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ABSTIIACT 

The i ~ ~ o l  ecu la r  p i~oto i  0nizai.i on (co;) , di ssocsiati vt: pl~otoioniza t ion  
f ?+ (co', 0'' end C ) atid double  pl~otoionizat.ion (~0;' and C . ) cr-oss sec- 

0 

Lions - ro t  CG2 havl: been n~tasured Tru:11 their o ~ ~ s e t s  down t o  90 A by 

u,c j IILJ " i l i  i cius co111Li 13;t: oris of I IWSS ~ ; p e c t r t i ~ ~ ~ ~ t ; e r s  ( a  crri nci cierrce tilnc- 
i 
.i 

~ l f - ~ f  1 i $11' I I I ~ S S  spwCil.~t,:etr?r ar~tl 8 ~ ~ ~ a g i z c z i c  ntnss spectl-osnetcr) c;s~d 1 i g h t  1 
i 

sources (syi!cl:i*otrol; r tdS ia t ion ,  atld glaki and $pai*l: rls'scharya) . I t  i s  1 * 3 

col~cl i:/.!ed 'SEszt t he  ona 1:road ~ ~ ~ r i l c  slid l : f~e etwee shou1d::rs .i 1'1 t h c  t o h l  
0 i 

fiitr;o~p't i r ~ n  CYDSS set;.!,ii?r~ C U ~ V C  ~ E ~ V ~ C E ' Y I  643 ar~d 90 A ;xre causcd c~~:aplc:":tly 1 

by d i  ssrlc.i ;\.il yr, j orli z 2 t j  art processes. Sever'rl peti1.s ~bservcd 5 rt ,It*I;1 
i 
I 

t + .I* 
c l ~ s s  c ~ t i o i l  : for t h e  t o t a l  fr.agi~,enta'iion (CO , 0'' and  C ) are 

co>rpcri*aJ w.i t11 Lhc~r;c i n  t112 pl:a LOI~'! ectran S~ICC~YLI~II , -epr~r l-ed Ti.lu' CD 2 ' 

'The accli\.?cy u f  t h e  r.rresent crmctss ciectior~s i s  cstirnated t o  Be ai~ou.t: 
4 

lC,, 15 nnJ 60,: *Tor o(C02) ,  ~ ( c I I ~ ,  6'- and c " )  anti J(CU;' a ~ l d  $9 ), 

t 

* 
011 1 c a v c ~  fl*~ii: T I \ @  I ~ ~ S P ~ Y C I I  l i a ~  L-i i;l~l;e f o r  Atoiliirr Tncryy. 
Osaka CS ty ifn ivcr.s.i ty , irr;~rl:il 
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S H O T O I O N I Z A T I O I  OF COZ FHOH THRESHOLD TO 90 
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I , 1;11 ~ ~ t d i ~ t + t . i i ~ t ~  - a 

Si~ i cc l  t l l c  l'i \-st  r;l.uJy of d i  ssocidli  vp l~liotnioniz,i.tion o r  C J ~ I ~ C ~  ;11;. 
t #  

W ~ I V L " ~  t.\lr*l t :,lielislf?~* t.Illtli '1 00~3 A suina .Lwctl ty years agu ( I  ) ~~uil~cr.olrs 

gr.c)rr[ls I I ~ ~ V L '  I - I I I ~ L I Y ~ U L I  d.-~fil avtzt- tlic \ . iI tvt?l~t~qtl~ ratlge Ilc:Jzwrt?n 304 ai\d 
I t  

133U A (2- 7)  . l 'llr~+c sl.udii!s 11 t i  1 i 2i:rl lil~lss S ~ ~ ~ ~ C L I ~ O I \ ~ P I Q \ * S  t o  i  tlentf f y  

tile i011i L l i ~ ~ i t ~ ~ ~ ~ ~ ~ t t  l~ ~ \ * U ~ I L C L ' C I .  I'l i L I i  t l t t :  c:;ri:?ltl' OII  ttS L l l ~ ?  :la tti t~o~,rt*i;ctl 

b , ~  FI*J/~II '  atld Diawr~i l i t {  ( 5 )  vi t+I-~l~ll 1 , ~  1 of' t h e  I ~ W V  ~ Q ~ I S I J ~  \ * ~ p o \ ~ t t ! d  dLitc\ 

st1 r t : ~  f \ b u ~ a ~  t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ i ~ ~ t . ~ l . ~ i  II{J tlii$ I I ~ I I U L I C ~ I ~  o f  T\*agli~t~ii L i  CIII:: p~*od~ct:~l J J C L ~ U S L :  

Z . I I C ~  ~ ~ 1 . i :  \*tq1t1t~r;eCi 'c: i ~ J ' I  C C , I I S ~  dv~a111  o k.i rici i e ri~er*!ty \ * c - l  i i  vu .to .lljt: 

a t  I TILF. L ~ttrlss spectr tnvc tciks clisctbil\~llratc! i;:li\i r ~ s t  cilcri!]t~ti c 
6 4 i  I S  , I lrus , C ~ L '  i U I I  ; c tll~trl~:l,urr:ss r luc~i-vi l  i 11 LIit: 1 i  t t< \ - ;  / ,u \  c v;tlty tlcllcr~di tig 

011 'L!t(! 1 , a l ~  o f  \iil;l:;s sp~?cl;l*rs~litbI LI*  L I L L I ~  iqllil cttl tlit: cotl(f i I i~1,tiis a f t11e 

c~t l~ t~*i :ur t3~~t14 .  1 t i  ' i - t i c t 3  V J I I G I ~  *I.IIP - io~\  f\*t1g4hct1 s Iiavt3 V I V \ * ~ J  i i?s i t~ L!IO 5 eV 

I * r t l : : r r 3  hiru lei te~*dluk+c \la1 t x ~ s  CGII  u t 1 1 ~ ~ 1  hy tltl u\-t!tlib n f  i lr-~~a~i tudr! a \*  e,Jrc, 

