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ion ultraviolet  (UV) spcctIomctcr  was crn~)loycd for [hc first

of the }1 l.yman-p (}1 1,[3) cniission l)o~)plcr line pmfi]c  a t

1 0 2 5 . 7  ~ from djssociatjvc cxcitatjon  of IIz I)y electron impact.  Analysis  of

the (ice.onvolvcci line profile  reveals the. cxistcncc  of a narrow ccntra] peak,

l e s s  than 30 m~ fllll-wicitl]-l]  alf-l]3axi]llll Ill (1’W}IM) aII(i a  hroaci pc(icsta]

hasc shout  260  m~ l~Wll M. Analys i s  o f  the  rc[i wing of [lIC ljnc profjlc  is

complicatc(i by a groui) of Werner and I ,yman rotational lines 160 10 2 2()

m~ from line ccntcr. Analysis of the blue wing of the line profile gives Ih c

killclic  energy ciistrihutjon. ‘1’here arc two main kinetic energy componcn[s

10 Ihc ll(3p) (iislribution:

C V  f r o m  singly cxcitcd

co]]trjblltiol] near 7 (?V

lcchniqucs, the ahsolutc

]“.19 Clll 2 a t 100 Cv c

1 ) a slow (iistrihution  witi~ a peak value near O

states and 2) ii fas[ (iis[ribu[ion with p e a k

f r o m  doub]y cxcitc(i slalcs.  llsing two (ii ffcrcnt

cross section of 11 1.[3 is foun(i 10 hc 3.28 ~ 0.80 x

Cctron impact Cnc’rgy. ‘1’iIc cxpcr menta l  c ross

stu(iics of IIusec t ion  an(i line profi]c  results can bc com]larcd  to previous

(6563.7 A) for principal quantum numhcr n=3 ami of lu (121 5.7 A) for 11==2.
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I . IN’J’l{[)I)IIC; ’1 ’I{)N

I:or many years bigb resolution studies in the visible region of tbc

s]Jm.trIIm have been carriccl out on IIIC IIallncr  series {principal q u an t UIN

1111111 bcI”, 11=3, 4  and 5  cxcilcct sla[cs)  oj 11 }Jroduccd b y  d i s s o c i a t i v e

cxci[alion  of J]z upon electron impact. l;or cacb prilicipal  q u a n t u m II LllNb Cr,

two l~):ijor sets of kinetic energy distl ibutions were found, corresponding

to the “slow” and “fast” distributions with typical kinclic cncr~ics  of near O

Cv and 4-1o Cv, Icsj>cctivcly. ‘I%c ]Irincipa] architects o f  t h e s e

Illc.:lsll l’clllcl)ts were Ogawa and co-workers. ‘-3 ‘]’hcy IIavc carcful]y  s h o w n

that tlIc two kinetic energy distributions rcflccl  cff’ccts of dissociation from

sinp,ly cxcitc(J bound s t a t e s  ( s l o w  comJ~oncltt) and fIom rcpu]sivc doubly

cxcitcd  s t a t e s  (fasl c o m p o n e n t ) .  Rcccntly,  wc have bcg[ln high resolution

studic. s o f  tbc 1 .yman series of 11 from dissociative excitation of 1J2,4’S

utilizing  a high resolution 3 - m e t e r  v a c u u m  ultravioJct  (VUV) spc. ctromctcr

with a resolving power of grc:itcr than  5 0 0 0 0 . ( ’  WC rCJ>Ol”tCd the first

Incas lll”clllcllt of the 11 IZyma n-a, (11 l.u) e m i s s i o n ] )OJ}J3]C1  JN’Ofi]C f rOIll

(Jissociativc excitation of 112 by Clcctron impact. Analysis o f  t h e

(icconvo]vcd  l ine profi]c  rcvca]cd  tbc c.xistcncc of a IIarJ’ow c e n t r a l  p e a k  o f

40 :1 4 m~ l(WIIM and a broad pedestal b:lsc abou(  ? 4 0  rn~ w i d e  I;WHM.

Slow I l(2p) atoms with peak cncrgy  near 80 JncV produce the peak profi]c,

4 “’;;
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which is ncal”]y

from dissocia[i  vc

ndcpcndcnt of impact  cnt:rgy. ‘1’hc win~s of 11 l.u. arise

e x c i t a t i o n  of a series of doubly  cxcifr.d Q and Q2 states,

whic]l define. the core orbi[als. ‘lihc energy distribution of the fast atoms

s h o w s  a peak at about 4 cV. in this work wc extend [hc mcasurcmcnts to

hC ~]> StatC and compare o u r  rcsu]ts  to lin[: p r o f i l e  sludics  of IIu.  ‘1’hc IIu

inc profile shows a characteristic nalrow central  peak (-300 n~~ liWHM)

from the slow component and a broad win$, (-1.8 ~ liWll M) from the

Component in the optical region. S i n c e  t h e  lX)j~plcr displaccmcnl

fast

is

proportional to wavelength, six times narrower line profiles can b c

cxpcctcd  in the vacuum ultraviolet (vuv) spectral rc~,ion for the 1. ym a n

series.

