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SUPERSONIC FLOW LOW TEMPERATURE ELECTRONIC T R A N S I T I O N  EXCIMER LASERS 

B. Forestier, B. Fontaine and P. Gross. 

Ins t i tu te  of Fluid Mechanics, Air-MarseiZle University, 1, rue Honnorat 13003 MarseiZZe, France. 

R6sum6.- Des Cmissions laser ultraviolettes de grande puissance ont 6tC obtenues 1 partir de transi- 
tions blectron5ques d'excimbres au moyen du dispositif de 1'I.N.F.M. oh un milieu gazeux en Ccoule- 
ment supersonique 1 trbs basse tempsrature et densit6 6lev6e est excit6 par un faisceau dr61ectrons 
ou une dGcharge stabilisge par faisceau d'slectrons (p 2 2 amagats, T 70 - 150 K). Les effets d'un 
fort refroidissement et d'une trSs ghande vktessz dl$coulement sur les caractsristiques de plusieurs 
systSmes laser U.V. et visibles (XeF , XeCl , Ne , F ) sont d6crits. Les effets d'un fort refroidis- 
sement du milieu actif sur d'autres systZmes intgressant en tant que lasers potentiels, sont Cgale- 
ment d6crits et notamment la mise en Qvidence d'un tr2s fort accroissement de lkintensik6 de flgores- 
cence dans les domaines de 1'U.V. et du visible de transitions de trimers (Kr2F , Xe2C1 , Kr2C1 ) .  
Des r6sultats exp6rimentaux obtenus 1 1'I.M.F.M. et concernant la stabilit6 des ddcharges en 6coule- 
ment supersonique 3 haute densit6 et les caract6ristiques optiques du milieu en 6coulement aprSs ex- 
citation, QtudiCes par interf&romdtrie, sont Cgalement pr6sentSs. LTes possibilit6s des systPmes 1 den- 
sit6 6levbe et Ccoulement 1 grande vitesse sont discut6es dans le cadre du d6veloppement des futurs 
systbmes laser 1 excimsres de puissance moyenne Clevde. 

Abstract.- High power pulsed ultraviolet excimer laser emissions have been achieved with the high 
density and very low temperature supersonic flow-electron beam excitation and supersonic flow - elec- 
tron beam stabilized discharge excitation devices developped at I.M.F.M. (p s 2 amagats, T 70 - 
150 K). Experimental results are given for effects of strong cooling and very high speed and high 
density flow on lasing characteristics of several U.V. and visible laser s y s t e m s ( ~ e F q ~ e ~ l * , N e + , ~ ~ p f -  
fects of strong cooling on other excimer sysiems and*noticeally strong enhancement of fluorescence 
efficiency for several trimers (Kr2F , Xe2C1 , Kr2C1 ) ,  very attractive as potential visible high ef- 
ficiency lasers, are described. Experimental results on fluid dynamics of these supersonic flow U.V. 
and visible lasers, noticeally discharge stability, and flowing medium behavior following excitation, 
as recorded by interferometry, are presented. Possibilities of very high speed flow, high density sys- 
tems are discussed with the aim to consider development of future high average power excimer lasers. 

INTRODUCTION and to maintain a good medium homogeneity in the. 

Excimer lasers promise the availability of high 

average power ooherent sources in the ultraviolet 

and visible regions of the spectrum. 

Potential applications of such laser systems 

are important in particular in the energetic 

field (1)'(2). However in scalling these lasers to 

high average power, challenging problems are encoun- 

tered in source of excitation, molecular kinetics 

and active medium homogeneity.The difficulty of 

this last problem is increased by the high gas 

den~it~(~')(~')(~) and short wavelength(6) of these 

systems. 

Fluid mechanic techniques associated to elec- 

same way as the well known infrared vibrational 

flow lasers (3)j(8)'(9). Very recently up to 220 

Watts average power has thus been extracted in the 

U.V. from a high repetition rate subsonic flow 

excimer laser at GTE -Sylvania by Fahlen(l0) and 

possibility of very high repetition rate has been 

demonstrated by R.C. Sze  at Los Alamos (11) and 

C.P. Wang at Aerospace Corporation(12) and J.L. 

Miller at Lawrence Livermore ~aboratories'~). 

