom 0.067 a t / b  (Th) i 

. . . . 
. . . .  . . . . 

. . . . 
. . aeff = 4 gn. (T>. 

.. . . . .  . . . 

An improved knowledge 'o f ' to ta l -neu t ron  cross 
o f  heavy:.nuclei i s  des i rab le  f o r  a  number o f  
l o g i c a l .  reasons; .Such data a re  t h e  essent ia l '  
o f  evaluated data .sets t o  wh ich ' the  i n d i v i d u a l .  p a r t i a ' l  j ; the neutron source, on t h e  c o l l i m a t e d  beam a x i s  and i 
cross sec t ions  must conform.,. .The po ten t ia l .  accuracy ; ,  - ;wi.th neutrons i n c i d e n t  on t h e  c y l i n d e r  bases. ! .  

I .  

o f  t o t a l - n e u t r o n  cross sec t ions  o f t e n  can guide t h e  ' i 
e v a l u a t i o n  o f  p a r t i a l  cross sections.:, .The'.total-neu- . . :  j Seven samples and a v o i d  ( o r  empty can)  were . 

I 
I 

t r o n  cross sec t ion  i s  o f ten  one.of. the  most' unambigu- j :mounted on an e i g h t '  p o s i t i o n  wheel which r o t a t e d  a t  1 
ous model-calcu. l ,abl~e~quanti t ies  (e.g. ;, usi.ng t h e  op- i- 3 rpm i n  a s tepping manner a l t e r n a t e l y  p l a c i n g  I 
t i o n a l  model) and thus it.s p rec ise  p rov is ion  can guide : ;samples and v o i d  i n  t h e  neutron beam. E i g h t  t ime-o f -  / 
t h e  choice o f  models essen t ia l  f o r  the  ext . rapolat ion , .  i f l i g h t  spect ra were obta ined c o r r e l a t e d  \ . r i th  t h e  I 

and i n t e r p o l a t i o n  o f  measured data i n ' t h e  a c t i n i d e  I :sample and v o i d  p o s i t i o n s  o f  t h e  wheel. .Thus t h e  I 

i e g i o n  where r a d i o a c t i v i t y  and ld r  sqmple'@roblems make j . lcumulat ive spect ra were a sum o f  a  l a r g e  number o f  
e x p l i c i t  measurements d i f f i c u l t  o r  even. impossible. ; .  : i n d i v i d u a l  s h o r t  measurements made i n  r a p i d  sequence. ; 
It was the .  o b j e c t i v e o f .  t h e  present work t o  p rov ide  I ;As a consequence any f l u c t u a t i o n s  o f  t h e  source i n -  i 
accurate and i n t e r n a l l y . c o n s i s t e n t  to ta l -neu t ron  cross ;. , t e n s i t y  were averaged ou t  thus  avo id ing  t h e  conven- 
sec t ions  . i n  t h e  heavy 'and ac t in i ' de . reg ion  a'nd t o . e x -  1 i t i o n a l  source mon i to r  employed i n  t h e  more usual 
amine t h e i r  systematics and t h e  model .implic$tions.: , ,  Isample-in, sample-~_~J_mc_asurem.e_n_t~~echnique. A number j . . .  . - - -  

. . - 
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!of zamples were referenced t o  t h e  same void p o s i t i o n ,  
. 

thereby inc reas ing  the ef f ic iency, ,o f  t h e  system by , 

near l y  50% r e l a t i v e  t o  t h e  usual i n -ou t "  method. 
.Since t h e  samples see e s s e n t i a l  l y  i d e n t i c a l  source 
:con f igu ra t ions  improved measurement consistency can be 
jexpect ed. i 

A hydrogenous s c i n t i l l a t i o n  de tec to r  was used a t  
' 

. :energies above = 1 M ~ V . ~  The de tec to r  was placed - 780 cm f rom t h e  source and associated pulse-shape- .w 

s e n s i t i v e  c i r c u i t r y  reduced t h e  y-ray s e n s i t i v i t y .  At 
1owe'r.neutron energies, and e f tend ing  up t o  = 2  MeV, 
a  "Black Neutron Detector"  (BND)" was used. This  de- 
v i c e  has a  h igh  low-energy e f f i c i e n c y  w i t h  neutron de- 

