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('00Ir1101l10001 lho low·" "'Iuoncy IORellvo mOlJua.
lI'" lollowlr'IJ ~Iuwltr rellcllvo motíon 01 lhe r"lhlol
Ia relAlod 10o 180-15 golo klllollc. In Ihls procoss
part 0,"\11(01~0"'flII1RlluII 01 lho rolll161 fi om lhe 011-
Ira", 10 lhe 13-c15 COII"lIurRlton lakos placa, ond
lhe molecule &rrlvos 01 lhe bollom 01 lhe S, poleo-
llal energy surlaco In levei S,". lhe syslems
leave Ihl9 A'eR viR Inlornol eonverslon wllh o tlmo
conslAnl 01 500 Is. lwo docoy polha Rre used
here. More lhan 60% 01 lhe molecules lorm lhe
Inle.medlAle pholoproducl J. whlle lhe resl relurns
10 lhe original grouod state 01 BR. SUbsequenlly,
lhe flrsl grcund-slale reaction (ln lhe acllve branch)
procoeds wllh a lime constant 01 3 ps, leadlng 10
lhe IIIlermedlule I< whlch Is sloble on lhe plcosec-
ond lime scale. (InvUad papa" 25 mln)

1. J. Dobler, W. Zlnlh, W. Kalsor, and D. Oester-
helt. Chom. Phys. lelt. 144. 215 (1988); W.
Zlnlh. Nnlurwlssoll5challen 75. "3 (1980).
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Oavld J. Wlneland. U.S. Nalional Instltute of
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lUCC 1 Order IInd chlloa In loaar cooled
Irapp.d lonl

RAlPH G. DEVOE. J. HOFFNAGlE, l. REYNA, R.
O. BREWER. IBM Aln16den Researeh Center, 650
Harry Rd .• San Jose. CA 95120.

Sel/eral groups have recently used laser coctlng
10 produce ordered arrays 01 lons (Ion crysIRIs) In rI
quadrupOle Iraps. Wo dlscuss Iwc physlcal mech-
anlsma whlch undertle and explaln lhe behavlor 1.11
lon cryslllls. Flrsl. wo show Ihal delermlnl8l1c
cllOOS cnn t>o ro~polIslblo lor pllIlSO Iransltlonll
belweon lhe Ofdo.od (crysll'l) 8181ennd UIO dlsor-
deled (cloud) 51010.' lhe cryslal-cloud Iransltloo
Is oxplnllll'd AS on o.dm-e/lIlos Irnnsltlon. eha-
cs arlsos lrom lho nonllnear Inle/Acllcn 01 Cou-
10mb ropul!Olon wllh lhe osctllallng Irap pOlontlal.
Numorlc81 Inleg/atlcn 01 lhe rosultlng Malhlou
equntlon wlth a Coulomb lorm shows an abrupl
Ironsltloll 10 o chllotlc slale os lhe Imp voltage Is
ralsed above a Ihreshold valoe. lrajeclorlesln lhe
dlsordo.ad slale dlsplay a posltlve lyapunov expo-
nenl ond satlsly Ihree olher lesls lor chaos. Ex-
perlmenls on two Irapped Ba I 'ons &how a crys-
lal-cloud Iransltlon ai lhe predlcled value 01 Irap
voltage.

Seccnd. w" dlsclIss an unexpecled IAser cool-
Il1glnslobllllv IIlBllhlllls lhe slzo 01 100 cryalol. In rI
Iraps and can also InlllAlo an ordef-chaos Iransl-
tlOI1. Prevlous lasor coollng Ihecrlos assumed 8
slallc h"'llIonlc Imp polenllal And Ignored lhe ml-
cromoUon Arlslng Irom lhe oscllloUng rI Irap IIeld.
lhls Is valid tor slngle lons bul nol 'or cryslals,
where mlc.cmotlon typlcally exceeds several wave-
lenglhs 01 tlgh\. The resulllng Dcppler shllla Ire-
quency modulAle lho coollng radlallon and ean
translorm laser coollng Inlo laser heatlng. Thls
machanlsm explalns lhe complex dependence 01
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I. V. S.lIull'lI,ln. o. I·.llllylltl~. A. (j. r"tllli". 1..l.
HOllh, n. N. Ahll",,1 flltl1l. 11I1\1O. [. 1'1iu.luud,
Phvs. novo 1·')11.5/1, ;J 194 (1!11Il).

