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fIcasttretrlcltts oI t]ic titrle'rcsolVcrl t'arh iLIlcrglou of the hcliunr si)ectrulll s;hon.that the I{oltfiekl con-titlttttttr ancl the visilrlt llrtlttl: nccur 1rri,r,aiil.'l: in.irfterglorr i"il"rr;,.r'g ir,,frerl i-rcitation. Ii.o))ouing a rela_tir,clv rapir) builcl-up, thc slou.t:r afttrlllon. ,ic,:a,, of. botli the Iloprleiri.;;;;inuu", ancl the molecular tran-sitic;tl .i2r, ttII" - 2.i, .I r),,- is :rn trpuncririrrl f Linr:tir,n oi ti. u", in',: 
"1,1,."ri,rr",.i., 50 psec. \t,it5i. ii," ,,ir,g.oi e:tperinrent.l 

'.ri:il;le-', lhe deca-r'iate rs iouncl.to clcpcnd ori th., He pLess,,re, but not o. ot5er rlischarlJecon<litions 'lhe kineric cullstlllll lisstrciatctl ,riLh tlre cr1;rinenLial cit.car,incre.rses lincarll.*.ith the He pres-sure. inclicatir.c of a tito bixir. process. Se;rarate,stLrrlii,s of ,,,:,, 
-r"gi""r'"i'the 

Hoi)field continuum, nearfi25 i and (rs0 i shou.tliat, for tirccl [)ressur{]J thc kinctic constant assocratecl * ith g25 .rL is the same a.s thatollservecl frrr thc trrnsitioll /:-"1 uithin er1;c:irnental crror.'rhe kinetic consrant at 6iio.,, is slightl,r, srna.ller.l'hc rrltc o[ cilallse oi^t]re-liirtctic,co;r-stant rrith prcssrrrc is thc sirnre in:LIl three c.ses. The t*.o,bocl' ratccotrstirttt rrl;tainecl is 'is+2X 10-1i'crr3/.t.rr'scc. Itorh rhe r,agnitutLc ,,,,;il;;;,;i;ir;i,;;;r;;i.ir.]1,i"."rlf tltt: ol;scrvccl f]tc ccrr',star']t irlrlicatc that the thrce-l;och.pror:css Hi:--f 2FIe -, lle,.t.+He is not the clonr_llallt l)r,(:css'f Hel. llr.rltlcti.n in the earl'aiterslorr. TLr, rluLa n." a",',,iii,,t u.ith the rapicl prorlrrctic,n oflJel-: ilt li tt'o'lrrlrlt'crrllisioD of art t:rr:itcci anrl a groLrrrcl-stltc irtorr.r. l{r,<iclrral-irnptrriti.rl.enching 1rr.}I1,\c allri \r <lid Itot ai'icct tlre.ftcrglou dcc,tr'. \'alrrcs oi rlrcrichiag r",a. tu,. all threc gases are re'orted.Possible i'tcrPr etatio's of tlrc .bscr'cri aitr:rgiorr kr.errr:s ar c (rrscLrsse{r.
I:*orr IIn..utrrc;s : SpecIra ; )[olccull,r sl)ectra : I_lctrLrnr.

-f H]: .ril,-r':'lurr rrrission erL.ircrl in guseorr_. IreliLrnrt- clrstltlLlr.t.s ltrLs lleert r:rtclsir.t:h. str.tcliecl.l .lhc
kineLics of the aiter.glou. litr;rnit clljsiiolt iir lou pr.cs_
SlifeS illlpciLl'S t,l bc ggr.cr.pcri lt_r'a r:ollisiop:Ll rrirli;Llir.c
reccntrltinat ion nrer:hiltrisrn.: ', ln qi:rrt.t.lll. olt-qcr.r ILL iurr!
oi the'tole.LillL. ct'issio'hrrve r.efr:r.r.ccl 1o Lhe lirt0
lLitcrglo\\', i.r.., ) 100 pst:c lrflct. tc1.]r.t jnrLtiort Of the
e.\citlrliolt. pulse. 'I'he\ irrrliciLtc tlrriL Llre ltolecullLt.
cnlsslc)n ts go\:et.ltecl ltr. t.ecor.nltinalior.I of ele:tfons
l'ith l{e.,*.r-t Onlr. a feu- stLrclies rif rhe erLr.lr. n.roiecrLlur
visiltlt: tif t r:rglorv hilr.r: l)uc n t.eJrot.tr.,1,s-F f 
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T'iris ptLper r-cpofts the observation c,I thc tinie de-
penclcnce o{ trrolecular erltission prochlccd in the ear}r.
attelglon' oi a pLrlsed helir:rr.r cliichar.ge. Observatioris
iil'c I'itpor1 ed for thc Hopfrekj contir:Luunr iutrl fOr.
s(rvcfill llolccLllirr t.r.i-Lnsitir_,ns xs frinctions of heliLutr
[)]'essut e iLnci e\Citittion cortditions.

EXPERIMENTAL

Apparatus

'l'he lai:rrrn:r ultr.rr.r.ioleL ancl visibl,: rlreilsurenlcnts
tu cIc rcCorclecl sitttr-LlliLneolrs]r- ltr. t.nclrrrs of t\\.o lrrolto-
:ht otttatot',s. 'fhc: sor-l.ce ,,.,,"s ,.,rn,.,,,,ccI orr tht 1 nr Ser.iL -
\ arrioli. r-acrr"r-ult_r.i*.iol.l l.ollochro'rirtor cles,:r.iLecl
pleviou5ll'.t': Jn this clrse the lloilochfontlrror \\.ts
cqLrippe(l riirh a ilst trio-stage clifterentirLl pLrnrping
:rssenrbl) .{ 60{) line.,,'ntrrr Ilarisch & l_ontb'gr^ii,rul
blrLzcd for 1200 A as risecl in the Sela--\irnlioka nrounL-
ing, coutcd u iLh llgF2, proti(le([ lL lir.st-orrler ].eciprocirl
clispelsiotr of - i2 A.,,nutr. For. the pl.€seut stLrclr.. a
2--i()-p entt atrce slit iurcl I 1000-s erit slit r..er.c Lrs",i Is\lrletl'icrrl 250-p slits pr.oviclc a 5_A. bancl-ptss frill
',r'irith at hllf tr-rarintunt. { sodiull-s:rlic\.lir"te_coute(l
phoLorlultiplict ser.r'crl ls rl,-tector.. 1'hr: ltr.essrrr.e itr the
rllonoc:hlolnirlo| and thc clet ectioD chanibei- *,irs nrain-
trLinecl bclon' 10-0 tor.r. -{ Spe.r Indr.rstries Inc. 1..5_nr
Czenrr--fulner spectror.netcir; \\.irs enrplo),ed lo ob-
-<elvc the r-isible cntission. .{ 1200_line/in,ti Bausch &
l,onrlt qlating ltlazerl for 75r t() A pror.irlcd rr first_or.deL.
t cciprocirl rlispelsion of - 10 A,/,.,.,r.,.,. 'I',he acljustirble
ontriurce ancl esit. slit.s rver.c vlu.ied in iLr:cor.tiance l.it]t

...ril'{. llLrrzclcr. lt. (i. Inshrarr. rntl J. I). ][orrisorr, J. Chcrnl)hr':. 2lj. 76 {19.iS).
_ 

r; -\lorlel 1 7(X)-II Czcrnl. 'l'ur.nrr Slrcclrrtnteter, Slter IndustrieInc.. -\[r:tLrcheu, \cn, Jcricl., (JSg+1. ' .-.'-" -'"') 'r'

574



1 575 \-t Lr_.\ l{EJO, }t ti t{I \NI] INC}IIt.\II Vol. 56

the lccluilcnrenls of a sper:ihc lleiLsLlrenleltt. A ptrr-rto.
multiplitl ri-ith S-11 response sen'ecl lrs de tector. 'I'lLis
insllunrent $'a-q illso usccl lis il -spcclrogt'iiph to photo-
gr&ph the visiblt: sp0clnlnr. 'l'hc tinte-r'r:solvcd etlis
sions frotl thi: pulse(l soLrrcc \\'cLe olrsclvcci bv clispla.r'-
iug thc photorntrltipliel outPuls on thri rcr-ren oi tt'rr
oscil loscopes.ls

'l'l"re sottt'cc \\'lrs t \\'irtcr ilLckttcrl (lrrirt'tz rlischiLlgc
ttrbc (15 trm i.cl., 25 ur long) as slio\vn in Iig. 1. ll':re
vl!(lttttlll rllOllr)Chrotnittor \ict\'ecl the clischtLrgr iIlotrg
the dist:hru'ge tltl-re lris l'hile thc ob.selr-atioli-s iri tre
lisible region n't:re nrtcle rLt right lLnglr:s to lh.Lt rLri..
'l'he esperinrenlill llrransenrrnt is shorr-n in l:ig.2.

