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LOW ENERGY ELECTRON MOLECULE COLLISIONS

l\1' Allan'' T skalicky ond S' Żivanov

Department of Chemistry, University of Fribourg, CI{-1700 F}ibourg

Structures due to motion of the nuclei were discovered in cross sections for
electron-molecule collisions long ago and their shapes were related to the autodetach-
ment widths of the resonances [1]. Structures of vibrational origin were subsequently
predicted theoretically and observed in caśes wbeIe the laJge width of the resonance
could have been thought to prevent them (H, l2], HCt [3]). A variety of structures
has been discovered more recently' Step-like structures ałe obselved even above
dissociation limit (HCl, HI). Narrow structures were observed at energies below the
dissociation threshold. They may be due to cusps, but bigh resolution work has
demonstrated that they lie below vibrational thresholds in some cases where they
must be due to vibrational Feshbach resonances (HF [4], CH3I {S]). At higher en-
ergies iu HF {6] and in HCI {7] and HBr 18] the vibrational Feshbach resonances
broaden and become boomerang oscillations. Very na-rrow structures duc to outer
well resonances axe superimposed on the boomerang stluctures in HCI IZ]. Nonlocal
resonance theory succeeded in describing all the structures in hydrogen halides [8],
as well as structures in the associative electron detachment 19]- Pronounced selectiv-
ity was observed in the excitation of Felmi-coupl€d viblations near threshold in Co2
I10, 111. at energies where cross section enhancement is attributed to a virtual state

a]beit without stIuctules. Recently, łrorvever, nalrow stluctures lu.ning gradually
into boomerang oscillations were discovered even in the virtual state region of C02,
in the excitation of certain higher-lying Fermi coupled vibrations [12].
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NtrGATiVE-ION STUDIES IN STORAGE RINGS
Lars H Andcrscn'

Dcpartment of Physics and Astronomy, University of Aarhus. DK-8000 Aarhus C

Heavl-ion storage rings are used for st{dies of atomic, molecular and clustel ions
(see e.g. Ref.[l]). In this contribution t]re focus will be on studies of negative ions
whicłr trave been studied rattter intensively at the stolage ring ASTRID in Aarhus,
Denmark (an early review is provided in Ref.[2]). In the talk, examples of research
performcd on negative ions will be discussed. This includes lifetime measurements
of metastable electronlc states, slow isomerization processes, scattering experiments
with free clectrons, and the formation of shortlived doubly charged negative ions
As a nerv activity, we are studying absorption properties of negatively charged (de

protonated) biomolecules in the visible regionf3]. These studies are performed at

the rew and smaller electrostatic ion storage ring ELISA[4]. It is demonstrated tbat
the storage ring techitique witł! long storage times and suitable particle detection is
ideal for studres of the photophysics of chromophores. The absorption band of the
anion cłlromop]lores of t}re Green Flrlolescent Protein (GFP) will be discussed as

an examplc. Our gas phase absorption measurements are compared with absorption
profiles of the chromophore ion inside the protein and of chromophores in liquids
Tn the prol.ein. the chromopirore is covalertly attached to arr a-helix tbat runs up
the axis of a hollow cylinder formed by eleven B-strands. The cylindrical shape of
the rigi<l 6 carr protects the buried cliromophore, and based on the new absorption
data it is argrrcd that the absorption characteristics of GFP is mainly ascribed to
intrinsic chcmlcal properties of tlle chromophore. Absorptiori measurements with
rnodel chromophores of rnutated GFP proteins are currenily being performed in our
laboIatoly to ilrvestigate to lvhat extent these findings apply to otł]er sysLems.
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INTERACTION OF SLOW HIGHLY CHARGED IONS
WITH SURFACES

Friedrich AUtnayr'

Instirut Iiir AJlgerneine physik. Tcchnische Universitlir Wicn.
Wicdner Hauptstrasse 8_ l0, A-l040 więn. Austt_ia

Tlre Iar'lę potęntial enerly Stol'ęd in highly chargęd ions is libelatęd rvhelr tlrese ions
leconbine lrełr ir solid suńace. In such cclllisiotls sholtlivecl multipiy_excilęd netLtlal
I)articles ale lbrlnęd lvith a ]arce ltaction oi'e]ęctlons bound in high-n slatęs rvhile irrller
shel]s stay tt'ansięntly cInpty ('.Hollow Atoms'.)' Fol certain target species thę potential
energy clepositecl at tl]e suńace caLlses ł novel fbrnl of ion induced sputtering which in
analogy to tlle usual kinetic sputterins has been tenriecl "potential sputtering" Ill.
Since duling the last two decades intense sources lbr slor.v. highly charged ions (HCI)
havę bęcom9 availab]ę. the possibility of using potentiirl sputtering fol srrrface
ntodification lnd natrol'lrbliclttiol1 lras captulęd the imaginatio]l ol tesealchers.
Applications hłr,e bcen envisioned' ranging from intbrnration storilqe via mi]t.|iłl
processin-q to biotechnology. Colnpared to kinetic sputtefing (i.e. sputterin-s of target
a1oms due t() nlo]Icntum lftlnsl'e. in collisi<rn cascades)' lvhich unłvcliclably causes
un!!antecl fa(liiLtion clanirge in adjacetlt regions' poteDtial sPutteling h()]ds gtełt pron]i5ę
tbr ł nrore gentle nł]']ost]-Ltctul-ing tocll. A ptofound untlerstirndilg of the nrechiruisms
]-espol]sib]e tirt'thc convetsion ot plojectile potenliaI energy in srrch collisitx pfocessęs
is theretbre highly desilable.
PoteDtial splrttering phenonlela havę beeIr r.epolted by sęverłl gtotlps fof a VłIiety rl1
iusLrlrtot target sultaces as, e.g., alkali-halides, Si02. UOx, GaAs, nlica and
h1.dt'ociu'bolr'contan1ilatęd Sullaces (see. e'g.. It - 5| ancl ręł_ęl_ęnces thelęin). These
invesligations have in conturon tlrat a dranlatic increase of the total spiltter yields. the
tęcondlry ion enlission l,ields and/or the size of single ion - ilrduced surthce Cle{tcts
lrar.e beetl obser'ved with increasing pĄectile chalgę 5tate'
We sunlnlarize the pręsęnt stalus of this fięId and discuss the llechanisns lełcling tli
polential sputtęring'

This volk has been calried out within Association EURATOM-OAW rLntl wrrr
supportecl by Austrian FWF.

[]l M. Spom. er rl.. Plrys. Rev. Lett.79. 945 (199't).
[2] F. Auma) r. et al.. Comm. At. Mol. Phys.34,20l (t999).
[3] T' Schenkel et łl'. Progt. Sur.f. Sci.61.23 (1999).
l4l C. Hayderer. et al., Phys. Rev. Lert. 83. 39"18 ( 1999).
f-51 G. Ha1'derer . et al.. Phys. Rev. Lert. 86. 3530 (2OO I ).
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Dissociative Electron Attachment and Charge Transfer in
Condensed Matter.

Anillcił,D' Bass alrd L-ćorr Sarrche

Grottpe ł|ts IRSC an Scient:es rlcs Ruditiitlns' Dópr. e itlódccilte Nttt:!tlttirc et tle
Ratliobiolqic' F'ąt'ultć c!a h,Ićttec:ił1(. L/ i.lŁ!l-sira de Shtłrbrołlkt,. 'Sherbrorlkt'. Qttebec'

CANA DA.

EXpelin-renls using encrgy-sclocled bcams rll_clcc1rons itlciclenl fiotłr r,łcrtrtll
upotr thin vapoul'depositcc1 solids revca] thirt lhc il']tctłcti()Irs tll'ltlrł' enct.gy clcctrilns
with condcnscd irloms and ntolcculcs havc muclr in ctimllton rvith {lrosc obscrvcd in
gas-phłsc cLlllision phvsics Il,2]. For cxanłl]c. scilttcl'ing cl.tlss sccliotls at ]ow cnclgies
are dourinntecl by the lornlillion of ncgatil'e ion rcsonnnces (rir. shott tivetl anionic
stctcs) anal lrltllcculłr dan]agc cnll bc a1'lcc1c(l \:il (liss()cii'l1i\'c clectfoIl irttachl1lcllt
(DEA')' ln thc collrlcnscd phltsc horł'cvct'. DEA is nloclulirtcci il1,a val'iety ol'c'l/fii.rl(.
fżl('/oi.'. th.lI clrn cillrel'irifec| clectrtlns Pri()r t() their intcllictitlll u'i!h the largcL lntlIccule
(n' li'agn]en1 specics łliel dissociation' Intriusic fbctort stlch łs poIłl.isatiilo. tl.]at 1Jtel
thc cncrgy. liletilnc, ctc.. ol'tlilllsicnt ltricrns, lllso nlo(lil-\ stłbIc anitln pl.tlducIion r'ill

')Ei\' 
Reccni IcsuIls hliVę uncor'eled thc intl.insic l.tllc łll chat.ge erchante bclrveen

ill]i()nic stłtcs i)l'lalgcl l11(]],:culcs and thcil cn'iIonnlcnl it] dctcilrininc .r,_o, ,".tinn.'
li)r clcctlon cllilcn ploccsscs

In lhis conttibulion wc rvill rcvicrv stLtclics in rł'hiclr chillgc tIal]slcl is tlbscl.vcti 1o
occrtr. Fol't'lLre las solicls, lve shorv horv cleclrtln exchall_te l]etwcen nc!]aLiYcly chłI_gcd
cxcitoIls itntl cithcl' a nlc1ll subsllŻllc ol co-adsotbot] nltl],.:cu]c can cnhancc ihc
dcsorp{ion of rnclilslal)lc aton}s iLl'l(l/or lnolccLllar diss()ciaiion. Wc \\,ill dcrnonsLratc ho!v
tlilnsient clecll()n c PlUrc hy tIre 'sLllllcc clcClIon Sttites' ()i'żr subst]'lr|c and subseqtlcn(
elccll-oll lrill]slcI enhatnce tlre e1'1'cctivc cr'tlss secli(n]s lin'cellźlin eicctf{)ll al1achBlent
(and DEAi proce sscs. We u,ill ric',, orc a cntioll 1() thc anal()golts casc ol- DEA to
l-llolectlles (c.g'. CF]CIr. 5 halll-ttl'acils) contlenscd ()n \\,iitcl- ice. whefc clocłl.on
exchłngc bclrveen pt'e soIvatcd clcctfol] stales of ice iLtltl trlinsienl lnrlleculll ani()ns clrn
inclcasc DEA cnrss scctions.

This ivork is supportccl b_v the Canatlian Institutes ol Hcalth Reseurch.

lll L. Sanchc J. Phys. B lf, 1597(1990).
[2] L' Sanche Scłnning Micl'rlsctlpy !' ó l9 Ó56 ( l995).
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PHOTOEXCITATION AND PHOTOIONIZATION
SPECTROSCOPY OF' ATOMS AND MOLECULES

U\łc BeckcI

ljritl-HiLhe r Instilu1 del Milx-Plźlnck-Cescllschłli. Falildayweg 4-6. D- t-ł l9_5 Bellil.
Gerrnanv

Pllolocxcitatiorl and ph( )toion ization specL.oscopy ol'aloms a d nolecLrlcs probes the
inilial alld ]'iDrl stiLtcs ttl'the ionizęd tłIget regiilding its elech.onic bu1 also gconrelfic
structurc.

This llcld has recently evolvcd in thrcc lnain directions, il-the spcclroscopy ol ions
anrl clustc|s at! considcrcd to bc scpamtc subtields:

r) Thc anirlysis ol the pho{oio!tiza{ion nLl pltoloexc iLttion proccsscs b1

..courplclc" cxpcrinrcnts in o|clcr to achiuvr: an approxirrratc dcscripliou ill
lcrms of tllnsilion ntirttix clcntcnts, includirg .clalivc Dhascs. During thc lirst
ycars. tlrele has been signilicant progless especial1v in alomic photoioni/łtion

{ I I. rvhcrcas molcculal photoionizati(nr is stili in irs inlirncy l2 J.

Thc study of rrany-olcclron ontissiorr glloccsscs lcgarclilg thc naturo of the
clcclr'on correlalicus governing thelt'l. Photo r ruble ionizltion ol lreliunt rs l
pronincnl oxar'lDlc ji)r thosc studics bccausc it is a shorv casc lir.the thrcc,
bocly Coulrlnlb pl'obl,"'rn [3]. Considcr'irrg lhę decay ol'coIe-excited and corę
ionizccl statcs thc simultaltcous cntissioll clf lwo Augcr olcct.ols hirs ju\t

rccclltly been obsęNcd by ę]ecllon_ęlcctrol coinciclence spectroscopy. lhus
colnplententing the Photo doubIę joniZirtiol1 studies.

Thc scitttcting of thc photoclcctron on lL\ wry ()ur in nrrny eu\es sctvc\ als a

|'ingę.pri t ol'lhe gcomętric stluctule ol'the iolri/ed targel' Lilcalizccl inner-
shell electlons pl'obę lhe conlbrmxlion oj'll]c nuc]ei in a ncl]ecrile. q'heleas

dclocalizcd valcncc elcc(rons causc a sort of diftlaction. \\4rich iln.rges thc
deiocalizcd clcclron clouds in rcciprocirl Fouricr spacc. Exantples lbr bolh
bchaviors iue prcscntcd and discusscd.

ii)

iii ,

Relcrencęs

{ll U. Bcckcr..l. Elccrr'. Spccrlosc. Rclar. Phcnoln. 96. l0-5 ( 1998).

L2l O. CeBner...//.. Phys. Rev. Lclt. tts. I93002 (2002).

I3l J. S' Briggs ąnd V' schrtlidt. J' Phys' B 33. Rl (]000)'
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PHYSICAL PROCESSES IN LASERS ON SELF-

TERMINATING TRANSITIONS

Volotlyntyr Keknan

lustitute olFllection Ph-vsics olthe National Academy ofS.iences olIiktairre

Gas lasęls oscillating on tlansitions emitting fiom the t]ppcl' Iesonalrl to thc

low€I mętastable lcr'els are ]<noq'n as tl]e lasęIs oll seli'-tenll il]atir]g lransitions (STT).
compantivęly sirnple but efltctive pLlllrping sclrelne usecl il] t]iese laseIs js bascd on t]']e

clominatitrg cfficiency of ęXcjtation of the atoln iol io|) resonanl ler'els b-v electt'on

illpacl o]} thę &ont of tlre lrigL-voltage pulsetl disclrarge. Although it iS lnofe than 35

years ago as the firsl Mg-vapoI ]ascl ofthis c]ass was ilrvęlteci anci claborated. lhcre sljll
iirc nol lesoi\'ed So]lle prilrcipal aspęcts totlchillg both lhe physicłl lfocesses in t]rcse

lasers aud sonrc practical applicatiorls.
As męl]lior]ed abor'e. althoLrgh the nlaitl pLltll1ling schcl]lc seelIs to lre l'ati1el

sinrplc. this sirnplrcitv is dclusivc. A large quantity of physiciil phennmenrr do not allorv
one to obtain 1initing lasing pal3lleters pledictcd by theorętical calctl]alions. In tlris
cołtext a]'e discussęcl tlre c1ischatge llcnunifoflnilięs. gas tęlnl]cla|u]'e an(] ]Ietastiiblę
lęvel popu]atiolr ]'ęl.lxatiolr duling i]']tęrpulse periotl. [t is showll that a1] 1hęSe l]a]'atllelels
arc closeJy connecteLl' The questiorr collce1nilrg thc plępulse cIęctlcn conccl]ttirlion a]l(1

inf'luencc of its valLle on laser pararnetets is also discussed (knorvn discnsslon betrveen

G.Petrasb and S.Yakovlcnko).
SolDctiules tIlę influellce or thęse palalneterS is surprisirrgly utrpieilictecl- lt lras

trecn shorvn that in Bi vapol laset the purrping mcchanislu is not traclitional atltl not

similar to llrat irt tlie atlrer STT lasets. In Bi-r'apor laser. the Llllllct lesonalll level is
exciter1 pledotltitlantly duc to dissociative excitation oi'bislrltttil diLrlers b'Y ę]ectlotl

impact.
T]rc lnost il}lpręSsive results in the fielii of STT ]asels rvęl_e obtainoc1 cluling last

peliod Lrsing so-cłllcd lIyBriD tcchnology- flt'tBl conrpoullcl j]1 this ]ascr is pl'oi1iicecl

dircctly in a cliscl-rarge tubę rvhcn Ne + lIBl nljxtule is pumped throrrgir tlie tLlbe' So. ]n

c1ischarge nerr' kirrd ol'particles alę pr€sęlll (hydrogen. halogens1- lnl]tlęncę o1' lhesc
pafiic]es on |Ioccsscs ditt'ing the oun_cnt pulse ald iuteł]u]se peliod is cliscussed' r\tr Cs
lcltnixlurc. \\'hicll resotlaDce ler'ęl is ]n lesonanl coincidence q'ith Cu atoln metastai)le

level etrergy, intluelrce on 1asing propeltięs ol Cu-vapot lasęt is irlso t]iscrtssed'

STT lasels har,c extrcntely high arnplification. A Uniclue tool coherent
brighnrcss amplificrs of irragc - rvcrc dcsigncd using this propcrty. ln courbinatiotr u'i1h

the Cu vapor laser in grcen and the Au-\'apor laser in red. an ettective trlLrc STT iasct
can bę usefu] to clłbolate t]te colol pt'oiectitll] systęDls wit]] brightncss lnlplilicts o1'

irnages. llorvever tbe Bi-vapol and the Fe-vapot bluc ltisct's tested till norl clo uot srtisfy
tll. J\ crir!. 1'ouclirnd Jll'lclarc\ r(qlrirctrrurr'\.

SLrggestiorls fbl nerr bltle STT ]asęrs using litaniun and ilrcljtlln aiol']']s se]t'_

tęl']:uiualilig t1 allsitions ale discussed.

vkelllimai I.uzhgoroci.ua
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THRESHOLD PROCESSES IN PHOTOIONIZATION
OF ATOMS AND MOLECULES

G, C. K]NG

Departrlrcnt of Ph\ sics ancl Astrononrr, UniYersitr, of Manchester, Manchester l\,1 lj 9pl_.

In thresllold photoiooisatiotl the talgęt is ionized just abor'e a leaction ouset.
Photoelechons ale protluced rvith energies lhat are typicalll in the range ll.orł zero ro a
ferr, tneV and thęsę ale detęcted br' anal_vsct.s lllnęd to these lorl (]nętlaies. 'rhręshold
photoelectron studies have been applied ro both single aud double photo ion isation. I'he1,
arę illlpoftal]t because the1,tive both d1'namic and spectroscopic ilrfbnrtation. 'rhey also
bave a nuIrrbęr of ęxperinental adr antages.

Clclse to thręshoId. diffelęnt ionjSatiol'l 1lt.ocesses beconrc inlptlftrrnt' For e:ialrlple'
in photodotible ionisation' the lorv energl ęIectlons nlo\'ę olll], slo\\ l\' aivav fl-otn lhe ion
core allolving anpJe ti]ne foI electlon corfeIatjon e|t'ects to becolne donlinatlt' Also. closę
to ihlęshold, indirect plocesses ale often ilnpońai]t. IJele photoionisa1ion pt.oceeds r'ia a
highl5 excited state in a t\\o-stęp procęss' This highl) excited Slate nra) deca\, to the l]nal
ion state \\itlr tl're enrission of an autoiol'tisation elcctron Nhich u,ill be detected if it has
sirf1lcicntl1 slnall energ1'. ThęSe inCliltct plocęSses com]]ęte ui1h the clilęct one anci
incleed can becortre dontinant. ln thc case olmolecules, li)l.example. this can lead to the
obsęlvatiotl o1'viblational excitation We]l oiltsidę the |;rank-Condon r.eqion. All ofrhis al]
nręalls tllat 1hresholcl 1lhotoelectIon Spęctra arę inraliabl-r, l'er.v dil1tręnt frtlnl
convel]tiol]al photoeIect[on specł'a anc1 so pror,ide lnuch ne\\, illtbflnation.

on the e\pelimental side, thę tlrlesllold technique off'ers the adr'antages o1. vety
high lesolution f- nreV) and simultaneousl; ver5'high detection elficiency. l'his rnearrs
that thę)' calt gi\'ę s1atę spechoscopic inlbrn]ation at thę lęvei oi'indivicitlal lotational
lęr.els. 'l'his velv high lcsoILltioll is also well lrlatched to tht'high photon resolLttion
proviclcd br. ctlrfent s)'ncl]rotloll t'adiation sortlcęs. TIre verv hiq]r detcction ętllciencv
laci]itates the use of coincidence techniques that arę fęqtlired lbr thę stud\' of doubic
ionisatiorr, rvhcre both photoelectrons arc detected silrlultaneousl\'.

Ręcel']t e\pelil]lents ir ill be dęscribed illilstrating thę tęchl1iqtlcs and the kinds o1'
inlbnnalion that can be obtained tlont threshold photoionisation studies.
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SCATTERING OF POSITRONS AND POSITRONIUM

RY ATOMS AND MOI,ECT]I,AS

G. L,aricclia'

I)cI)alllrt0lf oI Phvsits arxi ĄslltlrxrlnY
University College L,ondon

Corver Stleet
Lordon WCll, 68'1. UK

Interest in collisions involvilrg positrons (e') an(l posi(folrium (Ps, thę bound state ofa
positrorl and an electron. e ) remains strong as new experirnental techniques and
lhcolctical mcthods alc cnabling irrcrcasingly stringcnł tcsas of the unclcrstanrling of
basic atonric and nrolecula. collision pheDorDena. as $'ell as of fulrdamenlal a tipafńle
matlel intc'aclion5' Current topics of rcsearch include positl.ol.t inrluecd iolr plódrrction
(corrrprisilrg iolriŻalion wi{Ir and \Ąti{lloul Ps {brrrratńn. allnihilalioll, elci' positro|l
impac( excitation (vibrational and elechonic) and positronilln scatfering. The siatrrs on
available experime tal cross-se ions for positt.otr ar positroniurn c;llisions will be
reviewed, including Lecent advances in the investigation of posibon ilnpact ionization
(\\,ith and willrout Ps folmation), excitation alrd arrnihiliłiol. In tlre case of Ps
projectiles, thc stafus on rneasuremeŃs of the total an<l lrreak up closs_sections in
collision wiih simple atontic and molecular targcts lvill be rct'iewcd. Comparison with
theories shall be ntade whelcver possible. The illteres{ed reader is further [efe[e.] to
rcccnt lr'olksr Żl]
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Il]W. Raith in I'holołlic. Electonic u1]J '1o]llit (ulltsi,llF Lunla\ł alld łI Wintel
crls. (World Sl^ientific, Sing,rpole. l O08 ) p.34I.

12] G. Laricclria ald M' Clrarlton. Phit' Trtłns' R. Soc. Lon . A 357, l259 (1999).
[3] M. Charltoo and J.W. ]lumberstou p.) \itron physiL.s (Canrbridge Llniversity press,
2000).
[4] G. Laricchia in "The Physics of Electronic and Atomic collisions'' (Iłinton P.ess'

New York) (2002)
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ELECTRON DRIVEN REACTIONS IN CLUSTERS

T.D.Miirk, S.Matr, R.Palajuli, J.Fector. K.Gluch. C.llanel. T.Fiegele , p.schejer, M.pr.obst,
A'Sta'rlatovic'' o.Ecllr' C.l.ifshit7,. ]'Hal!c1j. |-.'łagr.Jbclgs

Ilrstitut fiir lonenplrysik. Leopok] I,lanzeI]s U veritźt. Tecllllikelstl.25. A'ti020Inrlsbruck,

Mass spectrollreti.ic studies of sl)onlaneous (ntetrstlLlel decay reactions aixl of
dissociativc reacriors of mass-selectc(r .ruster ion: ind.cerl by phorons electr.orx or surlace
collisions lla'e provided a wealrh .l irrlornration alrout st.uc1u.e, s{ability and energetics of
these species alld the dynan)ics of llle collespondillg r1ecav rcłctions'. SulPrisi;8lv iei;
studies' horł'ełer' have_been reporred concerłing rueasLrrełrenis of rhc klrlet1c ełerg1irelease
distribulioł 

. 
(KERD) for tłie decay of lllelasiablo' lvcakly bound aton c (lar;'8as] oI

rnolecular, cluster ions.
Tlre rnost comnlon mechanisn that drives unirnolectrlar, metastable clecav ol ator ic

(:luster_i{)ns is vibratiu'ral predisso{:iatiou i'whici} rhe excess erergy is statisticalli distribure{i
o_ver all elrergeticall;' accessible rlegrees of fieedor., usually llnlitecl to ator'ic 

'ibr.ations.Hor'ever', urinrolccular dissociatior nray also be d'iven by rnechanisnN that involve rlor-
statislical, localizc(l slolagc ol cxccss cncrgy. lor i:xanrplc. largc arnourrs of cDcrgv r:an bc
stoled il] electl'ollically excitcd stales in ]'afe 8as clUstc.,I tute cńaracte,istic fełtur'e_i ol thłsc
exciion-dri'en decays is the lalge anlount of ener8y that is abruptly lelease(l witłlin tlic
nrclastablc tirnc r.vindow as shor,vn llcrc for thc first titnc.

, Usillg a ltigh.esolutiol 1wo seclor field nlass speclronreter of reversed geoutetly lye
hal'e tneasuled nl..tastable flactions and nass-anaiyzed ion kitletic energy (lłtK"E) pcań for'
lnetastable (spol}taneous) an(I electro' illduced t|ecay Ieactiołs iilvolving ;1ollolner
evapolatior] and fission reaclions of atorllic alld lnolecular cluslcr. ions producecl by electron
inlpact ionizatio| of neurral dustel bealns. Addiiional ir]fornntion about the Droiuclion ol
thcs0 ions as a firnction of clusrer sizc has bccn obtaincd bv stutlyilg thc io,lization thrcsholds
urirlg a I'lglr r'solution llp( tr ol llullollrrorrralol .

. Bo1h' avem8e kin€tic enclgy r.eleasc, <KER>. data delived fi.om tlrc peak shapes antl
the tirne dcperdelce of rhe merasLable fraclions show a characteristic clepcnrlence ori cluster
size yielding inrnlediate inlbrllatior or the rnotastable fragnlenration r)eCIlanis'r whcn goj,.g
lor instance frorn the cliner to the dekaner ion. N'foieover. thc <l(Ell> clata co-ntaii
infonnation about tlle hansirio'l slate temperature antl rhus one can use finite heat badr theory
lo calculatc tlle bir)dittg ertergies of the decaying rlusler ions alktwilg iłforntatir e , olllrarisrlrr
with (i) previous resulls based on gas phase ion equilibria nreasurernerrts where available anrl
with (ii) the correspondilg bulk value. The recert addition of a thir{l sector fielil and a high
pelfbrlnałce eleC(ro0 8u8 enab]es also sludics of the tinl€ dependence ofthe kinetic clrergy
[elease distributio]l (KERD) arrd iI cojljUnction rvith model calculatiotrs loL these KERDs'ió
obtain inforora(ion on the dynamics of the uDdcrlying decay reactiolls.

Wolk supportecl bv FWF' ÓNB, oAW. Wielt anrI tlle Europear] Comlllissioll. BIussels'

1) Bcograd, 2) Dulharn, 3) Jenrsalcrn,4) Bristol, 5).lackson

Enail addrcss of corrcsponding author: tiintann.nraerk@uibk.ac-at
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AUGER PROCESSES IN trLECTRON iMPACT

EXPERIMENTS

B. Paripós-

Department of Physics, University of Miskolc'
3515 MiskolĆ'Egyetemvóros' Hungary

The Auger electron spectroscopy is a very effective tool for the study of materials

Although that tool is rather old, the application of the recent experimental and

theoretical methods can stiil lead to new results.
In the lecture we concentrate to the line shape of the Auger peaks ejected after

electron impact jnner shell ionization. The line shape is a.fiected mainly by the post-

collision interaction (PCl) i. e. the Coulomb interaction of the four charged particie

in the flnal state: the scattered electron, the ionized electron, the Auger electron

and the target ion. For non-coincidence experiments, when the scattered and the
joniŻed electroDs ale not detected, the peak shapes can be obtained by integration

of the triply coincidence peak shapes 11] over the non measured quantities'
We have carried out a set of calculations on the peak-shapes of atEor. Lt,sMzsMz z

Auger electrons at 300 eV, 500 eV and 2 keV primary electron energies at different

Auger emission angles l2]. We determined the required cross sections for secondary
electrons by the classical lrajectory Monte Carlo n-iethod and, for high impact en-

ergy (2 keV), by the continuum distorted wave method, too After the nrrmcrical

iutegration the Auger peak shapes were evaluated in the same way as the experi
mental spectra, so we could compare our caiculations and experiments The energy
and angrrlar dependence of Auger peak shapes will be discussed in the lecture Here
we stress that thc angular dependence of the Auger pcak asymmetry has maxrmum'
when the energy of receding thrcc electlons is comparabLe, thereby the relative ve

locities strongly depend on the orientation of velocity vectors.
In compiex spectra, wherr the Auger peaks strongly overlap' tłLe knowledge of the

exact line shapc is essential. As an example of this problem we show the evaluation
of the KI 

'2'3Mł,5^44'5 
Auger spectrum [3]'

Among the diagram lines of Auger spectra we can often observe sateilite lines of
diferent origin. Onc of these types will be examined in details, it is the socalled
resonant Auger process after deep inner shell electron impact excitation [4].

R.eferences

[1] N{. Yu. Kuchiev and S. A. Sheinermann, Sov. Phys.-Tech. Phys 32 (1987) 879.

|2] B' Paripós. G. Vitóz' Gy. Vikor' I{' Tókósi and L. Gulyós' J. Phys- B. 34 (2001)

3301.

[3] U. Klcinran, B' Paripós' B. Lohmann, Gy' Vikor and S' Ricz' J. Phys. B' 32
(19e9).1781.

i4] B' Paripós, Gy. Vikor and S' Ricz, J' Phys' B. 30 (1997) 403.
I

.

'fizpari(!gold.uni-miskolc.hu
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Fragmentation and ionization induced by high energy particle

collisions

Paul Sclreier'"1' Gernol.Ila elr, Tilrnann D' Mżrkl, Berlladette Farizon?, Fr'anck Gobct2,
Bruno Coupierr2. Michel Farizon2, Dag l.{athirantani3, Elhard Salzbour3

r Ill5titut fi]r lonenplrysik, Technikerstr.. 25. A-6020 tnnsbruck, Auslria
'In5titlt de Physique Nucleaire de Lyon,43 boulevard du ll Novenlbre

1918. F-69622 Villeurbalne Ceclex- Flance:rlnstilut liil Kernphysik, Justus Lieblg-Uliversiriil Cies\eÓ, D 35392
Giessen, Gelnlaly

The i (eractiol of rnolecules ancl cluslers witlr fast projecliles like protons electrons
oI He atoms ofl€ll leads to ionization and/or fragmentation of the lal8e collision pattner.
Such processes play an intportant role in technical and natural plasmas. In addition
damage of Iiving cclls upon the exposure to ionizing radiation on a rnicroscopic level is
also based on ionizatiol arrl fragmentation of tlre DNA. lll differert laboratodes
specially rlesigłetl instr'urlreIlls wele uscd lo ilvestiBate lhe ille]aStic il)|eractiolt of
clusters and nolecules with various projectiles. These experiments have provided new
irformafion about structure. stability and energetics of these species and the dyna rics
of the reactions involved.

In Lyon high energy collisions (60 keV/amu) ol hydlogen cluster iołs with a
heliunr target were corupletely analyzed on al eveni by-evett basis. By selecting
specific decay feactiol]s it is possible to slalt alłel the ertelgizill8 collision witi) a

ll]icrocarorlical cluster iol] ensenlble of fixed excitatiorl energy and to derive
corresponding ternperatures of the decaying cluster ions. The relation ttelween the
ternperarurc ard the cxcitation cncrgy (caloric curve) exhibits the typical prercquisitcs
of a first-order phase transitiol irr a fillite systerr], in the presext case sigDaliDg the
transition liorrl a bound cluster to lhe gas phase.

Irl Ciessen fragrnentalion of fullerene ions Coo'* (z=t ... 3) ilduced by electr.on
iolpacl was studied quantitativcly for the first lirue. The cross sectiols for the loss ofa
C2 fragnrent ildicate the presence of two different processes. At low electron energies
tl)e projectile elechor leads to the direct excitation of the giant plasnlon reso|alce. At
elec(ron energies larger than 100 eV the fuagrnentation of the lullerene ions can be
clesclibed as an unsuccessful ionization. Only this second pa of the cross sectjon
shorvs a dependence on the cllarge state z of the precursor ion.

WoIk supPolted by FWF, ÓNB, Óltw, Wien. the Eulopcarl CoIutrrissiolr, Brussels,
Dl.-G, Bonlr' altd lhe Antadee progrant of lhe Frettcłl and Austfiarl gove rreilts

Ernail address: Paul.Scheier@uibk.ac.at
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DYNAMICS OF IONIZATJON PROCtrSSES

STUDIED WITH THE COLTRIMS N4ETHOD

- NEW iNSIGHT INTO e-e CORRELATION

H. Schmiclt_Bóckirrg, R. Dórner and V' N4er.gel

University Frartkfłrrt, F\aukfirt't, Germany

I\lany par'i:ic1e dl.ttantics irr atorrric artd nlolecula,r pltysics łras becn irivestigatecl
br- using the COLTRINIS rnetho<l. The r.ethocl and its applicatior) are cliscusseil.
Tlre COLTRIN1S techtique visualizes ruaty-par.ticlc fragmcntation processes in thcr
cV a*cl sult'illi eV rcgitne n'd reveals like tlie b.bble char)rber in llucleir.r pltysics

tho conlplcte nrornentuur pattełr in atomic ancl ruolecr trl pal.ticlcs reactious.
J,lcr.v <lata o[ e e correlation irr He aro prcsenie<i. Particular.ij. the asymptoti(] I.cgirue
of t'he He grorrtlcl state rvitvc flrIlction is explorccl, łr'lrele a}l long ralrge Collc]atio iS
liirlrlcn.
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Higll Rcsolrrtion Strrtlies of Elt,,c,tr'tltr Iolt [ł cc'clrrlllirr at iotr

R. Srlrrlcll '' \. l:]l<]ijrvL. \1. I-bgler. ] 
i] 

' 
] , i l l r l r'r 

' 

t l l 
l . S' \]irdzrlllkrlr'l.'l'' trkllrłrrled

l). \ilirl]il.l. P'(]]łrrsż' H' Dllrłr'rrl. -\. IiiiilJlr.rg. arlrl A' Pł:rl'r

1Dopł1'lulcnt ol .\ttlrrrir'P]r.rsirs. S(]|r\B. SIt;c:]<lrolnl Llnir-r.r'sjtl'' S-1(){ilJl 5tol:lilxlLllr' Srrr'rlolr
2])lll'si1's (lPpżlr'tlrlen1. \lid' sw(łlis}! t]llir'ersil'l'. SulLclsr'a]i. Srr'edcrr

rlISL. Sto.rlih.)Lu I-Iuivelsitl. S-10.105 Sl,cxliholllt. Srvcrl,ll

(i)olu sI()r' ge [iugs dlc cxffl]put l.ools to stu{L\ r'e. o tbiuirt ioir ofeLe(lr.otrs witlt iolrs-l'llis prrx'ess llils sevr,r'al illll]()l1ailL al.(loph.Vsics ł}rd l)]ilsl]lal)}lJ-si{|s ł14llit:łtiorts' llesxLes
l;rlirlg <ll l'rrnllłnrorrta] ilrlr'lr's1 IL is tho l)f0p()s.d ttlr'r:lrłnisrrr lilr alli'illrrlIoi]rlu prorllrc
iioll in a tl'ap l'i]lerl llii]l łl)l.ipl(ltons Łlnd l)ositl'olls. 'I'lle nlosL liulrlalrlelrlilI pl'ocess is
LiL(liirti\'c rccr)lDbirl:ri ion. \1lron r({rDrbitratiolt l)roccods \:ii1 a cl.ruLl.v cxcilo(l slaia ilt 1.Lc
/11 l)] ilttel'Lllediatr) s].stenr (iIl (li('jc('f']'Órlic.tlcolltbillirtion)' lhel] the.l'oss sc('tjoll śl]o\1's
_ś1r()llg lcs.)ll11}1l,-]ilic s1,r'LlClurc' {l]('Llfa1e ltlcilslIrelIlallts o1 LlI('ljo r'Ć_!()tlitrr(('s il} s(]łt1,(llin3
rll' eleclI'rllls ilt ior]s ('a]l he u".etl tbl' clt'iticłl tests of ca] llaticllls-

\\e }nPserlt rllil'lates1' restL]ts o1l ]'c(\)lnbinatjolI Ąt \'erv l(xv lelati\.e erlcl'ijies bel\\t(,lr
olt'c1lrllls irnrl ious dclno łL tllr'('RYII]\(l ]rcav]'iolr s1o-raBc !ilrg ll{ \'ISL ]lr StrltlihrlilLt'
'|']ris ele.tfoll coolel lIirs lrn acliollll1ir'łl]v expallrlcrl clr<:tlorl bt]alll tllnt gir'es elr:r'tlrlrrs
\\,illr nroiln {l'alrsvct'sill \'.]()('il\' ((rlrll]()l)(Jlt ol L lncv al}d LLlrrgit rrdilrll co]np.]1lĆlr1 ()[ 0.1
ltlcY Nc\ (lllt:l on t]Le erlltJ]l.'ed rłl.. crlel]it'ierr1 is slloy.r]. 'l'hclr rvp rvil] ctlncetlltłte
('l l(tt'll tn(].L51lIctllcltls o1 (lj(']ccll'olli(' !.](jolrll)irt ł 1 ioll tcsollirn(]e! rvi1lr Li Li]<c. Na-]j]io
rlrrtl (]rr-li]<' i,lLrs. rr'ltol'r: llol1r 1lle s])cx'tfa of rtsł'rnłtrct,s vcLv at'c'llfżl1c vł1rtcs 1ilr'oLrrlrg-l'

sPliftir!8s .lc clcrir.cil frll' cluci0l lcsts ol rr:lirtir'istic. col'l'clltiillr|1]. l11y:r'firlrl intr:l'łr.tirllr'
łrrrl ()ED t'IIcr'ts[2 ' \\ic rr,ill sor' lhir{.. illld bow Lho proselrilt'lrrosl ir(cL]fat{) (]a(:r o1r

le\r'l splitlirLUs rnrci ()lil) cllects irL heaYy. lLigLrLt-.hnrged ato ric sJ'stenrs is ol)tilire(l b1

l:igru.r l: (lrnparisrrrr ol tlr' ox

l)erilnelltal ]'ecolll})illiltioll l'łtc (1)()l''

licictl lor Bc l'itlr a r:aL Lrlatiorr ll]
ilt rolatiVjslia rnłrrr' bodr' pcl'Lrrrh:l'
tioll tl)eor\..