' t e c t i o n  down t o  = 10 keV. However, s t a t i s t i c a l  and 
background considerat ions s e t  a  lower-energy l i m i t  o f  
30-40 keV i n  t h e  present measurements. A  random-event 
pu lser ,  t ime  c o r r e l a t e d  w i t h  t h e  pulsed-neutron 
source, was added t o  t h e  d e t e c t o r  s ignal .  This t e s t  
pu lse c l e a r l y  determined t h e  dead-time per tu rba t ions  
o f  the  e n t i r e  measurement system. These were u s u a l l y  

i < 1% and r a r e l y  exceeded 2%. i 
I 

Data a c q u i s i t i o n  and processing was w i t h  an on- 
l i n e  computer Th is  system not  only proper- 
l y  c o r r e l a t e d  samples and d e t e c t o r  resfonse bu t  a l s o  1 
processed t h e  incoming i n f o r m a t i o n  i n  r e a l  t ime" so : 
as t o  p rov ide  cont inuously  updated to ta l -cross-sec-  

' 

t i o n  r e s u l t s .  This  procedure not  on ly  improved t h e  , 

,experimental e f f i c i e n c y  b u t  a l s o  prov ided f o r  a  con- 
,ti nual mon i to r ing  o f  experimental progress. 

d ! 

1 Genera l ly ,  measurements were made i n  two sample 
i s e t s  w i t h  Th, U  and a  carbon-reference sample common i 
' t o  both sets. Each set  conta ined a  vo id  o r  empty 
J s t a i n l e s s - s t e e l  conta iner  p o s i t i o n ,  as appropriate, I 
: f o r  t h e  determinat ion o f  t h e  pr imary beam i n t e n s i t y .  , 

The carbon-reference sample prov ided a  v e r i f i c a t i o n  !-  

. . o f  system performance and es tab l i shed  t h e  energy 
scale and energy r e s o l u t i o n  us ing  w e l l  known carbon , 

;resonances. ' The carbon t o t a l  cross sect ions r e s u l t -  
j i n g  f rom t h e  present measurements genera l l y  agreed : 
; w i t h  those o f  ENDFIB-V t o  w i t h i n  zz 0.5%. Energy : 

l c a l i  b r a t i o n s  f o r  t h e  lower-energy "whi te"  spectrum ; 
imeasurements were es tab l i shed  by observat ion o f  we1 1  . i 
(known neutron resonances i n  i ron. '  I 
. . . . .  
. . . . . . . . . DATA CORRECTIONS . . . - .. . . . . . 

. - -- . . . 
genera1 ly appl icable.  Simple model- eytimate; ' i n d i c a t e '  
t h a t  s e l f - s h i e l d i n g  p e r t u r b a t i o n s  i n  t h e  present con- 
t e x t  may exceed t h e  experimental u n c e r t a i  n t i e s  even 
above 200 keV. The s i t u a t i o n  i s  i l l u s t r a t e d  by t h e  
2"U example of Fig. 1. The p o t e n t i a l  cross s e c t i o n  
obta ined from t h e  hard-sphere model w i t h  n<4, f o r  
example used by Froehner,13 exceeds t h e  t o t a l  neutron 
cross s e c t i o n  above 9 5 0  keV.The s e l f  - s h i e l d i  ng 
e f f e c t  should be s e n s i t i v e  t o  t h e  d i f f e r e n c e s  between ' 

t o t a l  and p o t e n t i a l  cross sec t ions ;  i.e., t o  t h e  f l u c -  
t u a t i n g  cross sec t ion ,  and i s  thus underestimated. 
Ca lcu la t ions  us ing  r e s t r i c t e d  angular  momenta, 152, 
e.g. M i l l e r  and Poenitz12) and r e a c t o r  codes (e.g., ' 

~ c " ' ) a r e  nqt much b e t t e r  as they tend  t o  under- 
est imate the  p o t e n t i a l  s c a t t e r i n g  by on ly  small  
amounts. 

