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ABSTRACT 

The s p e c t r o s c o p y  and k i n e t i c s  o f  e l e c t r o n  beam-pumped b r o a d b a n d  
t r i a t o m i c  e x c i m e r s  w i l l  be r e v i e w e d ,  L a s e r  c o n s i d e r a t i o n s  such a s  
g a i n  and a b s o r p t i o n  e f f e c t s  w i l l  be d i s c u s s e d ,  w i t h  e m p h a s i s  on Xe2Cl 

INTRODUCTION 

The t r i a t o m i c  r a r e  gas  h a l i d e s ,  Rg2X* were  d i s c o v e r e d  i u  1976 as  
b r o a d b a n d  companion e m i s s i o n s  from Rg'X* l a s e r  media  [ 1 , 2 ] .  These  
t r i m e r  e m i s s i o n s  a r e  o b s e r v e d  i n  a l l  t h e  r a r e  gas  h a l i d e a  s t  h i g h  
p r e s s u r e  and a r e  l i s t e d  i n  T a b l e  I ,  By c a r e f u l  c h o i c e  o f  p r e s s u r e  
c o n d i t i o n s ,  i t  i s  p o s s i b l e  to  i d e n t i f y  e m i s s i o n s  o f  s e v e r a l  mixed o r  
u n s y m m e t r i c a l  t r i a t o m i c  r a r e  gas  h a l i d e s ,  Rg Rg'X [3]+ F i g u r e  1 
shows e c a l c u l a t e d  p o t e n t i a l  e n e r g y  d i a g r a m  f o r  a t y p i c a l  Rg~X e x c i -  
p l e x ,  Xe2CI*. T y p i c a l  h igh  p r e s s u r e  e m i s s i o n  s p e c t r a  o b t a i n e d  w i t h  
e l e c t r o n -  beam e x c i t a t i o n  a r e  shown i n  F i g .  2 .  The b r o a d  Rg2X 
f l u o r e s c e n c e  w i t h  50 t o  120 nm s p e c t r a l  b a n d w i d t h  o f f e r s  t he  p o t e n -  
t i a l  of  t u n a b l e  exc imer  l a s e r s  i n  t h e  w a v e l e n g t h  r e g i o n  from 230 um 
(Ar2CI)  t o  670 nm (Xe2F).  

KINETICS ISSUES 

The b a s i c  k i n e t i c  r e a c t i o n  p a t h w a y s  f o r  d imer  and t r i m e r  f o r m a -  
t i o n  i n  a r g o n  b u f f e r e d  r a r e - a s s  h a l i d e  m i x t u r e s  a r e  shown i n  F i g .  3 ,  
D e p o s i t i o n  of  e l e c t r o n  beam e n e r g y  o c c u r s  p r i m a r i l y  i n  the  dense  Ar 
b u f f e r  and t o  a minor  e x t e n t  i n  t h e  r a r e  gas  w i t h  s u b s e q u e n t  b u i l d - u p  
o f  RgX e,  V a r i o u s  p r o c e s s e s  f o r  t he  f o r m a t i o n  of  t he  t r ~ e r  Rg2X* 
have been  d i s c u s s e d  i n  t h e  l i t e r a t u r e .  As i n d i c a t e d  i n  F i g .  3,  ~he 
p r i n c i p a l  r e a c t i o n  a p p e a r s  t o  be t h r e e - b o d y  c l u s t e r i n g :  

RgX* + 2Rg -> Rg2X* + Rg 

A l t e r n a t i v e  pa thways  f o r  d i r e c t  f o r m a t i o n  o f  Rg2X* v i a  Rg~ o r  Rg~ a s  
p r e c u r s o r s  a r e  a l s o  p o s s i b l e  b u t  a r e  a p p a r e n t l y - l e s s  i m p o E t a n t .  - 
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F i g .  1:  Di~tomics_ i n  m o l e c u l e s  p o t e n t i a l  s u r f a c e s  f o r  Xe2C1 l e a d i n g  
to  Xe 2 + C1 , 

There  i s  g e n e r a l  ag reemen t  t h a t  p r o d u c t i o n  o f  t he  s y m m e t r i c a l  t r i m e r s  
under  t y p i c a l  p r e s s u r e  c o n d i t i o n s  ( e . g ,  6 arm Ar,  200 Tor r  Xe, 1 T o r t  
h a l o g e n  donor )  o c c u r s  on a f a s t  t i m ~ c a ~ e .  1 T y p i c s ~  t ~ r e q - b o d y  f o r -  
m a t i o n  r a t e s  a r e  i n  t he  r a n g e  o f  10-  c m - s -  t o  10 ' ' c m v s  -~  [ 4 ] .  

