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The emphasis of the work during the reporting period has been placed upon
the design and optimization of a glow discharge sourc e of metastable atoms
which was subsequently installed in the electron spectrometer system. As

~~~~ a consequence of signal-to-noise problems and long term stability limitations
encountered with the energy loss spectroscopy the experiment has been
modified and a fluorescence diagnostic substituted for the electrostatic elec- /
t ron energy analyzer. Prelimina ry experiments involving electron-ground
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• state atoms have been performed in order to evaluate the sensit ivi ty of the
fluorescence technique. Nume rous experimental  modificat ions have been
performed in o rder  to reduce the princi pal source of noise , namely fluores-
cence emission f rom the discharge source. Currently experiments are
underway to measure the transitions of inte ,~~~z.

e + K r  (5 sj )  -s e ~ Kr ~ * (S pj.

by observations of the fluorescence emission

Kr 4 *  (S pj ’) -. Kr* ( Ss j ) + hv

Born cross  sections have been calculated in the intermediate coupling
r y v r t sentation for the transition a r rays  A r  (4s; J -. 4p; 1’ )  and i:~(~~s; J — ~p: J ’).  A Unitar ized Impace Parameter  Born Theory  has been
employed to stirnate the effects of strong coupling effects which ir e
important  to low energies. Effective Born cros s sections have been com-
puted for a number of transitions of the kind Ar ’~’ (4s -. nc ) and K r -  (5s -.
nfl.
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I. INTRODUCTION

R. c ent  L d v an c e s  in the developn~ent  of high pow r electric d ischarge

la g er s  which possess l a r g e  I r .~r~ i-ma l population s of e x c i te d  spe ies  have

emphas i zed  both the lack of , and n e e d  for  cross sect ion  data desc r ib i ng

ron col lisons wi th  exc~t . d sp ecics  M n d C 1 I ! L ~ ca1cu1a’~ m,~~ 
I )  i n d i c a t .

t hat  accura t e  representations of electron -ex it. d state int . ract ions a re

essential and c rucial in at tempting to optimize the pe r formane . of the la s .-r

and the electrical behavior  of the di scharge .

Unt i l  recentl y data d y - s c  rihin g ele t  t ron co1lision~ with ext  i t ~~d s pe ci . c

was virtuall y absent from the lite rature .  A g rowin g awareness  of the a (u t l

n e e d  f o r  these data f rom a practical stand point has promot .  d :j recent

inc reas e  in the researc h activities in this field. ( 2-6) Howeve r , in Vie w of

the considerable  experimental  difficulties in preparing and manipulatin g

beams of ex c ited species data is slow to accumulat.  and the total amount of

available data for  collisons of this type is somewhat meager.

The role of the AERL Electron Kinet ics  p rogram in the DARPA ONR

sponsored A E R L  visible laser prog ram is to relevant electron k ine t ics  data

necessary  for  modeling and optimizing laser perfo rmance specifically in

1. “KrF  Laser Research , ” AERL 804 , April 1976.

2. Long, D. R. and Geballe , R. , Phys. Rev. 1, 260 (1970).

3. Lake , M. L. and Garscadden , A . ,  28th Gaseous Electronic s Conference
Rolla , Mo. (1975 ) ,  Pape r C-S.

4. Mltyu rwa , A. A. and Penkin , N. P. , Opt . Spectros. ~~ , 229 (1975).

5. Wilson, W. G. and Williams, W. L.,  J. Phys. B2, 423 (1976).

6. Tannen , P. D. ,  “Cumulative Ionization and Excitation of Molecular
Nitrogen Metastables by Electron Impact , ” Dissertation (1973) ,  School
of Eng ineering, Air  Forc e Institute of Technology.
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the u ’ip o rtant  rea s  of the i< rF s •et eup .  the ..~~~t imer  l a se r  r t s e • e  re h p ro gr d in

and the ar ea  of small -se - t l .~ discharge ’ studies.

The p r e sen t  A E R L  Ele.~t ron K ine t i  s I)r~~~r~tm was propo~ t.~i in orde r

to provide  tb  ;l~~t u  ros s - sect ion data , p a r t i c u l ar l y w it h  r .-~~ard to col l i -oon

p r o c e s s e s betwee n e l e c t r on s  and ( . X L  i ted atomic •.ri d inolecuhir Sp(’( ie ~~ .

The p r o g r . t r  cons is t s  of pa rallel and compl e m e n tar y  ex p e r i n e . - n t a l  and

t f l c ( )  ret ic al e f f o  rts . Results  f r o m  these combined p rog r .t i i  ef fo r t s  wil l

y i e l d  reliable absolute c ross - sec t ion  data COVe ring t b  range t i  d e e  t ron

en c  rgies encountered in the electric disch~t r i ~es of inte rest  (~ ;. 2 t~~ 20 .-V .

The r a r e  gas monohalide laser  sys tems which have b e -en  the s u b j e e  t

oi ex tens ive  exper imenta l  and theoretical in vest i i~ations at AERL~
7 ’ ~~

‘

have emerg -d -is ex t remely promising candidates for  satisf y ing cer ta in

goals of the DARPA visible laser prog ram. These studies have i d en t i f i e d

e lec t ron  collision processes  with metastable states of the ra re gas atom

consti tuents  as playing a major role in both discharge stability and in

determining the equilibrium metastable concentration, which th rough

reaction with the halogen molecule leads to excimer fo rmation.

There fo re the goal of the AERL electron kinetics program is to

provide- absolute c ross  section s for  e lectron collision s with the f i r s t  excited

states of the rare  gases argon and krypton , both for  the rnetastable sub -

states and for  the substates which are  optically connected to the groun d

state.

7. Ewing, J. J. and B rau , C. A. , Appl. Ph ys . Lett. ~~ , 350 (1975) .
8. Ewing, J. J. and B rau , C. A. , Phys. Rev. A~~ , 129 ( 197 5) .
9. Mangan o, J. A. and Jacob , J. H. App. Phys. Left. 

~j , 495 ( 1975).
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[‘he approach  w h i ch  has  been ade j o .  is to n o r n e ~t 1i z , e  the relative ’

exp.’ r imi n ta l  d a t t t the t b . -  r i - t e e -al  .elcu latiun s in tb .  i nt e  r z i i e d i a ’ en, ’ rgv

ran ge (ab cv , -  ft.’ ionizat ion L i m i t  I . v h. re stong — c o u p l ing ‘ - I  f . ’  t ~ - e n d  reSOn ant e’

phe r to n e i ’~a should be’ minimal , - end whe re the theo ry should t h e  be th. ’ ii~~~~gt

a c cur a te’ . On. - ’ t he norm e l i ,~.t t ion fa t  t o r  is !et,  r rn i ne d , i t  c e o  be app l ie d

t o tre e dat e ov er  the en t i r e  ene rgy range , includin g ye r ’~ low ene rg~.-s n e a r

the’ cxc : i at i o n  t h re s h o l d  whe r e ’ the t h e o r y  is less r i - l i a b l e . Th~- ( ( , fl ib I fl C(I

exp er  u ent . t l  and  thco r e t i e  a! e f fo rt wil l t h e r e f o re be’ able to provide the

a b s o l u t e  c ro s s  sec t i o n s  w i th  the l i v e - i  of -o ’cu racy needed fo r  l a s e r

o ode ii n ~~.

Examples of the t rans i t ion s of interes t  a re  indi e  ate ’d in tb .  p .. r ’ia l

t ’ner~ y level diagram for k r y p t o n  shown in F igure  1. In t e rms of .1 ,  t ror .ie

s t ra .,t u r e  the f i r s t  excited state ’ of k ryp ton  resembles  the g round state’ of

