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Abstract  - The dual laser-produced plasma technique f o r  the study o f  
i o n i c  absorpt ion spectra has been developed by the use o f  two Q- 
switched ruby 1 asers t o  enable independent generat ion o f  the absorbing 
and back- l i gh t ing  plasmas. Opt ica l  pu lse handl ing i s  used i n  the 
coupl ing c i c u i t s  t o  enable reproducib le  pulse delays from 250 nsec. t o  
10 msec. t o  be achieved. A t  delay times > 700 nsec. spectra o f  
e s s e n t i a l l y  pure neu t ra l  species are observed. The technique i s  
valuable, n o t  on ly  f o r  ob ta in ing  the  neutra l  spectra o f  h i g h l y  
r e f r a c t o r y  and/or co r ros ive  mate r ia l s  b u t  a lso f o r  studying behaviour 
o f  i o n i c  species as a func t ion  o f  time. Typical spectra are shown i n  
Fig. 1. 

I - INTRODUCTION 

The f i r s t  experiment i n  which a laser-produced continuum was used t o  
study the absorpt ion spectra o f  i ons  generated i n  a second laser-produced 
plasma was c a r q e d  o u t  by C a r r o l l  and Kennedy (1 )  in2  1977 t o  record the 
spectrum of L i  . I n  t h i s  work the au to ion iz ing  I s  - 2snp resonances 
( t h e  analogue o f  the Madden-Cod1 i ng ser ies  o f  he1 i urn) were observed and 
t h e i r  p o s i t i o n  and p r o f i l e s  compared w i t h  theory (2 ) .  The success o f  the 
technique depended on the a v a i l a b i l i t y  o f  c lean laser-produced cont inua (3 )  
and on the  s u i t a b i l i t y  o f  the pulsed source f o r  synchronized o r  t ime 
resolved s tudies (4). I n  the  o r i g i n a l  experiment the output  o f  a s ing le  
ruby l a s e r  was d iv ided  by a beam s p l i t t e r  t o  produce both back l igh t ing  and 
absorbing plasma. A l i m i t e d  degree o f  t ime r e s o l u t i o n  was achieved by 
vary ing the o p t i c a l  path lengths and some con t ro l  o f  the absorbing species, 
i.e. i o n  stage, by ad jus t ing  the  focus o f  the beam generat ing the  absorbing 
plasma+. The technique has since been app l ied  successfu l ly  t o  the spectrum 
o f  Be where by the use o f  r e l a t i v e l y  long  path lengths t ime delays up t o  
70 nsec. were a t t a i n e d  (5) .  

I 1  - TWO LASER SYSTEM 

Instead o f  using a s i n g l e  l a s e r  and beam s p l i t t e r  we have r e c e n t l y  
developed a two l a s e r  system ( 6 )  which has the advantages o f  (a )  d e l i v e r i n g  
enhanced l a s e r  power on each t a r g e t  and (b)  p rov id ing  a greater  range i n  
t ime reso lu t ion .  With the system i t  i s  poss ib le  n o t  on ly  t o  study var ious 
i o n  stages b u t  also, by us ing s u f i c i e n t l y  long t ime delays, t o  observe 
absorpt ion spectra o f  neu t ra l  species f r e e  from i o n i c  con tadna t ion .  This 
i s  p a r t i c u l a r l y  use fy l  i n  studying r e f r a c t o r y  o r  co r ros ive  elements which 
are d i f f i c u l t  o r  impossible t o  ob ta in  i n  v a p o u r  by more conventional 
methods. As an example we show i n  Fig. 2 the  5 d - 5 , ~ f  g i a n t  resonance o f  UI 
(7 )  together w i t h  the  theore t i ca l  p r o f i l e  as ca lcu la ted  by Wendin (8). 
S i m i l a r  r e s u l t s  were obtained f o r  the analogous spectrum o f  atomic t h o r i  um 
which was observed i n  absorpt ion f o r  the f i r s t  t ime w i t h  the new technique 
(6). 
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The experimental laser  system i s  shown schematically in Fig 3. The two 
ruby lasers  (not identical)  are  triggered so that  the pumping pulses peak 
simultaneously, (they may be o f f se t  i f  delays > 1000 nsec. are  required). 
Part of the Q-switched output pulse of the laser  which generates the 
absorbing plasma i s  passed through a variable time delay c i r cu i t  and used to 
activate the Pockels ce l l  unit  of the second laser.  The output from both 
lasers  i s  %1.5J i n  25 nsec. and the repetition ra te  of the system as a 
whole i s  limited by the performance of the slower l a se r  (Q 1 ppm). Inter- 
plasma delay times, A t ,  range from 250 nsec (our present minimum delay) to 
10 msec. For the larger A t  values ( >  1000 nsec.) an appropriate delay i s  
introduced in the pumping pulses to ensure tha t  maximum output i s  available 
a t  time of observation. 