Ilclixrrlr,s

Il] 'l'. \lohaured. rl ol.. l'h1-s. Rer'.
_ł. irl prirlL'

[2] E. 1-inrlrolh, ./ 41.. Pltl's. Ilcv.
l,ett.86.5027 (2001)
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Studies of physical procęSses in the Ear1h's atmospher'e

T' Staceri'icz' S. Chtrdz),lrski' A. Czvzervski K' Ernst. G. Karasinski, A' PietlucŻuk

W. Skubiszak, K. SteLnaszcz).k,

Instilute of E\perimental Phl sics, Warsarv Universitl ,

Lrl. Iloza 69, 00_ó8i Warsłrv, Pohnd'

investigatiorr of propeties of the atmospheIe afe of gleat irlrportance. Bęsicles

lecognitiou o1 neclranisnl leading to thę formatiol of eithel the local rłeather or global

clitllat changes, the knorr'ledge of pIl1,sical and clrenłical pam]Ietels ofthe atnrosphet'e

is jmpotlant fbr understanding the processes of pollLrtions emission, tbeir propagation

and trarrsfbr rnation (imission), as rvell as their illtluellce on living organislls. especialll'

1br the htrman hęalth.

ln the atl'j]osphelic tesearch tlre optical netlrods lras been alrr'avs rłidel} used. ln

norładays r,arious metlrods of laser spectroscopv inlprove tlrese oppońunities' Drirint:

the lectu,'e lre lrill present applicalioll of Cavit1' Ring' Dorvn Spęctroscol])' for

llltlnitoring of atlrlosphefic trace gases. This technique, charactęI'ized b1.exrlerneI-"- high

sensitivity. call replace in the fLrtule somc standatd methods uscd lbr dętection of tlre

atmospheric contporurds.

The possibilities of tlrę ręnrotę i]]\,estiga1ion ale ofgreat interest tbf thę ato]oSpl]eric

lęsearchels' Here tlle lidar leclrniques provide the LrniqLle opporttlnities of
lęasuren]ents. The nrost silnple, singl{j rvave]ength lidars' alę suitable lo sealch

distribution of aelosols ir'r the atr!tospllere. N4easui'en'lents of depolarization of the laser'

light scatteled in the atnlosplręre calt infbrm abotlt tl€ plesęnce ofnonspirerical aclosol

pańiclcs. 'fhę licials rvorking olr two wa\,ęleng|hs (Dlii'ercntial Abs<llption Lidar -

DLĄL) are Ltsed Jbl selectil'e detectiol] ofthe atn]osphęfic pollLltioll. Finelr the litlar.s

rvolking on lrlaliv rvavelengtlrs provide oppoltunitv to j]}vestigatę the size distr'ibLrtioll of

the aerosol particles. During the lecture our achievernents obtained bl nteans ofthe lidar.

techniqlies l'ill be shorvu.

This uolk was supported by Polish State Commitee for Scienri{lc Research, grant

numbęr'3 P04G 05222'
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ELECTRON - MOLECULE COLLISIONS CALCULATIONS USING
THE R-matrix METHOD

.lonathar Tennysot

Depaltment of Physics and Astronomy, Univ€rsity College London,
Gower stl€et, London WC1E 68T, UK.

Electrons collisions with molecules can result in the excitation of both nuclear and electronic
motions. Considerable work has been performed using the R-matrix and other methods
studying these plocesses in the ]ow €nelgy regime, where many of the closs sections are
dominated by resonances. Recent examples of calculations include:

. Electron impact dissociation studies of water {1] which are important for models of
radiation damage in biological systems.

o The study ofelectron collisions with atmospherically important Cl"Ou radicals [2-4].
. Eiectron impact dissociation data for H2 and isotopomers, which required the for-

mulation of the double differential cross section for this process [5] and the probabie
identification of the source of ,coid' H atoms at the edge of fusion ptasmas [6].

. Electron impact rotatioral excitation of molecular ions, we have considered all astro,
physicaliy important diatomic ions [7] and symmetric top molecules [8], including the
fr.st ever calculations on electron collisions with the key H3O+ ion J9].

. Electron collisions with plasma etchinB gasses, in collaboration with the expe ments
of Dr Nigel Mason. The first ever results have recenily been obtained for collisions
with CF? radicai, which show a clear pathway fot dissociative attachment I14], alrd
calculations on collisions with CF3 have started.

. Dissociative recombination (DR), calculations performed in collaboration with Suzor-
Weiner's group in Palis, obtained quantitatively cortect results afor the DR of NO+
at low energies and explained the behaviour at higher energies 1151, both for the first
time. Work on dissociative recombination of CO2+ is underway.

1. J.D. Gorfinkiel, L.A. Morgan and J. Tennyson, -L PhUs. B,SSt b43 (2002).

2. K.L. Baluja, N.J. Mason, L.A. Morgatr ald J. Tennyson, ./. Phys, B, BB, L67T (2000).

3. K.L. Baluja, N.J. Mason, L.A. Morgan and J. TennysoD, J phgs. 8,84,2802 (2001).

4. K.L. Baluja, N.J. Mason, L.A. Morgaa and J. Temyson, J. Phgs. 8,34,4041 (2001).

5. C.S. TYevisan and J. Tennyson, J. Phgs. B,94,2985 (2001).

6. C.S. lYevisan and J. Tennyson, Plasma Phys. Controlled Fusion, (h press\.

7. A. Fanre and J. Tennyson, Mon. Not. R. astr. Soc., gZ5,1A3 (2001).

8. I. Rozum, N.J. Mason and J. Tennyson, J. Phys. B,35, 1583 (2002).

9. I'F' Schneider, I. nŹbadan, L. Carata' J. Tennyson, L.Il. Andersen and A' Srrzor-Weincr, '/.Phw. 8,33,4849 (2000).
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Abstrąct

The stęad), state of the densit). matl.iX is analyseci 1bl the tlvo co1tiur liglrt beam
ręSonantlv coLrpled to the diff'elent n'ansitiots bet\\,ęę]l tl]e lowei. S,,1 and upper P'..
sodium lrvperfine lęvels, F=l and l-=2. Particularly, lhe popll]ations. t]]e
contributions to the tfansition dipoie monlents and thę Rallall ctrherences have bęen
calculated for l,ariorts beam intęnsities and detulings. The ElT ręSol]atlce has been
found to be entirely due to the collisional destmction of the ground state Rarnan
cohererrce and the porver broadenJllg. Therefor.e, tlte cor.responding profile Js vei-y
narlow tbr tl]e \reak tieid, as collpared with thę specŁ.al 1ine shape. ln the case cll.
sufficientlv strong cottplilg bęatn the d5'narrrical Stark effect is doninant' Wc have
fomd that the position olthe EIT Iesonancę does not dępend on tlre field intensities of
the coupling and probe beants.

A-il
INTERFERENCE EFFECTS IN THE TWO-COLOUR EXCITATION OF THE

SODIUM ATONI

AM. Alhasan and J. Fiutak

Pomorska Akadentia pedagogiczna

lnstltut Fizy ki
76-200 Stpsk, poland

a lhasa n(rDrvsp.s I utsk. o I
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tsOO\IERANCI SfRUC]TL]RES IN C]O,

\T ł lllll'

I)cl)nltrn(rrt of (-'hornistr\.. ljnilolsjtv of liil'orrrg. ('11 1700 ['r'illlng

\ij1ll'atilnlal erci1artitllr ill C'()1 1rłs 1'rr() (]iŚ1irl(|l enel'g\'l'illlges: a JTl', s]1]ll)e l'es()'
ltltrL(!r aLotll(l ll.li c.\i. $ llcrr. I)()(ruu'Lir g sllr]ctulos har.c lolrg bi'crr l<rl(;rvlr fll. tiLrrl a
\'irlrLill !td1e łt enel'j]jeŚ oełlf th]_eŚllo](l. Pl'tltlorinr:erl sP]e(1'ifit\ rr'łs r,]lsrlr'r'r r:1 ill (]le
(.x{'itiltj{n) rll l t'lrlti-r:llll111rlt1 \.il}l'llti('ls i]i 1]]() \'il'l]ltill slŻ|ta l'a]Ig(] alllt'it rr'itlxlrrt
siILr(lultis 12. :l]. This postcl lel)olls stluctulcr ol '.iLInlioral r)rigin in lhe !-ir'1uill

slżllc l'('gio1t rll ('O2' '1'lrt1' iLl)l)ctll'i1t 1h(,c-{(lj1itLi()1r oI (\!tllill 1rig1rt:r l1irrg lir:r'rlri'
<:r;ltplrltl r')llrłti,lrts itlrrl1..'iug str'c'tt1i alltl llcrtriittg [.il. '1'1rc łltr:st t\\'() stfl!('1llx)s. at

0'.lł arl11 0 5:] r'\'. łlr'' rtal'l'orr'' hig)Icl l1ilrg si]'1l':.LLll1's al(. l)]!irdf}' 1xlolIrlr'lrllg li1<t''

iLll(l oxtcltd r]p to iłbor1t 0'9 o\i. 'Ą possillltl cxp1atlatitn! js tLli1i, tltr: \'iftltil1 statc.
ir 'stiLte (rl the relge ol bei]rg lroLr'. beconres 'tlul\' l)(r'n al betlt atl(L str'etchecl
g('()uclf\,(}1'l1ri'()()2 arrrl 1II.] o|)scf\.(\I _clr'ltat]ltr] is a (]('ls.](1lt(]]lr]c łl1 thc l'łflor.tirtll
ol tlir nuclcar r,,';rvo Pirll<ei olr lhis l)(nerrLial srLrlace. '\n allerrralire e\l)lirrrntir)rr
rvtlrt1rl illvtllrr: lrl(]tłslal)lc villratjoual lr'rr:1s of tjrc rr't:]l ]irrrrrl tl l',rlllt ż]]l(L s1lc1(:llc(l ł'
\'ale]l.:e s1i]l'e o{ (l(), iihe 1otvet'lll'anrll o1'1lr.:fI,' sllllpr- rtsLlllłllce) \\'llic]] (()lL]d

lrr: cr,rrplcrl lo tlrc ViItr]al st..te scatt{,liDg lrl irDrelirrg. 'l'l)e,.1'sl.rte ol (lO" is
gcrlclłl]\'t]l1rlliall1 trl lxl at lrighrlr' c]nx'gi(js. tllorl9h.

1,.1,,-1.0)
(ł. ]/ł l])

0= E5'
l' = j.ł3 lrręV

()4 0ó 08 t0 1.2
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rr'iLh lł : ł 2' Selel ted r'ib1'aliollal tlrres1lo]<ls alc iltrLicir1erl llr'gr'jtls.
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[2] '1'' 'Ąrlt.rliri' 1('.Jrrrrg- ll. ]'1trLriirr1t attrl l]. S' ('1ralrg. ']' l'lrr's' jJ l9 (r9s6j 1:]77.
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A"A
ON THE CONTRIBUTION OF COSTER-KRONIG TRANSITIONS IN ATOMIC

SHELLS TO THE BROADENING OF EMISSION LINES OF X.RAY
PHoToELĘCTRoN sPEGTRA oF METALS

.M.ya.Amusia and ..A.A.paiziev
.loffe Physical-Technical lnstitute, S.-peterburg, 194021. polytechnical str., 26,

Russia
--Arifov lnstitute of Electronics, Academgorodok, Tashkent, 700143,

Uzbekistan

Broadening of emission lines in X-ray photoelect.on spectra of solids is
determined by different mechanisms of vacancy relaxation in the internal sell of
atomic core. ln the case of metals, the presence of the conduction zone causes
the formałion of new decay channel of the internal Vacancy, channel being

connected With the energy transfer to the electrons of conduction Żone' ln this
paper the contribution of coster-Kronig transitions with the formation of the hole
in conduction zone to the whole broadening of atom level in metal has been

considered. Calculations were carried out for Na (L - L V), K (tvl , M V), Zn (M -

M ) both in the Hartree-Fock approach, and with the account for multi electron

correlations in RPAE approach both in the skeleton, and in conduction zone of

metal. lt has been shown, that in Li the wideness of 2S level in respect to the L
- L V transition accounted for 1O"/" of the whole wideness , in K - 50% of the

wideness of emission band of M level, but in Zn this value accounted for - ZVo

of the whole wideness of M level. The conclusion has been made, that in Li

and Na the calculated wideness of core levels coincidences with the whole non-

irradiation wideness, but in Zn small value of calculated M - level wideness is

connected with the fact, that besides of the mentioned (M - Ml\1) decay channel
there is the possib'lity of the expulsion of Auger-electrons from 3d(M ) she
(Super-Coster-Kronig transition M -M M ). ln this case M - M V decay channel

is practically closed and the whole wideness of M Ievel is determined by the (M-

M M) transition (the yield of fluorescence in Zn is - 1% ).
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COHEI{ENT RESONANCES IN DEGENERATE TWO-
LEVEL SySI.EMS tN Cs

('.AnclI'eer.a '. V.IJiancalanir]. s'C'artalęva . Y.[)anclreval. E'Nłru.iotti:. L'lvloi]. l.''Nls1r.or]

.._]lnstitLlte tlfElectr.rlrrics. B'ĄS. boLll' 
.l.sarigr.adslirl 

Sllrlssc 7]_ ]j8_] S0t]ł. l'}tllg1rrił
Dcl)lllflDcnt.ot l)lrYsics. L-lnircrsit) o1'Sicrra. l'ia Ballchi t]iSlttro 55' 5']]0{.] Sięl] . ltx]\'ill5litUtę ofAutouIti()n aud Elęctf(nlletrr'' Notosibilsk_ Rirssilr 

' "'

tllt r'l,'le ll''l'TJ-' |l l lllślll |||\''lll..tc.r_cl]tt ll'ś\.)l'lll.'l) lil''.'tl t.,l.,, l,

'l'he pllcnonlentln ol'Ctlhęt'ellt ]łJpilIaai()lr 'l lłPPilrg l(:I) l ) ll] llils a11l.ctc.l itlclelsing:lllcnl ..n fc(cnll\ 'lt < t.. jt. :r .l,Jir.l.ti,, : ,, n,,,"na,,,,,,a,1'r. l:l ill_ r, r.lr,,.lt L,. .., , .", Li,,('| :L|{'|ll\' \||'\\|||_'''l ll:Jll. ślU' lL i..'h., rretl ll:.tttlr i't llJ'',tl':'l"'rlt l'Il''ll ..'''lI lillL: tIlr Lr.,_,gtorurcl-st te hype|tine (hu levels to lr corrrnron ercitccl Ierel Lr1. nreans ot.two cohercrtr
rlrdiit1ions as a r]ccl'casc in tltltlręsccllce orouncl llle rrril-pl:otlln t{itl'llitn r.esotlancc eollc]ititln'

It has been shor'n [2] thilt interesting cohercnt er'1!cts 
",." 

ot .",.,".i urs., lt . sinlle hrtt'llllsitioll. involr'ing łs lirr'et'lcr'els the lcenran sLlbleve]s tllolic ufrh" 
-.r,,u,,.l l,'.,.,1.' r,'thi5 clls(| l']ol rllll}' clecl'c'ase in the f']Ltot'ęscencę (Electloll];lg11etic.'ll\ -]llduccd 'l'lallspltrcnc-r,

Ll l). bllt a]so inct.ease (Irlectl.oluagllctict]ll)-ll1(]Llcęd,łtliur1lriun'_ li,r1cłll be obsel'i.etl
1len.'rrdinl 

on the dcgenet'ac,' o]'the gl'oUl](l atlcI cxcitcrl states. El l |cs()nill]cęs rlccLll' t()fl -|.. l'"- l 1l.ansirions atrd Łl.Ą ręsonallces tor. l." -l-. l.l' ] | t|lnsitl()nt'
OLlt'resLtlts sl1()\\ tl]iiI itl l r'auLtLlnl urli. rllttl'ę rt'.i. l, ,,'.,'t.'ppi',g tl1 rhe h]'rr-ltlsitillIlsrriłllin tlne llitorescellec lil]c. sti]ltil]!'l ft'r,lll .l singlę g,uun,l i'i i.1.l. 1he sign ol t]lefc5ollilllccs is cietęrntinerl b; the cle_getreracr'' ot'tile leveIsllIthe hl'tlansirion ''l i,'rii..r,,..ł

l^, ll":.ll !' .:!: 
niihr.\r l)1,t,irhilirl and suft-cr.s lowesr tosscs r,,,rar,l:l rl," orher.gr.oLrndIc\śl. J]llt_|ntc|.ILI||],_r tt ith thc lnscr t']cld' Single-sign resonanccs hłr,e bccn otlsq11.ł .''al.
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I ie. i Coltcrcnt resonances fi)r the l-"

Ij. ll-1 \'

- 4 (a) łnd |'. - _] (t]) 1luolcscelice Iincs
Resttlts otl iile []ehł\'ioUI ol lhese lęsotlances in depeuriellcc on thc p.]l.ainetcls {r]_tl]cligl]t tlcld irlrrl t|ilnsition ir.r.lltljłtec] \'jll be plesented'

Acl(l1o\! lędgęl]1.llts: i'hę tlLltl]ofs tl]lll]li Nc'S]t (l ]005 ) 1ilr the 1litrliłl strp1lLlr't'

llelirences
I l ] C.'Ą lzetta" A'Gtlzzini. l'.N4o j. c'oliioIs. Nuol,o Cinlenrrl _j6. 5 ( l 976).
i2] l].ltenzoni. \\'.l\1eichcn. L.\\'inclholz. E.Alilllol1d()' l'l1.'s' nev'ł.i: - j',u 

t l qo;l
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TOTAL CROSS SECTION FOR ELECTRON SCATTERING
BY CH4 , CzHo, CFą AND C2F6 MoLECULES

IN THE ENERGY RANGE 200 - 1400 eV.

W. Ariyasinghe and D. powcr.s

Baylot Univcr.sity, Wirco' Tęxas. USA

The total electron scattering cross section oI CH4 , c2H6 , cF4, ancl c2F6 molecuics h.vc
been mcasuted fbr 200 1400 eV clccn.on energies using the electron beam attenuation
through a głs cell. Thc intensity ol the prinary bcam and thc attcnuatcd bcam wcrc
mcasured using a double focusing elęotrostatia analyzer with enelgy resolurion 0'75 eV
(FWHM) or better and an angular acceptance of I .2 x l0-5 sr. Measured cross scctions
havę bccn conlpated to the existing thco'etical pledictions' The corręlation belweęn thc
lolal c]ectlon scattcling cross section and the nunbcl of ę]ectrons in the targct molccuie is
discussed.

EMAIL: AHIYASINGHW @ BAYLOR. EDU
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A-6
'l'enrperature dependence in dissociative electron caplure b1

1..1-chloronitrobenzene

N.L. 'Ąsiantlilrot,. S.A' Pshcnichnyuk. \''S' Ijal'lio

Il].\lihll,'' l]| ['h\'\lL\ tl|',\ltllł:tulc's łlnt ('n'r' Jls Otttlht,rl'rtllp'1..']'L|4..15()()7-;'

l llcnbel-tet' irt irllI hal.c t_ound unUstlŻll tempelŹhlrc <lepentlellce itl tlissociittil,e
e]ectrul] ilttacllnlellt to I .4_ch !ol obl'omoben Zene. The eftict tbun(l \ł'łs exphined bv the
lelnperature (lependent population of the rclevant nelnlal moLles containinq the C-( l
and t'Br sllctch vibt'zrtionl' Follo\ł,il)g lo this intelestill-g t'esult rve s{tlclied the sitnre
ruolcc u lc r:rf I .4-c h lorcn itrobenzene rvhic h has positive eiectron alfin lq. EA: L 2j "t c\'r.

Elecllon łttachn'rcnt to 1,.l-ch loronihrobenzene in the ener!.v ranire 0 5 ev le.rds
to threc negrtivc ion (NI) chlnncls: M , N[! . and Cl . lntensily oi'thc moleclllilr NI
declełses (lrłlnalic0ll)'!vith temperaturc increasing. on tlie colrtrźrĘ/. tlre illtel1sit}.ofthc
NO: ałd('I iotls is itl clea sin g rvith tenrPer2tufe' l\.lofeovel lo\Ą' e lrelgy resonłlrce ( -0 

' 
5

c\.') slrits lett rilpidly. but hish enetgy resonance (-3.4 e\-) keeps its enefgy. In contrast
to the casc oi L4-clilorobronobcnzene the rartio {)f NI intensities Cl :NQ '2rl in the
Ion, energt'regioB -0.5 e\r. and l:2 at the enelg),-3..1 ev is pltclicalll constnnt. see
tlmrc.

F e.lr,n Ertr!!. r'V

FiguIe I eIrrp.l'ł1UIe depelIdcl]ce ()1'the cltrues of Nl c1'1ect il e 1'ielrl'
Data obtaired ?lllows to conclude that llrerc it[c essentiirl clitl-eleltces bel\\,een

ten]I)ctalUt.e behzrr'iol rlf l.-ł_c]rloloblolr]otrellzeneIarlrl i.4'chl()l()nillobellzene in
dissociativc clectron attacllnlenl.

Tlris rr,olk \Yas sponsolcd by the R(issian FoUnil.rtioI) fbr Ba\ic Rc5eżtlch. (ilanl
flĄ_ll: l/'<_}

I A. Ro\i. \\'. Barszczervslta. D. Naudi. \'. Ashok. S.V-K. liunrar. E Kr LrhnaliLunar. t. Lldrninq.
. E' II]e'lLrelgcl' Cll,łn Phls' l.1l..3'lŻ (]00l) 5]ó'
,\llr('/i(}'i \r1 lli'bBo.)ł' A\ai]ablc: http:;'/\\€bbook.l]i!t.r(,\ the]llL!t|1

=

Ó

40



A.?
EFFECT oF ELECTRoN lRRĄDIATIoN

U PON PHOTOLUMIN BSCENCE
OF CdSr_.Se, NTIXED CRySTALS

Yil.N1.,'\zhltiul<r'. A.V.C,,ntonrl.rrl. L) Li { r j\cr . Nl.Kr.,t tj.culr.
\ \ I .,,r.rl ,.1 lir,. l.(, I\lc,, .:r

L lnstitLltc ol Electron l)hvsics. l-llir.ainiru \arionlrl Acirdeutv oi Scrclrces.
ll Ll i\cr\yldska Sn.. L-zhhorod SS000. Ulir.|ine

] Ruc]er'Ł]oskovie lllstitute. Zagr.cb. I).().Box l()]6. l0000 lagl.eLl. C,rtlatiLr
l 

L,nir.ersi1_r olZugr.cLl_ Cicotecllllical l'łcLrltr, Varłzrlitl_ lliIllei()\,|! tlleil 7. J]{)(]()
V l'il1diI]. l:'l()Żl t ]a

I1irctl CclS ,Se' crvstitls arc rvęll littoqn lunlinesecnl nllllclil]l|'. tha chat.itcter tlflhei. l.r'incscc.cc stroltgly rlcpelrcLing olt thc plel)itralio' co'tlitions ur(l e\tern l
Iirctot's. l'hc ell'Ćcl of clccllon irr'adiłtlLln L]l)oll thc ]]h()tolll]]lirlescctlce (l)L1 llirs bccn
rcPortcd onl\ 1b. cciS. llc'ce. thc strrdies ol 

'rixcr:l 
cdsl ,Se, c.vsrals r'.Lrkl n.o,.,irle

lc\\ |l||.'f|']'Il',.|' .'|' ll]L'l lll'l]lllś.(clrl Pli\|'(lliś\ .l. 're| '': ',.t illc .''.]l:ltl '.l 'lL].,il\1ilt'nrlltitxl ueclłanislns'
lntcnIiol]ł]lv lllrdopecl CrlS; 

'Sę, ct'ystłls rveL.c irIatliatc,ll at 77 airrl _j{]0 l.' rr.ith
]() i\le\/ elcctl'llns uI) |() ll]e fltlence rll l0l: cnl:. ]rL spe.n.a rverc llreasLrlecl łt 77 l(
1i1)iu llle Jrolished crystul iitces ut u LOlvlo Dl'S l-l rronochlontaror. using ru ;\r. laser
';. .ł ''' i _li\'ll_|.'|)l ' i J'l'llli,lś\' I|lll('l]'

1n sUlphUr IJch CdSl ,Se, crvsltls thc iutensirv ofso-cullc(l ,grecn" (j11 lcrnts of
CdSl l'L band. ltftrjL)ute(l to tlle trilnsjtiolis iLr rlonor rcceprot. (Dr\) plir.s \\ith the
participation ot'slt llo\\ donors (V\. C'd,1and deep lcccl-rr,,r:; iS,y. in.t.."r.. b; l.rLctot of
5 to ](} lll il't'urlilttion \\,i1lr ()-5x|0]] cnl ]. Conipirt'isott rll'tlle obtaitlęcl l.csLtlts r'r illl
lh()se ti)l' l']c(l||ol1-ifrac]irrted CdS. \]1cle thc cotlsiciel'łLrIe ilecrcłse ol ll]c g[.cll ])! i\
erpllinell bl'tilc eilcct ol'clcctrjc itnrl e1astie ]'ieltls o1'ncLlll.on it..l(liation'il1t_ltltct] r]c]'ęeL
clLlslcr's trporl tl]e futliatl\a cel]lfcs. as \,cillls Ćt'i|crl\ e rllain 1ill'tlle inl1'tttt.itles ittelLlller1
rnto lhc lr'conriri']..lion c!'1lt|cs. enablcs us to conclLrLic ll11rt. COntrNf\, l() lrcLrlr()li\. l0
i\'1eV eleltr'illl'l. sinlilall1'ro lort'el'_.-llclLl_, cleerr',,lls. t'.'sttlt Ln ti, il.ltioIl of lstllłtei1
rle1ccts (r łcltllcics' iDlcr\ritillls) bL]l l]ot t|]eil.cILlstcls in c,dS'

.... .l hciose bchuvioul ol "orange'(in terrlrs oiCclS) l)L L)ilnd ]rr1)ugl],(lcpen(ls ()r)
.r'. \\'hilc lir. tltc cr-vstrrls *,tth lo''lr Se co'lc't. v,lte'e it is ilft;!irLltei to th.
l'ecolllbirlat]on tllrou_gll 1Ccl, Ctq,1). (Crt'.Ągtl). (\r f'Lr,.l). (Vs A!(,i) l)l\ p.j!s. ils
illlellsit\'sollle\\'hat 

'ncleascs 
wil|] 

'llżldi!ltiot1. 
tilr' Se_r.ich sa,ll1'lc" i,-,:lt.li,tt'on t."s'lts i'l

rllc l'l' h,lllt| .rr l oj c\ (lcclę.l\ll).j ]Ll intcnslty Lr}'nrolc tllitn ir\,olJcr.ofl]lll]iltitllt1c fi)l (l)
Ill ' | \|| l |1l'|'.'il'.Illl;|.'|.L'.' ll) ll'r 'l''.ś '..':l'i''ll ''l lr. '' l'.'._c'' |,l 'rr']ill(liciltcs ll]:!l i!t \ : ()'_i-(]'ó the llatulc oI'the con.espotl,ilinr] l.ccoln b illal ion ceIltr.cs is

cJranrcd lio'l tIc acutritl corlplcxes t. sirgrc-crliLrle'tr u..Jptua.. crirrcatr_v cu1 ,1 errrr
A!I(.,]. iln(l sllollg declcłsc ot'tl]e l)I- hlrtlrl illtellsitr' lł itll itrlll]iłtitlrr calt Lle exD]łilli:tl br
Ilr!' t'iicr rhIt thc r r(iilltior -inLIuccLI rh.rlu"ren r lrc, n.i.s .1..1 ( rJ irrerstrt,,ils fiir.rr
ronrple\es rrith tlte pr.eseltt singlc-chiu-uetl accepkJls. these cotnple\es bciltg rcsllo'slLrlc
tilr tlle lecolltbinłtio]l l]locesses \\,ilh loWel ęllelg\'.
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CON]'ROLLED N{ODIFICATION OF MOLECTlLAR NANOFILN4S
BY LOW ENIIRGY ELECTRONS

Rir ':rr,l R.rl,'.t . \l:rrrlll Pcrlr',,r. LU,:c llleubcIrcr
Neglb Ht,lh ilJj. F.Ll]l.lce Boul-nr:I]. lr{ich.-iTlonc]. I{t!e r.Azrił]

IllstitLLt ttIl'('helnię - Pll1sikllische tll]d The()letischt'Cht'lllit'. Fl'eje [Iniversjlait Bc11in
TiikLlstrassĆ 3. I)_ l-l l97 Rcrlin

] Lłbol'iltoire cies Collisirxs Atonli11Lles er N,Itllćcttlltires. Lłlil t'l-sitć Palis SLrcl. F_9 l_ł0i
()t'sły

'fhc intelilctj{u ol electrolls rvith tnolecules ilt lo\!,enctqies (e. g. helo\\,the threshol(l
li)l (lissociilli()ll il']t() lletItl1ll plrticles) cłn ilrdLlcc sęiec1i\ e botltl clełr,aqe via
llissirlcilrtit,c ('Icctl1}|l attllcl]|l]ellt. In thc fiIst \lc]) a llł]lsit)]t negłtivc- itln js ti)fl]lc(l b\,
l.!'s()nilnl illtźlchll]cllt llłlich rlissltcilrtes int() li ncLlll'ill liL(liciLl iln(l a ne:ili]lc]r ehitlcell
tl'łcl]]ent. ln thc case oi halogenłtt'cl ctrnl1loLtllrts the Cr()ss SĆctil)l] IbI sllch leiLctions cllll
be r'el-r', hiith iil'](i e\cecd the iIL\ll']]etric.Ll Ćloss scctiol] b\' olders 0], n]agnin\le I l]'

\Ve 1tilic ł1l1liictl tl]Ć t('chl]ialtlc (lt Ill\\ ęl]śl.]) r-'Ir,_flrln illtcl';lttlllll t(] thilt lllolecLlliiI
fiIlns to \lu(l\ chęltticłl l-ełctitllts intluccrl itl {he cnel!}'lłllrc ()-l5 ę\'' This is clrlllc in
łll L-lFlV lttrllngetttęttt cilllsislin.Q of all e]ectlrn tlrtlllocltlll1]li:Lt()I. itll crvtlget.iicalLl' cotllccl
sul'tilcę łl](l a ll]ass sl]eclIollleleI to (lelęct ions ejecleil tj'Llttl the suface. Electltltl
iritiiited rcactiorls \.\'ithin the rn0lecLrlaL l'ill1r can be tblkruerl bv lhe inflirre(l-rcilecti(ni-
rlr.,rlpti,'r \l\cLlri,\r,,1)\,lRR \Sr r.r'hrrrrli.c lll.

Itl thc cłsc ololC'.F1Cl. ltlolecLtIltl'clrlrinc {Cl')cł11 |r\ scllthcsiZę(l h1' lrll'r' euelg1,
electlons' Thc cLt'lss section ]i)r lhe lełction stlollgl\ dcl]en(ls ol1 tl.]c l)lill)ilry el!-ctIl)11
etrel'gv llllcl exlribirs a tesot]llnt ljke behavitittt'rvith ir 1lełk nełl 8 eV ill]d allotl]el ]]eiL]..
bcloil'] eV' Wllile łllrl'e thc thrcshrllrl till'c]c({rcnic c\citltti()]l (= 6 cV) ll]ill1\'dil'tclcnr
leacliol] lolltĆs ale possible. ilt lo\\, energics ttisstlcilitjre el!-ctlon iittaclll]]enf is tl]c (nll\,
lłrs.llllc inilr'ri slL.l l'] ]'

We cletllonstlłte thłt bv ilra(liiltio]l of li C:F1Cll sLlL_l'llce \\'it]] l'lectlo's łt e]]ef!|iŁ'5
llelrlir'2 eV tIie sLllfiLce is c()lllPjdcl)'tla11sfin.l]le(l into (]l] (itn(l tLrfihel \'Ćl tlniitentiiieil
]]ro(ltlĆtsi' This is rltrc to thf lact łt tll1)se ellel'!ics |hc c(ltlcl is ilecottlpttsecl blll ]1()t lhc
prr-rcllLcts.

