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1 . INTRODUCTION 

The e n e rg y  of a ro ta t io n a l  s ta te  o f s p in  I in  a n  e v e n  m ass  n u c le u s  

i s  g iv e n  b y 1 ,

E1 = Eo + - f f 1(1+1 >
w here Eg i s  th e  ze ro  p o in t e n e rg y .

The le v e l  s e q u e n c e  for le v e ls  w ith  Ky^O is  I ,  1+1, 1+2, e t c .  For

4* 4*K=0 , le v e ls  w ith  p a ire d  p a r t ic le  c o n f ig u ra tio n s  h a v e  le v e l  s e q u e n c e  0 ,

2+ , 4+ , e t c .  For K=0+ , i t  i s  a  c h a r a c te r i s t ic  of th e  ro ta t io n a l  sp ec tru m  

th a t  th e  e x c i ta t io n  o f a h ig h  m em ber is  fo llo w ed  by  a  c a s c a d e  of E2 gam 

ma t r a n s i t io n s  w ith  e n e rg y  v a lu e s  in  th e  ra tio  ................1 5 :1 1 :7 :3  and

w ith  no c ro s s  o v e rs  . ^

N u c le i in  th e  re g io n  6 4 < Z < 7 4  sh o w  a  c h a r a c te r i s t ic  ro ta t io n a l  

s t r u c tu re .  A lso , fo r 1 5 5 < A < 1 8 5  and  A > 2 2 5  th e  sm a ll e x c i ta t io n  e n e rg ie s  

s u g g e s t  a  s tro n g  c o u p lin g . T u n g sten  w ith  Z=74 d e m o n s tra te s  w e l l -  

d e f in e d  ro ta t io n a l  b a n d s .  N u c le i w ith  Z > 7 8  ly in g  n e a r  to  th e  c lo s e d  

s h e l l  s tru c tu re  c a n  be  w e ll  d e s c r ib e d  by s in g le  p a r t ic le  m o d e l. T h u s , 

n u c le i  w ith  74 ^ Z ^  78 lie  in  th e  t r a n s i t io n a l  re g io n  and  a  s tu d y  of them  

m ay th ro w  m uch lig h t on th e  th e o r ie s  o f s in g le  p a r t ic le  and  c o l le c t iv e  

m odels  of n u c le i .

186
The o b je c tiv e  of th i s  w ork is  to  find  th e  m ode of d e c a y  of 7 7 lr jg g

186
n u c le u s  o b ta in e d  b y  pro ton  bom bardm ent of „c O s , , „ an d  to  find  th e  e x -/b  1 1 U

c i te d  le v e ls  of Os*®® n u c le u s ,  o b se rv e d  in  c o u rse  of d e c a y  o f Ir*®® by

e le c tro n  c a p tu re  an d  p o s itro n  e m is s io n .
1



o
A 1 4 -h o u r ir id iu m  a c t iv i ty  w a s  o b ta in e d  by  Sm ith an d  H o lla n d e r^  

from  a  d e c a y  of 2 .5 -h o u r  p la tin u m  a c t iv i ty .  P r in c ip a l gam m a ra y s  w ere  

re p o r te d  to  b e  135 , 3 00 , and  435 k e v . On th e  b a s is  of th e  s y s te m a tic s  

of le v e ls  of e v e n -m a s s  osm ium  is o to p e s  S c h a rff-G o ld h a b e r  e t  a l .  a s 

c r ib e d  th e  a c t iv i ty  d e f in i te ly  to  m ass  186 and  o b se rv e d  t r a n s i t io n s  a t  

1 3 7 , 2 9 7 , 4 3 4 , 6 2 5 , and  773 k e v . D iam ond and  H o lla n d e r^  m e asu re d  

K to  L c o n v e rs io n  r a t io s  of th e  th re e  lo w e s t e n e rg y  t r a n s i t io n s — 13 7 ,

2 9 7 , and  434 k e v , a l l  of w h ich  w ere found to  be E2 t r a n s i t io n s .  M e a n -
r c 7

w h ile ,  M e tzg e r an d  H ill , S te ffen  , and  Johns e t  a l .  m e asu re d  th e

(3- t r a n s i t io n s  of Re*®® to  Os-*-®® and  f i t te d  th e  o b s e rv e d  ra d ia t io n s  631

1 ftfian d  768 k ev  in  a  le v e l  sch em e  of Os . On th e  b a s i s  of th is  in fo rm a

tio n  D iam ond and  H o lla n d er^  s u g g e s te d  a  le v e l  sch em e  in te rp re tin g  in  

te rm s  of c o l le c t iv e  e x c i ta t io n  for e v e n  n u c le i  a s  s u g g e s te d  in  Bohr and  

M o tte ls o n . ^

In th i s  p re s e n t w ork d e ta i le d  s tu d y  of th e  gam m a ra y s  in 

Ir ° > Os d e c a y  w as  m ade a lo n g  w ith  gam m a in te n s i ty  m e a su re 

m ent and  gam m a-gam m a c o in c id e n c e  w o rk . On th e  b a s i s  o f th e s e  m e a s 

u rem e n ts  a  d e c a y  sch em e  h a s  b e e n  s u g g e s te d  and  an  a tte m p t h a s  b e e n  

m ade to  in te rp re t  i t  in  te rm s of c o l le c t iv e  e x c i ta t io n  of defo rm ed  n u c le i .



2 . INSTRUMENTATION 

E qu ipm en ts  u s e d  in  th is  in v e s t ig a t io n  c a n  be b ro a d ly  c l a s s i f i e d  

u n d e r th re e  g ro u p s :

(a) S c in t i l la to r s  u se d  a s  d e te c to r  h e a d s .

(b) M u ltic h a n n e l p u lse  h e ig h t a n a ly s e r .

(c) C o in c id e n c e  a r ra n g e m e n ts .

(a) D e te c to r  h e a d s

(1) A 3 - in c h  d ia m e te r  x  3 - in c h  h ig h  N al(T l) c r y s ta l  m ounted  on a 

D um ont 6363 p h o to m u ltip lie r  tu b e  w as  u s e d  for c a l ib ra t io n  of gam m a e n 

e rg y ,  m easu rem en t of d e c a y  r a te ,  an d  u n sc ram b lin g  of gam m a ra y  s p e c 

tru m . The c ry s ta l-m o u n tin g  te c h n iq u e  w as  fo llo w ed  a s  d e s c r ib e d  by

14P. R. Bell e t  a l .  a t  O ak Ridge N a tio n a l L abora to ry  and  a  s c h e m a tic  d i 

ag ram  of th i s  i s  g iv e n  in  figu re  1 . A lum inium  c r y s ta l  h o u s in g  of th is  d e 

te c to r  a b so rb e d  a l l  L x - r a y s  a n d , th u s ,  for L x - ra y  d e te c tio n  a  s e p a ra te  

x - r a y  d e te c to r  h ad  to  be u s e d .  To re d u c e  back g ro u n d  th e  3 - in c h  x  3 - in c h  

c r y s ta l  w a s  s h ie ld e d  in  a 4 - in c h  th ic k  le a d  c a v e  w ith  in n e r d im e n s io n s  

o f 32 x  32 x  30 i n c h e s . The in n e r  s u rfa c e  of th e  le a d  c a v e  h ad  a  g rad ed  

s h ie ld  of 30 m ils  of t in  and  10 m ils of c o p p e r .  A sc h e m a tic  d iag ram  of 

th e  c a v e  i s  show n in  fig u re  2 . G rad ing  w as n e c e s s a ry  to  re d u c e  th e  e f -

O
fe e t  o f x - r a y s  p ro d u ced  in  th e  le a d  w a lls  of th e  c a v e .