Jf rlir.rur \\'irs e\citecl r.rsius Lr pril-sed high'r'oltrLgr puri'eL'
stLltplr', ,.ce Iiigs. 2 ancl 3, rvhich perrnitttr.l inclepcntlcnt
\-ariiltion of tlrc pLLlse u'irlth, pLil-se rcprtiLion ireiiLrcncr',
antl plrlsc I)o\\'er. I:ot'll'rc lntirsLu:rnltnts rcpoftcti. tr

rirttgt of pttlsc rhirrlLiolls brt\\'een 0.1 lLrxl l.{) /rscc \\'t,i
t:rnpiovrci. '.ffLe pLrlsc lepetiliorl ircclriencr' \\'l-c lariril
from 10 cps lo (r0 lic-, scc. I:r'onr r-olttge- ancl .ul'r'elrl
plrlse shapes obser-r'rcl on an oscillosr:opr, it. is estiniiLtecl
that peiik pulse porvt:r'\\'iLS rrs high rLs 200 k\\'. 'l{ingin,3"
of thc crin'ert prrlsij 1\'i.rs ob-servecl: u'ith rL 0.15-psec
(ll'hnrl \'ollir,ge plilsc, thc curre]tt clftcrr clicl llot atttii)
zcro unlil [).7 pscc af ter onsct. I'hc pulserl high volLage
po\\'ef supph \'.rs Lliggcrecl irom ir He\\'lett-j)tcli.ar(l
pulsc gc'neratolle rvhose ptrlse orLtput \\'irs (lela\-ccl ().1

gscc. 'l'hc osr:illosr:opes uscrl in conjunrrtiorr rr'ith both
n iot toci-iromlLtors \\'el'c Lrigge|cci ir-onr th t-. prrl-*c - gt ntlri-
tOr tIigucr output.'l''hus. lr tYpictLl o-scillo,qcopu trlcc

,/o

,,1_o__qd-

Irtc. 1. (lros-s scctional virrl of thc rlunrtz ciisr:ha:g. rLrrc:
i 1 r g:rs inlct tul:,ing; (2) uir-coolcrl cathorlc, 2 S gnide ltlunrinunr :

(.i) \rrLrr jaclie tccl <lisc)rtrgc tubc. (lurrlzi r'-l,t 1r211g1-6(1.1.,1

rlairgtl i5) anocle.2 S gradc alunritium; (6) nrotiochrunrator ar)rl
tliricrcntial pr,rnLping sls:err.'l'lrt: \\'atcr talis in parts i3) anrl
1+l arc 1)ot sl]o\\r).

1s'l'cktronir 5-11.\ Oscilloscopcs ecluipltecl with 'l'r'pe J, irsi
risc tinre preanip)iliers rrt:re usecl. 1'hc oscilloscril)c s\\'eep \\as
chccked and founri to be accurate u'ithin the ntanrrfacturi:r's
s1 reci trca tions.

r" \Iorlel 214;\ Pulse r:;enerator, llcrrlett 1'ackard Co., I'alo
-\lto, (lalifomia.

,3

flepas-v-

l rc. 2. Scht'nratic cli.tgranr of ap1-rarat.rrs.'liht: diagrarn clocs rLot
jnriicate that it was also pc'ssible to lneasure the time-averagecl
intensitl fronr lhc photonrultiplicr of eithcr moncichromator
rrhile simrrltancor.r-ql,r' obser virLg lire tinre clepenrlence of br,th
nronochronrator oull)uts. I-egt:ncl: (G) pulsc generator, 200-\\r
lreiili porler, (.\) pu)se am1:'lilier. 2000-\\' peak power; (S) dc
-.ulrlrl-v ancl trigger, 2O() 000 \\' pr:ak pouer; ('l'l charcoal trap at
7i'Kl (\I) mirnomet.r; (l)) cLischarge tr.rbc: (\'\I) \'acuunr
r'nrrrochrrri.nator; (l') ireqnenc,\' counter; (O) o,.cilloscopes; (P)
soriiunr salic_r'liLle conVcrler ancl Photonrultiplier; t.f ) C7r'111'
1'urner Slrectronreter',

---.f>'5O0 v

T'
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- 150

( 4.+

1:rt;. .1. Schcmatic diirgrtinr of the pulscd crcitation r.rnit. l'he
inlrr.it lruise rrils obtaincrl fronr a llewlett-I:'ackard llodel 211 .\
lrLrise uenerator.

rrhiiritccl a 0.1 pscr: spuf, thci elnissioll obsctr-erl duling
thr rrriliitiorr prllsc, an,1 th,' rf l rrglr'\\' cntission.

(lormrtri'ilLi t:lnk heliunt \\'i.!s puriified bv passiige
tlrrolrgh iur orLlgii-c-re(1 t:irart:olrl tlap inrmelsed in a

li,-lLLici-nitrogcn bi.rth. 'fhe clTect of lcsidLral im1;urities
pr'(:scnt is rliscLrsstcl in rL lutct'srction.

Procedure

f'lir helium ,ipectnnl bcfn'een 3100 A and 7200 A
\\ us pholo.ql'iiphecl : nn iroil trc piovided the cor-n-

plrrison spectl'Lul. ^'\nzrlvsis oi thc plates shon cd a \1:el1-

dcr-elopecl IIey spt:cLrurn in adclition to I{e r lines. It
\\'irs pos-siblc to iclcntifl-)riost of the previousl\- reported
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gh
l.'rc;. 5. Oscilloscope_ traces of cnrission for a varietr- of erlteri-

niental conditiorrs. f'he rrarelengths. scnsitir.ities, iin.re .c"les,
JJrc:sllres. PI{Ir'a. a\'(rage Iro\\'ers, and circuit time constants rrere
e= 

.f 
, ,llorr s: (e r \2.i .i, U.5 \'/di\_:, .i psecTdir'.. 24.8 torr, 4.{5

kc.i'sec. 1{0 \\'. 1 pscc i (lr) S25 -t, t y/di., .. 5 rrsecrdir... 56,3
torr, 1 i..i kcrser:, 3{0 \\'. 1 psec; ic) 825 -3., 1 \:1dir.., -i psecT cliv.,
7(i.S torr. 15..i lic,,/si:i:. +-10 \\', 1p-*ec; (d) 825 -i. 0.1 \' div..
2 ,:.rec;clir'.. 39.() torr. -1.57 kc/scc, 130 \\'. 1 i1-sg6; f 1, [!{) _\,()2 \'./dir., .ig.ser:,,'clir'.. .i.1.2 tcirr. 11.1 kcTsec. 320 \\'. lpsec;
lf.r 6ij0 ..r. other conclitions .as ,in rrl.t ; tg; .i133 _i U.0.i \r/'div.,
10psec.''r1ir.. 29fi torr. S.08 lic,'scc. 2{O fi, o.l,uscc: ihl 3(r7(r.t,
1).t)2 \:i rlir.. ()thtr c()n(lition. as in ,lg)

\\ith 0 branch head of the 0-0 tlansiiion near 3676 A.
ln this crse. inore than thirtv lines oi thc 0-0 and 1-1
bands n'cre f eadih' icle nriiied.?r,:!

1. A time a\-eraioe(l photoelet:Llicallv nreasure(l inten,qir.,-
of tltt. OU(l 10(xli\ ,ur,tirrrrrrr,, i. slron'n irr I ig. .1. \\,.
did not- ol)ser\-e thc 600-:\ l:arrd of lhe IIe.: inole,.ule
a| t.he lcsohrtiori cn:rplor"ccl.:rJ

f'he I{e pressllrc \\-irs nleasLllecl u.it.h a \\-aliace and
'.['ier..narr absolutc-1>rt-.ssl]r e nlallometci2{ be:1ori. 50 torr
arlrl a simple nlelcl.ll'\' ntarnon)c1.er at,ovc .i0 torr. [lc-
crruse oi plessule clrops in the tubing leading into thc
clist:hargc tr,rbe iLncl thr inrpeclance o[ the He discharge
to ga-s flou', ILII pressures ciled have l)een correctecl to
gile the plessul'e \\'ithin the discharge tube. 'fo deter-,
nlinc this corrcctiol), a spcciirl discharge trnit \\'as con-
stnrcted l'ith it" \\-iLIlrLt:e altcl'fieniir.n absolute-pr-essu:e
maliomcter ltlountcd on glass tubing leading through
-iitt. 

fl. C',,.,i,s ancl It. (i. 1-ong, I,roc. I{o1.. Soc, (London) l0E,
.i 13 i 192.; ).

?! G. H. Dit:kc, 'l'. 'I'alianrir.ir:, and 'l'. Suga, Z. ph-rsik .{9. 6.17
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?r \'.'l'anaka anci K. \-oshino. J. ('henr. I)h1.s..19,30ii1 (1.96.11.!1Absolute I)rcssure iridicator. llodel \o. l-\'160, \\-allace
ittr'l 'l icrn,r'r, lnc., I3t ll,..r i)1r.. \rrr Jrr:cr..

moleculiu-heliut-n bands. ht addition, nran\- Iincs oi the
\e r spectlullr irnd a \\-eali -1861.i i Il liut: n-r:.c
present. \\tc rl'elc r-rn:Lble to fiurl ntolcr:ular btrnds not
attribtrtable to IIei. .\ sel"rch for lincs rltribtrteltle to
\, O, C, iurd Ar clid rrot reveirl l)rcsericc of the,qe inr.
pr.if ities;further, rlo I{c rr ot'\e rr lines ri-t,rc iclerrtiticrl.
The Ne r lincs ancl the ,1861 .3 II liue l'cr-e po,sitilelr-
identificd br- achnitting Lrace qururlities oi rcseu.ch.
glade \=e arlcl I{2 into t}re liorving lIe strciLnr anci
monitoring thcse lities. A sirtrihr e\perintent using -\1
revealecl N r line-* at spcctral positions l-heLe, I)r.ior ro
the addition, 1ro \ r lines could be iourrd. fhi-q cior:s
not inlph' thar inrpuritv specics othcr thi.r.r ,\e arrcl lI:
u'eLe erbst:nt, but r:rtl-rr:r' that, ii prescnt) rtrt visible
spectl'a attlibutablc to such species could be foLrnd.._i

Sincc it \\'AS necessar,r' to itrcreasc the band puss r)f
thc Czcnrr' T'umer sl)ec1r'ollteter to -20:\ in order.
to attain snllicient intcnsitl- to studl'the nrolcculu-t
afterglot', ir c:rlefr,tl crhoice of the He2 bands studieci
$'as irrpcrir.tive. \o iltonic lines should bc inchirle,1.
\o liues bt:longing to a clilTcrent band s\-srcnr shor.r^cl

bc inclrrded, citlrt.r'. ( )rrc LrLrrd svslcltr thlLt :rl i:Ii,.s
these critelia \ras founcl to be 3pr,IrII,- + 2.r. --1 

t),,-
(rvith Q-branch heacl ol thc 0-f band near 51J-l A).
llore than thirll' lines of the 0- 0 banil ri'er-e idenrilied,
as ri,ell as a number of members of the 1- 1 band.20 \\-e
estinate 1.hat ir.tr1' e\tralleous lines l'hich utilrhl h;Lr-e
flllcrr rrirhin r.hc brLrrd f"* "i.."'r rlr;..ir",,r;;; tt.;;:
not more than 1,i 1000 of the signzr.l level of the lines of
the E--1 banrl studicd. IJI similar- re8.-soning iL ri.ts
possible to str,ld,\' the tlansition 4pr, i:)TIu,-r 2s, a3),.'-,

600 700 800 900 tooo
WAVELENGIH (A)

Iftc. {. Llelium continuuru obilirir:rl unckrr the fo}louirrg cun-
ditions: prcs.surc. .39 torr; I)li l-. .r0 kc/sec; er cr.r;1r ;rrwer, 7i0 \\-;
l,hotomuitil,licr \'('llagc.',til \ : \;rr,,l I,il:: \: -\.
-'-'S. 

f ."ri.f.i, Sci. Pap. lnst. Ph,is. (lhcrr. lles. rl ok.r-o.r 10.
23i (1929).
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the lratel jrLcket dir-ectlr- into the nriclclle of thc ciis-
clrargc tubc.