For  t h e  present  work a  Monte-Carlo s e l f - s h i e l d -  
i n g  code was developed. It i s  based upon t h e  s i n g l e -  
l e v e l  Bre i t -Wigner  f o r m u l a t i o n  o f  t h e  resonances and 
a  potent.ia1 cross s e c t i o n  d e r i v e d  f rom t h e  o p t i c a l  
model. 

I 

Correct ions associated w i t h  neutron i n s c a t t e r i n g ,  j 
t ransmiss ion through c o l l i m a t o r  w a l l s  and transmiss- i 

l i o n  through t h e  a i r  of t h e  void, and f o r  the  i s o t o p i c  ; 

i composit ion o f  t h e  samples were considered and found ; 
n e g l i g i b l e .  However, resonance s e l f - s h i e l d i  ng i n  t h e  

!unresolved resonance reg ion  was a.major concern. The 
lsamples were r e l a t i v e l y  large,  the re fo re ,  t h e  uncor- - i 
l r e c t e d  experimental r e s u l t  i s  t h e  e f f e c t i v e ,  aeffs I 

' 0 I  I  1 1  1 1 1  
j 

i 1 I  I 1  
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Fig. 1. comparison o f  measured and c a l c u l a t e d  neutron 
t o t a l  and p o t e n t i a l - s c a t t e r i n g  cross sec t ions  o f  2 3 8 ~  
as discussed i n  Sec. 111 o f  t h e  t e x t .  i 

t o t a l - n e u t r o n  cross sec t ion  f o r  the  p a r t i c u l a r  sample ; 
i th ickness a t  a  nominal temperature o f  293OK. The 

problem o f  resonance s e l f - s h i e l d i  ng i n  t h e  unresolved i 

.resonance reg ion  i s  w e l l  known i n  the i n t e r p r e t a t i o n  
o f  neutron capture-cross-sect ion measurements and i s  i 
u s u a l l y  considered toge ther  w i t h  neutron-scat ter ing j per turbat ions.  A n a l y t i c a l  approximations f o r  such 
c o r r e c t  i ons  have been descr ibed by Schmi tt ,8 1 
Dresner,g and Mackl in. lU S i m i l a r  co r rec t ions  us ing  ! 
Monte-Carlo techniques have been app l ied  by Bogard and i 
Scmler, l l  M i l l e r  and Poeni tz lZ and Froehner.13 De- 1 
t a i l e d  s e l f - s h i e l d i n g  a t t e n t i o n  has not  been widely  i 
given t o  t o t a l - n e u t r o n  cross sect ions despi te  t h e  f a c t  : 

t h a t  t h e  s e l f - s h i e l d i n g  e f f e c t s  can be la rge  as i l l u -  
s t ra ted ,  f o r  example, i n  t h e  context  o f  s t r u c t u r a l  I 
ma te r ia l s ,  by Smith e t  a l .  l4 I n  t h e  s t r u c t u r a l  reg ion  ! 
a  few very-h igh r e s o l u t i o n  r e s u l t s  a re  ava i lab le  from ; 
which t o  determi ne q u a n t i t a t i v e  s e l f - s h i e l d i n g  cor -  i 
rect ions.  I n  t h e  mass-energy reg ion  o f  the present 1 
work such h i s h - r e s o l u t i o n  data does not  e x i s t  and i 

i ~ h e  cross s e c t i o n  i s  expressed as I 

j where I 
/ a o  = axgJ rn/r, ax = 471x2 and X = 2(E-Eo)/r. 

I 
i Averagi ng over  many resonances y i e l d s  . .. I 

' u s i n g  t h e  r e l a t i o n s h i p  I I 

approximations used a t  lower  energiese-13 are n o t  I L _--. 1..L .. - - - -  -J , 
.' - 



with n '  = e-2i 6 *  between the  resonance .parameters and 
the  complex optical model phase s h i f t ,  6 ,  a s  derived 

, by ~ 0 1 d a u e r - l ~  one obtains . . 

