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HIGH PRECISION MEASUREMENT OF THE LIFETIME OF THE 3 ~ 2  AND 4 ~ 5 / 2 - ~ ~ ~ ~ ~ ~  IN ~ r l ~ '  A N D  l\r15' 

H . D .  Dohmann, R. Mann 

GSI, D-6100 Darmstadt, W-Germany 

Gsumk. Des niveaux de Ar isoelectroniques aux Li e t  Be dont l e  declin e s t  instantan6 ont e t@ 
identif igs dans l e  spectre des rayons X e t  des &lectrons, en plus des quatre niveaux metastable 
d@jd connus 3 ~ 2  e t  4~512. L'influence de ces ra tes  sur l e  spectre a 5t6 observ@e 
10-9 s apres l e  passage par l a  cible e t  pourtant ces niveaux n'ont qu'un temps de vie d'environ 
10-l4 s seulement. Cet e f f e t  e s t  expliquG par un  phGnom6ne de cascade avec un  grand nombre 
quantique principal 1-1214. Le temps de vie mesur6 du niveau 4p5/2 en tenant compte de 1 'influence 
des cascades, e s t  (0,58 + 0,02) ns e t  e s t  en accord avec l a  valeur connue de @,56 ns, pr6dite 
par l a  thkorie. Le niveau 3 ~ 2  n ' e s t  pas peupl6 par l e  phSnom6ne de cascade d une energie du 
faisceau de 56 MeV e t  son temps de vie e s t  (1,44 + 0.08) ns. 

Abstract. In addition to the four known metastable ( l s 2 s ) ' ~ ~ ,  3 ~ 1 ,  3 ~ 2  and 4 ~ ~ / ~ - s t a t e s  promptly 
decaying levels in Li- and Be-like Ar could be identif ied in the delayed x-ray and electron 
spectrum. Although these s t a t e s  have only a l ifet ime of about 10-l4 s the influence of these 
l ines  on the spectrum i s  observed 10-9 s a f t e r  passing the f o i l .  
This ef fec t  i s  explained by c scading processes with high principal quantum number n 2 14. 8 The measured 1 ifetime of the P5/2-state, considering the influence of cascades, i s  (0.58 ? 0.02)ns 
and i s  in very good agreement with the known value of 0.56 ns, predicted by theory. The 
3 ~ 2 - s t a t e  i s  not populated by cascading processes and i t s  lifetime i s  (1.44 + 0.08) ns. 

INTRODUCTION the predicted l ine  shape, a large deviation fromthe 
4 For the 'p2- and P5/2-state the lifetimes have expected l ine  shape (dashed l ine  in f ig .  1 for  

been determined fo r  the He and Li-like ions of the 1.2 cm behind the foil)  appears i n  the regions of 
elements with atomic number between 8 and 18. Where- 3.11 and 3.08 keV. These deviations are  caused by 

3 as the 1 ifetimes of the P2-state are in agreement prompt decaying levels in Li- and Be- 1 ike Ar. For 
with the theoretical values of Lin e t  a l .  [I] the the smaller distancer of 0.44 cm behind the 

4 experimental values of the P5/2-state are  10-20 % fo i l  the influence of these prompt l ines will be 
higher than theoretically predicted by Cheng e t  a l .  greater. 
[2I. The results  of a m e ~ ~ r e m e n t  presented in th i s  ~ l t h ~ ~ ~ h  these  states have l i fet imes of about 10-14 
paper show tha t  in  the ~ r l ~ + - s y s t e m  cascading pro- the influence of the prompt l ines s t i l l  i s  observed 
cesses a re  the reason for  th i s  discrepancy between after passing the f o i l .  Cascading processes 
theor, and experiment. a re  responsible fo r  the delays. Cascading processes 

EXPERIYENTAL RESULTS 
The apparatus f o r  x-ray and Auger-electron measure- 
ment has been described in a previous paper by 

Dohmann e t  a l .  [3] and Dohmann and Mann ( t o  be pub- 
1 ished Z.f.Phys. (-41 ). An ~r'~'-beam from the 
UNILAC of the GSI Darmstadt passed through carbon 

2 foilswith thickness between 10 and 40 ug/cm . For 
different distances behind the f o i l  (see f ig .  1 )  
the l ine  profi les of the delayed x-rays are  measu- 

red using a crystal-spectrometer. The l ine  shape of 
the Ag-Lal-line was used f o r  a standard (dashed 

1 ines in f ig .  1 a t  1.2 cm behind the foil)  because 

i t s  energy i s  2.984 keV and i s  lying very close to 

the energies of the transit ions in He- and Li- l ike  
Ar-ions. 

were seen f i r s t  in oxygen and fluorine by Richard 

e t  a1 . [5,6] . 
1 The four metastable s t a t e s  ( 1 ~ 2 s )  So, 3 ~ 1 ,  'p2 and 

4 ~ 5 / 2  existing in the beam are  populated by a cas- 
cading electron and give r i s e  topmmpt and other 

metastable l ines.  

The intensity as function of the distance behind 

the fo i l  fo r  a spectral l i ne  for  which the upper 
s t a t e  i s  populated by cascading processes follows 

a power law (Hopkin e t  a1.[7]). 

