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ORIGIN OF THE OBSERVED Lo, SATELLITE X-RAYS OF TUNGSTEN NOT PREDICTED 
BY THEORY 

L. SALGUEIRO, M.L. CARVALHO and F. PARENTE 

Departamento de Fisica and Centro de Fisica Atomica da 
Universidade de Lisboa (INIC), Avenida Pr. Gama Pinto 2, 
P-1699 Lisboa Codex, Portugal 

Au cours de 1 '6tude experimentale de l a  r a j e  Lp du 
tungstgne, nous avons observe des rad ia t ions  d o h  
1 'Gnergie e s t  d'accord avec des t r a n s i t i o n s  de Cos- 
ter -Kronig L1+L3M, non prevues par  l a  thgor ie .  

Abst ract  
We observed s a t e l l i t e  X-rays i n  the LB2 spectrum o f  
tungsten w i th  energies which show t h a t  they o r i g i n a t e  
from atoms w i t h  a second hole i n  the M l e v e l .  We 
conclude t h a t  t h i s  e x t r a  ho le  was created by Coster- 
-Kronig L +L3M t r a n s i t i o n s  which e x i s t i n g  ca lcu la-  
t i o n s  do Aot p red ic t .  

1. In t roduc t ion  

The L X-ray s a t e l l i t e  l i n e s ,  character ized by s l i g h t l y  h igher  energies than t h e i r  

parent o r  diagram l i n e s ,  are mainly due t o  the f o l l o w i n g  processes i n  m u l t i h o l e  con- 

f i g u r a t i o n s :  

1. S a t e l l i t e s  o r i g i n a t e d  from LM and LN double ho le  s tates created by Coster- 

-Kronig L1 + L and L2 -+ L j  t r a n s i t i o n s  o r  by shake-off i n  M,N l e v e l s  f o l l o w i n g  
293 

the Li (i=1,2,3) ion iza t ion .  S a t e l l i t e  l i n e s  o r i g i n a t e d  from double ion ized s tates 

can be d iv ided  i n  several classes: LM + MM and LM + MN, which are usua l l y  separated 

from the parent 1 ines ( v i s i b l e  s a t e l l i t e s ) ,  and LN -+ MN and LN -+ NN, which cannot be 

resolved from t h e i r  parent  1 ines (hidden sate1 1 i t e s ) .  

2 .  S a t e l l i t e s  due t o  shake-off and Coster-Kronig t r a n s i t i o n s  which y i e l d  s tates 

LiMM, LiMN and LiNN; the l a s t  one leads t o  hidden s a t e l l i t e s .  

L1 + L2,3Mi ( i = l  t o  5) Coster-Kronig t r a n s i t i o n s  prov ide the dominant mechanism 

f o r  the product ion o f  v i s i b l e  s a t e l l i t e s  and consequently, when they become energe- 

t i c a l l y  impossible, the i n t e n s i t i e s  o f  the corresponding s a t e l l i t e  l i n e s  w i l l  drop 

suddenly. The p r o b a b i l i t y  o f  shake-off i n  the M subshel ls when a s ing le  hole i s  

created i n  the L, subshel l  has been found t h e o r e t i c a l l y  t o  be very small [I]. 

Theoret ica l  ca lcu la t ions  o f  the energies o f  non-radiat ive t r a n s i t i o n s  L1 + L3Mi 

( i = l  t o  5) f o r  tungstenC21 p r e d i c t  t h a t  one cannot ob ta in  a system w i th  a second 

hole i n  the M l e v e l  from an atom i n i t i a l l y  monoionized i n  the L1 l e v e l .  

I n  t h i s  work we analyse experimental r e s u l t s  obtained f o r  the LB2 X-ray l i n e  

( a r i s i n g  from the L3 + N5 t r a n s i t i o n )  and i t s  s a t e l l i t e s .  

According t o  the Coster-Kronig theory, pr imary i o n i z a t i o n  o f  the L1 atomic she l l  

i s  fo l l owed by the  L1 + L3 r a d i a t i o n l e s s  t r a n s i t i o n  w i t h  the simultaneous e j e c t i o n  
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o f  a M,N elect ron,  the atom being l e f t  i n  the  double ion ized  s t a t e  L3X (X=M,N); a 

subsequent s ing le  e l e c t r o n  t r a n s i t i o n  g ives o r i g i n  t o  a s a t e l l i t e  l i n e .  I f  the 

energy L1 -+ L3 i s  l a r g e  enough t o  a l l o w  f o r  a second hole i n  the M l e v e l ,  we may ex- 

pec t  t o  observe LB2 v i s i b l e  s a t e l l i t e s .  

Richtmeyer e t  aZ. [3] observed f o r  tungsten two LB s a t e l l i t e  l i n e s ,  denoted by 

L B t 2  ( s h i f t e d  by 5.82 X.U. f rom the diagram l i n e )  and LBU2 ( s h i f t e d  by 8.50 x.u.); 

Raoul t  [4] observed a lso  a 1 ine, denoted by ~ 6 ~ '  ( s h i f t e d  by 6 x.u.). These authors 

considered these l i n e s  as LB2 v i s i b l e  s a t e l l i t e s .  However, according t o  theory they 

cannot be due t o  Coster-Kronig t r a n s i t i o n s .  