1 O x  . . 
i 

a = - (.l-Rerl t 2 nn(1-T)) = atot + 3 nn(1-T) (5) i p o t .  2 . . ' . I  

where T = 1- 1 n I 2 .  i s  the  optical model transmission 
coefficient .  The potential cross section derived from 
Eq. 5 i s  compared with measured and calculational val- 
ues in Fi.9.' 1.: .. 

Eas. 4 .and 5 were used t o  determine re.sonance 

' t i o n s .  The Foster and ~ lasgow data i r e  a l so  shown in--' 
Fig. 2. In these comparisons averages of the  r e su l t s  
of Ref. 1 a re  used consisting of ten values a t  the  

:lower energies, decreasing t o  four a t  the  highest 
'energies. The agreement between the two s e t s  of data 
, f o r  Au,  233U,  235U. U and 239Pu i s  generally good, 
~e .g . ,  be t ter  than I%, in the  medium-range of overlap. 
,There , i s  some tendency f o r  the data of Ref. 1 t o  be 
s l ight ly  lower a t  low energies and the  present values 
tend t o  sca t t e r  more a t  t h e i r  higher-energy extreme. 
The Ta and T h  resul ts  of Ref. 1 appear t o  d i f f e r  in 
normalization from those of the  present work by 
=1-3%. 

parameters and potential cross sections fo r  use i n  i 
Eq. 1. Level spacings were calculated from the  I t  i s  well known tha t  a deformed optical  model i s  
Fermi-gas model level density formula . * more suitable f o r  the  description of many features of 

the neutron interaction with strongly deformed t a rge t s  

p(E,J) = C . (2J+1) exp - '= exp ( 2 ~ )  
' 

' than i s  the simple spherical optical model. This i s  
802 (6) ! expected t o  be t rue  of the  representation of the  

where C i s  the  constant f o r  normalization t o  experi- 
. .  :total-neutron cross section although that  cross sec- 

t ion  i s  not as sens i t ive  t o  the  d e t a i l s  of the  in ter -  mental values in the low eV range.. The spin-cut-off . act ion as some of the  cross sections. I t  has  
i factor,  a ,  and temperature constant, as .are discussed . been shown, e.g., by Glasgow and Foster,24 that  glo- 
in  the l i t e ra tu re  (e.g.9 see Refs. l7-l9)* A Wigner . bal-spherical-optical potent ia ls  a re  not pa r t j cu la r ly  
d is t r ibut ion was assumed fo r  the' level spacings and a sui table  fo r  descr ib ing the  to ta l -neu t ron  cross set- 

,Porter-Thomas distr ibution f o r  the  width fluctuation. . 
, t ions i n  regions of strong deformation. Much improved 'An  optical potential with a volume-imaginary term was 'descriptions i n  these  regions have been obta ined u s i n g  

used w i t h  parameters adjusted give good represents- couupled-channels models, e. g, , Zuffi , 2 S  Madland and t ions  of the  to ta l  cross sections in the 20-300 keV . .YOung.26 
range and of the 1.ob.l-energy potential scattering cross 

;section. The calculation was inclusive of up to  four . . j Seven of the  eight nuclei studied in  the  present 
kinelastic scatteri.ng channels. Ooppl e r  broadening was :work are  strongly deformed with simi l a r  deformations, 
taken in to  account using the  and functions of Ref. : B ,  varying from 0.248(Th) t o  0 . 2 8 7 ( ~ ~ ~ ~ ) - ~ '  A model 

.20 in  Eq,. 1 instead of 1/(1+X ) and 2X/(l+X2) terms. . , , su i table  f o r  the description of the  relevant t o t a l -  
j 1 lneutron cross sections was sought based upon the  pre- 
I The result ing'calculated self-shielding correct- . sent measured data, extended t o  higher energj es using 
: ions were small for  233U and 235U (<I% above 40 keV), the resul ts  of Foster and Glasgowl; i .e . ,  the  data 
of intermediate size fo r  ~ " P u ,  240Pu and Th,  (<3-5% - .base shown in Fig. 2. I n i t i a l l y ,  spherical-optical-  