Il] E' Illerlbel'ter'_ E]ectttltl ('ł1ilttre Processes bv Frec ltnc] LJountj Elcctt-ilIts ill:
'Ątlr'łncerl Ser'ies in P]rvsical C]hęlrristr1.' Vol l()l-}. PllotlliLlnizatirltl itnil
P]lot lld etach ltle n1. Pali Il. (]. Y. Ng' Etlitlll. \\bll(l Scjentilic. 'Singłpor.e. 2{)00.
|2 ] P' T'eqerler anrl E' Illerlber.gel. Cilelll ' Ph)'s. Letters 3J l (]00 l )ló l '

[.l] R' I}alog et łl' Pllvs. Cherrl' Cherll. Pll1.'s' (in |rillI)'
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CLEAR EXPERIM ENTA L EVIDENCE FOR P.W AYE THRES H OLD B EHAVIO U R

]N ELECTRON ATTACHMENT TO CHLORINE MOLECULES

S. Brrsorrix. M.-W Ruland H. Hotop

Fachbercich Physik' Uni],ęrsitiil Kaiserslautcrn' D_ó7ó53 Kaiserslaulctn' Gcrulany

one of the open problems in low energy electron attachment studies is the thresh-old behaviolr for the anion yield in cases for which, ba""d orr lh" symmetry ofthe involved anion lesonance state, s-wave €lectlon attachment is forbidden. Twoimportant such cases are the molecuies F2 and Cl2. As shown in Fig. 1 for Cl2,
1n]oL 

for11llon near zero energy is expected to procee<i by p_wave attachment
\o\Ł) q E'l') via the ]owest anion state with 2 

'J 
symmetry' as predicterl for bothF2 and Cl2 by theoretical calculations i1-4]. in 

"orrir.rt, 
p.er,,ious 

"*pe.i-ental stud-
ies indicated s-wave threshold behaviour 1S;. Wittr re aim to clarify the problem we
have measured, using the laser photoelecirón attachment method [ó, 7] and chlorine
molecules in a seeded supersonic beam, tłre energy dependence of ihe cross sectionfol dissociative eiectron attachment (DA; Cl fońation) ovel the lange 0-195 mev
lvith an energy width ol about 1 meV. Our data provide the first clear experimental
evidence for p-wave behaviour of a DA cross section near zero energy and are in
good overall agreement with the theoretical predictions (see Fig. 2: tu line).
This work has been supported by the Deutsche ForschungsgemJinschaft and by the
Zentrum fiir Lasermesstechnik und Diagnostik (Unlversitiii Kaiserslautern),
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EXCITATION OF THE nP --> 5Srir SERIES IN DENSE CA

VAPOUR VTA ENERGY-POOLTNG TON]SATTON

P. Biochi and S. flalsanri

INFM Llnd Depilftrllent ofPhysics. Ii0iversit),ol'Siena. Via Bilnchi cli Softo 5-5'57.
53 100 SIENA. ltaly

We i']ave lecel]tl), Iepońed oll the high et'ficiencv of tlle Enelg)'Pooling lonisafion
(]]Pl) nlechilnisnl in a dense Ca r,łptlul'b,u- nlełsrtrilrg ils cl-oss 5eclioll Il]. Wc have
anticłrllted 1]]at it may iol]tlel1ce ll]c 1)opttlltiolr rcrlistribtltitltl b-v lr'a-v- of tlilcct
recorDbination in the krrr, plasma produced. evc'nnlally lbllowed by cirscit(le traDsitions.
and rvc have ahercly obse|ved tluorcscences iuisillg f'r o]n ihe 4D leYels f2]. He|e rve
aepoń olr the ]]Iescnce in (he illlolescenr:e spectluln. ol the l]P -+ 5s|] sel'ies \\'itb
9 Ś n < 2ó. rvhetl (ia vapout'irrsicle a qLtanz ce]l at i] tc]npelltr]lc li]-lgel'than 900''('. is
resolunlly e\cited Lr)' lorv po\\.er laser ptrlses at.103.4 nln concspoDditrg to the

'lPr : - 5Sr. excilation. An example 01' the lllroiesceuce spectrltrTl wittt only the
s{Lol]gę5t lille is l'el]l'()dUcec| in llgule 1. Anżll).'ses o1'1he {lLlo[escel]ce tntctlsittes ls
filllcti()ll Ql tlie li]scI po\\'el dęl15'ty. Pl. and of the 5s|'] lcYel atilnric clensity.
ciellronstlatę thc !1P lcvels to be poplllaled r'ia EPl. The etf'ect o]'tlre presęncc illsidę thę
cęll of a t'eu, tor of l]u|fet'_qas. rvlriclr elinrinates irll tlrę lltlorescetlces tbl. n > l2 dtle to
c()nuetitive etlćcts sucl] ls tl]c co]lisjolla] pol]tllirtioll ledjStribution. $'ill also bc
riiscusscd.

JV
280 J00 .l00 4Ż{l

l" (nm)

Figurc l: Portion ofthe fluol'escęIlce Si]ectrt!n] tion] (ja \.t})otll.i]lside a qUaftz cęll
lirllorving lesctnant e\cirarioll rt 40:1.-1 nru. 'f : lll50,(. pr = 3{) kW,,cml
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QUENCHING OF RADIATION TRAPPING IN A DENSE
Ga VAPOUR IN A QUARTZCELL INDUCED BY

ATOM/SU RFACE INTERACTION.

P Uicchi- ilrd S. Blrsalri

INIr]\1 nnd l)epilrtmcD1 ol'['lrysics. LJniverit-v ol'Sietrll. Vja []łnchi (lj sotto j5'_j7-
53 )0 StENA. Ita'y

. ....lYh.n (ir vapoLrI is l(epl in il qLrlru ccll tnd irs rent|.r.rLrulc i! raise(l up ro
i l(){)"C. lln Ul]cxl)cctc(l be]u\'lolll of 1he l'łd iłtiol1 trappil1g is obset'r ecl. ln rllc llr.st 1ilaceit is stronglv lerlucecl: it leaches it nraliliunt arounci I l00{1,C. cor.r.cspondin-g ro an
atcilllic rlellsit1' 

= ](Jl'cnr'. łnd il1 the highest tęnll)cl iltllI'e it i5 (nal1y qucllcltecl srl rhat
the !'lł'eeti\ !' lil'eliIrtc ol lile fi].s1 c\cited state o1_Ga 15Sl ,) cll.ops tlat]k to thc nlttLlral
\'r]lle (ó.2 ]]s) as is sh()!v]l in figtlle l. This llehltriortr'pcl'siSt\ intlepełtlenl]\,o]l \\'halIlcl
eells rvtth tll'ivithilrtt bLlllct.llts llIc usc(i. rvhetlręl dif]il'cnt kintl'ot.brItlil._!ils is tl\ed
iltlcl rr'llc'thcL' th9 [L's()nilnt lrallsiliol] is słtul'llcd ()l n()t. In oiil. e\pel.illlc1]1 SLlcil
nla11il'estil1ioll !:i]t]not be attribufed to tlrc ''col]isio]ls ol'{hę seconcl liind,' not. tt; th,:
_]-ler'el schenle of the (iit s;'stenl a5 Was the cłSe ti)I lll' \Ve rr'ill shoil tllitt this ttnilsLlitl
bchar;iilur is (ltlc'. iJcsjdes to thę Bnęrgy-Po()ling lo]lisatiol1 (F-l)l) cll'ecl. \\,hlch \\.e hl\.!'
del]lonstlille(l to lre rely el't'iciellt in Cił vitptrLlr fbr T > l00()'( |Il' 1() {he tbflnatj()n of
lluofescel]t celilrcs inside t]]e qllźrftŻ lalLice ill the intęl'lrc(iol1 lrel\\,cen (;l ltonls łnd lhe
litsccj sjIicil stlrtctule' Tlris il]tcl'action nlłI]jlcsls \\,hen tlrc tefipe,"lulc iS lirisc(l ilbo\a
9()()"(- llnd is ot _glelt ilitclcsl t]ot ollly lof ti]ndal]1entill ph)'sics bL]t ł]so lin l]l.l]cti(lll
ll)|)licilfio]1s as il l()L]]d qive ris('to neu' ilcliVc nrłteliltls lbr lijsel5 a\ \1'c]] lls I(r
irpplicrtions in the Ieillisaltion it1'oltt oe lecr ron ic rlcYices.

I;iguic l:Efićctlvc li1!tin]e(1) ofthe5s1'1ieYcl ofGa \'elsLls Ięl]lpel'atLll. i]l .lqLlllllZ
ccll \virh Cia + l0 roI1 Nc.
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Threshold Phenomena in Strong Laser - Atom Interactions

B. Borca,r) A. V. Flegel,') M. V. Frolov,2) N. L. Nlanakov 2) and A. F staracel)

|) Department oJ PhEsics and' Astronamy, The Llnż ers'it!! of Nebraska, Lincoln,
NE 68588-A111, USA

2) Research anr] Edt'cation Center' Voronezh state Lln'iDersżtlJ, 39Ą693 Voronezh,

Russia

It is well-known in general multichannel scattering theory that intercha[nel cou-

plings cause particular, non-analytic behaviors (Threshold Anornalies, TAs) in the

cross sections of open channels at the opening (or closure) of a given channel as

the parameters of the problem are varied [1]. While the existence of TAs is a very

general phenomenon that follows from general analyticity arguments, the actual
magnitude of TA effects depends significantly on the dynamical details of a given

prollem. We demonstrate that the influence of TAs (i e., purely quantum efects)

changcs significantly the general features of laser-atom processes in a nonperurba
tive regime when the interactions of a bound electron rvith the atomic core and the

laser 6eld have comparable magnitude, i. e., for intermediate valrres of the Keidysh
parameter, 1- 1.

Our considerations arc based on the exact solution of the complex quasienergl'
problern lor an electron in a short-range (d-model) potential subjected to a strong
rno ochromatic laser field. We present essentially exact results for the intensity de-

penclence of above-thresholcl ionization (ATI) and high barmonic generation (HHG)
r-ates' l('ł and 1("')' in the plateau domain [2, 3]' our analytic resu]ts for ATI and
I{HG amplitudes reveal the expected branch point singularities (which are typical
for a short-rangc potential [1]) at the ATI lhresholds, and our numerical results
show that the closrrre of a lower order, n6 th, ATI channel with increasing intensity
affccts drastica1ly |(ń) and 1(żo) in a broad intervai of n with r, > no' In aglee-
nent with general theory, for moderate laser intensities TAs are most pronounced
at the closure of even-no channels. All 4 types of TAs predicted lor a short-range
potential near the thresholds of ,S-wave channels [1] can be found in the ATI and
IIHG spectra. Ho$'ever, the most interesting are cusp leatures which lead to broad,
resonant-like enhancements of ATI i2] and HHG 13] rates in the plateau region. TAs
offer a clear theoreticai explanation for enhancements of high-order ATI peaks that
have been scen in recent experiments for rare gases.

Partial support by RFBR Grant 00-02-17843 and NSF Grant PHY-0070980 is

acknowledgeci.

[1]. A.1. Baz', Zh. Eksp. Teor. Fiz. 33, 923 (1957); L.D. Landau and E M
L\tshlIz, Quantum Mech.anics,4nd ed. (Pergamon, Oxford, 1992) Sec 147

l2l. B. Borca, \1.V. Frolov, N.L. Manakov and A F Starace, Phys Rev. Lett.'
88, xxx (2002).

[3]. B. Borca, A.V. Flegel, M.V. Frolov, N.L. Nlanakov and A F Starace, Phvs
Rev. A, 65, (R)0514xx (2002).
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INTERACTION OF ENERGY TUNABLE ELECTRONS
WITH ORGANIC'COMPOUNDS IN THE GAS PHASE
N.r\'L]orisel'ichL. S.lr'l ' KlLzłktrr' ]. A'V Kukhlir . D'V'Nlrtrrazllier,:. D'V'RirclriLlrlnstitute oi MolecLrltr an(l /\t(rnic Ph\sics- NAS ol B!'lanrs. N.linsk. RelarLls

-{ llit' r.ll St.ltc I lrirer.il). t .lr,r. ). Rr ,,1.r

(;Io\\'ing inLel'est to 1he slLl(l1es of il]tenctiol1 ol ęlectl()i1s \\ith ol'eal.]ic
conrpour(is is cirlrs.rl t)y lltcir Nirle application in mic(rejectlonics. radi tior] cheulistn,.
biokli.ll'. 1n1 medici0c. lnellstic sclttrcrin! ot electlons $ith tnolccul.s is known to
lesuli in c\c]tllti()n ol clccllonio statcs in a Nldc spcclrill rłngc. ilI]d uivc thc lrlliqLtc
l)os\iililrt) ol !l[ccl popLtlntiot] ol opliealh, lbrbiddetr slates. ln lhc gts plliLsc ar lo$,
plcsslrrc tha sccondllrl colltsions ofclactrons \\'itll nn)leculcs iutd ciLcl ol sulloll ding
alc plłcLiciill)' c\cllldc(l. ]l] lhis rel)ol1 lhc sludies ol'clcclloI] eltel'g)' l()s5 spcutIl]
(IjLLS). !.\ti1ali()l1 tilnctions. njl(1 f']uol'ęscence specllll ibl ]x)lJ/occnc5. pol)|hcn}'l\.
o\iĘol.s łl]d o\xdiaZolęs. il].10lc. cańfl7ole. dii)e]]Zo1ill.0n. diIlill)hthoft]rł]1. l{-
azirsleroids. rnd olgilnic europiunr coltll)lc\es ln the gas pltasc tr.e ltrcscnted.

A s1:lcclaI clcctl'on spechotnetel rlith lirll cnrłg1' ręsoltltion clf elcctrtln bcan] ot'
rbout 0.1 eV i rll ti cd cllcrlies in thc nge o1 0 100 eV \ias Used tbr specrlirl und
iLullncscent rlcitsurcnlellts ol' olgxnic conrporiuds in lhe -!las phase. lUonokltelrc
clcctror ireltnt of l.,s mltl ilt dillntetel is till.ntcd tll, alcclr()n gltn consisting ol llctla(l
o\i(le ciltho(le alld elcctron-ol)ticitI svstent. The currcnt ()t electron bctrnt dirl ltot crceerl
101tr\. 1-he o|sinic vrpour (lenslt],iti tbe collisio| cell \\us less thitn l(J I Tofl ln order
ttl cscape nltl1tiplc collisiolls itnd sęeo]ldtlIJ,l)l1)cc_\ses' I]lęctlons scłltelct] at iu] illlgle ot'
nincty de{lcts lcliltiVcl},rc ll]cidęl]t bein] \\'as l.qlsteled b), l27. elect()slatic L]se-
lkrzhanslii anall'zcl lnd chillllcl clcctron lnLtlliplicr. Thc rcgijtcrcd ritdiution rllts
(lctcctcd iu thc (iircctiou pclll.11(licuiarl) to thc clcctrou bciur pl.opilqarioD.

.Ąs o1lpllsite to ol]ticllL łb\oll]tioll spectlil. il] ELl S ol_łll cot]1polrndS Ul]del
sLudy thcre is il band conu.cle(i \yitlt siDglel-ltiplet lriu)siliou Sn,T1 lnd fol.so re
nloIcclllęs th. tlllnsitioJ]S ln1(r l]ighcl tlil)let \tnt9s i]la obsel\.ed i]t lo\\,incidel]t cl.c1lon
crlergics. TJrr' c11]ss s!'aliolt ol lltese tli!tsilions stronfl) del)cnds on clcct()n eIle1:lr'.
Thc sirlglct \il]rlcl 1riu]sitions l]r il Iilngo o1'2-l2 cV (Llp k) Sl)-sś) as lr'cll irr lnrr 'tl|lctc\cited 5latcs ilI!'|c!i5tcI.C] ti)r diii|rellt iliiliłl eI]el'gics 0f Ć\cItitlg elcclron\ E I]II S ol'
|)o]}'lrhen]'lj ilrc l]loI'e si]nill]l'1o lhosę o]_benzcnc 1ha11 lhal o1']]('ylcenęs The ac]cljtiLrn
of ltear'l, Br' iltonl irlto li9łnd ol'eutopiun colrł]le\ l('sLll1s itr glorr,th ol lt lelltirc
intęn!itJ, of iinglel-lIjpIct lr3l]sjtioIls. Tlrc essential chltlge tl1' 11uotcsccllce s!ectnlm of
cl1 )ll7()]c \Yit]] inci(lcIlt e]cctlon cneIo), !\:aś l'ollntl. "lhc excili]lion filn.tiol]s ol'
bcnzcre. nafhthillelre itn(l Llipheli),1 lttvc a plonoLlnccd \tnlctllle. liol nlore colnljex
nrolccLrles rheY ills strLtclurelcss. lJsing e)icjrilrir)n titncfions llte cxcitalion thr.shol(l\
alc aIelel'n]lned l'hc sh()lt\\'żl\,e 1lrtlltescetlce L]and li)l p}'Icllc Nns Ii)Llnd to be lblt]lcd
i])'(lilect s] Si} 1rłnsjlions. 'fhc 1i)l'n']żlli()n ofexcililtjon 1unctions can be dcsclibcd l]}'
the contribulion ol nritnifbld slngiet e\citecl statcs.

Fot sonlc conrpłluncis (l._1-bis[2_(5-phcll}'lo\azol}'l)]bcnZcnc luld Etl coInl)lcx)
1l]c da]]endellces (]l'eliLsljc alld inc]asUc tałllsiti('ls cfoss seellons on inciilenL e]cctIon
crlljl'gy ilrc mcllSurcd. lhcsc cllttl 8tc contparcrl \\jth tllosc in Llol.n ppro\tntittion n(l
e\ilct cltlcUhtiolls' The cINStic scllt1cljl]{ cl'()ss sęcliol] \illue is ill go()d aglcęlllc1ll \'il]l
!.eoDletrcaI dintcnsions.

KLllillI.tłt irn!|)h.hJ\_n.t'bV
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ENERGETICS AND STRUCTURES OF SMALL

ALUMINI]M CLT]STERS
N4ustill':r Biiy_iikłtar ' and Ziy.r B' (jiivel)ę:''

. rDepartnrent ofPh]'sics. Erci-"--es UniveNit),6ail(X) \'ozgLrt. l-urke)-
ELeclrlnic anrl (ilnrnrLlllicLllrcn En!:ilreerill!:. ('lrnklya LJnir'r'rsit1,.0ój](),Ąnkłla' l(llkey

Voter ilnd Chen version ol an Inrbed(led Atonr N{odcl, paranretL'riZe(l bl" tltting to tlrc
exfcrinletrtr!l clatr of both (liaton'ric rnolecule rnd b0lk iilunlin(rft silrullrneousl.\:, has bccrr
ilIplicd to snld)' the locłll)r slob]e stl'ucttlrcs. cllcfg'Ćs ill](l rrc\1h Pattclns of slna'l illUnrillllltl
cIuste|s' AlN. il] the size t'nnge ofN=2_lj. Using nlolecular dynlt'tlics:rnrl thelnlłl qtlenlhing
sinrulntions. the global nlinirlu ancl the other locrlly stl]blc shrctllres hoYe bccn distirrguished
fioln thosę slnl'ollllv sh'uctll1es tlrar con'espol]d b sad(lle poillts of the Potenti.l eDurg-\' sulfilce.
Large nunrber (10.0()0) ol indcpendent rDitirl lonfiltlr(rtions genetrted rt lrilth tenlpemttllcs
\\'ere used to obtirrn the numbcI oi isomers zrncl the probabilitres ol srrnrPling dt1łeretll brsins ol
rltractiol]s. for eacl] $ize ol tl]e clUste.s. Their' cnergv spectllt hlve bcell alrłl''-Że(l. ('onlPillisons
hlr e be.'n nlarlc'rr,itlr the l'cslllts olpreviotls cilulllłlions Llsed electronic Stllc1tlIś łnll !1llPllicłl
potentilll nlethods. lt lrłs lreeo łbuod thnt the lo\\,est enel'gy stl'Llclllfes il'L'not nlNiivs lhe B1ost

prcbal)le isonlĆrs t'ol Ć.lch si79 itt lo\\'teml)efatures

' bovrlkłtałilcl'civcs.l'dtl.tr' gur crlc|ri,cllnliil1'ł.cclLl'tr
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NIOLECULE-SURFACE INTERACTION :

DISSOCIATIVE CHEN{ISORPTION OF A D2
MOLECULE ON RIGID LOW-INDBX Ni SURFACES

\{Ustłfr ljijviikiLtll ancl Zi1'lr B' Ciiircnę:'

. 'D.l'.'r'n,.|lt (ll J'Il\\i!s, l:lciYes Ulli\'el\it},. óóI(]() YoŻg0t. Tull(e)_Llettlt'llli lntL t L]lllnlLllll!iltl(ll fn3rneer'ing. cłllkll}'il tj|]l\crsii}'. 0ó]](] Ank.llll.'fLlŃL'.v

Killetics rl1_t]Ic lĆil!liol]j ol'triclrcl sLtl'1ices \\llll il dcl]lcliUln n]o|!'etlle alc
\tUdieC]' I)issociilt1\,c chcnlisorl]{ion pl!bal]1lilię\ o1' tllc I)] tlltllt'crtle rln thc rjgir-]
lo\v-in(]e\ N*i( l()0]. lll()) arltl (tLl) sl]It'ilces hltvę becn.onlIuted b), lt 11uasi_classiell
rnolecular d)rtmics conrpUrct sintillittioll rechl)iqUe. -Ihe ilitcl'action bcr'.r'cctr tlie D1 ancl
Ni ilton]s \Yils nlft1c'llcd b],żln LŁ-Ps (I'on.lon E)ring Po]lnyi _sato) filnUti(ln {cnL-l1r1'
stlll'itcc) [l]. 1_his anłlysis lnclL]des the chcll]isol'l]tion Ilobllbilities ils ti]l]c1ions ol'tl.]c
lcl1lti\e lfllD5llljoI]ill cllclgy 01'the D]. Tl]c rolc ol tl]c !tlll'ilce ttlprlltlg]'iras ę\illuil]cd'
r\n jntjircct ntechanisnt rvhich in\thcs fi) ]lation ol ntolecular lclsorptiolt ar ltrccLllsot-
]ill the tlisstlcilttire ads()l'pti('l ln 1lie ]orv crlllisioti ctrelq), lęgion ( less 1h,ln 0.l e\r} is
obsr'rrrccl Rcsulls \\'cre discussc(l bY conrptline \vilh thc othcl sinrilrr thcorcticitl lLntl
erpcrinrcnra I stLrriies [2-3].

li.- li |c'rt r: i: s

I ll (''Y' Lr'c lnci -Ą'E. Dc Pristil..I (ihcnl' l,irys' 87 ( l937) l,l0 l'
[2] A V I]łlll7il l]n(l lą'J. i\.{ll(li\..l' Phy5. 1;5"n'''89(lg85'}538l.
l.)l N4. Bilyilkirta. Z.B. (iilve q. B. JIckson. and.l..lellincli- llll. J. QLralrt. Chenr. 8.1

(100 L ) 4l{.

lroylrkntr//,r'l'. ivcs..du h'

_qtl \ encai] ciInkł\'il'e(lLl. lI



A"!r
REACTION DYNAMICS OF A NizI WITH DZ:

DEPENDENCE oN INITIAL RoVIBR-ĄTIONAL
STATES OF THE MOLECULE

]\4tIst.lt} Bóyiikata |'. Ziya B. (iiir'cnęj''. ancl Ju liLls .]cllinckr

' 
lDcpalll1rent()fPhyŚics.ErciyesUnivelŚity.6ól()0YoŻgat.Tulkey

jDfPilltmeIl( 
of Elect. al)cl cbDnn. Eng.. ('llrka,vł Uni\'crsit],_. 065-]0 Ankara. Turkey

'Cl]enlistly Dlvision. Algonnc Natiolral Lllboliltol}'. Aryonne IL (n)'ł.]9. UsA

In ottlct' to il]\-'cstigate t]rę depefldence oi cluster' leactivit!' o]] il']itial
roviblatiourl stiltcs olthe m(tecule. tl'le Ni]l) l D:(r'j)cttllision system hits been sludied
using qtlasicllssicll nlolcctllłl' dynll]lics sin]ulations' '['he cltlstel's irrc desclibed by irn

Embcddcd Atonl potcntiirl. \\'hclras thc illtcrirction Ll.'twccli tllc molcculc alld tbc cltlstct
is moilęlęcl by a LEPS (Lotldon-E1'r'ing-Pollnyi-sato) i]otel)tial e!lerg)' fil'rcljon IL]'
Ręaction (clissociitti\'e adsorytion) cIoss sectjol]s at'e crlnrputed irs fullctiol]s 0f llre
cclllisiirtl enelgy tbr difielent initial roviblatiolllll stirtes o]' thę n]o]ectlle' ]llitiill
\'ibmti0nal cxcitirlion ol tlrę molecule incteases thc Iellction rłte not'c ct1icieltly
colnpalęC! to tl]e initial lotationirl ę\citation' Tl]ellrlill lcte conslal]ts arc also pl'ęsęnted

iln(l thę Ięs(llls 11le col]1l]ilred \\'ith tl]0se ofolher stLldięs i]\'i]illll]le iil lhe li1elllltre[]-3].

This rvork at Argonnr \rs supyrotted tr)' the U.S. f)epartrnelt of Lnctgy. Ollice
()l'}Jasic [:llęIg)'Sciellces' L)ivisiotl o1'C'herlrical scięI]cęS. (]oItrirct W-] l- l09-EN(;- j8
(.l.Jelljlrek).

Ręt'ęlęncęs

[ 1 l C'Y. Lcc łnd A'E. Dę Pristo. .I. Chel]]. Ph)'s. 87 ( l987) lJ0 l '

|2] L. ZhLr. J ' I Io. B. K' l'allis. atltl S..l' lątlę)'. .]' ('hcm' Ph;'s' 9s ( l99] ) 2798'

|3l M' Ba'vi]kata. Z'B' (iti!'ęnc, S' Ózęelik. P. I)ittlnrls. ltttcl .I'.Iellirrek. Int'.I' Qtlant'
Chem. 8rl (2001 ) 108.

' boyukei3łi erc i}'es'edLl'tl
'' !U\'encłl]cilnka},a'edu'tl'
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A"II?

CORE-EXCITED NEGATIVE ION RESONANCES IN
STRONTIUM

E.A. Brea. \'.V. Vakula lnd A A Borrrr,ll*

lnsliturc of Iiieclron Phvsics. Uzhsor.od. 88000. Llkrai c

lhc cjcctl'illl inlplrct crcitittltln lill]ftl|)n. ()f tl]c lL'tr_]' ins _ł|l'll | |l | |lil]-atllorcnl7lng
\latcs (AIS) in st11)ntiL]lll atonls ha\'c bccn nlclsLltcd in thc ncat.łhlcshcllii cncl.-q} rc!i()n']he nleasrtl'enlents rr et'e ]lcl'lilrnlerl t)n ilpl)!ll.atus (lcSu.jbed in details ełr'licr Il]' Ihc
excitaticln futlcticllls (EF) \\'eIĆ t)i]tailicCi lls lhe in]pact enęry]' Clcl)cnde!lce5 ol_
ntltlllillizcll l]l]e iIt(ll\ltl(s ]n lh( Cicctcd_electloli spectl'll ueaslllc(l a1 a]'] ob5ęlvlljon
ilnult'rrl'7i llltti ,tt tilę illelLifl]l Cl(ctl'o11 beln1 ellęl.gy spr.clrd of0'l5 eV' Takil]g inlo

rn pacl energy. eV

figure l:The Lrl-olthe
-lprnrl otltnrlr stillcs in
\f rcntiu rn tloIts.

Rcforences

llccount lhc ntttllichtrnncI ciecal' oi thc atomic AIS in
slIontiLlm. onlv liues lll'ising ll'()lll thc lralrsitions t() thę
g|ou cl ionic sttle .+n"-is \\,ere us.d lirr obtuil]i g tltc
tiulctiors. Figrue I presenls the l-l:lirI sjr lLrNesr AIS
\vith thc c\citatiol tllreshol(ls al 20.9IJ.:l.ll. ll.llJ.
2l'ó2. 2l.32 alld :2.()() cV' Trrcl l'eatLlre's chali].te1i7t'
th!. lneżlsLllcd 1itnctiolrs: the shżlIl] rilc of the cl.oss_
scctir)n jusl ltbo\e the c\citilrion thrcrhol(l ctfthe lcrcls
irnd il "tlne" stluclUte t/-!. Note tltal thc ialter ltai nol
Iten obsc'rvcil in thc cilrlicr nrctsurcnrcnts [2]
perli)rmcd \\'ith thc 0.1 eV encl-sy f.s(rluriou. llotll
obsc|\,e(1 ti'lll Illcs l]1il l)i1ć51 Undotlbte(lly lhc l]l.c\tllce ()1'

thc st11)l1g lĆSotlilllcL- pl()cesses in tllc 1p'_excitat(ln ol
slrontiUlll. Sintilarll,to thc Iecenl lesuhs on clccttoll
inlpl]ct ę\citalioll ol' thc otltel p"-subshcll lll lllkitli
ltous [3.4]. onc urily supposc tllllt thc ncgirlivc-ion
rcsorlulces iue respousiblc lirr the ptescnce ol' thc
stlucture l1-g. Felrtules /r. ( . g re also l)resent iu tltc El:
ol'thc k}\\-lyIng AIS rct'lcctilrg 1hc lx)l)!]ation of thęSe
states duc ro the nllllrichar'llrl (lcca) ol-rllc hi-qh lylng
Iegati\e- ()11 fcsoltilllccs {r'esonance cllsclt(ics). Sllcll
proccss hrs lten obseIr,ecl elrlicl tirl litltiuDt irtontsf-5I.

i1] .,\'A.Boror'ik. Ukrłjniall Ph1.'srcirI .loLlrnłI45 (2000) l]7() (in I'.l1g]jsh).

:ll S.\1. Kryrko\,ancl O.V. (lhlisrotblor'. Sor'..tETP tlE 1l9X5l ll l8 (in llussian).
i.ll ll. l;cucrstcin. A. N (jrum-Glzhrma ikr. W. i\,lchlhorr. J. Ph_r's. B j I ( l99E) 591.
i]] A.'\.Borcvik. H.Rtl jirs. G'C'Kirr_u ltli] E'Yu'Rcnteta. .I. Pl)}.s' B j] ( l999) .ł2]5'
l5I r\.A. BorLrril< anrl V.N. Krasilinec. J.Phvs l.t 32 (1999) l9lL
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A"II8

LASER-INDUCED EXCITATION AND IONIZATlON
PROCESSES IN LASER ABLATTON PLASMAS

Victol Burakov tnd \'likillar Tamscnkl!"

lrrstitLrte ol lrlolccullir atld Alollric Pl)ysics r\-illional Acarlcniy of Se iences ol'B.'latus.
70 Scrrynr ;\\'.., 2.20072 i\'tiirsk, Belirnrs

Tllc sLrccess o1'pulsed llsel ablation tirr lhin filnr deposition and nanopoNclcr'

5yl1tl]c5is ]]as lltttnchctl iltl ct'ibń t(} (le\'eIo1] ci'fi:i'tive tllcthotjs lin_thc n]lI]il]tllati(]n ()f

IlrscI ablatcrl plunlc panrnelers. Ilr tht plescnt papcr laset-irlclLlcecl re:joll.lnc! itrtliz.trirrlt

of lrb]atetl ilt()!1ls \\cLc stLl(iicd ]I] ()ldęl t() clanf\' a IlLlssib'l tl' l_l1_'trhal]cel ncnt ()l l c]iltj\ (
lo8ic co]llcnt ot thc i']hrlnc.

'] ire N(l-Y,,\(j ( 10(l-ł nln. l()lrs. L 5.I/cni) lltscr'rlrrliatiotr ot'its secotlil hat'nrtlnic

rn conrLrinalion rr'lth crcinrcl Xe(:l (l0X nrl'r. l0 ns. I J,cni) lascl rlrililtiorr ilt ditlcrent
tenponl rielal,s tretu eeu pulses rvele cutplol'erl lbl rlblltliol'1. ThL' lasel beilnts uett
lilctlscti iln tlrt'sttt'l'lce oftha itltlnllnUnr slltll1rle placccI ill łhe chalrlltl'LltttleL vitctltlnt ot
g1ls (air. he1illnl} en\'ilonnlcllts' In ll]othĆl l]llń of exl)cIjl']]el]1s thc Iltlnle 1ll'tlrlucecl b1'

the tlrst ilblali(tl pLllsc rvrs piobe'tl bv the tarliatitln ol-tht e\cilller XcCl hser alitl

r'lemcnlulv l-roeL'sscs irce onrpilr)'ing the irltcrlclion Lr1'the crcintet Xc('l las.'l pulst's

t,ith lrlLrnrjnunr plLLnre halc been eranrinerl.
l-lrr' lllurllc Il1r'r lletcl\ ur'lc conholletl usitlg iaset-illr-ltrcctl fluclltsccnce (Lli:)

irid tinte'r'esolvcd (rl)ticill ..'!tlission sP.clloscop)'(()ES). The plll\n1l cllrr-\rull \fcurl.r

{]()()-]()(}nnl) ir'et'e l'ecott]ctj ancl conpłt'cii fi)I djl'l'elelrt i]blllion lcgll]']cs iSil]gle lllrIse
allcl clilrtblc 1lLtlst in ctliltcirlcltcL'i]l]Cl in 5ĆqLlcl]ce ilL \iil'iolls tlclit;': bclrrcctl ptllses łIrr.I

lir\cl' f']Llel]cęs) Ihc nllLjot' s1lecies inclrtrlilrg l]elltli]I' jolljzeLl ill1(l sol]re tlrtllecu1ltt'

s1lecics ivete iclcntitlerI' The 1lłl'ticltlitte rr'ithin tlie l)iLllne \\'clc ()bsen'cd b)' Llsillg
I{1]),leigll \cłllt'rillg luet]t()d'

l]lc e\|]cl'inrcllłs r]enrtlnstl'atcrl incrcursetl plaslllir en]iSsi(]n. hig]]cl cleglee of
rto lizlltion inrl l higher proltoll()n of ions iu ritlltl-llLllse lbllltioll rcgitlle colnplterL to

llrc plr\]]lr.r ptorlLrccrl b-v otte l;tsr-'r'. Thc optirltl fLll\c scpilliltions u'ere l-otlt(l botlt lirt'

lllonlic ilnd ior'lic lilics. Illc reslllts ol's1rettl()scolliu nlcastllclllents \etc coltlitnlcil b1.

ion probc arlll':is ol lhe ionic conlent in the plunre. Ptobe nrclisrttcntenl: rcveilled il

sllon!.i enllilnar'Drcnt o1'pll(!toelectron cnlissiotl llirttt the lTfclilllinilr)' illrtlillcLl tlrget
suil'lce. 'fhe intarl)rcrlrlior of results is birscd ()l the rvllclcngtll depcndctlcc ol lllset

!lilsuril (in\crse brenrsstlthlung irbsolfti()11 tn(l plioloiolliziliion) as \\'cll s llscr-
suflitcc intelitctlon proccsses.

Tl]e enhl]lcenren1 ot' ioiliZil1j()lr \\'rs itlso ol]scI\,c(l \\hajl tjlc 1)ltllllc (ll()l tlrĆ

laL!sl)\\'ils irrlr(liate(l by 30S nnl Xc(ll luset lttllses. Relartttiotl (lJ'llillllics ol tl)c crcited
itlomic stlrtr's ()f illumilunr lrlicr tction ol' llte e\riltr!'f \c( l llscl tldilltion rlll lhc
\d:YA(j laser aLrlilte(l pllunc wctc loultil t(r br rlal)!-lxlcnl or1 the dislilllce lnlnl tilc
lllgcr. Xe( l LlrscI pulse delll's ltnci thc rnrbiar]t all11o:phctc l)ressLrlc. Tllc [esults
inriicrtetl thirt the resoniln{ two-pholon Phot oiou izlt iLrn (rl'the Al 0tonls wns thc ltlosl
probable nrcchllnislDs tirI the lonlrltion ol ion: unrl e\ritad lllLlrIintrnl iltor'rlr in thc
{lccirJ,ir)g lxser lil lirt iolr plasnrr.

I

" lł| ilscIlk,ł ln).lpIl'i].s_llel'|r!
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MC sillulation of srł'arnr paralneters in nin'ogen
Ą.Cetlillll'. A.L]herntlliho"1. A'L]rrgaer'ts\. R'(ii jLlelss

'|'Instilute ol'I luicl-lll\ł Machincr\. l'ASci'.80'952 cdllisl(. l-isŻL-l'a l'1: l'oland.
'Deplr't lrlcrlt rll' C hcrnisll!'. U ' l ' A '. Ulr irersileilsIlein l . l]'2ó l 0 A nt\\'erl)'Wilriili. l]e1giul]1

The tilndamenlitl inlpot'tance ol nih'ogen. hoth tionl therlrętical anrl pt'actical

l)oilll tll'\ iĆ\\. has lecl Citlnpbell c/ .r1. (]()() ] ) [l I t(} lcvisit tllc ploblellt of dctellnilutiol]
ol_iLrlegl'łl cf{)ss sccli()ns (c'S) 1i}I thal nlolecuIe' The cleliled irllelral CS lill itlclirstic
collisions rr'ele incorpotlted into a sęl of cross sectio]1s col]]Piled bY ()hrrlorj et LlI.[]l.
Ali isotlopic l\4 C llgotithnr rlas appliecl in rrrder to calculate tllusporl palalllctęls. (]ood
lglęelnent \'itb llleasluęCl \alltęs rvas filuncl. ilr conuast to tllę stlikin'q tlisulc'pllot\ \it]'l
the high-ener-q)' results ol'Pl'relps ancl Pitchli)rd l.ll. This is iur inrpolLarlt issuc becl]usc
the L]S |-ł] colrstituLe lhe mosL popitlłl CS set iilr nitl'ogen ill lhe tlse t()di!-v.