1-k i s  inlpu\'f G I I L  l o  I : I I C J ~ \ ~  tl~x! pat t i d l  t:lar)ss s ( ? c t i r l ~ ~ : ~  f'c11" t l i r ?  produc- 

L ' ~ O I I  o f  i j i i ~  \uri nus ~I*~I:~KICI\~ i  011s Lo i\l?p)~cjvLi [~ i t r  L A I I C I ~ ? \ ~ $  L;111di I I : ~  0 f kilt: 

I L I L i t  i .  t I t . Tt12 ti,i i 3 d l  SO e~;t;rei:gly ~ ; t l  i ~ , d ~ l  p 

l o  ou r  trllilr r r  Li!t~\f? ljcl  o f  -i 011 j l t ' c ~ i ! t ~ ~  t i U I I  'i 1 1  i l l  C?IIL Lt~l-~y i111tI ~ t ~ a i @ L n ~ q l  

~ ~ i t l ~ o s  [ I ! ~ ~ ? Y , * Z  , 

T I I  121ic p~*usetit \.srrrqI: \vc rclw1-t disst lcs i  a t i  vc p i l r \ t t )  i 011; zl\t ion ct-ciss 

st>czj 011s J I I ~  l ~ t ' ~ t [ c : t ~ * i  !I!, PA h i  CIS ( 1  i' i oti i c ~ ~ * ~ ~ < J I I I L ? I I ~  s pi*u~~ucc;ii ~ ' I * O { I I  C&, i iiul~i 
1% 

tr 

F 1 3  I 5 t i t  t o  ! I  \ r'lro .rr i ;ci~ Ls oksr?rivc~J Tat* s i  l l ~ j l  c i urii rill 

4 +i .I. 
I * ~ i o ~ l  ptso~essc!: PJCI, .  C D ~ ,  C ~ I  , o"-, JIICI I; .  tic> ~ I C I ~ L I I , ~  ~ O ) I ; : ~ C $ C I  ~ v ~ i ~ ~ i i , e t ~ ~ s  

24- 'Z.L o b > . ~ r ~ ~ i l  \ v r A i  ( 2  ('11% I ' . l i i : .c~bi~;~i il,ltrrl*y P I'Tcc 1s Ilc\vc bcct~  ~iii I i~lli ; :~rl  

lly tile H:~P u f 2 s l~ r~c i  d l  ly C I C S ~  : I : I P I ~ I  I i ~ i ~ c ~ o Y -  j 1 i q11  t III;ISS S~!UC L ~ * O I I I C I  [ X I * .  



lltt* cht iitlt tr*d l l t . i  ~ t t * ~ l ~ y  4 c \ i s  't t t c  I r ~ ~ r t ~ i t ~ l i  lri:1 1 ' ~ i . i  tts far tl~e s i t l ! ~  ly Snr\i rcd 

fr*tr:liixqirt r, \!,I*; ' 10 trl I $ c t ~ i d  f'c\l* t lil~ tltluljly i trni rcrd Tr.dgriit%tki s d ~ n u  C 

' 50 . 

1 '11~~  I t t l t !  2 i  I I ~  r t i i t i l i L i o ~ \  \ t ~ t i \ ~ c ~ s  ~ I S L ? ~  w i b e  ((1) LI tlc ~ I C I N  d i  S C I I , ~ I * L J P  4ri  
I 1  0 

f l i t 1  itiirl t i 1  p~*l t~ ir l t - t \  tllo l l ~ 1  5G4 A ,\ud l l r l l l  304 A "Itrcs, ( [ I )  cl 11il~lt ~ 0 l t a g ~ 1  

I t  

l 'c i? lhtt \  l'r rlbi !"I ~ I I I  30il A, It\ ;11 1 i l ~ i ~ L I t ~ I , ~ \ * t ~ i  1211 15 { l ~ 4 1 i ?  i ti:] i l i c i  dc1it-p 



-- 

p ~ * ~ ~ t * ~ t t l i  c~r 1.1r' f r, tlrt? f r l to:ni l tr~ plttlt  on I l t u r l .  TIIC p f ~ i  ti VC* ions atid clcc- 



. a  Ihc c~itiir*;lctc~~i:;tics o l  i lip l '0F i ~ist-l*ltalt-~it wt!r1ck i r i ~ ~ r s t i ~ t a t ~ ~ t i  hg 
F 

stuttgi~\!r lilt:, : i t s s t ~ t ' i ~ ! t i ~ ~ i !  p l l o t -n in~a i i i d t im~  of' LI., Ly tr:.c o f  t lr~ 5::~7 [\ 
L 
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I 

vcctoitc; d i  rec tctt i lWdy fro111 t t i ~  clctcclnr (LIE I c i  t ict i  c c2nergy peaks a t  

' abo~~t. 1 eY (13), ~ t l d  tlla l e f t  hand peak trnill the fl tons r v i  t h  the 

I vclociiy vectors d i  r i ~ t c d  to \~t lrt l~  t / lc  detector, rllt?sc rest11 l s  \wre 

obCa.incad wlicii tltc TOI' tlriss spcctro\nc?lcr \d3s opera tctd \1i t11 a 1 0 ~  % C C C ~  - 
era t i  hg pr~tcntial  5 n t l ~ c  i a n i  irsti on chntt!heu. and c ~ i  Lh a uni f a m ~  accel crn- i] 
t i o n  ~iur"ir~g the f l  igtlt p a t h  ( tltis \#!as rlr*ovidcd by 221 ~)it)*al l e l  ion- 

acc.clci9ntittg plilttls each w t i h  an ape.r*lut=c o f  a b o u t  12 11lj11 511 d la~~lu tcr ) .  