S t u d i e s  o f  f o r m a t i o n  o f  t he  u n s y m m e t r i c a l  t r i m e r s ,  e . g .  

KrF �9 + 2At  - )  ArKrF* + Ar 

have  been  s u b s t a n t i a l l y  l e s s  d e f i n i t i v e  i n  l a r g e  p a r t  b e c a u s e  t he  
p r o d u c t  i s  s h o r t  l i v e d  a s  a consequence  o f  d i s p l a c e m e n t  r e a c t i o n s  o f  
t h e  t y p e ,  

ArKrF* + I x  ->  Kr2F* + Ar. 

Thus t h e  f o r m a t i o n  o f  t he  mixed  t r i m e r s  must  be i n f e r r e d  from decon -  
v o l u t i o n  o f  t h e  p r e s s u r e  dependence  o f  RgX e d e c a y  and f o r m a t i o n  o f  
t h e  f i n a l  Rg2X* p r o d u c t ,  In  g e n e r a l  i t  a p p e a r s  t h a t  t h e  r a t e s  o f  
f o r m a t i o n  o f - t h e  u n s y m m e t r i c a l  t r i a t o m i c s  a r e  s i g n i f i c a n t l y  s l o w e r  i n  
c o m p a r i s o n  w i t h  t h e i r  s y m m e t r i c a l  c o u n t e r p a r t s .  



240 

+ 
>- 
}- 

z 
w 

Z 

w I 
c_) 
Z 
w 
c.) 
o3 

0~ 
0 

.J 
u_ 

:::::::::::::::::::::::::::::::::::::::::::::::::: 

XezBr 
Xe2CI 

Kr2F / Xe2F 

/' 

300  4 0 0  500  600  700  
WAVELENGTH, nm 

Fig,  2: T i m e - i n t e g r a t e d  f l u o r e s c e n c e  spec tra  of  the t r i m e r s  Ar2F, 
Kr2F, Xe2Br, Xe2C1, and Xe2F obta ined  w i t h  e l e c t r o n  beam e x c i t a -  
t i o n  of  ] i i sh p r e s s u r e  ar8o~ b u f f e r e d  r s r e  ~as h a l i d e  m i x t u r e s ,  

The broadband nature  of the Rg~X* e m i s s i o n s  i s  acccmpanied by 
r a t h e r  lon s r a d i a t i v e  l i f e t i m e  (130-330 n s e c )  s s  compared to  the 
short  (4-16 nsec )  l i f e t i m e s  of  the R g X * ( B - )  X) t r a n s i t i o n s ,  The 
long spontaneous l i f e t i m e  and the broad bandwidth of  the t r imer  t ran-  
s i t i o n s  have important i m p l i c a t i o n s  for  l a s e r  development .  F i r s t  
they  are r e s p o n s i b l e  for  a r e l a t i v e l y  small  o p t i c a l  gain [ 4 , 5 ] ,  
Furthermore,  they make Rg2X* s p e c i e s  v u l n e r a b l e  to quenching by the 
halogen donor. However, a long l i f e t i m e  permi t s  l a s e r  o p e r a t i o n  
a f t e r  the decay of  a b s o r p t i o n  that may be dominant during the short  
e x c i t a t i o n  p u l s e ,  

The quenching behav ior  of both the d i a t o m i c  p r e c u r s o r  ( e , g .  
XeCI*) and the t r imer  (Xe2CI*) by the halogen donor and the rare  
gases  has been Studied in d e t a i l ,  T y p i c a l l y  the halogen donor i s  the 
mos_~0se]er_~ quencher of the Rg~X �9 e m i s s i o n  w i t h  r a t e s  of the .order of  
10 cm s , The optimum halogen donor in  terms of  f l u o r e s c e n c e  
y i e l d ,  quenching and chemical  s t a b i l i t y  must be s e l e c t e d  w i t h  care ,  
Table 2 s ~ a r i z e s  the r e l e v a n t  format ion  and quenching data for  the 
t r i a t o m i c  exc imer ,  ]{e2C]. 
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F i g .  3: P r i n c i p a l  r e a c t i o n  pathways i n  h igh  argon p r e s s u r e  b u f f e r e d  
r a r e  gas h a l i d e  m i x t u r e s .  