(2) A 3 - in c h  d ia m e te r  x  3 - in c h  h ig h  N al(T l) c r y s ta l  w ith  3 /8 -

in c h  d ia m e te r  w e ll d r il le d  a lo n g  th e  a x is  from  one en d  u p  to  th e  c r y s ta l

c e n te r  w as  a ls o  u se d  for s p e c tr a l  s tu d y .  The c r y s ta l  w as  m ounted  on a

D um ont 6364 p h o to m u ltip lie r  tu b e .  W hen a  ra d io a c tiv e  so u rc e  w as
.3
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p la c e d  in s id e  th e  w e l l ,  a  n e a r ly  A n  g eom etry  w as  o b ta in e d .  The so u rc e  

c o u ld  a l s o  b e  p la c e d  on  th e  s id e  o f th e  c r y s ta l  g iv in g  n e a r ly  a  2n  geom 

e t r y .  The form er p o s itio n  w as  c a l le d  "In  W e ll"  an d  la t te r  "O ut W e l l ."  

C om paring  "In" an d  ''O ut W ell"  s p e c tr a  th e  c o in c id e n c e  sum m ing e f f e c t  

c o u ld  be  s tu d ie d  q u a l i ta t iv e ly .  To re d u c e  b ack g ro u n d  th e  c r y s ta l  a s s e m 

b ly  w as  p la c e d  in s id e  a le a d  s h ie ld  l in e d  w ith  a  g rad ed  s h ie ld  o f t in  an d  

c o p p e r  to  e lim in a te  th e  e f f e c t  of x - r a y s  p rod u ced  from  th e  le a d  s h ie ld  

i t s e l f .  A sch em e  of th e  c r y s ta l  a s s e m b ly  is  show n in  fig u re  3 .

(3) Two o th e r  N a l (Tl) c r y s t a l s ,  e a c h  1 3 /4 - in c h  d ia m e te r  x  2 -  

in c h  lo n g , w ere  u s e d  for c o in c id e n c e  m e a su re m e n ts . The c r y s ta l s  w ere 

m ounted  on tw o  EMI 6097B p h o to m u ltip lie r  tu b e s  and  e a c h  c r y s ta l  a s s e m 

b ly  w ith  p ream p lif ie r  c i r c u i t  w as  e n c lo s e d  in  a  s t e e l  h o u s in g .

(4) The x - r a y  c r y s ta l  w as a  1 - in c h  d ia m e te r  x  1 /4 - in c h  th ic k  

r ig h t c y l in d e r  of N a l (Tl) and  th e  fa c e  o f a c c e p ta n c e  w as  c o v e re d  w ith  

5 m ils  of b e ry lliu m  b a c k e d  by  a  o n e -m ic ro n  th ic k  a lum in ium  r e f le c to r .  

T his a rra n g e m e n t w as v ery  s u i ta b le  fo r r a d ia t io n s  w ith  e n e rg ie s  from

5 k ev  to  a b o u t 100 k e v . The c r y s ta l  w as  m ounted  on a  EMI 6097B p h o to 

m u ltip lie r  t u b e .

(b) M u ltic h a n n e l P u lse  H eigh t A n a ly se rs

(1) The o u tp u t from  th e  3 - in c h  x  3 - in c h  c a v e  c r y s t a l ,  or 3 - in c h  

x  3 - in c h  w e ll c r y s t a l ,  o r 1 - in c h  x  l / 4 - i n c h  x - r a y  c r y s ta l  w as  a n a 

ly s e d  b y  a  R ad ia tio n  In s tru m en t D ev e lo p m en t L ab o ra to ry  M odel 3 4 -8 ,  

2 0 0 -c h a n n e l p u ls e -h e ig h t  a n a ly s e r .  T h is  a n a ly s e r  c o u ld  d is c r im in a te  

th e  p u ls e  h e ig h ts ,  s to re  in  a  m a g n e tic  m em ory , and  p rin t o r p u n ch  out
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th e  num ber of c o u n ts  w ith  th e i r  c o rre sp o n d in g  a d d r e s s e s .  T h is a n a ly s e r  

c o u ld  s to re  up to  a  m aximum of 9 9 9 ,9 9 9  c o u n ts  per c h a n n e l an d  w hen 

tu rn e d  in  s u b tr a c t  mode co u ld  s u b tra c t  b ack g ro u n d  from th e  g ro s s  

c o u n t s .

(2) A 4 0 0 -c h a n n e l R . I .D .L .  M odel 34 -1 2  p u ls e - h e ig h t  a n a ly s 

e r  w as  u s e d  in  c o n ju n c tio n  w ith  th e  1 3 /4 - in c h  x  2 - in c h  c r y s ta l s  and  

o th e r  c o in c id e n c e  c i r c u i t  a rra n g e m e n ts  for c o in c id e n c e  e x p e r im e n ts .

E ach  100 c h a n n e ls  of th e  a n a ly s e r  c o n s t i tu te d  a  su b g ro u p  an d  re sp o n d e d  

to  a  s in g le  c o in c id e n c e  g a t e .  The m em ory o f M odel 34 -1 2  h ad  a  m ax i

mum c a p a c i ty  o f 99 ,999  c o u n ts  pe r c h a n n e l a n d  in  a  su b tra c t m ode c o u ld  

s u b tr a c t  b a ck g ro u n d  o r c h a n c e  c o in c id e n c e  c o u n ts  .

(c) C o in c id e n c e  A rrangem ents

Two d e te c to r s  w ith  1 3 /4 - in c h  x  2 - in c h  c r y s ta l s  w ere  p la c e d  

fa c e  to  fa c e  a t  18 0 ° fo r c o in c id e n c e  w ork . The so u rc e  w as  p la c e d  in s id e  

a  com p to n  s h ie ld  c o n s is t in g  of a 5 /8 - in c h  th ic k  le a d  p la te  w ith  a  g rove 

in s id e  an d  c o v e re d  w ith  0 .0 3 3 - in c h  th ic k  t in  and  0 .0 2 2 - in c h  th ic k  c o p 

per p la te s  on b o th  s id e s  of le a d  (figu re  4 ) . T h is C om pton  s h ie ld  w ith  th e  

so u rc e  a t  th e  c e n te r  w as  sa n d w ic h e d  b e tw e e n  th e  d e te c to r  h e a d s .

The d e te c to r  h e a d s  fed  in to  a  s lo w - f a s t  c o in c id e n c e  c i r c u i t  show n  

in  f ig u re  5 .  The re s o lv in g  tim e o f th e  f a s t  c o in c id e n c e  c i r c u i t  w as a n a 

ly s e d  w ith  a  v a r ia b le  d e la y  l i n e , and  a  g rap h  sh o w in g  c o u n ts - d e la y  is

g iv e n  in  fig u re  6 .  The re s o lv in g  tim e T o f  th e  c i r c u i t  w as  a p p ro x im a te ly  

-930 x  10 s e c .  Rate o f c h a n c e  c o in c id e n c e ,  R, i s ,
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R = 2T n^n2  

w h e re , T  = r e s o lv in g  tim e  ,

n-  ̂ = r a te  o f  c o u n t in  c o in c id e n c e  g a te ,  and

ng = ra te  of c o u n t in  n o n -c o in c id e n c e  no rm al s p e c tru m .