1

section

is a]so a goa of this study to directly measure the absolute cross

for ]1 I/p at 100 Cv

(VUV) forultravio]ct spcctrunl

ol~cc before. in 1984

for completely

both calibration

modeling the 112 v a c u u m

and astronomy purposes.

wc have applied published II(x absolute cross scclion

rcsults7 to a low resolution H2 Vuv spcclrum fro] n our laboratory t o

dctcrminc  the abso]utc  }1 1,~ absolute cross section. ~

The most important apJ31ication of tlIc l.yman  s e r i e s  l i n e  profi]cs  is

the opportunity to Stucly ancl distinguish

hy(irogcn  from its  molecular and atomic

5./ [“/

the cllliss ion s p e c t r u m  of

orms. ‘1’hc advcllt of h i g h
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. . l“csollllion Spacccraf-t s u c h  as t h e  IIubble  S])acc ‘1’clcscopc, C(]Ui]>J>Cd w i th

t h e  (iocidar(l Jligh RcsoJu(ion SJRctrograJ>h :Ind t h e  p l a n n e d  a s t r o p h y s i c a l

cxlrcmc ultraviolet observatories have lead to the mcasurcmcnt of the 11

I.u Jil~c profile in bo[h the auroraJ zones and the day F,Jow. 11 I,(x Jinc J~rofilc

wings extending 10 f 1 A have been mcasulcd in the aurora by 11ST a n d

Jit~c core widths  of greater  than J 40 m~ have been observed by l~Jli.910

‘1’hc J)l’imaly cause of the daygJow is resonant scat[cril~g of solar emission

with a broad J inc  profi Jc f r o m  n]ultiJ>lc scattcrinp,. ‘J’hc main cause of t h c

aut ora is J>rinlary Jlarlic Jc b o m b a r d m e n t  b y  cJcc[rons,  JJrotons and hcavi cr

iol]s fol Jowcd by secondary electron excitation of the. J .yman series. Th c

Jargc. amount o f  1 .yman a n d  Wcl-ncr ban d emission Cnsul”cs that

dissociative cxci(ation  of 112 is an important  process.

EXI)ltlllMEN1’AI,

‘]’hC CXJ)Cl”illlC1ltil]  SYS(CIN h a s  bc.cn clcscribcd by J ,iu et aJ.6 i n  b r i e f ,

t h e  cxpcrinlcntaJ Systcm consists of a high-rcsoJution 3-nlctcr u v

sJ~cctromctcr in tandcm with an electron i~nJ>act collisjol] chamber. I/or t h c

J

s

1.[) Jinc J)rofiJc, a rcsoJving Jmwcr of 2’7,000  is achicvcd  by oJ3crating t h c

)cctlomc(cr in second order. ‘1’hc 11 1 <(x line Jmfi

<’
,.6 .“”

c has bc.cn previous Jy



rcportcd4’5 and was measured i n  t h i r d  OJ-dCr a t  a  r e s o l v i n g  power  of

50,()()0. ‘

Cllsurc 1

prcssutc.

‘hc line shapes were measured with cxpcrimcllta]  conditions that

ncarity of signal with electron bcani curlcnl and  background gas

in this study I}JC line profile sj)cctra w e r e  m e a s u r e d in the

crossed beam mode; and the one. low resolution 11 I.(i c,xcitation function

w a s  ot)taincd  in the stat ic gas mode.  ‘1’hc opc~atillg conditions for the

c o l l i s i o n  c h a m b e r  inc]uciccl an clcctrol~ bcanl current of 130 pA and an IIZ

gas I)rc<ssurc of 2.3 x 10’4 torr. ‘1’hc electron -impact -induced -fluorcsccncc

line ~Jrofilcs of 11 I.u and 1] 1.f3 at 100 CV impact cnclgy  arc shown in I~ig. 1,

ak)llf!, with the instrumcnta]

order. It is found that the H

b y  [Ilrcc moclcra[c]y  strong

slit function of the spcctromctcr in second

,~ line profile has a rcd wjng tha~ is  blended

IJynian (1.) an(l Werner (W) rotat ional  l ines,

dctai]cd  in ‘J’able 1 among other rotationa’