2. A. G. M",tllI. K.I'uhIlOlSOIl, V. S.\1,,'I""'''. (;. 1>.
lalyalis. andU. E. Prítcbard, Phys. Itov.Lutt. 61,
2431 (1966).

t. J. 1l0ll1l1lUIIl. 11.O. DeVou. I . IIl1ylln. ","111. O.
[l,owor, "'hyo. rlov.letl. 8', 2(i!i (IUUU).

TUCC2 Rlldlolraquency all"clroacolIY 01Ir /lll,led
naulr.' alornl

D. E. PRI1CHARD. KRISTIAN HElMERSON. MIN
XIAO. KE-XUN SUN, MOSs8chusetls Instltule 1.11
Technology, Cambrldge, MA 02139.

TUCC3 Monsuremenl 01 ttuornsceuco ••lon9 lhe
d••eelerntlon pAlh 1.11an alomle benm

We have rocently demonslraled rI resonance
experlmenls 00 Na aloms eontalned In a magnellc
Irap.U SequenUáfrl púrseswll~ af)proti'lnlé,Ire- : .., , .' . .• .
quencles were applled 10 a ssmote.o! -2 X. .10'o iV. S. OAGNA I 01 ~. C '. znro, l~. ~'IO I ;,1110.lnst],

Na aloms (conlined ln an -100-cm3 volume) 11.1 tute 01 Physlcs & Chemlsjry 01 San Car íos. Oepart-
transler populatlon belween lhe 101M'Irnpped mllg- menl 01 Physic~ & Sc:ience 01 Malu.ials. C. r. 369.
nellc substatea. The relotlve populatlons 01 lhe 13560 Soo Cllrlon. SI'. Il.azll.

magneUc subslales woro delecled by aOndlllg n lho productlon 01 !Jucolo'lIlnd atomic "";111'501
weak narrowly cclllrnaled probe laser boam along alkallnes Is now routlne In several I;'U()I alaries.
lhe axls 01 lhe Irap and monllorlng lhe Induced Usually. lho observatlon Is carried oul I,y usinq a
IlU01esconco wllh R pholodlOlfu (plncod olonlllho 601;1.111.1wOilk I",w. 10 11I.Irfr,.n, a volociiy ;II,alvsi~
wull 01 lhe trap enctoswo) lccnled allha'olllllludl- on lho "0"'11 rlflllr lho dltcu""allolllllol:"·.· •. Wo
nal rnagnellc lIeld mlnlmum. Hence we are sensl- reporl lhe observntlon 01 lhe tasor coolh J[I I" ocess
tive only 10 tlghl ernanallng Irom lho srnall Iractlon In an atomlc beurn 01 sodlum by monitounq lhe
o, aloms near lhe rnagnotlc lIeld mlnlmom. Iluorescnnce 01 lho atoms III0ng lhe deceln.alioo

To dlagncse lhe energy dlslrlbutlon 01 lho palh.' uslng lor thls pu. pose a single Iasor 10 both
Irapped atoms, we measured lhe rI resonance decelerale and proho lho cooied atorns. 1\ sirtlple
curve lor lhe IF" 2. M = 2> 11.1IF= 2. M = 1> Iheoretlcal modo I doscrlbus vOIy woll lho experi-
Iransltlon by measurlng lhe relntlve peak helghls In mental results.
lhe lluorosence speclrum lor lhe Iwc statas as a An experlOlonlol selop somnwhal slr"il,1I 10 lhe
lunctlon 1.11lhe Irequency 01 lhe applled rI pulse. one prosonled In nels. 2 and 3 Is scllI,,,,,,licillly
Figure 1 16such an rI resonance curve '01' botn hol shown In Flg. 1. lho 130-cm long solono«: has an
atoms aner lhe Inlllol loadlng 01 lhe Irap 011I1cold axlal OIognollc /lnlll 01/1 ~ B,.·I B" J I - II(/. -- LU).

