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I. Introduction

M a g n e s i u m  i s  o n e  o f  t h e  a s t r o p h y s i c a l l y  i m p o r t a n t  e l e m e n t s  a n d  a  c o r r e c t  e s t i m a t i o n  o l  

a b u n d a n c e  i s  o f  g r e a t  i n t e r e s t  t o  a s t r o p h y s i c i s t s .  S p e c t r o s c o p i c  t e c h n i q u e s  p r o v i d e  a  

s e n s i t i v e  m e t h o d  f o r  a b u n d a n c e  d e t e r m i n a t i o n .  T h e  s p e c t r a l  l i n e  i n t e n s i t y  i s  t h e  p r o d u c t  o f  

the a b u n d a n c e  o f  t h e  e x c i t e d  s p e c i e s  a n d  t h e  t r a n s i t i o n  p r o b a b i l i t y  l V o m  k n o w n  l i f e t i m e s  

a n d  b r a n c h i n g  r a t i o s ,  t r a n s i t i o n  p r o b a b i l i t i e s  c a n  b e  c a l c u l a t e d .  A s  b e a m  t o i l  e x c i t a t i o n  

p o p u l a t e s  h i g h l y  e x c i t e d  a n d  i o n i s e d  s p e c i e s  i n c l u d i n g  m u l t i p l y  e x c i t e d  c o n f i g u r a t i o n s  a n d  

p o s s e s s e s  i n h e r e n t  t i m e  r e s o l u t i o n ,  i t  i s  a  p o w e r f u l  t e c h n i q u e  t o  d e t e r m i n e  t h e  m e a n  

11 l e t  l i n e s  o f  e n e r g y  l e v e l s  w i t h  a  v a r i e t y  o f / /  a n d  1 v a l u e s .  T h e  d e t a i l s  a n d  a d v a n t a g e s  o f  t h e  

t e c h n i q u e  a r e  d e a l t  w i t h  b y  m a n y  a u t h o r s  ( 1 , 2 1 .  M e a n  l i f e t i m e s  o f  m a g n e s i u m  w e r e  

d e t e r m i n e d  e a r l i e r  b y  m a n y  g r o u p s  o f  w o r k e r s  u s i n g  t h e  b e a m  f o i l  t e c h n i q u e  1 3 - 9 ] ,  It w a s  

o b s e r v e d  t h a t  t h e r e  w a s  s i g n i f i c a n t  s c a t t e r  b e t w e e n  v a r i o u s  e x p e r i m e n t a l  r e s u l t s .  I n  

a d d i t i o n ,  t h e  t h e o r e t i c a l  v a l u e s  b y  d i f f e r e n t  i n v e s t i g a t o r s  ( 1 1 0 ]  t o  | 2 4 | )  a l s o  s h o w e d  a  l a r g e
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v a r i a t i o n .  H e n c e ,  a  r e i n v e s t i g a t i o n  o f  t h e  b e a m  f o i l  s p e c t r u m  o f  m a g n e s i u m  a n d  i t s  U)ns 

t h e  U V  a n d  v i s i b l e  r e g i o n  w a s  t a k e n  u p .  F u r t h e r ,  l i f e t i m e ^  o f  t h e  e x c i t e d  l e v e l s  o l  w el l  

r e s o l v e d  J - m u l t i p l e t s  ot M g l  a n d  M g I T I  w e r e  m e a s u r e d  t o  s t u d y  t h e  ./-dependence ot 

lifetimes.

