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The production of powerful laser  radiat ion fluxes with high spatial homogeneity and little divergence is 
neces sa ry  to the successfu l  solution of a whole se r ies  of physical  and applied problems.  As is known [1], 
inhomogeneity of the amplification of  the active medium can significantly degrade the optical charac te r i s t i c s  of 
powerful laser  sys tems .  In this connection, a more  detailed investigation of the possibi l i ty of uniform exci ta-  
tion of gases  in large volumes acquires  substantial  value. 

However, insofar  as we know, an investigation of the spatial  distribution of the e lec t r ica l  pa rame te r s  in 
the volume discharge of  pulsed CO 2 lasers  has c lear ly  been per formed inadequately, especial ly  in experimental  
aspects .  

P re l imina ry  exper imental  resul ts  of measur ing  the e lec t r ic  field distribution in a volume discharge 
excited by an e lectron beam in air  at a p r e s su re  of p = 1 atm are  presented in this paper .  

1. D E S C R I P T I O N  O F  T H E  A P P A R A T U S  AND M E T H O D S  OF M E A S U R E M E N T  

The investigations were per formed on a powerful pulsed CO 2 laser  whose detailed descript ion was 
expounded in [2, 3]. The gas discharge was ignited in a volume of 10 • 10 • 100 cm. The discharge was initiated 
by an e lectron beam with the mean cu r r en t  density jB ~ 0.8 A/cm 2. The scheme,  in principle,  is presented in 
Fig. 1. Investigations of the homogeneity of the beam cur ren t  density over  the section by a selective "Faraday  
cyl inder"  showed (to the accuracy  of the osci l loscope record ing  method) that inhomogeneity of JB over the 
length of the beam cross  section is pract ica l ly  nonexistent,  while a diminution of ~ 20% at the volume discharge 
boundary was observed ac ross  the width. The p a r a m e t e r s  of the voltage pulse genera tor  used to supply the 
e lec t ron  acce le ra to r  were the following: initial working voltage UB ~ 200 kV, stored energy ~ 1.25 kJ, wave 
impedance ~ 3 ~2. Typical osc i l lograms of the voltage U B and the e lectron beam cu r r en t  JB a re  represen ted  in 
Figs. 2a and b. In our case the beam cu r r en t  duration was determined by the diminution in voltage at  the 
cathode, and the re fo re ,  by tim essent ia l  reduct ion in the capaci ty of the ~ 80-#m- th ick  aluminum foil through 
which the e lect rons  were injected into the gas. 

The energy source for the main d ischarge  was a low-res i s tance  voltage pulse genera tor  with the p a r a m -  
e t e r s :  working voltage Ud ~' 70-250 kV, capacitance C =0.45 #F, wave impedance p~ 1.5 ~. Typical osc i I lo-  
g rams  of the discharge cur ren t  I d and the potential at  different spacings f rom the cathode: i) l = 10 cm (anode); 
2) l = 7  cm;  3) I=5 cm;  4) / = 3  cm, a re  represen ted  in Figs.  2c and d. 

The potential  distribution at different points of the discharge were  monitored by an e lectr ic  probe, for 
which a metal  wire stretched along the discharge gap para l le l  to the e lect rodes  was used (see Fig. 1). A high= 
res i s t ance  voltage divider Rt, R 2 (r<<R1, R2) was connected direct ly to the energy source and supplied a pos i -  
tive potential to the probe,  pr ior  to initiation of the discharge,  which corresponded to a l inear e lec t r ic  field d is -  
tribution in the interelectrode space. 

The probe potential in the discharge was measured  by using the ohmic divider R2, r (see Fig. 1). As the 
probe diameter  ~ 0.2-0.5 mm and the total r e s i s t ance  Ri+R2~ 50+80 k~2 var ied,  agreement  between the mea-  
surement  resu l t s  was observed within the ~ 10% limits of e r r o r  of the osci l loscope method of recording.  

The voltage was supplied to the discharge gap 0.7 #sec before the acce le ra to r  was switched on. Ionization 
of the gas by the initial powerful h igh-energy electron pulse resul ted,  as is seen f rom Fig. 2, in an abrupt  
diminution in the discharge res i s t ance  R d to a quantity less than p (the wave impedance of the storage) and to a 
corresponding redis t r ibut ion of the voltage between R d and p. The diminution in the intensity of external  
ionization during the t ime ~ ~ 300 nsec caused a growth of Rd, and therefore ,  an increase  in the voltage ac ros s  
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the discharge gap. The significant decrease  in the cu r ren t  JB and the beam electron energy at ~> 300 nsec 
specified a sharp reduct ion in the discharge current .  In addition, this p rocess  caused an increase  in the volt-  
age at the discharge because of the inductive component of the internal impedance of the energy source.  