rc(i wing of 1 I I,fi. (Mc of the three stron{~

lines in the ncigi>orhoo(i of the

i n c s  is the 1, 1(6,0)Q rcsonancc

line, lying furthest f r o m  11 IJf} ]inc ccntcr.  ‘1’hc c loses t ,  the  W 1  (5,3)Q

rotational line lies 163 n~~ from H 1.~ line. ccntcr. W c  cstima[c  (I1c cxlcnt

of ti]c rc(i wing by reflecting

as a (iashcd ]inc in l;ig, 1. T h e

hc blue wing about line ccntcr,  It is s h o w n

major wing of the H 1$ line profile extends

150 ]~)~ from line ccntcr. A very weak secondary pccicstal wing extcncls to

1 7 5  ti)~ from line ccntcr.  l~y c o m p a r i s o n  lhc II 1 m Wjllg cxlcll~is I 40 Ill ~



(rc]~oltcd IJWIIM =240 n]~)  fron] l i n e  ccntcr.41s ‘ll)c IIoppler  w a v e l e n g t h

shift is proportional

a r c  rc]cascd during

to the rest wavelength. Much

n=3p dissociation I}lan ,for n=2.

glcatcr kinetic cncrgics

J (Dissociation to account

for Illc broader 11 l.fi line profile.

“1’hc weak signal from 11 1,(1 in third order pro~n])tcd the second order

study. Yet note the line core I~WllM is nearly (4o InA vs ~~ mii) at t]lc

limit of the second order slit function. It is slightly nalrowcr  than ihc third

order  ]inc core profi]c from }~ I.a evcfJ thou:,h ihc }] I Xl s]il function was a

JlarJ”o w 24 JU~ t h a t is indicated in l;ig. 1. l~or t]]is ~’cason it wi]] n o t  be

possib]c  10 accuratc]y  dclcrminc  [hc s l o w  atom dislri  hution  function as w c

w e r e  al)lc to do for }1 1.u.4’5

1 1  l.fi CROSS SIK:’1’ION A’1’ 100cV

‘1’hc f irst  s tep in ouJ comparatjvc study of 11 la and }1 l.~ was to

measure the abso]utc  cross sccticm of 11 1.[} at 100 cV. WC can find the cross

scctioll by two methods. [)JIC method Ic]ics OJ1 the absolute cross section of

11 lJW al 10(

intensities,

cV, together with a relative calibration of 11 la and }1 l.fl line

ancl the other method uses the absolute cross sections of t hc

three ll]:l~or I.&. W features in the rcd wing of H 1 .[!I.

,,



I;(Jr the first mclhod,  the cross scc[ion of }1 I.a has been  measured  to

hc ‘7.3 x 10-’8 CJ112  at 100  Cv. ” ‘]’hc rc]ativc  calibratio]l  i n  the vuv al 100

c V ,  using the 1 lZ “many l ine”  spcclrum, h a s  b e e n  dcscfibcd in fine

Strllc(lllc. ‘“11 ‘J’hc two slcp pf”ocess involved: 1 ) fncasuring  the 11 1,~ to }1 I m

intel)sity ratio at 100 CV and 2 )  d e t e r m i n i n g the relative calibration

hctwccn 1025 ~ and 121 .(I ~. T}]c wavclcn~:th c a l i b r a t i o n  w a s  pcrformccl

in second order using

convolved to the same

t h e  syn~hctic vuv Iinc illtc.nsi[ics o f  ].iu ct

resolution as  the  cxpcrimcntal low rcsolu

sprx”lfllfll. Approximately sixteen continuous 2S A wide spectral rcg]

ion

011s

resolution provided a smooth second order ca]ibratiol]  curve  bctwccn 9 0 0

and ] 300 ~. A typical first order lWV calibration c.urvc is shown in l.iu c t

al.” lly a p p l y i n g  Ibis first nlcthod,  fhc r a t i o  o f  c r o s s  s e c t i o n s  w a s

dclcrmincd  to bc ()(11 I.~)/Q(ll l>(t) Z= 0.0412 at 100 cV. (.)(11 I.~) is 3.01 t 0 .75

x 10 ‘[) cf112.