2. Experimental

A n  i s o t o p i c a i l y  p u r e ,  m o n o c n e r g e t i c  i o n  b e a m  o f  J 4M g + i n  t h e  e n e r g y  r a n g e  o l  100 t o o  

k e V  w a s  p r o d u c e d  i n  4 0 0  K V  a c c e l e r a t o r  a t  t h e  T a l a  I n s t i t u t e  o f  F u n d a m e n t a l  Reseaich 

T h e  l e v e l s  o f  M g l - M g l l l  w e r e  c x c i l e d  b y  p a s s i n g  t h r o u g h  t h i n  s e l f - s u p p o r t i n g  c a r b o n  l o i K  

o l  5  p g / c m 2 t h i c k n e s s  T h e  b e a m  w a s  c o l l i m a t e d  t o  2  m m 2 a n d  t h e  b e a m  c u r r e n t  o n  t h e  to i l  

w a s  r e s t r i c t e d  t o  7 5  n A  t o  a v o i d  t o i l  b r e a k a g e .  L i f e t i m e  a n d  e x c i t a t i o n  f u n c t i o n  s t u d i e s  were 

c a r r i e d  o u t  u s i n g  a  s t a n d a r d  b e a m - f o i l  s p e c t r o s c o p y  s e t - u p .  D e t a i l s  o f  t h e  e x p e r i m e n t a l  set 

u p  a r e  d e s c r i b e d  e l s e w h e r e  [ 2 5 1. W a v e l e n g t h  s p e c t r a  w e r e  r e c o r d e d  a t  2 1 6  a n d  2 5 6  keV 
M g ' 1' b e a m  e n e r g i e s .  E x c i t a t i o n  f u n c t i o n  s t u d i e s  w e r e  c a r r i e d  o u t  o n  s e l e c t e d  l i n e s  i n  the 

e n e r g y  r a n g e  o f  9 6  t o  3 1 6  k e V .  T h e s e  s t u d i e s  f a c i l i t a t e d  a  d e t a i l e d  e x a m i n a t i o n  o f  spectral 

l i n e  b l e n d i n g  a n d  c h a r g e  s t a t e  i d e n t i f i c a t i o n .  L i f e t i m e s  w e r e  m e a s u r e d  s e v e r a l  l i m e s  a n d  at 

l e a s t  a t  t w o  i n c i d e n t  p r o j e c t i l e  e n e r g i e s  T h e  a v e r a g e  m e a s u r e d  v a l u e s  a r e  r e p o r t e d  heie 

E s t i m a t e d  e n e r g y  l o s s  o f  M g + i o n s  i n  t h e  c a r b o n  f o i l s  a l  2 5 6  a n d  2 1 6  K e V  w a s  4 3  a n d  

4 1  K e V  r e s p e c t i v e l y .  T h e  e n e r g y  l o s s  w a s  c a l c u l a t e d  u s i n g  t h e  c o m p u t e r  p r o g r a m  c o d e  

T R I M  [ 2 6 ] .  U s i n g  t h e  c o r r e c t e d  e n e r g y  o f  M g + i o n s ,  p o s t  f o i l  v e l o c i t y ,  w a s  calculated 

I n t e n s e  s p e c t r a l  l i n e s  f r e e  f r o m  b l e n d i n g  w e r e  c h o s e n  f o r  l i f e t i m e  s t u d i e s .  E f f e c t  of beam 

c u r r e n t  f l u c t u a t i o n s  w a s  c o m p e n s a t e d  l o r ,  b y  n o r m a l i s i n g  t h e  s i g n a l  w i t h  r e s p e c t  to a  l i \ e d  

p a i t i c l e  c u r r e n t  c o l l e c t e d  i n  a  F a i a d a y  c u p .  I n  t h e  p r e s e n t  e x p e r i m e n t s ,  d a t a  involving 

c u r r e n t  f l u c t u a t i o n s  o t  m o r e  t h a n  2 0 %  w a s  r e j e c t e d .  I n  t h e  p r e s e n t  experimental 

s e t - u p ,  s p e c t r a l  l i n e s  s e p a r a t e d  b y  3  A  c o u l d  b e  r e s o l v e d  a n d  y i e l d e d  a  b e t t e r  r e s o l u t i o n  

t h a n  s o m e  o f  t h e  e a r l i e r  r e p o r t e d  e x p e r i m e n t s  w h e r e  0 . 2 5  M  a n d  0  3 5  M  m o n o c h r o m a l o i s  

w e r e  u s e d .