Iiast electronic circLLit techniqr-res wer.e entltlor-ed tcr
studv the cnrission lfterglou. displar-t:d oli titc oscillo.
scopes. Since the socliunt salicl.iate flur.lr.s-_i(.s1i1. dgq,,.,
time is knou'n tr.r be less thrLn 10 usec:; rincl thc photo
muit.iplier delar tinres ru.e slnall, the iirniting tintc
constauts of Lhe visible ar-id vu.cLrtnn r.rltr.at,iolr:t. instr.u_
rnents \l-cre detct'nritrecl b1. the clr:tcction cir.ctrit. Clir.cuit
time constants 1lp to 2 !se0 ri.ere enrplor-ecl: in all
cases, a time colista,nt lr-:rs chosen ri,hich ir.as sntall
comparecl to Lhe cler:irr-corrstanl of thc liglit pul.re
studied.

-A,t fired ptessru-e) the prLlse pou-er clelir-r:rcrl 1o the
dischar-ge tribe cor"rlr.l be vrLr.ied bv conr.rolling tlre lro\\.er
ar-ailable fronr the dt: high-r'oirarre sLrpltlr,. Since tht:
v<-rltage drop ar,cross the discharge t.r,Lbc rr,-rLs cletcntrineri
b_v the pressure ir.ncl prrlse repelition ire rlLLencr . err i1,r.
tion u'as valiecl in this l'ln.. 'I'he intcnsirv oi the cb_
sen'ed spectruru cor.rlcl be changecl br- uic,r.e thiiu rn
older oI nrasnittirle br. this means alone. \\'hilc ro
electrou densities n.e rc tlir.tr t1r. melrsur.c,l, it i-c 

.lrelier-ecl

thal a charrge of the pulse pos-cr pr.ocltrcinq tlris r.tLria
tion resirlts in a cor.responcling lar.iation in rhe L,1ectr,.)rl
densitt-.

The light puise accor"npirnving and Iolkrn.ins erc.ita_
rion las recolded sin.rultaneotLilv in thc visible aricl
lrLcr,run-i-ultraviolet regiorrs 

.ltr- 
phot,,lrrLplting ctst:illo-

scope trrrces of thc gaterl photontultiplicr. or.trp11r,s.
1'r-pical photc,glaphs ure shon'n in I,'ig. 5.

OBSERVATIONS

Hopfield Continuum

In agleement l'ith pr.evious strlclies of pul_.er.1 r'lis-
charges in hel.ium ilt nrocler.lte pressures, rrle firrcl tv,.o
distine t rnlL.timlL irr the cont itrrt'rtl, one tirirr \l.i A l,rrtl
one neal'680 A as shos-n ir-r liiq. -1.:'i ,0 f'h€r t\i.o l.cqLon_q
at 82.; A and 680 A rrcr.e septi-atelr. sttuliecl. 'fhc tirnc
depenrienr:e of the continurnn ir"ft.cr.gl6.,1. irt selected
n-ar-elengths in the rr:gion fr.onr 825 A ro 960 i shol,
no departure fronr the tinre dependelcc at g2.t .i. \o
significant deviation fr.om the behavior. obser.r-eri lr
6E0 A ri'as found x-hcn the region betl.een 6g0 A uurl
610 A t'as st:arrned. IIol.er"e r.,- cliltcrci1(jc-i tiirl .Lppelr. be-
t\\'rrlr the Sl5 A arrd 630 ,i rt,gi,,rrs. I [.r.,.rir ri.. \\.r
discuss the tr.;o regiorrs :rt_ 82.5 A rLncl 680.i rrn tLc
basis of rne asrlrements rlzrcle et thcse rr.ar-e.leriqLhs onl..-.

rr, -\\D r\cHR--\rr \,.o1.56

\\'c frncl that the er:ri,.sion obscn'ccl at both 825 A
and 6E0 A is principlllv au aftcrclon' [o]lon,inc termina-
iion of the prrlsed t:xcitalion, in asreulerrt n.ith the
observltiorrs of lLiflnian rl tll.I; Unclcr all er-perimeutal
condiLions. thc aft.er.glor. decar- litLs bcen ob_.eri,ed to
\-al'\- e\poltcnl.ialh- l.ith tinte ior. lippr.oxiulLtelr, 5O

7:sec. .\nith'sis oi photo,grrph,c of sotrre ost illoscopt:
lrilces hus -qirorvn thr: (lrcitl to ltr crponcrrtial cxler.
mol'e lhalt l,.it olclct' of ntiLgtrit_trclc i t\\'o a\iulpies of
this erponentiiLl drclLt urt: shot.n in I:ig. 6. 1-hc erpi,u
ential dccal is rr'ell-rcplescntt'rL lrv tlrr: crluatior-r

[(.1'1,=1,,c'i". (1)

ancl t1-re intr:gllLteri intcn-silv irer ltr.Lisc rlrr.in nrost
cases be ri'ell le plcserrted bl I o, h. 'l-he r.are_s oi lhe
e\polienrial decals, /i(()80) nnrl i(825), are inclcpe|cl_
ent of pul,se n'iclti'r, pul-sc r.epr_.tition irrrluencr-. a rcl
e rcitation. \\-c trncl thc-sc qr,uLul.itie-s rr.i be functions of
thc plessr,rle rtnh'. 'fhe r uriritit.ies I(.\25., 

"',U 
li(680)

lir-e both linear ILLnctiorrs ol the pl.cssrLre 1an<l can le
l'r:lrleir')i1Ctl I'r' rlrc 1.,,r1, ij,,11

l;':rr'l ilP,

20 30 40
TlllE (pscc)

(2)

(,;;$. 
K I{erb:rntl \\'. J. \:an Sciver. I{cr'. ,{r:i. ln-.rr. 36. 16-r()

*; l;';;jl'^*", 
Sci Pau Irrst Phls (-'htrr l{ts. q'l i,k.r',,r .ir).

.^!r^).,l._a1_a],a, .-\. S. .f ursa, ancl Ir. J. I_eIJlanc. J. Opi. Soc. .\nr.{8, 30.1 (1ess).

, -'lr,'t.,T'iTil'j'j I \;,,1i:'?ii;: z1'ljl /, l;u!i'rrLee. 
J ()1, r So :

trol-P,j 
Ir )Ietzgr-'1 anrl G k c'ook -| opt S.c. -\nr. 55. 51(i

30 R. E. Hunnran. I. C. Larrabee, ancl D. C.hantbers, .r1ipr.
Opt. 4, 111.5 (1965). -
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ljtt',. 6. Iirporic'ntiiLl cleculs of the lIoyrlteJ:i continuurtr in tite
car',1. aiie rglorr': o!tn circle-*. S2.; -i. 20..i 1e11, clo,.i:cl circlc-,
650-{.5S.2 toJ1.'l'rlo or tlrrtc rlatlL rrsilts plottcrl af the sanre
Lirr.rc coorclinlite incLicar e that thc in.-en,sitii:s rrere c]eter.mincd
ironr tiro or three oscillc,scolrc traces cmlrli.rr.ing diiiercrit
sen,:itii'i rics.
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Visible Region

Jt has plcliousl-r. bcen sllggestecl that thc transition
.1'),-- r -Yr)n+ is lesponsible for the princiiral rna:i-
rnun in lhe continuunr rea.r 825 A.2r A ctreit of this
sugge-qiio| rr'ould naturirll! inclucle obsetvation-s of tlte
stlong ntolecular eurissiorrs terrninatit-rg ilt the -.1 

r>,,r,

state. \\'e find that the nrolecular emission at 51.13 A
(r--{ ) consists prin.rari}v of an ertended af tergl<xv

ancl onset of the aftelglou'eruission \\.as foturd to \.ar\.
invcr-qelv n'ith the prcssure ar.rc] to depend on ercitati rii
a"-s \\'eli. f ire rate of r-ist: of thc after.glon.ri.as found to
be t -qtlor-rg iunction o[ the ercitation. The c+rantities
1i(82.t). A(825) a"nd 1n((rE0),'/i({r80) are approxirnrrte,lr.
lincar: iunctions of the pressllrc lrt collstallt ercitiuticu.
:\l con-stitnt pre-csrlre t.lrese quantities ari: stl.oll!i\.
scn-.itile t.o r,xcitation and the ratio 1n(825)XA(6SO;-r
1s(680)X/i(82.;) increases n'ith inclcasing erciLatit.n.
'IlrrLs, the lr:LLrive anrplitr.rcle of thc intcnsitv marirra
at 6Sfi -\ lr,tl El.- ,\ rn(.ilsur(.(l in rL tirrrc-:rr-rrr:,:rl

tz

to

9

8

7

b

tl

ro 20 30 40 50 60 70 80
HELIUM PRESSURE (mm Hg)