On c a lc u la t io n ,  R w a s  found  to  be  n e g lig ib ly  sm a ll and  th u s  a l l  th e  r e 

s u l t s  g iv e n  in  th i s  in v e s t ig a t io n  a re  th o s e  o f g ro s s  c o in c id e n c e .

The c o in c id e n c e  c i r c u i t  i t s e l f  w a s  m ade up  o f fou r d if fe re n tia l  

d is c r im in a to r s ,  th u s  i t  w as  p o s s ib le  to  s e t  fo u r d if fe re n t c o in c id e n c e  

g a te s  s im u l ta n e o u s ly ,  w h ich  in  tu rn  fed  to  fo u r d if fe re n t s u b -g ro u p s  

(e a c h  o f 100 c h a n n e ls )  of th e  4 0 0 -c h a n n e l a n a ly s e r .  T h is  m ade p o s s i 

b le  an  econom y  of tim e and  s im u lta n e o u s  co m p a riso n  o f d if fe re n t c o in 

c id e n c e  c u r v e s .



3 . DECAY OF IR186

(a) Q u a li ta tiv e  S tudy  Of S p e c tra

O sm ium  e n r ic h e d  in  m a ss  num ber 186 ( T ab le  I ) ,  o b ta in e d  from  

O .R .N .L .  , w as  bom barded  by 6 m ev pro ton  in  The O hio  S ta te  U n iv e rs ity  

c y c lo tro n  on th re e  d if fe re n t o c c a s io n s  an d  fo r th re e  d if fe re n t le n g th s  of 

b om bard ing  tim e  ( T ab le  I I I ) a n d  th e  r e s u l ta n t  a c t iv i t i e s  w ere  s tu d ie d  in 

d e p e n d e n tly .  T h ese  th re e  d if fe re n t s tu d ie s  p ro d u ced  rem a rk ab ly  id e n t ic a l  

d e c a y  an d  n a tu re  o f s p e c tr a  o b se rv e d  c h ro n o lo g ic a l ly .  It w as  found  th a t  

( p ,n  ) ty p e  w a s  th e  o n ly  n o tic e a b le  k in d  of r e a c t io n .  On th i s  a s s u m p 

tio n  th e  fo llo w in g  ra d io a c tiv e  d e c a y s  w ere found  p o s s ib le  from  th e  above  

is o to p e  e n r ic h e d  in  m a ss  186 .

0 .1%  O s ^ 8^( p ,n  ) I r * 8 4 ------6 , , ft  ̂ O s ^ 84 ( s ta b le
( 3 h )

6 1 .2 7 %  O s 1 8 6 ( p ,n  ) Ir186 f  i f it --» O s 186 ( s ta b le
( 15 h )

3 .31%  O s 187( p ,n  ) Ir187 ------£  O s 187 ( s ta b le
( 12 h )

9 .5 4 %  O s 1 8 8 ( p ,n  ) Ir188 f - > O s 188 ( s ta b le
( 41 h  )

7 .3 1 %  O s* 8 9 ( p ,n  ) Ir1®9 —-—£— -—» O s 188 ( s ta b le

9 .8 %  O s 192 ( p ,n  ) Ir192
s ta b le

 £-------> Pt
( 75 d )



Proton c a p tu re  r e a c t io n , if  i t  o c c u rre d  a t  a l l , c o u ld  p roduce  a  few  more 

s ta b le  irid iu m  is o to p e s  Ir-*-®-1-(s ta b le )  an d  I r1-® ^(stab le) a lo n g  w ith  a n e g 

lig ib ly  sm a ll 15 h  I r1-®^ a c t iv i ty  from  O s ^ ^ O . 1%) and  th u s  c o u ld  b e  e x 

p e c te d  to  p ro d u ce  no v is ib le  r e s u l t .
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T able I .  C o m p o s itio n  Of O sm ium  Is o to p e s  

E n rich ed  In M a ss  N um ber 186

Iso to p ic  A n a ly s is  S p e c tro g ra p h ic  A n a ly s is

Iso to p e A tom ic % P re c is io n E lem en t %

184 0 .1 --- Al < .05T
B < .0 1

186 6 1 .2 7 * 0 .1 Ba < .0 2
C a .1

187 3 .3 1 0 .0 5 C o < .0 5
C r < .0 5

188 9 .5 4 0 .1 C u .0 5
Fe .0 5

189 7 .3 1 0 .1 Ir < .0 5
K < .01

190 8 .7 7 0 .1 Li < .01
Mg < . 05T

192 9 .8 0 .1 Mn < .0 2
Mo < .0 2
Na < .01
N i < .0 5
Pb < .0 5
Pd < .0 5
Pt < .0 5
Rh < .0 5
Ru < .0 5
Si .0 5
Sn < .0 5
Ti < .0 2
V < .0 2
Zr < .1

<  —N o sp ec tru m  lin e  v i s i b l e .
P robab ly  a b s e n t .  D e f in ite ly  l e s s  th a n

v a lu e  g iv e n .
< T — P re s e n t ,  bu t l e s s  th a n  v a lu e  g iv e n .



1 5

T ab le  I I .  C o m p o sitio n  Of O sm ium  Iso to p e s  

E n rich ed  In M a ss  N um ber 187

Is o to p ic  A n a ly s is S p e c tro g ra p h ic  A n a ly s is

Iso to p e A tom ic % P rec is  ion E lem ent %

184 < 0 .0 1 — Al .0 3
B .01

186 1 .4 3 ± 0 .0 5 Ba < .0 2
C a .0 3

187 4 5 .7 6 0 .1 Co < .0 5
C r < •05

188 2 5 .7 4 0 .1 Cu .0 5
Fe .0 5

189 9 .2 7 0 .0 7 Ir < .05
K <.01

190 9 .3 8 0 .0 7 Li < .01
Mg C.02T

192 8 .4 3 0 .0 7 Mn < .0 2
Mo < .05
Na <•01
N i < .0 5
Pb <.1
Pd < .0 5
Pt < .0 5
Rh < .05
Ru < .0 5
Si .1
Sn < .0 5
Sr < .0 5
Ti < .0 2
V < .0 2
Zr < .1

<  — No sp e c tru m  lin e  v i s ib l e .
P robab ly  a b s e n t .  D e f in ite ly  

l e s s  th a n  v a lu e  g iv e n .
< T — P re s e n t,  bu t l e s s  th a n  v a lu e  g iv e n .



T able III
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Sam ple
N o .