3. Results and discussion

3.1. Wavelength spectrum :

S i n c e  t h e  b e a m  f o i l  e x c i t a t i o n  i s  n o n - s e l e c t i v e ,  s e v e r a l  e n e r g y  l e v e l s  b e l o n g i n g  t o  d i H e i c m  

c h a r g e  s l a t e s  w e r e  p o p u l a t e d .  T h e  b e a m - f o i l  s p e c t r u m  o f  M a g n e s i u m  i n  t h e  2 0 0 0 - 5 0 0 0  A 

r e g i o n  c o n s i s t e d  o f  s p e c t r a l  l i n e s  d u e  t o  M g l - M g l l l .  I t  w a s  n o t i c e d  t h a t  o n l y  t h e  intense 
l i n e s  o f  M g l  w e r e  o b s e r v e d  w h e r e a s  w e a k  t r a n s i t i o n s  o f  M g l l  a n d  M g l l l  w e r e  observed 
w i t h  c o n s i d e r a b l e  i n t e n s i t y .  F i g u r e  1 s h o w s  t h e  b e a m - f o i l  s p e c L r u m  o f  M g  i n  t h e  3 2 2 5 - 3 5 5 0  

A  r e g i o n .  T r a n s i t i o n s  f r o m  t h e  2 p 5 n l  {n =  3  -  5 ,  /  =  0  -  4 )  l e v e l s  o f  M g l l l  a n d  t h e  2 / ^  nl 

( az =  3  — 5 ,  /  =  0  — 3 )  l e v e l s  o f  M g l l  w e r e  o b s e r v e d  w i t h  v e r y  g o o d  i n t e n s i t y .  T h e  spectral 
l i n e s  w e r e  i d e n t i f i e d  a n d  t h e  a s s i g n m e n t s  w e r e  m a d e  i n  a c c o r d a n c e  w i t h  t h e  iniormaiion 
a v a i l a b l e  f r o m  A n d e r s s o n  a n d  J o h a n n e s s o n  [ 2 7 ]  a n d  S t r i g a n o v  a n d  S v e n t i t s k i i  1 2 8 ]  f o r  the
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h | d , m c  s t u d i e s ,  l i n e s  w h i c h  w e r e  i n t e n s e  a s  w e l l  a s  f r e e  f r o m  b l e n d i n g  w e r e  c h o s e n  o n  t h e  

h ; l s l .s o f  e x c i t a t i o n  f u n c t i o n  s t u d i e s .  T h e  s i g n i f i c a n t  c o n t r i b u t i o n s  I r o n ,  t h e  e x c i t a t i o n  

junction s t u d i e s  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n .

6!S3

W a \  e l c - n ^ l h ( A )

Figure I. H tsim lo il spmiium ol m;iL'm:suim in the’ w.ivdcnpth icjzion of 1201) A - 1SS0 A 

' 3 Excitation function studies .

Beam-loil excitation copiously populates highly excited levels ol several chaigc slates 
Sinee the beam-foil source is mheicniF weak, a monoclmmuilor with a high light gathering 
pmvci and medium lesolution was used to record the spectrum The slit widths used weie 
aKn large f —200 pm). Therefore, line blending problems were very severe Blending of 
lines within the same as well as diffeient charge stales was detected In order to soit out 
such piohlems, excitation function studies were carried out For the excitation function 
siudies. the signal was collected very close to the toil so as to minimise the influence due to 
cascade repopulation From the observed variation of intensity ol a given speclial line with 
dillercni beam energies, the population of excited levels was calculated from the following 
egression [29] -