2.  R E S U L T S  OF  THE E X P E R I M E N T  

The potential distributions along the length of the discharge gap, as measured  at different t imes,  are  
r epresen ted  in Fig. 3. The dashed lines correspond to a linear dependence of the quantity Ud(x) on the spacing. 
It follows f rom the data presented in Fig. 3 that a substantial  deviation 6f Ud(x) f rom the linear law is observed 
in the discharge under investigation, where growth of the potential gradient  occurs  in the direction of e lectron 
beam motion f rom the cathode to the anode in the discharge gap. 

In o rde r  to es t imate  the degree of influence of  the various fac tors  specifying such a strong distort ion of 
the field distribution of the volume discharge controlled by an electron beam, we pe r fo rmed  an approximate 
computation of the change in time of the following most  important  pa ramete r s  : the magnitude of the e lec t r ic  
field E, the e lectron concentrat ion ne, the intensity of  external  ionization ~, and the ra te  of e lectron capture 7. 

The magnitude of  the field E was determined by differentiating the dependence of the potential on the 
spacing to the cathode, which was measured  in the experiment.  The e r r o r  in determining E did not exceed 
30%. The e lec t r ic  field distribution along the length of the discharge gap is represented  in Fig. 4 for different 
t imes.  The numbers  1-7 d e n o t e  the t imes 150,200,  300, 400, 500, 600, 700 nsec f rom the beginning of the dis- 
charge.  The cathode and anode potential drop, whose total magnitude can be severa l  percent  of the total vol t -  
age in the discharge gap according to data presented in [4], was not taken into account  in performing the com-  
putations. 
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It can be shown that  the volume d i scharge  c u r r e n t  I d is de te rmined ,  under the condition of our e x p e r i -  
ment ,  mainly  by the e lec t ron  mobil i ty  in the e lec t r i c  field. Hence,  the mean  value of ne over  the c ro s s  sect ion 
is de te rmined  by the exp re s s ion  

Ip 
ne ~ eA(E/p)S' 

where  ~ is the e l ec t ron  charge ,  S is the d i scharge  sect ion,  and A is the coeff icient  of  e lec t ron  mobil i ty whose 
dependence on E/p for  a i r  is p resen ted  in [5]. 

By using the e l ec t r i c  field dis t r ibut ion in the d ischarge  gap obtained in the expe r imen t  E/p,  the e lec t ron  
concentra t ion ne could be obtained a t  d i f ferent  points of the volume d ischarge .  The dis t r ibut ion of the e lec t ron  
concent ra t ion  ne at  d i f ferent  t imes 150, 200, 300, 400, 500 nsec af ter  the beginning of the d ischarge  is r e p r e -  
sented in Fig. 5. The data p resen ted  in Figs.  4 and 5 show that the nonuniformity in the dis tr ibut ion of the quan- 
t if ies ne(x) and the e lec t r i c  field E/p(x) is quite weak in the ini t ial  s tage of  the d ischarge .  However~, if  the e l ec -  
t ron concent ra t ion  a t  the cathode changes negligibly in the t ime 1-~ 400 nsec ,  a sha rp  diminution in n e is ob-  
se rved  nea r  the anode. The field intensi ty  in this domain is magnified a l m o s t  ten t imes ,  r each ing  the value 
E/p:~ 25-35 V/cm.  m m  Hg. Such high values of the p a r a m e t e r  E/p occur r ing  up to te rmina t ion  of the inject ion 
of the e lec t ron  beam can  contr ibute  to the development  of ionization p r o c e s s e s  in the main d i scharge  field. 

Indeed, as is seen  f r o m  Fig. 4, a f t e r  the d i scharge  c u r r e n t  ceases  ( ~  600 nsec) a weak ionization wave 
moves  f r o m  the anode resu l t ing  in equi l ibra t ion of the field dis t r ibut ion in the d ischarge  gap. 