LASER CONSIDERATIONS 

A c r i t i c a l  i s s u e  of the pe r fo rmance  of low g a i n  e l e c t r o n  beam- 
pumped Rg2X l a s e r s  i s  the  r e l a t i o n s h i p  be tween  g a i n  of the  excimer  
t r a n s i t i o ~  and a b s o r p t i o n s  from e x c i t e d  m o l e c u l a r  and a tomic  s p e c i e s ,  
A c o m p i l a t i o n  of the c r o s s  s e c t i o n s  f o r  s t i u m u l a t e d  e m i s s i o n  a i s  

e g i v e n  i n  Table  3, c a l c u l a t e d  by means of the  e q u a t i o n :  

a ~ 

�9 8n'cc A~. 

and the  s p e c t r o s c o p i c  da ta  i n  Tab le  I ,  where �9 i s  the  s p o n t a n e o u s  
decay t ime,  c i s  the  speed of l i g h t ,  AZ i s  the  bandwid th  (I~HM) 
and ~. i s  the c e n t r a l  f l u o r e s c e n c e  w a v e l e n g t h .  I n  ~he absence ,  of  
a b s o r b e r s ,  the u n s a t u r a t e d  g a i n  c o e f f i c i e n t  i s  g = aN , where N i s  
the  e x c i t e d  s t a t e  p o p u l a t i o n  d e n s i t y  in  the  upper  l a s e r  l e v e l .  

E l e c t r o n  beams and open d i s c h a r g e  e x c i t a t i o n  have so f a r  been  
the  two most e f f e c t i v e  pumping t e c h n i q u e s  f o r  f l u o r e s c e n c e  and l a s e r  
s t u d i e s  of t r l m e r s .  A t y p i c a l  e l e c t r o n - b e a m  source ,  such as  a P u l -  
s e r a d  110 d e l i v e r s  up to  120 J per  ns d u r a t i o n  1~ulse of1~ Me~ e l e c -  
t r o n s ,  r e s u l t i n g  i n  a R g 2 X e - c o n o e n t r s t i o n s  of  I 0 - "  t o  1 0 - - c n - - .  Due 
to  tI~e ~ r e l a t i v e l y  m a l X  c r o s s - s e c t i o n  f o r  s t i m u l a t e d  e m i s s i o n  a 
(10 am ~ a ~ 10 cm ) ,  t h i s  e x c i t e d  s t a t e  c o n c e n t r a t i o n  l e a d s  to  

- -  �9 - s 

g a i n s  of a few iPe rcen t  per  on. For the  t r i m e r  X%CI t y p i c a l  g a i n  
v a l u e s  of 3~. cm- - -have  been  d e t e r m i n e d  e x p e r i m e n t a l l y  [ 4 ] .  
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F ig .  4: Schemat ic  diagram of 
t r a n s v e r s e  e l e c t r o n  beam- 
pumped l a s e r  c e l l  and a s s o -  
c i a t e d  i n s t r u m e n t a t i o n  f o r  
t ime and s p e c t r a l l y  r e s o l v e d  
measnremeut s. 

