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In te res t  i -n  recombina t lon  o f  a  dense p lasma ls  connected ,  ln  par t l cu la r ,
wlth the problem of developing short-wave -guantum generators. Among the ad-
vantages of non-equl l1b11un recombinat lonr) are the relat ive durat lon of the
arnpl i fy ing propert les and the real izabi l l ty of  thelr  repeated rapld restora-
t ion. A hel lum plasma 1s preferable at present not only from the polnt of
v iew o f  theory  ( the  c ross  sec t lons  o f  the  e lementary  ac ts  have been inves t l -
ga ted  in  th is  case 1n  re la t i ve ly  g rea t  de ta i l ) ,  bu t  a lso  fo r  exper imen! '_P1t tg
he l iun  1s  an  lner t  gas ,  and the-w ive length  ln tended fo r  ampl l f l ca t lon  (1641 A)
makes 1t possible to use mirrors and can be brought out f rorn the resonator
through sol id wlndows.

I t  was  shown i -n  [2 ,  3 ]  tha t  lnver ted
popu la t ion  can be  rea l l zed  in  a  decay ing
hel lum plasma for several  t ransi t lons be-
tween the  he l ium- lon  Ieve ls .  However ,  the
ampl l f l ca f ion  coef f l c ien ts  ca fcu la ted  in  [3 ]
were  ob ta ined under  the  hard- to - rea l i ze  as-
sumption that the plasna is opt ical ly t rans-
parent  ( l ' i g .  1 ,  curves  1) .  Reabsorp t ion  o f
the  rad la t lon  a l te rs  s lgn i f l can t ly  the  p ic -

' tu re  
o f  the  leve l  popu la t lon .  The so lu t ion

of the system of equat lons for the l -evel-
p o p u l a t l o n  k l n e t l c s  [ 3 ] ,  s o l v e d  w l t h  a l L o w -
ance fo r  reabsorp t lon  [4 ]  fo r  a  homogeneous
n l  a s m a .  j  6  2  n r r l  i  n d a n  n f  

' l  
n r n  d l a m e t e f  ,  h a S

P  + q e r r t s

shown tha t  when the  he l1um lons  in  the-
ground s ta te  have a  concent ra t ion  11015 cm- '
-nd  h lgher ,  there  1s  no  lnver ted  popu la t lon
f o r  t h e  n  =  3  - +  n  =  2  t r a n s l t t o n  ( F l g .  f '

" . , -  curves  2) .
'  

There  ex ls ts  an  e f fec t  tha t  e l lm lna tes ,
as  '1 t  were '  the  ln f fuence o f  the  reabsorp-
t ion  and res tores  the  lnver ted  popu la t lon  1n
an op t lca l l y  dense p lasma.  When an exc l ted
h e 1 l u m  t o n  i e x c l t a t l o n  p o t e n t l a l  > 4 0 . 8  e V )
co l l ldes  w l th  a  he11um a top  ln  the  ground
sta te  ( lon iza t ion  po ten t la l  =  2 t t .6  eV)  the
atom can become d i rec t l y  lon lzed,  and the
lon  can go  over  ln to  the  ground s ta te .  We
can wr i te  fo r  the  c ross  sec t lon  o f  such a
p r o c e s s ,  l n  a c c o r d  w i t h  [ 5 ]

o -2,3, . : [ - r* i -p)" : l '
"  