Ilo\\ever. the calcnlatious using Boltzmann eqLriitiorl i11 2-tcrrr upprorirnnti,'n
L5l djd not conlilrr lhc largc discrcpancy Lr CS scls lll and [4]. Fulthcr. it \yas ldund
thaI thc concltlsiol1s of (ianrpbelI el 4l' ().o01) t'egar'c1itlg tlre tlsellllnęss of lhc cross
section set l.ll Iin electn)n transport calculrtior'rs are bascd on a nrisleadinr c,,nrfiIi\(,ll.
l_hc srvat'tlr pilrłlrletels cl]lctllated by Phelps onrl I'itchtilrd |3] fol'll prrisecl forrłlsentl
c\pcl'iillcllt wele lclxlcd l() the c\perilnenlai |6.7] and Llrc N,Iontc (]al'Ltl sirnLllłticlrl Ilj
rcsults ti)l timc-of--iligllt tcclitliquc (T()F). Our sirrulrtions - using an isolropic I\,1C

nrodeling ot'T()F exl)c]'inlents _ coLrtlnn the usęlulI1ess olCS sę| l.l].
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Ackno\! lc(lgcrrcnl.
Auih(JI'_\ icklr{)\\ lcdge lhe lcceplion ol'(]S se1 | l l liolrr I)r 'Ą 'Nf' N(]|lll' \ve 1lPprś. i.llc \ cl\
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plo\'i(lc(l t1)' |'rol: Ą-V' PhclIs.
l ' l .Clllrll)bell. Nl..l.l]l1lngel. 
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ELASTIC ELECI-RON SCA|TERING } IiOM WA|EI{ AT

BACKWARD ANCLES

] I. Cho+ and Y S. Płl'k
ChunsDam Natjonal Univcrsit,y-.. Ditcieon i0-i-764 Koreii

^bsolUte 
diflilolllial cfoss sections li]l'clasljc sca11cl'il]g ol'clcctrons li'onl \\a1el \'ł]]oI

have bcen nrt'asuretl firl electrol] cltcr{ics bct\\ celt -1 rltd 50 eV and lbr scttteri]lg uusles

bcl\\,een l(l and Iii0'. Plevious results [1-4] shot'eti discleltancies uu.l \rele lilrilcd to

ll']c łngles Ll1r lo ]65"'

The ellpel'iIrretltal syslcnl consists ol ł płil ol'hcn]isphct'icaI eIcctl'ostatic łnlllsel'\ li)]
ll]e plodLiclio]']. ctlct'gy ltnalysis aDd detcc1iol1 o1' scattet'ec1 elęctr1)lls- The euc1Ll\

lcs()lutiol] ii)l the pręsctlt Dleltslll'cillctlt \\łs ilIo!1nd j{) IlleV' The cli11'cr'cllti.rl

ll1cłsLlfęlllcllts Llsed 1hc nragnclic iitll1le-ehanqing lechlriqLle tl1'I{eacl allci ('harlning 
I l ] lrL

backua|rl lngles. this tcchnique llas becn successlirlly Llsecl in lr lecent ap|liclLti,'il ii'r'

nreasLrrinlr clifl'cr-cntial closs sections of SI-',, 16l.
'fhcsc cr-oss scctions hate becn erhapolated in

integrll clastic cross scclion Io l)c calcuhted.

40 eV
Elustic

Dxli!] N \i\hn !'l l lł3i]

I
!in

!.0

lll 60 90 l:0 150

Strlr.riit.\!slc (dcgr..s)

llt

Rclcrcnccs

Ll]'l-. w- shvn ąnd S. \'' ('ho. l'il;'.' i{cr'
A3ó (l987) 5l_]8'

lll T. \\'. Sh-vn ond ,\. (irir1.. lrir',. ii!,.
,Ą.16 ( 1992) .l-106.

[3] A. Danjo rnrl Ii. r..ishjr:rr:'... I i'.r,:
soc' JPn' _i.ł ( 19s5) l:].ł'
[4] \V. Nl. Johnstone rnd \\. R \;.. : r..l
I'h-vs. U2-1 ( 1991 ) 361i.

|5] F ll Rc-łc1 lllcl .]' \1 ( l:l: ::: -' 3:'
Sci. lrsh un. (i7 (ltx)6)ll-:
6l Il. Cl,.'.t.i ..1. ll,. .i 1:
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DOUBLE IONIZATTON DIFFERENTIAL CROSS

SECTIONS OF H-, He, Lit AND Be2*
BY ELECTRON IMPACT

R. (lhoubis . Ci. Purohit. V. Paridar und K. K. SLrd*

Dcpnrtnrenr of Phvsics, College ol' Scicnce flunrpus
1V1. L. Sukhadia Univelsiry. Udaipur-jII002

Wc llrcscnt in thiS con]l]]t]nicntio11 the lesLl]ls ()1'()Lll calcLl]illioli of flvc-tblcl difl.erelltiłl
crosr sectioll (IrD('S) of(c, Jc) ploccss on Ilc lrke ions (ll, llc. t.i' alicl Bcr ). llre
clllcLlliltioll l]crliunlcd is ill suntned ltłul1lt!l ul1gl( ',\l](] (()1I'\1(11l 0'. ntx.lt's li] cop]ill]ill.
geolr]etIJ. l'he 1or'nraIisnt has bęetl clcvclopctl i1l l'i$t I]0ln appt.orinalioll bv ttsing
plłne rrar'.'s. sech allLl col'lęllrted BtJK t11le r.val.ę ltlnctiilns lespecti\'cl), lor irrcirleni
l]1d scilttcfed. botlncl allcl cicctęd electlons. Tlle ltlln cli1lolll c()nllil]tltioll to (c. 3c)
l]Iocess ill rlł/l'lc./ /tttttttttl ungle uotle is linrnd to l)lay al.] inlL]ofiilllt fole li)l. H' and \'ifh
the il]cIclneltl ol'IlttcIear chillge Z. its lole ge(s !\ęi]l(c]jetl. The pr.escnl stL!dJ,slr()\\:s
''binar_r;'ancl 'r'ecoil" lteuks like distribulion i.t1 (o \tu11t 8,. aode anLl this rlistriburion
ls t'cltttrcl to be velv se'nsitile to post collisiolI intcnctiotr (PCI) betrrccn the cicctę(l
eleclr'ons i]l]Li li]e chalgę Z ol'thę tl!'like ions' \Ve also (iiscllss tl)Ć lole ol_illcidel]t
electloll cnelgr, lllld o()nlęl]tl]nl llanstćI'oI] the latio of lhe FD('s o]'lha ..Llinllt1'.. 

;1.l.1
"recoil" peirks irnd thc ctilct ofZ on it_ Wc citlltpal.e lhc lcslllls of prcscnt calcLtlatiolr
ri ith thc ur.aillrble e\pclintelrill dar,l [1.2]

!tt

!o
0i2 (des.ee) {) 

r. 
(d.s.ee)

lrigrr|e : I hc allglrlal bchlr iou| 01'rhc inregrateLl 1:DC S (He ttom) \\'irh ntLrtulrl unglc
t?'. bcllr'telr the eicClcd clectlrltis ill sttlltttlel tllttnułl u1]rlL'l}]ode |[)l. l',,l)

Er=l:.:-10 eV lDd (b) E,=5,=:1 .y. Solid rud dirsllc(j curves rcprcsenl thLl
lcSLl]ls ()f the pl'cSal]t clllcrlliltiol1 usitlg Scch \'żlVc lullctiol} in liltl and
acccssiblę angtllłl l'angc of the c\peli]nellt Il] The othel kincnlaticll
lralalnclc$ llrc; l!.=i500al' |nrJ 0 :0.15

Rcfcrcnces:
Il] Ą. KheilL1s. I' Brł1'. A' Lahnlłnr-Be nnłni. A' Dugllet ulr1 I' Taouil .J' I'ltt,s' I] 3Ż

I I ru,,t \rr l:
[]l A Dorrr. l(. l\losh rlmcr. ('. D. Schriirer^ '1. .t. N4. Zouros. W. Schnritr. t.l. Kollmus

I{' j\{ann and J. Ulllich 1,łr]. Rcl,. Latt' 82 ( l999) 2'196

*c- til ii : kl(slrd(.(:),ahoo.col)
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A study of Th M-x-ray satellites and hypersatellites

excited by energetic O and Ne ions

l\[' ('zillllrlLł.|_ D' IJ;rllłś.1 l\l' ]]t.osrll_] ])' ('llrrrir,lr'rt.sk;l'],l ('i' ]lrlltssł'.]
'I- TTi,szrnvs]l'r.r \'.-[,' N[;ri1llll.ll.: (). NIallr'łlll.j l\I' I''rjr.Ji.1 \I' Iłll'rsi]i.|,
F. A Rrrlrorrrl.l .1. R zrrr lkir:l.rr:2.'r Ii SLrbkr,lskai rrurl Z Sriliotsliil

II]LsjtIl1(' .,f Pl}\'si(s. Srvlllr,lkl'zr-slia -łr'lrlcurr'. ]r !01) liit.L(!.. lll]l]Il(!
]I'll\'sit's l)('Ilnlt1ll(!lt. (_lri\'.!'Śit1'oi }'rillllrrg. ('H-17()0 I'ljllolrr'.. Srr.itzr'l1lrrrrl

IS,rllLru hrs iL t( li[ ,\L( l( ,ir :ituLlir.. L]-, t(JLl ()l\\L,L Li Srr i,.rL. l,r,trrLrrL
rJ'rurl]lr'|! S\'rlrlrr()ir('r1 ll^,liżlti({r l,rrrilit\.(llSlil ).1.-:j\(l-ltl. If,r11r,

rlitltlrltl ol('hclllislr'r'. Nicllolłs (!ł)(,rll]('lls l]]liY(]lsit\. Ś7-1|)(l ]()|ll|i. Pl)l:|||(l

'l lrr' \-trrls r'rtrjtlr,rl llorl llll{.i})l\ irrtiz(\l ltolls r'\llil)i1 l)t{jnt)ull( ({l sill(.llil{,
sllll(l lr r(11{\.ljr)g llu. rlisrIil)lli iotr ol sl)('(rlrllot |,1(illl(i{s i]t lill'Dl() t(.1)l ol \-r;r\'
('1ltis.si()ll' Ilr (il('pf.s.lLt stll(l\' tlr(] s'!fclljlr,slfll(łll]'(.L,l \l.'r ] (]\I]N(j') \-l.il\-tIżlD
silioll irr'l h cxt:itrrl ll_ ltcit'r'iorrs llrjr'lr r'rrlroslrrrlrrls to ilrLiitiorłrI lar'rrtir.s irr tlrr
N- ;rrLrl O sitr'11. Las lrlrlr rurrrrsllrrl usiilg ltiglr-rr'soltrfiotr lrtr Hrrrnrx sl){,atr.(rlr( Ict.

il] ir'itlr,.llr'r'3r r'l'solLttillrL llf ł1llltIt 1 r'\''' 'l']rrl Iltr'astti'r,lul'l1ts \\1'fl'1lr't.lllrttrr'rl itl tllr
F)irrtl SchcLlr.r'Tlrslitltc (PSII trsiu,q O7f rrlrl \rli+ iollrrirritsirl r'rl'r.gr :ji{j \lr.\'rrrtrl
L;.\ Nl('\. f.sp{]( ti\'L'l\'. tlr,lir,r'i'c'rl llr_ |1rl. 1'lrilłls ('\'.l(]t)'()ll' l]i tlll,s.'lirlilslll1,tll,,]Ili
rIspilr l'r,ll rrsohl'(l N-slr.ll sltcllilr,s itr'\'.I1.irl)lc l(r r) )s(.1\-. tlrr. str.rrr tttl ol lJ-
x r'ltr' lir'1lrlr'slr1r'l1itl'Il'illlŚit.i()l]s rrlr'i'csprllrrlill3 ttl rlrtc ;'l r ] r l i t i , l l r . r l {s1lL,r'lirt,;r l ltolr' itr
lltl Nl slrLlj. lllrlrrlsl)(,(tlillll('ilsll1r,(l lolNr:i,'ussltr,t s('narillh lu()t( 1rL,,rrLirrlrrI
sżll ('ilil(' Śl]'ll( 1 ll]'1.. ,ls (.{)llll)ill illg lil ( ) irltts.

'l'ltr'trir'llstu'ł'rL]i_fil\'s])o('{lil \\'|'l'a'.())11l)ill'(.(i \\'ith tho rlLlllti-!!1lligltr,llitlll l)1i'irr-
I''łlr'li 1NI('L)I;'l l lLLr'ttliltiorls' n{1()lllltil]! fitl' ł.llf s]).(i]iltl)1 \'il('ill]('i(]s jrt tIl,_,\ lrrlrL
\ [-shr']1s. I lL. rti|rtstut'rl slxl( trI ilro irr loasollir1rL, irsr'a('rlt( l $ il h 1r[c,-lir I iorrs (J1 lLL,
\I('f)li'rirlrlt1lr{jrlIrs. NL'trr'l llclr'ss. llit' tlatir L.riłlr'rlrr'il ('l('il] lltt'|.sŚiIY 1rl illr'llLrll'
tttrlt'ł'r'l'llt1llcx llllll1i\il('źl]li']'(rllIli!rl1lrłi(llrs i]] lll.1''{'Lil';l] rirlr'ttlll1irllrs ill rlrrlcl lrl
()l)lłLin,l l)ctlcl ilA]]c(!11{ll{' \\i: ttrlIr't]rlit (lllr'cilflit'l'I'as1l1(s r'(l1l.('t'njrrg l]l(, llri,il_
sllf.lrll'IltŚ aJI tll('silt(,lLit(] str'ttt ltttc ilf'1'lr I' l tłr's rlrt iIrrl l)\- (,ir('rg.ti( () irlrrs lr'l'l'r'
l r'pr;rtcr l r,1sr.t'1ri'r'c l?].

lltc tr'lirtir_,' iutrrrsitics rl t,lrsovrrl x-rill sill(.llit(.s licLl iur irItiluirti()II oll tlr(,
iorrizirliorr 

1 
I r 

' , r I r r I I r i l i I ics lil lltr.N slr.lls lr llrl rrrolrrrrrt ol r-r.il crrrissill. llrr,;r,
rlilta' aftcl' 11'11]('fi()1l lił' thc r';ralrt.1' i'('al.l'il]1ił(]])L(']lr l)r.()C('Ś\(]s (fli([jill]\(. \ltg(.I
anri (slt1ll'i'-) ('r;slr'r'-lil'lltli.q IlalIŚiti(ltrs)' w\'e (ijs('lLSsa(l iIl l (l]lls (]I'it 'aii;lllLr. lltLrr
t< tical rrrorL Ls i,1 ilrl rirrrltil>lc iot)izitti(rl lJi. hr rlijs iorLt,.\t. l)ofh rr lrlrl rrlral rr-r

s('l11i( lllssi('i]l ill)l)f(]\illlllti()1l (S('.\) Itlr,l;r ll()ll])(']'tllr'l)ilti\'(' 1](lltrlrlłt'irlrl rlror], l (;\1i
rur'rlisr:rrssr'rl. Sl( lr iut illtitLr'sisl)11)\'i(l('srttnr,lllorlol lcsj ilt: Ill,r l\l sirr.ll ll t,,t,rrllrl
lrll(l isll]){.I i ('rllr't' Iir'ollig r_iclrls 1lł ittll]ti \.ila'i]l]('\' . ])lt1iqll]'lltioilŚ'

ll,.lt'i t ttrrt'

[], .L lIrszo\'slirr.r iil.. J,lll( L hslr..,{r(l j\,1.t11. _-\:]7(j {|l!Xit l:t).
l.l. 1\1. Pljr.k cl irl.. IrL\si(ir S(1il)tir. 11)l (2(11)1) rjsl.
{:]' l). Blrlras r'L łtl . 'J. ['lrrs' I]JJ ł2000) T'i:]9'

'r'L,ir,.ir,' t)u.lilol.1.tt
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INVESTIGATION OF KINETICS OF CHEMICAL
REACTIONS BY CAVITY RING-DOWN SPECTROSCOPY

A' ('zr'zelvski. K. Ernst. G' Kłrasinski. I'I' [.angc'i. W Skubiszak. T. Stllcerł,icz

Itl5titLlLL' ol' ljxi]- Pht'sics. \Varsa\ LIniVęrSity. Lll' ]IoZa 69.00 (l8l \\/itrsarv. Ptllllncl
e_rl l: adanro(łltilw.cdu.lll

'r f)epiritrnenr of ( he nristiy,. War.sari. Liniversiry. L. pasreur.l.r l.0l-09-l War.sari.. poland

Cluvity Ring - Dorvn Specu.osci)p), rncthod corsisrs on lighr pulse tritpptrg in an
optical fcsonłt(n' 1'il]ed by investiglted coorl)otlDd. The lbsol1]tioll coefi'icięnt is
cleterminetl bv rhe cuvity Qfirctor. Hei.c tlte itpplication ol {his techrique lilr kineric
studies of a decry llrocess of Cll la(lictls tbltre(l du[i]lg a IIV pi.rlse tlisclnr.ge in
Iuctlrane is ptescllc'cl' Tlre expelin]e11tłI setup is shorrlr in fig' l' T]le erp"''l','eni rr'l,.'

FIG 1

dol]c in the cavit)' cootll()sed ()f t\\'o
rllirt','.. rrlirir li.tl(r't\tL) \\.t\
luborrt i),9911 Tlte ntiilots \vclc
attachcd to a qua|tz tube tliled \\,irh
t'lall]iIl]!' Ll'lllL'I l||ś |I('\.tlt.( 'l|'
2-tl Pll. lr llL.lL. '|.ś l\Ill.rtl .]l.ell:l':-.'
l''lL nIl|.r' \ l'll{.ś.I 'l)e la-.r
\\,ol'king ł( _ł2ó nnl \\'lls tlscd aS l
lir:ltl .'rUlr'. T rc nltrl\Ul \,g i'l Nit.
iecoltlccl b)' nreitns of ii
pltotonrultiplier illtd a di-eiral
osciiloscope.

ll1 Fig' 2lhe dilshed lille l.eprcscllts thę signll \\,hell no dischiil_gc \\ils applied It
is chllactcr'izcd b1.' a clecay collsIanl ()l rł = l !s' Colltilrtles lirte desct.ibcs the sjgnal

\\rth ihc prcscncc ol thc dischargc
t]']at stllftS at thę til']']e r,]' i\t thia
l!]l'llIL'|'l iI \IcUl(''l1ś ol II]l'(.'l\ lI_\ (,
tilctol is ollscrl,cd. duc to prodLrfiioll
,,t ( ll Lrdirll.. r,hiih .rlrrrlh rllt
li-qht. Thclt, ahlc to ditl'et.enr
c])elnical lcactions. thę ('l I

!('ll(L rrlr_lli,, dc.le. *.. ulli:
l'i'lll\(: ill!lĆils( ('l lIla ( l\.l\ Q
l'lLl''r Ą|l('] :'llLltll '' t r. '\ llcll 

('ll
rJJr\'irli \','r(rllr.:ttrL ts . .:ltL'lhl(.
hr'llt lilll'. hcc:tlllc l\Jl:lllśl. .llll.c lI]_'

cil\ ity Q tilctr)r is idenricill.

e \rc lut ion of C]I l l'liclicll ls' co]]cent'i1ti()ll N( ł cil11 ,,. ,r,,',,',, 
'1ł'l1'u1'i;,'" 

li'" 
"i;5'lx];.,ll:{. r llic ( ll (lc}ltUIli(' <qlt:tl I,r: l( i " lll- I | \\.r: tlrll (1.

This \\'oIl( \\'irs sUpl)oned b),PoIish ('ollllllilteę fi}r scicllt1fic Rescalch. grltnt
nunrber 2 PO 3B 03(r22

I

1o'
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l
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QUENCHING oF 4He(2'S,2'p) AND 3He 
12'S'2tp;

STATES By COLLISTONS WITH Nelrsu; ATOiVIS

L-. l)imoval'. K. Blauocvr rrntl (i. petror.:

IIllstjtute olSolicl Staltc Ph},5ics. 13rr1gitr.ilrr '\cłilentv ofScjetlca. 72 TZarigrad5ko
('hausscc- 171t4 Solla

rBel 
l<elcy, Scholi .s. tnc.. P.O. Box 852. Sprlneficld. \'A. 12 l j I . USA

- Thelc itrc no diltil in the lttctirtutc lut the Lrto!cs5 oi qUcnchlllg ot e\Ciicalrl le l2 S. 2 P) ltoms b) intcrilctiolt rr irh \e( Sr,) .rhrnir ir hilr,. au rp.rre to lntcritc(ion ol-
the rllcllrs. 2'P) atorns u,ith Ne(iSr,) atolns ls well in\restigirlcd. Tllc cxcilrtion trlnsltr
fionl l nletllsta[rle lIe(2Ls) lo neoli l]ton] i5 i')llL. ()l ll]Ć ,,,.'i' l'','..'*..; fol. lhc inVeIŚion
1;opLrlatitrn jn Hc-Ne iasel. On the other hand. a si,Jltillclnt roie o1'rlie r\L,rr)pc lu\<d
itlstclrd rHc) ill I lc-Nc llsel' ()"=ó_]]8 A) fix. the illcl'ei_rsirrg o1' tllc hset' gatll \\ ith 20 5i)q,,
irrs bccn leported Il].
. .ln tllc prc\('nt \\ork tltc qLlenching cross sectiotrs iil' rlle (2rS. 2rp; and'llrł]'s.2 Pl 'tr'lll.ll) N..' 

Is' |.|l'rll|5 1r1'1lnllgj'
r\ (ialil) r:oincidencr' lllcrholl is Used 1i)r in\,!'srigution ofrhe llc e\citc(i stiltcs

clucnching bf i.!e atonts. I lla nri\tLrrc of tlc altrl Nc atonts is e\citcLl bl pulsc elcctroll
bełnl. Ftotrl thc Set ol'the Licclt1, cUryes ()l'NeI 6]28 A linc tlne ca1] (ietcrl]]ille the
cll'ccti\'e li1ćlilrlcS o1' lIe(2lP. 2 S) statc. at dit1'elent Nc atoIl]5 !ollcL'ntnt]()n' ll)e
crltreSpOllclJl)g crOsS s!'ctiOnS coultl bC Obtained b], extlnpOlatlolt delt(,1)(lCncc ol tllc
,'llcrUrr llli' ltris \ s tlrc N, :l'.'t lS \'\,n((lrl'Jti() .

A detailecl co llis ionn l-r'acliat ive !nodcl ti)r an e-bcam sustaintcl discharrc rs
(levelope(I. Tlic moclcl ircolpolirtes thc most illrllolriurt species llrLl rcllcriols relcyiLnt to
Ile-Nc nrixtLrre. Tlie list ofleirctions itrclrrrlcs about tltitt)' points.

. Oul plelinlinlu_v cstilliltion about c\llcrillte ltttl clLrelching cros\ :action li)r
'rIe(z'p.: S) srlttes b), Ne(lSil) iltonls illc o',. -(]'9l1{)'6lJ', l() 'iłl] llnrl

o_ 
' =(].()]to'i).t)*l() ]'i.łt]: ]i)l ]l]Ć(2]l,. ]lS) states o.,,:(t.słttl'+: j., 1{) 

,'(/l1

illld o' 
' =(s.ó2t()'.])',l() '"r'lł]'

Rct\r'enccs:

l A. L. Novil(. (iris (lischargc Iasers. (N{osco\\,. lg{J2) lil
lij V A Ko*cnlio. S. W. Ktsyancnlio llntt yu. A. l-olrnlchor. Opt. & SP.,rrr,,riopv.
5:ł'(l9{t])7;ł5

i'e nlilil: e d I nt o\.it (.il iss p. b a s. bg
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S1 UDY OF ION SCAI'TERING AND SPUTTERING

PROC]ESSES AT GRAZING ION BOMBARDMENI'OF
C]RYSTAL SURFAC]ES

^ 
/\' DŻllLl|akhllor'

.\r'lli)\, l'stit.le ol Elaclt.o'ics. l-.KlroLijuer, Street.li. 7()01S7 Titslll(cnl.l_rrbclilsLil'

Al enoug]I slrlłlI slidillg ill]glc ol_il]cideItce tllc li)cllisin! iltIlUc]]ciIt! ()l stlll.llce
scillichannc]r lcJds t(] t]]c Pccu]ill reliJclLSiilg ct}ćcl ()l']..llecte(l pr lclc\ lin(] fu sol]rc
pęctli iaIi1ięs of sl]utlęling proce5scs'
In presellt lł'tllk the l]ecllliifities ()l'i()n'soli(j intelllclion plocL'!ses obsen'e(l .lt l]]'.l/ |ll! |l)l!
htlnlllłt'dltlcn1 hlr'c bcen ctltlslclcl'ed' 

_fhe 
lefi)cLlsing ell'ect of pl iclci lellccte(i lj,on fhe

s(lńjlcc selnic]]ilnl1cls ()1 sjn_!le cryslal\ hł\'e l.]een inVeslil]lile(l b\, l]olh co nJ]lltcr sinlli lation
.1nd lnllvficl ] nlcll]od\. 

_fhc 
slrLltte|il1g h0s bccll sinrtl ]i]tt'd i]l ll]c pl.]lnłl.\, l(l]i]ck-on l.ginlc'

fh!'pIcscnl .o(lc is based on the binaq'ctillision łpprilrinrarion b1,tlsing l_ewkln eqUlilion
1bl'conslrLlclion{ll't1iljcctotiesofco]]i(lingl)1]lli.les Ljsilu llll U]li\clsllZlc!lęl Bi.lsilcl(-
Liltlll lk polcntiłl lill- dcscl'il)1ion 0t']Iri(l.leIl(ln\ hclrr,.cn lllcLdcnt 

',,u "',.l 
,"rla' uuul',

lha trilieutolic5 ol'incidcnt jons in senlichanncls l](l chan]ieLs illong lilę .1l l():'. <l()0}
(lilectiolls of('Ll(l()()i ln(] (;aP(l(]{)} suńźlccs weI! tl'ilceC] ill levelill ]lcarc\t to sLlńiLcf
ill()nric ]lt\'cls. B(]lh clastjc lul(l itlelNs1ic cllcLg)l loś\e\'ll.c l.lkctl lnt() ilccoLlnt' 

_l'hc 
inalilslic

energ)'losscs lue consirler-ed as lot0l lhemt0l!iblaiiolt\ ol l licc atonls ilrc cor]sidcre(i
łs liudolnise ()li (jaLlss d isll l[-rtl1i()n' (]onlllutet' code c]escI'illecl b]' l'lLscal lt ]lori's tllr:ct Ving
th. dl niln'tics ol-ion-soli(l inleraction processcs.
Tl]e clllct]llllion t'csttlts shorr't'tl tl]al in col]dilions of gl'łzing inciilcnce the il]ci(lcnr loliS
n]ov!'in thc sl]lfuct'senlic]llnlc]s and clrl]lllels whicl] ltlc płlłllelto sLl1.li]cc' Thc'l0llgc ot.
lhese pilniclcS il] ll]e stlIl'llce cl]łnDcjs irlcIcases consjdcl llb h' d UL' to tha ljhłl]!rclling el'iecl
irnclxchieVcs lllndreds ol'AntJlrolns. lt1 thi:, cils('tht froi!'crjlcs ol llt.illlitr) lreant rral]jli,r
the \nrall lloltrons ol their eDelg)' ro il greitl nLlnlbet oi'alonls \\ hich li) I cllł]l cls. Ihnr is
$ ll\' lin' lliis casc 1l]e casrłdc I]]cc]]ilnisln o1'sputter.inq is !l()t obscI\ eCl'
flle s]]llill- ilngUlar ill](l e]]ęlj.!'\ diltlibutiolls o1'scilllcfe(l ill]Ll sl]ttllelc(l ll!lliclcs 1ls \'eIlilŚ
thcil r ic]tls \'crsLls lhc łntIc ol'ln(illcncc hr\,c bccn cillcLllNtc(l. Ill thc cnaI1"l]' spccllll lhc
ahllil!lcll:'tlc Pcali! col-Iaspon(lillu to tl]J -(.LtIallllLol llnl:h't'f lL- \Llrt.llJL ato]]ljc chłills
ll (l sanricllilnllal.i illc obscrrc(l. lhc l)ositron linLl jnlcn\itr,o1.thcsc pctLks d!l]en(l ol1 thc
l]eo 1e1r'ieil sIltpL' ()fjuriltce sculicltanlt('is. l-her.e is a sttoll! coflcllltion b!,lNcc tha shapc
{)t sIat ill I (lisl riltilt ir)n s ofrr'lleclc(l l)ill.t iclcs itn(i the sLlrlitcc stl.ltclLtrr. Anitl\ r iu !\ lrte\\toD\
lilr cłleLrIlttion o1'it l'eli)aLlsllrg Ćne|_ql li)l l ]l] |aLanl \]l.ll]śt t t' \.]n lf]r Ln ilL ( lbt lnctl on thc
sllń'.]ccs o1'oua lnLl l\!-conll)(lncnl sir]!le aD.sta1s I]i\,c bacilol]1nllled'
It hls |tr'n shorvn thal lllc loSsit)ilit\' of|)rę]Ll.l]tii]l sJrL]1{eling r)fone coJ]lpot]cnIs cs:'enljil lll:
dcpend5 ()n lhe lr{)nlbl|dnle]]l llngle' At snlilll glltlcing ltngles tlfinci(iel]cc ti]t l)lctalantił]
sl1Llttcl illg of hei\')' col]1llolli'nl l1ollrj ls 1lclssiblc' lt \ ls sho\'l] rhłt in the ułsc t l1'gt.itz itlrl
iol] bonlbilldlnenl l]lc la!el_l.]v-lil\,ęr Śl]ttttei.illg is 1lrl:sJb1e irl](l ils oplilllLl]n illę obsel\ e(l
\rithi]r Lhc \nlilll ll]]!:le lłn!e ol_Ll1e gIiLllulll,. Jn.: t]\ llc.lf ll]l L]|l("]rill(l \l]llttcl jI]g lrg]c'
The r.lbtltilicc] lcstllts il]lo\v io 5clccl lhc opIilnunl (o]]L]itions lilr ilr)'er_b1-la1'!l s|lLlttĆllll!
Apl)lication ol prcscnr eo(lc li)r ir)\'csli{ilriolt ofiliirLluostics iurrl ulo(lihcillto!t ol \oll(l slilrc
sLrllirce is rliscLrssed.

[:'lltltil; dzllLttllihalcl\.(.Ł,n]łil'l tl
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Absolute photo'absorption cross sectitlns and electronic state

ap".t.or.upy of fluorinaied sclected hydrocarbons relevant to the

Plasma Processing industrl

S l-den. P Lirnao Vieira al1i] N 'l lt4ason

D.l)(l1' n(nr ot'Pll\\i<:'y anłl Astrontltnl'' IJ i\'cr\it\ Ctll]cęa Loltdolt

Colt:t'r Sttt'ct. l'łltdon \|C }E (lt]7-' L]fiit(d Kin3d(Jl}]

l. .p.. ,.,1', 1ul.' .'ł c Clts' llrt:t y'..ies h'n'c verr' high g1ollllI wl n]ing Pot'ntiill\ (c;WP) tls thc\'

'.r..r.,.;, n,1|\''.II:| \' ,'!| r.l< \i Ir':n1r" p' Irr"I"irrrrr':'rcI(l.'h ' ' rr r' r\l'ir! r ' f
:ll'..]i,,' .r']' 
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"nrl 

is rccngnize'l as plLr-ving r signitiirur lolc rn sirrrosPh'r ic t'21're d'l)lerioo

il,._pr,'."',' ju,,.:...ing i*lu*,v i. c"lllIlrrrte'l ln ti'' i'pl""'''"nt ul rhes' gllsĆs \\lih (('Inp() nds of lo\\

CWP.

('FlI i\ on('\'].lr il1tcnrłlivt clc1l gn\' DUć Io ll]e sellk (''t lrlnr!]' it shotrLcl bt possi1rte nl pto(lUce hish

"'.ii.,,' ,* er.nrng,*lr.,,l eFr irr 'r I'lr*ul 1)\' (liijcr cle'rr(rn inrprcr 'iisso'i'rri('n 
()l rh' rnt)lc'Lrlc

F,;;;i'"';',';. r'i,,.',,g.,.,""n,""',"r ot cFJ rnir crlr itr I re.'ror' l)or).ndizrion rnd crcrrins crrn ri'
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]]iil;l;":'. 
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;.";,) ''i;');, il'; 
''"cn 

] euol(]e(l tbl CF,l |]l xn(l c]I! ('\ er ł \ illc 1LllsU lxl l xnse Using electtoI cnerst
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Tonization and fi'agmentation of small molecules in collisions

with slow highly charged ions
N.I. Ehr'ichL*. B' Sieqnl|nnl- LJ \\'cr!]el1 arrcl H' Lębitts2

Ll]iku]ń1 tiiI'Phy5ik. UnL!elsitiit Bję]ei'ęld. _]_]6l5 t]ięIelćld. (iernliln\

'(]lRlI-. Ruc C'' Blocll. BP 5l3_] l407() c',1e0 cĆdc'\ {)5. Fri]icc

]_he ionizi]liol] łnd fl'a-qnlentatjoł of snla]l n]olc'cu]e5. as c'g' N2 atrd clI-l. \\żls sludicd
in crlllisiolls rr ith slorv higll|1 chat'gcd itllls tl1ili7ing a po\ili()lF ż1l]d Lil)lc-sellsi1i\c nrt]l1i

llilrticlc detector I I ] \4rich allorvs the coiltcidsDr detecl ion of rhe lnot]lcDra of cor! el.te.l
fi'al]lncnl iol]s' ll'a]l {iaglllcIlls lion] a pal(ieUlal.fI.agnlcntation rlrc C]ctcctcd. żl kil1clnżll_
ically conlplere stud]' ol tltę t olecUlar break-up plocess is l)ossil]le atld the dissociatiolr
enel!\, Ns \\,r'Il as thc olientilliotl of the tatgct nloleculę lęlative ttr tire pruiectilę belll
can []ę Cleli\ ed 1bl e0clr indi\'idtla1l eYent All additiona l ]losjtiol]'sensit i\ e de lay-lilrc de_
tcclor lvas Llsed to detelninc tlte final projcctile chalge sratc. With this setltp val.ious
Iiłgn]enta1iol] ploccsscs cnn bę alralyzed lbl selccted ch||qe tlż1l]sf'el pI'occsscs' Tl]lec
d]l}i'rent kirlr1s of Plocessęs cłl1 be distinguished: tłt.get iol]izatjon anri fl'lLgnretlt.ttlon
\\'itholrt churye transfer. tarcct ionizat'olr and flagutc[tation $illt electrrilt captlrrc in()
lltę pl!iectjlę. ilIld pllle electlon captule plocesses wlthout flee electtolls' The obsen'e(l
spccllż sl]o\\ lilndżln]ĆnlłI (lil'l'crcl)ccs in thc lillqll]cl]l1lion ll;'ltarrtics ol_thcsc 1lloccsscs
(l;i!r. l).

Figufe l: fornl krnetic cJrerg), r)f co-
incident ll=+CIli lirgnt!'nr ions llonr
collisions ol- -l3ltcV IIe2- on CH1.
lollization axl fiasutentallon \\'ith (- )

arrd wjthoul (--) clccrroI cai)lL c.