Va r ious  m o l e c u l a r  and a tomic  a b s o r p t i o n  p r o c e s s e s  i n  e l e c t r o n  beam- 
pumped r a r e  gas h a l i d e s  i n t e r f e r e  s e v e r e l y  wi th  the performance of 
t r i a t o m i c  excimer  l a s e r s ,  S t i m u l a t e d  emis s ion  i s  both  de l a ye d  by 
broadband a b s o r b i n g  s p e c i e s  and i n f l u e n c e d  by a l a r g e  number of 
i n t e n s e  a b s o r p t i o n  l i n e s .  The broadband a b s o r b e r s  have been i d e n t i -  
f i e d  as  1~o l~cu la r  in  o r g i n  [6]  with  t y p i c a l  c r o s s - s e c t i o n s ,  

< 5 . 1 0 - - ' c m  They absorb  in  ~he v i s i b l e  and UV p r i n c i p a l l y  due to  
p a s ~ t i v e  i o n i c  s t a t e s  such as Ar 2 and duee to  p b s o t o - i o n i ~ a t i o n  of r a r e  
gas exc imers ,  such as a b s o r p t i o n s  by Ar~, Kr 2 and Xe 2, The o the r  
source of a b s o r p t i o n  i s  due to  t r a n s i t i o n s  from m e t a s t a b l e  Xe* atoms 
to  h igh  l y i n g  Rydberg l e v e l s  [4 ] .  

LASER EXPER IW,~TS 

Of the  I0 t r i m e r s  l i s t e d  in  Table I ,  l a s e r  o p e r a t i o n  has so f a r  
been demons t ra t ed  f o r  Xe2CI* [7 ] ,  and Kr2F* [8 ,9 ]~  The b a s i c  e x p e r i -  
mental  ar rangement  used In  these  expe r imen t s  i s  shown in  F ig .  4 ,  I t  
c o n s i s t s  of the e l e c t r o n - b e a m  e x c i t a t i o n  source ,  a high p r e s s u r e  eel1  
w i th  an e x t e r n a l l y  a d j u s t a b l e  o p t i c a l  r e s o n a t o r  and v a r i o u s  e l e c t r i -  
c81 and o p t i c a l  d i a g n o s t i c  i n s t r u m e n t a t i o n .  D e t a i l s  of such a se tup  
and the t e chn iques  employed a re  given in  Ref.  4 .  

A t y p i c a l  Xe2CI l a s e r  spectrum i s  shown in F i g .  5. The d i a tomic  
XeC1 ( B - >  X) t r a n s i t i o n  a t  308 urn, the Xe2CI* l a s e r  ou tput  spectrum, 
and, fo r  comparison,  Xe2CI* spontaneous  T l no r e s c e nc e  are  d e p i c t e d .  
The l a s e r  spectrum whlch-has  a c e n t e r  wave leng th  of 520 nm shows s i g -  
n i f i c a n t  s p e c t r a l  narrowing from 70 nm ( spon taneous  emiss ion)  to  32 
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F i g .  5:  F l u o r e s c e n c e  and l a s e r  s p e c t r a  o f  Xe2Cl and XeCI(B-)X) o f  an 
e l e c t r o n  b e a m - e x c i t e d  m i x t u r e  c o n s i s t i n g  o f  6 ,5  atm Ar,  200 T o r t  
Xe and 1 T o r t  CCI 4,  

�9 mo In  a d d i t i o n  g r e a t l y  enhanced  i n t r a c a v i t y  a b s o r p t i o n  f e a t u r e s  can 
be o b s e r v e d .  The l a s e r  o u t p u t  spec t rum i s  r e d - s h i f t e d  r e l a t i v e  t o  
t h e  f l u o r e s c e n c e  spec t rum by a p p r o x i m a t e l y  20 am. Th i s  s h i f t  i s  due 
to  b o t h  t he  ~," dependence  o f  t he  s t i m u l a t e d  e m i s s i o n  c r o s s  s e c t i o n  
and t o  t h e + l o n g  w a v e l e n g t h  t a i l  of  t he  v a r i o u s  r a r e  gas  a b s o r b e r s ,  
such as  Xe 2 o r  Ar 2.  A r e d u c t i o n  i n  b a n d w i d t h  from 31 om (FWHM) t o  
on ly  13 nm o c c u r s  a s  a consequence  o f  t i g h t e r  f o c u s i n g  c a v i t y  r e f l e c -  
t o r s ,  F i g .  6 shows a t y p i c a l  n o r m a l i z e d  t e m p o r a l  c o m p o s i t e  o f  IN and 
v i s i b l e  f l u o r e s c e n c e  and Xe2CI l a s e r  o u t p u t  from a h i g h  p r e s s u r e  Ar -  
Xe-CCI 4 m i x t u r e ,  The 40 n~ l o n g  l a s e r  p u l s e  i s  c o n s i d e r a b l y  d e l a y e d  
w i t h  r e s p e c t  t o  t h e  e l e c t r o n  beam pump p u l s e  due to  i n d u c e d  b u f f e r  
gas  a b s o r p t i o n s  d i s c u s s e d  be low.  F u r t h e r m o r e ,  the  Xe.CI*  e m i s s i o n  
o c c u r s  d e l a y e d  w i t h  r e s p e c t  t o  t he  IN f l u o r e s c e n c e  puZ/se, and the  
l a s e r  o u t p u t  r e a c h e s  i t s  maximum peak  i n t e n s i t y  l a t e r  t han  t h e  Xe2CI* 
f l u o r e s c e n c e  peak  a s  a consequence  o f  t he  l o n g  r i n g  up t ime o f  c a v i t y  
o s c i l l a t i o n s ,  