A c tiv ity Bombardment
Off

D uration
of

Bombardment

Bombard
ing

P ar tic le

Sam ple C o n 
f ig u ra t io n

N 1794 O s l8 6 + p 9:30  Feb 2 / 6 2 1 /2  hour 6 m ev p F la t

N1795 Os 186+p 9:30  Feb  2 / 6 2 1 /2  hour 6 m ev p W ell

N1796 O s 187+P 11:00 Feb 2 / 6 2 1 /2  hour 6 m ev p F la t

N 1805 O s 186+p 13:40 M a r 9 /6 2 3 /4  hour 6 m ev p Inv er ted
ta rg e t

N1845 O s 186+p 10:00 Jun 2 2 /6 2 1 hour 6 m ev p W e l l

N1847 O s 186+p 10:00 Jun 2 2 /6 2 1 hour 6 m ev p F la t



O ther  e le m e n ts  l ik e  C a , C u ,  F e , a n d  S i ,  s m a l l  t r a c e s  of w h ich  

w ere  found in  th e  s p e c t ro g ra p h ic  a n a l y s i s  o f  O . R . N . L .  (Table I ) ,  p ro 

d u c e d  by (p ,n )  r e a c t io n  som e s m a l l  a c t i v i t i e s  from a  fe w  s e c o n d s  to  

n e a r ly  fou r h o u r s .  Some of t h e s e  a c t i v i t i e s  a re  v e ry  s h o r t - l i v e d  s tro n g  

p o s i t ro n  e m i t t e r s  and  v i s ib l y  in f lu e n c e d  (a long  w ith  3 .2  h Ir1^®) th e

511 peak  of th e  sp e c tru m  (figure 9 ) .  T h ese  a c t i v i t i e s  p ro d u ced  no v i s i -

1 ftfib le  s p e c t r a l  p e a k s  bu t in f lu e n c e d  th e  e a r ly  d e c a y  c u r v e s  of Ir ° e n e rg y

190p e a k s .  For th e  a c t iv i t i e s  of t h e s e  e l e m e n ts  a n d  th a t  d u e  to  3 .2  h Ir 

we had  to  w a it  n e a r ly  16 hours  a f te r  bom bardm ent b e fo re  m aking  any  

r e a s o n a b ly  a c c e p ta b l e  s p e c t r a l  a n a l y s i s .  In t h i s  c o n te x t  i t  may be  

m en tio n ed  th a t  Fe and  Cu im p u r i t ie s  p roduced  sm a l l  t r a c e s  of lo n g - l iv e d  

i s o to p e s  (77 to  264d) w h ich  w ere  found  to  b e  p r e s e n t  from th r e e  to  four 

w e e k s  a f te r  bom bardm ent t i l l  a s  long  a s  th re e  m onths  t h e r e a f t e r  a lo n g  

w ith  th e  75 d a c t iv i ty  of Ir*®2 (figure 21 ) .  T h ese  l o n g - l iv e d  s m a l l  a c 

t i v i t i e s  a lo n g  w ith  o th e rs  w ere  ta k e n  c a r e  o f  in  f in d in g  ou t th e  d e c a y  

ra te  of e n e rg y  p e a k s  an d  u n sc ra m b l in g  of gam ma s p e c t ru m .

The im m ed ia te  p roblem  in  s p e c t r a l  a n a l y s i s  w a s ,  h o w e v e r ,  th e  

p r e s e n c e  of 1 2 h  Ir1®7 a c t i v i t y ,  th o u g h ,  of c o u r s e ,  in  a  s m a l l  p e r c e n ta g e .  

To d e t e c t  i t s  in f lu e n c e  on Os^®®+p a c t i v i t y ,  i . e .  , in  s a m p le  N 1 7 9 4 , an

osm ium  sam p le  e n r ic h e d  in  m a ss  187 (Table II) w a s  bom barded  w ith

1 ftfi 1 R76 m ev pro ton  an d  th e  tw o  s p e c t r a  Os +p an d  Os +p w ere  co m p ared  

w ith  one a n o th e r  (figure 7 a n d  f igu re  8 ) .  L a te r  a n a l y s i s  of x - r a y  of 

O s ^ ^ + p  sh o w e d  a  12 h  h a l f - l i f e  c l e a r ly  d i s t i n g u i s h e d  from 15 h h a l f - l i f e  

of x - r a y  o b s e rv e d  in  O s ^ ^ + p  s a m p le .  The tw o  s p e c t r a  h a d  no com mon
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187
OS - t -P( IOM RUN) 9.5 HOURS AFT ER OFF 

oi°% P ( e O M R U N )  10 HOURS AFTER OFF

I CM FROM  C R Y S T A L

I CM FROM C RYSTAL

187
OS + P ( £ O M R U N )  9  HOURS A F T E R  OFF S CM FROM C R Y S T A L10 _

CHANNEL NUMBER

200ISO160
® ° I8 6

COMPARISON OF OS + P
14020

AND OS + P



20

1 ftfien e rg y  p e a k s  an d  no l in e  in  Os +p p roduced  a  12 h a c t i v i t y  a f te r  p e e l -

187in g .  T h u s ,  i t  w as  c o n c lu d e d  th a t  the  e f f e c t  o f  Ir on th e  sp e c tru m  of 

186Os +p w a s  sm a l l  an d  n e g l ig ib l e .

In f a c t ,  th e  a c t iv i t y  th a t  in f lu e n c e d  th e  d e c a y  of Ir*-®® m ost w as  

th a t  of 41 h Ir-*-®®. In s te a d  of try in g  to  s u b t r a c t  one sp ec tru m  from a n 

o th e r  th e  e f f e c t  of Ir*-®® w as  m e a su re d  in  c o u r s e  of th e  p e e l in g  off of d e 

c a y  c u rv e s  and  w as  p roperly  s u b t r a c te d  from th e  u n s c ra m b le d  sp ec tru m  to  

p roduce  c o r re c t  in t e n s i ty  of Ir-*-®® gamma r a y s .  This w il l  be  d i s c u s s e d  in 

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

W ith  the  ab o v e  d i s c u s s io n  in mind i t  w il l  be w o r th w h ile ,  n o w , to  

make a  c o m p a ra t iv e  c h ro n o lo g ic a l  s tu d y  of th e  s p e c t r a  o b ta in e d  from pro

to n  bom bardm ent of O s e n r ic h e d  in  m a ss  186.

It h a s  a l re a d y  b e e n  m en tioned  th a t  a l l  th re e  d if fe re n t  bom bard 

m ents  q u a l i t a t iv e ly  fo llo w ed  id e n t i c a l  p a t te rn s  of d e c a y .  The b e s t  e x 

am p le s  of s p e c t r a  of a l l  t h e s e  th re e  s a m p le s  a re  c o l l e c t e d  to g e th e r  and  

e x p la in e d  in  c h ro n o lo g ic a l  o rder  a f te r  b o m b a rd m e n t .

F igure  9 show s a  low  g a in  sp ec tru m  of N1845 ta k e n  22 m inu tes  

a f te r  bom b ard m en t.  The sp e c tru m  h a s  b e e n  ta k e n  w ith  s o u rc e  a t  a  d i s 

t a n c e  o f  6 .5  cm from 3 - in c h  x  3 - in c h  c r y s t a l  w ith  minimum sum m ing e f -

1 ftfi
f e e t . Energy p e a k s  show n  a re  a l l  of th o s e  of Ir d eca y — o n l y , a t

p a r t i c u la r  p la c e s  b e in g  h ig h ly  m o d u la ted  by  s h o r t - l i v e d  a c t i v i t i e s  a s  a t

511 k e v  an d  1 .1 5  m ev . Due to  low  g a i n .  Os K x - r a y  of 63 k e v  i s  no t

1 ftfiv i s i b l e .  435 k e v  of Ir h a s  b e e n  c o m p le te ly  sh ad o w ed  by  th e  a n n ih i 

la t io n  r a d i a t i o n .
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F ig u re s  10 a n d  11 sh o w  in - w e l l  and  o u t - w e l l  s p e c t r a  of N1795 a t  

h ig h  g a in  w ith  w e l l  c r y s t a l , one s e t  t a k e n  tw o  hours  a f te r  off and  th e  

s e c o n d  s e t  four hours  a f te r  o f f .  B e s id e s  511+511 su m ,  tw o o th e r  sum  

p e a k s ,  one  a t  137+63 k e v  an d  th e  o th e r  a t  297+63 k e v ,  a re  v i s i b l e .  