[  " o ;  t a  " ]

whe re  l l o  i s  t he  exc l t a t l on  po ten t i a l  o f  t he
lon  l eve l  unde r  cons i -de ra t l on ,  f  i s  t he
osc i l l a to r  s t reng th  f o r  t he  t r ans i t i on  be -

tween  th i s  l - eveL  and  the  g round  s ta te  o f  t he
I  on  .  c  (  t r )  i s  t he  c ross  sec t i on  f o r  t he
+ v r r '  v D h \ w /

photoibni zat ion of the atom, v is the

1) fne  poss ib i l i t y  o f  ob ta in ing  gene ra t i on  o f  t he  he l i um- lo? - l  =  3  *  n  =  2

t rans i t l on  i n  t he  "ug i *u  o f  g row lnE  fon i za t i on  i s  d l scussed  fn  [ 1 ] '

f  sec
F ig .  1 .  T lme  dependence  o f  t he
popu la t i on  o f  t he  He+  1e .Jq1s  n .
=  2  a n a  n  =  3  a t  N "  =  l O r t  c m - '

a n d  T u  =  0 . 3  e V ,  i n  r e l a t i v e

un i t s :  1  -  w i t hou t  a l l - owance
f o r  r e a b s o r P t i o n r  2  - ^ N o . =  0 ,

3  -  N o  : ^ 3  x  1 0 r u  c [ 1 - " ,  4  : , ^
N o  =  l - 0 r t  c m - t ,  5  -  N o  =  l O ' u
c f l - 3 , s o L i d l 1 n e s - n = 2 ,
d a s h e d  -  n  =  3 .
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Fig .  2 .  Ampl t f l ca t ion^coef -
f l c ien t  fo r  the  t64 t  A  t ine
a t  N"  =  1016 cm-3 and No
=  l o r t  " r - ' ;  1  -  T "  =  o . Z

e V , 2 - 0 . 1  e V , 3 - 0 . 4 e V ,
4  -  0 . 6  e V ,  5  -  0 . 8  e V , 6  -

re la t i ve  ve loc i ty  o f  the  co f ' l f i i ne
Part ic les, Ry = 

'meu 
/2fr '  ,  ao ls the

Bohr  rad ius ,  and c  i s  the  speed o f
1 igh t .  Subs t i tu t ing  in to  th is  fo rmula

i'-'ii'"'
I  -  lOre
3 -  l0 le
4  -  t 0 t e
5  -  l0 te
6  -  4 . l 0 t e

F ig .  3 .  A4p l l f i ca t ion  coef f i c ien ts  fo r
the 1641- [  l ine at di f ferent plasma
parameters :

i:T;j I':i.X
, - 1 0 1 6  2 - 0 . 6
3 -  2 . 1 0 1 5  g -  0 . 4
l - 2 . t 0 t 6  { - 0 . 1 t
5 - 5 . 1 0 1 6  5 - 0 . 8
d - 1 0 t 7  6 - t 2

the  va lues  o f  f  [6 ]  and o f  o 'n ( t^ t )  l7 l

cor respond ing  to  the  co l l i s ion  o f  an  1on in  the  s ta te  n  =  2  w i th  an  unexc i ted
atom,  we ob ta ln  o  =  f .3  x  l -0 -1s  cm2.  A t  a  tempera ture  on  thp  order  o f  0 .5  eV
we have <ov> ' \ ,  10- r  cm" , /sec .  Thus ,  i f  the  concent ra t i -on  o f  the  he l ium a toms
in  the  ground s ta te  i s  No )  lO l t  cm-3 ,  the  ra te  o f  dep le t lon  o f  the  ion  leve l
n  =  2  as  a  resu l t  o f  sueh a  process  exceeds the  ra te  o f  rad ie t l ve  decay  (a
= B x l o e s e c - r ) .

Wi th  inc reas ing  pr inc ipa l  quantum number  n ,  the  c ross  sec t ion  o f  th is  p roc-
ess  decreases  as  a  resu l t  o f  the  decrease o f  bo th  the  osc i lLa tor  s t rength  f  and
the  photo lon lza t ion  c ross  sec t ion  op6( r ) .  We can thus  expec t  the  ion iza t ion  o f

heL ium a toms by  co l l i s lon  w i th  exc i ted  he l ium ions  to  fead to  a  p redominant  de-
p le t ion  o f  the  lowest  exc i ted  s ta tes  and to  c rea t i -on  o f  an  inver ted  popu la t ion .