010203040
KER levl

Rei'erellces

ll J. Bccker K. Beckord. U. WerDer'. and Il.O. Lurz. Nucl. lnsliunt. Methods Aj37..109
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NEAR-THRESHOLD PHOTODETACHMENT
OF HEA\Y ALKALI-METAL ATOMS

l. I. Fabrikanrl., C. Bahrim', A. A. Khuskivadzer, and U. Thumm2

LDepartment of Physics and Astronomy, University ol Nebraska, Lincoln, NE, USA
2Deparlment of Physics, Kansas Statc University, lvlanhattan, KS, USA

Low-energy electron scatteling by alkali-metal atoms is strongly afiected by a 3P'

shape resonance. Its experimental observation is r.ely difficull bccause of the ljmited
energy resolution in electron scattering experiments. Photodetachment (PD) studes
of conesponding negative ions might be advantagcous in this regard. Horvever_, due
1.o the dipole selection rules, only the J : 1 component of the 3Pj ("r - 0, 1,2)
triplet cao be populated in PD experiments with a slngle photon. Moreover, sjnce the
rS 

-3 P transition is forbidden in the lS coupling scheme, the process indicative of
therlPo resonance becomes very sensitive to the spin-orbit interaction, and the role
ol the tireory in interpretation o{ experirnental data becomes especially important.

In thc present work we calculate photodetachment of Rb-, Cs-, and FY usitrg
thc Pauli oquation methocl. The Pauli equation is a weak relativjstic limit of the
exact I)i.ac equation which includes the spin'dependent potential yrs added to thc
non relativistlr:, spin-independent Coulomb potential V. lior a Coulomb potcntial,
y1,Ś contajns a non physical singulariiy lfr3 at r :0' and the Pauli cquat]on ap'
proach breaks down. Various regular_ization functions ha!'e been suggested to remove
this singularity {11. Ba-sed on the exact anaiytic soluLion of the Dirac equation ncar
the nucleus, rve formulate boundary conditions for solving the Pauli equation for
an electrolr interacting with an atom l1]. By integrating the Pauli cquation using
an eflecLive pote]rtial Ę/l that is adjusted to reproduce scattering pha-se s}iifls plo-
vi.'lcd by exact Dirac ,Ę-rnatrix calcu]ations, we calculated tola] PD cross sections'
Ou... 3Pi resonancc contribution io thc PD cross section of Cs- agrees (in position
ancl width) rvilh recent experiments [2], after line-iuning V.yy. I'ol Rb anrl Ii
the resonance contribution is much smaller thon for Cs. \\re thcrcfore also calculate
ang]e-djlleleniial c]'oss sectjons alrd asymmetry pŹllalnetels lvhich;rre rlluch more
sensitive to the lesonanl .ontIibution than the totaI closs seĆtjon.

R.eferenccs

[1] C. Ba-hrim, L I. Fabri]<ant, and Ll.llhumm, Phys. Rev. Lett. 87. 123003 (2001).

and refs therein.

l2l lvl. Schccr ct al.. l)h),s. Rcv. Lctt. 80, 684 (1998).
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D]SSOCIATIVE EXCITAT]ON OF CARBON DISULFIDtr

BY trLECTRON IMPACT
Jowita Gackowska, Alexander Snegurskyr and Mariusz Zubek.

Department of Physics of Electronic Phenomena
Gdansk Unive.sity of Technolory, 80-9b2 Cdansk, poland
llnstitutc of ElectroE Physics, 88000 Uzhgorod, Ukra.ine

Excitcd atomic and lnolecular fragments e.g. OH, SO, CS resulted from electron- and
phoLon-irnpłct dissociative excitation of various molecuiar species play an impoltant rcle
in the processes occuring in the planetary atmospheres, comets and artificial plasmas.
Dissociation processes in carbon disulfide (CSr) have been investigated prcviously us-
i]rg dif[elent experim€ntal methods which include discharge aBd aftelglow studies [1 - 3].
Presen1, wolk dea]s with the m€asurements of emission spectra and cxcitation finctions
duc to trhe loiv-elergy electron impact dlssociation of the carbotr disulfide which produces
excited CS (/11lI) fragmeni of the parelt mo]echle. The measurements have been carried
out by an optical excitat,io[ method using an e]ectron trochoidal spectrometer J4] with
the deteclion of the CS radical emission in thc 240 - 280 nm wa.velength region. Figurc 1

presents fluorescence emission spectrum obta.ined at an incident clcctron energy of 15 eV.
The spectrum has been analyzed 1,o Iesolve individua] vibrationa] lin€s of the detccted

'4rn X1!+ system and to determine their reiative intensities. The dissociativ€ exci-
tation function meźrsured in thc clectron ener8y range flom thleshold at g.3 ev up to 30
eV indicates dwo dis.sociativc processes with thc second process devcloping above 20 eV.

x 1o3

240
Wavolongth (nm)

Figure 1: lluorescence emission spectrum of CS2 at an eneagy .E, of 15 eV.
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EFFECTIVE SCHEMES OF THREE.PHOTON
IONIZATION OF SAMARIUM ATOM

,,\.1. (;on'rrrnai. V.r\. Kelman'h and O.l. I'lelian

lrlslil!L1c ol Llcclror Ph;'sics.21 Unive.silelslia Str'.. Uzhgotod..cB000. llktaiilc

whilc s1tld},_ing łhIee-l]]]olon iotrization ol'san'ul'iLlnl łtont itl tlrc specllal lange

co- l 700()- l 345 0 crll'] rr'e hlYe lorrnd a n ulrlbe r o l' ęxll'enre l! inlense Ilaxitrlł. '\ rleta ilecl

anaiysis has sho\\'n 1llll a1l ol'lhęnr lesul1 liollr 1\\'o-phL)Lol] ioniZł1io]l ol'e\en bound

stn1cs i]nd lle obsęl'r'ed cxclusirel1' irr thc liciniL)' ol'tlrc licquencic's cotI'e sp']nr.1itl_q 1t)

one-photon tranŚi1iot1s ]ionr lhc sanle irlitial le.'els. łs lhc 1\\ Gpho1()l] tt'ansitions
Fig. 1 shor'r's x parl oi lhe ntetsutccl spectrunl..olllaining trnc ol'sttch nlaritlril -r'r.

btoltcl nraxinlLrItl (ro:l|Jl]-ł.()5 c'rl_1) con'esp.'ncls lo 1he olrc-phoLoll tr.tllsliloll
'1:'_y:łf55tl(ls]'t]". II] \\trile an il]tcnse lDl\illloIl1 (tu: 1Sl22'()5 erll-l) is cirLtse,'l b}'Lhc

l\\o-l)h()tol'] ttłnsitiotl 7l';-+lJ=3(l5](l'7 ctli (.l=l)' .\ lelł1ivel) snllLll Ato-] ctttI

unlul]il']g (balld\\'idlh - 0.] ctu-|)bclweęl] 1he li'cqtlencies o1'1hc one-1rholrln ancl trr'o-

Pllolol1 rlill]siriolls is t'espotrsible l'or the cssenL]al ęllhż]l]cell]en1 ol' tLlc l\\(]_pho1ol]

trilusiIirllt at 1he e\pensc oł'olle-photon llilllsitiolr litt thc "1f'5(16sj lj"] s1at.' L\'iLlelr11\'.

sLrch cnhancenrent is grossiblc only in case tlle
collesPonrlinr] ttansjliorts (in oLlr c!sa
il-t->71.": unrl 

-'l'. 
>Ll bcing allorvccl b)' lhc

scicclion nrit]s. -lhc .'1li!ie c)' .Jl Srn alorn

ionilalion a1 the 1l'Ć(lllel1.y (,]] is abou1 lijtll
oldcls oi'urag.nitLrcle higlrer than lhc clllcicnc\ ol'
dircct lhrcc-l)hotou ic)Irization. Tlic nlaxirnal
amplillrcle ol'thr- nlilxinrurn is testrictecl Lrl' thc
ioli signal sa1ulrtiol] !'l'licl. Ięla1ęd () 1hc l0() 9;
ionizlliotl oj' nLonls in 1l]!' itl1crłction lolltnle.
1'hc sllldjęs ol' thę nuxinlrLn behar ioul
depcncling on tl)c llscr lighl inlcnsitv ancl on lltc
interaction rolrLrrre har'c shotn lhat rrithoul
sillLralion 1hc el'llciency ol such pl.occss $ill
i'tr'li r.c tl.c Llir',( l lllf,(-lr]c cr .l.,rti. t

el)iciency by l'acror ol'l0(' l0'.
'I ll.rj. llle co l...rl.l.d r'cs,"t.rrt l)11,1(.. !\

a Lclatively sirrPlc (Llsirlg otrl\' onc lltscr sorrtce)

highLy el cicltl selectivc schcme ol- sillurlllurl-r
plrotoion izul iorr u'hidr can bc:uce.'ssliLlly used

lbr r at ious ltpplicrti,.rns.

lLcl!rerrces

lll \\'.C . i\la11in el al. Alonlic Encrg)' l-evels. NSI{DS-N llS (r0. 1 1tt;5 
'

181'15 18120 1A125 18130

l'ig. 1 Three-photon
ionization s|ectruni ol So'! aloDr.

'tE-nrail: r 1..'llr r muil.Lrzhgot-Lrcl.ua
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DESCRIPTION OF CORRELATION IN EXCITONIC
NBGATIVE ION lN Cu2O

l\'1. Hł1,sakl, N{. Nagr2, Y. sitlor]

lnsliIlllc ol'ljlec1lotl Phrsjcs N,ĄSc ol'Ul(Iail]e. UzIrqolocl]IinstirLrte 
o]' Phvsicś ol'Slor aliian ASc. BrltislrririUzltgclocl Nrtjonrl Uuivel.siry, llzltsor.ocl

iU.t-antperl p|eclicrecl the e\isteltcc ol'e\citolt negatiVc ion jn r,.,11,i Il]. Vat.iarional
lnę1hod is llstlłll-\' Llsecl to calcLt]aLc thc elret'gy l'alrtes lbr grouncl Stale ol'such 1l]rec-Dańicle
s)'sleo1s [2]. Ilorvevcr tlris nlethod hl1s a knorvrt dil'Ijculty in classiń,ing the qtlarllLrllr
cxcilecl stą1cs. on lhc olhcI Ilanci, t]lę lrl lcrs|]lei icll coolc]inltes nlethocl 1HCŃ{) (sce
l'r''r ierv [_3l)łllo!\s b()tlr to lścci!e spcclral chai'łcleli:i1ics ancl develql narLrIł] c]assillca1ion
ol'e\citc(l quanlll1ll stłtcs. ii,hich are colrrbinec1 in scries'

ln lhc |lc5Ćn1 ir'or'k. llL'lr'1 is usec] Lo obtain tirc enelgics ofe|ound sliles ol'exci1on
ncgaIivc iotrs lbt' gI'een and vellorł CLr;o lines' _I'hrts rl'i l"ta ut'IILivl al)plicalion is
expandeil to Lhe desc ption ol three-parlicle s;,sterls. 1-he sorLrli.n ol 

'orue'lalir 
istic

Sch.odrngc' eqLlari.n. * hich describcs boLrnrl l rs-srirtcs. is rerlucecl ro thrr or'L\vo bo.ndar\,
r'llue pt'oblerlrs' .'\t lhc 1lrst sti]gę 1hc {rdilbalic potenlill5 lll'e l'oLrncl. v'hich ar'e thc
cigcnr,alLrcs ol' Halniltonran thar LlcscriLres th. ,,rgle urolion o1' rhree?arricle svst.nr on tlre
sL'llce ol a sphcrc in lbur'-cli'lcrsiona l space an,ri chlrnnel lir.rctions. ri,hich arc rlsir
cigctlraiucs lbl lhis ol]c]'atol. 

^l 
tIlc sccol1d stlgc thc radial cqLlitliolr is soivcd. rł]rich

clcscribes the rildił] lll(llj0n'-lb 
ijnd adiabatic l)otęl']liirls wc expancl channel liLrlction bv K-llat.nlouics. rlhich tt.c

cigc'trlirtlctitlns ol'opelatol o1'gtoiinc1 atlgrtllt-ltlonlcntLlI]] lclt thc sVsletll ,lf tlllec puliclęs
Thc basis inclLrdes K-ha.nrouics. * hich co.espond ro the gror.d aur.tula. nLrlrbcr.u1.r ro 10.

l(aclill cc1Lratiorr is so]rerl in Botn_oppenhcitlle r and ai]iłbari. applo.(lLl1(l!lol]s'
AdiabaLic app.orinrmion accoL'rrs borh rriirbaric and n,lnlcliuLraric poieurials [..r]. 

.flre

sroLrncl ternt has culv onc bound s1itlc. lhe othet.iuc arrtoct'lachlnla oltas con\crgin! to tlte
exciraticlll lhlcshtllrls tll'Iotrel erci1on jet els' As ( Ll.o lllls tsr' rlJ'C_'!Lirc 

'noa,". 
ot_ińl" 121.

L\!o l}pes o1'negirti!e ions allcl l\o selies o j' aLltode1ach ing stales łle obrai11ed dit)tring rn
1l]ęir leduccd rllasscs (trr1_()'_jll95llr.; lr: 0._j56]llr")' I_ol erltlllp1c. lbr gr.ccn CLr1O lille
cnersy ralLre of thc grollncl negalilc ion 'S,slalc on is cqual to l-57 nreV. lor.vr-llory line
l()9 rlle\'' OLrr'calctrlatioos alc in good łqręelucnl \,ilh lęstllls jrr |]]'

|o[ 
'']olc 

conrpleLc accounl or'cLrtrclalion il is rccessrl'ro ar]plv r\\ o-di'e rsionlir
basis. rvllich lrlav be obtainei1 ll1 soJving trrt_c1irnensiolral brlrttldłlv proLllem |.lJ'

ll'el'eleIrcęs
l.M'Lłnrirel't. Ph;.s. Rcr. Lc1l' l (l953)rl5()'
2.(l.l\l Lrnsciry, B.SLeLre, Phys. S1a1. Sol. 64 { I 

q74) 2 I j.
i.Cl.D. Lill. 

^d!. 
.'\ronr. i\{ol. Phys..22 (l9ti6) 77.

-{'lt4 ' l. Hitvsak. i\1' ]\'l' I)or harlicll. V' l- LęngYcl' V'V. on)''slio. J ' Phr s. Sttrr].1 1 l99] ) 5] l '

htlliił urlir'tLzhuot'lld'rtl
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FRAGNrENTATIoN CoNrPETI\G \\/I IH !'- NERGY REl,rx'łTlol

IN C AND N I(.SHELL EXCITED CF:C=N

S,rrri) 
I 

rlrtrl T. (;lJlir 
l

' I(J,olo Ljlli\ crii1\' of l'|rirrcłtiilll. Ii)tlto 6l2-3521. .ll1llrn
: 

l Iir',.lsllinrlr Unlrr't'sit1. i ligtlshi-Hiloshilnil 739 S51ó. Jłplrn
] l11\lilLllc 1i)l Nltllcctl]lt'Science. ()1iłzłki -ł'1.1-S5|i5..lir1llrn

rolill I]h()t(lilbsoll]ti()n cloŚs jcctb!]s ol'C F,C N \\'eIe lneasUl'eal ilr tl]c L'( ls) łI1(i N( l\)

rcgrons usins s!nchrotron ll(lirtion irt thc lilslitLrlc Ibr l\Jolccllllll Scicllcc. -fhc mil\\

spcctra ill coincidcrcc \\ilh Lotill l)hotoclcclrot)s \\'crc ol-rscl|cd tr) usc ()l'l\\1) typcs of

TOf-NIS (tinlc-ol-llighl nl0:s spectronrcter): O|c is r lineiu -l-Ol:it1S \hich nllkes it

possiblc 1o deli\.e liinctic cncrgics ancl lisolro|] parcnrcters of thc fiugnrerrt ,..ns irt

irnglc-resohect nrilss spectm ll. Tlrc otlrcr is a retlectron i)-'pe TOF-N4S to tchievc il

high mllss lasoiLlti()l] ,:l1r,\.,] / > l(X) cvcl] lbI !lagl]lĆl]1 iiltrs ri'ith kinetic encl'g)'llp to il()
c\ł lrncI gil.'s ili]i)rl]]xli()n aL]()Llt 5ite-specitic photo1'rllgn}cl]t3tion []].

Kiuetir cn.l-1r),(KEl (lislribution of thc Clt.\ hlgnterll ioD sho\:cd ! ntil\intttrlr rLr.lrrY

ereituLior. llorcver. KL disllibLltions ol'(hc ('Fr' ion l'outled in th( u\til.rliorl uL'

lcrmiDllI N( ls] ltlttl thc ccntlltl C\( ls) clcctlonS shorr'ęil lrvtl llll\in]a \\ith Kl1 j:() żln(l

ail'I e\/. \\l1ile i1 Illlrl a uilxinlunt wilh Klr =l.] cV irt l1]ę ilLlrct tet'llrilrll ('i(ls)

excitittion rvllęl'c tlle ('r ltlrl ('r dcl()tt l]]c iltonl5 li)l'l]lil]s the ('::N irtl(l C'F: gl{)Llp\.

l'e\ll.cti\'cl}'. lhisisthe tjtst obse11iltiol1 thilt thc l(iI)L'tic cllcl-!:)'djslril]tltiol1 ol IiaŚ:nlet]t

ton rlcpelr11s ()n th. site ofc\cjtiltion''l_hlS obscfv.l1i(Jn is I'cltsollltblr,inlęlPIetc(l i)}'1l]c

consideliriion thllt tlrc ('f, g|oup lLrving vibtittional nro(]e\ llcts 1ls ln i lernll ellcrQY

Icsclvoir -{liis is consislcrt \\ ith othcr obscrailtions nrlLic in thc rellL'ctton TO[' NlS: At
the tcllr]an1]l N(ls].'rcjtłtion thę lal_te C]lir iotl lras t]tc nlli11 pI()d!lct \ liI. in tl)c

Clr(ls) lcgior it uirs nrinor. 1n ndditiou I':' ion ibturccl riir cxcilation ofbcrlding ntod.

Wirs nruch slrollgcr ill lhe N( I sr c\cililtiorr thiln at ( r( ls). l-liat ir. ir1trunlolecultt cnctgl'

It thc N( ls) !'\cilillioo llorrs tou,a[rl ('F:r ;rr]cl is illrnl) rescn'e(l ls Vibllttiollrrl L'tlcig) o1-

rh!' Cl.r group.

Retelenccs
Il ] N' Slrilrl lrlltl l'1J.Suzrrki,llrt'.1'N.]ilSsspectjtllll Ioirl)ll]ccssĆsli2{l9SŚ)()l'
[]l T. ltrrli. K. Ol(rdi. I(. sirito. T. Crio. N. Slilo rnrl L ll. SLrTrLki. Nru. ln\t|unr. l\'letlr. I)h\':r.

I{es' l\ -l6l-'ł63 (?(l()1) l51]5'

ilnl l(iś'l(vo1(...'o ll'ilc ]])



A"sg
POLARTZATTON OF LYMAN-ll RADIATTON FRolvr
ATOMIC HYDROGEN EXCITED BY ELEC]TRON
Il\{PACT FROM NEAR-THRESHOLD TO 1000 e V

(i' l('.lłll,cs] .I)' Dzieze]<]..J A' S]cr ill r ] itnd llol. l]t'łv r

.let lłrlpulsron lol]oll1l()l). CltiililInll hlstitute o]'Iccllno]og),- l)itsltdellll. (,\ 9l1()9
Instiltitc ol Ph)sics. Nich()las ( opelitic!ts Il]li\cfsit\,. Tol1ln. p()lt d

'pI('5Ćl]t a(1(llęss: _i6 \Viltcl'l()o Rolld. Dlib]]n '1. lIc]ltnal
1 l'h\'sic\ iln(l l]l]cl_g1 St].]di!.s. iVlrtt'tltluh Llrrir,et'sit).. Pcńh. \\'estc].n ALlstlll]ja ()l50

'l lr(' polarizltiol] ol lini n-J) lil(jji]tiol]. l!orlLlrc(1 Lrl clL'ctron iulpltct c\cilllioll
ol irlonric hrrlr'og,,'r. hirs Lreen nrcusrrrcrl li)r Ihc iir\l tjn'tc ovcl tltc c\tcn(lcd etrel.g)'
t'llllge liotll I]clll-ł1]lcsh()l(] Io l()(]() c\'' \1clstllcll']ellts \\,clc oblłincd in ł clossc(l-bcil]]is
c\perimcnr ust0g ll silicll,tcl'i!'c(iolt liueilr lrLrllrlizluion linulvzcr in tiln(leot \\'ith
ir \'llclrllrrl ( ltttVioLct (\''ll\/) ntouochr()ntittor lo isol alltc t' rittcd liltc Iitrlilttiolt. OrLl
dlilil ara lD a\cellel]t llglcanlcnt \\'ltll con\atgc t close ci:rultliru (( ( ( )c.tlrilliltjolls ()\,cr

lllr cl]tilc cl)(l!]']lul{c' Illf rlltllt i:tt'c br'ililrllr'sil)rillll to l]]c cłl'ljet tncitsLlI'clncllts o1'll
l,\'rn r (r n()liltiziltion lepoltcci liolll this litborlllolY

'Ilris ri'ork is based ultoit acliVilics ciu-lie(l oLlt itt thc.lct PtoplllsioI Llbo|ato1.
('ulitofiiii lltstilUtc oi Tcchuologl. unil \\its sUltlto|rcil hy tht' Natio ul Scicncc
]i)tlnllillioll Llllclel' Alt'ęęnlellL No. PlIY 972]].lN. lhc :\5tlol)h].|ics lll](I Pl1lllL'tlll)'
Atltlospltct'us ploLallll)ts ol'llie NltjoI} l AcIollli(l1ics antI S1lltcc Ą(ll]ljJ]isl|illi()I] .1t]d lr\
llre .\ir lorce OJllce oi Scle til'lr l{c'scillch. Anl,opiniirll:- llnrling:. itllri co clusions or
lccon]Jnel]da|i()!]s c\]]rĘ.ssed il) lhis l)llL]llca1iol1 llle Ihosc o1'ł])e aLltl]ol's łntl i]o not
l]ccęs5alril\'lcll.cl lllc \'ic\vs ol'1l)e Nili()llltl Sei!'n.c Fottntlaljon.

t l)2

; c1

E L)(l

Bellre aplro\iIat of

-0l

trl

I;igLrc L l'olirlizrrtiou
ilttl-.lrL t lrilir

1!0
Eleclror Enerrty ieVr

ol_L-1'nliln |} tłrlilt!on llrltlr illolllic ll\(i]'(lqr]n ercrtr'rl Lrł clcctt'trIl
ncrr{l)rcshold 1() l{)(10 Lr\:

( i.ofi:\.K .lł1, \ Ó r rl nrs.r S,^
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Spcctloscopic ancl surtbce analysis ol'the laser ablation
of crust on historic sandstone eler.nents

\t;r,l.r J:..r1,'rr,l' . . r:er rr,l Slrr r.J.
l)olish Aci](lenl\'o1'SciĆnccs. ll''lj\1. L)epl ol'l]hot{)lh\sicslllttl l.aser'lechniqLre

Fiszerł ]-ł. l,L 30_]_]l (;(1ansl(

Pulsccl lłser ablirtitltl is łp1llied lor- l'ęnlova1 oi'tllc cnc.ustlltioll crll tlte Iiislorie
iiqacle elcnretrts nlacle o1'sandstclne' łtrd l'eiults of nleilsut'etrretrls ()l)lailled b} l]]ealls ()f
lhc lirsęl illclllccd plasola speclt'oscopy (LlPS) and aisil nricrosctrpic sLll'1llcc anal_'-sis
(oplicźrl. s[Ńl. XEDS) ainled ott LluclcrstitnrJitrg ol' thc tlndct'lyin'l plocesses lIe
ciiscussęcl. The rcscltlch is c|]l'Iied otll ]i]l' clcIucllls ll1)lll the si-.](lIin's CilLlIclr in
(idansli ancl the qotlanilic siurdstone unclet ilrestigation rcprcscnts a builrling nrlterial
rrtich ri lls rr iclelr' us,"'tl ił tlle płsi'

L\pclinlcntal rIata knorrn till'nlllrlr]c' lilllestrlllt łrl11 alal]astel col1iiln] 1hai lilscl
łblłtion applicc1 lor fcst()lation pu]'poscŚ cnahlcs i] conn!llalrIc t'cnlor'al irf the Lllack
cI]clustltioll lrot cartsing a di]L]]age ot'tllc tlllclcrl1,itrg substli]tc (sft']c) dtle 1() diflęrcnce
in absolpt]LlL1 |1|- Ft'olrr out'prcrioLts lrorli lhe opelłtive rltllle of parlnleteLs t'ec1ititccl
lol rcnror'll of llbtltlt ().l nlnr thicli ctlct'ttstatiotl bv nlcans ol- thc Nrl:YĄ(j ]ascr ((l lrs
pUlse\'idlh. rrar,elcngtlr l0ó,ł nnl). i.c. cttct'_try 1lttcncc of ()'5 .l,clrl] and dose
con'espotlrlitr-l ttl ltbout ]5 lltlIscs pct iltacliltccl s1lol 1ilr the riatęr-nloislcnc-d srlliirce is
clet'ir ccl' lnrl 1llc lesLllts ale conll)illrblę lliIb Iitct'lrture datł linorr n lilt sitltilłr Ilrltcl'iaIs
l2]. IIon,erer'. tlrele is still il lilck ol'lh. san(lst(rtc case sttr<lies allo\ing {i)l the process
ilD(l tlrł1el iills c1iagtlostic rr lrich ln()ti\.atcs c(n1tin!rłti()ll ()l- t]iis s1tlLl}.'

Ill t1]is \\ork the LlPs s}recfl'il ill'ę rccolded lill srtccessivc itbllltitlli prllscs atlcl tlle
conlpoullcls ofstrlnę ond cfLlst sllch łs si(8l(].5l lil9.ó rtIn). C] l7j0'()ij 1rlrr). 

^l(515'l;670.'}-(l86.ó nnt) and K(7(l(l.5; 7ó6.9 nD]). Nir(js9'7 nnl) ille id!'nliljed' lespccti\.elJ-.
The ilssiglln1ellt ol'K ancl Na to suI lbce deglatlłtiotl 1lt'oc1ucts is lrdclitionall"v contllnrec]
b)'lhe n'riuked cleclcase of the respective peali intensitics lirr subscrlrrcnt ltrilscs uhile
lrrc irttcr'.,rlie, | :. f: '(Ll I,r lllc .r.\i ".rre tcnt,tit,. ,n.lirn..

I'hc SLN'l inlagcs ohtainccL tilr closs-scc1i()ns (]f Ihc srndst()nc si]nlplcs cIosĆ 1(} 1hc

sur'flce letcitl a tigltt crLlst cor,erlige oj'ittlortt l00 ptnl thickncss conlposcd oi'l)al1ic]ęs
charactct'isecl b\' irlcguLill slrape and dinrensions Llp to 2() ptn. In sonrę lociltjol1s thc
c1tLatlz tlains beil'tg lhe lrririn sitnclstll:le c(lmponent łre risib]c' Theii dan]łgc caI] bc
obsc1\ed at la:'get' ttlltrrlri1'icitlitlll ill tbc lbnll ol'clac]is łild cl'LtnrbIilrg o1_tlre {!'ain's
sur1ircc. Belrrrr' o1-1he onlst lł}'ct' thc abscncc. ol' tlłtula] cę11]ęnt close k) the clusl-
sLlł)stli]te i11lcl'1'i]cc is asclibed kl prolonget-l illlelilctit]]l olthe lgglessive enr ilonnlentltl
pol[itions. Fol lalgcl clcpths thc intcr'-gr..nrlrl.tl s]laccs lirc lillccl up $ith c[lst il]dicatitl!l
slruclurc typicill lor non-deterioratc(l sandstonc. I{csLrlts of thc qLlalititti\'. clenlentll
lrail.sis obtrinerl Ll' nreans of iht XF,l)S techni(lue ltc contpuled u'ilh spcctxrscopic
clatl anr,l rliscLrssecl.

l{cL:r'cnces:

|1] R' I'ilti ęt al. (1()99). Kel']nęs ].1. Year xlI,.Tatrulr1 _ l\pril lt)()9. p' 19-39
|2] l\,{. Janlrorr slia. (j' S1irrinski (2()()]) .]oLllnrl Ll]'Culturitl l1eIitłgc: Lilsers ilr !hc

c()llsL-r\'illion o1'.'\r1rrol'ks Ll\C()N''\ lV. 1()02. łr plt,ss

collti]cl ilLlthor: n]irl'ja(Źi]ilDp'gdł.]]l
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Complex Scattering Potential approach to calculations of

e-atom/molecule total ionization cross-sections

I(. N. Joshipura r. N. J Nlasonr, Nlinaxi V. Kuma/ & B. K. Antonr'l

' 
lDept. of Phr'sics, sardar Palcl Uni.i,erŚity, vallab|r vidYanagar, cujarat, Ih\DtA

2Dept. Of Phl'sics & Astronom'r', Uniyersity-College London (;oryer Street London,

]V. P. & R. p. r. p. Science C-}t[J..|fłI;Yf''o'*gal.' Cuia.at' 
'NDIA

ElectlDD atonlnlolecule total interacljoo in tlrc fol']l] irf con1llex potentiłl (VR+ iv,,b,)
clcscribes irelasric processes in th. pteseflce of elarstic scatred]tg. The complex potential
gener.rted t'r'om spherical charge density. accounts firr. elecnunic cxcitation and
i(n]izati01 ol tlic talgct thrctlgh tl.f' sułnrcd'totttl iltl(I'sli(' Cr1s5 se(ti1]] (),..l Il.2]. The
calcuhtccl closs secticln Qł'ł ciu bc employed to extrźrct toal ionizuti()tl closs seclioll
o,,ł llt eneĘies a|]ove 1he tlrlcshold (I). This is tlrrrre by detinilg i] qLlantlty,

Rte t - Q"'tt t, 
Q,, ,\E I

0</l ś I (l)

we represel]t thc ntitl1l as a ccllltilnltlLls tiu1ction ofenefs/ ('; >'ł as fbllorr,s'

. ^llutr (. I E/irl r-l-f .l -:_' - rrlrcrc.{l - QtL i ( ,t) I

l'hese equations clcf'ilte out' "Conlplex Scatteńng Potentiill- ionizatiolr ctltltlilrution''
((lSP-ic) appruach. Appljcltiqrs of this method to lnolecules. raclicals lnrl
dilulrcls:'clttstcts rr'ill be pl'esel]tcd in lhe (ilŃ'etęuce. Tab]e l sl]o\\,s sanple lesults'

-fablc 
I

TaĘct
o" ( H.r SiHł CCL

CSP-ic Exp[3] C SP-ir: Exp[4] CSP-ru Exp[s] (iSP- ic ĘxpL6]

Ql.'"(ł)
al l()oev 2.73 2.'.l 5 .1.3 8 _ł'0-ł 5. t I 5.0It 1 1.85 llł.84

Rel'erences:

Il].bshipula K N. N'Iinaxi V and Płtel U. M.2t)0l J- Plrys. B 34 5{)9

[2] .hshipum K N and A|tony B K 2001 Phl's. Letts. A (Netherlirn(ls) 289 123

[3] Krishnll<rrlllar' E and Sril'astava s K l992 lnt'.l. lvlłss Spectrotl] Iol1 Pfoc' ll3 l

[:l] OLient O.l and SrivrstaYa S I( l9il7 J. Phys. B: At. Mol. Opt Phys. 20 3923

[5] Błsnel'R et al l997 Illt' J' iVlłss Spcctt'tllll lon l,roc. l71 8]
[6] Huclson .l E et al 2001 J. Phys. B: Ar. Mol. Opt. Phys. 34 3025
Ac|inołlegenrent: This ivotk is done as l pi}ń of Reselllch Ploiect lincled b.v DSTr.
Nęlv DeIhi antl lninol' i'esearclr prcjecl ol-UGC]' India



A-gr
Maximum Ionization Contribution to TCS of e - Atom /

Molecule Collisions; Dependence ," ^E
K. N. Joshipurł*' N'Iinłxi \'.$' chetan (i. Limbachi1'a'' alrd B. I(. ]\rrtonJ',:

'! Dept. ol' P hr rics. Sa rdir l' P tcl thir.crsiĘv, \'_allabh !'id] an'gar- 38ti l 20' IND l:{
'\'.P. rnd lt.l.T.P. Science College, Vnltabh \'itllanagar 3l t t20. TNDIA

'P. S. Science College. Kadi,.l82 715. lNt)t:\

I()Iliziltion occlł]ics ilo il']ll)ottant slatus anlollg tl]e elcctlll!\titrllllated l)l'1lcc:ises
obselvctl u'ith ill()lnic łnd l]']olccllIal 1żrl'qcts' cirlcLllżr1iin ol_ 1(}tlll ioni7illion closs
Sęctions at a tilttlirnlenta] lr\'el is qtlite dillicllh c\cn iin h)'dlqen n()llls' Sc\'clill
thcuics \\illl varl,ing dcgl]:cs ol apprr-txinrations arc iu \oqllc r(Xlily ilt lltis I cglurl. \\,c
hlr.'c l'ecentl1, dcr.'eloped CSP-ż: Il]' Itr tlris irl]|l.()ach lotill jclnizlfion cltlss sectirllrs Q,,',
a]c ol-rtair]cd tlonr the inęlastjc closs sectio]ls Q;,'.-1. 

'I_he details 01 calcuJatlons lt ,1tvtn
ir [2.,]]. Thc goal of tlrc plcsut u'ork is ro cxarninc tltc Llcpcndcncc oithc pcak r.irlLrc ol
the q,'''(A ) of'a trl-get atoill 

" 
nolęculś oll -f'' , ilhere r-ł,(.l,' ) ' ls thc'polarisabilltyV/

aDd ./(cl'). is rltc flNt jonizition p(reDrial of tlrc tu.sct l.l]. Thts dcirc\clcncc ri,ill bc
coLrelatecl to pellodic plopelties of ttolns. and the stluclrxe and bondillt of selecled
tllolecllles- (sęę sll]]l]le lcsLllts gi\en belou').

- ł- i i.l qaŚe'

1.2

Rcfcrcnccs:

! |.loshipLrm K r',-. Minaxi V irnd Parel U M 20()1 .t. Phys B 34 5{)9
[2] .Iilshi1lur'a K N an(l Autony ts K 20()l Phys- Lcns' A lNetlrcliand5) 2źi9 ]23
[-i] .loslripLua K N et fl1. 2002. Abslracl subnrirted ro ( EPAS ( ool!rcnce (lJoliud)
[.ł] lltlclsotl ęi al. ]0()i..I' Phys. B "]4. .i025
,\ckno$ledgcmcnt: This rvor* is diutc as I lilrt of Reselrrli Project li idcd b) DST*.
Nerv Dclhl ill(i (-l(i(l$. llldiN

3
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THE DESCRIPTION OF THE ENERGY SPECTRUM
OF NUCLET TN THE ADIABATIC APPROACH

M.M. l(apustey. l.V. Khirnich, R.M. I)lckal1*, V.yu. pojda

Uzhgo|od Natio al Unir.er.sity. Depa{rnen1 of N uclear phlsics
9a Kapitulna s1['. Uzhgolod. lltl000. Ukr.linę

Tlrę ilrclrtsiotr 01'tl]e olrc sol.t ofnrlclęons parirlrr in the llucleat lheory rvhich pIay
an iu]l](}]'tanl rtllę in lhe lbIn']alion of ęxcilot] statęs ctfnuclci' and thc atlgulat ancl ratlial
nucleolr cot'relations stucIy lead to the nęcęssily o1' a nrethod lbr calculaling lhę
slationary nrtciear slales lhat exceeds {nlditional olle-pańicle Hcl.!lee_l.ock
approxirtlatiols fl1.'fhe hS,persphelicnl adiabaric approach (H^^) ,,r.as sirggested in paper.s [2] lbr.
usins ib1. thcsc pLLlposes. t'hicb is vielcl lron tbe harncrvorl< ol' singlenuclcon
apploxintalion. Funher devclopnteut and applicetion ol' this approach ro thc stLrd),
rlitlrjtl thc ll'atllcrr'olk olan adiabatic tntlItipallicle slrell nuc]ęrLs lIodel oI'lhc el.]cI'l]y
spęcllllm ol' lruclęi is irctual. A nerv tnodel is based on the asstlmptiolr on thę
separability ()l'the n]otiol1 of thę valęlrce nucleons ovef i'ast l]lotion olr lhe angrtlar
raiiables and adiaba{ic (slo!v) olotion along the h)pefadius li. A convenienl notion ol
the potelllill 1ernl L],,(1l) olnLlcleons is intro<lucetl. [n thę cąse ollhe .',Y trucleus rr'ith

tu,o nucleons thc nuclcLls descdplion in LIAA is per.lbrnlecl il rhe collectivc Iar-iablcs
tcrlrrs wl'rose lolc is playecl by the byperraclius 1l and lhe h],perangle & ar'ld
col']\,ęlll ioua l spher'ical angIes i, = itp,'(),). i:'1']' Thc lhoolctica1 cłlculalioils 1lI.csetlLcd
in r'ci'' [3] are v cil cot'l'ęlated Witl] lhę eXisting exper.irnental data oI'r.el. [4]'

A thc'oretictl clescription of the energy silectrLrnr olthe delbr.mar nuclei hos beelr
carriecl il r'cl'- [5l out ivithirr thc ll'al1lerr'olk o]] tlrc adiabatic ńrcc-pa icIe shcll llroclcl o1'
lritclcus. ltl lbe prescnt ti]nę tbe ńęorętical calculatiotls olthe eneriry s1lectruln ol'1lrc
clelblruat nuclei sLrch as Zr-(r4 and,9c-74 alc perlblming.