N t =  { 4 n S n v ) / ( U K l( A n A\Q)'  M )

w h e r e  N, i s  t h e  p o p u l a t i o n  o f  r ,h l e v e l ,  v i s  t h e  p o s t  f o i l  v e l o c i t y  o f  t h e  e m e r g i n g  i o n ,  SI; i s  

t h e  y i e l d .  Kf/ i s  t h e  q u a n t u m  e f f i c i e n c y  o f  t h e  d e t e c t i o n  s y s t e m  l o r  t h e  w a v e l e n g t h  A , r  

^  ls  t h e  s o l i d  a n g l e  s u b t e n d e d  b y  t h e  s o u r c e  a t  t h e  m o n o c h r o m a t o r ,  Q i s  t h e  i n c i d e n t  

p i o j e c t i l e  11 ii x , Alf i s  t h e  t r a n s i t i o n  p r o b a b i l i t y  a n d  A\ i s  t h e  l e n g t h  o l  t h e  b e a m  i n  t h e  

u b s e i v a l i o n  r e g i o n .  E v a l u a t i o n  o f  l e v e l  p o p u l a t i o n s  r e q u i r e s  a  k n o w l e d g e  o l  t r a n s i t i o n  

f i n a b i l i t i e s .  S i n c e  t h i s  i n f o r m a t i o n  i s  n o t  a v a i l a b l e  i n  m a n y  c a s e s ,  r e l a t i v e  l e v e l  

P o p u l a t i o n s  viz. P,f =  (S,, v)/Q a r e  c a l c u l a t e d  a n d  c o m p a r e d  w i t h  c h a r g e  s t a t e  d i s t r i b u t i o n s .  

l h c  s t r o n g  s p e c t r a l  l i n e  a t  3 4 8 0  A  w a s  f i r s t  o b s e r v e d  b y  B e r r y  el al | 6 | .  S u b s e q u e n t l y ,
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L u n d i n  et al [ 7 ]  a s c r i b e d  t h e  l i n e  t o  a  t r a n s i t i o n  i n v o l v i n g  d o u b l y  e x c i t e d  l e v e l s  o f  M g l l  o n  

t h e  b a s i s  o f  e x c i t a t i o n  f u n c t i o n  s t u d i e s .  H o w e v e r ,  t h e y  d i d  n o t  a s s i g n  a n y  t r a n s i t i o n .  T h i s  

l i n e  a p p e a r s  t o  b e  a  t r a n s i t i o n  f r o m  2p* 3 s As 4P\n -  2p* 3 s 3/7 2P\/2 b a s e d  o n  e n e r g y  l e v e l s  

c a l c u l a t e d  u s i n g  m u l t i c o n f i g u r a t i o n  H a r t r e e - F o c k  m e t h o d  w i t h  B r c i t - P a u l i  r e l a t i v i s t i c '  

c o r r e c t i o n  ( M C ' H F  +  B P )  b y  F i s c h e r  1 1 6 ] .  H o w e v e r ,  B r a g e  a n d  G a a r s l e d  [ 9 ]  u s i n g  a  n e w  

M ( ' H F  +  B P  c a l c u l a t i o n ,  h a v e  a s s i g n e d  t h e  t r a n s i t i o n  t o  2 p* 3 . v 4 / 4G ( | /;? -  2p* 3>s3d4Fup

C  2 0
<D

£  I 5
-2>
j d
%05 i o

2052 I \ Mgl

3104 7 X Mgll

3480 3 A Mgll

3306 2 A Mglll

Cr

2065 6 t  Mglll

100 150 200 ;
E n e r g y  ( K e v )

i

K i p u r e  2 .  C 'o i i i |v i K i t i v c  s t u d y  o f  ‘U 'K O  I -\ 

M y l l  l i n e  w n h  M g l .  M g l l  a n d  M g l l l  ' i n c s

I
V )0

I n  t h e  p r e s e n t  w o r k ,  t h e  l i n e  a t  3 4 8 0  A  w a s  r e i n v e s t i g a t e d  a n d  t h e  e x c i t a t i o n  f u n c t i o n  

s t u d i e s  c o n f i r m e d  t h a t  t h e  t r a n s i t i o n  i n v o l v e s  h i g h  l y i n g  e x c i t e d  s l a t e s  o f  M g l l .  F i g u i c  2 

s h o w s  t h e  c o m p a r a t i v e  s t u d y  o f  t h e  r e l a t i v e  l e v e l  p o p u l a t i o n  v a r i a t i o n s  o f  t h e  s p e c t r a l  l i n e s