I:ttt. 7, Pre-ssLrrc clePenrk:nce oi Lite rate constlltL l.: r'6S[).r cllLr,
aclerizing the crpr,r.rcntial clcca,i of entission xt 6E0 -\' nl ( n
circles. FIc at 29S'K; clo,.eci cilclcs. FIe at 3ii"K. .l-he lrcs-.iLrts
nrcasuleci Nith lJi: uL 3i3'F, IlaVe l)ccn iiuuVcrtc(.1 L,r eilr.rit.llicnt
l)ressllres lt 2!)E'K. 'I'he clata ltlottcd l'ere collt-ctcrj uncler a widc
varictl oi ercitatio} conriition:,.'l-itc Iciist-srlriarcs iincur 1rt lo
the tlalt at 295'K is iLlso shori n.

u'ith ccl,uLl -slopes d.'l'his lrelratior is siron'n in F'ies. 7

an(l 8 \\'ilel'e I'nelsLtlecl vlLlr.Les oi /1 i6"\l)j i-,Lrd l(525 1 ur.e

gir-cn rLs fLrrri:tion-* of thc Hc pressur:c. 'l'lrc p,tirt,. shc,u'
r-e,.u11,. obtiLini:cl lLnrlel I u'iclt: r'rliclr'of Prrl,.c lrlrt,titi,n
flcclurncirs, plrlsc-pon-er lelels rLncl pLllst l-ir'Lths, il
lr-tstratirg lhc inscnsitivitl oi I to virr-iiLble-s otlLcl than
thc ple,isrLlc. l,eust-scqrLir.r..cs lincs of tirc ionr of irq. (2t
irave lrecn iiltc(l to thr: clata and rirc clcrilccl r-l1r-res of
a iincl iJ u'e gir-cu in flLble I.

Thc deLailc,l shrqrc o{ thc aftcrglou' 1-lr.rlsc \ri.s iourr(l
to rlepcr-Lcl on both crcitlLl iorr conclitions llncl picssu le .

.{s sirou'n iti Iigs..l antl 5, iulluu'irrs ori-*c.t, the aftct'-
glol' enrissiotr li-scs la.picllr-, r't:l,chcs a nrarir-r'iLnLr, iLrLd

clecavs iu thc ntiruner-. clcscriltecl abor-e . 'I'lrt-. tintc clellLl
br:Ll'r:el lent'Litra.tion oI tltc clischalge loltiru. pLLlsr

'l'.rut.l [. ]trcssLlrc rlclrcnrllncc oi rrrtc r:on-<t:rnl chariLcLrr.izirrg
earlr'-trf tcrglol clecar'."

tr,r
\\'ave- lnt('rccl)l lrt rJ
It:ngth zcro l)rcssLLlc S1rr1t,:

(.it (10ir,rscc) (pt;r i src-1)

to 20 30 40 50 60 70 BC,

HELIUM PRESSURE (mm Hg)
l:r.;, 8. Prcssure dependence of A(825) r.ncasured under a l.ide

range of e\cirarion conditions: opeir circles, I,Ie at 29g"K; closed
circJes, He at 37.j"K.'l'he lea,.t-srtLrares lintar ht to the data ar
2()E'K is also shos'n. Pressrrrr:s l.t)easure(l at 37.j"K have ireeri
t:onIL:rterl to 293'h.

nlarncr') as in Iiig. 3, can bc expectecl to clepericl on
Irotlr ]r'rs:Llrc arrtl er, itation.

^R(JJ
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630
s2.;

f l.).)

1 S.2,1- 1 ..i
26.i-L 1.-l

2.1+ 3..1

i 1S0+.1;
12;0.L.j;
1.1(X)+S;

,J 
l'

s lope
i 10 -ri cntl
tLL()l)t.S{'C.--..
.1(). \+ L. L

.l9..tl: 1 . i
10.()+2 7

the stanciarcl deeiations of the lcast-srluales i
gas tempcrature of 298"K.

. l'lre quotc(l errers are! Calcularecl assuming a
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l'hich appears after termitratiorr of the ercitation pr,rlse.
As in the carse of the llopliel<i contiuuurl, the afte,r.gkru,
exhibits a rapid buildup to the nrir,ximrLn.r follon.cJ br.
a simple erponcntial decnr.; the decar- rate A(51331 is
independent of all discharge conditions c\cepr pres.
sure. Observations of the enrission ar r.ariou_s ltosiiic,ns
along the lenglh of the discharge tube inrlicatcrl thar
this decay' rate $'as indcpendent. of position rlithin the
discharge. \\'ithin oru. experinr.,.,tul 

"..l.,r"t_-r. 
(r.cpr.o.

ducibilit;-of about 20o/o'), thrs pressr.u.c ciependonci: of
the rate follori'ed the linear relation oi I',r1.2.lfeasrLr.e.
nents of /. (5 i3.i) as a function of IIe pressllfe u.e
shown_in Fig. 9 together rvith thc least-scl.rares httecl
l,.r!.. f!" derived quant.ities a ancl 13 a.r.e presented in
Table l. 'I'he vir.riations ri.ith changing e.rcitation o1,
10(.1133)i'A (5133) follorv closely. rhc variations of
1o (8.25 \ {,(8251.

Obsen'atiorrs of the 0-11 band of the svstenr -11r,
islls-> 2.s, a32*+ shorvetl siurilar fcetur.es iircluriing'rLn
c\ponenriill decar- of ttre afterglori, enission. fhc clecar-
slope A(.16i6) observed rviis sr-ibstanriallr. srrLallcr thrrn
that found to chir.racter.izr thc -E---l de,.rr.r. lt a gir.en
pressure. In ir.cldition to this cliftcr.ence in the e,rpo_
ncntia.l decilr-, l.c also lincl that thc tracc obsrrr.crl rl
3676 A dilTcrerl in another sigtrilicant nrilltlrer. from th.Ll
obsen'ed at 5133 A;the tin.rc position of r.hc nrariuru:r
iunplitude of the irfter.glori- cnrission oi r- a l.a_s suo
stantialiv delaved in con.rparison n-ith the 1i .-1 _svstenr,
as sho*'lr in lrigs.5(g) and 5(h).

Effect of Tube Geometry and Temperature

ln addition to the measurements eu-rplol,ing a qltat.iz
rlischarge tubc, experimenl.s l.ere a1,tcnrptc;l ,,.i,.,g ,,
Pvrex dischalse rube l-ith a capillar,i- seition of sub_
stantialll' difter-erit geomelr\-: -tr nll i.d., 12 crtr lorq.
Thc reclr"Lircd heliurn ilorv r.ates prochLcecl a stLbstautiiLl
pressure drop acloss the length of t.he cli-sch[rge tr-rlt,:.
therebv pleveitting a sti-ict conrpar.ison of the r.esrLlrs
of this e.rpelin-rent n'iLh the resr-rlts obtainccl cnrplo.r.ing
the- c1uar1-z clist:hlLrge tube. .\t 1ol. helirLrrr Irr(,-ssrit.cslncl consequent lou' 1lou' r.ates, e,rpcr.itrrtnts in tl.ris
nirrro\\'er tube u'ere founcl to asl.ce \\-ith thc cliLar rz
tubc stridies. .\t highcr prcssrlres the clcr.ar. Llr"tes oLr _

tainecl with the Plr-ex tribe r-er-e sor-norjhlLt iu-iter..
\\-hile these difTerences ar.c: consirle-r.ecl t o be bcr-oncl
erperinrentiLl error, the vcr.r' large cl'range c.,f gconirtr.,.
(factol of 20 irr volLrme and 1{ in ciitTLtslon rinrc) incli
cates that there is no llLrge s-r'stemlLtic: r.arilLtton rLt_

tribr,rtablc to geonretrl' alone.
'-lhe etTect of thc tenrperature oi the heliL:r.ri gris

enteriug the discharge tube orr the cluantities A anrl
1o,iA rr'as studied. l'his rvas achievecl b}. dori.ing thc
puri{ied helir.rn through a spiral trap cor.itairred in an
ove n; further, the Pvrex tubing conlteclins the spirrrl
trap to the quartz dischargc tube rr,as heatecl. Thc
lvater-cooling system surrounding the discharge tube
was turned o1T and the water in the jacket rvas heated.

I .r',. u. I)res:rtrr (lrl)cnrlcncc uI Aq51.i.3) mcasured tLnder a u.irlerlLn!( .,i rrctiaLion coltditirr:s at 299.K; thc least sciLlares trnc.rrilt to the data is also shon.n

llcasurenrents of tl-re ri.ali tcmperatur.e of the hclium
inlet slstcnr and thc l-:r.tr:r. jlctet indicatccl that tf.e
tcmperatlire of the llos-irrg qlrs \vlLs roughh, 373,'1.:.
I'he nreasurecl press,-Lrcs of the hcateci helium rr,,.. .o,,-
vertecl to ecllLir-alcnt pressurcs at 29g.K. Both tl e
clLrnntities i urd /s 'ft er:hibiteci the same pressure cie_
perrclcnce as \\'irs obscr.r.cr'L iu the abscnce oI hearing
at both 6E0 A and 825 A (sec I'igs. i rincl g). Linclt,i
thc unfrn'olLble a-csruription of loir. pJas pr.cssr.rr.e ancl
nlLrirlnln'r 

.clischarge po\\.er colt\rettecl inro heating c,i,
thc gu.-i, tite arnbient tenrpel.tLtrjre r.ise per.pulse is
calcrLlatcci to be 2.5'(--. This calculation, thc rs1_rcr.iruert
enrplor"ine ertelnallv heatecl irclirmr, ancl the insens,-
tivitr oi tire clecar.rate to pulse repetition frerluencies
florn 10 cps to ser.eral lic/ser: inrplv the ab-*ence of a.r
lpprecialtle actir.atiori euergl for lhe process cleter_
nrininq tire liirrctics of tlie hcliul aftergiol,. \\'hile n,e
haYi: not cieIctrlliticrl the atrbierit nn, tan]p.rnture rj-i
thc c:lLllv afterglon-, thc abor-e corrsiclerttions suppoft
tleatnlent of tht: dlLtlL pr.esentr:cl for.tLn lLnrlti.,nt. gas
tenrJ)cr:r1nre oi 298"K.