Rciitęnces
Il] 13'l.Bar'tc. YLl.L-Bolotilr. B.V.Inopin. V.Yu.Cjonchal. 'l'he nethotl of H u rł l'L:a-L-łlt k il

thcłlt'r of'nttt:|ctts (Nruiiova dutltka' Kiev, l9lJ2).
|2] M.M.Kłpuste;,' V'Yu'Pojda, l'V.Khilrlich. 7'h!! }łeporls ol'Nulion(l '.1cutlcnlt' tlI

k'iłtc'cs Ukruile, se1'. ]ątl1en., l0. 7l ( l995).
[3] M.M.KapLrstey, R.M.Plekau. V.Yu.Pojda, t.V.Khirnich, Ltkntinian phtsicul

'l,aąll.1b.5] l (]00l )'

[4] BNSDI (National Nuclear Data Cel1trc. Braukhaven Natioual Labot.atorr,- Neu
Yolk. USA1.

l5] M.M.KapLrsrey, R.M.Piekan. V.Yu.l,c1da, l.V.Khinriclr. Li:hgorad L)1ti\.(,t.\ih.
S<'iutilit: HLl'ukl. 1lhl'sits 'sr.ł'ia.t,l0. l64 (200l ).

* e-nlai l : npll1,s(ł'Llllil''uz1rgorocl.tla
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THE SENIICLASSIC:AL I\DTABAT]C APPROI\CH
To DoUBLY EXCITED \ĄANNIER STATES

OF T\\O-ELtrCTRON ATO\'1

-łriton iiisl:l1'ov, IrlIra \irrova'

I]rstitutc oI Physics, {-inivcrsitl: r;lSt Pctcrsbrrg-. St Petr:r.s1.[rrg 198901. IlLrssia

Ilr \Virrtnicr' stirtcs r]istil'lrr:cs bctrrrcn cacll clcctrotr łlr.l tllc nuclcur r1.12 ]l] b\1]'-
clcctron ato:n arc ilDploxirlatcll' cqual tcr ear.,h otllcr and oppositc (lircctc(l iL]. Thc
t'$'GĆlcctlon wal'c lunctioll is cx1landccl i:r a scr'ics of \Ą:igtcr D-functiorrs Dil if
rlcpcnr1ing orr tlrc set of Ett1cr' atrgles Q in or<lcr to scDłra1c l{]tatiolls oI atonric
fi-&łrc :

L
lTl7.11,,(r1, 12) : L f ,:, Dl;;,@) -t' .f :- ])!;^.(śl).

|(=0

.f 
r,= : ,r|-(0,ąt,. R.),j]:(.1', ł)\i-1.l {n).

D-l:r? r,c,,ls sytunctric a.rrrl ilrltisl'nlrDctric combination o{ D-lirrrctir)ls. ll. p,.rr, arc
lr1-1.lcnphclica1 rariablcs. I : {'.r'. Ii, ]\1) anri z : ił..s' ł) al'c scts of.luantrlnl nlln]_
llers cli{l'ctrnr fi'orll 1,1}łt ily Hcrńcii' Sirrirriig1u arLcl I''irr |l]- 

_lhc 
cł;upJcłl $]-jjLcrrl Ćan

ll<l rcrLrLcc<l to sc])ąr'iric ł-liffcrcrltial cquations in thł c&5c ol's- ilJid Pe-stiltcs '
Irl ca.se of \\'trrrnicr statcs t}tc adiabatic i'l1lproał:ll r:an bc irpplic<i |2]. It is rrs-

sullrc<l. that lr11cl'spllcrical l'irriłtl'llcs carr llc irlligncll iIr ł:lr<icr oI r'a]ucs of rlLcir. tinrc
<lcrir'atir'es ns d. a'L aILd fi. the d _ tlrc iurg1c llctl'cr]It r, ancl 12 _ Ćart llc coltsitlcr'cc]
ils thc ]llost 'qlric*' rariab1c' tltc hv1lcrspltct'ical r'irdills ł - i'l,-< tltc s]o\.csl olrc. Scl[
fulr(.tiorls Ó],- anrl {'f, ci'ur 1lc lbtitld iIr rrIralvtica] foru- 'l]llc sollLtiorl of tllc cqrLłtir]lr
l'c]irti\-c to tlrc Il clr.Ir ]rc rcccivc<l ilr sclliclir.rsjci'ul łppt'oxin]at io]l- Tlrc cIlcrg1'icrc1s
hłr-c 'bccn ltlltll<l liollr tllc lLrincr'ical ca1(:u]i}tio! ol'tlLc Bo]rr-SorrrIllcl'ljcl(L irl1cijriil
orr llrc tariablc /l-

T]lc qnrirrtu (lci'ccl lbrrmrla IoI tLc cncrgl of \\ianicr statcs (lcpu1(lill.q orr quan-
tunr nunlbcr's ll. ł. ł ]ras bccn rlcvclopcrl'

TJlc svrtrrtrct l'\' ]]1'o])Ćńics of t'trc l\,i'!1'e lultctirlri lrar< bccn cortsi<lerctl' {bl cxłrlt1llc_
Ć\'c]] 1'łlllcs of tlle r1uantrtnl nunrbcL .s corrcsponł'l to singlct statcs. od(l r'ł1ltcs o]' s
- to tr'iplct ollcŚ'

TLc;l.rcciili atomic [,-rnrr: ha.s kcn propc'scrl. irr llis lr'aiuc on(.ciLl1 ]cstrici tlr(!
llrtltt]lcr o1'cclu]l]crl cqllations' to dclil1Ć trlIc cxact ql]illtlu1lI lrLtnlbcl łt]lor.c tll,. llruttllcr
r;1 .11. arrrl to appll'tJrc tlLc prcscut approar'b to tJrc St,uk e{loct lor \\rarricr.slatcs.

Rcrfr:r'cnccs

Il] C.Tanncr. K.Rir':Irtcl' allcl '].\t.Rost. R.el: ' Ą,tocl' Phy:; ' 72. .107] (2000)

|2] S.I.Nikitnl łll<l \'.N'0stror'sk1'. J.Phys'B: At'Ale 'Płqs' 18. .13]9 (198')
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Lifetimes of the k3ITu. state in H, and D,
Experiment and Theory

TKiyoshima and S.Sato
Laboratory ofPhysics' Nippon tnstifutę of Tęohnology, Miyashiro_Machi, Saitama 345'
Japan

A. V Stolyarov and E.A.Pazfuk
Dępartrnent of ChemisĘ, Moscorv State University, Moscoą l19899' Russra

lhe nęgative pańty component ofthe ls4p klfl' state ń a molecular hyd'rogen is an
unique. state because strong light emission from its rovibronic levels above thę first
lonlzatlon and the second dissociation limit can yet bę observed' This suggests that thc
non_adiabatic interactions of this statę with thę autoionization (AI) and piódissociation
fD) continua are rathęr weak and their decay rat"s are comparaóle with the radiative
dęcay$'D) Iate orr the other hand, the light emisslon &om the k'I]'* levels above the
second dissociation limit is entirely ęliminated duę to strong PD effect by fie other
triplet plus state' In this work we inr,estigated the competitivl p.o""'' urnóng łr' 

_pń

and RD irr thę krll"'state both by experimcntal and theoretical methods
Wc prcscnt sYstematic lifelimc mcasurcmcnts for H2 and D, k3ll 

"_ 
rovibronic lęvels

over a lł.ide range of the vibrationa] quantum numbers u beyond the dissociation and
ionization limit and lor some rotational quantum numbers M We also present
dependence of lifetimes on i/ for H. kJII'* L-o level- Lifetimes wetę measurecl For
radiative transition lines t'II'.1łuq.-a.l.1u',y'/) by a delayed coincidencę method
combined with <liręct elęctron impact excit'ation from thę ground state of molecules ald
single photon corrnting tcchnique'. The expeńmental resulis tbr H, and D,
kJII"_ levels were overall consistent with 1he present theorętical lesults based on a
precise quantum-defect calculationsą3 of thę rovibronic term Values as łvell as RD' PD
and AI dęcay rates for H, and D, isotopes'

- The non_adiabatjc AI rate was proved to bę important for H, k3fl"-uż4 vibratiorrai
levęls' while PD rate was found to be very small compared rvith-RD rate for both FI, and
Drisotopes. The hfotimes ofkJfI.* l=O levcl showed strong 1y' dcpcndcncc.

(l) LKiyoshima, S.Sato, S.O.Adamson, E.A.pazyuk, and A.VStolyarov, phys. Rev A
60,4494(1999)
(2) S.O.Adamson, E.A.Pazyuk, N.E.Kuz'menko, A.VStolyarov and T.Kiyoshima, phys.
Rev A 61,052501(2000)

!1)-E.' 1 _P1ł'k' V I. Pupyshev and A' v stolyarov and T. Kiyoshima' J- Clrem' Phys'
116' 6ó l8(2002).
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Dec:a-v of rribrational brcathing modcs i1l Ht

Holgcr hrccketl", Slen Iirohnl, Lutz I-arnlnichr. \Iiclael Leurgcl
D. SclLrvalml. D. Stlasse/, A. \\olfr. D. Zajfmarr2

1\Ia,.i-Planck-lnstitut iiir KerDph]'sik, D-69029 Hei<lelberg. (iernanl'
!\1:.'1izrr1a]ul I]lsłiłuh of scienĆe' R.e]rovot' 76100' Tslael

Thc t atornic hydrogcir pGitivc iorr H.{ fincls nluch atterrtioll as a benchmarli
s1'stenr fol t1rc tleątne t of pol]jaioruic ions in gerrer-al' Also, it 1>1a1's a ceŃIal role
jn the clręrnisbry af inter'stellar clouds by drir'irrg p'_otonizrrtion reactiorls rvhicłr lcad
L() ille i)I]rrirtiorl of trrany nlole conplex nlcllcr:r i:s. Ser'eri'll propet'l'ir:'s ł:ll Hł ilte slill
nc,t rł'ell sturlled cxperilnelrtallJ., in partjculill the dissocia.iil'c l'ccornbinatiorl with
lorr' eIrer5- electrcrrs is stiil a corrtr'or'ersial issuc' an<i absolute inlelllal r'elłtatir)n
Iateś hal'e lr()t yei ]leelt rnea,srtrctl'

lJsi g l)canl stor-age techriiclues and Cortlourb explosion imaging v"'c hal'e stutL-

ietl l)re brcathing mor1e vibrailonal re1axatior bl' clirect nea.srtrenlerLts of thc ii.f
rnolcculal' georlehie.s as a ftlrrctiorl ol lhc stora.ge tiue. The molectllat ion.. \'era
ac(|e-lerłted to .'0,5 ]Icv/an{ fro1D a standar'd ix st'urcc arrcl irrjecte<l 

'nto 
the ion

storage ring TSR. Sirrcc t1ic forrnatiorr of H3 is cxotlrcurlic Ę 1'7cv thc iorls rcaclr
lhe sloragc ling \1ilh a broad spectrxnl of itternal excitations. Tl<, obsen'ed relari-

ation ratcs lor thc, lol'cst breathilrg excite<l 1e.r els rverr: of the <'rtler of thcoreticirl
prodi(tio]1, l.ru{ vr:l cortsidc'r'a1-rly sirortcr-. Fot cotnpalis<xr rvith L}rr.'or'}' iL prol"ccl to
be ncc,:ssa4. to itclutle totatioral cxcit6,1io s, rvhich have srtbstartił,l irfluence rln

the vil>r'atioral lifetiures. \\'e have rued the ilLeoretical tlillsition probab.ilities ()f

|1lc IICL Lirrtl lisi for H.i [L' Nea1e, S- \IiLlel lr.n<l J. Tenrlysou' AŚtloplrys_ J' 464.
516 (1996)] tc' derelop a rnodel ft,r't'hc lor'ibralional deca.v TLe modcl sho$s goocl
qualitatil'c aglcccnolt rviilr t}rc er1rcrirnclttłl da{ir alrtl gir'cs fui'thcr hillts fol'V_ef!'

long-1ived lriglrly exciicd lr:tatir.rral statcs ir accorr,lalc)e $'itl recent DR inraging
rneasulemelts at dre TSR (see 1,. Lanmich et .1., this co L).

F[rrcl.d bv DIł (B\'IBF) arLcl EU (RTN "Elcctt'olr trarrsfct' rcactiorrs")'

FIf llrA l: lr|tlldli^n'rł.liul' ''U"

lll fu'śi' "\.iL"J s\l''ln(':l'IL '|)-ć,.].
t.lodc n](.!.tuc.l ą: j|' |||^ a tJ rr.IF
nituc. TL,' p'v lilrc '^L'r^s'nll t "G
L''L|'Jr|'''n '')''1l jl'lion '^Śl'll'Ilg ln ''
I i. irr^.' L lqs. I . L'1.c1. lrn. i.. '.1'.
]tlL cul]]c vl lt DloTÓ J"l Ąil"J _o(i''r"L-

' tional modcl wlt]l łlr initjal iŃer al
tcnpclatl1Tc of 0.23.V.

c 0.2

s
30 i5
L

0.1

' 1rcrłj.r'krr,]cke1(0n1Pilld. pg'{le
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trXPER]MENTAL ELtrCTRON-SCĄTTEzuNG
TOTAL CROSS StrCTION FOR C4H6 N{OLtrCULE

Starrisław Krr'itnc*.ski* arr<l Czcsłarv Szłtlt]<ori,ski

'Ątonric Phyśics Divi6ion
Dcptlrt'nrcnt oI Atonic Ph1sics anłl Lumincscencc

Facu1tt of Applicd Pllysics ald \{łtherrratics
Cdańslt Ułir'cnity oI Tcc'lrnologr' 8G952 Cdalisk' Poland

. ALsoltrtc clcctron-scaticring rotal cross sc<.tion lor 1.3ltrrtadicDc, isorncr oI C1H6,
]ras bcct Incłsltttlti o\cl thc irrl)act clllaltl fangc 1\)nr o.5 to ]]70 eY iry nrcans o1
cle(tron-bcam transmission appaJ.aius ll] rr:lrler singlc collisiotal conditiots. pr(]_
iiruirralr. rcsults of rnc&surct ents arc prcsented in Fig.t. Thc abtaiue(i t(ttal cross
sc(tion cxlli]jils Ł\o (lisdllct r.cEolrant_likc rna-\ilrra locatc(l t about 0.9' 3.2 cv aud
o rnrr l,ro.vl nlt lratlcnrnr.llt "cDtlc([ irt B.i c\'.

Etecrron energy [eV]

Pigure 1: Total clcctlol-scattcling closs sectio lor 1,|]łuta<licrrr: (C1H6). TlLc crrllr
ba.rs a't sclcctcd points lcprcscl}t tłlc oltl'a'Il (statistica] p1us s]:stcnatic) cxpcliĘrcntal
riuccr.tainties.

R cfcrcuces

i1] Cz. Sznvtkorrski ari<l P. \'Iożcjko; \:aclrrtnr 63 (2001) ó1e.

This n'orli \f ils spor;orcd iD part b-v thc polish statc Coturrittcc lor $c:icntiiic l{c_
scarch (I{BN) i,.l]d l)y tllc \1il}i511_r'of Edlcźltiot.
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FLUoRIN'ĄTION EF'FtrCT ]N ELtrCTRoN SCATTtrRING
Stłtlislarr' 1(iritrrcrr's1ii- anłi Czcslarv SztlL1'tkott'ski

Atomic Pllvsics Division
Dcp.utnlcnr: of Atot:uic Plrr-sic"s irncl Lunlincscc[cc

Faclrlrr' of 'Ąppliccl Plr1'si<s arrcl \Iathclnatics
(ldalisk t'ni\,ctFitv ol Tcclur,rl.rgv. 80-9i2 Cdarisk. Pola.ld

\vc lcport' thc aLso]rltc tot;tl clcct,_o1t-Ściitcrilrg crofis_s,]criolls (TCSs) r-Ictcrnincrl

iIr tra.rrsrri.ission attoiuirtio]l c_\l)cljmonts |t] lbr sorłc łrvrlrogcniltr:d (c3H(, c]3I_Is)

iuril 1>crlhorinatcd {CrFo) molcculc.s. ol'cr tirc cl1crgl rangc fr<'ru 0.i to 370 c\'.
Figurc 1 prr,scllls oul Icśul$ alc,ng \Yith C3F6 cirrLa oI Tarta}iłr |ż] lor tlrc c' 'rrr1łui-on.
T]rcrc ar'c subsbąrrtiil.l cliIlircnct's irr t]rc slrapc t'rrrd rrragnitrt<lc ofTCS errtlrgł' furrctił:ln

for lr1.-<]rocar']lrJns a.nrl thcir pcrflrrorit);itc(l cr)ulitcl'pi1r_ts. In paIticulą.r'. T(jss for

]lcrlitor'idcs cx1libit a \'cr.v ]-lrozxi rnir.til'tlurrr llct\\'ccu 20 Ąrd 80 cv'

€Ń

22ag

.Ą

.,;Ę't i t' '" '
.. .ł.='-ą--- -

- --r!-* ł_ "_ 
-!9ą

_Ę '9i.+.
:..." Ęc

Figttx' L: Conrparisolr oI clcct1oD-scaltcl'iul] t()ta] śI()s; soctioll$ Llr' plopeirc. lx'x_

a11uorclprt:,i;<'tic. 1lroparlc ł'trll lrr'raJlrLorollroputc: (Y). C']Hoi (v). cl]io; (o). {l3Hg;
(o), C):fs f2l.

Rcfcrcticcs

|1l (1z. Sznir,tkori'slii arrr1 P. \{ożdko; \:ilcrlułr 63 (2001) 5.19.

iż] H' Tanaka. Y. Tac]ribana, \{. Kitaiinia' o. Succlkł. H. Taltaki. A. Ha;rrrłja' JI.
Iiirnul'a Plr1's. Rcr.. -Ą .j9 (1999) 2006.

Tlii; ivort rras sl'':r:llrsr:lrcrl itt 1'lal't 1l1- thc P(,lisL SŁatc Corrrrr i'Lcl:l fol si|il]lltilic Ilc-
scl'r'xłr (I{BN) ai(l l'ł t]ic 1{'il:LisŁl']_ ol Edu(&tion.

'E mail addnxs: srru c) q)rrlilp,t.!,{L!.pl
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Bąołxup DyNłlłrcls IN THE DtssocrArrvo

RpcolłBINłuoN oF H'{ łNo ITs ISoToPoMERS
L. LarnuricLl', H. It<rkcll, S. KroLnl. \I. Larigcr, D. Sch1\,alnrr.

D. Str.a,sscl2, A. \Vo1I1 a-rtil D. Zajfirlartż

1 \I{Lx-Plalcł-Instiirrt liir Kcrnpll.r'sik_ Hci(]c1l)cĘ. ccfnlal}l'
? \Ąlciznrarrrr Tnstitute of Scicncc. Rchorot. isląel

'1'hc disfDcjłti1.c rcconbination (DR') of tllc triatornic ]lvr]logen rrro]cclrlar iorl
in thc ribraiiorritl grolncl statc $'iih zcro-oJLfrgt clr,,^rrons Lna,ls r(, tJ\o (li{lcrcnt
llna] <']rłrrrnc]s. orrc br'ing ilre brcakup i to onc h]'{']l.ogfl! atorn an<l a (1l<lssib1v r9r,i_1,r.rliĄl cl Ć\-.it('ll l.r''Ir,1gl11 6q orl1l1. llln otllcr ]lnlll; llla l'rrlk lL, tnto ll.l.,.c';lr'3h
h1'rh'ogcn atorrn. -Ą1l cnrcrgilrg fraglrcnts ałc in rhcil clcctrorlical $ound stłte. T]tis
prcx;css is oI 1ar8!' illtefest lor ilttclstcllłr ion c]}ertlistĘ. aur] rln<lr:r irrtclLsc cxpcr'i-
rncntłll an<l tlleorclical stud]'- as a jlc:rcłrrnłlrk casc for clcnctrta'r-v reąctioru in srrrąJ]
'n rl,..u lqs.

Thc distńbutions of Iialintcntation ]nolncntut] gcot}ctlies an(l tltc l-iblationa1
cxcitatioll oI Hl anr.i D2 products \\tl.c 1rrcasuad for I{,i [1] and Di. stoled ó.s a
lłst ]rcaIrr in łll ior] stolągc ring ('IS}1, FIciltJLnrg). TlLo stora*o lL]orrs riv]iativc
rclariition of tlrc nlolccli]t's cluring up to 8f|Ś llolora tll. olłr1rr1n i',1..,'oar'or'-

Anotllcr i]ltclestirrg rcsult is tlrc &rtding oI arr cxccśs crx}x!!Y of scr.cral łLltrrdrcrl
rnc\r in thc total cDcr-g\. rclca.sc of thc tltrce-body br.cakup (cf. FiA.l)_ This $.as
attributcd to a rcry long lircd rotatrojral cx.iiatior of rlrn HJ iorr, rr{Ljcli could Iril,c
stlottg irrtplicaiillns ol] r c&sulcnlcllt's oI its DR. r'atc coclłlciclla ili st.Jlagc fit]gs. Ad-
clitional cxpcritrxlrrts pcrfol.lncd orr Dł and DIIT+ allolr' a conrpirrison r:rftLc clifcrcrrt
isotoporncls-

r) rrrl I'igrrre 1: Distributioł of irnagc
sizcs' lor thc tlucc-botl1' breakup
of Ht. $'l!icli ar.c stro:rg11' corrc-
latcd to thc kjrrftic cncrFl. r-clcąsc-
Eqrcrimental data arc sirown il
cotlparińon to lłontc Car-lo sirrru-
lations assuming rotational cxci-
tątiorrs of rlijlelcilt t{.rnperaiules.

I\mdcd by DIP (BMBI) anłI EU (IITN ,Elcctrrln trarrsfcr- roactions.,)'

Rcfcrcrrccs

il] D. stiŁsser et łJ.' Pltys. Rev. Ićti. E6, 779 (2oo1).

"lutz.l:urrrrrir.lr@mpiłd.mpg.dc
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UNRESOLVED FINE STRUCTT]RE OF HYDROGEN

BALMER LINES AND TOTAL EMISSION CROSS
SECTIONS IN BEAM AND PLASMA EXPERIMENTS.

Bolis P. Lavlov:urci Andrei V. Pipa.

hrstinrte of Phvsics. St.-PeteNbtug Stitte UniversiD,. L9iJ904 Rus:rJ

spertlal lil]cs ()l' B lnlcl selies ol' alollic h}dx)gcll (llo. ą. ll.'' ' ') łl'ę kt]ow] k) l]illc
extlu]]cl}' nlll'()\\' mtlltil)let stl1lctLl]!' This finc stl'Llc1lu-ę is tlsurll}'iulrcsol\'c(l bęifig
nll]\](ed b}'tl]e ilrstru]']]entłl. DopplęI i]nal of Statl< bloaclenings. łlrd lhę 1otxl lltleINitics
of Bal'nel lines hal'e 1() bc lnelsu!€d' Tlrcsc illlensities ffe u'idel}' tlsed lbf plasll']a
diilgllostics łlld ti)I deteu]]itliltion 01' so-ci lcd cl]]issi()l1 cll]ss sectiolis ll g\pcr]lllL]lll\
with clecto]l beanls. bttt thc e\istęncę of the tjne sfuclt]]t js igrotcd rvithout itny
al_quD]e]]tatioll (sęę bibl' ill Il]). The ajm oi prcse]']t ctlntljbutjon iS to sho\\,tI]at tl]c
lgnorlnce rraf iurd kt sigltilicant ntistal(es in both: (i) tlle stlrdies ol-{he erL)\s scctious
lbr dircct (cleclron-itioul) and dissocialiv.' lclcctritFntolcculcl clcctrorr illpirct
eacitatlon plocesscs; (ii)the spectroscopic diagnostics ofionized gases ilnd plasrnas.

Thę |ossibilih' of il col']ęct accotlnt of 1he 1ilre stiucn)lę ol Balnlef lines u,ts shorr'n
q'ithin simplcst cxcitaliol}deactivlrtion nl(Xiel (electl otr inlpuct e\citiition irnd
spontaneolls enlissitu clecltl') ti)l_ flvo sil]']plc lil']]il cJses: lh( nre l wlręlr collis(xlll]
rcdistit)ution o1'populłtidl c1ensit1'' alrung tl]e lil]e structuB ,/ Stlblc\'els nrilJ, bę
l]cglęcIed ('I]l(' siluill]on Inir), be n:ached in gas-Ltłllr atld ctossęci bełn]s Ć\]lcllIllclll\)'
L''r]'l ll\c (d\e _J \\,hcn dnc to ę'iIcient lnixing collisiclIls. lhc 

'l 
sub]c\'cls Żllc pol]Ulatcd

irccolIlilrg to Boltzr1r] Lau. being l']llinly plopu'tiuli]] to thęjl degclletilcies iThe
situatiotr is Ę.'picll 1br gascotls dischaĘe plasnllls). ln []oth cirses lhc to!tll (']l1i55iorj
(1'o.\\ s(('tiat/l (and ccxresponding l"le coellicienls) may bc htxrtlucccl altd lcltted to //i('

l)d]'tiL!l e](ik!Ii(rt ('/1)\! Jc(?ł)łl. spol]tilneoLls enlissiol1 tl'Nnsiti()ll prrlbLrbi1ities łilc1 thc'
lifatiD]śi ol''// sllblcvels.

Qtlanlitlti\e lrnalysis based on aLI łvailable cxl]eńllrcllti]l trlld cilIcullted di]til on 1hę

dil1]ct iln(l(lissociativc electrol}impccr excitillioi't ofttontic hvchr)geD lll sho\\ rlrtt:
(i) 'I'hetę is sigliircurt clifference between tl]e en]issjul closs sęctioi1s (11s \\'ell as

betNeen lhc nte coelijcients lbr l\4rxrvellian electron enerql, disrributirin) of electror!
itlrpircl eacilatiol] of the H,, and Hp lines calĆulated for t]]ose h\,o ll]l]it cases ic'g'. thc
clill'eręnce exceeds itll oldef of n]agllillde tbl dissocilttive excitlltio]1 ol'thc tł] linę)'
'I'htls. lhe datil on t]]e tolaI enissitlll cn)ss secliol]S 

'neźlsurc(l 
in btlllll c\pel'inlellts cilł't

bc ttsecl itr pIasnu Spechoscopy. \\hele collisiolul rędistl'ibllliol] ol' pol)l]lżlInn dclrsit!
ill1long r//-srrblcvels is sicliilicixrt.

(ii) To bc łble to ob(lilr tht' cnrissicll't closs \ecti(n]s llnd 1h. lNte C()c]icielil\ fdr tl]c
cilse 2 one lras lo k]lo\r the Pinial excitiltiol] ctoss section5 olł1 stlble\ cls'

(iii) Nowirdays. 1i(itl thę t'llst lilur Bahller liles (rr:latircl1' ell5ily (let.clłble) ()Ilh, 1lt\l
two ]il]es. i.c.. H,, and H!. nlay bę ilctually riserl in pllrsnlir Spectlo\r()p\ dtE t() the
abse|cę ol'data on tl]e pańial ę\citation cmss sections of ł/-stlblc\'L']s \\ ith ]i '-J'

Refircnces
Il] B'P.Lłrro,',. A.V.Pipa. opt.spcctl.. 92 (2002) n.5 (in plinr)

ę-]'nail: lavlo\'r.r]pobo\'spbLl.t1l
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Electron Impact Excitation of Atorns and Molecules ancl

Spectroscopic Determination of the Dissociation Degree of
Hydrogen in Non-Equilibrium plasmas.

Boris P. Lau.ovl. Anctci V p4tar I and Jiirgen Riiltcker.

l. Institlrte of Ph)sics. St.- Pcter sbur g State U nivesity. I9990:l Russla
f' lnstitute ol'Lo[.Tęn']peulule Plasllł PI]y'ics' Glcifś\łald. l7'1,Y9 Gerrnany

Thc dissociatlott dęgrce of h)'dlogęll is oire of tlre lrrost it]]ponant pilran]ete$ of
h}'c1rrlgerlcilltdning l)Ilsllu especiNll}' jl) lelłti('l to sru1iIce łtci voltul1c plruu
circInistD'. Ill norlcquilibrirul gas dischagc plastnas a calcltlarioll ol rlic djssociutiur
(legEę is t(x) coIrrplicated alltl rtnrcliable. TlręI€fbtę. sevęti]l expeinlental nlęthoc1s rvęre
1'lttl1ltlsed lnci used [1-5]- They ate lrased on n]ellsulcmęnts of absolLltc Il] ancL re]ativc
f2-5] intensities of atonic (Balntel lines) [l-5] and nolecular (Fulcher-o biud s),srcnt)
[2-5] enlissions' Ill ł rłiclę rurge o1' plitstrra coDdilio]s hydrcgeD irt(}nls and molecules
arc cxcircd nlainly by c{cctron ilnpi}cr. rhc atonic cxcircd strLtcs bcing ptpuJarccl in
elect(l!]-atolD (dircct ex.itłtioD) and electl1'}llolecule (dissocii*i\'e e\citltion)
co]lisio]s. Then. thc ilnensities żl|e prcl)oltiolral to l]]e dcnsities of łk'l'ls (LH]) and
mdeculcs ([H]]). tnd their iario [H]/[Hr] (colnected \\,irh rhe dissrciation degee) coLrkl
bc obtaincd l-hc axcitation liltcs dcpcnd also ctn thc shapc of electrol cłct.w
clisttibutior (EED) and elect(nt conce tr?tion, se metltods Il-2] inc[lde Liu)gtnoir
1'lto|t nlełstll'enlents. \\1]ich cannot be tlsed in nrost plasn]a sourees' This pl.oblen] lllł\,
bc ovel'col'nę []y i]]tl1)dt]ction ot'tl]e electlol1 tel11peilttllę T - i tj1icia] nlaElindc ha\ ing
llle sellsc (ll_a l)i]tl'!lnęlel o]'l\,llxr'vęlliilll lti'lpItlxilrratii.ltl ol'rcal EED in lhe Vlcilli{! of r]l
excititlion tllręslrolcI [3 _5l' Elei1 ucasulec] titlio ol'll)c ilitetlsilięs l]lłv bę tęhlc(l to ll
line on tlt pl.rin T..[II],[lI]]. ilrc intęlsęetlorrs of nl,.llt tIlltn t\\'o L,t such lulcs \\otlld
gi\.c the oppońul]iĘ, to obtiLil] Ul],'[Il:] and to \'efiry irn applicilbjliq,- ol'tl]e method i]]
cerlaiu l)lasmr coDditions.

The goal oi thę l]rcsel]t rcP(nt is to sho\-\' tlBt iJ]srlfl'icielrt knorr]eclge tlf ctoss
secliolls tin'ęlectlo!-i]]1paci e\cilation of atotnic and n1olecullu. h},dl.()gell is no\\' '1hę
b()ttlc-nccI(" ill dcr,clopnctit of plu'c \lu(tl(lsuolric (nr.'n_inrlsirc. 1!nl('t!'iind ii sirł)
mętlrods oi (ictęnnjnjog tlrc dissocirtiul clegee' Thc clll]ęnt sirllłtioll in ę\pclinlcl]tal
a]nd Llh i iti1 stlldies ol li1e clecuol}i]Il]irct cross sęotions is PrcseI]fed and anirl]'zctJ.
Qułulilalivc alalysis ol tltc intetisily ntios ntcasued jn lo$.pressllrc nticuvavc iurd
irro djsclralgcs is discLrsscci. lr is shorvu rhat thc considere(l ltroblcllr of plusm,r
S1recnoscopy neeils hel1l HoIn Colllsiot] Physics bl,oLrtail]ing thę electlolr lnl1llrut etos'
secli('ls via: (i) c](]C' cłlct]lłtiorN of the clilęct excltation ol' tlic /7/- lil.]e sh'Ltclluc
sul]le\'c]s 0f thc h)dlogcn atolll fbl /7'-jł' (ii) nx)c Clctailed cx1uin-tcntłl studics o1'tl.]c
(lissociilti\e e\citali()lr o1' the ltl- subler.ęls li)L/;'2 al]d ol. t]re dilccl excitillil'] ol'
se1lar'ate elcctrrlnic-libl'o-lofalional speclml litles of ot]lcr tlran Frrlcher-tr i]ancl s)'stęms
of H: rnolecule-

l l B.P. L.rvrov. Opt.Spcctrosc. 42 ( lq77) 250.

l2l A.lvl.Deryalov c. .r/.. Opr.Specrrosc. 7 I ( 1991) 9l 0

[.il V'Schu Iz v()n dcl cjirlhen. H'F. Dóbele Plasnlll C]henl ' Plasnla Pfocess. l 6 ( l 99ó ) 46 I

[4] N' Lang a/ ł/'' Fl'ontieN Lo\r.Tcnllr' Plaslnir Diagn'' słillon. s\\,ilzerliuld i t9991 2_s.l

[5] A' Pip .,/(i1', ECAlvlP VII. B.rlin (200l) ló9'



A"lłÓ
PAl]:I' IAL A \IP LI'1'1 IDES AND ZERO- R.ĄNC]E P( )TEN-]'IALS
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Sngcl Lr,lr|,. r' Srrgi,r \-rrirrlirr l
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] lirrliIrirrgi'łrll Strl1L: l,]trirr'rsitr.,\. Nt'rskr s| ] ]. I(ll]tItiltlll'rrrl. l]Llssrlr

..\ lltrrlIił1!lt,]1-rl]lllti t.1rlllLrtl.] s.li.tt.l'illg l)l'()l)lt\lr js stllrlir'r] 1irłtl 'l ])(riiLt l,1 \ it'\\
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ATOMIC] FLUORESCENCE AFTER THE NEUTI{AL

DISSOCIATTON OF THE RYDBERG STATES OF D]ATOMIC
MOLECULES AS A TOOL FOR INVESTIGATINIG THE
DISSOC]IATION PROCESSES IN MOLECULAR IONS.

lt.Liebelr. A.Elnesluann . ll.Schnloranzerr.
Ph V.I)enrehhinr:". B. M. Lagurinr. V.t..Srrkholukovl

I Fachbclcich Ph),sjk. Utriversitiit Kaiserslżlulel'n. D ó7ó5.]' KiljscrSlatllet n. cellrl nl:
' RQstoV statc LJni\'cl'sity ot'Ttłnspot't Col1]ll]tltlicirti()ns. .],-l.1(]3E' Iiosl(]\.()n-Do]]. Rt]ssia

Rcccntl\' ll-il photoir-induced fluo|escence spectrcsc(ipy has been applied lo
study the neutml photodissociation ofthe oxy-cen nroleclrle. lt $'as tbuncl lhat duljng
clissociatitllt of tI']c stll]cl'cxcjtcc1 O".' 2ą'"l (c r'!, ),l(d/s)o" n](]lccrl]ll stiita5 lhc
nlłllecri]at I{)dbcrg r(d]s)oq_clcclt'oll is cill)ttllcd b)' tlnc ,.lr),gctr 1lt()i11 ii)l]11illg thę
o 2p'('s) 7/d,s e\ciled łlol]'lic R]'dbelg stales and lea\'i|]g lhe oll]eL lfoll-l !llostly ill the
2pr{'D) statc. 'rhcle exists anotlręI dęę\citation pilth; i}tltojoI]izatio11 ol' lIoleclllar
R),dbelg states ilttrl clitiererlt contil]tl',r' TheSę t\\,o (leę\citlitioli citllrnels ctltl'lpcle rvitl'l
cach othcr' In the c 5e of iutoiollizl]ti()n. R}dlrclg states nani1 st tlrcnlsęlvęs oll]),iI
p hot()i bSoI pt iol] spęotfir oi'no]ecu]es' lll colltlaSt. llrtorescellce f'r'orn ()'"2pr(rS1łcl s
e\cired rtonlic llydberg st{tes is li result of rleun l dissoci:itiol). IIere the R)dllelg
clectl'irn plays it lolę tlf "]nlrel trrro|re'' alltllvilrg onę to coIllpl]lc thc Fle(lissociiltion and
lu1ojolrjzatitlll lilc1illles' Thelęibre t]]e ioilll al)al)'SiS of rtoIIic tlLloteseetiec cllltsslotl
cless sc(:tions logcthcr \\'1th thc irbsorftion closs scctiou of lllolcculcs pro\. idcs
jnllfluatioll o[ thc c]issocialiorl and Aligcl łrlcs irnd can lle a po\\ellul tooi to stud! thc
dissociirtlon llroccsses jn nrolecules.