In the case of electronic transition 

molecular lasers and more particularly with high 

density active medium, strong cooling of the 

working medium may tend on the one hand to lower 

the excited species quenching and absorption los- 

trical excitation are of high interest to achieve ses and, on the other hand to increase the rate 

such high average power U.V. and visible lasers and the branching ratio of usefull specific reac- 

through electronic transitions of molecules (7) tions and more generally the gain of the laser 
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Cooling t h e  gas by means of a  supe r son ic  channe 1 

expansion could moreover l ead  t o  C.W. o r  ve ry  high 

r e p e t i t i o n  r a t e  l a s e r  systems as  t he  h e a t  and 

waste  products  a r e  ve ry  r a p i d l y  c a r r i e d  away by 

t h e  supe r son ic  flow t o g e t h e r  w i t h  t h e  aerodynamic 

d i s tu rbances  induced by energy d e p o s i t i o n .  

Associa ted  wi th  supe r son ic  f low and a d i a b a t i c  

expansion which permits  t o  r each  tempera tures  n o t  

e a s i l y  ach ievab le  w i th  thermal  exchangers ,  t h e  

u se  of a  high energy e l e c t r o n  beam s t a b i l i z e d  

d i s c h a r g e  t o  e x c i t e  t h e  gas mix tu re  could a l l ow 

development of h igh  average  power h igh e f f i c i e n c y  

excimer l a s e r  sys tems.  

The aim o f  t h i s  paper i s  t o  p re sen t  t h e  

c h a r a c t e r i s t i c s  of s e v e r a l  quasi-continuous l a s e r  

emiss ions  achieved on s e v e r a l  excimer systems i n  

t h e  u l t r a v i o l e t  range  wi th  supe r son ic  flow - 

e l e c t r o n  beam e x c i t a t i o n  and supe r son ic  flow - 

e l e c t r o n  beam s t a b i l i z e d  d i scha rge  e x c i t a t i o n  

devices  developped a t  I.M.F.M. 

Some r e s u l t s  on excimer f l uo re scence  enhance- 

ment fo l lowing s t r o n g  cool ing  and f l u i d  dynamics 

of excimer l a s e r s  a c t i v e  medium a r e  a l s o  p re sen ted .  

EXPERIMENTAL SET-UP 

The b a s i c  appa ra tus  has  been desc r ibed  i n  

d e t a i  1s e lsewhere  (13) ' (14) .  1t c o n s i s t s  mainly of 

a  sma l l  pulsed  blowdown dev ice  of t h e  Ludwieg tube  

type  coupled t o  a  medium i n t e n s i t y  cold  ca thode 

e l e c t r o n  gun and a  d i scha rge  bank ( s u s t a i n e r ) .  

The Ludwieg tube (16 x  3.S cm2 c ros s  s e c t i o n ,  

50 cm l eng th )  f eeds ,  through a  supe r son ic  nozzle ,  a  

2  cons t an t  a r e a  channel (16 x 3  cm ) as soc i a t ed  t o  

t h e  cold  cathode e l e c t r o n  gun and f lu sh  mounted 

d i scha rge  e l e c t r o d e s  a s  shown on F i g .  1. Minimum 

length  supe r son ic  nozz l e s  and a  s c reen  nozzle  a r e  

used matching t h e  flow t o  M = 1.75,  2 .5 ,  3  and 2.1 

r e s p e c t i v e l y  i n  t h e  c o n s t a n t  a r e a  p a r t  o f  t h e  

F i g . 1  Cross - sec t iona l  view of t h e  t e s t  s e c t i o n  
and e l e c t r o n  gun. 

The t e s t  s e c t i o n  was cons t ruc t ed  e i t h e r  i n  

welded aluminium f o r  e-beam experiments o r  i n  f i b e r  

g l a s s  and epoxy f o r  e-beam s t a b i l i z e d  d i scha rge  

exper iments .  The c a l c u l a t e d  va lues  of p r e s s u r e ,  

d e n s i t y ,  tempera ture  and gas c e l e r i t y  f o r  t he  f i r s t  

s t a t i o n a r y  flow t ak ing  i n t o  account t h e  i n s t a t i o n a -  

r y  phenomena i n  t h e  supply tube  a r e  g iven on Table  

1 f o r  an i n i t i a l  supply  tube  p r e s s u r e  o f  7.5 

atmospheres of argon. 