etoms alter lho appl/calloo 01 l-O Dopplor cool/ng. whore 8/, --300 G. Uu -1000 O. IInd I1 ~ U.O I
Doppler coollng 1.11lhe sample was achloved wllh a em" I. lhe laser "U"III Is provided by ;, ,illg dyo
slandlng wavo laser beam, deluned ~80 MHz red laser wllh lhe 11(1111circularly pnlarized <Tlldtunod 10
1.11lho I.nppod 111011I"unaltlon. /lppllu<.l 10. U{) R. 11 /I fi' hlll,,;llIolI hOIl. li", r" ;J. M, '" 2 ""I""v'JI 01
WOS 1I0COSSlUY10reduce lho IlIlullully ollhllllllll.tl- li,,, "s,,,.,,,,,,,,.1 1;1/1111III 11", r ~ :1. M, .- :II .u I.IIIY'II
Ing wavalo~ 10-3 saluratlon Inlanslly 11.1makalhe 01 lho "f':",oxcltud stnte.
transverse heallng rale slow compared wilh lhe A sol 01 SI pholodlodes Is localod ai ound lhe
eoupllng rale 01 Iransverso 10 longitudinal motlon atomlc beam which runs Inside a glas5 lube con-
prcvkled by lhe Irap. centrlc willllho solonold. lhls detoctoi .1"sl!r1llJly

lhe energy dlllerence belween the Iwo levels can bo movod 111011\,1lhe wholo oxlc""ioll 01 lhe
Increasos monolonlcally wllh lhe mognellc IIold maquuuc lIold alld couacts 11(1111con,i"ll I, orn Ihu
I~Efh)fdB -60 kHzfGJ. Hence lho rI Irequency IIuorescence 1.11lho olams durlng lhe (\ec"leralioo
Ia resonanl only wlth aloms ai one value 01 lhe processo A small porlloll of lhe lasor liylll crossos
rnagnetlc IIold. The opplled rI pulsos were 01 lhe alomlc boam 01 a rlghl ol1glo boloro il 0111<)'5
Bull'c'enl power and durallcn (number 01 Rabl lhe soltmoid. and lhe IIuorescence arising I, (}rrI Ihls
IIops: 5 a X Illlf2rr -1 X 10·) ao lhal oqulllbllul1I Inluracllun 18osod 119R .ele,one" lor 11,,)IfOlq(loncy
W08 reached In lhe Iranalor 01 populollcn bolwoon corr0811O'ldlnulo v -. o Ul1d O ~ o.
lhe Iwo alales. The helghl ollhe resonance curvo Flooroscence 09 a luncUol1 01 1110IlIlquoncy Is
el each Irequency 's, \herelore, delermlned by lhe shown In Flg. 2 lor dillerenl posillolls ul Ih" tlolec-
'ractlcn 01 aloma energetlc encugh 10 rooch lho lor BS5U1llhly. Wo /I/ull.orlly cI,r";1) "'" L ~ O
ccrrespcndl/1g magnellc lIeld. and lhe IIne Ilhapo 01 pcsllloll IIllh" snl.,,10i<Jenlr fln"" cio"" 11)11,050<1i·
lho hlgh-Irequency 1011,In lhe colllslcnless reglmo. um sou.ce. 110o nllows Indlcalo Ih" II <'I""",cios
becomes a dlrecl measure 1.11lhe enorgy dlslrlbu- correspondlng 10 v = Olor a10"'5 subjl!cl ••" 10 lhe
lIcn 1.11lhe alol1ls'n lhe lrop. SlncB our popolllUon fIlIlgl10tlC lIold:.1 Ihal z pcsllion. lh •• lil <.1Ihillg 10
rallo measuremenls 01 alomlc denslly occur 1/1n be polnlud oul Is Ihnl as z IIICII"".O'.. \111)curvos
small-vclume elemenl localed ai lhe magneUc shlll lownrd lho v = O Irequency. T"15 is (,videnee
IIeld mlnlmum 01 1118Irap, Ihero Is no cOOldlnole- Ihol lhe beal1l has boon decollll nlod. ·lllfI s".~pe
space denslty 01 slalea dependence, maklng lhe 01 IllOse curvos does nol rollucl lhe volocily dislri·
shape 01 lhe speclrum a dlrecl measure 01 lhe bullon dl/oclly.
energy dlslrlbullon, Independenl 01 lho Irap polen- A slmple analyllcal model givcs lho /luores-
1101. Thus 11 Is posslble 10 exlracl lhe energy cence slgnal as