rubidium . Thus the e lect ron im p t e  t exci tat ion ( ross section fo r  t r a n s i t c ri s

between the f i r s t  two excited states , 58 Sp, in k rypton should b. - analogous

to the alkal i  atom resonance  t ransition which is known to be ex t remel y larg . ’ ,
-14 2of the order  10 cm

This value is o uch l a r g e r  than the va rious cr o s s  s e c t i o n s  involvin iz

g roun d s t a t e ’  exci tat ion processe s. Consequent ly ,  once ’ sign ifican t f r ac t iona l

populations of the 5s excited s tate  are genera ted  in the d i s c h a r i~e then the ’

58 -. Sp excitation process  will bec ome the dominant ene rgy loss process

for  the electron s and attempts to generate  highe r densi t ies  of the 5s state

will lead to less efficient  operation of the laser , and due to the close

proximity of this state to the ionization limit will eventually lead to rapid

stepwise ionization and consequent discharge instability.
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FIgure 1 Pa rtial Energy Level Diagram for the Krypton Atom Indicating
Electron Excitation Processes of Interest between the Ssj and
Spj’ Levels
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The’ expi ’  r i o  t o t a l  appa r atu s  w h i r h  is di’ sc r i b i - c i  in S. t jo n II emp l oys

the c ros sed  beams t .  -hniquc  and war ;  o r i g in . t l l y ‘ ‘i i ,  h i n e d  w i t h  an e l i ’  t ron

spec t r i o r e - t e  r to  pe r f o r n e  ‘ - l i - c  t r  i t  e ’n e ’r e~~’ los s  ana l y s i s  end henc e provide

the re qui  red r elat ive ’  (~x &  i t ,~ t i o n  c ros s s e ’c t i o r e  ~~ . For  r .’.. son s w h i c h  a r.-

fu l ly  d i sc u s s e d  in Sect ion  II  a t h e a  r e sc e n c e  t echni que has been s ub s t i t e t . ’ d

t o r  t h e  n .  t }eod ot i - i  i - c t  ron c-ne r~~v loss  sp e e t  ros e  opy in o re le ’  r to i den t i f y and

r n . -a su r . ’  t } . ’  re lat ive exci ta t ion func t ions  for  the t r a n s i t i o ns of i n ter e st.

so ur’ ce o f r n e t a st ah l e  -t t o o i s  . .rnp l o y i - d  is a low pr’ . ’s s u r .  DC

disc h a r~~,’ tube . The Sour c e has been full y ch - t r a c t o - r i , . e - d  and the  d e s i gn

and ope rat ion  op t i m i z e d  f o r  the production f m e t e s t i b l e  gas t t ~~ r s . U s in ~

it t Aue ,~ue  r one t as tab le  atom de tector  absolute n ie tas tab lo ’  k ryp ton  dcn~~i t i e - s

in t he  r e g ion of the c ross e l e c t r o n  and atomic beam s have been e s t i i e a t”d
7 -3to h. — ‘ 10  cot

Expe rir o-c en t s  a rc  c u r r e n t l y unde  rway us ing  the  fluo res  ert cc ’  te ’chn i -

quc to provide the relative cross  sections for  t ’x itation f rom t he ’  me tas t ab le

s t a t e s  for  ar g o n  and k ry p t o n .

The p r i n c i pal r e su l t s  of the  the , r et ical  ca lcula t i  os o r e :  ( 1 )  the

e lec t r o n  impact  exc i t a t ion  of r n et a s t t h l e  a r g o n  and k r y p t o n  is d o m in a t e - 1  b y

a s ing le t r a n s i t i o n  (4s 4 p f o r  A r  and 5s - _ Sp fo r  K r )  with a l a r g e  c ros s
. 2sec tion -‘-.100 ~r a at the peak)  and ( 2 )  s t rong coup ling e f f e c t s  a r e  dominant

at low energies  for  the ns -. rip t rans i t ion .  In addition , it has  been shown

that  the use of the intermediate  coup ling representa t ion  is r e q u i r e d  to obtain

mean in gful results for  cross  section s between the various substates,

9
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U. E X P E R I M E N T

Du r in e~ the ini t ia l  cont rac tua l  periods an e lectron b o r e  r e nd  ‘l.’ t ron

spec t rore - e e t e r  s y st er i r  was ( l i - s i g n e d  and fab r icated and ins t a ll ed  in .i doubl y

d i f fe ren t ia l l y pumped bak eabie  s ta inless  steel v ,t cuUni  chamber ,  The

assoc ia ted  con t ro l  c i r c u i t r y  was designed and buil t  and in te r fac ed w i t h  the

spec t romete r system .

Du ring subsequent  p rogram periods the pe r fo rmance  of the spec t ro-

:neter  sy s t e m  was inves t iga ted  and various modifications pe r fo rmed as

requ i red . In pa r t icular  since extremely low signals were  anticipated in

the electron - roetastable atom scattering experiment considerable emp ha -

sis was p laced upon reducing the back g roun d noise generated in the system

due to s t r o n g  inelas t ica l l y sca t te red  electrons.

The emp hasis  of the work durin g the present  repo rting pe riod has

been placed upon the design and optimization of a g low d ischarge  sou rce

of rnetastable atoms. This source has been installed in the exper imenta l

system and var ious elect ron scat ter ing experiments h Ave been attempted.

Recognizing that at the present  level of m~ tastable densities available f rom

the glow discharge source the electron spectroscopy techn ique is not cap-

able of providing manageable signal intensities an alte rnative diagnostic

technique was soug ht. As a consequence the experiment has been modified

and a f luorescence diagnostic installed. Prelimina ry experiments involving

electron - g round state atom s have been performed using the technique and

current l y exper iments  are underway to measure  the t ransi t ion of inte rest

_  _ _  

l 1

_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



viz~ o- + K r* ( Ssj ) -
~~ e + K r~’~ (5 pj ’)

by observ ing  f luorescence  from the’ transit ion

Kr ** ( S pj ’)  —~~ K r *  ( 5 sj )  + hi ’

A. APPARATUS

The exper iment  employs the c rossed-beam technique , the concept

of w h i c h  is outlined in Figure 2. A low density collimated beam of the

atomic or  molecular  specie’s of inte rest  is collided at r ight  ang le- s ~e ith an

electron beam of the appropriate energy whose energy spr ead is small

compared with the mean energy. In general , a wide variety of diagnostic

techn iques can be employed to measure the electron scattering cross sec -

tions. The merits of the various methods were discussed at length iii the

original  AERL Electron Kinetics Program Proposal , which concluded that

the electron spectros copy of the inelastically scattered electrons offe red

the broadest application compa red to any other single techn ique. However ,

recognizing that on occasion othe r diagnostic s might be p re fe r r ed  or required

for  certain processes , the apparatus was constructed in such a way as to

permit the addition of these refinements without major modification to the

system.

Calculations which model electric discharges in gases are in sensi-

tive to structure in the various electron excitation cross sections , if it is

narrow compared with the width of the electron energy distribution which

exists in the plasma. The objective of this program , therefore , is to pro-

vide the broad features of the energy dependenc e of the various excitation

cross sections ove r the energy range of interest, —. 0, 2 to 20 eV. Since it

is unnecessary to employ a high resolution electron beam source , a rather