Typica l  d u r a t i o n  3f s t a t i o n a r y  flow is 2ms f o r  

argon.  A f o i l  (20 x  140 mm) of 1 m i l  of Titanium, 

t r a n s p a r e n t  t o  t h e  h igh energy e l e c t r o n s ,  permi ts  

t h e  e l e c t r o n  beam t o  e x c i t e  t h e  a c t i v e  medium i n  

supe r son ic  flow. This  f o i l  is e i t h e r  f l u s h  mounted 

i n  t he  bottom w a l l  of t h e  channel  o r  l o c a t e d  

s l i g h l y  back below a  f l u s h  mounted high t ransparen-  

cy tungs t ene  g r i d .  P a r t i c u l a r  c a r e  has been taken 

f o r  t h e  alignment o f  t h e  d i f f e r e n t  p a r t s  o f  t h e  

t e s t  s e c t i o n  i n  o rde r  t o  minimize aerodynamic 

d i s tu rbances  . 

When experiments a r e  performed wi th  an e-beam 

s u s t a i n e d  d i scha rge ,  t h e  v o l t a g e  is a p p l i e d  between 

a  copper e l e c t r o d e  c a r r e f u l l y  f l u s h  mounted i n  t h e  

upper w a l l  of t h e  channel and t h e  tungstene  g r i d  

The e l e c t r o n  beam i s  gene ra t ed  by an  home made 

cold  ca thodee lec t ron  gun ene rg i zed  by a  P .1 .M X 31 

Marx gene ra to r  (300 KV - 1500 J ) .  The e-beam cur- 



Table 1 - C a l c u l a t e d  f low parameters i n  t h e  t e s t  sec t ion  f o r  t h e  f i r s t  s t a t i o n a r y  f low ; 
i n i t i a l  supply tube pressure i s  7,5 atm (argon) 

.- ..-- - - -. - - - - __._ .-_- _ _ _ . _ = - ~ _ = = = . _ j ~ _ _  -. . - _.__ ---- 

tlach Number Nozzle P(Atm) p(l~19 r2rn-0~ T (K )  ---- 'J(ms-') 

2.1 Screen 0.43 

- . - - -- -- - A .- - - - -- - 

r e n t  d e n s i t y  a f t e r  t h e  t i t a n i u m  f o i l  can be v a r i e d  

- 2  
between 5  A  cm f o r  2  us and 2 0 A  cm-2 f o r  0 . 5  u s .  

A low inductance  s u s t a i n e r  bank ( 0 . 5  pF - 

15 KV) t r i g g e r e d  by a  spa rk  gap o r  an  i g n i t r o n  

permit  t o  apply an  e l e c t r i c  f i e l d  of up t o  

2  KV cm-' t o  t h e  e-beam p re ion ized  gas  mix tu re .  

S u s t a i n e r  c u r r e n t  d e n s i t y  jD i s  comprised between 

30 and 200 A cm-f Discharge and e-gun a r e  g e n e r a l l y  

f i r e d  when t h e  flow i s  s t a t i o n a r y .  

I n t e r f e r o m e t r i c  grade  windows and h a r d  c o a t i n g  

m u l t i d i e l e c t r i c  mi r ro r s  a r e  i n t e g r a t e d  i n  the  chan- 

n e l  s i d e  w a l l s .  Large dimension i n t e r f e r o m e t r i c  

2 
grade  windows 80 x 30 mm may be f l u s h  mounted i n  

t h e  s i d e  w a l l s  of t h e  t e s t  s e c t i o n  a l l owing  t o  

r eco rd  by i n t e r f e r o m e t r y  mapping t h e  d e n s i t y  i n  

a l l  t h e  channel i nc lud ing  t h e  boundary l a y e r s .  

Experiments a r e  a l s o  performed w i t h  t h i s  

dev ice  w i thou t  flow a t  room tempera ture  wi th  t h e  

same sample of gas mixture  a t  t h e  same d e n s i t y  

i n  o rde r  t o  o b t a i n  a  d i r e c t  comparison between low 

tempera ture , f low and room tempera ture ,no f l o w , l a s e r  

performances.  