N c ( t )  = N t-a 

The measured value i s  a = 1.27 + 0.08. 
3 Because the ( l s2s )  S1 has the long l ifet ime of 

about 200 ns, the intensity-distances function i s  

3 1 given by the power law in the formula. I f  the spin 
Whereas the l e f t  s ide  of the P2 + So-line follows direction of the 2p-electron is parallel  t o  the 
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s p i n - d i r e c t i o n  o f  t h e  e lect rons i n  the  3s1-state, 

t h i s  s t a t e  passes over t o  a 4 ~ 5 / 2 - s t a t e :  
3 4 ( l s 2 s )  S1+2p + (ls2s2p) PgI2. We f i n d  an i n t e n s i t y  
4 of the  P5/2 decay by cascading processes. Moreover, 

t h e  f o l l o w i n g  e f f e c t s  - caused by cascades - have 
4 t o  be taken i n t o  account: (1 )  The P5/2-state i s  

4 2 3 depopulated by the  ( ls2s2p) P5/2+2p+(ls2s2p ) DgI2 

process. (2)  Corresponding t o  t h e i r  s t a t i s t i c a l  

weight f a c t o r s  a 2o-electron, cascadinq i n t o  the  
4 4 3~1-s ta te ,  creates the  PlI2- and P3/2-states: 

3 4 2 
(152s) S1+2p-t(1~2~2p) P3j2, 1 /2+(1~  2 ~ ) ~ s ~ ~ ~ .  

These two 1 ines have t h e  s h o r t  1 i f e t i l nes  o f  about 
4 2 0.1 ns and 0.03 ns. The P3/2,1,2+ S t r a n s i t i o n  

4 2 energies a re  separated by 3 eV from the  PgI2+ SlI2 
energy and the  spectrometer i s  no t  ab le t o  separa'te 

the  l i nes .  The experimental r e s u l t s  o f  the  l i f e t i m e  
4 

f o r  the Pgi2 s ta tes  a re  given i n  F ig .  2. 

For the 'p2 decay we f i n d  dev iat ions from the  expo- 

n e n t i a l  law on ly  f o r  small distances behind the f o i l  

caused by t h e  depolut ion ( ~ S ~ ~ ) ~ P ~ + ~ ~ ~ D , ~ P , ~ S .  The 
3 l i f e t i m e  o f  the P2 i s  r = (1.44 + 0.08) ns i n  

agreement w i t h  t h e  value t h e o r e t i c a l l y  predic ted 

t o  T = 1,48 ns by Johnson e t  a l .  [8]. 
I n  F ig.  3 the  Auger-electron spectrum i s  shown. Be- 

4 1 s ide  the known P + S +e l i n e  a t  1994 eV we f i n d  
5/$ O 2 1 the  prompt ( ls2s2p) P+(ls ) So+e-line i n  the meta- 

s tab le  spectrum. The l i n e  i s  created by populat ion 
1 

o f  a 2p-electron t o  t h e  ( l s 2 s )  So s t a t e  which decay 

by a 2E l - t rans i t i on ,  This f a c t  i s  stressed by the 

t ime dependence o f  t h i s  l i n e  which fo l lows  the pro- 

duct o f  an exponential  and power law I-exp(-t/.c).t-" 

w i t h  r = 1.9 ns and a = 1.27. Because the f luo res -  

cence y i e l d  i s  o n l y  a few percents t h i s  l i n e  could 

not  be observed i n  the  x-ray spectrum. I n  f i g .  4 

the decay curve o f  the  4 ~ 5 / 2  s ta te ,  determined by 

observat ion o f  the  Auger-electrons i s  shown. Be- 
4 cause the P3,2 and 4 ~ 1 / 2  have a f luorescence y i e l d  

I 4 
2b , 27.0 2i.5 I I 2b.a I ' 2 

["I 
Fig.  1. Prompt and metastable spectrum observed w i t h  an Ar-beam o f  1.4 MeV/u. The dashed 1 ines would be 
expected i f  cascading processes do n o t  e x i s t .  The s o l i d  l i n e  i s  given by the  in f luence of the ind ica ted  
prompt l i n e s ,  produced by cascades. For  l i n e  i d e n t i f i c a t i o n  the prompt spectrum was observed i n  the  second 
o rder  o f  r e f l e c t i o n .  
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near unity the deviations from the exponential law 

a t  great distances behind the f o i l  are smaller than 
i n  the x-ray channel (see f ig .  2) .  

16 
* 

Foil distance cm 

Foil d~stance c m 

4 15+ 2. Decay curve of P5/2-state of Li-1 i ke Ar . b e eviation from the exoonential law i s  caused by 
cascading processes populating and depopulating t t e  
4p5/2-state. 

Fig. 4.  Ex erimental and theoretical decay curve of 
m I / 2 + y ~ o + e - A u g e r  transit ion compared with dif-  
ferent  decay curve of cascades. 
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Fig. 3. Prompt and delayed Auger-electron spectrum. 
Bes iae the  dominant 4 ~ 5 / 2 d ~ o + e - l  ine the influence 
of other prdmpt decaying levels in the metastable 
spectrum a re  identified. 