. above. 40 keV), and substantial f o r  U ,  Au and'Ta : . model parameters were chosen by a simultaneol~s f i t  t o  
. (<7-14% above 40 keV). The present correction for.  AIJ : the  experimental t o t a l  -neutron cross sect  ions of Ta, 
agrees very we1 1 in the 40-50 keV range with the 're- , 233U,  ?3YJ9 U and 2'yPu. Thc resul t ing  potcntial  

! s u l t s  of calculations by Schneider and Froehnerzl fo r  Parameters are  given in Table 1- The total-neutron 
!samples of. similar thickness. The present resul ts  a r e ,  cross sections of the remaining three  nuclei were 
:a lso  in good ag,reement :with .the sample-thickness de- , 

' then calculated in  a straightfonqard manner using the  
ipendence '.of :transmissions of neutrons through Ta ob- . , .derived potential parameters. The spherical -potential 
served by 'Byoun and Block.22 , 'parameters of Table I are ra ther  conventional. The 

labsorption i s  somewhat outside the  mean real radius as 
RESULTS AND ANALYSIS loften suggested26 and t h e  magnitude of the  parameters 

: a re  similar  t o  those frequently reported i n  t h e .  
The r e iu l t*  of the  present.mea'surements .are out- j : l i t e ra tu re .  An exception i s  the  ra ther  narrow and 

Illried in  Fig. 2. These values are  coirected for  se l f -  : d e e p  surface absorption term but i t s  e f fec t ive  
jshieldi ng and these corrections, a s  noted above, can i , s t rength ,  Was, i s  again re1 a t ive ly  conventional. 
/be substantial  i n  some cases. Therefore these tor- : iThe resul ts  obtained with t h i s  spherical potent ia l ,  
/recti.on fac tors  are  a matter of continuing experimen- / -:shown in Figs. 2 and 3, a re  in  good agreement with the 
: t a l  and calculational study. The ' s t a t i s t i ca l  uncer- i measured values excepting those f o r  Au. The l a t t e r  
I tainties.  in the  measured, cross sections are  typically ; exception i s  expected as the  spherical potential  i s  a . 
1% f o r  Ta, Au, Th,:233U,- 235U and U above 1.00 keV and , :parameterization of total-neutron cross sections in a , 

2% f o r  239Pu and 2 4 0 P ~ :  and f o r  a l l  samples k low 100 1 .deformed nuclear region and should not be su i t ab le  f o r  i 
keV. Uncertainties due t o  sample densit ies '  were est i- .  jthe spherical exception, Au. 
mated to..be 0.5-1.0% excepting 2 4 0 P ~  where the meas- ! ' 

"red density was 78% tha t  of the ~ ~ ? P I J  sample. The . / ' Recently, Guenther, e t  a1. ,29 Dave deduced a 
measured density of the 2 4 u ~ u  sample was belieyed model f o r  the  description of the  neu- 
known t o  1% but i t  was n'ot possible t o  destroy the  pa r t i cu la r  a t tent ion 
sample t o  verify i t s  -homogenl ty. This model was used ; 

sections of T h  and 
The present resul ts  are  in very good agreement the. consideration of deformation with 

with U and 2"U values and in resbnable agreeme.nt in Figs. 2 and 3. 3 U  Fig. 3 a l so  
with T h  re.sults ' recently .measured a t  t h i s  obtained with the  coupled-chan- 
Laboratory.23~3~2 . Extensive comparisons with l nels model of LaGrange and ~ a r y .  31  The description 

' / !of the total-neutron cross sections obtained with the other previously reported values are not possible 
I 

here. However, compdrisons with the  data of Foster I   coup led-channels model i s  marginally be t t e r  than tha t  
and Glasgowl are of part icular intekest as these pre- 1 !obtained with the above simple spherical optical  
viously-reported resul ts  include' a1 1 but one of the i parameterization. The coupled-channels model i s  f a r  
present samples', appear. internally consistent and the : !more suitable when dealing with some of the  par t ia l -n  
energy range extends from we1 1 within that-of the pre- jeutron-reaction channels (par t icular ly  
sent measurementsto muchhigher energies o f p a r t i c u -  1 and consideration of these same par t ia l  reaction 
l a r  in t e res t  from.the point. of viewof model deriva- 1 b n n e l s  might well a l t e r  the  above choice of a--- , 
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