DIAGNOSTICS 

The measured parameters c o n s i s t s  mainly i n  : 

- r o u t i n e  c o n t r o l  of Elarx gene ra to r  and supe r son ic  

flow, 

- d i scha rge  c u r r e n t  and vo l t age  by means of c u r r e n t  

t ranformer  and a  r e s i s t i v e  d i v i < e r r e s p e c t i v e l y ,  

- supe r son ic  flow and s t a t i c  gas mixture  d e n s i t y  

map and t h e i r  space  and time v a r i a t i o n  fo l lowing  

e-beam o r  e-beam s u s t a i n e d  d i scha rge  by means of a  

l a r g e  f i e l d  Michelson i n t e r f e r o m e t e r  u s ing  an home 

made pu l sed  ion  l a s e r  sou rce  ( s t r e a k  and snap- 

s h o t  photographs) ,  

- t ime v a r i a t i o n  of l a s e r  and f luo re scence  i n t e n s i -  

t i e s  by means o f  f i l t e r e d  PMT and photodiodes.  The 

s i g n a l s  a r e  recorded e i t h e r  d i r e c t l y  on o s c i l l o s -  

copes o r  through t h e  u s e  of h igh  speed t r a n s i e n t  

d i g i t i z e r s  (20 MHz bandwidth) and a  D i g i t a l  

PDP 11 V03 minicomputer,  

- t ime i n t e g r a t e d  s p e c t r a l  d i s t r i b u t i o n  of l a s e r  

and f luo re scence  emiss ions  by means of low and high 

r e s o l u t i o n  g r a t i n g  spec t rog raphs .  An home made 

o p t i c a l  mul t ichannel  ana lyse r  a s s o c i a t e d  t o  t h e  

PDP 11 V03 minicomputer permi ts  moreover t o  mea- 

s u r e  s p e c t r a l  energy d i s t r i b u t i o n s ,  

- t o t a l  e x t r a c t e d  o p t i c a l  energy by means of ED 100 

and ED 200 Gentech joulemeters .  

EXPERIMENTAL RESULTS 

Laser  emiss ions  

The desc r ibed  dev ice  has allowed t h e  genera- 

t i o n  o f  s e v e r a l  h igh  power q u a s i  CW u l t r a v i o l e t  and 

v i s i b l e  l a s e r  emiss ions  from xeF(15),  ~ e ~ 1 " ~ ) '  

i o n i c  Ne I I ' ~ ~ )  and atomic P ( 1 8 ) .  On t a b l e  2 a r e  

summarized the  exper imenta l  r e s u l t s  obta ined a t  

I.M.F.M. 
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Table  2  - Main c h a r a c t e r i s t i c s  of supersonic f low high dens i tyand low 
temperature Lasers achieved a t  IMFM 

Gas mixture Wavelength 
Spec i f i c  energy and Excitation 

Assignment e f f i c i e n c y  

many l i n e s  - 3500 8 
XeF ( 0  + X) 

Ne/Xe/HCR Three Lines XeC!?,(B + X) 1.0 j /R  i n  0 . 5 ~  e .beam 
3079, 3082, 3084 X r ( =  2.5 % e.b- + discharge 

Two Lines 
3079, 3082 XeCRCB + X I  

The p r e s e n t  dev ice  has i n  p a r t i c u l a r  pe rmi t t ed  XeCl l a s e r  power (X = 308 nm) obta ined f o r  low 

t o  o b t a i n  t he  f i r s t  supe r son ic  flow excimer l a s e r  tempera ture  supe r son ic  flow cond i t i ons .  F ig .  2a 

( x ~ F *  A = 350 mm) and t o  ach ieve  l a s e r  s p e c i f i c  corresponds t o  e l e c t r o n  beam e x c i t a t i o n  a lone  

energy and power o f  1 j/Rand 2  MW/R r e s p e c t i v e l y  j  - 4  A cm-2 - 240 KV) cons t an t  f o r  a l l  r e su l t s  

w i t h  over  2.5 % i n t r i n s i c  e f f i c i e n c y  from XeCl of  the  p r e s e n t  paper w h i l e  F i g .  25 corresponds  t o  

( A = 308 nm) a t  very low tempera ture  i n  superso-  

n i c  f low.  These va lues  a r e  n o t i c e a b l y  h i g h e r  t h a n  

the  room tempera ture  no  flow one. It seems t h a t  

w i th  cond i t i ons  of low tempera ture  and h igh  d e n s i t y  

i t  would be  p o s s i b l e  t o  e x t r a c t  s p e c i f i c  l a s e r  e n e r  

gy a s  h igh  as  10  - 15 j / R  a t  3080 A .  