'This i s  similar t o  tile a~.*ranc~e~~lrinl: used by Harvey .-& c t  -- a l .  ( I d ) ,  Tllc :I 
lower diagrai~l in Fig, 3 sha:vs tire e f f e c t  o f  i nc rc~s ing  t t ~ c  acc~!1~~i~a t inc~  I 

potenti ti1 I n  thc ion ctranlbcr anly. This arrange~trerrL o f  the elccttnodes 1 S 

5n thc TOf"11ass spec trosncter cl oarly i 11 us t r a t c s  .that r~tost: o f  t11c ions 1 
with a la te ra l  vclocily, with r*cspcct to t h e  instrieac!r~t axis ,  woi*e l o s t ,  

Thtls,  \JE \ * G I ~ I O V C ~  bhc c7pcrtures, used I?. hicjh f ield in tile iorl c h s r ~ ~ h ~  

and ittc;t;lllpd a lat.l~rl d l a l r l~ t c~k .  dc t re tn r ,  at, sircrr~ll i n  r i g .  1 . Ass~l~tiil~g 

tllc dl+i f't regiort o f  tlic TOY inrJ.trutiierlt \!as f i e ld  f rac  then ions wiAl:li 

latei*sl kinetic e~ic\*gius up  t o  about 20 eV sl~ould s t i l l  s t r ike  t h e  

de.t;ccto~, Tllc actual arrangci1ien.t l~roduccs nccclci*atsiot~ arid sonre 

Pocusai tig near t f tc  detoc'tor a? 1 oui t i y  ions o f  gl-cater 1 atel-nl  a~ietyics  

t o  I;!ci c1~11ec.lcd. 

Another proble~ti t ha t  cat1 cause disci*ir~iinsto\-y e f f e c t s  in a nlass 

spectruri~ 9s that  associatccl \ ~ i  t/t tiic variation i 11 sccotidary el cctr-on 

e~ili ss i  011 PI+QIII the f i  rst  dynocic o f  a\ \  e l  ecti-on mu1 t i  pl i r r  causctl by ions 

o f  c!i,F.ForcnL masses, char*ges, cncrgi cs , aild cllcn~ical st~-[icturc (1 5-1 9 ) .  

I f  "cie sccot~dary cl cctron ell]/ ssioti i s  gi-eater .tIlat~ 1 el e c t r ~ t i  IICI- i licidel~t 

ion then thet-e sf~oul  cl bc less  di scrl'a1-i na t i  on batv~r?c\ti ions wlten tlic 
i 

detector i s  used in t i l e  counting mode, No data ex is t  for  the sccut\dnry i I 



i s  rcacllt*tl f u r  1::trt;t iirr~c~ wiIl\ rncrhgir)s i n  u ~ c c b s  o f  4 k i  (13,113). 

Fut*tllcr<, 1,/1r,\ pli\ttrllir, c)T k l i ~  i l Z . ~ ) t ~ \ l i ~  S I I L I  111~1r~c~ l l a r  iorls stutfit\d l invu  il 

4. 
lltdxin~~i~n vti1 i'1ii~1t1 C I * ~  t i1r0~1L 10 i u  V l ,  Il ,  itpprnrt; t o  clevii~tcr t he  rtiosl 

r. 

and pi.~)tftrtrus t f t r~ 1 irt.~cs? rfi ' i talct~cy, Ltolli liurrous PI; pl. (1Fc) at~r l  

Ficlds st i,1, ( 1 9 )  s i ~ 2 w  L l l n t  ilitlir* c l a t ~ c t o \ ~  scr~si. ' ii\~i~Lics at4e atlout 18': 
4. gikecite\- I +  11: il!lan I I  . 

+ 4- 0 

Figuk*c 4 sl~ows t l ~ r  t t ~ i  rnt io  0 /02 ireaaulAed a t  303 A i ts  o 

furictiotl of  hinctic cfr~*l*tJy o f  ions frnpinging o n  t l ~ c  cllitvron G t P 9 l n ,  Tllc 

I;invtic ~ n b ~ i ~ g y  o f  Lllc i o n s  war, voricd hy c ~ l . ; i ~ i t \ ~  C l l r  dpp1  i ~ l d  s o l  tagc ( V , )  

t n  t lie t!cct31 * ).at ion el t:ci riidc oil "Llte* el cctt*on in:;l t i  .i s ide ,  vtliil e ttrc I 

i 

cr\l*nt* iatis wiLtt in(-itlrnt mot-gy c2.f iirorc l11~ti a h n u t  4 . ( l  kcV, This 'is I 
a I I C C C ~ L ; ~ ~ * ~  ill f l ~ ~ i ~ g l ~   rut, a su f iAicicnt cotitli i i o t ~  t o  ~ I ~ O C ~ L I C C ~  ;1 true 1*;_1 i . i0 ,  

0 

Tho \*;:I i o  0"'/0: ; i t  33.1 17 n;lr ircCtsu,*crl as a functioll o f  tire ciiti~i~t:tcr 
I. ' 1  

o f  tlic ~ L P I I  d t i l t " i ; l o ~  try use o f  a vai.iabl c diilpiir',\g~~n near t h e  fr40nL fact 
% 4 

of  tlrc ill1 ~ I P ~ F c ~ o I ~ .  l71e taalio 0''/9; ii~crooscd w i t h  incl-casing dio~i~eter  

o f  t h e  diailitrag~s h i l i  rtlnctic~cl ;1 slr'turLzliot~ \ fa?ue as exllectcd, Tllc resul 't 

1 s i ~ a v / t ~  it1 rig. 5 c l ~ n t \ l  y i~!clic~~ t r ts the a b s c r ~ c c  of a n y  discr-imillnt~i-y 

0 

tlia~setcr* l:l~*cjr:r~ that; ;tilaut 28 ~ t t d  711 ivttli fob- 3114 t ~ ~ l d  534 A ,  \ * ~ s P Q c . ~  iitc'ly. 