~~~~~~~~~~~ ~~~~~~~~~~
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s imp le- de s i g n  of e ’ l t ’ t r on  gun is adopted w h e r e  the e m p h asi s  is placed upon

i n t e n s i t y  r a t h e r  tha n r e s o l u t i o n  in o r d e r  to g e n e r a t e  reasonable  sca t t e red

elec t ron c-o r  ren ts f rom the ’ met i s t a b l e  scatte rin g species whose  den s i ty  in

the bear-n is an t i c ipated to be r a t h e r  low .

As p rev ious ly exp iained the emphasis of the e x p e r i m ental o spe  t of

t h e -  ~ ra~~r a r ’ee i~’. p lace d upon p rov id in~ rela~ i - .u’ c ‘a - S  s e e  t io:~ f l ;c- - A S L . ” rner it~

-) ‘.‘ t ’ r the  r ange  f r o m  t h r e s h o l d  to — .20 eV. It is e s s e n t i a l  the rel” r e-  t l ; t uv r

t t u s  e ’n e r i ~y r ange  the t r ansmis s ion  and l ocus s in g p r u p e -  r t ies  of t f l c  e ’ l c ’ c t r m

sp ec t r o m e t e r be independent of e n e r g y  in o r d e -r  to e n s u re  cons t an t  re’l~~t i v

a c c u r a c y  of the measur  ‘ment. Thus conside rable effo rt has been d i r e - c te d

t o w a r d s  c a r e f u l design of all the electron optical components of the sys tem

in o rde r to obtain the desired energy independent cha racterist ics.  Cent r - el

to this issue is the electron optical design of the electron gun and the

analy z e r  en t rance  optic s shown in Figu re 2 . The design and const ruct ion

of the electron optical components of the system have been desc r ibed  in

detail in a previou s semi -annual reports .  (10 , 1 1 )  During the p reced in g six -

monthly period of the prog ram conside rable effo rt was d i rec ted  t o w a r d s

reducin g the background signal a rising f rom st rong s c a t t e re d  e lec t rons .

This signal was practically eliminated in the angular  sca t t e r ing  range ’

20° —
~~ 135° by the installation of the device shown in Figu re 3. The’ back-

g round signal arose from collisons between the p r imary  e -beam and va r ious

10. Investigation of Electron Impact Processes Relevant to Visible Lase- r s .
Boness , M. J. and Hyman , H. A. AERL Semi-Annual Report  March -Aug.
1976.

11. Investigation of Electron Impact Processes  Relevant to Visible Lasers.
Boness , M. J. and Hyman , H. A, AERL Semi-Annual  Repo rt Sept 1976 -

F~’b- 1977.
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s u r f a c e s  af t e r  the beam had t r ave r sed the (-olli son region.  Sin e the p r i  -

r r e t r y  h e - a m  i n t e n s i t y  was I ~iA and the objective was to r educ e  the s t ron g

s c a t t e red  back g round to ic 88 than I cps on attenuation of t h i r t e e n  o r d e r s  of

magni t ude was n e c e s s a r y!  The beam collector  shown in F i g u r e  3 s u c ce s s  -

ful l y accomplished th is  goal within the prev ious l y de f ined  sc a t t e r ing  ran ge~.

Bel-i w 20~ the p r imary  beam physically encountered various components of

the anal y z e r  en t r ance -  optics and eff icient  beam collection was not possible.

Thus the angular  sca t te r ing range below Z0~ was n ot accessible t )

investigation .

B. METASTABLE SOURCE

Originally both g low discharge and charge t ransfe r sou rces were  pro-

posed as techniques which might offer  viable schemes for  the production

re f beams of metastable rare gases possessing useful  intensity.

The principle of the charge t ransfe r process leading to excited state

format ion is indicated in Figure 4 and the antici pated exper imental  arrange-

mnent is shown in Figu re 5.

Charge exchange cross section s for collisions between rare gas ions

and alkal i metals are known to exhibit extremely large c ross  sections.  ( 1 2 )

Since the alkali metal ionization potential is near resonant with the ioniza-

tion potential of the corresponding metastable rare gas then it is to be

expected , and has in fact been confirrned~ 
13) that these charge exchange

collisions are likely to produc e copiou s amounts of metastable states of the

rare gas.

12. Peterson, J. R. and Lorentz , D. C. Phys. Rev. ,j,~~~, 
152 (1969).

13. Neyn aber , R. H. and Magnuson , G. D . ,  J. Chem. Phys. ~~~, 5239 (1976) .
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Figure  4 Charge  Exchange Leading to Excited State Formation
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Figure  5 Schematic of the Charge Exchange A pparatus for Metastable
Rare Gas Production

18

~~~M~~
— :i 

- - 
~~~~~~
‘-‘-‘



Both the c h , t r g e -  t r e n s f e  r and glow disc ha m e ’ -  t e c h n i q ues  we re p u r s u e d

ini t ial ly,  however , the r elative technica l  s imp lic i ty  of the glow d i s c  ha r~~e

te ’ -hni qu e - has led to fa s t e r  development of this s o u r ce  t o  the ex ten t  that  an

optimized design has  been installed in the system in o rde r  to a t tempt  c - l e e . -

t ron scat ter in g experiments.