Efiect of hnpurities

Ir has k.rrrg-becu knou'n that lori. intpur.itr- levcls trr,:
suilicient to rllLcnch rhe molecrrlar bantls asiveli as thrr

]I \\f) I\GIIR.\]I
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Hopficld continuurl.l4 r\s mentioncd earlier, spectl.o-
scopic er-idence indicated the presr:rrcc of trace alloLluls
oJ Ne and FI: in the ptrriliecl tank helir-ul er.upior-cd in
these erperinlents. fn a scpar:ate r:irper.inrent, arlclitionrl
quantities (up to.t00 ppnr) of Ne. II1, r-Lncl \1 t.er.c
separateir- aclcled to the flol'ing hciiunr rincl the cpLenci.r_
ing of the llop{ield continuurn ir..rs sruclir,l as :r functiol
of thc partial prcssule of the aclnriLterl gius. Itesearch_
gracle samples ol'the indicateci ior.eigir girses \\,crc
admitteci to the clischruge tube al)d. in-the itlrscncc oi
heliun-i llot'. the stcilclr--state pressurc r.iLS merL-quLecl.
l"or Ne ancL IIe tirc ilos' r.at r: ri.lis nrcasr.ir-ccl in tire
absence of hclirurr, anrl agreecl n-ith r.ates calcrLlarcrl
fron the geonrctt_\- oI the sr.stcnr. Lt the cilse of \1,
the llotv lilte l"as not ntca,crit.r(l; r.ather, thc calculatccl
ilorr late \\'as itssunlccl. l'he lreliLut-L 1lot. l.a-s then
tumed on artd the cli-scharge initiatecl. [.-pon at:lrier.e.
nrent of dii'fr.rsi,rn ecluilibr.iunr of thc foreign sas in rhe
helirm lloil', the lr,ftcr.sjol. clecur" r.rLtes 

-r..Ji:c 
cictcr._

Irtineci. lleasulernent of the lreliuni 1lou. rrte per.nrittccl
evaluatiorr of tht: lluc {orcign-airs pir.l.t ilrl pr"r_.,,..-..
I'hc resiclur.l 1e.,'els of thest: ior.eign ga.ses in tlic pruitrecl
tank heiitinr ri'cre r-stinratecl ltl nronitor.ing the uppr.o-
pliate spectlirl Iine'-. in the r.isiltlc resion vs'tcitrrl :icLciccl
partial pt'cs-sLlre anrl rrtr-apolatinq to zer.o irrlclr,cl i)artilL
pressure. ['hc lesirlrLlLl IIr rLncl \e inrprir.itr, ]evr-ts (.01.

respond to 0.1 a,ncl 6.2 pptrr, respectivei\.. 'I'lre estimarcrl
residual N: irnlrur.it)- Ievel is less rhan il.2 1rJr,,,

24
23
??
2l

.,\t. all partial pressurcs of the impuritics _qtudiecl, a
pLu'ell e\polrential ,:lccav of the aftcrglon. s.as for-Lnrl.
T'ire cl.ranririe -s li (680) ancl /r (g25) r,.ere'iinearh. increa:,_
ing irLnctions o{ the per t_rl pl.r.ssul.(.s) rt i\ec_l toti"l
plrssurc, as shor-r.r in jri{-t. 10. The quenching r.arcs

:L:'lll:d flon.i the slopes o{ rJrese cr-rrr.Ls are: i-r, 2.2
X1() r'r (ltt3. artont.sec; \tr, 1.2X10-r: cnt;,..atont.sec;
llr. 9.0X10-r'r cn13, rLtonr.scc. \\'e concliLrlc that the
cdcci of lcsidual inrpriritics is sueh irs to irrcrea,{e the
lr.r.j_\-alues r.if /r lor.Lghlr' 1..i!,"., as contprlrecl l.ith pur.:
lIe. ll'o furthcr c'l-ieck rhis pr_rir.rt, :r. sanryrle oi r.esearch_
gr:acle hclir.rrn li-ts LLsecl.ar Thc rcsults obiLinccl at .S25 A,
68fJ A. arrcl .51j,] .\ (E.,-l ) .gret, ri.irh tlre clata obtaine,t
using tlrrr pur..iIed tanli heliunr. Sirrr:c electr.ode out-
grssing ci'nurot erplain the obsen.ecl clepenclence of
rlecar lales o1r pr-essul-e r,Lr-rcl crr:itation conclitions, s.,:
believc: that thc obscr-r-atiotrs cle-;cr.iberl in thi-. reporL
lefer to pure heliunr.

aI
\
I

IMPIJRITY PARTIAL PRESSURE (MICRONS)

, Ttc..10. I)ependence of AqS25),1r1,gn sl.nrbols) anci F(6EO)
.(1t_9.;if as111ri,cLs, 

or II. fs,luarcs,.'\- ,irierrslc, . 
"i'r,1 

l- .tr, tn.,
l)artlal.pressures at a n\cd lteliunt llressrlre ,39 t,,rr) :rn,i c,.tr.lzrnr
:l*"tigl conditions. 'I'he six lines are linear tea-.1_iquarcs 6rsto tne data.

Prompt Molecular Emission

,lrr aclditiun 1o thc aiterglorv er.Lrission, a pulse is ob
-icllecl ilt 825 A rr.i:h tinie constants con.ipar.ir.ble t<r
those obselr-ecl for rhe r-oltlge pLrlse. Ilr- erirplor-ing :r.

sLrifrcientlv shor.l rlt:tcction-cit.criit tinrL constaut, i._
ri'as pctssiltlc to r.csoh'c this pr,rlse fronr the afterglol.
pr-rlsc. \o cticlenr.c u-as iouncl {,tr 1.he erist.rnce: of l,
.irrriLLr' prorrltt pulsr: accror-np:Lrn-ing tne ert:itation ar-
|.10.\. {--rclcr.corrditions rr.hen dre i}pfriu.en1. r.atio of th(l
riaxi'ur.r r"plit'clcs o1- thr: aftcr.g;loi,l crlission rt 6g0 i
n'ith rc-qpecr to tl-rat at 82.t A s,as 0..j, rhe corr.esponci.
.rrg lalio fot' pLrlses possiblv ar:cont;lan1.ing thc excita.
liou nas <0.07. 'Ihe relativc anrplitucle 

-oi 
the pulsr,

rLccor.uprLnvirrg the discltar.ge ri-ith l.espect to thc ifter
;]:): pr.,f ,. is indepcirclent of n,iir.r:lcnsth for rhc regior:
l()(}() -\ to S15 -\ rllr(i is"\-ef\- nearll so bett.een g2]5 A
r,ncl 76() A. llelo,t 7tiO A rlie ptLl_.c ;lsgou.,Oanling the
rii-.,rhr.r'-gc rirpiril_r' clei:r-clLses anil lLpproa.r:hes noise ler.el
neal i00:i. 'l'he,re is no positir.e cliclt:nce inclicating
1.]re: eristcnce oi sr.icii a pulse belon. 700 A. Obsen,ation
at 51i.3 .i 1fl--t) a.l,.e 511o,,..c1 rL similu.i prompt pulse.'fhe anrpiitr,rclt, of this pulse as conrpiirecl ir.ith the
rmplirr-idt: of thc afttr-glon' ri-as forrnd t.o bc a iuuction
of position of oltsen-ation along the iLris of the clis_
chalge tube. llhis ralio \\-as sonrervhat lar.gcr near.the
cethode than thc ir.node.

'I'he t'elatir-e anrplilrLcle of the pr.ourpt en.rission rvith
Ir.spcct to tlit: af tergltt$- rvlLs fourtri to bc clepcnderrt on
l-,oLh plcssule ancl ercitation. ft n-as possible, b1, lon,er,
irg the ercitalion, to cl.eatc conrlitions iri ri.hich the
a,itelglon- pr-rlse t\'as ir nrinor featr,rre courpar-eci to the
t,r-rlse acconrpanr-ing the excitatiorr. Oscilkrscope traces
cbtained r,tnder thcse <:orclitions zrre shon,r-r in Figs.

:!' i'1 : "'
^ 

:f i'he,]Iathe-son Comp,anr., Irrc., Jolict, lllinois 60_t3.1 cprotedJ pptn \. and less than i plrnr tcvels or ()lhcr gases.

7,
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TECHNOLOGY
'Ihe pr"rlsed helium dischar.ge has bcor studiccl as ,t

relates to the over-ail intensitv of t.he Hophclci corr_tiuutul. Entpirical properties ior 1irecl geonretrr- a,-c
described. Thc peak anrpiitr.rdc o{ thi: r-oltag,,';;1..";:
{ound to be atr inc::easirg ftLnctiorr ,rI tlrt *,r-= p.rr,a,ra
I at fired prLlse-r.epetition fr.et1uenc,1. (pI{I:1 ;1n4 1i16.,1
puise l'idth. -\Ieasur.cr-nents l,iih rlrc srnlller: rube incli.
cate that the r-uizrl;lc of r.eler-auce is itot_ L.he llrirssrir?alone, but, aualogous to the case oI the r1c rli.scliar.gc,
the ploduct pri, n'irere r/ is t.he elech.ode srl)rtritLtoli
1lr,l--11]: peak amplitucle is a clecrerrsir.rg fLrncrion of
the PltF at fired pr.essLlr.e ancl pulse ,r,iclil,. .\ 1,r.ntlre..
Ieatllre-ls the appatent invariance oI the ntagnittLc.e o.ithe voltage pr-Llse at firetl pressur.e and iRt ,rir i,
fespect to the pulse l'idth. J..or- ptilse u,iciths berr,,.cerr
0.15 ptsec arrcl 1psec (frvhm). tiie an4.riirr,irlc oi rhe
voltage pulse is coltstaltt to u.ithirr l0(-,.