Ili the present \'o|k. to interpret the reslrits 01 our lneasL enlcnts of iltomic
l']uolescence enrission ct'oss sęcli()Iis oi'oxygen l'o11ouing thę nęLrtla] dis50ci{rtion ()f

n]()lecr|lal R)'dbclg 51aleS co]lvęlgil,)g lo thc 2q,_l (c r:,,_) lhreshold [2.]l. $e pel'lbt'l]]cd
ertensir'e ca]crtlatii)ns of PotęIltial curves of nloleculat' ilxygen. -|'he cil]cL]1łti()ns \\'ere

1rellblnrerl u5ing {hc MuIti'Rę1eIence col] llgtu'tltion-]lltęlactioIr tuethotl anti yieId
accLlflle potcl]tia] cutres lilt'al] \|ęclIoscopicall'\,tli-lsctvccl ()]- stirtes- T]lc obtail]cd
pofentitl cut\es \\'ere Lrse(l then to crlculate predisrociutior liietinres. ('onrpiri!g thc
latter \\ith flle autoi()nizatiou litetimcs rllo\\s Lrs lo exlllrjn the main fairlLires in the

' 
lb-c' \ c(l'l,l''l (.:'LiI]ca śl]ll\tl' l.] !r\t)\ \('.'L|''Il\'

Ph'V'[)' q'tlulrl like to acknowlealgę Sllpl]o lr)/ thc Alexander r'on []tlnl[]ol(lt lbul]dation'

Retćlences

lll N'I' Ljk.i. s. N'lachida. K' Kalnęti]. M. Kita_iJnra. N. Kiluchi. Y. liali]no. K. 11o.

1ł]]\' 1?trr'' 1-c1I.74 ( l995) 2_]9'

[2] ll. Liebel" S. l.alrer'. ]'. Volllveiler. R. N4illler-Albrecht. A. El eslniur. IL Schrnoranzcr,
Ci- ivlęlttzel. K'-H' Scha11nel'. C)' wilheill1i' Pll'\'\. L('ll..12ó7 (2000) j57'

[-3] H. Licbel. A. Ilhresn'rirln. II. Schnroranzer'. Ph V l)cnrekhin. [].NI I-.rcrrtut.
V.L' SLr]ihonlkov.../. Pl!\.'5' IJ:'Ąl. )1łll' Opt' Plt1,'.''.35 (2002) |]95.
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Iilectron and photon induced processes in SFsCF-r
P Limilo Vieira'r. P A Kendall. S EdeLt atld N I N'lltsor,

D (:l) a rl ]. n l 0J I' h\'.\ i ( s ą nd,.\'\ t ]'! rl ( r n\' U 11 i \'. J's i I \' L' a | | ? g( L( ) } td ot 1

Gtllrcr Srrcel, I'ondon WC]E ót]T. Utirttl Killgdolu

(iltlceln filt' the ęt}'ects of c]ili]iLtc chlllge has grtlrvll duriltg thc last yełń łl]d
n]aIl-V ()1'thesc ali\c 1ioln tl]e colls(łl]t enissiolt of 1 cd]utant\' TIle IDl!L)l' collt butiol}s
lue stolig glccrhousc gases colrlloluds such as CO:. CH] altd N:O. -fhe recellt
lntcIniltiol]al IJancl lor c'lin1ate challge (lPPC) Icport loreciłsts that tncłn gJtlbal

tcmpcratlLlc\ nral r'isc bV as ruuch as -5.8'C by the circl oi the ccntur)' L I ]. Hou'c\'cr thcrc
tue ttunrllcr oi gascs lr,lrelr althortgh pr'c'setlt in tuuc]i stna1lel quantilje\ hżl\'e a
sigIi1lcłlrt c()utfibLLti(n] t() g]obill $'alnlins ClLLe t() 1heil lalgc inIl'łt'cti absol-lltir 'ns

A nclr]y cliscor'elcd totally anlhropogenic origi!] l]loleclr]Ć is tlil'ltlololjlethy1
\llIl.|]rl' |1rIlLlll'Ll,.|lLlc rSf'('I l lt |rIl..ę..sc. lhc lłl''.:c.t ratliłlj.,' l','_-lll:' ,lr l' ]lt'l
ruolecule basis oi aLl gascs present in the .!tnrr'\nhcle. 0 i7 \\ nl ffh . accor-dillg to a

fccclrt Icllorl []]. Moreolcr. tllc lc\,cls in thc atluosirllclc fbr tlli\ Irlolcctllc al! cLllTentiy
rntłll' bttt gloting at a ótl. pc| )'eaf ra{e'

In orcleI l0 undelstand alld stucly the nrtrlecuiaL \l)cctroscolY altd elcctrou
itlcltlced ploces\es fol thi\ lllo]cctllc' at'td c{eięt'nritle thę lii'elin]e and gltrbal rł'altrrirrg

potcl']liłl il] Eal'th'\ |ltl}lospLlelc. \\,e have u\ed thę clęctloL] e1leIgJ' loss spcctlo\cop\'
tcch11i(luc t(l \tLtdy thc Ir']oIecLLle in the UV/Vt-aV Iegiolr |]]. higl]ł'e\oLLltion int'l'a'led
\pcctro\col)]/. ilnd rcccntly \\'c nrcaslrL-cd a VLlV photo-absorptioruoss scclion at lll(l
ASTRID \)'uchro[1rn radiation ilcility- AarhrLs. I)cnnrarli.

^ 
]]hot()clecll(nr spcctt'a has also l]ee]] nlea\ufę(L l1 1l]c l]nivelsjt} ()l Ljige.

]]elgiL]l]']. FtLrLheI details \\,ill bc pIęsęlllc,J at tI]c lrlcctillg.

'',\l{) lll Dcplńłl|.nl(r !li: |isi.ll' I]("l Ll\|'. QUinlll d.l Tone' 2s)9 51Ó Caprlicr' }ł)fiusrl xll(l ('cnlllr
(ll 1:i(icl N'jol.!ullu. (i)ln c\l, I'ls'l''A\'Ro\is.oPriś'|()-1')'()0l]'i\boll.Po11t!rl'
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OBSERVATION OF ELECTRON IMPACT EXCITATION
OF OXYGEN AT 180"

Ireneusz Lineńt ', George C. Kingt and Mańusz Zubekł

ł Department of Physics of Electlonic Phenomela'
. Gdansk University of Technology, g0-9S2 Gdansk, poland
TDepartment of Physics and Astronomy, Schuster Labontory,

Manchester Unive$ity, Manchester M1B gpl-, UK

^^" 
El":t::l^tloT, excitarion of oxygen (Or) has been observed at scattering angles of

90'and 180'in the energy loss mode. In this experiment a new conical coil system that
is a fuńher development of the magnetic angle-changing technique [1 

_ 3] has been in_
corporated into an e]ectron hemiśpherical spectIoĘetel' conical;ha;ed solenoids enable
cancellation of the dipole and octupole magnetic moments of the system and thercfoĘ
high localization ofthe magnetic field (which decreaseo with distance as r-7). I" 

"aaitio"tley give efficient pumping of the target gas ftom the electrcn scattering region. Figure 1
shows energy loss spectra recorded at an incident electlon energy of r0.4 ev. Exciiation
of two.states, the orA_n and brDj are seen in the spectra, atorriwltt excitation of vibra-
lio.nal 

l:vels:-f-lh.e XrD; ground state. The brDj stare, which observed at g0o, was not
detected at 180" in agreement with theoretical p;ediction ofthe D- _ !+ selection rule
11]: 'T':*"'.',ł 

ratio of the orAo peaks at 90ó and 1800 difiem florn that prcdicted bytheoretica] calculations ptesented in [5]. However, the lelative int€nsities o{ the energy
lo_ss'peaks of o1Ao and ól'; states at gbo are consistent with the plevious measurements
of 16l.

:

Figure 1: Energy loss spectra of oxygen observed at alt incident electron
_ of 10-4 eV and at the scattering angles of g0o and 1g00.
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DIFFERENTIAL CROSS SECTIONS FOR POSITRON
IMPACT EXCITATION OF HYDROGEN

L. Lu6osi1', B. Paripós'Ż and K. Tókćsil

I Institute of Nuclear Research of the Hungarian Academy of Sciences
(ATOMKI), H_4001 Deblecen, Po Box 51, Hungary' 2 Depańment of Physics,

Uuivercity of Miskolc, 3515 Miskolc-Egyetemvóros, Hungary

We present theoretical calculatio[s for excitation of hydrogen atom by positron
impact'' In oul recent wolk we use a di stońed uaoe polańzed orólźol (DWPo) model
and the clossicoi trajectory Monte Corlo (CTMC) method to calculate the angular
differeniial and total excitation cross sections for positron impact induced 1s-2s

transitions in hydrogen (Fig. 1).

' " 1""ff*,,11"'"T'iil*i'*'*
Figure 1. Difierentia,l cross sectiolls for positron impact excitation of the 2s state of

hydrogen at 50, l0O and 200 eV bombardrnent energies. DWB2 [l],MCC l2l' CCOM [3]-

In this work the cross seciion data obtained by various models are compared and

the diffelences between th€ calculations are discussed'
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Relativistic and Nondipole Effects in Two-Photon
Ionization of H-like Ions by VUV Photons

N. L. l\'[anakov, S. L Marmo. A. V. Meremianin and S. Yu. Vjazovetskov

]ł.esearch and Education Ocntar, Varanezh State Uniu'' 391693 Voronezh, Russia

The rLse in rccent cxpcriments of short, high-frequency (VUV) )aser pulses prcr
cluced by i,hc high-order harmonic generation of fundamental lascr beams in gases

ard test operation ol intense free-electron lasers (HASYLAB at DESY, Hamburg)
v'ith photons of energies in excess of 200 eV stimulate the arialysis of relativistic and
noIldipole efects jn multiphoton laser'-atom intelactionS. \Ą/e present such analysis
for the trvo phol,on ionization of high-Z hydrogen-likc ions with exact account for
relativistic cllects (using the Dirac equation for description of an electton in a point-
like Coulomb fleld) and emploving the full multipole expansion for the photon vector
potentiał in e]ectlon-photon interaction, rvhich we take into account perttrrbatively,
in the second-order perturbation theory. To analyze the relativistic and nondipole
correclions to the Elliptic Dichroism (ED) effect in the angular distribution (AD) of
photoelectrons (i.c.' the dcpendcncc of the differentiai cross scction ol Łhe heLiczty
of a photon beam, r,hich vanishes for the case of compietely circularly-prolarized
photons). rve r:onsider the genera) case ol elliptically polarized photons.

lhe separalion ol kinematical and dynamical factom in the AD is perfornted
using an cifective angular technique bascd on the reduction formulas {or bipolar
harmonics and muitipole expansions of irr'educible tensol sets i1]' ,Ąs a result. the
polariu ation-ar]gu]ar factors in tbe di1Terentia] cross scction oI two photon ionizaŁiorr
from art arbitrary |nj Im) sŁaLe of the H'atom are explessed in an inr'ariant folm
involving only scalar products of photon polarization vectors wilh the electron mo-
mentum p and Legendre polynomials of the angłe between p and the dir€ction of
photon bcam. Dynamical factors involve second-order matrix elcmcnts of the radial
part of rela-tivistlc Coulomb Green funciion (RCGF). In calculations of these ma-
trix elernents we use a gencralizcd Slurmian expansion of RCGF *'it,h trvo arbitrary
paramcters o and cr' l2j. An appropriate choice of ihese parameters provides agood
convergence of Sturmian cxpansions over a rvide range o{ photon lrecluencies. Thc
rcsults of nunrcrical calculations rł'ill be plesented lor the total and dillereniia] Iates
of two-piroton ionization from the ground state of a H-like ion rviih di{lerenl, Z as
we]j as for thc mŁrgnitude oI ED paramelers in the AD'

I'artial support by RFBR Grant 00-02-17843 is acknołvledged'

N.1,. \lanakov, S.1. N4armo and A.V. lr{eremianin, Journ. ol Phys. B, 29,
2711 (1996); N.L. \'lanakov, A.V. Ivleremjanin and A.F. Starace, Journ.
ot Phys. B, 35,77 (2A02) -

N.L. \{anakov' -Ą. \"Iaquet, S'I. ]r4armo, C' Szymanowski, Phys' Lett' A'
237' 234 (1998); r\.Ą' Krylovetsky, N.L. ]!{arrakov and S'I- ]r'Iarnro' Zh'
Eksp. Teor. Fiz., 119, 15 (2001) [Sov. Phys. JETP. 92, 37 (2001)].
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Influence of the L:rserb:tndwidth on the Excitzrtiorr

Probability in a Two-Level Systern

S' tr[lll'jcIrielrll. Y' Pls]rłr-attr 2. H. Ilotr11l1'
N. \'. \'itrrroyr'1. Ll. \\ Slrolcr 'urrl Ii. ti,r.glrirrrrr1

I li,l'l,lptl j,'h I)ltt1.sil'' (,tlitl,tritlt l(łt)sł:r.slulhllt. (i"iii"i ],''lli: 1'l lnłl"lt (iłl'lrl,tlt.t1
2 ]1L\t)tłlt! .|1l t'llą.sitłl Iłlłł]n:t].5'15 i| 'Ar1rl ltiu' .|'hfu!n)l' |'. |'i5jlJ|).\t]i}lll/r
! D,,| ,,t Pl,a't., '' S!).f!1 t.'1}i|| }s!t4. ']olłt,,: I}ou,.lu,t j bll'l'' 11a(i ,so|ltl I}uIl1tll)tt

11l (u1l1('('1it)1l rr'illt 1llirlrll,rl a(]l]isilłl oxl)cril}I(1rts ill\1)l\_illA r'iIlt'lrrrlllalLr lxci1r',]
lll()l{t'llj('s. ric lltlrllr.ss tll(, 1'r\)l)](,lll rlf r;1llliurrrJ ('\('itłtiorr łlf lttrlll.rrt1r's irl a r'rl]1i
tlrłtrrl rrrL llr.ct Lll rl' Ilr,ilttr 1lr_ ll r(,ll(,I'crII illtiilr'(\l 1i91rt srltrr'rr' rr.itlr srlll xIlIz llaurl
\\i(llll. Al)arlr 1'lrrr tlu rr.r'r,t;rgts o\rl tli( ix.aur rlivligtrrlr,r'rlatrrl L)t41rlcr pr.olilr,
(r!tL|s1!rrrrlitl3 f() (li-t(,s()n.lrt r.rr it;rlio ) :r (l tllc 1(rUilÓ(lilLrl rr,locitt tlist|illrtiolr
,rf tlrr rrr-'lccttlar lx rrrtt (lcirrlitrg to (litii)r'( l1t iirtcrrr(-li()[ tilri('s \\'itlL L|c lrJrotUrr 1rr,Ll].
\v| irr(..(r){\rr')l((l \\'itlr ilt..11(\ts of colrrrr.[t 1Irr1IIrIrr tiorl rclrrLlr i(]lrIl) [t]. IILL,:
('I'Il 1tlllis ł sllllsIi]lLljtl] f()].. i1'fcsp(,cl,i\1,ol t]ir'liellt ii1t('lNi|\'' lirl <.rlIlllitirltts sllr.1t
|1LiLl |]l{' (l(]trlllit]g f 1t't'ttt r'csllltłlt,r. is ltu'gci tlr.i1 thc ti]llfil] rvirltlr'I l rl1't1tc'
friuNfbrlll lirrrjtr.rl crrl|(.ir.rrt ligLl sorlr((, (1 : l)illso l(t!gtlr of illItirlti(]lt). .\s iur
('xilIli])]('()l il}t(!1'st. \\'('r-rłsi<lr't't'xr'jtlrtiott l.lt ll tltir1rro1 s\'sl(.itl (l''i]. HFtr --. 1

.] : L. Illl = () + r'- (). 'l:1]' Ilł.tlułl lirtrrt 1tllll rlllrlllt:]2Hz) [2] rritll ll siLLglr'
1I1(xlc ('{)]ll]llll(,]]s \\'l].11'()l)li(łi ])żlf,llr(,tfia rlsr ilJlltrlr' (()P()). 'fltt' turl]r'r'tll,rl' Ilr'llrlt
\'(ł()( jtl' iŚ ilI'otlt11l 1l)ll{lill/is ll'il1l ;l \1jl(x'il.\- \'i(li11 (F\\ HNI) rll lr1lrlrrl 2(]',,;' 1r
slllllill1] il L()lLlltZilril ()I'(] lilrr'rr'irltlr rll 1()(]kI'Iz. iILt('rNif'i('s crłrr's1lrltlrliIrg lil .l B;rlri
tit'ł1ltr'ltl'r rlf !)ł :: ]]NII'IZ .llL(] 1)ll1{ lcrtg11rs (i'o 1lżlllsil 1ilLl('s) r'l'l' :: ]'5lrs' lLlt-
llL('fi(')ll s(]lllli(]l1s rll lllr'r1lliclr1 Blllrlr ir1ll;r'tirlrs \ril1l (lżl1lł)illg i:}i rił'lr1 sirrg1r'1l;lss
('\1']1|l1i()ll 1lt'otlrrlli1itir's ]'-' 1(] i'; iilv(jfill].(l rlr'rlL'tlrt, lolIgilrrtlilLłi rt'itlciLr sl)l{,il(|]li,l
(l('llltLillgs Ll]) l() 'llJ()l l lxlLlz' r]l'rrlłllllillg;l r'lr1ltr'l'llilff(,\! lx',l]1r trl]]ilrLlt1rrłt' 'l']rr
(';l1cll1'lti()lrs ł1s() s]l1^\ lllłl lll {1)llstilr1l ililllifi'r'r1rll'LLrl'rlL(J](,cIlicil1l|.\Ci1ltjl)Il(ł']1
lrc rrr'lLir,r,.rl ll rrsirrg rr h sri (!h{'r'{ lt li.qlrt souf(1' (i.r.. rrrr OPO rr-itL lloirrlL,r itLsfiur
tn1l('o{ls]il1(,\\i(L11Il'tlrrlsliL'lrlitigł.rt,itdjołłhąlłt'olt,nlttł''

1']tis lr'rll1i 1rlrs lllłrr srL]łx,l't.rl L)l' tho D('llts{ ln. lirłsr1irlitgsgcllrr'iltsr']Lrl1l lltrrlll.lt
Fru'sł'lLt'tgrrl1l1lr'\'irtlt,lrllct11rltst'llt Dl.Iłtotlłll:t,l.|ł1no':.,.''r lrttll ]x'|]1(,]]llll]1)l'.lr
l ritiort lLsr'rtrlr 'lliriititrg ttottolk ('(X'ONlO. (1)utrirct rrriul)(! ilt'tt\-('l lt)!)1)-
{)0 1211.
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ELECTRON SCATTERING ON N]O- FROM CROSS SEC.

TIONS TO DIFFUSION COEFFICIENTS

J. N'lech litisl(a-Drc\\'l<or , Z. Lj. Petror rcr.T. \\'mblcrr:kl .\ Nor;1lie1'1;:

iltl(l Li P. Kilr\\ ils/' '

||acLrlty of Applierl Ph)sics and Mathenlatics. Cdarisk Llni\,ersity ol' I-echnology.
Narutowicza Il/12. E0-952 (idarisk

. 
:lnstitute of Physics. POB 57, I l00l Belgladc. JLrgoslavia

'lnstitrrte ol Physics, Pirneriinian Pedagogictl Acaden't)'. Arciszeriskic'-Qo 2lLr.
7(r-201) SIupsJ<

]Istilttto Naziollitle pcr' la Fisica della Mtlelia. 3lś()5() Po\'(l (TN). ltaliil

OnlY lcccntlł nrcasurcmcnt\ i)f clcctlon scilttcring cross scctions \\ilh bcllnl
t.cllniques in N:O hłve been extenclerl to pal'till (L'lirstic. \'iblational. joni7iltion) datll
(see l ] il|(l refcrenccs lherein). On tbe othet ltrnd. s\\'arln \tudies otl this lllolacule are

still spomdic f2]. lD this No|k. neiNurlnrcnts ol'tl'te LatiL) oftlansverse itnd longi{udinal

dillilsion coel'licięllts l0 the lllobilily (D,/|l ilnd DL/Lt) lot electrtlits iIl N]o alc e\{el1ded
lo il]tclll]edillte [edLlce(l ęlcctfi l f'ield valucs - tlrę r'ltrrge EiN tiolll l5 Td to 20(] Ttl' Itl

this l'i!nge tl]c s*'alnr dlrta loose a pal] o l the iI "conlpetł tvenesS'' \1'ith bclltl crpetinlcnrs
cornprletl to ultnkriv cnctgies. However. wc'sho\\'lhil1 the dittLlsioll coetilclclll\ ill lhjs
E N railgc r-c]najn ext|emely sensltrve to prescncc of inclasiic ltrocesscs.

3,
ś

a Elaitey

Hą'€sh

EIN (Td)

The exl)el'il]lenta! lesuits 1b[ Dł al'e in Fig' 1' ccrnrpaleci l'ith datl calctllalc'Cl L]}'

l nUn1clicaI soltlliol] oftl]e Boltzn']ann ę(luittjol]. in t\vo ll1ęlho(ls atr(l Llsillg t\\'(l ilhenil-
tivc closs scction sets a l'ccent evalttation by l(at'u'lrsz tł lrl. Il] rtnd ll set ofcloss sec-
tions elaborated by llryashi []l. Ihe preseDt motlel shorvs. thilt lligh cr1)ss sectiorr val-
ucs tbr Viblalil)t]żll excitirlion ( li2 ot'the ęlastic olle) ilt the lesollance alolrllcl 2'] cV alc
esrentiirl to e:pJain o[]5ę1Ved stl'uctuIes ill dillilsiol coc1'llcielltS'
Rclere ces

Il](J'P Karrvasz. A'Zcccir lrnd R'S'Bltlsir. -l(iVista dęl N!|(l\'()C'inle|)t{).No'l(20()l) l'
[2] V.A. ISailey ani.l .1.B. Rucld. Phil. Mag. 1.1 (19:12) 14.

[3] lvl. Haix5[i. p6i'ate infirrnration.
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Modified Landau-Zener formula for near-threshold energies

Carlo G. Meister' and Harald FYiedrich

Physik Departmeni, Technische Univemitet Miinchen, D-85747 Garching, Germany

When adiabatic potential energy curves for the relative motion of two atoms
in different electronic states almost cross, Landau-Zener theory gives a formula for
the probabiiity of a non-adiabatic transition between the curves. The probability
depends on th€ s]opes of the curves and their separation at the avoided clossing,
and on the velocity which is assumed to be so lar8e that th€ relative motjon of the
atorns is essentially classical.

For near-threshold energies, close to the asymptotic value ofone of the cuNes, the
corresponding velocity is very small a,t large separations. Then quantum reflection

[1], which can prevent the atoms from coming close to ihe avoided crossing, becomes
a dominating effect. The probabilities for transmission to smaller separations - in
either electronic state - thus vanish towards threshold' a featul€ not contained in
conventiona.l Landau-Zener theory. We propose a correction which takes the effect of
quantum reflection into accou[t so that the correspondingly modified Landau Zener
lormula remains accurate at low energies, all the way down to threshold.

References

lil H. Friedrich, G. Jacoby and C. G. Meister, Phys. Rev. A 65 (2002) 032902.
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THEORETICAL CONSIDER"ĄTIoN oF
LIGHT,INDUCtrD SPECTRA IN (]2 N'{OLtrCULE

IN INTENSIVtr LAStrR FIELD
Yu. V. Menshova, L Yu. Yurova '

institute of Physics, University of St Pete6burg, St, Petersburg 198904, Russia

New spectral lincs of VUV absorption, and the effect of the predissociation in
02 molecule in presencc of intcnsive ]aser field of intensity l0l3 7o|a 'ufcmŻ) arul'
wave length 800-2000 nrn have been considered in the model of two quasimolecular
states with nonadiabaiic interaction [1].

The distortjon of X3!; and B3t; potenl,ial curves of 02 molecule by the inter-
action 1vith lascl field in vicinity of the pseudocrossing point Ł has been considcred
in the dipole approximation. Molecular curves in the absence oflaser field have been
splined from CI computation [2].

The molecule-electlomagnctic ńeld interaction has been estimated in dipole ap-
proximation [1]. The rtependencc of the dipole matrix element between X3!t and
B3D; electroni<: functions on inlernuclcar sepirrntion E has been approximated wilh
the aid of r-certroids approach [3] as

D(R) : 2.8 exp(-0.916fr) o", (1)

thc cxpression (1) is valid in the interval of E : 2.0 - 3.0 ao.

Vibratioral rvave functions in vicinity of equilibrium poirrt of new adiabatic po-
tential curvc ha,ve been expanded into the series of harmonic osciLlator functions.
The positions of ncw vibrational levels havc been found from the diagonalization
of the Hanliltorian. For the calculation of predissociation probability the Lanrlau-
Zener nrode] hiłs been applied'

\ł'e cxirrnincd the reliabilit'y of the method of estimation of va]ucs of matrlx
elements of diabatic intelaction D"r.(R.) in the point of pseudocrossing Ę between
adiabatic enclgy curves thlough the diJlerence betrł'een adiabatic energics LIj(Ą)
in the casc, when these energies are calculated only in few numbcr N of points of R
in vicinity of ll. and splined anywhcrc. D"rr,(R") can be estimeted by thc equality:
D"rr,(R.') - 0.5(ał 'U;)ln:n" as if the exact diabatic interaction D(fi) (1) rvould
not beon kno$,n' We found, thai tbc plecision of the estimation of D"oo' ('ę") depends
.ha.stically on the number of points If especially for narrow pseudocrnssirLgs.

1. A.I.Pcgalkov. Phys.Rep. 336. 255 (2000)
2. R.P.Sa.xon and B.Lirr. J.Chem.Phys..67,5432 (1978)
3. L.A.Kuznetsova, N.E.Kuzmenko, Yu.Ya. Kuzyakov and Yu.A.Pltustilin.

Prohobilitics oJ o1.lticaL transitions źn tliatomi.cs. Nauka. Ir'Ioscorr', 1980
(Russian).
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ABSOLUTB DIFFERtrNT]AL CROSS SECTIONS FOR
trLASTIC trLECTRON SCATTERING IN NEON IN

THE ANGULAR RANGE FROM 130'TO 1BO'

Brygida Mielewskat', Ireneusz Linertt, George C.King2, Prank H.Read2, Nlariusz Zubekr

1Department of Physics of Electronic Phenom€na,
Gdansk University of Technolory, 80-952 Gdansk, Poland

2Department of Physics and Astronomy, Schuster Laboratory,
Manchester University, Manchester M13 gPL, UK

In a continuation of our studies of elastic el€ctlon scatt€Iing in the backward direction
[1,4] we har.e measured differential cross sections (DCS) in neon, in the angular ran6e
from 1300 to 180'. Absolute DCS'S for elastic scatterirg iD neon over the full range of
scattering angles ale important sitrce Beon has been suggested as a s€condaly starrdald in
the measuremcnts of DCS's oI other atomlc and molecular species. The experimental setup
was based on the magnetic angle changing technique [2,5] which allows the collection of
scattered elcctrons in the range of scattering angles up to 1800. The DCS obtained in Ne
at an enerBy of 5 ev aIe shown in Figure 1 in compaxison with the existing experim€nta]
data below 130'and with the theoretical calcnlations. IrI the angular range above 140o
thc present lesultś ale higher than the theoretical pledictions. Using DCS of [3] which
were extlapolated do\Ą'n to 0o togethel with our lesu]ts in tlre Iemainin6 angulal ran8e,
the total aod momentum transfer cross sections have been obtained. Both cross sectioos
are in good agreemeni with the experimenta.i resulis oI 13,8].

E

o 20 40 60 @ 10O 12O 1,lo 160 i60

scattgrlng angl€ (dgg)

Figure 1: Difierential cross sections in neon at an electron energy of 5 eV.
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D- ion desorption from condensed CD4, CrD2, C2D4, C2D6 and C3Dg
molecules induced by electron impact.

Pawel Możejko' Luc Parenteau, Andre*.D. Bass and Lóon Sancbe

crou'pe des Instituts d'e Recherche en Santć d'u Canar]a en Sct'ences d,es Rad'zati'ons,
FacuLtć d'e Med'icine, Uniuersźtć de Sherbroohe' Sherbrooke' Canada J1H 5N]

The processes ińtiaied by low energy electron impact, including the desolptlon
of anions from condensed molecules have a practical importance in many research
ficlds e.g. plasma physics, radiation physics and astrophysics. Recent experinents
indicate that electron scattering via transient anions provides an efficient pathway
for secondary eiectron damage to DNA [1] and a p]ausible contrjbutory mecharism
to ozone depletion 12].

In present work \\'e havc studied the energy .lependence of the electron-stimulated
desolption of D- ions for CDł, CrDz, CzDł, CuDo and CsDa molecules condensed
on a platinum substrate. In these experiments (see e.g. l3l) multilayer molecular
ńlms are condensed on a c]earr polyclysta,lline, cryogenically cooled (T1 20 K) Pt
foil. Thc thin films are bombarded with a monoenergetic (FWHM :80 meV )
e]ecLlon beam (0-20 eV) produced by an hemispherica] €lectlon rnonochlomatol.
The dcsorbcd anions are mass selected with a quadruple mass spectrometer and
detected by an electron multiplier. The apparatus is housed in ultra high vacuum
chamber reaching a background pressure of 10-10 nbar which is mainta.ined by a
combination of a ion pump and closed-cycle refrigerated cryopump.

The recorded D yield functions for 5-6 multi-
layers of CD1, C2D2, C2D4, CzDo and CsDs are
shown in flg. 1. For each species studied, the
yield function contains a broad resonant maxj-
mum, located near 9.2 for C2D2,9.7 eV for CDa
and C2Da and 10 eV in the case of CrDo, and
C3Ds. At higher impact energies weak D flux-
es were recorded, which then slowiy increases
in intensity above 15 eV for C2Da, 17 eV for
CzDo and CsDs, and 18 eV for CDa, and C:D:
molecule. The observed resonant structures are
attributable to dissociative eiectron attachment
process in which a temporary n.gar ivc ion ls cr*
a,ted by resonant electron capture [4]. The posi-
tion of rcŚonant maxima and width of resonance
peaks are very close to those observed for sjmilar
non-deuterated hydrocarbons lilms l5].

This work is supported by the Canadian In-
stitui.es of Health Research.
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C]harge Transfer Procęsses in Plasma Processing

P.T. Mulrayr " ancl E. Shinr
l Reseal'ch Institute and Cradttate Matęrials Errgirreering. University of

Dayton. Da,vton, OH 4546+0160 USA
: Resealch lnstitute and Electro Optics Progratt.l, tJrliversity of Dayton.

Dayton. OH 45469-0245 USA

Plasma processing is u'rtlell' usetl to alter the prtlperties of m:rterials as

lvetl as to synthesize uerv tnaterials. One sttch process is plasma

polymerizrtion. The elementary processes that occul tluring plasma

polynlerizatiori oi'acetylene have beetl illvestigated and ate t'eported here-

Specitically. time of 11ight lnass sl]ęctrometry as weII as optical ellrission
spectloscofiy have been er.nployed to detcct the ions antl excited species
present iu C:H:. O:. He. Ar. anc{ He,'Ar plaslr.ras. Mass spectra. optical

emission spectra, antl ion kinetic enelgy distlitrutions are repotted. The results

show a clecrease itr energetic (-400 eV) ion signal with increlsing pt'essut'e

ancJ a change in the ion kinetic energy distnbutions. This is attributed to

syrnmetric clrłr'ge tr'arrsf'er retrctions rvithin the plasrria slreatlr. The results

ailorł, tlre extelrt ofthe 1rlasma slreattl to be nade' The resu|ts sLlggest tlrat

sytlrnrett'ic clrłrge tr'arrsf'er t'etctiotrs ar'e ubiquitotls rvithitr plasnras and that

slch leactions are ver!' il.nport.lnt ir.r detelmilling the properties of the thin

fl lms thus synthesized.

Tlris lvor'k rł'as su1-lpotled by tlre National Science Fourldatior-r.

+nrurr'łyźi1tlclr'i.uclayton' edrt
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LIPS spectroscopy for contantination analvsis aud
the lase r cleauing diagnostics of histol"ical paper docurnenls

K. ()chocińskal. l\1. Sllrt czal'l. M. \',lartjn:. r\. Kltnritiska]' ancl (i' Slirr'iIiskil

] l'ol. 
^cad. 

sci Instittltę ofF'ltlid Flort N4ltchineI'y' Fiszera l-ł. li0-(]5] (iclłnsk. ['illancl
: Ins1i1rrto cie QLlinrica Fisjclt Ilrlcasolano' ('S]C. Scl'rłno l l9. ]8006 \łłtlr it1. Spairr

' National -v'luseunr iu (idansk, C,r,stclsiiu 18, E0 l-10 (idalsl'. ['o]anci

Recelltly. l glowin_g il']te]'est in lpplicłtioll o]' thc tlcliatir'e techlticitles lill'
lcstoration ltnd analvsis ol doclrrcnts ilncl afteftcts ol papel and palchutelt is obse'rvccl.
T1lc ilolcntiltl ol abIatirc liser clcanilrg js conflt'Irręcl c\peljl]leli1alI)' and ll]c olrlinllLl
il]telaction l)illi-]lllętcrs sLtch as iłavclcllglh (532 nnl) arlcl ctlcl'g1'l'1ucuccs (.- l .l]cnl]) 0lc
sPecjiled ll.2 |' Fot'lhc lltser rrłr,clerrgths applied so fiit_tLre rlegt'e'e o 1' 1rtl lvlttelisatiolr of'
the PłI]cl substlatĆ tevcals slllallet'clratrges 1ilr irl'acliiltioll ltt 532 rllll in er'lrrP.rl l''n t',
]0lJ nn rlLlc til lhe tłcl tl']at the borid enetgies trlnain cellulose crlmportlltls łre llot
acccssiblc bv the l.l:i eV pholons lll. It is shotn lhlrt spcctro:ic()pir nleilslucurelis con
clcliYcI intirnDatior on lltc chcnricąl colnpositirtn ol thc sLrbsttiLlc and thc itigrrents
a1l1lliecl as rlell as rl1_thc sltlf'acc colltallliuants, lulcl also tlreil' ligll t- indLrcc11 dĆt.lioll1tioll
clttl bę strtciięcl in this rla1.]2].

lrr this rrolk thc LlPS s1lcctr'a ol'histtlriclrl płpct rlocrttllcnts l'ccottlcrl belillc atlcl
il]icl li']e sLllt_ilce cleanitlg bv nlełns o1'thc Nd-YĄG lasct' 1llilscs il1 5]] nrn (Óns
pttlscrt iclth) .ile studied- T'lic 1llasllla is intlLtced lry the 1lrr1seci lłser beatrl at 5]]. -]55. 