Glow D i s c h a r g e  Source

The princi ple of the glow discharge source is to simp ly c reate a low

p r e s s u r e  stable DC d i scharge  and to allow the d i scharge  products to effuse

f r o m  a small aper tu re  located at the end of the discharge tube. The dig -

charge  tube is located in a separately pumped chamber having a pumping

speed of 55Ø 0 c /sec . This chamber communicates with the spectromete r

chamber via a 0. 050” diamete r orifice. Variou s ape rtu res can be placed

between the discharge tube orifice and the 0. 050” orifice separating the two

cha mbers. Bias potentials can be applied to these apertures in o rde r to

reject charged particles and to quench high lying, long lived R ydberg  states

in the beam. Thus in pr inciple it is possible to extract  a quas i  - atomic

beam throug h the 0. 050” ape rture which contains only ground state atoms

and the requi red  metastable atoms,

One of the earl y designs of discharge tube is il lustrated in Figure 6.

The par t icular  sourc e shown was a modified He - Ne d i s c h a r g e  laser  tube.

The ori ginal tube was te rminated close to the inner  capil lary section and

sealed with a glass plate c a r ry ing a 0. 020” diam hole.

The per formance  of the various sources was assessed  by placing an

Auger  detector 10 cm downstream of the source. The main components

of the detecto r and the operatin g c i rcui t  are shown in Fi gure 7.

19
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The d - t ecto r  operates on the Auge r prin ipic , namely  that  r ’ i t - t a  -

stable a toms possess ing excitation energy in excess of the  work  f u n c t i o n

u f  a metal  s u r f a c e  may liberate electrons rom that metal su r face  upon

impact  with it . Usually a highly t ransparent  gr id  is placed above the roe ta l

s u r f a c e  and biased positively with respect  to the surface  so that the ejec ted

elect rons  a re  completel y removed. LI the secondary emission coeif ic ient

lo r  the pa r t icu lar  meatastable and the par t icular  surface are known then by

measur ing  the c u r r e n t  leaving the surface the n.ctastablc fl-re :’~ . a;; be

estimated. The guard plates ensure high electrical insulation since sm-i l l

cur ren ts  are norm ally encountered, the deflector plates are  to remove any

remaining charged pa rticles from the beam.

Energet ic  photons may also liberate electrons f rom the surface of

the Auger  detecto r and the refore  once charged particles have been remove d

from the beam it is essential to discriminate between the photon and m eta -

stable components of the beam both of which contribute to the measured

Auger  current .  The technique adopted for  this purpose is due to Stebbin~ s~ 
14)

and is ba8ed upon the difference in absorption length of the photon and

metastable components of the beam when a background gas is introduced

between the sou rce and detector. Much of Stebbings reported data dese~ ribed

the absorption of metastable helium atoms and photons produced in a low

pressure  helium discharge by argon gas contained in a gas cell between the

source and detector. Therefore for comparative purposes the perfo rmanc e

of the va rious discharge tubes was usually determined initially by operating

with a helium discharge and performing attenuation measurements of the

14. Stebbings , R. F. , Proc. Roy. Soc. 
~~j ~J 270 (1957).
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i th  a i C t i l U f l i  ( l i s t  ha r c~e -  .t nd p e r f o  ‘ r i U r e g  . i t t c ’ n u . t t  ion m e t - - ,  r . ’r i - n t ’, .f t he

p h - e t o n /  ~~ e - t , t ~~t , l j l t -  h e - e m  i t  th e ’  Au~~ ’ r ~I t c t t ’e  r ‘t s  .t f u f l e t i o n  ‘ i t  . t r e4 ’ ) f l

b~ k g r ou n d  gas p r e s s u r e ,  w h i c h  could be. - s c - p t  r a t e - l y and u n i f o r r i e l y i n t r ’ ’ I ’~ i d

1flt 1 the  path of the  beam via an a u xi l l i a  ry gaS in let  in the  s lu ’r t r o r n e t  r

e. h a i i e b t ’r . N t su r p r i c i n g l y the d isc h. t  r i ’ e -  sou rc e i l l u s t r a t e d in 1 - i g u  ri  I

p ’) s se .- Ss c ’ d  an e . ’x t r c n n - l v  l a i g e  photn~ to n l e t . t s t . t } ) 1 ( -  r , t i , S c)  muc h s

e X t  t e n t a su  r e t-ne n t  of t he  m e t a s ta ble  c o mp o n e n t  w . t s  e x t r e m ely  d i f f i c u l t .

The e f f i c i e n t  photon p roduc t ion  was probabl y du e. - to .t c om h i n , t t  ion of clj s -

cha r c e ’  l cn e .~th and the cap i l la ry  Se e.  t ion  whi  h .~~ t e d  is a v e ry  e f f i  ie~n t  l i .~) t

p ipe.

A va r i e ty of d i s ch a r g e  sour e . s  wer e . ’  in v e s t i g . t t ’’ l and the  f i n a l  ( I C - s i g n

adopted is shown in F i g u r e  ~~~. The sou r e cons i st s  of a sho rt d i s c h a e e .~,-

tube  app roximat ely two inches long which is c losed  at one end b y a glass

plate ~t r r y i n g  a 0. 020” diam hole . The discha rge anode. ’ was  placed b ey on d

the end of the 0. 020 ape r a tu re  so that  the d i scha rge  was c o n s t r i c t e d  by tb-

0. 020” apera tu re p r i o r  to r each ing  the anode . This  co n s t r i  tion was foun d

to be key f e a t u r e  fo r  op t imiz ing  metas table  p r o d u c t i o n .  M a i n t a i n i n g  a shor t

d i s c h a r g e  length was found to reduce  the photon component.

In itially spu t te r ing f r o m  the cathode was found to sever e l y I i I l ) i t t lu-

ope ratin g l i fe t ime of the d ischarge  tube. By us ing  hig h pur i ty  n i c ke l  fo r  the

cathode m a t e r i a l  combined with the  mount ing a r r a ng e m e n t  shown in F igure  M

t h i s  problem was eventual ly el iminated . The impor tan t  f e a t u r e  of t h e  c a t l i -d e

de s i gn was to avoid hot spots by ca re fu l l y sh ie ld ing  ed ges of the  c a t h o d e  and

by e n s u r i n g  that  the d i s c h a r g e  un i fo rmly cove r s  th e i n t e r i o r  su r f ace of th e

cathode .