50 { 1.2 'I[V(Z) J ,,(v.:)}S\z)" .._.. _ - exp -v (z)/.. ., + 1 -Oxp(-'V •• ) ,1 1 ,
9;z) Bb " "

dlslrlbutlon 01 lho Irappod aloms from lho reso-
nance curves 1.11FIg. 1. Figure 2 15a plol 01 lhe
Icgarllhrn 01 lhe energy dlslrlbullcn as a lunclloo 01
ene,gy lor lhe data 01 F'g. 1. "lhe energy dlstrlbu-

where" = J2k;,iiM. and Vo Is lhe maXil1lllrll velce-
lIy whlch cun bo deeeleralod for a givon value 01
8,). A plol 01 S(z) as a lunclion 01 lho I"ser dolun-
Ing glves a curve wUh a shape similar 10 lho cne 10



IUI,

'1'11 .dl!
1',,1,"' •• LI'II.

1.,tI

,. ,
"

'"

,
1.'11

...., ,
1111 '1" 1',11 '10'1

", I I , 0"1''''''' ~ I toIl.· I

TUCC2 Flg. 1. Aadlo-Irequency resonance
curve lor aloms afler Inlllal loadlng 01 lhe Irap
(open circles) and applicalion 01 Doppler cooling
(soUd clrcles). The dashed and solkl Unes are
theorellcal fils of 3 and 60 mK. respeclively.
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TUCC2 Flg. 2. Logarllhm 01 lhe energy dlslrl-
bullon "'E) vs energy. The soUdand dashed Unes
represenl Boitzrnann dislribullons 01 60 and 2 mK.
respecllvely.
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TUCC3 Fig. 1. Schernallc dlagram 01 lhe apparatus used in
cooling experlmenl wilh a plol 01 Blz) VII Z.
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LASER OETUNING

TUCC3 Flg. 2. Fluorescence inlensity as a
luncllon 01 Iaser deluning for several pashion. of
lhe deleclor essembly.

lhe laser

0.0

TUCC3 Flg. 3. Fluorescence inlensity of lhe
dateclor a8lembly pasiUon for Il- o. The back-
ground scattered light is aiready sublracted.
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FIg. 2.· On lhe olhef haOO, lor ~ •• O we can plol
t"'amplltude 01 lhe lluorescance as a lunctlon 01
t'" poslllon. lhls 1I shown In FIg. 3 looelher wllh
lhe -eJlPllflmenlal poInll. lhe good agreemenl
belw_ lhe model and eJlPllflmental polnll meanl
lhal lhe me'" phy!IIcal nspecl. have been taken
Inlo eccount In lhe OIodel. n18slgnal observed 1I
conelal.,,1 wllh ao IIlomlc IIux 01 5 X 1013 aloma/ •
In contrasl wllh lhe Inlllalllux esllmaled 10 be 01 lhe
order 01 10" IIloma/l. (12 mln)

1. A 8lml1ar procedure 10 observe deceleratlon 01
••.•• lomIc beam has also been used aI MIT, aOO
• PIpet' by V. S. Bagnalo, O. lelyalll, A. Martln,
K. Helmerlon, and O. Prllchard 1I belng pre-
pared lor publlcatlon.

2. W. P. Phllllpl 1100 H. Melcall, PhYI. Rev. Len,
.',598(1982).

3. J. V. Prodan. W. F'hllllps, aOO H. MeICIIII, Phys.
Rev. Len .• 11,1~49(1982).

TUCC4 Appllcatlon 01 quanlum JumpI: the ac·
cura'e ""ermlnatlon 01 quenchlng ra'el lor a
IIntIle t,apped bllllum lon

A. A. MADEJ, J. O. SANKEY, National Relearch
Councll 01 Canada, Time & Lenglh Standards, Otta·
wa, Ont. K IA 006, Canada.