the  ionlratiolt rcgion, using a large dlarnctcr chcvron CCMA (40 nrn i n  

dial~lctcr), apcrating i n  the counting mnde, and by kecping the elcctran 

mu1 tip1 i c r  as clo.;c t o  tbt! uccclcration el e c t r o d ~  as possi blc l o  mini- 

n~izc any loss of clcctrons caused by t lwlr  i n i t l a 1  angular distribution 

and cncrgy, 

2 . 3  . .Ma~gflc_~ E$ tor-in~s$~ s ;yc$~&gprr  

This instrut~lcnt was a 180' magnctic sector oass onalyzor based on 

t h e  desi grl of I1nschcnricdor n ~ t d  Mar*nt:ck (20 ) .  1.Skc a1 1 instruucnts of  

t h l  s type (na i * rok~  entrancc o t ~ d  cxi t $1 i t s )  I t  dlscrlsilnates strongly 

against i ons  formed i  ni t i a l  l y  wl t h  somr kinetic cnergy. Howevcr, because 

o f  i t s  extrcnlely eff-icient ion collection optics i t  could rcodily be 

used i n  pltte anolog ~irode w i t h  cnnvcntinncrl pico-ammrters. This a7:owed 

use OF the  intei\sc spark snurct? w i t h  i t s  large spcctr~ ' l  range. The spark 

sourcc cini t s  ~nicrcsccond pul scs and, thel-eforc, i s  n o t  readily adapted 

t o  d S i g i t i \ l  counting n~ethotls, l l u t  i s  ideal for analog incasurcnicnts. 

To avoid tlrc o~ajor'  problem o f  ion discr511lt'nntiorl no rat ios  of d i f -  

tcrcn: 'ions wcrc ~i~oasurcd. Instcad, thc r a t lo  o f  the r e l ~ t i v e  intensity 

of a  singlc i o n  ( E . B .  0') to  the intensi ty  o f  thc ionizing radiation wds 

measurcd a s  a function o f  wdvclength. Mi th  the low pressures used in 

the ion cliatnber illis ra t io  o f  ions/pl~otot~ i s  d i rec t ly  propol-tional t o  

the p l~oto i~niza t ion  cross section Tor th i s  process, Tl~csc re la t ive  cross 

sections were tlleii pli lc~d o n  JII  a b ~ 0 1  U ~ C  ~iks is  by 1 1  1 1  t l i ~ n ~  
0 

t o  tile data obtained a t  584 A with thc TOF rnass spcctroaeter. The 

i r ~ t c t ? s i  t y  o f  tllc i~iciclc~lt  racliolion was ~iicasured \;rieth a cal Sbratccl 

elcctron multiplier. 



R ~ o ~ - ; P  ~ t ~ ~ l t * g a ~ t ,  it: .inn\, uppc,?r !Ikt~s d i  ~ c i * f ~ ~ ~ 3 1 l ~ t L l o r l  i s  1 i i r l  y t o  i i j~ll~~~ir 411 

2,  TOT lirass spcctruvl~tti ir  w i - t i 1  s j ~ t ~ c l r ~ ~ o t r n t ~  tbad i d k i \ $ n  sourbt.cl 
F 

(90  30U A ) ,  

3 ,  H a g i i ~ t  i r  ~n,\ss st~tic:rttlslc~itv ~ ; i  t l i  spci\*I; ~li,sel~;nr~tj't~ r;our~c 
@ 

( 1 ~~~1 - bl! LJ / \ )  

Irr a11 L~IS~!~; t i ~ r  gas pi4et;sui*r \i'as I;t*pi, cnl~r,ttrilit by use o f  at) FfKS 

lSitr.tlil C I I R  ~II'I%SSL~YP t :ot~lr~oll  :**. 



3 ,  ..-.A*e.. Resu l ts  and - ... *.+-.* Dfscussiutt - -. - 

The nl tc l lys is  o f  t t ~ c  da ta  can l-tr perfardrcd 111 two sepnrata wiiys l'n 

o r r l c r  t o  oblaf r t  cf40ss s r tc t ian  data a 5  a f ' unce l~ i~  of wttvclcng.th. 

l3rantl l i1iy R a t i o  kfriltnd, In t l i i s  case, a lnass spcct!*u~n i s  ncci111t111atr~d .-- .. '- . L -**a ---. * L . %  

a t  ia given tltavalengtil, tltt!n n hranchfng r *a t io  can be ohta lncd  f o r  a 

s p c c t f i c  i o n  by t a k i n g  t f ~ e  ratio o f  t l ~ e  numbrir* o f  tons col lcc lod f o r  t11d-i: 

speclcs t o  tllr total  nua"bi* u f  i nns  proditcad, lllrlsn t l ~ i s  branclt ing r a t l o  

i s  1~1ul t ip1  i c d  by tlw t o t d l  p t ~ o t o i o t l i s a t i a n  c ross  section the rcsul t 1s the 

part ia l  photaian.izal?'on crbss sclctfon Tor producing t l ~ a t  p a r t i ~ ~ l a r  Son, 

Th is  method w i l l  p rau idc  accut8ate p a r t i a l  c ross  scctlons pi-ovided therc 

arc no i ons  lust o r  discr i i ! i i l ' ratcd aga ins t  becaust! o f  va ry lng  i o n  k i t r e t i c  

CIICI'~~CCI, 

Sl~tellsity. A t  the low gas p~*cssurcs u:,rid, t l l c  r a t i o  o f  ions  per i n c i d c ~ t t  

phator~ 4 s prapor t iana?  t o  t l ~ c  p a r t i a l  p l~o loSon iza l . ion  cross scctSan, As 

nlarttioncrl pr*cv iously  t l lesc r c l a t i v c  rat3oss s c c t i l ~ t i s  car) be put  on an absob 

l u t e  has is  Isy t ~ n r i ~ a l i x u L i n n  a t  sol~le krlr~wn p o l n t ,  

Tha datct dbta ined wit11 t he  I'OF rnass ~ ( a c ? c t ~ * a r ~ ~ a t c r  are c?ssui~t~t l  t o  bcs 

f r e e  from any sei*icus d i  s c r i r t i i i ~ a t i o n  clffects, Ttius, tile f i r s t  metltotl, 

dci-e~*ni.ine nbsa lu tc  p a r t i a l  crass sec t ions ,  The ~ i a v c t l r n g t l ~  \ta~lgc! covc~~etl 
0 0 

was fronr 90 t a  308 A, ur;.ing sy\~cr-h\~otror~ r a d i a t i o n ,  a n d  534 t o  304 A ra t l i a -  

t i o n  ftkoni a glow discha)-gc i n  I l c l  Sum. Tilt! h ranc l~ i i r g  ra.(;ios a p e  t a l ~ u l  n t c d  

i n  Tab1 c 1 and t i i c  P C E U ~  t i t ~ g  p a r t i a l  cross scct'iot'ls a r e  sliovrtl in 