S trong sum m ing a t  137+6 3 s u g g e s t s  a s t ro n g  c o in c id e n c e  of x - r a y  w ith  

137 k e v  w h ich  f in a l ly  w as  found to  be a  s t ro n g  e le c t ro n  c a p tu re  t r a n s i 

t io n  to  137 l e v e l .

F igure  12 sh o w s  tw o low  g a in  s p e c t r a  of N 1845 ta k e n  14 hours  

a f te r  o f f .  O ne w as  ta k e n  w ith  s o u rce  a t  a  d i s t a n c e  6 .5  cm from th e  

3 - in c h  x  3 - in c h  c r y s t a l  and  th e  o th e r  a t  a  d i s t a n c e  of 0 .5  c m .  S ince  

p ro b a b i l i ty  of c o in c id e n c e  sum m ing i s  in v e r s e ly  p ro p o r t io n a l  to  th e  

s q u a re  of th e  so l id  a n g le  s u b te n d e d  by  th e  s o u rc e  to  th e  fron t of th e  

c ry s ta l® ,  sum m ing e f f e c t s  of 137+63 a n d  297+63 a re  v e ry  s m a l l  in  th e  

form er sp e c tru m .

F igure  13 i s  th e  low  g a in  sp e c tru m  of N1845 ta k e n  19 hours  a f te r  

off w ith  s o u rc e  a t  a  d i s t a n c e  of 6 . 5  cm  from 3 - in c h  x  3 - in c h  c r y s t a l .  

All p e a k s  b e lo n g  to  i r ^ 88 d e c a y  w ith  631 k e v  and  1 .6 6  m ev m ixed w ith  

a n  a p p re c ia b le  in f lu e n c e  of 634 k e v  an d  1 .7 1  m ev , r e s p e c t i v e l y ,  of 

41 h I r188 d e c a y .

F igure  14 sh o w s  tw o h ig h  ga in  s p e c t r a  of N 1794 ta k e n  20 hours  

a f t e r  off w ith  s o u rc e  a t  a  d i s t a n c e  of 5 cm an d  1 cm  from 3 - in c h  x  3 -  

in c h  c r y s t a l .  Summing e f f e c t  due  to  c h a n g e  of s o l id  a n g le  a s  d i s c u s s e d  

e a r l i e r  i s  a l s o  p ro n o u n ced  in  t h i s  c a s e .
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Figure  15sh o w s  tw o  x - r a y  s p e c t r a  of N 1845 ta k e n  w ith  x - r a y  s c i n 

t i l l a to r  31 h ou rs  a f te r  o ff .  The s o u rc e  w as  c o n ta in e d  in  a  g e la t in e  c a p 

s u le  to  p rev en t L - a b s o r p t i o n . The f i r s t  sp ec tru m  w as  ta k e n  fo r  20 m in

u te s  w ithou t a n y  a b s o rb e r  an d  th e  s e c o n d  sp e c tru m  w as  ta k e n  for th e
O

sam e  le n g th  of tim e w ith  an  a lum in ium  a b s o rb e r  o f  172 m gm /cm  . In th e  

s e c o n d  c a s e  L x - r a y  w as  to t a l l y  a b s o rb e d  le a v in g  K x - r a y  an d  i t s  io d in e  

e s c a p e  p e a k  on ly  l i t t l e  a f f e c t e d .  From th i s  e x p e r im e n t  an  ap p ro x im a te  

e s t im a te  of L x - r a y  w a s  o b ta in e d .

F ig u re s  16, 17 and  18 are  s p e c t r a  of N1805 t a k e n  a t  d i f fe re n t

TOC
g a in s  s ix  d a y s  a f te r  b o m b a rd m e n t . S pectrum  of Ir c o m p le te ly  d i s a p 

p ea re d  w ith  s p e c t r a  of 41 h Ir*®®, 11 d Ir*®®, l i d  Ir*®® and  75 d Ir*®^ 

becom ing  g ra d u a l ly  p ro m in en t.

F igure  19 sh o w s  d is a p p e a r a n c e  of 41 h Ir*®® and  g ra d u a l  prom i

n e n c e  of 75 d Ir-*-®2 , i o  d a y s  a f te r  off .

F igure  20 sh o w s  g ra d u a l  d i s a p p e a r a n c e  of 11 d Ir*®® and  

l i d  ir-*-9® a f te r  43 d a y s  w ith  p rom inence  of 75 d Ir-*-®^, 7 7  d Co®® and  

245 d Zn®®, th e  l a t t e r  tw o b e in g  p ro d u ced  from Fe and  Cu im p u r i t i e s .

F igure  21 t a k e n  95 d a y s  a f te r  off sh o w s  on ly  lo n g - l i f e  a c t iv i t i e s  

of Ir*®^, Co®® and Zn®®.
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(b) Rate Of D ecay  And H a lf -L ife

As a l r e a d y  m e n tio n e d ,  for a  few  hours  im m ed ia te ly  a f te r  b om bard 

m ent d e c a y  c u rv e s  of th e  en e rg y  p e a k s  d e m o n s t ra te d  a  num ber of v ery  

s h o r t - l i v e d  a c t iv i t i e s  of the  o rder  of a  few  m inu tes  to  n e a r ly  four h ou rs

iq n
w h ich  w ere  due to  im p u r i t ie s  an d  3 .2  hours  Ir i s o m e r .  After n e a r ly  8

to  10 h ou rs  s in c e  th e  b om bardm en t,  th e  c u rv e s  e x h ib i te d  a  s te a d y  d e c a y ,

w h ich  e v e n tu a l ly  w as  found to  be of 15 h o u r s . A fter tw o to  th r e e  d a y s ,

188 189d e c a y  i a t e s  w ere  s u b s e q u e n t ly  in f lu e n c e d  by 41 h Ir , 11 d Ir 

l i d  I r1 9 0 , 75 d Ir192 , 77 d C o 56 and  245 d Zn6 5 . D e c a y  c u rv e s  of e a c h  

e n e rg y  p e a k  w ere  c a r e fu l ly  p e e le d  off an d  th e  o b s e rv e d  a c t iv i t y  in  the  

15 h re g io n  gav e  th e  r e s u l t s  w h ich  are  rep ro d u c e d  in T ab le  IV. F igure  22 

sh o w s  th e  n a tu re  of d e c a y  of d if fe re n t  e n e rg y  p e a k s . In a s s ig n in g  e n e rg y  

p e a k s  to  15 h Ir -̂®® a c t iv i ty  much c a r e  w as  ta k e n  to  s tu d y  th e  r e la t iv e  

c o n t r ib u t io n  of 1 5 h ,  4 1 h ,  l i d ,  7 5 d ,  e t c .  , a c t i v i t i e s  in  th e  p e e le d  off
1 oc

d e c a y  c u rv e s  . In th e  d e c a y  of e n e r g ie s  a s c r ib e d  to  th e  a c t iv i t y  of Ir 

th e  c o n t r ib u t io n  due  to  41 h ,  11 h ,  e t c .  a c t i v i t i e s  w ere by  fa r  l e s s  th a n  

th a t  of 15 h  a n d ,  t h u s ,  th e  l a t t e r  c o u ld  not be re g a rd e d  a s  o n ly  com pton  

d i s t r ib u t io n  e f f e c t  of h ig h e r  e n e r g i e s .  A c t iv i t ie s  a t  2 .5 5  m ev , 2 .6 5  mev 

an d  2 .7 9  m ev d e m o n s t ra te d  a lm o s t  a s in g le  m o d e ra te ly  s tro n g  a c t iv i ty  of 

15 h .