-fo 
clrscr.ibe rhe r.rL.rirtit;u of rjrc or.er._ali light in_

ten-sitr- jt i_s coulcrricul 1.o sperLi.: seprr,r.uteli.of the
oLttpul. per. puisc. 1s,.,/:. rutrl lire pr.orluct oi this rlLra rtitvrljti-r the I)t{f i. ljoL. c,rLL geonr(]tt \-, ut ihccl pr.a,,,..,Pl{li, lLncl nonrinirl f)ulse iror1.rr., ilre qurLntitr. 10.,,[ isc.scnriall]' irrrltircrrtlrnt of pulse r,,.iclrli for. t_lcltir,; irc_
t.,r'e tn (i.25 !s€:c 1.n.1 1 ps.cc.trlrhough th.: alrrirge I)l\\.erclt'ln'n l'r'onr tlrr: rlc sLrplrl_i- i,,,,.""=.n lilc_,L.j.,l 1,ith pril-se
u'iclth. I;or.pitise rvirlrh-. lc-i,. llriLrr 0.25 prstc i1.,.,1u.,,,,,t.,
1.,,. 1 dccleasr.-r ris thc pLrlse r.icltl-L is riirrrinishetl . ,\tlireri plcssur.c rLrrrl Ii,.l{1r, 11_,'i.: is iorLrrcl to bc linear.
ru'ith thc pLtlse ltorr-cr..,\t jr..,ccl i:,t-rlrLcucr- alcl p,11l"qs
powct' thc intensitr, 16,'/., inr:r.ces,,. li.,r""il,_ .,r-ith in-cfeilsillg pt-essLltc, i)1.,t\.i(le(i thlLt -"Lrlllcirnr.'..u1t"1,., is
avaiLlble, see I:'ig. 11(ri).

'1'hc r-rLliiitiorr oi the tirre ur.t:Ll.Li:cl in,.cn_.iLr. iL,s a
fLrnc tjrir oi ihc pLLlst: rcl)eLition fr,rLlri.,,,,.,- i. atrr,.,-n i,rt
1:_:-. 11(b r l'he riel;rLrtrire ir.orn iirerLr.itrl at lorl l,lLli
is thoLlght to irc r.hrLr..ue Ltri.lir of t1r, 1,.ri1 r-1. _rLl])ilh,. ^.\thiqht' r'lLlr.Lcs oi the I,Illr thc ti'e ,o,,.,",r, lr"ssocr:11_ccl
',r'i.t1-r thc lLilcr.glorr. liinctics jter:ontcs rLn impor.tit.nt r;ott_
-sidc'rLtio'. 'fhe cir.cuir ,.irori-u i, i:ig. -i 1i.1i-. clcr-elopedto o\'efcolltc titc i.triuerrL:.,-lintitlli.iort r,i the rL:;ullthllitt.t'olj I)ul5r .suppl\'. \\'i: hiLyc L:,rrtrjrl"t.c11 the l.ehtor.til)r-it'r:s'iting fr-orL i.lte ,,:sc of lhis,,ir.cLLii r.,irh riiar
obLainerl n'hcrr ii splLrli gap c,,lrtrollctl conilcnsccl_:1is_
chuge unit is sr.b:tir_Litr:tl. .fltc irrpiolcntcnL irl iu_
1c'nsitl olttuiuerl is rllsisttlt l.ith ,,r.hilt t.oultl bc
erpcctecl otL 1lt(r brL.is lri tlrc lri,{lrt,i: I,lUr.r.aliies ac-
, u.-il,j, rrsir.J .1. . ir-. 1.,..

Jit,a -.eitu.r-iLLt. ir.rptr-inr,:rrl l.c iravr r.cpltt:ecl lhc
lru.l-.cr1 clqtilLir'-r' cLiscli.rt.gc llrl_,e q,illr rL1 .lrctr.oclc.essPlrer lc.st,l (tiinrclsiorrs: .l.j ntlr lorrg, 2S rtrm icl.)
.l:..,1 a t,r:1..,I r:. r:nrll.un ltti,:.u\\..1\, cr, il:rtiO,'} l., ']ir.'l'he. nrir:rou'a\-c pf)rt.r,1. (-\- 1xLircl, 1() l.:)1.) ri"as clelir.erccl'Lo r.hc lanrp thr.oilglr u corrle rrtiorr,rl ,r,Lrle gLlicle pla,:ccL
ilgrirlsl thc ilLi:e ol thc vcs-.e1. I)Lrls,r l,iciihs ltetn.r:eu
0.2 aurL 2 pscc l-t_.r-e cntJtlolt,rl u,iLli I'i{i.. be tn-een ii00a.ri 50110 cps, .orsistenL *'ith thc L,:ccrr.ur.rc'clcci cl.tr.
t:,r'cleli the nttgnctr-oir. \\'hc:r opcrtt(,11 in rhis nranner,
tlie 1I.ptre1d .o.i -'llrL'l *'as .btrinr:cl. I'he i'tcrrsirrl
I'at'icd linelLr'lr- rr-ith lhr: ;u.essule lrt collsLN"nl. tri{I:. ancl
pulse pon'el atrrl l'rr,s io.rncL to l_rc lincu.r.iu |l{I,.at
hrr:d ples.siLlc iLncl ltulse p{tr\rel.. IJc_,u,cler., o\\.lng to
poot' r:orrpling ctf lhc lti, r.,rr\..1\-c l)rr\\ Lt. rrr rltr_ g11s ptiLsc
s\'-i',elt, thr; oi'er. ail intrrnsiLl- \\.:rs stilrsl.Lntiallil l,:ss
than trlical intensiries olrtrLiner,l u.itI rhc pril-;eri urci_
tltion Lritil.

CONCLUSIONS AND INT!]RPRETATION

General Remarks

fhe oltsr.rr-iLrion.s ar E2.5 --\ lLrrri 65() A inciicarc that
Lttrr.c AIel'ager.1 nu.lL:iLirr:r11l,nts oi Lhc i;ttcnsitr' clistr.ibu_
iror oi Lhc flopirelcl cotrtinrLrrn-r I_rr.t,r.i,rrLslr.t..1,o1.1s,11 u,.a
str.ongh' irlltLerr:ccl b' crcitat.irr i;onciitiorrs as *-cr .s
impLtlitr' lt:r-cls aud pos-.iitlv trrbe geor.netr.r.. I)i1Te r._
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cnces:e in coucct'nius the lehlir-c iutcusitics xL Sl5 :\
tncl 6E0 i can bc rrndclstood in tcr-nr-. of r'hcse r-ur.ilblcs
as r.,'ell a-c othcI instIuDtentll vl.r'ilLltIc,*.

'l'hc oltserr-a'-iorrs rlcnroristrrri.c Lhirt rLi lc.LsL t\i.o I)l.r)c-
cs-sts. iu'c ol)e1ati\-e ilt lrrotlrrcing llti-: r.lclilLtiLrn itl
82.i A urrl thtt onr of tlrt..-.t: i.-i lil-r,ctriL or str.ongl.,'
inhibitccl lt 6E0.\. This crLn i:ritlrLitr rhr: ob-set.r.atrorr
of t1'rt: .!25 A contininrn lrrrt. thr lLlt.-ceuce, or. l.clLli
ercitatior-r. oi thc 680 .\ continuLnrr in rLn rLnconrlcnse,l
ciischalqc.r!'J'lre r.rbsclr-:itions elso siLgl{r.'rt rirlr thr:
(t80 A lcgioir oi |hc contirLLuirL is ,l, ''...,,1t of an i:lcL:
tlotric trrLrsitic;it It'onr lL siil,Jle er,-itrcl dl{rctl.onic .iLiri..
or fi oln scler-ill r::,ci1 r:d stlLt r:s,,''ltir lt t:rlt j j,rit .Lhr slr.li.:
liinc-tics oi {olnrrLt i on.

'I'hc -qin,.ilelitr- oi thc tirrrr lr...oi',-ur1 brl-irvior li iir.
tliLtrsitioit .ipr, l:,r71 ,,--- 1.. -1r),- ri'iLh ilrc Sl5--\ r.cgion
of titc cortinullni SLLg{{]st Lhiti Sf]itS |.'r Lh,r jr!u} .ll';.
It.lII ,, ar hi(hrl lLt-r: sigrriii,.rLnt i ontt'ilrr.i'Lols lc.r clL.-qctLcling
riLrlirLtion I)t'o(r(.:r:ts nhir'lr li.slilL in tltc iloplieltl t.orL

titrtntnr t5 a lct'ntirirl 1)t'ot,r-.. 'l-his olrstn-iltior-r r-s r-.on

sistrnt ri'itli lL nrorlcl l'1ri,lr irrrtlrrrlrs lccornbitrruii,rr-r,.ri
heliunr r-nolr:ctr-al ions u itlt r.lt.ttlro;rs ro iitnl c.ri:itL:rl
ncriLlal nrolccuics rLt Lhc lcve l .ip;r. /:rll,, or. hi:lhrr..
TI-ri_r oitscn.il.tirin rrl:0 sLtl)l)oits thc -.rilt{rst irlt tltii., thL.
.S25-A r-t:gion oi rhr IJ14rlrelcl r:ontinuirrr is ;rr.,rrllrt.r.cl
l,r tlt( tlt, r.uni\ l irtr:iiiur, .1.-\'.1;

fhc lt'su1f s 'i:l),.)t'tr(l hti'c iLgrrc l t.ll r,;jth ()jr:ut.\-iL

tions oi thr ear.1r. lrc.lirnn iLit,:r.glorr' lrr-tlicrr,sh r.t.|)oi.ti:(1
br' -\nclclsiitr.r'r I I! l-lL-c lLlsrt iLirlc 1o sh,-r'.,.. 1.lrti :lilii
htiLtiitg ol thc e ltr'tlons iti tht lliLcr'll,tr'.' ir..r"tr),)t.ir,t.lLv
inhibiri'c1 Lltr; nrolcr'rrl.Ll L.lrissi(rn. \\ . t;.:.r-prcL tltis
ts sho$'itlg tllr,t tlrt,t:l,:t tloti tcnti)cri,"iLliri l.rja:i.s r.iilririlr'
at t-noclcllLtc hclilrnt ilt'cssui'ts iutcj tilirr Lht iucontltiitri
tton step is sult,.truttiulh' ilL,.i':r. iltr,,t: LltL: r.:l.ic drtcr.
tuiriittg stcp i1 Lhrr clir'lr- uitt.'rglo1-. J.ipi; :t.itii l:.r'r.rL,.tcj:r
studieri the t:at'h rrolr:crrllLr. r:itr.r:alori. il irulirn. ir,,1lor.;
ing pulsccl e\c;1ation. i,L'r i)t'css,,tr'rs iiit io 15 tor.t. l hrrY
Iel)ofl. at 1.5 tolr, thlt tlrc ,1,16, .iil . ,- 2bi, b3IL,
erllis-(i()n erliibitecl t hc slLnre {ctictjirl ir:iLt Li1.t-> i.c;trtlicii
hct'e fot' thc,,1: -, I trrri tlrr Sl5 :i lcgirlr oi thL, conirnlr-ln.
i.e., thev lritOt'L lL:t tltjs.iot: ])tilsr iLr.(t(rltltllllil! cii-c

charge follol-e,1 lrv rn cit(,u(Lcci lif te r.g-o.,.,' i.,'ith li
builclup relatileiv lu.ytirl t:c-rl.rorr-r'ccl to rltc: cl:i:..-,. .