FSgs, 6-17 ( d a t a  pol'nts arc  closccl c i r c l e s ) ,  





with  tlir JOT d ~ C a  l~ lo\# 300 i. I t  sllould hc noted fros fable I t h a t  
a b 

945 o f  thc lans pr, !frrcd o t  bE4 A a ra  C O ~  tons, whcrcas, r t  304 A only 

62 t f tttc inns I I ~ V P  no: df ~ ~ o t i a t e d ,  T~IC QOOS! ilngrcc31nbnC between the 

two sets of ind~lt~ntlet~t  tnc;zsur+t.eicrt ls Imp1 i es t i ia  t di sc.t*?nklnatlolr cl'fccts 

in the TO[- ntcssuretlrcn.ts caused by thr dctccl;oris unknown eff lcr 'cncy 

to ions a f  t lfffcrci~t tirass arc n o t  seriobrls, Tile scitttcr in thc  open 
El 

circ le  data plz i t i ts ,  1)ci;wccn 300 artd 400 A ,  i s  calrsed by t h c  ovcrlnp of" 

second order sptlctra t h a t  coincfdc w i t h  t l lc  blazed r ~ g i o i l  of  t i l e  

diffraction ymti ng, 

The CO; cross scctlons decredse monotonically as s f unc t ion  o f  

photon oncrgy with no obvious struclurc, This i s  t o  bc compared wit11 

tklr: totcil photuiot~izatiwn cross srtctio~i (21 ) ,  a l s o  sliovrn in Fig, 6 ,  
t 

w i r E t f ~  rcue~rls fottit irinj~ti^'  f i ' r ~ ~ t t i i * ~ ~  labeled A, 3 ,  C, and D ( n o t  Z;C bf! 

cot~l'use?! 1:1i t l ~  $I!:- ~pc?:trcrcop.16: notaticn) . Thus, tftc 0wc4gSn c f  t ! !~"cz 

structul-cs ~ilwst bt! d?::i;crclntSvc i aa? iz t t t ion ,  I n  f a c t ,  by subtriictlr~g 

thc  p;irtinl cross ~cc t iun  data for C O ~  front the total c130ss scctioi~ 

wr! obtain t l l r *  t o t a l  cross scc2:icl.r for f rag~nr in ta t fon ,  Tl~rzsc? resti'its 

.I* - p .I. 
Elantl (22 )  ha: rcpurtcd t l t a l  t i l e  oxcitcd l o n  C O p ( ~  C ) p r c d i s  

I] 
" 2  - 3 ,  

s o c i a t r s  co i~plc tc ly  t o  frnl~~nent ions, wherc'~s t l t c  X 11 A liu and 
9' 

- 3 4  
B "I! s tatcs do nrl+ pretl$ssociatc, ConscqucnL1,y t l ~ c  tlnta obtaSn6~1 by 

U 

pliotoef ortran sprctrilscol)y, whl'cli include t l ~ o  branch?'ng ratios far 

tltose statct; ,  arc! cuillp~rcd w i  tll tilt? presant rcsul ts li n T i  9 ,  G ,  assuttli n g  

t l l o t  t l ~ r a  2 ,  K ,  and s t a t a s  co i l t r ibu tc .  only tc~ C O ~  ions. In tllc co~ll- 

~~ilristln, thc sanie tot;tl absorption cross section shown i n  Fig, 6 was 

t i i k t ? n  t o  avoid any ati~ltitjrli ly nrislrtg fro111 ilic u s o  of diffrr'ent cross 
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st% t Iotlt; i n  t l i tk  1 itcrdtoro. Tll~!rc l s  good ngrcnnrnl bc t~crn  thc presorit 

results ,tnd lliasc rrpclrtcd by Brlu~l snd hn (?3),  sttd by Samsotl and 

Ganltlrr (3 )  nbovt. 500 i, lhw w r ,  a t  sllal*tci6 wavclcngths tlic p l i ~ t o -  

elrctron spc!ct~or,topj, data tund t o  bc I l i y l l c r .  This could llc caurcd ijy 

undcrcsti:a.~t 4 ng t contrl but ian o f  t l ~ c  C a t a t c  and ottlct* k l g h l  y.li,g 

~ I S B O C I C  ~ A V C  sialrs. Gusldfscun ct  a1 . (75) have n l  so rcportcd the  

brarlehit& r a t i o s  for tile x, x, h ,  and E s t a t e  o f  GO:. Tllclr rcsulCs 
0 

arc i n  goclcl agrm:lc*tl t bctnecn 610 end  600 A, \,her-eas the$. arc 31 and 

46:. hf 911 co~rpa ,~cd  wi th  tile p r v s c ~ t  rcsu? ts a t  400 and 310 A .  
respcctlvcly, 

Thc only p l io ta io r~ l  t a  tSoa4~ar;s spcct\+ascopy data rcpoi4ted a t  v!:ivc- 
C 

Ift~gt l : '  :,Jtot-ter t l l i in COO A arc tllosc of I~IPIssIcI* e t  a1 . (1 ) atld 
,h* L -  

Xro tlcl~uhch and UwI:o\:i tt  ( 4 )  . nu tll ~ c t s  c f  d a t 2  s i l ~ v ~  d i  ..ltoly 

a f ? C ~ t ' .  C ~ I ! S O ~  by V C P ~ ? R ~  i c r i  k f t l ~ t i ~  ~ n c j ~ g i ~ ~ ,  Only tl;c if 

r c f .  4 arc rcprorlucrd 111 Fiq .  G .  Good agrcclllen1 i s  found dukm to 
0 

about 460 A. Noweecr , as o t . l ~ c ~  cflssociatf Y C  cltoiv~el s aj)c:t~ e p  plauducfng 

l ons  #I t l ~  gl-cdlcr k l i i e t l c  cncrglcir ihc b~unclii  ng ra t105  for tlic C@ + 
2 