2 8 5 2 . 1  A  ( M g l ) ,  3 1 0 4 . 7  A  ( M g l l ) ,  3 4 8 0  3  A  a n d  3 3 3 6  2  A  ( M g l l l )  T h e  r e l a t i v e  i n t e n s i t i e s  

o l  t h e  l i n e s  w e r e  n o i m a l i s e d  w i t h  r e s p e c t  t o  2 7 9 5  A  l i n e  a n d  a l l  r a t i o s  w e r e  n o r m a l i s e d  to  

u n i t y  a t  2 9 6  k e V  W e  c o u l d  n o t  o b s e r v e  a n y  o t h e r  s t r o n g  l i n e  i n v o l v i n g  c o r e  e x c i t e d  

s t a l e s  o t  M g l l  t o  c o m p a r e  w i t h  t h e  p o p u l a t i o n  o l  t h e  3 4 8 0  A  l i n e .  A  s p e c t r a l  l i n e  a t  3 3 3 7  A  

w a s  l e p o r i e d  a s  b e l o n g i n g  It) M g l  w i t h  a  l i f e  t i m e  o f  6 . 1  ±  1 . 0  n s  b y  L i l j c b y  et al [ 8 | u s i n g  

a n  i o n - b e a m  e n e r g y  o l  1 0 0  k c V .  L u n d i n  et al | 7 ]  u s i n g  a n  i o n - b e a m  e n e r g y  o f  3 0 0  k e V  

r e p o r t e d  a  l i n e  a t  3 3 3 6  A  a s  b e l o n g i n g  t o  M g l l l  w i t h  a  l i f e  t i m e  t o  7 . 9  ±  0 . 8  n s .  T h e  p r e s e n t  

e x c i t a t i o n  f u n c t i o n  s t u d i e s  o f  t h e  l i n e  a t  3 3 3 6  A  ( F i g u r e  3 )  w h e n  c o m p a r e d  w i t h  c h a r g e  

s l a t e  f r a c t i o n ,  c l e a r l y  i n d i c a t e  t h a t  t h e  t r a n s i t i o n  i s  d u e  t o  M g l l l .

1 a  Mean lifetime measurements :

.U .l.  M g l :

I n  g e n e r a l ,  s p e c t r a l  l i n e s  d u e  t o  M g l  w e r e  w e a k  c o m p a r e d  t o  t h o s e  o f  M g l l  a n d  M g l l l  

H o w e v e r ,  t h e  m u l t i p l e !  a t  3 8 3 5  A  c o u l d  b e  o b s e r v e d  w i t h  m e a s u r a b l e  i n t e n s i t y  a t  a n
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e x c i t a t i o n  e n e r g y  o f  1 %  K e V .  T h i s  m u l t i p l e t  c o n s i s t s  o f  3 8 2 9 . 3 5  A  ( 3 /51P{) -  3 cl ' £ > , )  

1 X 3 2 . 3 0  A ( 3 / ;  'P, -  3 d  % )  3 8 . 3 2 . 3 0 A  ( 3 p 'P, -  id 'fX) 3 8 . 3 8  2 9  A ( 3 p  V>; -  id  'D , ) and

«  , 2 
a;

C

CD l 0

CD
P i 0 8

1 RL1' 13336 ? A Mglll)
2 CSF (Mglll)

W2

Figure 3. (’nmiKiiixon ol rcluhvi' level 
popuUihon ol H Ui 2 \  Imc with thaipe  
stale I la d  mn ol M p lll w ith variation of 
excitation cnciyy

i oo i-.o :’on :\[io 300 11 >n

Energy(keV)

