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The mass o f  ' 2 3 1  has been determined by measuring the ground s t a t e  Q- 

-value o f  the  ' 2 2 ~ e ( 3 ~ e , d ) ' 2 3 1  react ion .  

A massa do l Z 3 1  f o i  determinada medindo-se o va lo r  de "Q" para o esta- 

do fundamental da reação ' 2 2 ~ e (  3 ~ e ,  d) '' 1 . 

1. INTRODUCTION 

The mass-excess (M-A) o f  l Z 3 1  i s  known' t o  be -87960 + 100 keV. Th is  

la rge unce r ta in t y  i s  r e f l e c t e d  i n  the ground s t a t e  Q-value f o r  the re-  

a c t i o n  1 2 2 ~ e ( 3 ~ e , d )  l Z 3 1 ,  the  present ly  accepted value being -550 i 100 

keV. As pa r t  o f  a systematic study o f  the odd- iodine nuc le i  by means 

o f  the  ( 3 ~ e , d )  react ions on the even te1 l u r i um isotopes2, we have i n -  

v e s t i  gated the  1 2 2 ~ e ( 3 ~ e , d )  ' 2 3  1 reac t i on  and measured the  ground s ta-  

t e  Q-value w i t h i n  an uncer ta in ty  o f  * 8 keV: A ground s t a t e  Q-value 

o f  712.0 1 3 . 9  keV f o r  the  ' 2 6 ~ e ( 3 ~ e , d ) ' 2 7 1  react ion 'was used as a 

reference f o r  our measurement. 

2. EXPERIMENTAL PROCEDURE 

Targets o f  ' 2 2 ~ e  and l Z 6 ~ e  were prepared by vacuum evaporat ion o f  iso- 

t o p i c a l l y  enriched ( > 96%) meta11 i c  te1 lu r ium onto 205ig /cm2 carbon 

f o i l s .  The ta rge t  mater ia l  was obtained from the Stable Isotopes D i -  

v i s i on ,  Union Carbide Corporation, Oak-Ridge, Tennessee, U.S.A.. 

* Postal addreçç: C.P. 20516, 01000-são Paulo SP: 



The ta rge t  thicknesses were measured assuming that ,  a t  the low i n c i -  

dent energy u t i l i z e d ,  the e l a s t i c  sca t te r i ng  i n  the forward angles i s  

pure ly  Rutherford. The measured thicknesses o f  the 1 2 2 ~ e  and I z 6 ~ e  

ta rge ts  were 195 and 1 7 0 ~ ~ / c m ~ ,  respect i vel  y. 

An i nc iden t  3 ~ e  beam o f  14.35 MeV, from the Pel l e t r o n  tandem accelera- 

t o r  o f  the Universi  t y  o f  São paulo3,  was u t i  1 ized t o  bombard the t e l -  

l u r i um targets,  mounted i n  a 1 m. diameter sca t te r i ng  chamber4. 

Due t o  the f a c t  t ha t  f o r  t he  ( 3 ~ e , d )  react ions I Q I  5 1 MeV; the deute- 

ron groups o f  i n t e r e s t  appear i n  the  region o f  the e l a s t i c a l l y  scat te-  

red 3 ~ e  p a r t i c l e s ,  and thus a p a r t i c l e  i d e n t i f i c a t i o n  system becomes 

necessary . 

I n  the present measurement, two AE-E s o l i d  s t a t e  detector telescopes 

and analog p a r t i c l e  i d e n t i f i e r s 5  were used. The method requires t h a t  

the inc ident  p a r t i c l e  lose a p a r t  (AE) o f  i t s  energy i n  the  f i r s t  de- 

t e c t o r  and the  r e s t  (E) i n the second one, where i t stops. The p r i n -  

c i p l e  o f  opera t ion  (Fig.  1 )  i s  based on the power law r e l a t i o n s h i p  be- 

tween the  range R and energy loss  f o r  l i g h t  p a r t i c l e s ,  R = a $, where 

a (a M Z ~ )  i s  a constant depending on the i nc iden t  p a r t i c l e ,  b (= I .73) 

i s  an e h p i r i c a l l y  determined constant5, and E T = E + A E  i s  the i n c i -  

dent p a r t i c l e  energy. The i d e n t i f i c a t i o n  func t i on  i s  g iven by 

Each event i s  thus character ized by two s igna ls  propor t iona l  t o  AE and 

E. A coincidence c i r c u i t  guarantees tha t  these two s igna ls  correspond 

t o  the same inc iden t  p a r t i c l e .  