T able  IV. H alf  L ives  of Energy P eaks

Energy H alf  l i fe

63 k e v  x - r a y 1 4 .2  h

1 3 7 .2 k e v 1 5 .5  h

2 9 6 .9 k e v 1 5 .7  h

4 3 4 .8 kev 1 4 .9  h

511 k ev 1 4 .8  h

631 kev 1 4 .8  h

768 k ev 1 5 .7  h

923 k ev 1 4 .0  h

1 .1 7 mev 1 4 .4  h

1 .3 3 mev 1 4 .9  h

1 .66 mev 1 4 .9  h

2 .0 3 mev 1 4 .4  h

2 .1 7 mev 1 4 .7  h

2 .3 6 mev 1 5 .0  h

2 .5 3 mev 1 5 .0  h

2 .6 5 mev 1 5 .0  h

2 .7 9 mev 1 5 .0  h
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U n sc ram b lin g  Of Spectrum  And T ra n s i t io n  P ro b a b il i t ie s
1 QC

To d e te rm in e  th e  r e la t iv e  i n t e n s i t i e s  of th e  en e rg y  p e a k s  of Ir 

an d  from th em  th e  r e la t iv e  t r a n s i t io n  p ro b a b i l i t ie s  of ir-*-®® gamma ra y s  

u n sc ra m b l in g  of a  s u i ta b le  gamma sp ec tru m  w as  c a r r ie d  on a s  s u g g e s te d  

an d  d e t a i le d  in  d if fe re n t  r e f e r e n c e s  . ®

In a  gamma ray  sp e c tru m  o b ta in e d  by  a  3 - in c h  x  3 - in c h  NaI(Tl 

a c t iv a te d )  c r y s t a l  e n e r g ie s  a t  d i f fe re n t  r a n g e s  d e m o n s t ra te  th re e  d i s t i n c t 

ly  d i f fe re n t  k in d s  of p u l s e - h e ig h t  d i s t r ib u t io n .  E n e rg ie s  n e a r  1 3 7 .2  k ev  

sh o w  a  d i s t i n c t  iod ine  e s c a p e  p eak  fa r  ab o v e  th e  com pton  d i s t r ib u t io n .  

E n e rg ie s  beyond  th i s  u p  to  n e a r ly  1 .02  mev show  a  prom inent d is t r ib u t io n  

of com pton  s c a t t e r e d  p h o to n s .  E nerg ies  b eyond  1 .0 2  mev s ta r t  p roducing  

e le c t r o n  p o s i t ro n  p a i rs  an d  in th e  reg io n  of 2  mev gamma r a y s , in  a d d i t io n

O
to  th e  p h o to - p e a k ,  s in g le  an d  doub le  e s c a p e  p e a k s  becom e v e ry  prom i

n e n t .  In o rder  to  e m p h a s iz e  t h i s  c h a r a c t e r i s t i c  p u ls e - h e ig h t  d is t r ib u t io n  

a  num ber of s ta n d a rd  s o u rc e s  w ere  p rep a red  by n eu tro n  bom bardm ent 

from O . S . U .  r e s e a r c h  r e a c to r .  A l i s t  of th e  e n e rg y  p e a k s  and  th e  c o r 

r e s p o n d in g  s ta n d a rd s  t a k e n  to  u n sc ra m b le  them  i s  g iv e n  in  T ab le  V.

Two s p e c t r a  ( f igu res  23 and  24) e a c h  n e a r ly  20 h o u rs  a f te r  bom 

bardm en t , one  ta k e n  a t  a  h ig h  g a in  an d  th e  o th e r  a t  a low  g a i n , w ere 

c a r e fu l ly  s e l e c t e d  w hen th e  1 5 -h o u r  a c t iv i t y  w as  o v erw he lm ing ly  p re 

dom inan t .

It i s  r e le v e n t  to  m en tion  h e re  th a t  b o th  of t h e s e  u n sc ra m b le d  

s p e c t r a  w ere  ta k e n  a t  a  c o n s id e r a b le  d i s t a n c e  from th e  c r y s t a l .  In th e  

c a s e  of lo w  g a in  s p e c t ru m ,  th e  s o u r c e - c r y s t a l  d i s t a n c e  w as  7 cm  and
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in  th e  c a s e  of h ig h -g a in  sp e c tru m  th i s  w as  5 cm . This p re c a u t io n  w as  

ta k e n  to  re d u c e  th e  e f f e c t  of c o in c id e n c e  su m m in g .



Table  V
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Peak U n sc ram b led S tandard  Peak Taken

H igh G ain

Low G ain

63 k ev

1 3 7 .2 kev 1 2 2  k e v  of C o ^

2 9 6 .9 kev 323 k e v  of Cr 51

4 3 4 .8 kev 323 k e v  of Cr 51

511 kev 662 k ev  of

4 3 4 .8 kev 323 k ev  of Cr^*

511 k ev 662 k e v  of C s * ^

631 kev 662 k ev  of

768 kev 835 k e v  of M n 5 4

923 kev 835 k e v  of M n ^ 4

1 .1 7 mev 1 .1 1 9  mev of Zn®5

1 .3 3 mev 1 .1 1 9  mev of Zn6 5

1 . 6 6 mev 1. 52 mev of K4 ^

2 .0 3 mev 1 . 52 mev of K4 ^

2 .1 7 mev 2  .76  mev of N a ^ 4

2 .3 6 mev 2 . 76 m ev o f  N a ^ 4

2 .5 3 mev 2 . 76 m ev of N a ^ 4

2 .6 5 mev 2  .76 mev of N a ^ 4

2 .7 9 mev 2  .76 mev of N a ^ 4
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As a  s ta r t in g  po in t in  th e  p ro c e s s  of u n s c ra m b l in g ,  2 .7 6  mev 

24sp ec tru m  of Na w as  o b ta in e d  by 3 - in c h  x  3 - in c h  c r y s t a l  w ith  the  

s ta n d a rd  so u rce  in  an  id e n t i c a l  geom etry  a s  th a t  of th e  unknow n one and  

the  g a in  w as  so  a d ju s t e d  th a t  2 .7 6  mev f e l l  r ig h t  on th e  c h a n n e l  c o r 

r e s p o n d in g  to  th a t  of 2 .7 9  mev of Ir*®®. The p h o to -p e a k s  w ere  co m p ared  

and  s ta n d a rd iz e d  an d  th e n  2 .7 6  m ev sp ec tru m  w ith  p roper co rrec tion^®  

for com pton  d i s t r i b u t i o n , e t c . , w as  s u b t r a c te d  from th e  sp ec tru m  of 

I r l 8 6 . method  of su b t r a c t io n  w as  c o n t in u e d  for th e  r e s t  of th e  s p e c 

trum a n d  for bo th  h ig h -a n d  lo w -g a in  s p e c t r a .