1X1X 2 9  A  ( 3 P ' P i  -  3 d 'Ih )■ E a r l i e r .  c x p c r i m c n l . i l  d c l c r m m a l i o n s  o t  l i l c l i m c s  o n  t h e  

u n r e s o l v e d  m u l t i p l e t  a l  a n  a v e r a g e  v a l u e  o l  3 8 2 9  A  a n d  3 X 3 X  A  w c i c  e a r n e d  o u l  

| - 1 , ( 1 , 8 . 1 6 , 3 1 )  a n d  t h e o r e t i c a l  c a l c u l a t i o n s  w e r e  p e r f o r m e d  V i c t o r  a nl 1 1 7 | .  W e i s s  1 1 1 1,

/  n c  ) I 2 1  F i s c h e r  1 1 5 1 ,  W i e s e  el ,il 1 1 8 |  a n d  W a r n e r  I I 3 |  I n c  c o m p o n e n t s  o l  t h e  m u l t i p l e t  

, o u l d  b e  r e s o l v e d  i n t o  t h r e e  l i n e s  a t  3 8 2 9 . 4  A ,  3 8 3 2 . 3  A  a n d  3 8 3 8  3  A  in  . h e  p i e s e n l  

i n v e s t i g a t i o n s ,  t h e r e b y  f a c i l i t a t i n g  l i f e t i m e  d e t e r m i n a t i o n  o f  t h e  i c s o l v e d  c o m p o n e n t s .  

O u l  o f  t h e s e ,  t h e  3 8 2 9 . 4  A l i n e  i s  f r e e  f r o m  b l e n d i n g .  T h e  d e c a y  c u i w s  w e t e  l i n e d  t o  

i w o  e x p o n e n t i a l s  a n d  t h e  p r i m a r y  l i f e t i m e s  a r e  r e p o r t e d  i n  T a b l e  I . A  c a s c a d i n g  l i l e t m i c  o l  

13 n s  c o r r e s p o n d i n g  t o  t h e  v a l u e  r e p o r t e d  b y  S c h a e f e r  | 3 I |  a s  p r i m a r y  l i l e . m . c  w a s  a l s o  

o b t a i n e d .  A s  c a n  b e  s e e n  f r o m  T a b l e  I , o u r  v a l u e s  a g r e e  w e l l  w i t h  t h o s e  i c p o r t c d  b y  B e r r y  

a al 16 1 A  c o m p a r i s o n  o f  l i f e t i m e s  o f  d i f f e r e n t  c o m p o n e n t s  o f  t h e  m u l t i p l e t  d o e s  n o t  s  o w  

a n v  d e p e n d e n c e  o n  t o t a l  a n g u l a r  m o m e n t u m .

3 -i-2. MgII:
T h e  m e a n  l i f e t i m e s  o t  f o u r  o f  t h e  e x c i t e d  s t a l e s  ip  ? P .  id '-IX 4 /  -h a n d  ?i f  1̂  w e r e

d e t e r m i n e d  f r o m  t h e  i n t e n s i t y  d e c a y  m e a s u r e m e n t s  o f  s p e c t r a l  l i n e s  - - ■ “  ' '

4 4 8 .  3 A a n d  3 1 0 4 . 7  A r e s p e c t i v e l y .  T h e  l i f e t i m e s  were e x t r a c t e d  f r o m

u s i n g  a  m u l t i - e x p o n e n t i a l  f i t  p r o g r a m .  T h e r e  h a s  b e e n  extensive d i s c u s s i o n  y  1 - ^  ^