Theory F ig .  2. Absorption o f  atomic 
. . . . . . . . . U Atomic uranium i n  the v i c i n i t y  

o f  the  5d threshold.  

Photon Energy (ev). 

To improve the r e l i ab i l i t y  of the original two laser  system ( 6 )  the 
timing electronics have been redesigned to secure noise immunity. The 
current system uses a simp1 i f ied trigger-pul se  delay generator, f ibre  optic 
coupling for the flash-tube tr igger pulses and a high speed optical tr igger 
unit  to activate the Pockels ce l l  of the second laser.  As a resul t  a 100% 
reproducibility in shot to shot time delays has been achieved. 

In Fig. 1 we show spectra, some new, t o  i l l u s t r a t e  the capabil i ty of 
the system. In, the case of beryllium, a t  a time delay of 400 nsec. 
absorption of Be appears with our intensity comparable to tha t  of the 
neutral [Fig. la (2,311 whereas a t  a t  = 750 nsec. [Fig. l a  (111 i t  i s  
absent except for  a trace of the 1s-2p transit ion which completely 
disappears a t  s t i l l  longer delays. In early work (1) when only short time 
delays were available lower ion stages were favoured by defocusing the beam 
generating the .absorbing plasma but w i t h  the new system t igh t  focusing [Fig. 
1 (31, ~t = 400 nsec.1 may s t i l l  be used; the crucial factor in reaching 
lower ion stages i s  the avai labi l i ty  of longer time delays. 

F i g .  3 .  Schematic diagram o f  the  tw in - laser  system. 

? MP-master t r i g g e r  pulse;  G-tr igger pulse de lay  
FI[ 

..,B generator- T1 /T2 f lashtube  t r i g g e r  pulses; C1 /C2- 
R1--, 

PI p. ' high voltage charge1Tri gger c i r c u i t s  ; F1 /FZ- 
flashlamps; Rl/RZ-ruby rods; Pl/P2-Pockels c e l l  ; 

PU1 /PU2-Pockel s c e l l  d r i v e  u n i t s  ; '&beam s p l i t t e r ;  

L/A-f ibre-optical  l y  coupled t r i g g e r  u n i t ;  D-delay 
C2 

un i t -  01 102-9-swi tched l a s e r  pulses.  

In Fig. 1 ( b )  we show the 1s-2p,3p absorption of neutral boron, the 2s 
absorption of which had previously been observed in the normal incidence 
region (9). Fig 1 ( c )  shows the Zp-ns,nd transit ions of si l icon.  The 
spectrum, here recorded for  the f i r s t  time, i s  of some theoretical in teres t  
because of the predictions of Daum and Kelly (10). Although analysis has 
not yet  been carried out the dominant l ines  are believed to be due to  Si I 
and 11. In Fig. 1 (dl  we show the spectrum of strontium a t  a delay of 425 
nsec. The longer wavelength group of l ines  corresponds to the 3d-5p,6p 
transit ions previously observed by Mansfield and Connerade (11) and those a t  
shorter wavelength comprise the 3d transit ions of SrI I ,  which are 
isoelectronic with the known 3d spectrum of Rbl (12). 
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I11 - CONCLUSION 

The two l a s e r  technique i s  n o t  on ly  e f f e c t i v e  i n  c o n t r o l l i n g  the  i o n  
stages observed i n  dual plasma absorpt ion b u t  a t  s u f f i c i e n t l y  long  t ime 
delays enables pure neu t ra l  absorpt ion t o  be studied. I n  p a r t i c u l a r  
r e f r a c t o r y  and cor ros ive  mater ia ls ,  whose atomic spectra have i n  some cases 
n o t  y e t  been observed, are now r e a d i l y  accessible t o  study. It should a1 so 
prove usefu l  i n  the case o f  o ther  elements such as sulphur o r  phosphorus 
whose vapour phase tends t o  be dominated by molecular species. 

This work was sllpported by NBST ( I r e l a n d )  Research Grant SC/131/86. 
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