A t ypical  p lot of cu r r en t  measured  at the Auger  de tec tor  vs back-

ground p r e s s u r e  is shown in Fi gure 9. This p lot is for a he l ium d i s cha rge

us ing  a rgon  as the back ground gas.  Two regimes a re  c lea r l y d i s c e r n i b l e
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j
on the. ’ plot , an ear ly rap id l y a t tenuated  component  followed by a much

l a r g e r  t a i l .  The  more  slowly deca y ing co mponent  is asc r ibed  to the ahsorp-

t i o n  of ph o t o n s  in  th e ’ beam which a r e  removed by photoionizat ion of the

- t  r~~on ha k g ro~m n d ~~.t s. Since the absorpt ion length is known ( 1 0  cm )

. t ;~ ( 1 the ’  g e s  p r e s s u r e  is measur ed , the cross  section for  this process  can

be d e t e r r ~ , in e d  f rom the  slope of the line at hi gher  p r e s s u r e s .  The value

obta ined  v i ,  a 4 x l 0 ”
~

’
~ cm 2 is in excellent agreement  with the va lue

obta ined  by ~‘~t e b b in g s  and a lso by other  w o r k e r s  for the photoionization of

a r g o n  by h e l ium resonanc e photons .  The photon component can be obtained

by extrapo’at i n g  the long tail of the Auger cu r ren t  to zero pressure .  If the

photon component is subtracted f rom the total Auger  cu r ren t  and the natural

log of the residual c u r r e n t  again plotted against  background p r e s su re , the

cross  section for  the low p ressure  process , ascribed to the attenuation of

the meta stable component can be deduced. Such a plot is shown in F igure  10 ,

the c r o s s  section obtained from the slope of the plot is

-15 2
~~ = 5 x 1 0  cm

This value is approximately a factor of five lower tha n the value obtained

by Stebbings .  This is of some concern but could be explained by the poor

angula r def ini t ion employed in thi s attenuation expe riment . Because of the

large angular acceptance of the Auger  detector small ang le scattering

events still contribute to the beam and hence the decay of the Auger  cu r r en t

occurs more slowly than if these event s were included , resulting in a low

value for the measured cross section.

These measurements were performed as a function of discharge

cur ren t  and discharge pressure  in order to optimize the metastable

26
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component  f the beam. M etas tab le  product ion was found to i n c r e a s e  as a

f u n c t i o n  of d i s c h a r g e  c u r r e n t . However , t he rma l  loading con s i d e r a b ly

shor tened  the l i fe  of the cathode beyond 40 mA and the tub e was  op era ted

typical ly around 30 mA.  The p r e s su re  in the d i s c h a r g e  tub e  was not

measured  d i re c t l y ,  however , the absolute value was not impor tan t  f o r  these ’

m( -a s u r ’-n ; t ’n t s . R a t h e r , the  back ground  p r e s s u r e  in the s p ec t r o m e t e r  v.-as

F1e. ’aSU re . ’o -tnd  the gas flow th roug h the d i s c h a r g e  tube va r i ed .  Depend ing  on

t , c  p . i r t l  ular gas employed the me tastable  produc t ion r eached  a r a t h e r  f la t

maximum when the background pressure was in the vicinity of 2-3 x io 6

torr. The higher pressure limit is probably due to the scattering of the

mc’tastable atoms out of the beam close to the exit of the d i scha rge  tube

where the re sidua l pressure is still relatively high , ~ l0~~ torr. Calcula-

tions indicate that a back ground pressure  of 2 x lo
_6 

torr in the spectro-

meter chamber corresponded to a pressure of —~ 0. 1 - 1. 0 torr in the

discharge tube,

Similar experiments  were performed using argon in the d i scha rge

and a variety of background gases and the ope ration of the source optimized

as described above.

C . ELECTRON SPECTROSCOPY E X P E R I M E N T S

Operat ing the glow discharge  with argon , experiments were  per-

formed according to the original conception of the measurement .  Ove r the

angular range accessible to the expe riment and at a variety of incident

electron energies rio measurable eL”ctron-ieietastable scat ter ing energy

lose signals in the vic inity of 1.6 eV were detected . Signal averag ing

practices were routinely employed , the averaging interval being determined

by the various factors governing th. lo.~ term stability of the experiment . a

28



Assuming ;c cross section for the electron-metastabli’ scattering

c r o s s  sec t ion  of 10
_ I ‘I cm ~ and assuming that the angula r distribut ion is

i s o t r op i c , the  c a l c u l a t i o n s  i nd i ca t e  that a s s u m i ng  a metas tahie  densi t y of

10 ’ cn i ” ~ t h e n  the  e l ec t ron  s ca t t e r i ng  signal f r o m  the metastable a rgon

, t t c c m o s  should I c e ’  on the  o rde r  5 cps .  The exper imenta l  si g n a l - t o - n o i s e

r . . i t )  c ombined  w i t h  the si gnal  a v e r a g i n g  in terva ls  available as de t e rmined

b y s t a b i l i t y  c o n s i d e r a t i o n s  should have permit ted such a s ignal  to be

h t i ’ e .  t , ’~l . Sin.  e i t  was  not , one possible exp lanat ion for  this resul t  might

h i -  the  a s sumpt ion  pe r taining to the isotropic nature  of the angula r d i s t r ibu t ion

w h i c h  was invoked in order  to perform the scat ter ing calculation.

The t r a n s i t i o n

Ar  (4 sj)  + e -~ A r  (4 pj ’ ) + e

is of course  a s t rongly  allowed optical t ransi t ion.  It is well known that  at

e l e c t r o n  e n e r g i e s  angula r d is t r ibut ions  for  the scat tered e lect rons  a re

s t rong ly peaked in the f o r w a r d  d i rec t ion .  At low energ ies  gene ra l i za t ions

a re  more di f f icu l t  and several factors  such as resonance phenomena and

t h e  li m ited nu mb er of part ia l wave contr ibut ions to the s ca t t e r i ng  amp litud e

com p li ca te  the  i~ sue t r e m e n do u s l y.  Thus  the non- i so t ropic behav io r  of the

a n g u l a r  d i s t ri b u t i o n  could be a valid exp lanation for  the  absence  of the

s c a t t e r e d  e l ec t r o n  signa l over  the angula r rang e a c c e s s i b l e  to the  expe r imen t ,

- - 

- -- - 
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D. THE FLUORESCENCE TECHNIQU E

Due to the problems encounte  red with the technique of energy  loss

spectroscopy the possibi l i ty  of a f luorescenc e measurement  was considered

as a method of observing the process of in te res t ,

e -f Ar : ~~~~ - Ar** (4 pj ’)  + e

via the f l u o r e s c e n c e

Ar ** (4pj ’)  -~~ Ar~ ( 4s j)  + hy

A comparison of the relative sensitivities of the f luorescence

technique and the method of energy  loss spectroscopy involves many fac tors .

The near  isotropic nature of the f luorescenc e emission togethe r with the

possibility of employing large f number extraction optics strongly favors the

fluorescence technique. Howeve r , detector sensitivity, intr insic  noise , and

spectrometer  t ransmission efficiency favor the ene rgy loss spectroscopy.

After considering each of these factors it appeared that the f luorescence

technique might provide a better opportunity to pe rform this particular

measureme nt.