1 6 1 a n d  U n d i n  el al [ 7 |  o n  t h e  l i f e t i m e s  o f  t h e  ip  ’ P  a n d  id ~l) l e v e  s .  c  v a  u c s  ^  ^

the present investigations agree well with those ol Berry eta  1 w a s  1
decay curve for 2790.8 A  the 3d *  ,r m  has a long lived

mean lifetime of 12.6 ns. It appears that the cascading is , '"m 1  ̂ . „ „  0f 4 f-F  and
htciimc measured for 2660 A 15,8] is comparable to this value, w i c n ^  f  
5/ 3 F terms evaluated in the present studies agree well w„h those o. Anderson c |5|. 
lifetime measurement of the core excited 3480.3 A line yielded a value of 5 9 1.0 I ns
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Table 1. Lifetimes of magnesium.
Wavelength

(A)
Upper stale

Present Work
Lifetime (ns)

Others
Fxpenment Theory

2852 1 ’ p6 1sJp l P°l 2 30 ± 0.1 2.0 ± 0.1 2 18a
1 5 ± 0 2h 2 \ y
2 09±0 \d 2 081’
2 2 ±  0 2 361-'
1 99 ± 0 1 5/; 2 13'
3 29 ±0 16/ 2 ()2k
19 + 0 yl 2 2 T "
2 03 ± 0 06" 2 12"
2 9 + 07/’ \
2 03 ± 0 0(.£/

3829 4 2p6 3s 3d 4 25 ± 0.3 4 9 10  5" 9 25"
3 7110^ 4 5'

3832.3 2p6 3s 3d 3Dj 3.20 ±02 — —
2p6 3s 3d 3Do

3838 3 2pfi 3s 3d 3 70 + 0 1 5 1 +0 5" 9 2>"
6 6 ± 0 5̂ 6 47‘

2pA3s3d9D2 6 5 +0 5r7 5 79*-'
11.3 ±0 8*/* 5 83''
6 4 + 0 5P 5 951

6 09"1

2790 7 2ph 3d ?D,/2 2 12 ± 0  1 2 2 + 0 2" 2 12"
2 3 + 0 4* 2 01*
1 9 ± 0 2'
2 2 ± 0  2J

2795 5 2p(l 3p V . 3/2 4 52 + 0 1 4 0 + o y J 3 74*
3 67 ± 0 1 8" 3 92 s
4.5 i  0 8^
3 7 + 0 5/

3104 7 2p6 5 f V 7/> 7.22 ±0 15 ' 8 3 ± 0.4° 8.27fl
5 8 ± 0 5* 8.22*

3104 8 2p65 f2P°s/2 5 91 ±0.1 9 1 ± 0.6/
3480.3 2p6 5 f2F° 5/2 5 0 ± 0.6̂ 5.33f

5.5 ± 0.3r
4481 1 2p* 4 f2F7/? 5 23 ± 0 11 4.9 ± 0.3" 4 38fl

3 2pf,4 f2Fv2 3 7 ± 0 .4 h 4 28*
5.0 ±0.4^ 4 48̂
4 6 ± o y ___
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Tabic 1. (Cant'd)

Wavelength
(A)

Upper state
Present Work

Lifetime (ns)
( )lhers

Experiment
Me IIIh 2040 2 W 02 3 60 ± 0 1 3 35 ±0 15r

2065.5 V  3p 3 46 ± 0 1 3 60 ± 0 I5r
2113 5 2p5 Ip 5p2 3 42 ±0.1 3 00 ± 0 1r
2134 7 ip ' 3p ipi 3 25 ± 0 1 3 00 ± o r
2I7H4 2p5 3p ‘ Di 3 47 ± 0 I 3 35 ± 0 \ r
2468 5 2 p \lp 5S, 4 72 ± 0 1 4 95 ± o r
3299 1 2p5 4p[5/2[2 6 56 ± 0 2 6 60 ± 0 5c/
3306 7 2pS4p |5/2|, 6 55 ±0 2 7 60 + 0 l (l
3336 2 