Tak ing  in to  account  the  process  d j .scussed here ,  we so lved the  sys tem o f
equat ions  o f  [3 ]  w i th  an  e lec t ron ic  cogrputer^ fo r  the  fo l low ing  p lasma param-
e t e r s :  e l e c t r o n  d e n s i t y  N "  =  1 0 ' "  -  1 0 "  c m - " ,  d e n s l t y  o f  t h e  a t o m s  i n  t h e

g r o u n d  s t a t e  N o  =  3  x  1 0 1 8  -  1 0 2 0  c i l - 3 ,  a n d  e l e c t r o n  t e m p e r a t u r e  T e  =  0 . 2  -

1 .4  eV.  When choos lng  the  i -n l t ia l  cond i t ions  i t  was  assumed tha t  the  concen-
t ra t ion  o f  the  doub ly lsharged lons  1n  N++ -  0 .01N+ [8 ,  9 ]  and tha t  t l l e  exc l ted
leve ]s  a re  no t  ponu la ted .
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Flgure 1 shows the t l rne var lat ion of  the level  popufat ion of  an He* lon
w i th  p r i nc lpa l  quan tum numbers  n  =  2  and  n  =  I  a t  Ne  = -  f 0 r s  cm-3  and  T "  =  0 .3
eV  fo r  d i f f e ren t  va lues  o f  No .  Popu l4 t i on  i nve rs ion  i s  rea l - i zed  fo r  t hese
leve l - s  a t  an  a tom dens l t y  No  >  3  x  fO t t  cm-3  ( t h i s  dens l t y  depends  on  N"  and
T" l .  F lgu res  2  and  3  show the  t ime  dependencP  o f  t he  amp l i f i ca t i on  coe f f i c i en t
r c " fo r  t he  n  =  3  +  n  =  2  t r ans i t l on  ( f  =  f 641  [ )  a t  d l f f e ren t  va ]ues  o f  t he
p l a s m a  p a r a m e t e r s .  A t  d e n s i t i e s  N "  ^ , 1 0 1 t  -  1 0 t t  c m - 3  a n d  N o  n ,  l 0 l s
4  x  l - 01e  cm-3  and  a t  t empera tu res  T "  t  0 .4  -  1 .2  eV ,  r c  rema ins  f o r  t he  l nd i -

ca ted  l - i ne  a t  t he  n r .en f i i  n : ]  l  r r  nsssepab ]e  l eve l  r  >  l - 0 -2  cm- t  up  to  t he  l ns tan t
; i  i i * ; - t -n ,* is :d-" ; ; : " " i ; ; ' " ' " r i , "  o f  r  ls  determined by the rat io  or  the rate
of  leve I  popu la t ion  dur ing  the  recombina t ion  process  (ma in  dependence on  N"  and
To)  to  the  ra te  o f  the l r  dep le t ion  by  ion iza t ion  ln  co l l l s ions  w i th  the  a toms
( ia in  dependence on  No ) .

The t ime o f  coo l ing  o f  the  e lec t rons  [10 ]  a f te r  a  shor t  ion iza t lon  pu lse
turns  ou t  to  be  smal le r  than the  t ime o f  ex ls tence o f  the  invers ion  ( in  th is
c a s e  T .  =  T o  t l l l ) .  O n  t h e  o t h e r  h a n d ,  t h e  h e a t i n g  o f  t h e  e l e c t r o n s  d u r i n g
t h e  r e C O m b l n a t l o n  n r ^ n a q q - i q  i n a s s o n t i n ' l  s i n n o  O n l y  a  S m a ] 1  f r a C t i _ O n  O f  t h e
; r ;" ; ; ; ;"?"F+7i ' i+5-""""*ui;" ;" ; ; ; i ; ; ' ; ; ;  i r '*J"r"t"rva1 or lnreresr ro us.
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