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Preface

I). R. Lnglis (R evs. M odern P h y s ., 25 (1953) 390) p o in ted  o u t m ore th a n  te n  
y ea rs  ago th a t  "nuclear spectroscopy aim s on the one hand to help to develop, on 
the other hand to get along without, a detailed knowledge of the nature of nuclear 
'forces’ ” . T he p a ra d o x  arises from  th e  fac t th a t  a  sim u ltan eo u s d iscovery  of 
a ll th e  law s govern in g  th e  b eh av io u r an d  ex p la in in g  th e  s tru c tu re  of a tom ic  
nuclei seem s im p ro b ab le , b u t  i t  is reaso n ab le  to  suppose th a t  one can  ad v an ce  
in a  "stepwise fash ion ” .

In  th e  absence of a n  e x a c t th e o ry  of n u c lea r forces, a  n u m b e r of m odels 
h av e  been  used , each  acco u n tin g  fo r on ly  a p a r t  of th e  em pirica l fac ts. Two 
c u rre n t ap p ro ach es are : in d iv id u a l-p a rtic le  sy s tem s w here  one or v e ry  few 
nucleons a re  allow ed to  m ove in  th e  average  cen tra l p o te n tia l of th e  o th e r 
nucleons, a n d  collective sy s tem s w here  th e  b eh av io u r of th e  w hole nucleus 
considered  as a  flu id  is p re d ic ted  on a h y d ro d y n am ica l basis. B o th  view s are  
re la tiv e ly  successful in  th e  ca lcu la tio n  of m echan ica l a n d  e lec trom ag netica l 
m o m en ta  of n u c lea r levels. T he p red ic tio n  of half-lives as w ell as of ex c ita tio n  
a n d  decay  energ ies is so m ew h at less accu ra te .

I t  w ould  o ften  seem  desirab le  for g roups o r in d iv id u a l in v es tig a to rs  to  devise 
a  series of re la te d  experim en t«  w ith in  a  lim ited  field , w ith  th e  in te n tio n  of 
estab lish in g  th e  degree of v a lid ity  of som e w ell defined  fea tu re s  of p re sen t th e o ­
ries an d  m odels. One of th e  m ain  pu rposes of th e  a u th o r ’s s ta y  in  S w eden has 
been to  g e t a cq u a in te d  w ith  d iffe ren t ty p e s  of in s tru m e n ts  a n d  tech n iq u es in  
th e  field  of n u c lea r spectroscojiv . T h u s sev era l su b jec ts  w hich  w ere n o t a lw ays 
connected  h av e  been  ta k e n  up. I n  p a r tic u la r , coincidence tech n iq u es h av e  
been  ap p lied  fre q u e n tly  in  th is  w ork  to  th e  d e te rm in a tio n  of p ro p e rtie s  of 
ex c ited  levels.

In  th e  case of ex c ited  n u c lea r s ta te s  th e  s tu d y  of e m itte d  g am m a ray s  a n d  
p a rtic le s  (m ost o ften  conversion  e lec trons) is p ra c tica lly  th e  on ly  w ay  th ro u g h  
w hich in fo rm atio n  can  be acq u ired  on th e  p ro p ertie s  of th e se  levels. T he la s t 
tw o decades h av e  seen a  trem en d o u s  dev e lo p m en t of th e  tech n iq u es used  for 
th e  d e tec tio n  of such  rad ia tio n s . O ne w ould  like  in  p a r tic u la r  to  m en tio n  fou r 
m a jo r item s w hich  h av e  b een  used  all th ro u g h  th e  p re se n t w ork: m ag n etic  
sp ec tro m ete rs , sc in tilla tio n  d e tec to rs , m u ltich a n n e l an a ly zers  a n d  in  p a r t i ­
cu lar. coincidence tech n iq u es. T he la t te r  y ie ld  in v a lu a b le  in fo rm atio n  in  e s ta b ­
lishing d ecay  schem es. T he re c e n t in tro d u c tio n  of b id im ensional m u ltich a n n e l 
an a ly ze rs  b ro ad en s even  m ore th e  scope of ap p lica b ility  of th is  tech n iq u e .