“1’hc sccoJld Jncthocl g a v e  a n  indcpc. ndcnt  cval~latiol] of t h e  c r o s s

section. It is also a method that is free of instrument calibration. Wc h avc

rcmntly measured fo~ the first time the 1, & W fiflc structure direct cross

sec t ion  energy  dcpcndcnce from O - 1 kcV (1.iu ct al., unpublishccj).  Using

the oscil lator strengths of Abgrall ct al.12 14, WC. arc ab]c to place on a n

absolute scale the cross section for every rotatiol]al  line at  100 Cv. ‘]’hc

9/ >“



tlllcc Stl”ong 1 . & W rotational  l ines found in the red win~, of the 11 l.~ ]inc

arc shown in ‘l-able 1, alon~ with corrc.spending intensities. “l’he 1 (6 ,0 )1) 1.

rotational line required a  40% correction for op[im] clcplh at t h c

measurement pressure of 2.3 x 10-4 tmr and the path lcnsth  of foreground

gas of 11.05 cm. ‘l-he fractional 1. & W area of the tot:il blended 1.~ + 1, & W

feature in IJig.1 is 42.4%. The ratio of Q(I$)Q(IAW)  is 1.36. At 100 cV, w c

find the cross section of 11 l.~ to bc 3.43 ~ 0.8S x 10 ‘“ cm2.  “l’he average

cross section of 11 l.~ at 100 CV basccl OJ1 these two mclhmls is 3.22 f. 0.80 x

10-19 cm2. ‘1’hc total cross section of the blcl~dcd feature in I~ig. 1 is 5.69 ~.

1.40 x J ()’”) cm2

KINIH’1~  ItNILl<GY I)ISTRI1I[J’1’1ON OF FAST I}I<O1)[JCJ’S

‘1’he determination of the kinetic C.IICJ gy distribution of the products

is a two-step process that wc have dcscribcd  in the previous paper on H

1 .U<45 ‘1’hc resolution of the cxpcrimcnt is not sufficient to rccovcr the slow

distribution of 11(3]3) atoms. IIowcvcr,  the wiclth of the wings is broad with

respect to the instrument slit function. 011 this basis it should be possible

to locate the pc.ak of the kinetic

and estimate the shape of the

profile is the convolution of the

energy  distribution function of fast 11(3]>)

d i s t r ibu t ion  func t ion .  ‘1’hc mcasurcci line

true line profile and the instrumental slit



. . function. lixprcsscd nla[hcmatically  the mcas~lrcd l ine profi]c,  1(1), i s  g i v e n

hy {hc convolution integral

l(h)= rl’(A’) A(L-- X’)d h’, ( 1 )

where T(L’) is the true line profi]c  at wavelength ?,’ and  A(h-- k’) i s  the

iJIS[llIJI”l  CIlta] V2SPO11SC fUJICti OJ1. In the transform doJi]aiJl the convolution

bCCOJllCS a SiJlll>]C lMXKillCt,

Il.(s)= “I’.,.(s) A.,.(s), (2)

where 13., ‘1’-1, and Al. arc the FIT of I,, 1’ and  A,  rc.spcctivcly  and s is

measured in inverse wavelength. Optimal Wiener fillcx in?, of the nlcasurcd

signal, 1, was performed, since it includes a smal] noise conl  J30Jlc Jlt. ]S

SigJ]al-to-noise ratio (S/N) is greater thaJl 40 for all line profiles. “1’hc 1(1’T

of ‘1’ is given by,

‘j’,,(s)= L.(s) ];l(s)/ Al (s) , (3)

wl]crc 1:( k) is the optinla]  f i l ter . W c  sclcctcd  a cosillc’()(s) to rcJnovc h i g h

frequency noise from the ratio of n/Al.. WC, show in 1 ‘ig. 2 the inverse l~J{TJ’

(];l/”]’-l) of ‘l’r,,(s) for the 100 CV line profiles of H IJcx aJld ]1 l.~ conlJ>arcd  to

the wavelength scaled llcx results of I;rcund ct al.’6 aJ]d Iligo C[ al.2 The l.~

feature arises from a single multiplct corlcsponding,  to the transition 1 s-

3]). IIowcvcr t h e  IIu fcalurc consists of three multi plcts froJn t h c

traJlsitions 2s-3p,  2p-3s  a n d  2p-3d, O n l y  t h e  f i r s t  }]CI mutip]ct  (2. s-3p)

]]/ / o,,-’
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Shalcs the Same U p p e r lCVC1. l(OH that IIti multiplct tl)r line p r o f i l e  w o u l d

be idcntica]  to l.~ WI-ICI] s c a l e d  in w a v e l e n g t h b y  t h e  factor  1025  .7A

/6563.7A, according to the Ilopplcr p] inciplc.  In the comparison  in l;ig. 2,

wc Ilavc assumed that all three multiples ]mduce the same line profile.