The p r e s e n t  dev ice  has a l s o  pe rmi t t ed  ve ry  

r e c e n t l y  t o  achieve ,  f o r  t h e  f i r s t  t ime, l a s i n g  on 

an  excimer wi th  an e-beam s t a b i l i z e d  d i scha rge  i n  

a  s u p e r s o n i c  flow and these  l a s t  r e s u l t s  a r e  

e-beam s u s t a i n e d  d i scha rge  (V 
c a p a c i t o r  

= 5 KV, 

= 0 . 6  KV cm-', jD = 130 A . c h 2 ) .  A l l  t h e  l a s e r  

s i g n a l s  were recorded f o r  a  r e sonan t  c a v i t y  w i th  

0 . 1  % and 5  % t r ansmis s ion  m i r r o r s  a t  308 nm and 

1 . 8  amagat Ne/Xe/HCl (1000/25/1) mix tu re  a t  

T = 120 K (M = 1 .75 ) .  A t t enua t ion  and d e t e c t o r  

s e n s i b i l i t y  were t h e  same f o r  t h e  two l a s e r  s i -  

g n a l s .  It i s  t o  n o t e  t h e  s t r o n g  i n c r e a s e  of l a s e r  

power and energy and a l s o  t h e  e a r l i e r  s t a r t i n g  

of l a s e r  emiss ion when t h e  d i scha rge  was added 

p re sen ted  h e r e a f t e r  w i th  some d e t a i l .  t o  e-beam e x c i t a t i o n .  

The exper imenta l  cond i t i ons  where M = 1.75,  

T = 120 K and p = 1.8  amagat. It i s  noteworthy t h a t  

f o r  c o n d i t i o n s  where e-beam e x c i t a t i o n  a lone  d i d  

n o t  pe rmi t t ed  t o  r each  th re sho ld  f o r  l a s i n g  addi-  

t i o n  of an  e l e c t r i c  f i e l d  a s  low a s  0 . 3  KV/cm 

pe rmi t t ed  t o  ach ieve  l a s i n g .  Experiments w i t h  

h i g h e r  e l e c t r o n  beam c u r r e n t  d e n s i t y  showed tha t ,  

a d d i t i o n  of t h e  d i scha rge  s t r o n g l y  enhanced power F ig .2  Typical  l a s e r  waveforms from supe r son ic  flow 

and energy l a s e r  ou tpu t  f o r  unsa tu ra t ed  g a i n  condi- 
XeCl l a s e r .  a )  e-beam e x c i t a t i o n ,  b )  e-beam 
s u s t a i n e d  d i scha rge  e x c i t a t i o n .  

t i o n s .  On F ig .  2  a r e  shown t y p i c a l  waveforms of 



On F i g .  3  i s  shown t h e  time dependant d ischar- -  

g e  c u r r e n t  ob ta ined  f o r  t h e  supe r son ic  flow and 

e x c i t a t i o n  cond i t i ons  corresponding t o  F i g .  2.0ne 

can observe t h a t  i t  i s  p o s s i b l e  t o  achieve  condi- 

t i o n s  of s t a b l e  d i scha rge  du r ing  300-400 ns f o r  

such cond i t i ons  of f low, tempera ture  and d e n s i t y .  

F ig .3  Discharge c u r r e n t  time h i s t o r y  f o r  super-  
sorlic flow XeCl l a s e r .  

On F i g .  4  i s  shown t h e  measured d i scha rge  cur- 

r e n t  a s  a  f u n c t i o n  of c a p a c i t o r  v o l t a g e  f o r  e i t h e r  

supe r son ic  f low and no flow c o n d i t i o n s .  On t h i s  

f i g u r e  one can observe t h e  l i m i t  of p o s s i b l e  capa- 

c i t o r  v o l t a g e  due t o  a r c i n g  du r ing  t h e  e-beam exci -  

t a t i o n .  

ANO rlow, r z r . 4  r u r o ~ t  I 

F i g . 4  Measured d i scha rge  c u r r e n t  as a  func t ion  of 
c a p a c i t o r  vo l t age  f o r  e-beam s u s t a i n e d  d i s -  
charge e x c i t a t i o n  of Ne/xe/HCl (1000/25/1) .  
j e . b . =  3 ~ c m - ~  - 0 . 5  u s .  

On F i g . 5  i s  shown t h e  measured peak power 

added t o  u n i t  volume of a c t i v e  medium by the  d i s -  

charge  t a k i n g  i n t o  account  measured e l e c t r o d e  

v o l t a g e  and c u r r e n t  t ime v a r i a t i o n s .  For t hese  ex- 

pe r imen ta l  cond i t i ons  t h e  e-beam power absorbed by 

t h e  medium was about 20 MW/R cons t an t  du r ing  500 ns. 