BrLr"ets llr-c it'Itcl'pl'titecl hi-r r.e-iult-. in tcr-t;.,s,ti the
r':Lliu"tiorr of tht: t'ccornbillL'r ion ptoLabiiit.,' ri'ith chanses
oi both elcctr-otr dcnsitl lLnrl t;lrt.tr.on eler.li'. l hesc
lu'ilLtion-q ali: intlroltlLnl. tt. lo\\- 1)ia.ss,.lir-i iLrrrl iiigh
trciLrtion.r lIor,' clcr, the le is sribstttrtii-,1 cr-irltitcc thaL
tht'tle c:a! r'atc o1' tltc cle(ttfoD enrl'g\- rLt Llte pr.t-ssr.ir.r-i e n1-
plo-r ed in the plest.nt srlLrlv is .-sitbsr.a;rtiailr' iasLcr than
the obst:rtecl ri!tc of ntoli:cultl aitcrglori- (1r,cit\'.10 ;rj,;;.i

._ 
r Ii. !;t--\,r,)l'b,.1:lh. i.. IIct.i,itr. anrL ll. L. lJ_nit,rr:n.r. .\rrlrl.

Orrt. l. l.l.l r'196-lr
'r'r i[._.f. Os1:tnr, lhililrs I{cs. ItcD. 1.3. j.i-< ,]t)-i5,.
'ir j,. IJ. l-ocb. llr.sir 1)rrrrc.s.rcs 1,r (,17.ys,r7'5 i:!cc!r,,tiits L I'nlvtr.:ir,r

ui ( alif. l)rt.:. ltcrliLlt_r. l()55,. 1t. ];', r; .r1.

Prompt Emission
'lhc t.rbsc-n'iLtion lepoltcd here of nI()leculat etrissiorl

ilc.ontpiLli\'ing 1.he c\citation pnl-se irrtplies a ntecha
ni-.ni Il'orluc:ing r:rcitcrl IIcl lr'itirin a f e.,i- irunch.ecl nauo-
s,:r'orrrls. l{e-crcitation oI nretastable IIe2 ntoleculcs
folnri'cl chrling u. pler.ior.rs prilse cannot accorlnt for
thi,c ob,qcltlLtiorr.'I'his h_rpothesis \\-i'.s r.ejected &s r.r

lr-.irlt oi obsr:r'r'atio:t of the racliation at 825 A usinr;
rr pLrisc legrctitiorr frec;.ie,nc1' of 10 cps. In adrlition trt
rtttttlchittg oi loltg lir-etl slrccies by plot:csses S'Ch it:
cLii'iLLsion to'rhe discharse lube n.all, Lhe llorv r-atcs
(:r'nplovc(l in thi-c erJrelitlent s'eLc sLr,.:h as to replac,:
all oi thr grs ir.i the discliarse tube rvithin abor,rt 0.02rj
-.er'.'['he o]r..crr-er_l linre cicpr:nclcut:e of the aiLer.glor,,,
trrrissiorr .Lt 1ll .ps u'as identical to that obsen'ed usinrl
rrr:itrLLion fi'ccluencii:s oi lL i'crv kc/-sec. 'I'his eqtcrimenr
l'LLlecl orit thc possiltilitl thrrt i1n\-oi the obsen,erl
itil'aLlft,s oi tht: ltolt:ctrilLr' ,3111ig5i1111 \\'ere pt.otlLLcerl br.
lc e\filxtion oi rL lotrg-lir.ei.l t:.rcited specics. ntolccullr
,rr. rLtonrit . ['r'oni thc ob.qerr.ation of this pronrpt iigh I
nr,rlse et l: -1, n'c r;ont:lr.rr_ie t.hlrt the light pulse accolrl .

prLnvirg crcitrLtiotr is pro,:luccc1 br-lor-rnation of a n-role
,.'.r1e in tl-rc zcloth or f,r,siLlr- 1lr-st r.ibr-rr.tion;11 stutc, ar:
the erni-qsiorr is trio fast lo allori" lcla.rltion procijsserj
f rorrr highel vih'lLtional stiltes to be opc-riLtir.e.

-\ plocc,,.s l-hicir lesults in the initirrl r-rLndom popula,
,ion of high lLi'rilttilg ler"cl-s l-ould be e\pected to
l)opltlitle ltoth thc -/:, anrl D staLes. Cl,:Itsequ0utl_\-) as.
-.unrirr{ the (rSt)-A lc-,Jion oi the continuunr is proiucecl
lrl l) -; ,\'.:r; ,.1'c irrlf-fpfc-t this r.rpicl enris_.ion in terrrr:;
oi rL prin.u,"iv folnta'-iorr of thr 1j stiLte 01. possibl,r. l.
highst'5111s ilont u-hicli r.acliati,tn to the -6 stare i:;
,.ttongl_r- lLllori'eil.'I'hc cler:lr-onir: tr:r-rn r.alues of thrr
,.tuLes ,/j lLnd 1)',vit.ir rjespect ro the,.1 _slirte ar.e 19 +76.:;
L'r.r.L- 1 rLncl 1S 695.3 cnt-r, respect,r,eir-. T'he difierence,
rulnreh' 7E1.2 cnr-1, is abor-Lt 4(i/6. csf lhe tenn valr.re o..
tlrr: l'- statt lr.ncl, sitrcr tht: crLbc of the fi.ec1r.rel1c-\- enrer:i
irrto Lhc spolitiuleous c:nrission proL,abilitr-, plainlr
lrarl: to a sutirll value of the branching rario. 'lhen,
.rlthorrgh rhc 1',.+ 1) rr.rLnsiLicin is a.llori-et1, the brrinchinl:
li!tro .)i l: -D I:--l is sufiicientlr- snrall for. this pronrpr.
,lnissiou to be obsetllrble ar 513.1 A and 825.i l.rrrr nor
,,S0 ,\.

Afterglow Emission
'Jiht, br.iildLrp arici sr,rb-sc,1uelt clecar.of tire car-ir

rrtc,lrc'.iiar lLitt't'glot' rccluires a sepiuate interpretrLtiorr'I'ite cl:Lta indiclLte that l{erl- is the intenneclii.ir.r. in-
', oiled in tlre forntu"tioti of I1e,1'r. lfhe onlr. rrthrr
rnolecuit, ionlirig I)rocess consi_qterrt u.ith our. obscr.r-a,
Iron-. r''oulcl bc: rlilect forntirliolt trr. a trr.o_bociv coliision
lrrlueeit lLn rrcitecl heliut'n atom :Lnd a grouncl,state
rrtotll. Ho\\'e\-er', the persiStrluce of the rlolecular. enris-
:rion u'r'i1 itrLo thc afte,rglorv. in contrr,st to the more
llLpicl alc,rtric irllel'ql,lu- clcc:ar-, sr.tegcst. that onlr- rhe
nrtrL,qttble spccies 2tS or- 2IS r:ouLd l-re partieipanLs.
'I'he felrtulcs of the rc-levant moiecular..protential .Lr,r.r,
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as thc)' are no\\' lurclel.st()o(l,ri iLppeiLr. to pr.ti:lucle
clircct rtroiecular fontlLt.i<tn-oI iun- slaics ercept po-ssibll
the..1 1),,+ rlf rr3)i/+-stliLes from ilr.r..p..i,,,i

fn contr:ast Lo t hc a.pplrre 1it 1o*: probaitilit-r- of
ciir"cct urolccule ior'tati'rl sub_stantiril' epeLiruc't.,1
evicicu<:e suppol-ts the r:lhcietit prorlurrtion uf 1t.", i,,
glrseous rlischiLrges.sd re'l$,o elilrcicnf. pr0CCSSirS SCC|t
\\'e11 eslirbllshctl

Lhat., at .i0 1ey1., thc He,-i- conccnt.r.ation r.e actLes a

'rir,:'i'uLi'r-i 
irbout 0.3 psec aftel terniination of e rciti.ti'n.

