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A study has been made, u t i l i z i n g  t h e  method of photographic emulsions, 

of t h e  conversion e lec t rons  accompanying t h e  complex alpha group s t ruc tu r e  

i n  a number of nuclides. These conversion e lect rons ,  coincident i n  o r ig in  

with the  alpha pa r t i c l e s ,  were iden t i f i ed  i n  I l f o r d  G-5 nuclear emulsions. 

Energies of the e lec t rons  were approximated from t h e i r  range and t h i s ,  

together with postulat ion of the  she l l  of conversion ( o r  binding energy) 

of the electrons,  allows calcula t ion of t h e  gamma ray  energy o r  nuclear 

energy l e v e l  separation.  The percentage of alpha pa r t i c l e s  having such 

conversion e lect rons  associated with them represent a lower limit t o  

the  alpha decay leading t o  the  corresponding nuclear energy l e v e l  s ince  

t h e  unconverted gamma rays  a r e  not measured by t h i s  technique. 

Fresh p l a t e s  were ordered frequently and used within three  t o  e igh t  

weeks a f t e r  t he  time of manufacture i n  order t h a t  no eradicat ion of 

e lect ron background (with associated desens i t i za t ion  of t h e  emulsion) mdd be 

required.  Because of res idua l  a c id i t y  l e f t  i n  t h e  emulsion with the 

rad ioac t iv i ty  through use  of d t r a t e  o r  a ce t a t e  complexing agents ( t o  

a i d  penetrat ion of t h e  rad ioac t iv i ty  in to  t h e  emulsion), a 30 minute 

presoaking of t h e  p l a t e s  i n  d i l u t e  Na$03 so lu t ion  preceded normal 

developnent with Eastman D-19 solution.  The customary period of exposure 

was 66 hours; where t h e  daughter was a beta emit ter  of su f f i c i en t l y  

shor t  ha l f - l i fe ,  appropr ia te  corrections were made i n  the percentages 

X- This work was performed under the auspices of the AEC. 



of e lect ron abundance. Alpha p r t i c l e  emitting contaminants were negl i -  

g ib le  (0-1 percent) i n  a l l  cases except u~~~ f o r  which an i so top i ca l l y  

enriched sample was used and appropriate corrections made f o r  u~~~ and 

u~~~ Close agreement was found between the  present r e s u l t s  and those 

of Asaro and co-workers i n  e a r l i e r  work on t he  two nuclides Cm 242(l)  and 

Fu238( 2, using the  alpha magnetic spectrometer; t h i s  was regarded a s  

indicat ing s a t i s f ac to ry  eff ic iency of the  emulsion method i n  es t imat ing 

both e lect ron abundances and energies.  

The r e s u l t s  are summarized i n  Table I where the  gamma ray  energies  

a r e  probably accurate t o  about 5 kev. As can be seen, i n  t h e  case of 

the  even-even emitters the  alpha decay i n  every case divides between 

t he  ground s t a t e  and one higher energy leve l  of the daughter nucleus. 

Since t he  conversion coeff ic ient  f o r  the  gamma ray seems t o  be high f o r  

a l l  such daughter nuclei of  the even-even type where t h i s  has been 

measured, it seems reasonable t o  assume tha t  t h e  percentages of con- 

version e lect rons  l i s t e d  i n  Table I correspond essen t ia l ly  t o  the  per- 

centages of the  alpha decays t o  t h e  l e v e l  above t he  ground s t a t e .  For 

all t h e  even-even nuclides both t he  low and high energy alpha p a r t i c l e  

groups obey t he  re la t ionship  between energy ard ha l f - l i f e  qu i t e  wel l ;  

t h a t  i s ,  ne i t he r  group exh ib i t s  appreciably t h e  hindered decay charac- 

t e r i s t i c  of nuclides containing odd nucleons. (394) On the other hand, 

each of the  nuclides with odd nucleons exh ib i t s  alpha decay t o  severa l  

energy l e v e l s  with widely varying percentages; f o r  these ,  t h e  decay t o  

one of the exci ted s t a t e s  i s  i n  each case l e s s  hindered than t h e  cor- 

responding decay t o  the ground s t a t e ,  i n  agreement with t he  view t h a t  

the  condi t ions  f o r  the  assembly of t h e  outgoing alpha p a r t i c l e  can be 



Table I . Conversion electrons accompanying alpha decay. 

Aipha % having Electron 
events conversion energies Shel l  of Gamma energy 

I sotope observed electrons ( kev) conversion (kev) 

2600 56 +- 5 $20 (12%) 
a -35  (31%) 
35-60 (9%) 

two electron 
coincidences 

(@) 

several leve ls ,  
highest a t  l e a s t  
65 kev above the 
ground l e v e l  

~u~~~ 8100 1 2  2 2 30 +- 5 
45 ' 5 
20 + 5 
30 + 5 

loo '- 20 (0;5%) 

-50 
-50 
-35 
-35 

origin uncertain 

$20 (1M) 
20-40 (38%) 
40-65 (20%) 

two electron 
coincidences 

( 11% 
three electron 
coincidences 

(1%) 

several l eve l s ,  
highest a t  l eas t  
65 kev above the 
ground l e v e l  



more f a v o ~ a b l e  i n  c e r t a i n  ins tances  when the highest  ly ing  odd nucleon 

need not  be included. (3)  

Resu l t s  s imi lar  t o  those presented here have been reported f o r  

U238(5'6) and pu 239(7) using t h e  same technique. 

This work w i l l  be reported i n  more d e t a i l  i n  a forthcoming publi- 

ca t ion.  
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