‘1’his is plausible since their 31 dissociation asymptotes arc dcgcncratc.

‘1’hc first interpretation from Fig. 2 comes fl om a comparison of t h c

I(N CV line profi]cs  of H lxx and 11 1,~}. ‘1’hc wings of f

broadc] and more intense tharl H lxx. “1’hc l;WHM of 11

the 11 l.~ line profile has a l~W]JM

(l,~VJ.cx)  is a modest 1.08. This ra

1,~ line profi]c  a rc

xx is 240 m~ while

of 260 m~. ‘1’bc ra[io of  the  two I;WIIM

io can bc used to find Ihc ratio of the

average kinetic energy

larger by an additional

for fast ll(3p) and ll(2p) atoms. ‘Jlc ratio is mad c

fidctor of ] .41 when Collvcl”ting the ]hpplcr shifts to

an cquivalcnl translaliona]  energy. More details on the energy dcpcnclcncc

of the distribution arc ciiscusscd bc]ow. As dcscribcd  car]icr, wc were only

able to measure an unblended line pmfilc  for tllc blue wing of 11 I.D. W e

have assumed t h e  rcd wing is i d e n t i c a l . S ince  the  llct line is  sl ightly

asymmctrie, the  same can  bc expected  to l)c trLlc of 11 l.~ .Thc c o m p a r i s o n

of the 11 l.~ line profile with the two published Ilu line profiles is in quite

good a~rccmcnt wi th  the  rcsulls of IIigo ct al.2 a n d  v e r i f i e d  rcccntly b y

ogawa ct al.3 ~’hc compar i son w i t h  l~rculld ct al. }(’ is  quite poor, T h o s e



. . au[hors  h a v e  pointccl out t h a t  thci~

spcctmmctcr aberrations. No[c the Hcx

Iinc profile indicate the appearance of

13U line profiles were flawed b y

l i n e  p]ofilc  of IIi{:o ct al.2 ancl the lJ~

a weak secondary wing extending to

nearly 200 mii from 1.~ line ccntcr. The initial in(iication  from our clata is

that the line core of H ]m is broader than fo~ 11 1,~. in l~ig. 1 at the lower

resolution afforded by second order for

for 11 I.u. This rcsu]t  can bc attribu[cd

H 1 ~ wc find a narrower line than

to the cnclgy scale relating 10 the

Proccsscs  f o r  p r o d u c t i o n  o f  s l o w  Jl(2p) atoms

cascade and prcdissociation, p a r t i c u l a r l y  tllc lat

upper l imit  of  30 n]~ on the I;WHM of 11 1.J} com

reported val Llc of 40 nl~ for 1 ] 1 xx.

froln (iircct excitation,

cr. 4s17”8 W c  p]acc a n

)alcd to our prcvious]y

lior the 100 cV l ine  prof i le The kinetic energy distribution of the

fraglncnts,  I](l\), is given by

l)(l;)=  k(dq’/cih) , (4)

w h e r e  k is  a  mult ipl icative constant  .19 With this ap])roach, the 100 cv

electron impact line profiles for H lxx and H 1,(3 in I:ig. 2 were diffcrcntiatccl.

The combined kinetic energy distributions of the fast and slow ll(2p) an c1

lI(3p)  fragments arc shown iJl l;ig. 3 for the blue wiJlg of 11 l.cx and 11 l.~ of

Iiig, 3. ‘1’hc resu l t s  for  the  H(3p) a t o m  distriblJtion  show a  p e a k  k i n e t i c

energy at 7 CV com])arcd to the H(2p) peak IIcar 4 cV. “1’hc high cnd of t h c
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. . d i s t r i b u t i o n  rclcascs }1-atoms wi th  10 CV kinct

the distribution begins at about 1 cV. We have

c  cncr~,y. ‘1’hc low Cnci of

previously shown that (h c

ll(2p) distribution changes with electron inlpact  cncrp,y. A comparison of

the results for ll(3p) at 100 CV with those of Ogawa and co-workers is

CXCCIICI)[. l“or cxanlJ31c, their first mcasurcmcnt] of II(3L) k ine t ic  energy

ctis[ribution f rom 110. line profi]c  s tud ies s h o w e d  two kinds of kinetic

c,ncrgy  distributions, an average kinetic cnerp, y of 7 CV associated with the

fast group and an average kinetic mcrgy of 0.3 CV allributccl  [o the slow

~rolll). More dctailccl analysis of the Ralmcr  series by llig,o ct al.2 followed.