An additional be nefit accrued from adopting the fluorescence techni-

que was the possibility to increase the incident electron beam intensi ty  by

using larger aper tures  in the diode stage of the gun. This improvement was

not possible when employ ing the electron spectrometer sinc e the corres-

ponding increase in the angular divergence and space charge spreading of

the electron beam generated more problems than benefits.

Once the decision was taken to adopt the fluorescence technique the

experiment was modified according ly. A schematic of the fluorescence

diagnostic arrangement is shown in Figure 11. Rather than employ an
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optica l ex t ract ion  system comprised  of lenses which requi res  ca re fu l

a l i gnment  a li g ht  pi pe system was emp loyed as shown,  The lig ht pi pe w a s

3/8~ d i a m e ter  quar tz  and subtended approximately an f i  ratio at the colli-

sion reg ion. The lig ht pipe was sealed throu gh the wall of the vacuum

hamber using a viton 0 - r i ng  seal. A stainless steel bellow s a r r a n g e men t

was employed for  a l ignment  purposes.  The end of the lig ht pi pe was

focussed onto the en t rance  slit of a 1/4-meter J a r r e l- A s h  monochromator

us ing  a cy l indr ica l  lens.  A blocking filte r whic h defined the spectral  region

of i n t e r e s t  was interposed between the cylindrical lens and the ent rance  slit

of the monochr omator .  The monochromator was equipped with a 590 lines/

rre.rn grat ing blazed at 750 nm. The exit slit of the monochromator was

coupled into an RCA model C3l034  photomultiplier using another lens.  The

cha racter is t ics  of the photomulti p lier  a re  shown in Fi gures  12(a ) and (b) .

The character is t ics  shown are  actually for the improved 1J~~
1 variant  of this

model the differenc e being a factor  of two lower quantum eff iciency for the

C3 1034 model. In order to reduce the dark count the tube was housed in a

ref r i gerated housing and coole i to -20 °C. At this tempe rature  a dark count

rate of approximately 20 cps was obtained . The re f r ige ra ted  housing con-

tained a built- in pulse preamplifier the outpu t of which was taken to the

standard Canberra Industr ie s  pulse counting equipment previously desc ribed .

E . FLUORESCENCE EXPERIMENTS

The experimental arrangement finall y employed for the fluorescence

measurements is shown in Figure 13.

As with the energy loss spectroscopy considerable  problems were

encountered with back ground noise signals originating in the experiment
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it  se  ii. i h t ’ ; h -  t b i  ~ g row id gen e  ra ted  b y the  di scha rgt ’ eve n a  pp( ’d -x a ’  t 1 y

the  f loe  St c 1 . ( c ~~i i~na1s of i n t e r e s t  and ~ ‘a S t - x t  r ernel”  ( l i f f i c u l t  to  cop e ’ w i t h .

s ig I~~~ ( I v~ a i- - du  ~-d :i S much as pos sible’ by i n t r o d u c i n g  a c orn plct e  s h ie l d

~t r o u n d  t h  - c o l l is i o n  r e g i o n  as shown and  by co l lec t ing  the  m a jo r  componen t

th e  h ’ t n f l ux  j in~ i d e  the Wo o d s ’ I lo rn  which  was  open at  the srna 11 end

n o r d e r 0 vi  - nt  t he  b ox .

I h~~ nn s  t n  t t t ’d f r o m  the f i lam ent which  t r ave l l ed  co l l i nea r ly t h r o u g h

the  c o l l i s i o n  r e g i o n  wi th  the ’  e lec t ron  beam and then  sca t t ered  off var ious

s u r f , t  -s  i n t o  t h e  co l lec t i o n  optics w e r e  ano ther  problem. This was reduced

c o n s i d e r ab l y b y 1)rov idi ng the venet ian  blind sty le e lec t ron  collector which

1)0th r o ) n l t o r ( - d  the ’  p r imary  e lec t ron beam and pr ovided a dum p for  the

o n t in u u y n  ‘-n i ssion f rom the filame nt .

In i t i a l ly e x per i m e n t s  w e r e  p e r f o r m e d  to m e a s u re  the Ar  (4 pj ’ )

A r  ( 4 s f ’ )  f luorescenc e by exciting the 4pj’ levels directly by electron colli-

sions wi th  ground  state A r  atoms.  This served to verily the p e r f o r m a n c e

of the sys t em and also to provide a convenient method of exactl y ca l ibra t ing

the rnonochron-iator reading for  the wavelengths of in te rest .  Natural l y the

disc h a r g e  was unnecessary  for these experiment s the prima ry electron

beam was si mply c rossed  with a beam of ground state a rgon  atoms.

Fluorescenc e spectra for  the t rans i t ions  of in te res t  in a rgon  and krypton

obta ined at an incident  electron energy  of approximately 2 0 eV a re  sh own

in F igu re s  14 and 15 respectively.

Exper iments  are now in p rogress  to measure  the 4 pj 1 — 4sj ’

f luo rescence  emission exc ited by electron collisions with metastable argon

atoms.

It
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Figure 14 F luorescence  Spectrum for the Argon Ar  (4 pj ’)  -, A r  (4s j )
Transit ions Obtained at an Electron Energy of 20 eV
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One l i n i i t a t i on  imposed by the f lu o re sc e i n  c - n i e a su r e i n i nt and not

sha red  by t h e e n e r g y  lo s s  s pec t re s c o p y  t e t  h n i q u e  is the range f i - I ’ -  • ron

ene rg ies  avai lable  f o r  t he  m - . tsuren e - n t .  The th re sho ld  for  process

c -f A r  ( 4 s i )  e + Ar- - (4p~’)

occu r s  at  app rox ima te l y 1. 6 e \ .  The threshold  for t h e  g rou n d  state proc eSs

c + A r Ar ’ -

w i t i ,  consequent  ( ‘mission of s imi l a r  f l uo re scence

A r *  (4 p j ’)  Ar : ( r sj )  + hti

o c c u r s  at app r oximat ely 13 cv. Since the ground state a toms are  fa r  m o r e

numerou s than metastahie  atoms then even taking into accoun t  the favorable

exci ta t ion c ross  sect ion ratio the f luorescence emission orig ina t ing  t r om

direc t  ground state excitation to the 4p level will completely overwhelm the

em ission obtained by electron impact with the rneta stable atoms.  There fo re

depending on the p r i m a r y  e lec tron  ene rgy  d is t r ibut ion , m e a s u re ’r n en t s  f o r  th e ’

process

e + Ar~ (4 sj )  —. e + Ar :~: (4 pj’ )

will be confined to the reg ion f rom the threshold for the direct  ground state

exc itation threshold  to the 4pj ’ levels , 13 eV.