YOLTl6E V 

Fig .5  Measured peak power added by t h e  d i scha rge  
i n  an e-beam s u s t a i n e d  d i scha rge  XeCl l a s e r .  

One observe t h a t  i t  i s  p o s s i b l e  t o  addoby t h e  

use  of s t a b l e  d ischarge ,  7 t imes more power t o  t h e  

medium than  wi th  e-beam alone  i n  t h e s e  c o n d i t i o n s .  

The d i scha rge  d u r a t i o n  was 400 ns  and l a s i n g  dura- 

t i o n  was 300 - 350 ns . 

F i g .  6 shows t h e  v a r i a t i o n  of l a s e r  power 

and energy i n  func t ion  of c a p a c i t o r  v o l t a g e  f o r  

e i t h e r  supe r son ic  flow and no flow cond i t i ons  and 

i h e j i e l Z C l  (10uOi25/1) mixture  n o t  optimized f o r  

d i scha rge .  

F i g .  6 Keasured e x t r a c t e d  l a s e r  energy and power 
f o r  e-beam s u s t a i n e d  d i scha rge  XeCl l a s e r  

These r e s u l t s e t h e i r  a t  low o r  room tempera ture  

have s t r o n g  imp l i ca t ions  f o r  t he  development o f  

h igh  average  power u l t r a v i o l e t  excimer l a s e r s  be- 

cause ,they demonst ra tes  t he  p o s s i b i l i t y  t o  add e f -  

f i c i e n t l y  more energy t o  t h e  gas mixture  i n  super-  

s o n i c  flow by means of t he  d i scha rge  of an  e-beam 

s t a b i l i z e d  d i scha rge  than  by t h e  e-beam alone .This  

i s  impor tant  because  s t r o n g  t echno log ica l  d i f f i c u l -  

t i e s  l i m i t  t he  p re sen t  s ta te-of- the  art average pmer 

ach ievab le  w i th  h igh energy h igh  r e p e t i t i o n  r a t e  

e l e c t r o n  beams ; t he se  l i m i t a t i o n s  a r e  mainly due 
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Table 3 - Main uv and v i s i b l e  f luorescence i n t e n s i t i e s  enhancements observed 
i n  supersonic f low h igh  dens i t y  and Low temperature e-beam exc i ted  gas mixtures 

--- - -..=.=- - . .- . . . . - .- -. - - - - . -. . - - -- =-==- .- - - -------= - 

Gas mixture Wavelength Assignment IT / I 300K 

Ar/XelC02 ( XcOIS -> XeOID 50 a t  120 K 
Ar/Xe/NzO ( 5200 - 5600 ; 5200 i 300 a t  80 K 
Ar/Xe/Oz ( XeOIS -+ Xe03p i d  

-.------- - 
0 

Ar/Xe 3295 1\ ~ r ' x e  + Ar. ~ e '  10 a t  120 K ; 30 a t  80 K 

A r / C O S  2985 - 3560 ? Very h igh a t  120 and 80 K 
--- 

2600 a X ~ F *  (D -- A )  = 1,5 t o  2 a t  120 and 80 K 

Ar/Xe/NF3 3500 W X ~ F *  (B -+ X) 1 1  a t  120 and 80 K 
3805 A A ~ x ~ F * - >  ArXeF (?I  Very h igh  a t  120 and 80 K 
4700 8 XeF* ( C  + A) - 1,5 t o  2 a t  120 K 

-.---.- 
0 

Ar/Kr/MF3 
2500 A K ~ F *  (13 -+ X) = 1 a t  120 K 
[+I00 8 K ~ ~ F *  -t Kr2F Nigh a t  80 and 120 K 

------- - 
3080 8, ~ t : ~ t *  (B -+ X) = 1 a t  120 K 
3260 8, A ~ X ~ C L *  -+ ArXeCE (?) Very h igh  a t  120 K 

Ar/Xe/HCR 3500 X ~ C R *  ( C  -+ A)  1,5 a t  120 K 
4800 Xe2C&* -* XezCL High t o  120 K 
5100 8, X ~ ~ C R *  + Xe2CR (?) Very h igh  a t  120 K 