The r a t e  of  e l e c t r o n - i o n  pa i r  genera t ion  r for a beam of e lec t rons  with energ ies  of 100-200 keV can be 
e s t ima ted  by using the following re la t ions  [4, 6]: 

* (x, t) ~ /..B_B dU,. 
e(o dx  

dU R dx "~ 0.3. t06p (Z/A)  6-* In I't6UB 
- -  1 o  

(2.1) 

~ ,  ( 2 . 2 )  

where  JB is the beam c u r r e n t  densi ty ,  w is the ene rgy  of  e l e c t r o n - i o n  pa i r  format ion ,  dUB/dx (eV/cm) is the 
ionization loss of the fas t  e lec t rons  with ene rgy  UB, A is the a tomic  weight of the m a t e r i a l  dece le ra t ing  the 
beam,  Z is the cha rge  on the nucleus,  p is the densi ty,  g / cm a, I 0 is the mean  ionization potential ,  and fl =Ve/c. 
The quantity w is independent of U B and is ~ 34 eV for a i r  [6]. 

The dis t r ibut ions of the ionization losses  ~(x, t) [7] a t  the t imes  150,200,  300 ,400 ,  500 nsec af ter  the 
beginning of the d i scharge  (see Fig. 5) were  computed by using (2.1) and (2.2) and taking account  of at tenuation 
of the beam c u r r e n t  densi ty JB as it  pa s sed  through the gas gap. 

As follows f r o m  the r e su l t s  obtained, as  r e p r e s e n t e d  in Fig. 5, ionization of the gas by the ex te rna l  beam 
apparen t ly  occu r r ed ,  substant ia l ly  nonuniformly along the di rect ion of its motion,  under the conditions of the 
expe r imen t  being descr ibed .  The dependences ne(x , t) and r t) show that the e lec t ron  concentra t ion in the 
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d i scha rge  is control led by the ex te rna l  ion izer  during p r ac t i c a l l y  the whole c u r r e n t  pulse in jus t  the domain 
adjoining the cathode. 

It  is seen  f r o m  Fig. 5 that  ex t rapola t ion  of the calcula ted values  of the ionization losses  ~(x, t) to zero  at  
t = cons t  r e su l t s  in values  of  x c lose  to the computed values  of the a v e r a g e  t r ans i t  of the fas t  e lec t rons  R E with 
init ial  energ ies  UB(0, t) which a r e  r e p r e s e n t e d  in [6]. 

I t  follows f r o m  the data obtained that a suff icient ly uni form ionization of the gas is obse rved  in the volume 
d i scha rge  in a domain whose c h a r a c t e r i s t i c  d imension is c lose  to the value Z ~ P E ~ .  

This r e s u l t  shows that  in con t r a s t  to the r e su l t s  of the numer i ca l  s imulat ion presen ted  in [8], under the 
conditions of  our  e x p e r i m e n t  the in t r ins ic  e l ec t r i c  field of  the d ischarge  apparen t ly  exe r t s  no noticeable influ- 
ence on the dis t r ibut ion of the ionization losses  in the d ischarge  gap. 

Moreove r ,  i t  can be a s s um ed  tha t  des t ruc t ion  of e lec t rons  because  of t rapping mus t  be taken into account  
in o rde r  to explain the dynamics  of  the d i scharge  under  invest igat ion.  

By us ing  the expres s ion  

~1-  ! _  I one 
n e n e Ot 7 

which desc r ibes  the behavior  of the e lec t ron  concentra t ion  in the volume d ischarge ,  values  of the t rapping 
coeff ic ient  ~7 w e r e  calculated for  the t imes  200 ,300 ,  400 and 500 nsec f r o m  the beginning of the cu r r en t  pulse 
a t  d i f ferent  spacings f r o m  the cathode (Fig. 6). 

Sufficiently c lose  values  of the quantity ~, obtained for e s sen t i a l ly  dis t inct  changes in both the magnitude 
and nature  of  the p a r a m e t e r s  ne(x, t) and ~(x, t) of the d i scharge  domains (see Fig. 6), p e r m i t  making the deduc- 
tion that  the computed r a t e  of ex te rna l  ionizat ion ~b(x, t) shown in Fig. 5 and the t rapping p r o c e s s  de sc r ibe  the 
volume d i scharge  behavior  suff icient ly complete ly .  H e r e  if the behavior  of  ne(x, t) near  the cathode is d e t e r -  
mined mainly  by the change in ~(x, t), i .e . ,  

n~(x, t ) ~  ~(x, t)/ TI, 

then a t  the anode the ex te rna l  ionizer  acts  only during the t ime r ~  200 nsec.  The e lec t ron  concentra t ion in this 
domain la te r  d iminishes  accord ing  to the law 

OnJat ~ - -11~ 
where the quantity ~ grows as the p a r a m e t e r  E/p i n c r e a s e s .  