Recent experlmenla on Ilngle Irapped lonll-s
.tlow lhe quantum nalura 01 lhe syllem tlvough lhe
observallon 01 whal 1i popularly called quanlum
Jumpl. By monllorlng lhe em!Hed IIghl Irom lhe
trapped Ion .ublecllo excltatlon by lesar radlatlon,
lhe presence or abaenC8 01 lluorescence Indlcales
whelhef lhe Ion exlsls In a nonlluoresclng melasta-
ble slnle. We hIIve observed lhe quenchlng 01 lhe
'v." Ilnle In Da' under lhe In"uence 01 a number
01 alomlc aOOmolecular gasel aI ullrahlgh vacuum
110.1-10.1 Pa) by lhe observallon 01 changes In

- lhe quAnlum jump stallsllcs. A number 01 gasel
were sludled whlch typlcally make up lhe residual
background gas envlronmanl 01 ultrahlgh-vac;uum
syelems. In our axperlrrl8nl, IIccurale rasldual
gas aoalysls aOO absolule quenchlng gas prellure
were provlded wllh callbr.led mass lpaclromeler
and Ion gauge measuremanll. Thls enabled uslo
Include lhe e"ecls 01 relldual Impurlty gese.
whlch CRn leverely aller lhe measuremenll 01 •
partIcular quenchlng gas. Also, lhe arrangement
01 an olherwlse unperturbed slngle Irapped lalar
cooled lon (r < 1 K) sullarlng colllslons Irom a
well.chnrllcIOlI;ed bnckgrouOO gos provkles ao
axperlmelllnlly Slll1plo nrlll dlluet eyalem lor aonly-
Ils 01 colllslon avenls. the presenl work also
IIII0wluslhe "bUlly 10 chn'lIclerlze complelely the
envlronmenl 01 lhe 51,'gle Irapped Ion In U18 back-
ground gas whlch exl5ts In our vaewm chamber.
, hI, 15"'1pOflnnlln ou, work lownrd e51abllshlng ao
aeCUfllla error analyals In lhe use 01 a slngt.
trapped Ion as an apllcal IreQUtIf'Iey ,tandard.·

(12 mIn)
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•.. 1. W. NAgourney, J. Sllndberg, aOO H. Dehmell,

Phys. Aev. Lett. 58, 2797(1986) .
2. Th. Sauler, W. Neuhauser, R. Blatl, and P. E.

Toschek, Phys. Rav. Lelt. 57, 1696(1986).
3. J. C. Be.gqulsl, R. G. Hulel, W. M. Itano, and O.

J. WlnelaOO, Phys. Rev. L"tI. 57, 1699 (1986).
4. O. J. Wlneland, Sclence 228, 395 (1984).
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t s, E. Harrla, Stanford Unlverslty, Preslder

r'''C1 Allhlgh Inlenelly mulllphotoo IonlzoUOR"i neceuarllr r8lOn8l1l,
~ RICHARD R, FREEMAN, AT& T Ball LaboralOllos,

t AI hlgh IRlenslll", lhe axclled Ilalos 01 atome
are Ihlfted by lhe ponderomollv. pOl8Ollal 01 lhe
IlIser lIeld and come IRlo rellOll8Rca wllh aome
harmonia 01 U18 1.ler, The llnergy .poelrn 01 U18
pholO8leclrons 1100 U18 10010 spallal dlllrlbullonl
••.• domInaled by tlvee r8lOnancel,

(ln"lIed pape" 25 mln)

JC2 Abo"e threlhold 101l1zalloo: • controlled
pI...-na heattng mechanlam

MORNING
JC

PAUL B. CORKUM, N. H. BURNETI, F. BRUNEL,! Nallonal Research Councll 01 Canada, DlvlslOll 01
• Physlca, Ottawa, ON K IA OR6, Canada.
iI Underslandlng mulUpholon lonlwtlon 01 Ul01l18

I
~or moIecules Is 01 lundamenlal Importnneo 111

atomlc and moIecular physlcl. Howaver, 11 18
rarely noled lhallt Ia ollually Imporlanl lor plasma

! phplcs. laboralory plasmas are normally lonlz8l.l
t· and healed by elaclron colllslona. Plosmas peo-
!' duced by pholOlll wlll have very dlllorenl charae-
, . terlallct.
1 11Ii easleal 10 under,tand mulllpholon IonILal1on
~ In lhe Iong wavelenulh IImII becaUS8 In Ihl8 1I0dlr, cleulcal phyllca can be applled 10 much 01 U18
f problem. ConaIder an IIloClron released at lime t
I Irom rall Inlo • slrong Iaser llald. The el!IClron
~ wlll .xperlence a lorce whlch In lho non.t1lallvlsllc
I IImIt Ii proportlonal 10 lhe elaclrlc lleld E - EoI cOl(wl')e. + (lEo sln(wl')e,. whefll a < 1 allow8 lor