Ar/Kr/HCi 
2220 W K ~ C R *  ( B-+X) = 1 a t  1.20 K 
3300 W K ~ ~ C R *  -+ KrzCE High a t  120 K 

- . - . . .. - --- - -. -- -. --.--------.----__-_e.__-_v==____=== - - ~ - - - . -.. .. .- <.. ---- ---:_ . -. -. - -. . .. . -. --- - - . < _  _ __ilX____ 

t o  e l e c t r o n  gun f o i l  h e a t i n g  and spa rk  gap r e l i a -  t r a c e s  of f l uo re scence  s p e c t r a l  energy d i s t r i b u -  

b i l i t y .  t i o n  i n  t h e  ca se  of an  Ar/Xe/HCl mixture  e x c i t e d  

FLUORESCENCE EFFICIENCY ENHANCEMENT OF EXCIMER 

SYSTEMS 

E f f e t t  of a  s t r o n g  coo l ing  on t h e  f l uo re scence  

e f f i c i e n c y  of numerous excimer systems have been 

i n v e s t i g a t e d  wi th  t h e  I.M.F.M. supe r son ic  flow 

dev ice .  The main r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  

a r e  summarized on t a b l e  3.  

A s t r o n g  enhancement of t h e  f l uo re scence  in t en -  

s i t y ,  sometimes s e v e r a l  o rde r s  of magnitude,has 

been observed on s e v e r a l  of t hese  sys tems,  n o t i -  

c e a l l y  i n  t h e  ca se  o f  t r imer s  (Kr2F, X e 2 c 1 ; ~ r 2 c 1 )  

which a r e  produced by t h r e e  body r e a c t i o c s  hi.ghly 

favored i n  cond i t i ons  of h igh d e n s i t y  and ve ry  

low t empera tu re .  

These sys tems,  when f luo re scence  e f f i c i e n c y  

i s  r e l a t i v e l y  h i g h ,  a r e  very  a t t r a c t i v e s  as  poten- 

t i a l  v i s i b l e  h igh e f f i c i e n c y  l a s e r s .  I t  i s  note-  

worthy t h a t  l a s i n g  has been achieved very  r e c e n t l y  

a9 ) 
i n  an  U . S .  Lab. on t h e  Xe2C1* continuum near  500 cm . 

As an exemple t h e  F i g . 7  shows microdensi tometer  

a t  T = 120 K and T= 300 K r e s p e c t i v e l y .  

F i g .  7 Bicrodensitograms of f l uo re scence  s p e c t r a .  
Ar/Xe/HCl (1000/29/1 .5) ,  e-beam e x c i t e d .  

GAS DYNAMICS 

Through l a s e r  a c t i o n  i n  t he  u l t r a v i o l e t  and 

v i s i b l e  range from a  h igh  dens i ty  supe r son ic  flow 

has  been demonstrated a t  I.M.F.M., s tudy  of aerody 

namic l o s s e s ,  p a r t i c u l a r l y  d e n s i t y  d i s tu rbances  

fo l lowing gas dynamic phenomena, must be  c a r e f u l l y  

undei-taken i n  t h e  frame o f  high power C.W. o r  pul-  

sed  high r e p e t i t i o n  r a t e  u l t r a v i o l e t  o r  v i s i b l e  

supe r son ic  flow l a s e r  development. The gene ra l  



ques t ions  i n t e r e s  t ir ig t o  answer f o r  eva lua t ion  and 

c o n t r o l  of gas dynamic phenomena involved i n  h igh 

dens i ty  supe r son ic  flow e l e c t r o n i c  t r a n s i t i o n  l a -  

s e r s  a r e  t h e  fo l lowing  ones .  

1 )  what l a r g e  d e n s i t y  d i s tu rbances  a r e  t o l e r a b l e  

t o  ma in t a in  good l a s e r  beam q u a l i t y  a t  s o  s h o r t  

wavelengths .  

2)  a r e  t h e s e  cond i t i ons  ach ievab le  i n  a  high dens i -  

t y  h igh  speed flow ( supe r son ic  o r  subson ic ) .  

3) what i s  t h e  a c t i v e  medium behavior  when i t  

absorbes  e l e c t r o n  beam o r  d i s c h a r g e  energy a t  high 

load ing  e i t h e r  wi thout  i n i t i a l  f low o r  i n  a  h igh  

d e n s i t y  supe r son ic  f low.  