<on tcccate too  h i g h  hrcause n f  tlle incredt;vd loss a f  thc:  li\orc energetic 

Sans, 

.F 4- Tile tl~rcshold for produc l i on  a f  t11~ f~ilgirc"s 0 , CO'', ant1 C i s  

a t  19.0'1, 19.47 and  22.69 cV, rrspcctlvcly.  E land  (27)  has rcportcd 
0 

t h a t  a t  4 7 t l ~ e  0' i r ! ~  resul ts  f rbr i  prcdissociotion o f  t t ~ c  vibr,l- 
2 4, 

t i on l e s s  (O,O,U) l e v ~ l  o f  t ho  C C s t a t e ,  ah.ilo riic CO"' i o l l  resul ts  
CJ 

fralll prcclissocia~kinn o f  the t~igllcr v i brt7tl'otia.l level ,c o f  the satlic 

s t a l e .  



The cross sec t ions  @(GO*), o(~'),  and o ( ~ * )  are ahown 4n Figs.  7, 

8 and 9, rsspsc$ iva ly ,  a long w%th t l ~ o s e  o f  K~onebus;clj nnd Berkowitx,  

i n  which good agreement i s  seon down t o  400 f o r  CO' and o*. A t  

sho r te r  wsvelongths, t h e i r  r e s u l t s  and our open circ1.cla data p o i n t s  

a r e  obv ious ly  a f f e c t e d  by the  d j s c r i m i n a t o r y  e f f e c t  caused hy tho  

i n i t i a l  k i n e t l c  energfcs o f  CO' and 0'. For c', t h e i r  data appear t o  

be d iscr imjnated aga ins t  a t  a1 1  wavelengths, 

The s t r u c t u r e  i n  a1 1 t lre fragmentnt ion curves can bs c o r r e l a t e d  

w i t h  the m u l t i e l e c t r o n  t r a n s i t i o n s  observed i n  t he  photoe lec t ron  

spectra repor ted by B r i o n  and Tan ( 2 3 ) ,  i n c l u d i n g  the  complete d isso-  - 2 -1- c i a t i o n  o f  the C C s t a t e ,  Th is  i s  more obvious when t h e i r  r e s u l t s  
9 

a r e  comprsred w i t l ?  t he  t o t a l  f ragmentat ion c ross .sec t i on  i n  F ig .  10. . 
'These cross sect ions were obtal'ned by two methods, The f i r s t  metiiod 

cons is ted  simply o f  sub t rac t i ng  the  GO: cross sec t i on  from the  t o t a l  

cross sec t i on  (daslied 1  i n e  i n  F i g .  10) .  Tlie second metliod was t o  add 

up the cross sect lons f o r  a l l  fragments a f t e r  smoothing the  data, 

from Tab le  J ( s o l i d  c i r c l e  data p o i n t s )  and Ttible I X  (open c i r c l e  

data points! .  The i u b t r a c t i o n  method prov ides the  m o s t  mean5 ng fu l  

and accurate technique t o  o b t a i n  the  t o t a l  f ragmentat ion cross sec- 

t i o n s  over t i le  reg ion  where d i s c r i m i n a t i o n  occurs. However, i t  i s  

i n t e r e s t i n g  t o  note the  good agreement near t he  d i s s o c i a t i v e - i a n i z n -  

t i o n  th resho ld  betwecn the two methods. This  imp l i es  t h a t  t h e  data 

obta i l led w i t h  the magnetic mass spectromc32;er has 15 ttl c d isc r im ina -  
0 

t i o n  between about 475 A and th resho ld ,  Agreement occurs as expected, 

w i t h  the TCF niass sy~ectrometer data.  The p l i o toc l cc l ron  data oaf B r i o n  

and Tan, as discussed above, show Sdentical  s t r u c t u r e  i n  the  



Pragmenti9tian curvet, IsadStlg t o  t;h@ conc1usSon tlsat kt?@ mul t i a l ec t r con  

* 2 +  t ~ a n s i t i o n s  and the C C p ~ o k s ,  men  i n  t h ~  plwkarslactron spcactrw , 
rep resen t  d i s s o c i n t i v e  i on ! ra t f on  s t a t e s ,  Thc o r i g i n  a f  the discrapuney 

Q 

i n  ti?@ abso lu te  amount o f  frngmantatSon Sn the  r e g i o n  200 t o  500 A 

ballyeen t h e i r  da ta  nfid the p resen t  dn tn  (dashed 1 Jne) i s  n a t  c l e a r .  

Ilowawcr , the possi ls i  1 i ty  o f  undarcst ime L ing  t he  number o f  c a n t i  nuum 

e l  cc t rons  and t h e  c o n l r i  b u t i o n  o f  t h e  unraso lv@d & s t a t e  must b r  

cons iderad.  Undercsi; imation o f  the  n l ~ ~ n b e r  o f  conLJnuurn e l e c t r o n s  i s  

a  p o s s f b i l i l y  i n  the dntn  o f  Samson and Gnrdner ( 2 4 )  siiown 5n F fg ,  1 0  

(square box d a t a ) ,  

The double pho to (on i za t f on  c ross  sec t i ons ,  D(CO;*), and t h e  d i s -  

2.1. socinl ; ive double i o n i z a t i o n  c ross  sections, O(C ) ,  are  shown i n  