‘1’hcy measured the line profi]cs  for IIcx, 11(~ and IJy. A[ an electron impact

Cncl”f?,y of 100 C v ,

7-8 Cv and a slow

the

)cak

ranslationa]  energy distributions had a fast peak a (

at -O cV.

‘1’hc high kinetic energy fragments result from dissociation through a

series of repulsive curves which involve doubly cxcitcd  electron orbitals.

‘1’hcsc (tout):

l<ydbcl g scr

y cxcitcd  s ta les h a v e  b e e n  dcscribcd by Gubcrman .20  TIc Q

es of states consist of a 2pou core orbital plus cxcitcd  states of

u syn]nlcfry. ‘I>hCSC rcpu]sivc s t a t e s  convcrgc  10 tllc 2X.+ o f  }~2+. T h e  Q

l-?ydbu g series of states consist of a 2p7cu core orbits] plus cxcitcd

‘J’hcsc repulsive states convcrg,c to the

cncrgy,  both the ()[ and Q2 states can contr

2 1 -1, ) of 1 IT’. At 1 ()() CV

)utc to the approximately

slates.

mpact

4 Cv

I ‘“. 2
“14 ,?
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. . of kinetic energy rclcasc(i to the pair of’ cxcitcd  Ii--atoms at the peak of t h c

3p kinetic energy distribution in l;ig. 3. }Iowcvcr, ‘1’hc QI state is the source

of fas( } ]-a[oms bclwccn 23

(1>:,,+(1) (2p0,,)2) state crosses

and 30 CV impact cncr~ics.4’s  g’hc 10 W C SI Q

t h e  I;ranck-O)ndon rcgjon at 23 c V .  i n  our

case, a curve crossing of  this d o u b l y  cxcitcd  s t a t e via homogeneous

pcl lurbation with the dissociating state ( lsog)(3t)  (16.67cV  d issoc ia t ing

cncrsy) leads to the first group of fast H-atoms for n=3.

Ogawa and co-workers have carcfu]ly  measure.d the central peak of

ihc II(x line pmfilc.  They find the ccnttal  peak of the I1(x line profile to have

a I;WIIM of 0.32A a[ 100 CV impact energy. They also fin(l the central peak

{0 bc asymmetric duc to f ine

i lll~stralcd here from the point

structure. T}lcy

of view of line

f i n d  (1]C s a m e  rcsu]ts  a s

profi]c and kinetic energy

dis t r ibu t ion  in  l~ig. 2 and l;ig. 3, rcspcctivcly, for the ratio of the fast to

slow Cmmponcnt 11-afom intensities. The relative intensity of fast a toms

incrcascs with increasing principal quantu]n number. ITor Il=2p  we found

[ha[ 31 % of the atoms rclcascd in  the  d i ssoc ia t ion  proccsscs arc fast.4’5

Integrating under the kinetic energy distribution curve for ll=3p in fig. 3,

wc find that 47 % of the atoms cxpcllcd  in the dissociation process arc fast.

o n

l“csu

[ qualitative basis the line profile. compariso

ts. If wc take the central core l~WHM repor

15 /(/,..

IS in I;ig. 2 show the same

cd by Ito ct al. ] and  d iv ide
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by six, Wc wou]d prcdicf [ha[ ihc f] l.~ cx:ntra] core shou]d bc 50 In ~

I; WIIM. tln the other hand, our results suggest a liWll M of ICSS than 30 m~.

The (ii ffcrcncc may be ascribed to [hc lack of rcso]ution  in the }Icx

mcasurcmcnts to scJ>aratc all the fine. structure components. The complex

l i n e  a t  6562.8A  i s  c o m p o s e d  of t h r e e  lnu]tiplcts  at 6562.86 (2 P-3s),

6562.74 (2s-3p) a n d  6 5 6 2 . 8 1  (2p- 3cl). UndcI h i g h e r  Icsolution  t h e r e  a r c

seven lines. The maximum separation is 12(1 nl~ and shows the difficulty

of determining the slow atom energy (distribution from JIu line profiles.

l) ISCUSSIOI’N

Wc have measured the line profile of 11 1,~ for the first time, and

compal cd it to. a hi~,hcr resolution line profllc  of 11 1 m. ‘1’hc resolution was

suf f ic ien t  to clctcrminc the kinetic energy distribution function of fast

ll(3p) atoms from an analysis of the b]uc wing at 100 CV impact energy.