In  th is  w ork  special a t te n t io n  h as been  d ev o ted  to  som e prob lem s connected  
w ith  e lec tron  c ap tu re , in  p a r tic u la r  to  th e  d e te rm in a tio n  of decay  energ ies b y  
m eans of th e  re la tiv e  p ro p o rtio n  of c a p tu re  in  th e  K  a n d  L  shells. I t  m ay  be 
p o in ted  o u t t h a t  e lec tro n  c a p tu re  decay in g  iso topes h av e  been  o ften  used in  
o th e r  w orks (e.g. te s tin g  of th e  oscilloscope m ethod ). T his is assoc ia ted  w ith  
th e  p resence of X -ray s, follow ing im m ed ia te ly  a f te r  a  g re a t p ercen tag e  of th e  
d ecays, w h ich  can  be used  to  tr ig g e r d iverse  coincidence system s.

T he follow ing p ap e rs  a re  inc luded  in  th is  thesis:
1. J. B e r g s t r o m , E . C. O. B o n a c a l z a , A. J e c h , M. P é r e z  a n d  P .  T h i e b e r g e r , The 

oscilloscope m e th o d  of m easu rin g  n uc lear half-lives. X ucl.  Ins tr .  and Methods 8 
(19(H)) 151-172.

II. P. T h i e b e i m j e r , E . C. (). B o n a c a l z a  a n d  H . H y d e , E x p e rim e n ta l s tu d y  of th e  
influence of n o n -p ro p o rtio n a l response of X a l(T l) sc in tilla tio n  c ry s ta ls  upo n  th e  
en ergy  reso lu tion  for g am m a ray s . Xucl.  Ins tr .  and Methods 14 (1961) 225-230.

III .  E. C. (). B o n a c a l z a  a n d  G. B .  H o l j i , M easurem ent of th e  jr-factor of th e  247 keV
s ta te  in Cd111 w ith  th e  d iffe ren tia l m ethod . Physics Letters , I  (1963) 343-344.

IV. 1. B e r g s t r o m , E . C. O. B o n a c a l z a  a n d  P .  T h i e b e r g e r . E vidence fo r octupole
a n d  qu ad ru p o le  v ib ra tio n a l s ta te s  in P b 205. A rk iv  F y s ik  22 (1962) 95-110.

V. E . C. O. B o n a c a l z a , Search  fo r v ib ra tio n a l levels in B r79. A rk iv  F y s ik  26 (1964) 
141 152.

VI. E . C. (). B o n a c a l z a . P. T h i e b e r g e r  an d  L B e r g s t r o m , T he d ecay  en ergy  of 
B i205. A rk iv  F y s ik  22 ( 1962) 111 125.

VII .  P. E rm a x , E . C. O. B o n a c a lz a  an d  J .  R o ssi. T he K  A uger effect in  B r79. A rk iv  
F y s ik  26 (1964) 135 140.

VI I I .  P. E r m a n , J .  R o ss i , E .  C. O. B o n a c a l z a  an d  ,1. M i s k e l , T he K  A uger g roup  in ­
ten sitie s  in Cl37. A rk iv  F ys ik  26 (1964) 35-44.

A sh o rt rev iew  of th ese  p ap ers  is p re sen ted  below:
I. In  th is  w ork th e  half-lives of sev era l nu c lear levels h av e  been  d e te rm in ed  

w ith  th e  oscilloscope m eth o d . T h is m e th o d  h as b een  m odified  an d  is app lied  
in  d iffe ren t w ays. I t  is show n th a t  i t  covers a  la rge  p a r t  of th e  reg ion  w here 
de lay ed  coincidence tech n iq u es  a re  app licab le . T he oscilloscope is used  n o t 
o n ly  as a  conven tiona l d e lay ed  coincidence c ircu it b u t  also in  som e cases as a  
m u ltico incidence  u n it  (m u ltichanne l tim e  analyzer). Som e well know n cases 
w ere ta k e n  up  to  te s t  th e  m eth o d . F u rth e rm o re  a new  half-life w as d iscovered  
an d  a rec en tly  rep o rted  one w as confirm ed (P b 203 -  55 n s -  an d  P b 203 -  4.1 m s-). 
T he half-lives m easu red  a re  in  th e  ran g e  10~2 s to  10~8 s.