The num ber of c o u n t s ,  N p , und er  e a c h  p h o to -p e a k  w as  th e n  m e a s 

u re d .  C o n s id e r in g  en e rg y  of th e  p e a k  an d  g eom etry  of the  s o u r c e ,  a b s o 

lu te  e f f i c i e n c y ,  £ , of th e  3 - in c h  x  3 - in c h  c r y s t a l  a s  w e ll  a s  p e a k - t o -  

to t a l  r a t io  w ere  found from r e f .  8 . T o ta l c o u n t  Nt c o r re s p o n d in g  to  

e a c h  en e rg y  w as  found by a p p ly in g  th e  fo rm u la ,

Nt = N p / £ ^

From the  u n p e e le d  d e c a y  cu rv e  of th e  c o r re s p o n d in g  e n e rg y  f r a c 

t io n a l  c o n t r ib u t io n  of 1 5 h  Ir^®® a t  th e  t im e  of u n sc ra m b l in g  w as  found 

and  Nt  w as  m u l t ip l ied  by th a t  f ra c t io n  to  make a n  ap p ro x im a te  e l im in a t io n  

of o th e r  a c t i v i t i e s . The r e s u l t a n t  co u n t  w as  th e  c o n t r ib u t io n  due to  c o r 

re sp o n d in g  en e rg y  of I r1®® a c t iv i t y .

N ex t c o r re c t io n  n e c e s s a r y  w as  th a t  due  to  in te rn a l  c o n v e r s io n  

e le c t r o n s  , w h ich  w ere  , of  c o u r s e  , n e c e s s a r y  on ly  for th e  low  en e rg y  

t r a n s i t i o n s ,  1 3 7 .2  k e v ,  2 9 6 .9  k e v ,  and  4 3 4 .8  k e v .  T h ese  t r a n s i t io n s
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h av e  a l re a d y  b e e n  e s t a b l i s h e d ^  a s  E2 t r a n s i t i o n s .  C o r re sp o n d in g  to  

Z=76 and  for E2 t r a n s i t io n s  c o n v e r s io n  c o e f f i c ie n t s  a ^ ,  a ^ ,  a ^ ,  a u i i '

a m i '  a m ii-  a m i i i '  a m iv '  and  a mv w ere  t a b u la te d  from r e f .  1 1  and  

p lo t te d  in  f igu re  2 5 .  From f igu re  25 c o n v e r s io n  c o e f f i c i e n t s  c o r r e s p o n d 

ing  to  e n e rg ie s  1 3 7 .2  , 2 9 6 .9 ,  and  4 3 4 .8  k e v  w ere  o b ta in e d  a s  show n  in 

T ab le  VI.



TABLE VI

Conversion Coefficients F o r  E2 Transitions  (Z=76)

E
Energy

in
Mev

K
= E /0 .511 ot

K
eK

Li
<X

Lii Liii
or

Mi
oc

Mii
ct

, Miii
cC

Miv ^ M v

a t
= rp c

i i

0.1372 0.268 4 .0

X i o ” 1

4.73

xlO - 2

3.15

xlO ” 1

2.57 

X1 0 ” 1

1 . 8

XlO - 2

1.38

XlO " 1

1 . 1 2

X 1 0 - 1

1.97

XlO ” 3

1.48

X10" 3

1.2903

0.2969 0.581 6 . 2

XlO ” 2

7.9 

X 10“ 3

1.18 

X 1 0 - 2

6 . 6  

X IO- 3

2.65 

X 10“ 3

5 .0

x lO " 3

2.85
XlO ” 5

4 .4  
X 10” 5

3.1
X io - 5

0 . 1 0 0

0.4348 0.851 2.37 

X 1 0 ” 2

3 .2

x  io ” 3

2.45 

x 1 0 “ 3

1.13 

X 10“ 3

1 . 1 0  

X 10" 3

1.13 

x t o " 3

5.3 

X 10- 4

7.4

x i o ~ 6

5 .0

XlO ” 6

0. 033

Total K-Conversion E lec trons  = 31xl04 

F luorescen t Yield in K Shell (for Z=76) =0.948 

Number of K-Capture= (136-31 ) /0 .9 4 8 x l0 4 = l l l x l 0 4
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N um ber of K -e le c t ro n s  p roduced  by c o n v e r s io n  of t h e s e  gam ma 

r a y s  w a s  c a l c u l a t e d  and  s u b t r a c te d  from x - r a y  in t e n s i t y .  This c o r r e c te d  

in t e n s i ty  of x - r a y  w a s  th e n  d iv id ed  by f lu o re s c e n c e  y ie ld  o b ta in e d  from 

r e f .  12 to  a c c o u n t  for th e  a u g e r  e l e c t r o n s .  F u r th e r ,  an  a p p ro x im a te  e s 

t im a te  of L - e le c t ro n s  w as  o b ta in e d  by a n a ly s in g  f igu re  15 an d  a d d e d  to  

th e  x - r a y  in t e n s i t y .  T h i s ,  h o w e v e r ,  w as  a  s m a l l  f r a c t io n  of th e  t o t a l .

A t a b u la t io n  of th e  i n t e n s i t i e s  i s  g iv e n  in  Tab le  VII.
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TABLE V n

Relative T rans it ion  P robab il ities  of Gamma Rays

E

Energy
in

Mev

NV
Number of

Gamma o(. 
Observed 

xlO 4

1  +<X.
Number of

K-Conversion
E lectrons
x 1 0 4

Nt

=Total Number 
of T ransitions  

=N + NY=Ny(l-W)
XlO4

0.063 136 - - - 1 1 1 *

0.1372 63.4 1,290 2.290 25 145

0.2969 85.5 0 . 1 0 0 1 . 1 0 0 5 94

0.4348 60.8 0.033 1.033 1.4 63

0.511 26.5 26.5

0.631 28.1 28.1

0. 768 28.6 28.6

0.923 16.2 16.2

1.17 13.9 13.9

1.33 1 2 . 0 1 2 . 0

1 . 6 6 16.0 16.0

2 .03 6 6

2.17 6 .3 6.3

2.36 4 .8 4 .8

2 .53 3 .7 3.7

2.65 3 .4 3.4

2.79 3.9 3.9

*See bottom of Table VI
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C o in c id e n c e  M e a su re m e n ts

G am m a-gam m a c o in c id e n c e  m e a su re m e n ts  w ere  c a r r ie d  by  a  fo u r -  

c h a n n e l  f a s t  c o in c id e n c e  c i r c u i t  and  a 4 0 0 - c h a n n e l  p u l s e - h e i g h t  a n a 

l y s e r ,  e a c h  1 0 0  c h a n n e ls  of w h ich  p roduced  r e s p o n s e  to  one c o in c id e n c e  

g a t e . Gamma s o u rce  w as  s a n d w ic h e d  b e tw e e n  tw o  p ie c e s  of ca rd b o a rd  

p rov id ed  w ith  th in  m ylar w in d o w s . This ty p e  of s am p le  h a s  b e e n  r e 

fe rred  to  a s  f la t  s a m p l e . This f la t  sam p le  w as  p la c e d  in  a  com pton  

s h ie ld  to  re d u c e  e f f e c t  of com pton  s c a t t e r i n g .  C o in c id e n c e  h e a d s  w ere 

tw o  1 3 /4 - i n c h  x  2 - in c h  N a l (Tl) c r y s t a l s  fa c in g  e a c h  o th e r  a t  1 8 0 ° .