. .'.I'lre quantrlt It,,'h is untl,,,r.stlocl to r.r:pr.esent iur
iniLial cuncentl.ilt.ion oi t-Ie", Ionncc[ ]rr Lh. tl.o_bodr.
]'t,r, ess :rl lirrrt z,.r.,r. 'l'ltr ,,p1,,.,,ri,,r1,1.: litrc,u. ,lcl,.n,i.
cnr:c oi 11,. /i cln criffcr]l is <:onsistcnt rvith rrurss_,lpec
tl0lllett'iC inve stiCittions 6f TIelt fon.lrLti6r.r *,hich ;ho*.
a linclL' dcperrlerce .f .hc r-rolet--r-rlrLr. io' cor(rcrtr.irtiollon lrontblLrclinq t:Lrr.Lcnt.i7 T.hc obserr.c-cl itlp,rrit-r.
clr,renchiitg is also consistcrrt n.ith this intcrpreiatiori.
Ii rrt. i'lt.r'l'r-tl tlre oirsrr.r.r.,l ,ltrrrr, hirrg r.irr.s ;' lelrlisoi cross sections for ILr,I cleitrLrc,iiori' at ,]00.K. the
tlelived cr.oss scctions are 11A:, :12 -\:, rLnd 15 i-;;;
)., \r, iLncl H.;, respccf ir.clr.. Irr r.ir,rv oi' the Lrtrcertain
ties in orLr (1rtct-ntitlLtion oI thc for.cign gtLs pl.rtial
pl-essLlt'e, tht lLbsolut.e n.ritgnituclc of thc,.e' ( ross sec
l.ioris er-e bclicr-crl to itc corr.ect l.iLhirr lL fiictor. of t.u.o;
hou'er-cr, the lcll;tir-e r-rLlues Ior th.: lhree grLsts .ir,r.,Li
be nrole prccise, 'I'hi:sc r:ross sectjons .",i-b" usecl to
nrlc out thr.re of the lrvr: linou,n Iong-lir.cd heliLrnr
specie-s. lLs beirg r.e,spoir,.ible for the Jrrrh- afterglon.
rrolci:rrlar cntissirtns r[.-.t t.il,rrl hc.r.e,. I.iiLIe I I pre_
sents ir srintlt)it11'of t,.rpet-ir-Lretrtel clalu on the clt:_
stru(rtion of IIe (1s2s, 15), lIe (1s2s, :r.!). He-, rLncl
I{er- togethel u-ith the r-esr-Llts of thc pr.cseut st,tdr..'fhe ven' lalgc clrjantitatir.e cliscr.ep,r,raia, rr_ncl r.lr,r.iiu_
tion-s lretl'cel the vurions for.eigr.!"s spcci,rs perr]rrt
elinrination of Hc (21J), Ile (2aS), rLricl IIe+ ironr
iurLhe r corrsicleraLiol. 1u contiast, 1.he goocl irgreellent
bettr-ee. C)slia.t's 

'tLlLre 
of 15 Ar for. t.he rlc:strLrctro' of

llel' 1l'\e]s antl orrr.r-l.Llr.re c,{ 11 .\, fot the obser.r.ccl
ilLrrnching b-r' ,\c ILrr.ther sLiFrpol.t-c the interpr.etatioit

IIc+f I-Ie --+ Ilcl+f c -. (_. )

ilt'1 *2FIe* r 11.,--1_Ht,. (+r

I{ecent. expelinrental cletenninir,tiousrn,rj of tlie r.atc c,i
Et1. (+) are in goocl agr.eerucrrr l.ith Lht: theorcrical
\'rLlrrc clediLcecl b1. \Iahan.{i 'J'hlrs, rt :r pr.cs_:ur.e of 1r.)
ton', the lrLte correspourlins to i-q. l+j is 101 sec.1,
sonrel'hat snrallcr than t.lie obser.r."cl at'Lei-glorr, rleciL..l
IiLtc oi .lX lttl su(: I t.cpurtttl ltt.r.c. Itr ( urltl.iist) :It t,; I

lorr the I'at.e js +X 10r sec--1, sLrbstlint.ialli, fii_qtet. .,han
the couesponding clecay rate of 9X101 sec--tr.eporrerl
here. lloreor-et, the rate of l_ii. (+) r.nr.jc-s iLs tlre siluiLr._
oi the heliuri prcssurc. ConseclLLentlr-. the obst:rr.r,"rions
repo.ted ht-'re iue i.consiste't *'itrr the iorrrrirtiou oilIe:- pledominant.l-1- bv this ntcchanism l ior. tiutcs
liitel in thc afterglos', iL is not r,rnlikeh-thl,t this tl:r.cc.
bocl-r' process assultl(.js tlrv tlontinunL r.ulc in the pt.o_
cluction of IIcz+. lfhc ri-ite r:t_rrresponrling to J..q. (j) is
knou'n t.<-r bt: rapicl;it ha.s ret:entl!, beerL"strggc-rrcd L].riL1.
the closs sei:tion for the tu.o boch- cies-tiuctit.,n ofIIe (3rl') atonrs is 2 Ar, a vrilLrc irrti:rpr.e teci a,q b._ins
conslstcnt u"ilh tlie rate r_ri pr.ochLcLiot.i of I{e:.- bv r_hi_
nrcr:hlLnisnr of .f,c1. (.1).a.1 .\ssLrrning u r.cllLLir.e r.ciuritr.
rLppt'OptiiLte lo a tr.iLrrslational tc|iper.u.tLu.e of 3( t( )-K,
this pr:occ-ss is expecrccl to procccd at ii r.iLte of - 2X. 10i
sec r rLt 25 tor.r. I{or.ubrck'sr; r.a1uc of oi.-.5X 10-:;r
cn-r: scr:, rvherc o is thc etiet:ti\.e cro_q,i section for pr.o
cluctiorr of lhe nrolecrilur ion ancl i- i_s the r.iLcliar.ive
lifetintt: of the c,xcitecl ntorlic 1rr.cl, prcciicts thxr tl
.15 toll lorigltiv l}c), oi thc t:xr:itccl tf onts shor,rlcl be
r:onvelted lo nrole<;Lrlar. ions. (iorr-srrlrLenth., \\.c con-
clr,rde t hrLt t he proccss shoulcl r.esrLll in lLc cilic jenr-
ior.r.tior .i lleol- *'ithiir a Ie*' h.rrdr.erl .arrosecorrds
iLftel iniriarion of the dischirr.ge. l.his is fur.ther srLp_
O:ta.O br the obscr\'&tion of Cragrrs, l.1ro rcpot.ti,cir'l
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that the longJived species prirlarilv r.csponsible for:
the Hopfield contilluunl is in fact He:+.

'Ihe inscnsitivilv o{ the afterglorv-riecar- rtle to eri-
citation conditions and thc linear pressrrre dr:pendcncrr
of this rate strough'sr.lggests thltt r-er;ornbinitLiLlt t,i
nolecular ions s'ith cler:trons is not tl-re nLte-r:oritr-olling
step iu the earlr' afterglou-. 'Ihe data rlar-bc inrerpr.cteci
as leilecting the slou'er ttio boclv eortr-er.sion ot' IJe,.
from a nonrecorlbinirrg to a recornbining Ioml. fhis ruav
be consistcr.rt *'ith the recent discoven- br' lladson el ai.
of trr.o He2+ spccies, clistirrgrrishrcl accirr..ling ro nrc)-
bilit\'.38 'I'her. sr-rggest that one specie -s is a f re_.irli-
Iomred molecular ion s'hile rhe serconcl spe,;i.s is air
ion rvhich hir.s becn agrrl. SrLch a rrroclel r,.bLrlcl pr-eclict
all of the feartr,rres reportecl in the pr.e-.ent -.tuch':rrrpid
buildr,rp of molcr;r.rlar light inren-oitr-. biiiklup -.ensitir-e
to ercitation, crrpolrential decar. iu the earlr- iriLcislorr..
deca' rate insensitive to e.rcitation, .1,.r"r,.'hi;,. :i;; ;j
collision-s oi lle2+ l'ith foreigri.sas spt,cies. ar:cl similar
kinetics for scvera.l singlct nrolet;ular. trait_.irions. 'I'his
model is also cousistent rr'ith the r-erv clirter.ent phe-
nomerla obserrrecl in lhe lirte rrftcr-glori. since thc re-
corrrbinaticln r.rte conslant deperrds oll the etcctroLt
concentration and coulcl becorne the rate-deicnninitrt
step at a later tirre in the afterglorv.

;\ plausible pht'sical iuterpretarion of rhe tl,o-bocl.,,
conversiorr sr.rggesled above could be the viLrationil

of the fact that St. John el a1.50 r.eporr that rhe e-rcitiL-
tion cross sectiolts for the ra:3 level of He* are larg(:r
than those for ercitation to the z:J,5, or 6let,el;.

1i rei:ornliinatiorr of viblrtionllh' c\citc(:l nolecular
iori-s occuLS, ir'e *'or.rlcl e.xpce t to rrbsr.r.r'e either dissociiL-
tir.c reconrbinatiorr or tra.nsiLiot-rs frr_,r.n higher r.ibriL,
tionrLl states of thc H11* pr-ocltit:cd, t-,r. both. 'lhere is
no coiclusir-e evidcncc suppor-titrg di-ss661311.-a recour-
bina'-ion in the heiiurl afterglori..1 'fhe obser.r.ecl sper;-
tr-un:. oi Hc.1* is tlell knon n to be character-ized primarill.
br-0 0 and 1'1 tr-arrsitions. Since recombination seen.s
to be elhcieittlr- act:ontplished onlf in the lol. vibra-
tional levels of rhe r.r-rolt-.culilr iorr, it is nct:essarv ro
inr-oke a urrchanisui ior vibrational r.ela.ratiorr oper..
tivc in the car'lr- iri[erg]o1.. \\'e suggt:st that thc tri,o-
boclv proces-s desr:ribecl irr '"|is leport is thc yibratiolrul
telarirtior.r oi the IIer' forrned iriitiallr.. In this nroclel.
assrLrning a translatiolral tenrper.aturc c,f 3fn"K, the
observecl pressule ciependence of the after.glou,-rlcciii-
t'atrs lields iLrr apl'ftrcltt (:loss scclirtrr of rrbotrt J.5
X10 te cnr: foL this r.il,rational relaration. \\Ihile an
altcr:ratir.e interpretation of the early molecr,lla.r. after._
gio*' r.nar- be possible, the cxper.inrentlrl results repor.te,l
here sn'erell lestrict spectrlations regarding the clonri-
nir.rrl mechanisns.
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