Tuning e x p e r i m e n t s  w i t h  i n t r a c a v i t y  d i s p e r s i v e  t u n i n g  e l e m e n t s  
( i , e . ,  a p r i s m  or  g r a t i n g )  a s  d e m o n s t r a t e d  f o r  t he  b r o a d b a n d  d i a t o m i c  
X e F ( C - )  A) exc i t an t  [10] were u n s u c c e s s f u l ~  However,  b r o a d b a n d  t u n a -  
b i l i t y  ( o v e r  a 40 um s p e c t r a l  r a n g e )  c o u l d  be d e m o n s t r a t e d  f o r  Xe2C1 
by u s i n g  two r e f l e c t o r s  w i t h  d i f f e r e n t  c e n t e r  w a v e l e n g t h s  [ 1 1 ] .  
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Fig .  6: Normal ized  t empora l  c h a r a c t e r i s t i c s  of  Xe2C1 l a s e r  and 
f l u o r e s c e n c e ,  XeCI(B-)X) f l u o r e s c e n c e  and the  e-beam pump p u l s e .  

Recent  work r e p o r t e d  i n  Ref.  [12] s u g g e s t s  t h a t  the  a tomic  rec ta-  
s t a b l e  a b s o r p t i o n s  may be quenched by r a p i d  t r a n s f e r  t o  N 2 when u s i n g  
p h o t o l y t i c  e x c i t a t i o n  a t  172 nm w i t h  an Xe. �9 r a d i a t i o n  sou r c e ,  V a r i -  
ous e f f o r t s  have been  made to  s tudy  the  Zrole of Xe �9 m e t a s t a b l e s  on 
l a s e r  o u t p u t  c h a r a c a t e r i s t i c s  f o r  e-beam e x c i t e d  gas m i x t u r e s .  In  a 
r e c e n t  s t udy  [13] the  i n f l u e n c e  of N 2 a d d i t i o n  on Xe2CI* f l u o r e s c e n c e  
and l a s e r  b e h a v i o r  has been  i n v e s t i - s a t e d ,  Consider-able  improvement 
of the  Xe2C1 l a s e r  o u t p u t  was obse rved  when n i t r o g e n  was added to  the  
gas m i x t u r e ,  A s i g n i f i c a n t  i n c r e a s e  of the  l a s e r  o u t p u t  power by a 
f a c t o r  up to  t h r e e  was a c h i e v e d  by the  a d d i t i o n  of  200 Tor r  of n i t r o -  
gem. 

The r o l e  of N 2 as  an a d d i t i v e  to  an Ar/Xe/CC14 m i x t u r e  to  
enhance the  Xe2C1 l a s e r  per formance  can be b e s t  u n d e r s t o o d  by con-  
s i d e r a t i o n  of t]xe i n f l u e n c e  of N. on the  v r o d u c t i o n  and l o s s  by the 
p r ima ry  a b s o r b i n g  s p e c i e s  Xe*, Xe~* a n d , ~ e ; e  t _ , s s u m i n g  ~hat  the  meas-  
u r ed  q u e n c h i n g  c o e f f i c i e n t  of 1 . 9 "x  10 " ' c i ' s  - f o r  X e ( 'P o )  by N~ i s  
a l s o  r e p r e s e n t a t i v e  of the o t h e r  Xe(6s) l e v e l s  [4 ] ,  a n i t r o g e n  p~es -  
sure  of 100 Torr  r e s u l t s  i n  Xe* q u e n c h i n g  t ime  c o n s t a n t  of about  20 
u s ,  which  i s  c l o s e  to  the o b s e r v e d  de l a y  f o r  the o n s e t  of  l a s i n 8 .  
S ince  the  dimer Xe~* i s  p roduced  from Xe*, i t  f o l l o w s  t h a t  the  p r e s -  
ence of N~ w i l l  re]luce b o t h  d i s c r e t e  and b roadband  a b s o r p t i o n  r e s u l t -  
ing  from Xe* and Xe2*. 
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Tab le  1:  E m i s s i o n  F e a t u r e s  of  the  Rare-Gas  H a l i d e s  