Accurate analysis of the slow energy peak requi res higher resolution

s tud ies  of the ]inc central J>cak. ])rc]iminary rcsu]ts  from o u r  mcasurcmcnt

indicate a line 17WHM of ICSS than 30 nl~

with peak energy bctwccn  O and 1 cV.

slow atoms rc]cascd  in the various types

for slow atoms and 0.47 for fast atonls.

al~d a kinetic energy distribution

l’hC qL12iIltLllN  yiC]C] of fast and

of dissociation proccsscs is 0.53

A comparison of the fast kinetic



. . energy distribution f o r  11(3p) f r o m  t h i s  cxpcrimcnt [o [hat of ll(3s,3p,3d)

of Ogawa and co-workers arc very similar. This result suggests that  lhc

three 1 I(x mul[iplcts have the same line proj’ilc at 100 CV clcctmn impact

Cncrgy.

our direct mcasurcmcnt  of the 11 1.[J CIOSS section at 100 CV clccfron

impact  energy by two different methods arc in very p,ood agrccmcnt with

onc another and yield an absolute cross scc[ion of 3.28 I 0.80 x 10-19 cn12.

Duc to blending wilh nearby 1, & W bands, t h i s  mcasurcmcnt rcquirccl  a n

csfinlatc  of the profile of the rcd wing. Wc assumed the line profile was

symlnctric, which causes about 10% uncertainty in the cross section. W c

can extend tbc absolute cross section rcsu]t at 100 CV to other cncrgics b y

normali~ing the low resolution lIu cross section results of Karolis a n d

llarting7 from 0-105  CV and of ~Trcund et :{].lG beyond 100 cV. This rcsu]t

is shown in l;ig. 4. The excitation functiol] indicates the four thresholds

f o u n d  b y  Karolis and }]arling at 16, 26, 35 and 43 cv. ]<cccnt]y f r o m  h i g h

r e s o l u t i o n  StUdi CS of the excitation functioJl of the ] ](I wiJlg, Ogawa et al.3

found thresholds at 22-23 and 27 cV. in addition, wc show in ~~ig. 4 the

cross section for the entire blended feature of l(ig. 1, inducting 11 I.P and 1~

& W features of Tab]c 1. ‘1’hc cross section of the blended feature is 5.69 i



. . 0.80 x 1 0- ’ [) cn12 at 100 c.V. ‘T’hc peak cross section for both excitation

functions in liig. 4 occ~]r near 80 cV.

our previous indirect cs[imatc  of the 11 l-~ cress section of 8.3 x 10- 1’)

c nl 2 at 100 CV was based on the 3s, 3]), 3d excitation mtcs of Julicn ct al.21

and Glass -Ma L]~can22 However, the excitation rates were measured a t

threshold (near 16.56 cV) and

these authors have measured

atoms, us ing  mcasurcmcnts of

may change al hig}lcr energy. Additionally,

the velocity distribution]] of fast and slow

anti-crossing s i g n a l s  bclwccn  Zceman sub-

ICVCIS.  They have dctcctcd  slow atoms with

at]d fast atoms with cncrgics  of - 10 cV in

cncrgics  bctwccn  0.3 to 0.4 cV

~,ood agrccmcnt  with the rcsu]ts

f o r  f a s t  a t o m s  prcscntcd h e r e .  T h e  lhpplcI shift2]i22 for (11c S1OW atoms

COI”I’CSJ’)Oll(iS  tO - 3 0  INA, also in cxcc]lcnt  aglccmcnt  with our est imate.

Wc can also make an estimate of the contribution of 3p atoms to the

11a cross section. T}lc branching ratio, m 1,3P , for is-3p clnission is 0.881. The

–3.72 Xexcitation cross section for 3p at 100 CV can bc found to bc QIB/ CO I,3P-.

10-19 cn~2. On this basis wc estimate that tbc 3p atoms contribute 40.0 i

10% of the total IIa cross section of 9.3 x 10-19 cn12.7 This fractional

pcrccntagc  indicate there is J>robably no prcfcrcntial population of 3s, 3p,

3cI sub-levels and the Ha radiation is nearly the sum of the cross sections

for 11(3s) and ll(3d) dissociation. At 100 cV. Our results inclicatc that t hc



. .

contribution to Ilu is 4.7% in agrccmcnt with earlier conclusions by Vroom. .

and dc II CC. I.27 Vroom and cic IIcer  also indicate an upper l imit  10 ll(3p)

dissociative cross section of 3.57 x 1 O“’g cn12 at 50 cV. ‘1’hc cross section

p l o t  in l~ig. 4 can be used to give. the H(3p) cross scclion of 3.18 x  1 0 - 1 9

c m 2 at 50 Cv.