II. T he use of fast-slow  coincidence tech n iq u es a n d  a  sum m ing  c ircu it a l ­
low ed a check of th e  u n fav o u rab le  in fluence of th e  n o n -p ro p o rtio n a lity  of th e  
response  of N a l(T l)  sc in tilla to rs  upon th e  energy  reso lu tion . I t  w as also pos­
sible to  com pare  w ith  th eo re tica l p red ic tio n s an d  good ag reem en t w as found  
w ith  th e m .
«



II I .  T he  d iffe ren tia l m eth o d  for s tu d y in g  nu c lear m o m en ta  an d  th e ir  in te r ­
a c tio n s is a  good ex am ple  of com b in a tio n  of d iffe ren t tech n iq u es, in  th is  case 
a n g u la r co rre la tions, de layed  coincidences an d  m u ltich an n e l analysis  of even ts. 
T o g e th e r th e y  allow  th e  d e ta iled  tim e depen dence  of th e  in te rac tio n  (w hich is 
sm oo thed  o u t w ith  th e  in teg ra l m ethod s) to  be observed . In  th e  p re se n t w ork  
th e  m ag n etic  m om en t of th e  247 keY  level in  C d111 is d e te rm in e d  as h av in g  a 
value of (0.794 4-0.006) nm  th u s  show ing a  m ark ed  im provem en t in th e  accu ­
racy , as is o ften  th e  case w ith  th is  m ethod .

IV an d  A". In  th e se  w orks, singles e lec tron  a n d  g am m a sp e c tra  an d  coinci­
dences, as well as an g u la r co rre la tions a re  m easu red  a n d  several p o in ts  of th e  
level schem es of P b 205 a n d  B r79 a re  c leared  up. P a r tic u la r  a t te n tio n  is d ev o ted  
to  th e  ex istence  of q u ad ru p o le  a n d  octupo le  ex c ita tio n s. In  th e  n ea rly  spheric 
P b 205 it is fou nd  th a t  th e  703 keY  level m ig h t b e  due to  one p hono n  ex c ita tio n  
w hereas one of th e  levels a t  a b o u t 2.6 MeV e x c ita tio n  energy  seem s to  arise 
from  octupo le  v ib ra tio n . In  B r79 on ly  one level can  be clearly  asc rib ed  to  
q u ad ru p o le  ex c ita tio n  (307 keY).

V I, V II a n d  VI I I .  In  p a p e r V I th e  decay  energy  of B i205 is d e te rm in ed  b y  
m easu ring  coincidences w ith  th e  K  a n d  L  X -ray s  w hich follow e lec tron  cap tu re . 
In th is  w ay  K  to  L an d  K  to  to ta l c a p tu re  ra tio s  w ere found . T he m e th o d  is 
ab le  of g iv ing  acc u ra te  re su lts  in fav o u rab le  cond itions (nam ely  sm all decay  
energy  an d  re la tiv e ly  large Z  value). A serious lim ita tio n  arises from  th e  large 
erro rs in  th e  ex p erim en ta lly  d e te rm in e d  values of th e  m ean  fluorescence y ield  
for th e  L  shell, o>L, a n d  fo r th e  m ean  n u m b er of vacancies p ro d u c te d  in th e  L  
shell fo r each  v acan cy  in th e  K  shell, r\KL. P a r tic u la r ly  for th e  ex ten sio n  of 
th e  m e th o d  to  low er Z  values th e  s itu a tio n  is ra th e r  b ad  due to  th e  large d is­
c repancies in th e  ex p e rim en ta l K  A uger g ro up  in ten s ities , w hich a re  needed  
to  e s tab lish  rjKL. T h u s a special inv estig a tio n  w as u n d e r ta k e n  to  cover tw o 
cases of low Z. n am e ly  B r79 (Z =  35) a n d  Cl37 (Z = 17). Special p re - a n d  p o s t­
accelera tio n  tech n iq u es  w ere used in th e  b e ta  sp e c tro m e te r an d  source th ic k ­
ness effects w ere e lim ina ted  b v  th e  use of sam ples th a t  w ere iso tope sep a ra ted  
w ith  v ery  low ion deposition  energies.
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