Fig.  11 ( 3 )  and (b )  , r e s p e c l l v e l y .  The corresponding branching r a t i o s  

arc t a b u l s t c d  i n  Tab le  I .  Tlie c ross  s e c t i o n  o(c2*) i s  t h e  F l r c t  

measurement o f  d i s s o c i a t i v e  double i o n i z a t i o n  o f  GOp t aken  i n  t h e  

r c g f o n  o f  vacuulil u l t r a v i o l e t .  The r a t i o  o f  c2' t o  a1 1 i o n s  produced 

front GO2 i s  only 0.1 - 0.4% i n  t h e  r e g i o n  obse~*ved, which i s  s f m l l a r  
Q 

t o  Lhc va lue  o f  0.22 ob ta i ncd  with s o f t  X-rays a t  44 A ( 2 6 ) .  The 

a b s o l u t c  magnitude o f  t i l e  clnoss sec t fons  l i l i ~ w n  i n  F i g .  11 i s  considel-ed 

t o  be accut*atc o n l y  wl"tli1n a l lout  i 505 because o f  t l i e  unkno\vti e f f i -  I 

c i e n c y  a? the  d a t c c t o r  f o r  doub ly  charged I ons .  Recently, Tsa i  and 
3 0 

Eland (27 )  r e p o r t e d  t h e  branc l i ing r a t i ~  o f  COi a t  304 A as 0.66?,, 

~ h i c l i  i s  l'n goorl agt~ecrlietit w i t h  t h e  proscnt r e s u l t s  o f  0.7% in - tc rpa la tec l  

from t l i c  d a t a  i n  Table I .  The p resen t  d a t a  a l s o  s i~ow t h a t  t l i e  

branching r a t i o  va lucs  i nc r cnse  \ v i t h  i n c i d e n t  pi lo tot^ energy and reach  
0 

a platcall  v a l u e  o f  2.62 a t  200 A.  T11is b c l i a v i o ~ ~ r  o f  t l ~ c  laranclling 
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ratio Js similar t o  that rcportrrl I.?y Samsotl sj $1. ( Z n ) ,  I4o\v@ver, t l ~ e i r  1 

lslatcnu valur i s  on ly  about 302; o f  tlie grctrcnt; valucl, If soma o f  4t;he 
2 4. 

C o p  ions have 1 I f e  times shortor than t h e  f l i g l ~ t  t i m e s  i n  the  nlnss 

sl~cctro~zzctrr, losses could Itc cxpcctecl, In .the previous experimatit 

t ho  f 1  iglrt 15mes were of' t l ~ c  orclcr of  5 t o  10 \is, wkcrcns, in tllc 

prcscnt n1~~sur13.raen.t.s tlifz f1 ight t i ~ n ~  was a b o u t  2 11s (see F i g .  2 ) .  , 

Ttrere I~ave bccn two values reported I n  t h c  Sftcrnture for tlic? 1ifcl;imc 

o f  CO;', naacly, 2 . 3  11s and 21.6 11s by cl ectron impact ( 2 9 )  and photon 

inpact (27) mctiiods , rcspectivel y, Thus, t1.1~ 121-er;ctit rcsul ts cou1 d be 

expectcd t o  ol~scrvo inorc d~i lbly cl~argecl funs than observecl by ref-, 28. 

I t  i s  also possible t l ~ a t  sonle CO;' iotls have ~x t r fmc ly  short l i f e  

times ancl c s s c ~ \ t i a l l  y dl ssociatc Irnn~cdia'tcl y 111~0duci ti$ tlie fol lowing 

1-llc mi~iiti~ua tllrrsltoldb for etlcl~ o f  t l l ~ s c  processes are  33.1, 41 '5 ,  and 
1. 

43.8 P V ,  ~ ~ s p e ~ t S ~ e l y .  Lac11 of llte *frtiginetlts CO*, C , a11d O* sltown 111 

Figs, 7-9 sitow struc.tiire in tliesc cross scctions belwecn 40 and  G O  c V ,  

Lcc .-. c t  . a1 , (30)  have o bsc rvc t l  untli spc~~scd  vaciiuln 111 l;rnv iol c t  

i flaorcsccncc froin C02 cxcitcd by synclirotron rndintion in the wavcl~ngth 

r 0 

region 175 - 801) A ,  In pnrticulnt , 'tlicy obsci-ve t? bronc1 h i l ~ l d  of 
t :  0 f l  uorcsccl~cr bct\vecn 175 and 530 A that  bears a s t ~ ~ l i  killg rescmblallcc 

to tile slltlllc of tlic t o t a l  f1*ilgnictrl.atiurl citrvc ( r i g .  l o ) ,  The abso l~~ t t t  

fluotAescct~cc! cross sc;tions a rc  allout 5 - 10:; o f  thr, totrtl frClg~ilel~tation 



cross sec t i on .  It appears c e r t a i n  t h a t  t h e  f luo rescence  o r i g i n a t e s  
' 

f r o n  exci  tccl fragments produced by d l s s o c i a  t i v  c p h o t o l o n i  r a t i o n .  
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'ABLE I .  Ol*anciiing r a t i o s  fu r  dissorlative and doublc  p l ~ o t o i o n i z a t l a n  
uf C02 ohta lncd  by TOO Inass spcc t ro~ i l c to r .  
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TABLE 11. Droncliing ratios f o r  d i  s s o c i a t l v e  photolonlzatlon 
o f  C02 ~ b e a l  ncd by magnetic mass spectrometsr . 

- 4 * 1P.utlllsl. * - * ~ ~ L * . ~ - ~ ~ . *  

Wave1 angth 
CQ; coC o + C" 

--.. 6, 
192,G 0.49 0,075 0.091 0,12 
215,2 ,63 ,082 ,080 .I 1 
220,7 .51 ,087 ,079 . I  2 

46 230,9 ,075 ,073 ,I1 

250,9 .57 ,078 ,083 ,I1  
257.0 ,56 ,074 ,073 ,092 

260.3 .53  ,063 ,065 ,081 

279.9 ,61 ,080 ,085 ,080 

282.4 .63 ,075 ,087 ,085 

292.6 .52 ,061 ,085 ,081 

294.3 ,519 ,069 ,090 ,073 
297,7 .56 ,074 , I  0 ,085 
304~ .59 

307. S .49 ,077 .ll ,094 
329.0 .4 3 .088 ,12 ,10 

337.3 .57 ,086 .12 $ 1  0 
351 ,4. ,67 ,095 ,12 ,094 
363.0 .68 ,096 .I3 ,082 
374.7 ,58 ,086 .I 0 . OSG 
390.0 .62 ,080 .I1 ,035 .ii ! 