RgX RgX RgX RgX 
Rg X B l / 2 - ) X l / 2  B1/2- )X1/2  C3/2- )A3/2  B1/2- )A1/2  Rg2X 

Ne F (106) a 108 (110) (111) ( '145)  
Ar F (185) 193 (203) (204) 285 • 25 
Ar C1 - 175 - - 2 4 6  + 15 
gr  F 220 248 275 (272) 420 + 35 
Kr C1 200 222 240 - 325 + 15 
Kr Br - 207 222 228 " 318 
Xe F 264 351 460 (410) 610 + 65 
Xe C1 236 308 345 (340) 490 • 40 
Xe Br 221 282 300 320 440 • 30 
Xe I 203 253 265 320 ~ 375 

a 
Waveleng ths  i n  om, t h e o r e t i c a l  v a l u e s  i n  p a r e n t h e s i s .  

SUMMARY 

E l e c t r o n  beam-pumped b roadband  t r i a t o m i c  e x c i m e r s ,  Rg_X e has  
been  d i s c u s s e d  i n  terms of t h e i r  u n d e r l y i n g  s p e c t r o s c o p i c  a u d g k i n e t i c  
c h a r a c t e r i s t i c s ,  emphas i z ing  those  t h a t  a re  r e l e v a n t  to  l a s e r  p e r f o r -  
mance.  Because  the  t r i a t o m i c  r a r e  gas h a l o g e n s  have a s t e e p l y  r e p u l -  
s i v e  p o t e n t i a l  energy  curve  i n  the  ground s t a t e ,  the  f l u o r e s c e n c e  i s  
i n h e r e n t l y  b roadband  as compared to  the  narrow s p e c t r a l  l i n e w i d t h  of 
the  d i a t o m i c  exc imer .  

The ene rgy  t r a n s f e r  and e x c i t e d  s t a t e  k i n e t i c s  f o r  t r i m e r s  i s  
complex.  The d e t a i l e d  k i n e t i c  r o u t e  by which the  exc imer  i s  formed 
depends upon the  p a r t i c u l a r  t r i m e r ,  the  h a l o g e n  donor ,  the  e x c i t a t i o n  
c o n d i t i o n s  and the  p a r t i a l  p r e s s u r e s  of the c o n s t i t u e n t  gases .  T r i -  
mers  a re  p roduced  p r i n c i p a l l y  by t h r e e - b o d y  c l u s t e r i n g  c o l l i s i o n s  
i n v o l v i n g  the d i a t o m i e  RgX* as  p r e c _ u ~ o r s ,  _~O~t ~of,_lthe t h r e e - b o d y  
r e a c t i o n  r a t e s  are of the o rde r  of  1 0 - - -  to  10 - - c m - s  - .  

U n f o r t u n a t e l y  from the  p o i n t  of view of l a s e r  d e v e l o l m e n t ,  the  
b roadband  t r i m e r  e m i s s i o n  i s  accompanied by l o n g  r a d i a t i v e  l i f e t i m e s  
which i m p l i e s  low o p t i c a l  g a i n  f o r  t hese  e x c i m e r s .  To d a t e ,  two t r i -  
a tomic  l a s e r s  Xe, CI c e n t e r e d  a t  520 nm and KrAF c e n t e r e d  a t  435 tun 
have been d e m o n s t r a t e d ,  E l e c t r o n  beam pmap- in~uced  t r a n s i e n t  a tomic  
and m o l e c u l a r  a b s o r p t i o n  e f f e c t s  were found  to  s e v e r e l y  l i m i t  the  
p o t e n t i a l  l a s e r  e f f i c i e n c y  and u s e f u l n e s s  of t r i a t o m i c  e x c i m e r s .  
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Table 2: Summary of  r a t e  c o n s t a n t s  f o r  r e a c t i o n s  quench ing  XeCl* and 
Xe2Cl* 