To search f o r  the o r i g i n  o f  these l i nes ,  we observed the LB2 X-ray reg ion o f  tun- 

gsten a t  d i f f e r e n t  e x c i t i n g  e l e c t r o n  energies. 

2. Experdmental procedure 

LB X-ray spectra o f  tungsten were obtained us ing a Cauchois spectrograph (r=50cm) 

f i t t e d  w i t h  a quar tz  c r y s t a l  2 mm t h i c k .  The spectra were recorded i n  photographic 

Kodirex f i l m ,  s ing le  coated, and analysed by means o f  a Joyce-Loebl microdensitome- 

t e r .  The e lec t ron  beam energies o f  the X-ray tube were measured by means o f  a vary 

accurate d i g i t a l  vo l tmeter .  The e l e c t r o n i c  cu r ren t  was j u s t  below 20 m4. 

3. Results and conclusions 

We observed the LB2 region o f  the X-ray spectrum o f  Tungsten, wh i le  va ry ing  the 

e x c i t i n g  e l e c t r o n  energy (Ee) between 10.5 keV and 50 keV. As the i o n i z a t i o n  ener- 

gy o f  the  L3 l e v e l  o f  tungsten i s  WL3 = 10.202 keV, whereas f o r  the L1 l e v e l  t h a t  

energy i s  WL, = 12. 0996 keV, we reached about f o u r  times the i o n i z a t i o n  energy o f  

the  L, l eve l .  

The values obtained f o r  the r a t i o  IS o f  the LB2 s a t e l l i t e  band i n t e n s i t y  t o  the  

LB2 diagram l i n e  i n t e n s i t y  ( i n  f a c t  the LB2 l i n e  i s  mixed w i t h  the LBI5 l i n e ,  the 

l a t t e r  being very weak) as f u n c t i o n  o f  the e x c i t i n g  e lec t ron  energies a re  l i s t e d  i n  

Table I. The s a t e l l i t e  band i s  seen on ly  f o r  e l e c t r o n  energies above WL1. However, 

the  r a t i o  Is i s  n o t  constant as the e l e c t r o n  energy var ies.  For Ee = 13 keV t o  

Ee = 20 keV there  i s  a small increase o f  Is and above Ee = 20 keV the value o f  Is 

remains constant.  For values o f  Ee below 13 keV i t  i s  n o t  poss ib le  t o  measure the 

i n t e n s i t y  o f  the s a t e l l i t e  band. Due t o  u n c e r t a i n t i e s  i n  the  background determina- 

t i on ,  an e r r o r  o f  20% may be ascr ibed t o  the IS values. 

I n  F ig .  1 we show p a r t  o f  a microphotogram of the LB2 reg ion  o f  the W X-ray 

spectrum f o r  Ee = 50 keV. 

The range o f  wavelengths o f  the  s a t e l l i t e  band goes from 4.5 X.U. t o  8.1 X.U. 

r e l a t i v e  t o  the diagram l i n e .  These values are i n  good agreement w i t h  the r e s u l t s  

o f  Richtmeyer et al. [3] and Raoul t [4]. 

We conclude t h a t  the observed s a t e l l i t e  band i s  n o t  due t o  shake-off because i t  

i s  n o t  observed below the L1 i o n i z a t i o n  energy and i t s  p e c u l i a r  behaviour as the 

e l e c t r o n  energy va r ies  exclude a l s o  t h i s  p o s s i b i l i t y .  However, the present r e s u l t s  

a re  i n  agreement w i t h  a Coster-Kronig o r i g i n  of the s a t e l l i t e  band. I n  f a c t ,  expe- 
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Table I. Ratio Is of the intensity of the L6 2 satellite band to the diagram line 

intensity as a function of the exciting electron energy (E ). 

Ee 

(keV) 

10.5 

11.0 

11.8 

12.0 

12.5 

13.0 

14.5 

17.0 

20.0 

25.0 

30.0 

50.0 

I s ( a ) 

(b) 

0.57 x 10~2 

0.70 x 10"2 

0.90 x 10"2 

1.50 x 10~2 

1.60 x 10"2 

1.70 x 10"2 

1.96 x 10"2 

(a) An error of 20% has been estimated for the values of I . 
(b) For this value of Ee a very weak satellite band is seen

5. 

Fig. 1. Microphotogram showing the 

L£2 line of tungsten and its satelli

te band, for 50 keV exciting electron 

energy. 
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rimental results of the ratio of the ionization cross sections of subshells L and 
1 

L3, u1/u3 (M. L. Carval ho e t  aZ. , umpubl ished) , show that this ratio increases 
abruptly at 13 keV incident electron energy and becomes constant for energies abo- 

ve 20 keV. As the increase of u1/u3 corresponds to a relative increase of L1 va- 
cancies, this leads also to an increase of L1 -t L3 Coster-Kronig transitions. 

The work of Chen e t  a t .  [2] predicts that Coster-Kronig transitions L1 + L3M5 are 

energetically forbidden for 50 S Z 6 74 and are allowed for Z 2 75. In their tables 

the energy difference of levels L1 and L3M5 for W (Z = 74) is -2.70 eV, this ele- 
ment being in the borderline between the two regions of Z. Thus, we suggest that 
new accurate calculations of Coster-Kronig energies should be performed in this 

region of atomic numbers to remove this discrepancy between theory and experiment. 
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