_________ - - -



111.  I i  I I-~( ) j ( Y

- . (Ib) -I n  the  p revious  Semi — A n n u a l  Repo rt  vi’ I i c  ‘. c - f~ iv en  the  i or r n u l a s

r eq u i r e d  fo r  c a l c u l a t i ng  the i -r o s s  s ec t i o n s , t o c c - t [ , - r  w i t b  ~i e  t ’t i ~e ’nv t 1cies

s ca l ing  p a r a m e t e r s)  ‘ f  the  r a d i a l  S ch r o d i r i g e -  r - 
- 

. i t  ii. The c o r r e sp o n d —

i ng  ei g e n f un c t i o n s  have I)( ’( ’ fl 1t se(l  to conipu t t ’  ‘l i e  c r s -  s e c t i o n s , and  t h e ’

results wil 1 be given in  th is  sec t ion .

In  Fi g u r e s  16 and 17 a re  shown the r e l i - v a nt  e n e r e y  l e v e l s  of e x c i ted

a r g o n  and k ryp ton . In i n t e rmed ia t e  coupling wh ich  is the a p p r o p r i a t e

re presenta t ion  for the exci ted ra re  gases , on l y the tot il a n g u l a r  rnomentuni ,

J and  par i ty  of the state ar e  good quantum numbers .  To the left  of the two

fi gu re s  a re  the levels of the two most impor tan t  conf i gura t ions , A r  (4s , 4 p)

and K r~ (5 s , 5p ) ,  label led by the i r  total J -values  ( the  cornn -ionl y -u s c d

Paschc ’n notat ion~~
6
~ has also been inc luded) .  The J = 2 ( 1s 5 ) and .1 = 0

( I s a ) levels a r e  nietastable , while the J = ~ (ls~~, 154
) levels can  radia-

tive ly ( i ( ’( - ay to the ground state . However , under  typ ical laser  opera t ing

con di t io n s , the two J = 1 s tates are opticall y t rapped and t he r e fo r e  effec-

tively long- l ived.  Elec t ron  impact excitation of the J 1 levels is t h e r e f o re

also of impor tance .  To the rig ht in each f igu re  we have indicated the

s tat i s t ica l l y -ave raged  ene rgy  level of each configurat ion , deno t ed by the

orbital (n C ) of the active electron (the core confi gura t ions  are  given at the

bottom).

15. Boness , M . J . W .  and Hyman , H . A . , Investigation of Electron Impact
Processes  Relevant to Visible Lasers , Semi-Annual Report , Sept . 1,
1976 to Feb. 28, 1977.

I 6 .  Moore , C E . , Atomic Energy  Levels, Vol s. I and II, Circular of the
Nationa l Bureau of Standards 467 , U.S. Dept. of Conirnerce, Washing-
ton , D.C.  (1949).
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1~orn c ross sect ions  have been calculated in ~he in termediate  coup-

l ing  repr e senta t ion  for  the t rans i t ion  a r r a y s  Ar~ (4s ;  J -. 4 p; J ’ )  and  K r - ~

( 5 s ;  J p ; 3 ’) ,  and the resu l t s  are summarized in Table 1 - 4 .  The initial-

m d  f i na l - s t a t e  notat ion re fe rs  to the ene rgy  levels to the left  of F igures  16

and 17.  Table 1 l i s t s  the c r o s s  ~oct ion s , at several  e lec t ron  impact  ener-

g i e s  of i n t e r e s t , fo r  excitation of the argon metastable states ( i s 5 a nd i s  3
)

to all levels of the 4p confi guration , while Table 2 gives the cross sect ions

f ro n  the ar ~~on optically - t r apped  state s ( i s 4 and i S
z

) to all of the- 4e sta~ es .

lable s 3 and 4 list the corresponding results for krypton. The final state s

marked with an asterisk indicate those transitions which are completel y

forbidden in jK-co upling ,~~~
7
~ which is the best of the pure coup ling scheme s

for excited a rgon  and krypton. Clearly ,  not all of the cross sect ions for

these “forbidden ’ t ransi t ions  are small , and this points out the need for

using the prope r coupling representat ion to obtain meaningful resul ts .

Effective or average Born cross sectionsr defined as the sum over

final J -s ta tes  and average ove r initial J-states (see Ref .  1 5 ) )  have been

computed for the transitions Ar -:- (4s -. nf ) and Kr~ (5s —. nf ) ,  with the

notation referring to the energy level scale to the rig ht of Fi gures 18 and 1 ) .

It is clear that the Ar~: (4s -
~~ 
4p) and Kr* (5s —. 5p) t rans i t ions  are  dominant .

For these cases , the Born approximation is expected to considerably over-

estimate the cross section at low energ ies due to the very long- range  nature

of the dipole coupling potential. We have therefore  used a method due to
(18) . . . .Seaton , which is essentially a Unitar ized Impact Parameter  Born ( U I P B )

17. Cowan, R. D. and Andrew , K . L . , 3. Opt. Soc . Amer.  55 , 502 (T ~~~S~.

18. Seaton , M .J . ,  Proc . Phys. Soc . 79 , 1105 (1962).
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‘I A I U , E  I .  ARGON CROSS Sl- ;CTIONS

( : r os s  S ’ e  t ion  (ir a
I n i t i a l  I”inai - ______________________________

Sta t e  State  E. = ~ eV E. = 1 0 e’V E . = 15 ( ‘V
____  

1 1

1s~ 2 1)1 0 2 .9 9 ( I ) ~ 2 . 0 3 ( 1 )  i . 5 t d l )

8 . 7 6 ( 1 )  6 . l 6 ( H  4 . 7 8 ( 1 )

1 . 6 9 ( 1 )  1 . 2 0 ( 1 )  9 .2 9

2P7 4 , 80  3 .4 ~ ~ .68

2 P6 3. 6 3 ( 1 )  2 . 6 0 ( 1)  2 . 0 4 ( 1)

8. i 8 ( - I )  6 . 0 l ( - l )  4 . 7 4 ( - l )

5 . 7 0 4 . 2 1  3. 32

Z
~~

:c 5. 02 3 . 7 2  2 .94

15 3 Z p l O~
:: 1 . 3 0 ( 1 )  8 . 5 3  6 .47

2p7 : 2 . 24(1)  1 . 5 4 ( 1 )  3 ( 1

Z }~4 9 . 8 2 ( 1 )  6 .9 5 ( 1 )  5 . 4 0 ( 1 )

2 P2 5. 32(1 )  3 . 8 0 ( 1 )  2 . 9 7 ( 1 )

Forbidden in j K - c o u p ling.

The number  in parentheses  indicate s the power of ten by which each

t 

ent ry  should be multiplied.