The b lock  diagram o f  the e lec t ron i cs  c i r c u i t  i s  shown i n  F ig .  2. The 

p a r t i c l e  i d e n t i f i e r  provides two output  s igna ls ;  one re la ted  t o  the 

i d e n t i f i c a t i o n  func t i on  T/a, and the o ther  propor t iona l  t o  the t o t a l  

energy o f  the  p a r t i c l e .  The energy spectra are obtained from the (E + 
AE) output  gated w i t h  the s igna ls  from the deuteron i d e n t i f i c a t i o n  

funct ion ,  and are  stored i n  a Honeywell DDP/516 computer mernory w i t h  

the a i d  o f  analog t o  d i g i t a l  converters.  







F i g .  3 - Typical identification spectrum. 
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A t y p i c a l  spectrum o f  the i d e n t i f i c a t i o n  output  i s  shown i n  Fig.  3 and 

the energy spectrum o f  the deuteron groups a t  a labora tory  ang 1 e of  

700 i s  presented i n  Fig.  4. 

The energy loss  o f  the inc  

cm2/mg), the spread i n  the  

broadening ( 5 12 ke~ /deg)  

detectors and e l e c t r o n i c  c 

dent 3 ~ e  p a r t i c l e s  i n  the  ta rge t  (-135 keV 

energy o f  the deuterons due t o  k inemat ic 

and the  i n t r i n s i c  energy reso lu t i on  o f  the 

r c u i  t s  (-25 k e ~ )  are the main con t r i bu t i ons  

t o  the resul  t i n g  overal  i energy reso lu t i on  o f  -35 keV obtained. 

An improvement i n  the energy reso lu t i on  o f  the  order o f  30% was achie- 

ved app ly ing a + 3  kV b ias  t o  the ta rge t  support. 

3. RESULTS 

Relevant po r t i ons  o f  the  observed deuteron spectra from the two targets 

are shown i n  Fig.  5. 

W i  t h  a prec ise  energy ca l  i b r a t i o n  o f  the spectrum o f  the deuterons from 

the 1 2 6 ~ e ( 3 ~ e , d ) 1 2 7 1  react ion ,  the  centre o f  g r a v i t y  o f  the deuteron 

peak correspondi ng t o  the ground s t a t e  t rans i  t i o n  was f i r s t  determined. 

The ta rge t  was then subs t i t u ted  by the 1 2 2 ~ e  ta rge t  and the cent re  o f  

g r a v i t y  o f  the peak corresponding t o  the ground s t a t e  deuteron group 

was again obtained w i t h  the same energy c a l i b r a t i o n .  The channel d i f -  

ference o f  118.35 I 0.50 between the  centres o f  grav i  t y  o f  the two 

ground s t a t e  peaks was then converted i n t o  d i f f e rence  i n  energy. 

Using a s e t t i n g  o f  10.90 i 0.04 keV/channel, a d i f f e rence  i n  energy o f  

1290 I 8 keV was obtained between the two ground s t a t e  peaks. With the 

known value o f  712.0 * 3.9 keV f o r  the  1 2 6 ~ e ( 3 ~ e , d ) 1 2 7 1  ground s t a t e  

Q-value, t h i s  r e s u l t ,  a f t e r  an estimated co r rec t i on  o f  1.5 keV f o r  the 

d i f fe rence i n  ta rge t  thicknesses, y i e l d s  a value o f  577 * 8 keV f o r  

the ground s t a t e  Q-value o f  the 1 2 2 ~ e ( 3 ~ e , d )  1 2 3  1 react  ion. 

The measured Q-value corresponds t o  a mass-excess o f  - 87932 I 9 keV 

f o r  1 2 3 ~ .  
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Fig. 5 - Relevant po r t i ons  o f  the observed deuteron spectra f rom l Z 2 ~ e  

and l Z 6 ~ e  ta rge ts .  
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