The r e s o lv in g  pow er of th e s e  c r y s t a l s  i s  much low er th a n  th a t  of 3 - in c h  x  

3 - in c h  c r y s t a l .  H e n c e ,  the  c o in c id e n c e s  w ith  g a t e s  a t  h ig h  en e rg y  

p e a k s  w ere  d o u b tfu l  and  are  not re p ro d u c e d  in t h i s  w ork .

C o in c id e n c e  s p e c t r a  w ith  g a te s  a t  63 k ev  x - r a y ,  1 3 7 .2  k e v ,

2 9 6 .9  k e v ,  4 3 4 .8  k e v ,  511 k e v ,  631 k e v ,  768 k e v ,  and  923 k e v  w ere 

ta k e n  very  c a r e fu l ly  s e v e r a l  t im e s  and a t  d if fe re n t  r e g io n s  of th e  d e c a y  

c u r v e .  F igure  26 sh o w s an  ex am p le  of i t .

By com paring  c o in c id e n c e  s p e c t r a  ta k e n  a t  d if fe re n t  p e r i o d s , a 

q u a l i t a t iv e  e s t im a te  w as  made for th e  in f lu e n c e  of a c t i v i t i e s  o th e r  th a n  

th a t  of 15 h Ir-*-®®. This k now ledge  w as  u s e d  to  f ind  th e  tru e  c o in c id e n c e  

of th e  en e rg y  t r a n s i t io n s  of Ir^®®. F ig u re s  2 7 ,  28 an d  29 a re  e x a m p le s  

of th e  c o in c id e n c e  s p e c t r a  o b s e rv e d  and  Table VIII sh o w s  th e  in f e r e n c e s  

d raw n .
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T ab le  VIII. R e su l ts  Of C o in c id e n c e

63 1 3 7 .2  2 9 6 .9  4 3 4 .8  511 631 768 923
k e v  k ev  k e v  k e v  k e v  k e v  k e v  k ev

63 k ev  y e s  y e s  y e s  y e s  y e s  y e s

1 3 7 .2  y e s  y e s  y e s  y e s  y e s  y e s  y e s

2 9 6 .9  y e s  y e s  y e s  y e s  y e s  yes^ y e s

4 3 4 .8  y e s  y e s  y e s  y e s  y e s

511 y e s  y e s  y e s

631 y e s  y e s  y e s  y e s

768 y e s  y e s  y e s

923 y e s  y e s  y e s



4, DISCUSSION

186
The e n e rg y  le v e l  d iag ram  of th e  d e c a y  of 15 h 7 7 ^ 1 0 9  *s 9 iv en  

in  f igu re  30.

E n e rg ie s  1 3 7 .2 ,  2 9 6 .9 ,  4 3 4 . 8 ,  6 3 1 ,  7 68 ,  an d  923 kev  h ad  a l 

re a d y  b e e n  o b s e rv e d  e x p e r im e n ta l ly ® '4 a s  to  be  from 1 5 -h o u r  a c t iv i ty  

of Ir^®®. S ince  th e  d i s in te g r a t io n  en e rg y  a v a i la b l e  i s  3 .8  m ev , more 

e n e r g e t ic  t r a n s i t i o n s  c o u ld  be  e x p e c te d  to  e x i s t .  In th i s  work c a r e fu l  

s tu d ie s  in  th e  h igh  e n e rg y  reg io n  r e v e a le d  e x i s t e n c e  of n ine  more t r a n 

s i t i o n s :  1 . 1 7 ,  1 . 3 3 ,  1 . 6 6 ,  2 . 0 3 ,  2 . 1 7 ,  2 . 3 6 ,  2 . 5 3 ,  2 . 6 5 ,  and  

2 .7 9  mev w ith  a n  e x p e r im e n ta l  a c c u ra c y  of ± 2 0  k e v .  In a s c r ib in g  an  

e n e rg y  p eak  to  1 5 -h o u r  Ir*®® a c t i v i t y ,  much c o n s id e r a t io n  w as  g iv e n  to  

i t s  h a l f - l i f e  d e te rm in a t io n  and  r e la t iv e  p redom inance  o v er  o th e r  a c t i v i 

t i e s  . N ea r  th e  f a r th e s t  en d  of th e  sp ec tru m  th e  s e p a ra t io n  of th e  e n e rg y  

p e a k s  w as  v e ry  poor and  g ra p h ic a l  u n sc ra m b l in g  w as  u s e d  a s  a n  u s e f u l  

to o l  fo r  t h e i r  i d e n t i f i c a t i o n .

In th e  d e te rm in a t io n  of th e  i n t e n s i t y ,  th e  g ra p h ic a l  u n sc ra m b l in g  

c a n n o t  c la im  v e ry  much a c c u r a c y ,  p a r t i c u la r ly  in th e  h ig h  en e rg y  re g io n  

w here  d o u b le  a n d  s in g le  e s c a p e  p e a k s  ta k e  an  im portan t p a r t  in  p u l s e -  

h e ig h t  d i s t r i b u t io n .  Y et,  u n sc ra m b l in g  r e v e a l s ,  a t  l e a s t ,  th e  o rder  of 

t r a n s i t io n  w h ich  p la y s  a n  im portan t ro le  in  th e  d e c a y  s c h e m e .

C o in c id e n c e  d a ta  for th e  lo w e s t  th re e  e n e rg ie s  1 3 7 .2 ,  2 9 6 . 9 ,  and

4 3 4 .8  k e v  p roduce  a  l e v e l  s c h e m e  a g re e in g  w ith  th a t  o f  D iam ond and

H o l l a n d e r .4 Three o th e r  p re v io u s ly  re p o r te d  gamma ra y s  631 , 7 68 ,  and
57
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923 k e v  produce  a c o in c id e n c e  r e s u l t  w h ich  c o u ld  no t be  f i t t e d  in  a s  i t  

w as  in  th e  o b s e rv e d  Re*®® d e c a y . ^  631 k e v  s e e m s  to  be in  c o in c id e n c e  

w ith  1 3 7 .2 ,  2 9 6 .9 ,  an d  4 3 4 .8  kev  a n d  th u s  p ro d u c e s  a n  e n e rg y  le v e l

1 .5 0 0  m ev w h ich  a g re e s  w e ll  w ith  K=0+ I=8 + s t a t e  of c o l l e c t iv e  e x c i t a 

t io n  m o d e l .  768 an d  923 k e v  a re  c l e a r ly  in  c o in c id e n c e  w ith  1 3 7 .2  and

2 9 6 .9  k e v  sh o w in g  tw o o th e r  n ew  le v e ls  a t  1 .2 0 2  and  1 .3 5 7  m ev . Energy

1 q  j_
l e v e l s  s u g g e s te d  by  D z h e le p o v  and  Peker c o r re s p o n d in g  to  K=2 and  

I=2+ , 3+ , 4+ c o u ld  no t  be f i t t e d  in  th e  o b s e rv e d  d a t a .

C o in c id e n c e  d a ta  for h ig h  e n e rg ie s  a re  no t d e p e n d a b le  en o u g h  

for a  r e a s o n a b le  in t e r p r e ta t io n .  T h ese  h ig h  e n e r g ie s  and  th e i r  r e la t iv e  

t r a n s i t io n  p ro b a b i l i t ie s  a re  co m p ared  and  m a tch ed  and  a  p o s s ib le  s ch em e  

for th e m  h a s  b e e n  s u g g e s t e d .
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