Under conditions when the ini t ial  beam ene rgy  UB(0, t) does not a s s u r e  homogeneous ionization of the gas 
in the d ischarge  gap, i .e . ,  d~ RE/2, the growth of the e l ec t r i c  field near  the anode apparen t ly  r e su l t s  in an 
i nc rea se  in the r a t e  of e lec t ron  des t ruc t ion  because  of t rapping.  Because  of this ef fec t  the poss ib le  inc rease  in 
the ionization losses  in the domain x> RE/2 because  of  the in t r ins ic  d i scharge  field is weakened substant ia l ly .  

There fo re ,  the invest igat ions p e r f o r m e d  showed that  for  a mean  d ischarge  e lec t r i c  field intensi ty  of 
E/p"~10 V/em" m m  I-Ig un i fo rm ionization of a gas by an e lec t ron  beam in a i r  is accompl ished  within the spacing 
x~:LRE/2, i .e . ,  a t  half the length of the ex t rapola ted  fas t  e lec t ron  t rans iL  A diminution in the voltage a t  the 
a c c e l e r a t o r  diode (see Fig. 2b) because  of the d ischarge  of the capaci t ive  s to rage  will specify  a reduct ion in the 
mean energy,  and the re fo re ,  in the length of the fas t  e lec t ron  t r ans i t  a lso .  Hence,  the dimension of the volume 
d i scharge  domain in which the conductivi ty is control led by the ex te rna l  ionizer  will become less  than the 
spacing between the e l ec t rodes ,  which governs  the inhomogeneity of  ene rgy  absorp t ion  in the gas.  Taking 
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account  of the subs tant ia l  influence of  the t rapping,  i t  should be noted that  to produce a un i fo rm volume d i s -  
charge  i t  is n e c e s s a r y  to s e l ec t  the vol tage a t  the a c c e l e r a t o r  diode so that the t r ans i t  of  the h igh-energy  e l e c -  
t rons  in the working gas R E would exceed the d ischarge  d imens ion  during the whole p r o g r e s s  of the c u r r e n t  
pulse .  Let  us note the p rospec t s  of  using e l ec t r i c  lines as ene rgy  s to rage  for the e lec t ron  a c c e l e r a t o r  for 
these purposes .  
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The dis t r ibut ion of  an e lec t r i c  field in a gas gap with the flow of a s e m i - s e l f - m a i n t a i n i n g  d i scha rge  
through the gap is c h a r a c t e r i z e d  by the p r e s e n c e  of p r ee l ec t rode  regions  with an inc reased  intensi ty  of the 
field and the column of the d i scharge ,  where  the field is app rox ima te ly  homogeneous [1]. With a sma l l  r a t e  of 
genera t ion  of e l e c t r o n - i o n  pa i r s  r and sma l l  applied vol tages  U0, there  a r e  s t rong  sc reen ing  condi~2ons. 
Under these  conditions shock ionization,  as a ru le ,  is insignif icant  [1]. With high values  of  ~ and U0, the e l e c -  
t r i ca l  field in the cathode reg ion  r i s e s  so much that  the p r inc ipa l  m e c h a n i s m  of the genera t ion of charged 
pa r t i c l e s  can become shock ionization. Then, the p r o c e s s e s  in the cathode layer  of  a d i scharge  exci ted by a 
beam and of a glow d i scharge  a r e  s i m i l a r  in many  r e s p e c t s .  There fo re ,  the use  of  methods of calculat ion 
developed  for the invest igat ion of a glow d ischarge  has made it  poss ib le  (see,  e .g . ,  [2-4]) to obtain ce r t a in  
evaluat ions for  the case  of la rge  cu r r en t s .  

In the p r e s e n t  work,  on the basis  of a n u m e r i c a l  solution of t he  balance of charged pa r t i c l e s  and the 
Po i s son  equation, an invest igat ion is made of in te rmedia te  conditions of the pa s sage  of a c u r r e n t  in the cathode 
layer .  The t r ans fo rma t ions  of the cathode layer  a f t e r  the beam has been switched off a r e  also d iscussed.  

The s y s t e m  of equations for  de te rmin ing  the p a r a m e t e r s  of the preca thode  layer  has the f o r m  

(i) --dl+/dx ----- d]_/dx ---- e~p -~- a]_ - -  ~]_(1 _ ]_)/v+v.., (1) 

d 

dE/dx  = [(1 -[- v+/v_) j_  - -  ] ]/sv+, 1_ (0) ~ ?]/(1 + V), 1 -  (d) = ], .f E (x) dx  = Uo, 
0 
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