,,)9 fg
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~’ab]c  ~ ]1* ]tmissi~n S])edra] Intensities near ]] 1 Jymfin-  ~ ‘J’t’finsition

————. _——. .—. — —.——  .—. .——— —.—_——_ —-— — -—.——  —.-—
Wavelength lntcnsityl IUdative lnlcnsity

-..( A )—-——. ——-— — .  —

1025.880 3. 0490E-02 2.1256E-03
1025.886 4.6709E+O0 3.?563L-01
1025.888 8.6408Ei-19 6.0i?40E-?O
1025.895 2.3861E-04 1.6635K-05
1025.911 1 .4344E+01 1 .0000E+OO
1025.918 8.3739E-08 5.8379E-09
1025.922 1.0748E-07 ‘/.4930E-09
1025.935 7.3617E+O0 5.1323E-01
1025.936 6.8840E-03 4.-/9920404
1025.957 5.9106E-O2 4.1206E-03
1025.961 5.1620E-08 3.5987E-09
1025.974 4.3545E-09 3.0358E-30
1025.998 5.8953E-05 4.1099E-O6
1026.016 2.28211?-30 1.5910E-31
1026.019 8.7148E-02 6.0756E-03
1026.072 1.3969E-13 9.7386E-15
1026.079 3.51OOE-OI 2.4470E-02
1026.096 5.1721E-05 3.6058E-06
10?6.099 5.1928E-09 3.6202E-10

Assignnwit2

.. —.. -——

Z(IO, 5) P W e r n e r
1 ( 5, 3) Q Werner

13(13, O) R I,yman
4(11,11) Q D
1( 3, 2) Q Werner
8( 2, 5) QD
6(11,  5) R Werner
1 ( 6, O) P Lyman
3(10, 5) R Werner
:3
8
“1

6

‘1
1

24, 4) P Lyman
4, 2) Q W e r n e r

36, 5) P Lyman
5, 5) R B’

35, 5) R Lyman
14, 2) P I,yman

1 0 ( 1 9 ,  2)  R I,yman
3 ( 3 ,  6)QD
3(16,14)  QD

10(  1 ,  3)  P B ’

— ..——- === =: —--—— - :=:=—- -==: —--_——._——___

1 llffcctivc illtcntitics (~l~tit: 10-20 photon pcr H2moleculc)
2 Tmnsitionisla bcllcdbyJ’’( v’,v’’)AJ. 1.yn~an,Wcrncr,13’,an dI” Jrcfcrto2pu~ ‘Z~+--’X1Z~,2pn

CIIIU*””X’X;3 pCJ13’1X’~.--.X 1Xj, and3pn I)111U -- )X lZ~ electronic transitions, respectively.
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‘1’AI?I.E OF l~IGIJI<TCS. .

l~lGIJl<li 1. Ovcrp]ot of cxpcrimcntal  spectra: a) 100 cV 11 1$ line profi]c  i n

scmJ]d order (open diamonds); b) 100 CV 11 I.u line profi]c  in third order

(filled squares) ; c) ~,cro o rder slit f u n c t i o n  of cxpr.rimcntal apJ3aratus

scnlcd to second order (plus signs). “1’hc data statistics were better than 1%

in a), b) and c).. The wavc]cngth step siz,c in second order was 4 m~ a n c1

in third order was 2.667 nl~. The, operating conditions were established as

fo l lows:  1 )  background gas pressure of 2.3 x 10-4 torr and 2) electron

hcan] current of 130 A. })cak signal  was 4000 and 13000 counts in the

100 CV 11 1$ and 11 l.c~ line profiles ,rcspcctivcly, with background signals

of under 100 counts.

l;l(;[ll<ll  2. l>cconvolution  of the 100 cV l ine  prof i les  da ta  of  1-1 I.~ (solicl

line) and 11 I.rx (dash ]inc)  of Fig. 1 alm~g with a comparison to published

data of Ha line profiles.

IJIG(JRE 3. l;ast ll(~p) and H(2p) atonl k i n e t i c  e n e r g y  d i s t r i b u t i o n

funclions.
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l~l[ilJ1/1{ 4. lktimatcd. .

excitation function

atlsolute cross

mcasurcmcnt

section of H 1.[3 from published optical

of Ilu. ‘1’hc e x c i t a t i o n function

nlcasulcnlcnts of Karolis a n d  Harting7

100 CV and ];rcun(i ct al.16 shown as

normal i~,cd to the 100 CV cross section

scc(ion of the blcncicd }1 l.~ & and 1. &

as a filic(i square.

s h o w n  as opcII (iiamoncis from O -

plus signs fronl 100- 290 cV, arc

of 11 1.(3 from this work.

W fc[~turc fron] this work

~’hc cross

is shown
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