3 361 0

2p? 4p [3/2)2 
2p5 4p|5/21j 
2p5 4p- [5/2]n

7 78 ±0 15 

6 06 ± 0 20

7 90 ± 0 R(/

"Ref [81, h Rc f | 6], 'Rel'IIOJ,  ̂Ref [7], e Ret [141. r  Ref [41. K
'' Ref |9|, ‘ Ref [16). 1 Ref [19]. 1 Kef [17] Rd [20) Rcl 112) "
'Ref |221, '' Ref 118). f/ Ref |30|. r Rel [31, 1 Kef [23], 1 Ref |9|

i' U  M g lll

In  i h e  c a s e  o f  d o u b l y  i o n i s e d  M a g n e s i u m ,  l i f e t i m e  d a t a  w e r e  o b t a i n e d  f o r  s i x  l e v e l s  T h e  

lelelime f o r  4 / V | 3 / 2 ] 2 l e v e l  i n v o l v e d  i n  t h e  t r a n s i t i o n  a t  3 3 6 1  0  A i s  r e p o r t e d  f o r  t h e  

i i r s i  l i m e  T h e  l i n e s  a t  3 2 9 9 . 1  A .  3 3 0 6 . 4  A  a n d  3 3 3 6 . 2  A a r i s e  I r o m  d i f f e r e n t  7 - n n u l t i p l c t s  

o l  t h e  t e r m  4p\5/2]. A  s t u d y  o f  t h e  l i f e t i m e s  o f  t h e s e  l i n e s  s h o w s  n o  d e p e n d e n c e  o p  t h e  t o t a l

Wavelengih(A)

Figure 4. D e c a y  curve of 3361 A l i n e  

( M g’ I I I )

angular momentum. A similar conclusion can be made Iroin the evaluation of lifetimes of 
‘he 2040.2 A and 2065.5 A lines arising from J,p ^  and 3p ' l h  respectively. Figure 4 
''hows the decay curve for the 3361.0 A line. The decay curves for the spectral lines at
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2 0 6 5 . 5  A  a n d  2 1 7 8 . 4  A  w e r e  f i t t e d  t o  t w o  e x p o n e n t i a l s  a n d  t w o  l i f e t i m e s  h a v e  b e e n  

e x t r a c t e d .  T h e  s e c o n d a r y  l i f e t i m e s  c o r r e s p o n d  t o  t h e  c a s c a d i n g  t r a n s i t i o n s  f r o m  u p p e r  levels 

l i k e  3 d 3F 4 , 3d 3P 4 , 3 d  3F a n d  3 d  3P .  M o s t  o f  t h e  t r a n s i t i o n s  l i e  i n  t h e  V U V  r e g i o n ,  and 

w e r e  n o t  a c c e s s i b l e  t o  t h e  p r e s e n t  e x p e r i m e n t a l  s e t - u p .  T h e  l i f e t i m e  o f  t h e  3 3 3 6 . 2  A  was 

r e i n v e s t i g a t e d  i n  t h e  p r e s e n t  s t u d i e s ,  a n d  a  v a l u e  o f  7 . 8  n s  i s  o b t a i n e d  w h i c h  a g r e e s  w i t h  th e  

v a l u e  r e p o r t e d  b y  L u n d i n  et al [ 7 ]  f o r  4 P [ 3/ 2]2  l e v e l  o f  M g l l l .  E x c i t a t i o n  f u n c t i o n  s t u d y  

o n  t h i s  l i n e  h a s  c o n f i r m e d  t h a t  t h e  o b s e r v e d  t r a n s i t i o n  b e l o n g s  t o  M g l l l .  T h i s  1 a c t  i s  turihci

Figure 5. D ecay cu rv e  n t 3 3 3 ( i2  A lim  
( M g l l l )

c o n f i r m e d  f r o m  l i f e t i m e  s t u d i e s .  F i g u r e  5  s h o w s  t h e  d e c a y  c u r v e  o f  3 3 3 6 . 2  A .  R e s u l t s  o t  the 

l i f e t i m e  s t u d i e s  a r c  i n c l u d e d  i n  T a b l e  1.
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