I

j~- .
- - 
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TABLE 2. ARGON CRO SS SECTIONS

2
Cross Section (ir  a

0
Ini t ia l  Final
State Stage E. = 5 eV E. 10 eV E. = 15 eV

1 1 1

184 2P 10 1 . 6 8( l ) t 1 . 1 3 ( 1 )  8 . 6 1

2P8 7. 30(1) 5 . 0 8 ( 1 )  3 . 9 2 ( 1 )

Z~ 7 4. 54(1) 3 . 1 9 ( 1 )  2 .48 (1 )

2P6 1. 35(1) 9.52 7.40

1 .9 1 ( 1 )  1.3 8 ( 1 )  1 .0 8 ( 1)

2~ 4~ 4 . 5 6 ( - l )  3 . 2 9 ( — 1 )  2 . 5 8 ( - 1 )

2p3* 1 .83(1)  1 .3 2 ( 1 )  1 .04 (1 )

2 pz~ 
2 . 1 5  1.57 1 . 2 3

1.04( -2 )  7 . 8 9 ( - 3 )  6 .2 8 ( - 3 )

15 2 2~~~~ - 1.26 8 . l 5 ( - 1 )  6 . 14 ( - 1 )

2P8 6 .73  4 .49  3 .42

‘P7 2.02 1.36 1.04

2P6* 2.94(1) 1.99(1) 1. 53(1)

2p5* 1.49( -2 )  1. 0 3 i - 2 )  7. 9 5 ( — 3 )

2p4 2 .85( 1)  1 .97 (1 )  1 . 5 2 ( 1 )

7 . 5 9 ( 1 )  5 . 28 ( 1 )  4 . 0 8 ( 1)

2 3. 36(1) 2.35(1) 1.82(1)

2pi 1 .91(1)  1.38(1)  1 .0 8( 1)

Forbidden in jK-coup ling.

The number in parentheses indicates the power of ten by which each entry
should be multiplied. ~~

. 
-
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TABLE 3. KRYPTON CROSS SECTIONS

- - 
Cr oss Sec tion ( i r  a 2 )

I n i t ial  1- ina l
State State E. = 5 eV E. = 10 eV E. = 15 eV

1 1 1.

I s  3. 56(1 ) t 2 .4 6 ( 1 )  1 .90 (1 )

8 . 8 3 ( 1 )  6 . 2 7 ( 1 ) 3 .89 ( 1)

1 .8 7 ( 1 )  1 .3 2 ( 1)  1 . 0 4 ( 1 )

~p7 4. 37 3 .16  2 . 4 8

“P6 4. 08(1)  2 . 9 6 ( 1)  2 . 3 3 ( 1)

6 . 5 8 ( - 1 )  5 .58 ( — 1 )  4 . 6 0 ( — 1 )

6 . 35 ( - 1 )  5 . 3 9 ( — 1 )  4 . 4 5 ( - 1)

I s 3 2p 1(j~ 
4 .19 2 .57  1 .90

1.06 6 .7 3 ( - l )  5 . 0 4 ( - l )

2P4 9 .3 0 ( 1 )  6 . 6 2 ( 1 )  5 . 1 7 ( 1 )

2p3 8 . 92 ( 1 )  6 . 4 0 ( 1 )  5 . 0 1 ( 1 )

“ Forbidden in jK-coupl ing .

The number in parentheses indicate s the power of ten by which each en t ry
should be multiplied.

1:
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TABLE 4. KRYPTON CROSS SECTIONS

C ross Sec .- t i on  ( i r  a )
I n i t i a l  Fi n al -—

~~~~~~~~~~ 
—

State State E. = 5 eV E. = 10 ( ‘V 1- i .  I~ -\

_ _  _ _  
1 1

1 8
4 

2p 10 
1 .0 0 ( 1)  6 . 7 5

2P8 7 . 9 9 ( 1)  5 .5 4 ( 1 )  4 . 2 8 ( 1 )

Z~ 7 5 . 6 1 ( 1 )  3 . 9 6 ( 1 )  3 . 0 8 ( 1 )

2 P6 3 .0 1 ( 1)  2 . 1 3 ( 1 )  1 . 66 ( 1 )

2p7 1.94 (1 )  1 . 4 1( 1 )  i . l t ( l )

2P4 1. 30( -2) 1 . 0 6( -2 )  ~ . 6 0 ( - 3 )

6 . 89( -2 )  5 . 6 5 ( - Z )  4 . 6 1 ( - 2 )

1.30 1.06 8 . 7 ( ~~- l )

1. 09 ( -2 )  9 . 2 2 ( - 3 )  7 . 6 0 ( - 3 )

is 2 2 p~ tj 1 .15 6 . 9 7 ( — l )  5. 11 — 1 )

2P8’
~ 

1.09 6 . 7 8 ( - 1)  5 . 0 2 ( - l )

2 P7 6. 8 9 ( - l )  4 . 3 2 ( — 1)  3 . 2 2 ( - l )

3 .15 1.98 1.48

2 . 6 5 ( - 2 )  l . 7 0 ( -2 )  l . 2 8 ( - 2 )

2P4 3 .36 (1 )  2 . 3 5 ( 1 )  1 . 8 2 ( 1 )

2P3 3 .10(1 )  2 . 1 8 ( 1 )  1. 7 0 ( 1 )

2P2 1 .05(2)  7 . 3 9 ( 1 )  5 . 7 5 ( 1 )

1.97(1) 1.43(1) 1.12 (1)

*Forbidden in jK-coupling .

The number in parentheses indicate s the power of ten by which each entry
should be multiplied.

1:
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t h e o r y ,  to es t imate  the e f f ec t s  of s t rong coup l ing .  The U I I  ‘1’. r e s u l t s  a r e

s h o w n  as the dashed  c u r ves  in Fi g u r e s  18 and 1 ~~~. It is  obvious tha t  t hey

-v m a t e  c on s i d e r a b ly I ron i  the  13o rn ap p r ox i m a t i o n , 1)0th in  m a g n i t u de  -i nd

sha pe .

To Su m m a r i z e , the pr inc ipa l resu l t s  of the p resen t  i nves t i gation

arc :  ( 1)  the e lec t ron  impact excitation of metastable a rgon  and krypton is

( l o n h i n a t e d  by a sing le t r a n s i t i o n  (4s -. 4p for  Ar  and 5s —
~ 5p f o r  K r )  with a

l a r g e -  c r o s s  sec t ion  (— ‘ l O O ~r a 2 at the peak); and ( 2 )  s t r ong  coupling e f f e c t s

t r e  ( lorni nant  at low ene rgies  for  the 4s -. 4p and 5s -. 5p t r a n s i t i o n s .  In

i d d i t m o n  we have shown that a prope r choice of coupling scheme is neces-

s~t r y  to obta in  r easonable results  for c ross  sections between the var ious

subs t a t c s .
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