R e a c t i o n  Rate c o e f f i c i e n t  

XeCl* + Ar + Xe -> p r o d u c t s  

XeCI* + Ar + Xe -> Xe2CI* + Ar 

XeC1 �9 + Az + Ar -> p r o d u c t s  

XeCI* + Xe + Xe -> p r o d u c t s  

XeCI* + CC14 -> p r o d u c t s  

XeCl* + C12 -> p r o d u c t s  

XeCI* + Ar -> p r o d u c t s  

XeCI* + Xe -> p r o d u c t s  

R e f e r e n c e  

XeCI* -> Xe + C1 + h(/(308 rim) 41 + 3 ns [17] 
11 ns [20,21] 
40 ns [16] 
27 ns [17] 

XeCl* -> Xe + C1 + h(/ (345 he) 

Xe2Cl* -> 2Xe + C1 + h(/ (500 nm) 

Xe2CI*+CC14 -> quench ing  

Xe2Cle+C12 -> quenching  

Xe2Cle+Ar -> quench ing  

Xe2Cla+Xe -> quench ing  

53 ns  f o r  C s t a t e  [17] 
133~10 ns [21] 

1 3 5 ( ~  ns )  [15] 
210• [18] 
210 ns [16] 
185 ns [17] 
120• ns [5] 
330 ns [19] 

-1 (6~1)x10-10cm3s [15] 

4 .5x10  -10  [16] 
2 .6x10  -10  [17] 

(3~l)xlO-14em3s -1 [15] 

-13 3 -1 
<5x10 ..cm.s_l [15] 

-14 
<4X10 ..um-s_l [16] 
<6xl0-1~cm~s [17] 

6 - 1  (3.8 + 0.2)xlO-3Ocm s [14] 

(1.5 + 0.5)xlO-31cm 6 -1 s [ 1 5 ]  

< 3x10-33 6 - 1  cm s [14] 

6 - 1  7.3x10-31em s [16] 

(4 .6  + 0 . 2 ~ 1 0 - 1 0 c m 3 s  -1  [14] 
5.0  x 10 - -  [66] 

8.8 x 10 -11 [16] 

-1 < 2x10-13 cm3 s [14] 

1x10-11om 3 s -1 [ 16] 
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St imula ted  emission cross  s ec t i ons  for  broadband t r a n s i -  

Rs2X* ~e(10-18cm 2) 

Ar2F* 0.95 

Kr2F* 3.28 

Xe2F* 14.05 

Xe2Cl* 4,56 

Xe2Br* 2.65 

Other t r imers  wi th  wide f luorescence  bandwidths - Ar2F at  290 nm, 
Xe,Br a t  420 nm and Xe,F a t  614 nm exh ib i t ed  gains  which were too 
sm~ll to achieve l a s e r  ac t ion  in the 10 om t r a n s v e r s e l y  pn~ped l a s e r  
c a v i t y  used so f a r  in  these experiments .  

Opt imiza t ion  of  gas mix tures  [13] and novel pumping schemes such 
as  r a d i a t i o n  t r a n s f e r  pumping [9 ,12]  have been p a r t i a l l y  success fu l  
in  minimizing quenching c o l l i s i o n s  of exc i t ed  spec ies ,  competing B - )  
X t r a n s i t i o n s  and abso rp t i on  e f f e c t s .  An important  remaining t e c h n i -  
cal  chal lenge i s  the r e a l i z a t i o n  of  a f a s t - d i s c h a r g e  exc i t ed  t r i a -  
tomic excimer l a s e r .  Such a development w i l l  r equ i re  s t ab le  
d i scharge  cond i t i ons  in a high pressure  gas mixture which can be 
ob ta ined  wi th  X-ray,  UV-laser or e lec t ron-beam p r e i o n i z a t i o n .  
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