The s t u d y  of t hese  ques t ions  i s  i n  p rog res s  a t  

I.M.F.M. (20) '  (21) and h e r e a f t e r  a r e  p re sen ted  

shor t ly ,some p re l imina ry  exper imenta l  r e s u l t s  

ob ta ined  very  r e c e n t l y  a t  I.M.F.M. 

We have o b t a i n e d , i n  supe r son ic  f l ow,dens i ty  

- 2  
g r a d i e n t s  A p / p  of t h e  o r d e r  of 10 f o r  1 cm f i e ld  

a t  t he  c e n t e r  of t he  channel and t h i s  f i g u r e  could  

be  f u r t h e r  decreased,  probably  by an  o r d e r  of ma- 

gn i tude  by a  b e t t e r  des ign  of t h e  channel .  Even 

w i t h  t h e  p r e s e n t  des ign  i t  has  been p o s s i b l e  t o  

ach ieve  l a s e r  beams where no d i f f e r e n c e  appeared 

between flow and no flow i n t e n s i t y  s p a t i a l  v a r i a t i o n  

Experimental  i n v e s t i g a t i o n s , b y  use  of snapshot  

and s t r e a k  i n t e r f e r o m e t r y , o f  d e n s i t y  v a r i a t i o n s  

fo l lowing  energy d e p o s i t i o n  have been under taken 

when an e-beam o r  an e-beam s u s t a i n e d  d i scha rge  

e x c i t e d  t h e  gas mixture  f o r  t y p i c a l  excimer l a s e r  

c o n d i t i o n s .  

F i g .  8 shows t y p i c a l  snapshot  i n t e r f e r o -  

grams. One snapsho t  (Fig . lOa)  shows d e n s i t y  d i s -  

turbances  50 us  a f t e r  f i r i n g  wi thou t  flow. Theother  

snapshot  ( ~ i g .  l ob )  shows the  d e n s i t y  d i s tu rbances  

a t  t h e  same time wi th  supe r son ic  flow (M = 2.1) f o r  

t h e  same cond i t i ons  o f  d e n s i t y  ( p  = 1 amagat).  

F i g . 8  Snapshot interferogramms of neon e x c i t e d  by 
an e-bean s u s t a i n e d  d i scha rge  : V e . b .  = 210 KV 
j e . b .  = 3 A cm-2 - 0 .5  Us, = 5KV, 

'capaci tor  

jD  100 A cm-2 , p = 1 amagat. ( a )  no i n i -  
t l a l  f low ; ( b )  supe r son ic  flow (M = 2 . 1 ) .  
P i c t u r e s  a r e  taken 50 s  a f t e r  e x c i t a t i o n .  I' 

The d i s tu rbances  a r e  i n  f a o t  swept away by 

t h e  very  h igh  speed flow p e r m i t t i n g  t o  r each  con- 

d i t i o n s  o f  good beam q u a l i t y  f o r  high power h igh  

r e p e t i t i o n  r a t e  l a s e r s  i n  t h e  U . V .  and v i s i b l e  a t  

h igh  load ing  . 

CONCLUSION 

The r e s u l t s  p re sen ted  he re ,w i thou t  e n t e r i n g  

i n  t h e  d e t a i l s  o f  a l l  t h e  involved phenomena,show, 

t h e  a b i l i t y  t o  gene ra t e  high power u l t r a v i o l e t  

l a s e r  beams and s t r o n g  f luo re scence  emiss ions  by 

e-beam and e-beam s t a b i l i z e d  d i scha rge  e x c i t a t i o n  

of a  high dens i ty  supe r son ic  gas flow a t  ve ry  low 

tempera ture ,and t h i s , w i t h  a  q u i t e  high i n t r i n s i c  

e f f i c i e n c y .  

Moreover experiments a t  I.M.F.M. have a l s o  

shown t h a t  supe r son ic  flow may be  very  h e l p f u l 1  

t o  c o n t r o l  and reduce  a c o u s t i c  d i s tu rbances  

fo l lowing  h igh  energy abso rp t ion  by t h e  medium. 

This  r e sea rch  w i l l  be  extended i n  l a s e r  k i n e t i c s  

and gss  dynamics a s  w e l l  a s  i n  h igh  r e p e t i t i o n  

r a t e ,  e x c i t a t i o n  sys  tems s t u d i e s ,  i n  the  frame of 

development of h igh average  power high e f f i c i e n c y  

f lowing e l e c t r o n  t r a n s i t i o n  l a s e r s .  
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