í II'bltrary polarlzaUon.
r The electron mollon In lhe lIeld 01 lhe laser 15

glvao by I

V. • Vo61n(wl) + vo•• v, - -(uvo) cos(w,/ + "0..-
where Vo • qEo/m.J and "o. aOO vo, can 00 Elvalunl-
ed Irom lhe :',lIInl condlllollB, VOe - -"V ",,~•••()
anel Vo, - lW"o col(wf) li Ure drlll enoruy 01 lho
eleclrons pl(/(lueed by OlUltlpholon 1o"'l0llon.

: The probablllly 01 Ionlzallon ••• luncUOIl 01 I""e
• can be calculaled In lhe quulltallc IImlt uslng de
! lunnellng Iheory. I ThuI tunnellng delOl mlt_ lhe
í dlslrlbutlon 01 drlft velocltles.I We show lhal .xperlrnenl conflrms tllEIS" pre-
i dlctJons. In particular, uslng 11 100"rn pulse 10
I Ionlze XenOfl we demons\rale \heI by Ure slmple
I procedure 01 changlng lhe Ios8l' polorlzollon, lllEI
f, eleclron lemperalure (drlft energy) cao be delor-
· mlned anywhere belween 50 anel 800 eV. 11we

_. to chenge U18 lonlzlng Iaser w8velenglll, tl18
drlll veloclty would change ev8ll lurtI1of, FlllIilly,
lhe Ionlzatlon polentlal 01 lhe alom or Ion can also
be consldered a VIII'IabIe thUI glvlnu aven greale,
llexlblllly In selecllng eleclron lemperalures.

Thls conlrol OY8I' lhe aleclron lemporallJlo olan
underdanse lnertlally conlh18d plasma Ik1S rnaoy

! Importanl Impllcallons. Plasmal produced by
!, mulllpholon Ionlzallon are nolln lhormlll oqullllJrl-
~ um, Uslng pracllcal las8ls, plasmas can be pro-
l, dueed wher. lhe eleclron lerrrpe.alure 1& muchr 1811 than U18 Ionlzallon polenUal 01 lhe lon Irom

~

~WhICh lhe last e/tctron was exlràcled. Sueh •
,:,~~tlon lhouId Iaad \0 Ir_lenl (x.,a)') galn durlng
"'.L ..,:. ...,""., .

1118r8\:omblnnllonphuso 01 lho fJllIRlI1il. hon
l/lound slale 111811I5lI.e p.ooJlelud. III 110" otlier
eXlreme, energolle eloclrons p. oduced usinu ICIIlg
wavelenglh 108ers nnd hlgh I(JIllzallon [>nl'",li,,1
lona wlll represenla" exlremoly hlU" specitic pOW·
er r1ejXllJltlon.

"elo,e cOllcllldllltl, we 1'011110111Olh", ""l'liq.
Ilons 01 mulU"'tOlOn IoMlzallon lor plilsma physl<:s.
(1) Naw nonlll1"'" phehornolln me inlro<luc':ej by
lho procoas 01 1>1118"''' lormatlun. (:!) lho prus-
once 01 6von rolnlivoly Iow lovl1ls ol.,,<1I ••li'JII "a"
Inhlbll li", recomhlnulloll process, (3) 11shculd be
possllJle 10 produco enorgelic tons by rflr1\()viny a
noorber 01 rrrolocular electrons 111rapid suecos-
slon. Thls process. known as a Coulomb e'plo-
slon,2 wUI .04ul.O pulsos wllh a dorauon 01 lhe
order 01 Ihtl •••Ib.ilhonal limo 01 lhe tllnl%lIle.
Such rRpid elocuon romoval Is possible i" atenue
sysl0lllS3 and !llrollld be posslble wilh rnolcculos.
(4) U&lng laru', .1I011.l1;U105or clusters, mlci oplas-
mas can be produced whlch wlll exhibit soma 01
lhe characlnrlnllçn 01 lasor ..nolld 11lI1l'JI inl",ae-
IIonl und somu 01 lho chaructnnsüce 01 1I11',,,,,us
largels •

(lnvlhld pOI"Jr, '.l'j IIIln)

1. l. O. lendau Il.KJ E. M. LlIshltz, 011"" r"" , M~
cllRn/cs (porgarnon. New York, 19G!.). p ~ 16.