.66 ,088 405.4 .I 0 
4 

.021 
410.0 ,69 ,098 .I1 ,017 1 
415.9 .74 .I1 .I 1 ,014 1 
436.7 .GG ,094 ,088 

442.2 .74 , 1 1  ,097 

447.0 ,76 .I 1 ,092 
449.7 '81 . I 0  ,089 

,80 ,096 457. 5 ,086 
-83 

1 
459.3 ,097 ,090 4 



Wnvel engtk 

(I, co; co"' 0" --- - ,  

465.4 -81 ,092 ,085 

471,5 ,8G ,088 ,086 

475,3 .76 ,071 ,074 

479.4 ,77 ,069 ,073 

486,t  ,87 ,071 ,075 

491 ,7 ,87 ,059 ,074 

495,9 ,92 ,057 ,071 

500.2 -83 ,047 ,067 

508,5 ,88 ,040 ,067 

514.0 ,88 ,047 ,065 

51 9,4 .89 ,034 . , OG5 

5 2 ~ ~  ,92 

525,s ,96 ,031 .OG1 

537" ,89 

538.5 ,99 ,028 ,059 

644.7 ,8 7 ,025 ,055 

548.9 $90 ,024 ,049 

551 ,4 ,92 .025 ,048 

'555,5 , 9 3  ,024 ,053 

558.5 , 99 ,030 ,050 

564.4 ,94 ,035 ,051 
571 .O .96 ,029 ,042 

584" .94. 

585.8 .95 ,015 ,041 

594.1 . 9 3  ,018 ,043 

596.7 .88 .01 1 ,041 

609,9 ,97 ,003 ,042 

619.1 .c37 ,014 ,038 

630.3 ,94 ,004 ,033 

634.3 1 .02  .003 ,035 

637.3 .9R ,033 

641.5 , 95 ,007 
-*- -------------- 

af~icasui*rd w i  tll a glow d i  s c l ~ i l ~ ~ ~ ~  
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FX GURE CAPTX ONS 

Fig,  1 , A schmrmtic diagram o f  t h o  coinciclenca t i rna-o f - f l  i g h t  maass 

sp@ctrornatar. The w id th  o f  the l i g h t  bloan was a b u t  3 mom, 

The separnt ion o f  tha  i o n  plates was 25 mn and t h e  i o n  and 

e l e c t r o n  o x t r a c t i o n  holes; had a diameter o f  12.6 m. 

A: sxperimentnl  c o n d i t i o n  used w i t h  n glow dischwrgo. 

B :  exparimcntal  c o n d i t i o n  used w j t h  synchrotrsn r a d i a t i o n .  

F ig .  2. A t y p i c a l  t i m e - o f - f l  lght mass spectrum obta inad f o r  CO:, a t  
0 + 

304 A i n  which a l l  poss ib le  fraq/ments except O2 a r e  

2 + observed, i n c l u d i n g  GO2 . 
0 

Fig .  3. T ime-o f - f l i gh t  mass spectra o f  0; obta ined a t  584 A ,  which 

show the  k i n e t i c  cnergy d i s t r i b u t i o n  o f  0'. a )  t h o  f i e l c l  

s t reng th  i n  t he  5on iza t i on  chamber was 11.8 V/cm. 

b)  t he  f i e l d  s t reng th  was 52.8 V/cm. These spectra were 

obta ined w i t h  a narrow f1 i g h t  tube LIiat d i s c r i ~ n i n a t e d  

aga ins t  energet ic  i ons ,  A t ime sca le  i s  shown i n  the  

f i g u r e  to*- ident i fy  the  w i d t l ~  o f  a r r f v a l  t ime.  The c e n t r a l  

peak i s  a r b i t r a r i l y  centered on 0 '5 rrs. 
+ ' 0 

F ig .  4. The Frayinentation r a t i o  0  /02 measured a t  3U4 A a s  a f u n c t i o n  

o f  k i n e t l c  encrgy o f  ions  impinging on the  chevron CEMA, 

The r a t i o  0'/0: i s  p ropo r t i ona l  t o  ~(o* )P(o* ) /~ (o~)P(o : ) ,  

where q(0*) and 1i(0:) arc t h e  d e t e c t i o n  e f f i c i c n c l e s  o f  t h e  
+ 

chevron CEElA f o r  0' and 02, respect ive1 y, and ~(0 ' ' )  and ~(0:) 

a re  the  l oss  probabilities o f  0" and o:, r e s p e c t i v e l y ,  i n  Chc 
L 

d r i f t  tubc. As P(O')/P(O;) i s  cons tant  over a c e r t a i n  rangc 

of t he  dec tcc to r  dianletur as shown i n  F ig ,  5 ,  i t  i s  obvious 

t h a t  q(O*)/q(0:) i s  a1 so constant .  
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F ig ,  10, Crciss eact'ians far. tho total f ra~antat ian  as a funlctian 

s f  mvsl cngth, 0, present: results f~alm Tab1 e 11, (seo 

the t e x t ) :  a, present raoul LP f rom Table f ; -*- N 

present results (subtraction tacthod, sse the  t a x t ) ;  

A ,  Kroncbuaeh ~ n d  Berkowitx  (ref ,  4 ) ;  )& , 5r ien  and Tnfl 

(ref& 23) * 

Fig.  11 . I .  Doublc photolcnira t i o n  crors sectlonr far COT and 

c2* as a f u ~ c t i o n  o f  wavelength. 0, present r@sults f r o m  

Table  I .  Tlia error bars liliar~ .';he count ing  s t a t i s t i c $ .  

Thc v e r t i c o l  arrow l n d i c a t c s  the onset for GO:* reported 
t 

by Dorman and l.iorr'fson (ref ,  31 1 W L ,  El10 iliermochmicaf 

& s e t  for c ~ " ' .  : 
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