2. K. Codllng, L. J. F,aslnkl, P. Halhorly. (U,oj J. A.
M. Barr, J. Phys. li 20, L525 (1U8/).

3 . .$. L Chl\!, C. AoUand, P. B. Corkum, nlltl Paul
Knlly, Phys. n~v.lell, 61, 153 (1986).

"C3 Mulecular bondaln Inlcnse laller lIoltl~

P. H. BUCKSOAUM, A. ZAVIlIYEV, D. W. :;CH\J.
MACHEn. AT& r UolI t.aboratortes. MUllay Ildl, NJ
07974.

Aoove-lhrO!.hold 101l11lllloll IA 11) 1.11,,1tli'.:",,:la·
tlon 01 olOl6elll/lr hydrogon 111lntense tasor 1'''<11115
sllOW llro InhJrplny /)nIW.'Oll oloelro!llullc; 'u ,ti !:,di·
allon IlekJlI 111",{lloclIl~s 01 IIIIon5illos abov» 10"
W/cm'. In 11'050 oxperlmenls, 11, WIlS irradi"lod
by InlonBe l00·,,~ lIuhl pulses 01 532, 355. or 1064
11m. Bolh "Iacholl nntl 100 eoe.gy OpfJCl'iI wo'e
obllllnud uslng a lIold-lree on910·.e&01 •••llIg 1;"'1)'01·
IUghl spoClromoler. Angular dlstrlbullolls Wl!le

.150 measured lor t1leclrons aod prolons. COIlc,Id-
erable precnutlollB wore lokell 10 ollminulo "pr.';e
charge dlslOltion 01 lho spoelra.

The pllOlooleclroo 5peclra ai 355 and !j3? nm
conlaln ATI poaka Ihal dl5plny lho vibralioll;oI lino·
slruclure 01 lho II~ ground SIIII') (rlg'i. 1 f,ncJ 21.
TIII!! "'I\II/IIIIln lIulI ..,holo"/IIl/nllulI cocell'" I'rI,OI 10
dllsot:lllUon 1111\1111111,,'" H~ 1011.0111111".,r-lal,lo lor
1I11(Ja~,1!õovOlIII vllJ\ftliOlllll pmlrJlh prior lu ,1<,,,1,10
IorrlzullOll or tll!lf,odaUon. 111oddlUon. \l," lon
speclra do nol contoln lhe hlgh ene'IIY cu,"pollunl
Ihal would nCI:(""P;u,y dlreel Iwo-oluclroll irtllizól'
lIon Irorn lha l)fou.1Il slule lollowod by (,;(,,,loII'b
.epulslon. lho •." ohllfllvallons lend us 1,-, con-
cludu Ihal <llroel dOllble ionlwtlon <1oos nul uce ••
lor Ihe58 Inlnn81110s and wavolen\llhs.

The vlbHlllollllllevels 10 lho vir.iblo nnd UV ATI
speclra chllllge Ihelr relalivo str~nglh •• olld ..,n9ulat
dlslrlbullons wllh pulse anergy. As lhe pe<lk in!en-
,lIy Increases, Ure vlbralional levols griluually
broac.len nrKl ullimaloly mergo iolo a broa·j p(';)k.
AI lhe same Ume, lhe amounl 01 abovo·lhrc·;hold
1011IznIl0l" lr,ernoDos wllh Inlllnnily ns 11cloos IOf
aloflls.

Th •• olo<.lroll IIpoclro 01 10[,4 li'" do nul ,.ltow 11

vlIJllltl0I1UI llI'UCllKt1. NolII.or 111011shap', "or In·
lem;ily depenoonce lias loaluras commonly illlrib-
uletl 10 ATllrig. 3/. Inslcad, lho flleclrolls lo,m a
conllnuou!! spoclruOl wllh 11 o'axirnulTI noar 1()oV.
Thls oearly loalurelo5s di51ribulion can oxl"l\(llo
more than 70 eV. The hlgh energy lall incrtlases
aboulllnearly wilh inlensily.

(InvUed pape,. 2$ mln)
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