()1

](l(l llnt lilcLlsed irl tllc ricinitr' ilf thę salrlllle sut'fltcc lttlcl tlic ctlljssil,ll .llcctl.L .llc
l'cctltled. Ąu ilrc1epetlc1ctlt expct'itlretlt utltlct'sitlriliu'collrlitio11s. i.c' clcatlitrg lt 5]] l1n1

anrl plrsDrr crcitation at lJ3 nnr (l(r'F excinrcl lilser'. l5 Ds) is ciLirie(l olll. too. In iroth
cascs the s-\,sleor coLrsisting of the specnrgraph (,'\c1on Res.). coolccl (Ll) cunrcll
(C VI) and P('-brrserl acqLrisition unit is usecLlirr lecordinu anrl storiige ot tl'rc spcctni.

Ręsults jlldicate lhat thc shollcl cxcitltliotl rrarcIcn_gths t'csult in a nlrllc rcach
Ild itllcllsc s]lcctral strttcltltes irr the UV t'alrge rr'i]ich allclrrs l'tll ł bettet'ctrtlljdclrcc ol

tl]e i]ssignl]lcllt' Tlie a1lpeiu'ance ot'llrc shalp enlission litles at (tl6._1. ó"1Ó.5' 7l7 lll]l (('a
l).5l]L)'-l nm (Na l). ancl 76Ó-5.769.C) ]r]n (K l) łsct'ibcd to thc sLlr1ltcc ]]o1h]tants is
teplorluced til lhe plasnra crcitation lt 148. 155 alld jll unr. und is in agrccntcrlt \\itll
ortt prer ioLrs L)'l!'asLlrcnreuts l1l. 1hc cl'1'cct ol'thc gascous cn\ irornlcnl (rir. N:. or.'\r) is
cbal'lictcl'izetl [l-r, lr slight inlcllsity dect'casc ol'tl]c o\'clal] s1lccLt'al shapc jn thc cłse o1

l t*:.

Rę]ćr enccs;

lll.l. I(olar^,,\ppl. Phi's A 71. (2000) ii7
|2] K. ()clrociriskll. 

',\' Koll1ińska' and (]. sli\\ ir]sl'i. l' ('tll1. ] lelitil!L 1J{)()21 itl 1ltillt

corlin airi i nr |.scla.pl
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MI-82 interference effect on polarization dependence of
twecolour frequency mixing in ?l atoms

Ovsiannikov V D , Pershin N. and Tcbaplyguine E V'

Faculty of Physźcs, Voronezlt State Uni ersi,t!], 3 1693 Voronezh' RtLssla

Three-wave mixing of a two-colour radiation is a simplest nonlinear process which

may be useful both for frequency convetsion of intense laser radiation in atomic
medium and for probing and determiuing details of atomic level structure ln free

atoms this process ls strictly forbidden in electric dipole approximation. The mag-

netic dipole (M1) and electric quadrupole (t2) interaction also cannot contribute to

coherent scattering of sum- or difierence-frequency photons collinearly with incident
waves. Neverihele ss, 'incolLerent colli,near scalt'ering is possible in atorns with non

zero angular momentum in their ground state in addition to non-collinear coherent
scatterinB. when one of the three waves propagates at right angle to the other two
collinearly propagating waves.

The double-resonant process is the most efficient in atomic medium. The level

structure of 7'l atoms provides possibility lor resonant interaction wiib incident
radiation of frequency r.lr : Eep,,,- E6pr,,-e both in M1- and E2-approximation
The ilterfelence of contribuiionś from tńese intelaciions provides enhancement or
reduction of coherent scattering amplitude, depending on relative polarization of
incident, waves. This dependence may be presented by equat,io[ for the amplitude
of scatteling coherently photons with flequency ol : atłuz: E75,," E6p,,r_el ,

as follows

u:o4{['+|o,nl')] (e' .e,)(e'-."') _['_|olłtzl] (n1 .e2)(e'- 
",)}, (1)

whele the rcsonance detuning e : 
^ 

- źllŻ (€/ : A/ _ żl'/2) includes real and

imaginary parts of energy for excited levels (the level widths I and f').
Thc difierence beiween cross sections for e2 : e1 and for e2 : n, gives quan-

titative information on the value of the radial quadrupole matrk element Il(2) :
(6P112|12|6Ą12) , thus providing Ieally existing facilities fol the use of the frequency

mixing techniques for measuring matrix elements for electromagnetic transitions in
atoms.

More efllcient results may be obtained by inducing coherent collinear scattering
in atoms exposed to extelnal fiełds' As'!vas demonstlated in calculations for atoms
in spherically symmetric states [1, 2], a constant magnetic field induces additional
resonance in the forward scattering amplitude and so is a good candidate for the

use in the laser light conversion as weil as in the two-colour spectroscopy of atoms

[1] K.V.Khalev and V.D. Ovsiannikov, J Phys. B 34 (2001) 3843.

[2] K.V.Khalev, V.D. Ovsiannikov and V.V. Chernushkin, J Phys B 35 (2002)
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Spin-orbit-induced magnetic dipole effect on two-colour
frequency mixing in alkali atoms

Ovsiannikov V.D., Piskunov G. and Tchaplyguine E.V.
Faculty of Phystcs, Voronezh State Uniaersity, 39.1693 Vorone.lL, Russia

Three-wave double-resonant, frequency mixing of a two-colour radiation in alkali
atoms is determined by electric quadrupole interaction with eiectromagnetic radia-
tion {11. In one of three possible routes for this process, with resonance on n1P- and
n2P-states, a contribution ofmagnetic dipole interaction into the process'amplitude
r ay appear. Specińcally in heavy atoms, where the spin_olbit interaction is rather
strong to mix states with difierent principal quantum numbers, n] I n2, and equal
angular l and total J momenta' th€ magnetic'dipole amplitude fol Scatteling sum-
frequenc."* pbotons may be comparable to the electric quadrupole amplitude with
the same lesonance singularities. Tbe interference between M1 and E2 processes
may inlluence on the polarization dependence of corresponding cross sectjon.

The amplitude for coherent scatteling of radiation with frequency a' - at ł az
by atoms in In5172) state may be presented in the form:

sin 2d

u".^ : ;ą{l,, # * {,]o * o,l * 
"

€3/2

€ I/2

rł'here C is a fie]d amplitude-dependent factor, el : L_il12: En,p, En5,,,_o.l1
r.i-A tl'2 F,zr, - L^s,, -.,'') is lhp resonance detun,rg wirh lnp lowpr
nrPr) (theupp.r n 2 P7 ) ) level, including the imaginary part (the excited Jevel width
f), p : (ur .kr)(e, e'-), p' : (e, . er)(kz. e/') are the scalar products of the unit
field vectors, and

(2)

is the ratio of the spin-orbit [2] and electric quadrupole matrix elements. The
contrjbution of the spirForbit,induced Ml interaction (the term proportional to
s in (1)) gives rise to the circular diclrroism efect: in coherent scattering from an
atom exposed to L,inearll] palańzed' irucident Uo1/e.9 plopagatjng at rigł}t ang}e to one
another (rviih the unit wave vectors kr-Lk2), the sum-frequency radiation may be
ellipttcalĘ1 polarized with the cllcular polarization degree {, : ż(Ic. {e, x e,-]) directly
proportional Lo the spin-o.bit mixing parameter s, the fine structure splitting of
lcsonant le\€ls, ó and ó', the combination of łeve] widths f, l,, and detuning A, A,:

2sóó'(l'A - lA'

:l)'"f|łł-,ł:\, (1)
't/z) )

|€|'żó/) .+ |€/]252)(! + s,) + 2óó,(1 - sr)Re(e-e'f +-s11epa, lE'lz [z ) cos 20'
d ls the angle bctween polarization vcctors er and e2. The model potcntial method
[3] is used for numerical estimates of radial matrix elements in (2).

t1l

t2)

t3l

K.V.Khalev and V.D. Ovsiannikov, J.Phys. B 34 (ZOOi),3843.

I.l.Sobelman, Introductiorl to Theory ol Atomi.c Speclro (Moscorv, Nauka, 1977).

N.L.Manakr.rv, V.D.Ovsiannikov and L.P.Rapoport, Phys Rep. 141 (1986), 319.

5a2 Z;(n1Plr 3ln2P)

2ul(n1P rtln2P)
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Electron collisions with C2Ha. C2Fa and CaFs

R. Prnaiotoric'r. M Kitaiirna*. J.('.A. Lo$cr". H. Tanaka{.. uucl S.J. Buckman

Atotulc irtlil ivlolecLl lal' Ph)'5 ics Libol'atories. Iłesear'ch Scllool ol Physical Sciences ltncl
Ir-n{ineetins. AUritralian Nttional t.lnivctsit\,. CitnhelTll. AUslttlirl

'' Dcplfiment ol Phlsics. Sophia LJniversity. ('hii<xla liu. T0l<1,o..lapilD

IIl the coutelllp(ntty tech|olog), nf plasl]tn deposilion ancl etciril.lg.
1lcrl)utlltlcyclobLltalrc (c-C4l.s) al](l its il'ag]11cl]t5 (c.g' crlj]) l]lir,V Łln inpo lr]t rolc jrl thc
pl'ella[alion o1'si1icon dittxiiIę sut'titccs. Ttl expIaill the ctlllt1llex bcllltr iout. of t]ittelcnt
conlp()lrents in such lt glts disch1llge. knoli,leclgc o1'tlift_eIelltial. n()l]1enttlll1 tntls1ćt.irlld
il]tcglll cross scctiol'ls tbr scilttering of lo\ enelgy clcctrons is cruciill.

l-hc inrportilnl langc of electron kinetic enelgies in these froccsscs spalts t'l.oru ir
f'c\\' l]undled ll]cV 1o a l.:\\, tens ofeV. Expclilrlel)tJl łnd lheoreticJI illveslig1l1ioll o1'
tllcse t\\'o gases has been lirtltcr li!nited ltntil ltcently. ln the ntost recel)t \\:ol.k.
\\'illsteatl lnri l\'lcl(oy Il] cillcrtlatetl łl) i/i/ł) diiTeIęntjłl 1DCS) łnd ilrtegl.ai closs
sections lbr clastic scattcting ol electrols bel\ecn 1.5 irnd (rl) cV ou c-C.lii! Llsiug the
SchWirgel n rltichfllnel (Sl\lC') nrelhod -fhe o ly ltLrblishe.rl cxperiDreDral dtril
lvailable lilt'c1lllt1latisi'llt al'ę those 01'sanabia ?/ ł/ [J] alicl 1.\ishinlr]l-a [_]] tbl thę tolal
scilltcrirtg cross scctt()lt.

Rcsclll'ch tltt tl]e one ()f tlle sil]]plest t'lll()locllbtllrs. (':Fł. the flLLt)[iI]lted i]nalo]]
ol Ćthylcne ((':Hr). cxtcl'](ls 1iolll s\r Ln] l]]cilsL]fellrenls lnd żlnł1ysc5 [.ł] lo lhc lllosl
rccent theor.ticirl crlcLrlttion ol Winstcad and NIcKol' L5l. Okl Dreitsrlremcnts of
lcllttirc D('S li)l elastlc scattclin-g rt ]5 cV an(l -ł() c\r |ry Coggiola ct lll [(ll secnr to be
the ouly pLrblished expcIinrertal dtlit to dittc. 'lheleli)te. lllcrc ii .ln lltlElcsL llr
cxpetitnents ilt lo\\cl L'lcctfon energics, L'sllcciiill)'beloii I0 eV. \\,ltcrc it is kro\\,ll thilr
lhc cthvlene cross sections are lesonantly cnlta]]cecl. Fol ethylene thrrr: iLlr: pler ious.
lelati\'e D('s nleasllfenlel]ts [7] aucl ser''ellrl theor'ęticżl] ca]culatilllrs l1siog łhe Schwingel
vltriltttll'ill techniqL]Ć [E.9]'

ln oUr c\l)climcnts. \\rc tre Llsing the crossccl-beaur techniquc to lnciisure
absolltte DCS fbI'e1astic electI'oll sc,lttcljng tln(l \'ibliltional excitaticill ol'(]:IIl (':|ł ancl
Crfs. irt crlclgies fiorlr I to l(l0c\r- itnd sc.rttcriIg ltngles tlont 10" to ll0'.

ReterenceJ

f ll C. Winsterd 1u)d V. IvtcKoy../. (:hc t. I'lt\'\. l1,l (2001) 7107
|]l J'[' San.rbia ct ol'.,/'Chanl' łłlsl()li(l99li)-389
IJ] H' Nishinrura l'|'0(:ca(lings oI tl]( IfiI(.1')l(l1io}1ul Slnryxl;iunl ott I']ltl.!rłllt']1tllctttlt,
CłllIi'sirlłls und Sll/]/1'!' Toli}'o (l999); EdS'Y'Halan(). II. Tunaka. ill}dN Kouchi.Ir.l9l
Il] K \i)shilltl('/łr..1 .Ą1rJ1' Ph\'\. 9l (]()0])2637

[5] ('. \\'instclil lnd V. N,lcl(o)'..1 Oltant. I,ln,.;. I16 (2001) litjO
|ó] Nl'.l' (loggiola ct u!'../. (lttltt.lill,r. ó5 (l976) 2ó55
f7l B. Mrpstone nd W.ll. Nervell.../. !'ht.s.8.25 ( 1992) 491

[8] c'' \\'inslcld 11 ( tl'. .]. C'lletu ' /łlLr' 94 ( l99l) 5:i55
I9l L.N'1' lJrescansjll c,t ul'' I'|t'l''s. /icl,. .ł57 (l9!)8)j50.1
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INTERACTIoN oF LoW-ENERGY ELECTRONS WITłt
SURFACE: THE SEES AND TCS STUDY

O.f . Panchcnl<o

^'Ą' 
(]l1kiLl l)onetsl( InSti1tltc o1'I'il1'sics & 1cclirroJtlg5. Dotletsk' Ul<l'aine

.\ rletltiicd stLl(i\' t)f the ncar-srrr'1'lrce l-.henonlenll htrs become possible o\\'ir1g io ir

lccenl llcVLJlollnlcn1 ()1'llc\\, i0\ ęstigatjo]] leci)I]iqtle5 and il]slrul]lel]ts nlill(illg il l]o\:ib]c
to (leterrllle llrc coll)ltosition olir slrllitarlec rnd itt geonretric irrd eleclrolllr strlrcrLrr('.
_l'Ilc lilir-cnt'lgv secondill'\, c1ectl'otl spectloscc)ll],(L]llŚed ol] thę 5llldy of nhdnon]cllll
lucconrP|nlint 1hc llroces\ of intelactio]] bet\\'L'cr the llo\\ ol slo\-nr,.'r in-j luirrLr\
c1cctlons \\itl] crlclg) < l lic\'itnr1 ct'1'stłl sttlilce)l'hic]r (l()cs tlot Licstll)), 11]c sżrnIl)lc ls
ol)('ol thc rnath{xls to control srlr't'llce l-ollghncss. ln this crst thc obser\ r'(l e\l)crilllcllrl
:1-lcctlll ol'ttuelr' sccondłll' clccnrlrls (SEES) ittlil spectr;r ol'li]Igct cLll[e]l1 1]C's] Sho\\
thc ()trlit\'ofllhenollcrir taking place bolh in thc rrllrrme and nc sLrrlzcc llr)c1 ol thc
cr),slal. Tila llnc str ctLrrc ol'lhosa sl'lL'ctrll is (lctc]nir)c'L] lr), ,1," an..ay rlispelsion of
LlIloccu1-liccl lligll-lcvc1 llcctlonic 5tłtcs (i]b()\'c lhe \acLltl!l] le\c]) to 1ich the eleetlons
i]l'e sclttelę(1 ol fltlnl rvhet'e t]ley i]Ie en]itted' lhc existirt!. thr:orclicill jll1eIr] letl]{ iol] ()i
linc stnrctLrrc IecLrlilrlities is not conrDlcte enough lreclrLrse of the r.-itrtetl ol cleir]ertlrr\

1lt'occsses taliitig p1ace itt a soliil' _Ihe 
Fresęttt stLlrlY dc'als \\'ith the Lle\ elo|rlu!']lt ()1'1l]e

ł l]ove-lnenli('1cd nletho(ls ba5il11-l 011 thc cl]cfgJ'l]ll1tl s1lLlclLll'e oi cl)'stals' .\s betbt'ę.
(scc.c.g l-Jll chr|i1)g the crlculution ol SlilrSuuLl -l(S thc clcclron scr(terir)g \\illr it

plesct l]]olilc]]tLlnl llt tl]e cl'\'stł] rr'iis colisiclt't'cr_l rrithin tltc al]pIoxinlilt1oll. \1hen the
proLrlbilit\, Lrl scltteIing \\ils prol)( tioutl to it llLlr' Llel of llnitc stlrles ilt 1l gr\rcn enerqv
level r.vith r preset dircrtion ol quasi-molrentrrnr. -fhe enelgl tlcpcnclcncc ol'thc bÓr(l
enrrs)'lcvcl brorrjcning. the clectron-clcctron iu'l(l el('clfor-lllirsnron contrlbLltions to tlrc
(lislrbutii)n liurctirrn o1'hiLhlr nonequilibriunr chalge e |r'ic|s {obtlinc,-l 1'rour thc
soiution oi thc kinctic llloltznilnn-t)lrc) inlcgrll tllnsport cquations rlcscrrbilg thc
lllscil(lĆ ploccss oitlte inelilstic sr3ttcli1lg()fll']c |]IinlaL\'clccl11)n l](\\'[5]). 1]}a ls()1l()|ric

cornl-loncttl oi ctl]fent lroDr tha clcclror}i sfirlterc(i ()11 lhe sLttl'ilce wfre ttk!',r rrlo

coDsicjclirliotl ln arldition. it wirs il rucccs\ lirr Lrs 1o rirthcr \iltistttclolil\ c\pluin llla
nllin sllLlclLrrL' i sPcclra ol il nLrnrbeI o1-crlstlrls. ,\rtl thelc occLirs i] posslllilrly lor the
erpelinrentirl \tlr(l),ofthe clectron rlispelsion in thc lcgion olcnclgics nruch higlrcr th,rn
r'łcuLlnr lcr'e] lnd li)l'L]Sitgc ot'1hc SEF'S a']Ll 'I('S dala jl] a nlolc l)cll.C1 calcLll1l1ion ol'
bund st|rrctutt'sliorvinc \hiclr singularitics ol thc sl)cctrir rclirtc lo 5ornLr (rr olhL'r bilnds.
'l he Drtlhoil bcing tlevclopctl cnlrblcs onc t(i (li\ljngui\h bct\\'cen tlrc YolLuDc cfl'ccts in
S[]:S illlcl l('S 1'I'()tlr lhc slll1ilce tltlcs rvlljch ille lo i)c iIIVc51l!aLed sepaIłtcl1.' |(l]'
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STRoNG INTERĄCTIoN BETWEEN AUTOIoNIZATIoN
CHANNELS IN THE even 4p! t SATELLITE PRODUCTION

INKr
I. D' PetrcV. B' IV[. Lagutln. Ph. V- Deflrekhin. V' L. Sukhorukor,. ś

A. Ehresntaiin. H. Schntotanzer j

\ Rostov State L]niVelsity ofTC.3440jlJ Rosttlv-tln-DoD. RUssił
]FachlreIeich Physik' Univer'sitlt Kaisę[SlirLlte].ll. D-ó7ó5_] Kaiserslatltet-Ir. (jefmilnY

The ('1,c' sateIlites of the 4s-leve] ill Kf al.e connectecl rvith the set tlf ,lp]łs,'łtl
co11figulatio1'ls' Photoionization cross sęctions (PI Cs) fb. tl]ese satellites at tl]eif
thrcsholds ale strongly ini)Ltęncetl by the dotlbly-excited states 4pĄn|łt,t., fl-3l.('alculation perf'ol'nletl irl [2.3] allorved one to Lllldelstand tl]e natłlre ofthe maitl felttures
in l)l CS' llorvevel' tl]eory gave the absolute vlhres of the sirtellite PI CS ił'hich irre
abot]t fłłlr tin]es lllgel than the experin]ental ones'

Trl uIlderstirnd tl']e lel:iol'] ol this disĆl€']ancy jn the plesent \\'olk we look il)t()
źlccolll]t the i|teractioll bet\Yee| autoioniZation clrannels rvhiclt in genet'iłi is ciltlsitleretl
rs a smlll one [.1]. Thc atontic and io]tic ]vave functiolts i;tvolved in the ctlcLrlation rvere
computed \vithjlt the configuratioit iuteraction Pauii-Fock approach. lt tul.ned to be tl.!al
aLltoj()lriŻl]li()ll channels 41lalllt1' inter ct sul'pIisingly stIoltg becartse ol tlle lalge
overlap tll ułonlic olbitals efllering 1he lllatrix elenrent for the con1igurltiotr iltterlctiotl'
As a conseclne|ce of stlong intelchannel inremctior] the cltan|el u.ave fUnctio|s are
renormalized. This gives rise ro sribsrantial decr.ease of rhe sarellire pl CS by a lh$ol.
l'tonr J ttl 5 thus explaining the above discr-e1lancy bętweęn theoŁY lli]d expclllltel1l.

Ph'V.D' rvou]t] like to ackl1o\\'le(lgę Śtppofi bythe Alexander votr l{ttmboldt fbllndatioll.
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[2] SLrkhorLrkov V L, Lagutin B M ct l J. Ph.r.t. B: At. illol. Opt. t,ht,s. 2'I 241 t1994)

[-3] Lagutin B Vl' SLlkllotukov V L el ul .]' Ph\'s. B: '4t' Mol. (łr' Phls' 27 5221 (1994)
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B"lr
Inr,esligation o1' electror.r impact inclucccl transitions bett'een

ercited lithium lcvcl s.

Alśl(\.l|\|(r Ii.Ir||c/llk . l .'r]<L'., Sr''. crr i_z

InstitLlte ot'E\|eliniental J)h),sics. Wllrsłu University.1]l' Hoza 69. 0() ós] \\'arsnu.

Polanrrl

Results of l]1ea\ltfel]1eI']ts of t'ete consllrrts tbf tlilisitiols slźrńing tionl 2P lcrel of'
litlriunl incluce(l b)'eicctlon iniprcl arrc p|esented.-flrc irl\'astiuations trerc cl(.'llc by the !rrcllx)d

dcscribe,-l in [1]. lt4eusu|onrenls u'ete per'tirrnled in heat pipe ovcn eontrirling tl)e lnixtlrre ol'
sodiunl auLl litlliunl \'anours with sererrl tolrs ofargoLr iLs a bttller gas.

The plaSnix \\'l1Ś gencl'atcd b)' a puLse iionl liser ltlncd to thc .]s- ]P tr.lllsitiol1 i11

soditl'lr (sijt)nlll) [2]' ,\tier'2 [s' *łrcn the pllrallleters of plłsma rrct'c stłbilized l plllse tll'
othcl ]żlsel. nlnctl ttl ]S 2P tllllrsitioll in lithiillrr (67()nnl). pr'ocJrrcer'l l.il2P) a1otls' Due tcl

cclllisions of Lj12P) croms rvitlr clccllonŚ the higher'excitecl Litnl) lrtorls rr'crc |;rocltlced. Tlte
1luofesccnce iionr those atonls \\'łs tlsed tbl nlonik)lil1g the I-i(nl) co1lccllll'l1tion. l'he
flrtcllescence signal lr:rs illteglated \vithin l tinle Iel'ioLl ol 2 1rs b)' nleilnŚ of the pll()1on

counting s)'1slelll. Ti]e hr'nr late constallt wils dctern'lifie(l ill respect to the \\'ell knorvl-r k]<.15

rrtc [-]. J I.
fhc electron cnar.lly

distlibLlti(}l1 łllcl tllc elecllolr
terupclnture lvere retrieveLl tionr the 1 ,vollrgc cLrrrent ch rilcteristic ol tlle
;,lasr'na protre.

Rcsults ol llreilsurerrlerlts fbl
the 2P iP transilion rrc pleseuled
in Fig. l. -fhe e\pelinicnhl crL'or 0,
t'ełchcs abottt 4()o,,;' Unccfilinty of
thc cLcct(nr tenlpeaature
Lletcnlinati()r1 is ubout ,tl0 ''.'i, l'he
c\l)elinrcntlll dalll (circles) łle
con]Plred with c.lclllJtioos bllŚc.l on 0 

'closc couplrng apfro\imatiorl (solid
il::; ;Il:'li: I illlt: ilj':$J;li; 0 3000 6000 e000

l$,"'.'H,,"1::liil""i;.n?iffu,,ll,i; electrontemperature[K]
tbinrtrlas by Schu'einzer et rl [4]. Figurc l: Rrlte const'nt lit lP lP tnlsition

This $ork \\'!s sLlllported b)' Polrsh Cnulrlriltee tbr'Scicntitic Research- grrnt ntlnlltr
2 PorR 050 ll{.
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"'rł\"'r,

tll
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trl
tlt

T. Stfcervicz. Z Plt),s. D. ,1tonts. .\lo!., Clu.vte t.:27 (1991) ll() l5l.
r. B' Lucłtorto.'f'.'' Mclllłth. /'/ll,l, Rc],' Ldr' 3'| 1l97ói,1]3-.{j I

L BtL:ty- li i\'!ttc (oD) tu]tic!!lir)n -

.1. Schrleinzer. R. B|lnclenburg. L Btry. R. Hoekstla. F. Aunllryr'. R. K. J:Lner and H.
P' Wll]tel. '{ /lrr]i. l).1ld a tl Nu(led]'I>ul(t Tąblc':'lŻl19L)9:239 -2'7}'
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ELECTRON-PHOTON COINCIDENCE
MEASUREMENTS OF POLARIZATION OF

RADIATION FROM CADMIUM ATOMS EXCITED
TO 5 IPI STATE BY ELECTRON IMPACT

N'I. Pirvinslri l ' D. Dziczek l' R' St'ivastłva r.lt'1. Gęrcizicl I 
ancl S' C,hrvirot L

' 
l lttstituteol'Physics.Nic]tol|scopenricLrsUnivenity-Tilrun,PoŁtncl

- De]]aftlrrent of Pl]ysics. [ndii]l] Institute of 'rechnology Rtxl*ee. R(xllkęę. India

Thc e]ectrcl}p]1otoIl coinciciencę techniclue lras beeil Llsed to deternline thę state
of polaLizalion ol 228'8 nnr łtclilttiolr elrrjtted by caciniunr alonls cxcited to 5 Pr statc by
electlon in'lpłcl. DNta have been oblained tbr trvo valtles of electlon ene].l]y iin(I
sc.rftefing atlgles in rhe nnge tiont 10" to 40.. Redlced Stol(es pinirn]erels llnd electrol)
illl1lłct cclhereIlce pllt-ulleten (EIC]P). clranctęrizing the statę rrl tire ęxcjter] attlnrs
in}nediatel)' aiier the cilllisiilrt. Irave been eatlżlctęd fionl tl]e nlęusluęn]cnts i d
colnpłrcd l\'ith lęsrtlts of l'elativistic disbltęd_rr'avc aplloxitnatitllr cirlcrtlations.
Theorctic l plcdictiols atc in goul qualitatjve aglęelnent With ę\penmental r'alues.

- 1.0
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- t.cr

Serrt.rfg.r !1. rLleg) st rt.,i !. g1. (rl!:g)

l'igrrrc l' Expcrjnrcntal (t ) alld thcotctlcal ('- ) \i]llE: (lf nol.u.lŻi]tio11 palillllctcLs
ti)l electl'()l impact excitiltjoLl Llt 5 'P] \lrte rlf etltttltlm iltt'n1s 1dI incjdęnt
clectiou etrerg-Y- of 100 eV (left cohult,t) anil 110 eV (ight coiL rn).
Depolttjzing ef}icts of h}tr]ą1ine il]lemctlons we1ę taken lnto accolult xl
RDWA calculttiuts.

This work \\'as sllppolted by State Committee lbr Scicrltjfic Rescarch (KBN urant
no 2 P03B 021 tli) and Council of Scicnrilic and lndush-ilt Rcscarch. Ncrv Dclhi. iniiia
(('sIR rcScłlch glnnt fbr Rs)'

prsck,r nh\\ |ni r,' Lrn t)l
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Electron-helium scattering within the S-wave model

(..llu is PLrttkr"llrrl Igor Ri:'n'

Cr:łlttt lit' .ffulltlił'. JIal'rl'ulłu' tt'ntl '5ul.fl,t Pll't1si.t s,

)lt t.td ł,, l l ( )l t i t,t: l'si't u. P ł. tt l l. ti l.j( ).'']'l st t t t {'i l

Abstr'łrlt

'I'lrt.x' h;rs lrrl'r r rrr ,: I pfr)g-l (,ss i]r l ltr. soltr l iorr of tllc r lrl ir'- ltrti l\ i)rrlt k'llL l lt;i l

is i:,lc'crr', rit- inrpirr,r (':scit;lti()n of irt(rutir. 1I\"(l)1)g(,1. Fltrrcr.. rL,' ur.rt il r.rttir';: itr

rllr'{ir'lrl is llrl. filtll-llrlrlr. 1lroJlll''trl of d(\.tIłji]'i1)r])ł('t ('x('ilźI li()il r.lf lrr'1ilrirl.

ltrtr ll r,st itrgl t'. _"itlc'r' tltl, ltclirtttL rL}ir.,rr'trl ].j1)c(tl llr]I (1lrrtłi]Is {)llh' 1)1l('_(,lc(t]1)Ll

lxr'itirlirrrs. rr itozrl-r-rx. rlcscrJlttiotr tit tJlt'ltitgr:l srrftirr'-- ii.'r'rljsr.rttc t'-rli-

liltioll I)1r(rr()ln.rl;r irrrrl ioitisiiriotr L'avilg- tll' LcLirult iolr itr tltc .it.r'rrrrl sfair'.

Hr.,rlr'r,r. i,ririsirtiou llfo(\ss(rs ltin illso lcirrrr tlti'hr.liurLi iorr itr iLrr t,.rr itr.rl

stilt('. il]i(l rlrltlIlll.il;trisrltirltl i)l1)('('ss('s;Llt'łlsrl llłlssilllc' 'l i.) t]'('ilt tlrr'sr' tlrl-'

frli irLu.lr'rrlr'plrlrlcur lc.rrls to lro soh'rrl. \\i.ii:i]1 r'clrut t ilt('lilst ittt{'itri)ts

trl sLllr't' rllis 1llrllllr,,ttr rrrlir-]lr'l'tlll'll;ttir,t'1t' rvlriLt. lr',stl'icrillg_ ł11 ł,l'llita1 ltilgltliu.

lrI()rIr{'nIi] to Irr. zrlrr. tlir, srrr';r11orl S-l-itrl rurtrlr,l.
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l,OW.ENERGY EI-ECTRON SPECTROSCOPY OF
Si(100) AND Ce(100) SURFACES

T. YLL. Popikr. V.M.Feyer.r. o. B.Shpenikr. Yu. V. Pol)ikl

l Irrslilrrtę ol'ljlectl'olt I)hysics. Univet'syretslra Sl' 2l. Uzh]rolclcl 88000. Ukririnę
I 

t lzhhorccl Nationrrl Lhrivelsity. Voloshyn St. 54. Uzhhorotl 311000, Uklaine

ln tirc rnajo|it,r' ol'lhe eleclrou-spectroscoqric melhotls ol investigariotr o1'elecltoric
propenic\ of sur'l'ace anrl trLrlk ol'soliiis p|obing is perlbrnled by llhotons ot electrons
lvith tlic enclgy t-'100 eV, lbl rvirich optical selecLion utles aucl eitergy aurl ntornenlurr
conser'\alion law.s a.e Yrlicl. ln 1hc lnstilute olEieclrolt I'hvsics of Ukrainian Nalional

E ='1.0 eV

. S(100)

-Ge(100)

o0 0.5 10 15
Enerqy loss {eV)

Aci!{leDry ol' Sciclrcęs tlte tecIinic1ue o1_ lcrrv-enet'gy
elęc1.on backscdller'ing (LLEB) is clabot'łtetl. rł'here
pr'obing is call'ied ollt rvith thę beartr ol' 0 l0 eV
elecllons' 

^1 
sttclr etrergies thę optical selection nlles

bt,.'ak dowtt' TlIęlęlo'ę iń cIil'.llc Jlld ilrel.lsric LLLB
spectta boń clircct atrd itrclirect 1ratrsitiotrs ol'excited
clectIons belweel] thę lr]axilr]a ol' dcnsity ol'cIcctlon
slales in 1he recłltced iJI'illouitl zone ale revealed-
tsesides, the LEEB spectla ptovide dala on eleclron
su]'l'łce slatcs'

Using lrigltł_esolrLtion {ult ś 50 rlreV) LEljB tech'
llique. the slLldics ol' energy loss spectra al YalioLrs

etrergies oI'pt'ilrlal'y electrotr beaD1 (!|:0.l-_] ęv) lbl
llre lrlirror-polished si(l00) and Gę(l00) srrl'faces rvere
perlbnrretl. The lcsonatrt cbaractęr of cxcilatiotr ol'
surlirce ancl bulk elcctron slalcs lbr the surlaces tttrdct

irvcstigatioir is sho$n thc cncrgy loss spectra is vcry
scnsititvc lo tp.

Figure 1 shoir,s typical encrgy loss speclm at

Ż'l':1'0 eV and Ł'P..3-0 eV lbrSi (l00)andCe(10()).
The obtailled lesulls on the blllk eleclron statcs are

ill good agleetlreIrt rł'ith the knorvn cxpclinlental dirla.

obtained by photoenrissiou spectroscopy attd chalacle-
ristic loss spectroscopy tcchnirlues as well as bitlk
elecfol'1 stfucttlfe ol'silicorl ancl gelnaniutlr, caIc!LlalęCl

theoretically Lrsing the ońhogonalizęCl plalrc rvave. locirl
polęl]tial and GI'l'-4 r]1cthods.

fhe plesence of the ktrorvu slrrlhcc eleclr'ol1 slates
lbr Si(100) and Ge(100) is conllnnecl. theit cnergy posi-

20

E =3.0 eV

--"-Si(100)
' Ge(100)

0.0 05 10 15 2.0 2.5 30
Enerqy loss (eV)

f ig. i
l ion beillg (lel eflnil]cd more precisel y. B eside s. lbl Ge( t 00 ) a l'l cw stll l'ace electl on state

in the gap $,ilh tire density rnaxirnu:n at the enelgy 0.l8eV abor,e the \aience band
max intunt is Levealed.
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Multiterminal measurements as a method to determine the resistivity
components in highly anisotropic media

P. Popovich
Uzhgorod National University, Voioshin str.,54, UA-88000 Uzhgorod, Ukraine

popovich@iss.univ.uzhgorod. ua

The resistivity and its dependence from temperature ls one of the common char-
acteristlc of the solids. In case of isotropic materials a four-terminals method is
commonly-used to dctermine it. The iayered crystals (colossal magnetoresistance
man8anites, high temperature superconductors, etc) are available mostly in the
form of thin platelets. That is why the determination of the smallest dimension's
rcsistivity component is a difficult task.
The object ofour investigation are materials with high unia-xial resistivity anisotropy
(p, >> p*)' Ińre present a method for determining the resistjvity tensor from a
sk-contacts measurementJ based on analytical solutious of the Laplacc's equation.
'fo avoid measuring of vanishing voltages on the bottom of the sample the c axis
and diagonal culrent in.jections are used. The condition of ihe appJicability of our
mpthod is high effecttr. anisolloDy (r 

"-p |)?l >> l '. $ hero ' _ ,rĘ - is ln"
resistivity anisotrcpy, I and D are the length and thickness of the sample.
Using this method allows us to measure only one sample instead of two. 'fhat could
be important in case when reproducibility of samples properiies is bad, even in the
same batch due to somewhat different concentration of impurities or dopants. We
take into account, the influence of size of the current contacts and their misalignment
to make the method more useful for e-xperimental use. Tbe rapid calculation of the
tensor components and the increase of the accuracy are advantages of our analytical
solution with respect to numerical calculations.
In addition, using of different current injections (i.e. diagonal and ab-plane) in
same time could be the method to detelminat€ the quallty of contacts and the
homogeneitv of the sarnplc.
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Dynamic Hyperpolarizability
of Hydrogen Rydberg Levels

E. A. Proninl), N. L. Manakovl), S. I. MarmoL) and A. F. Starace?)
L). Research and Education Crntcr, Voronezh State tJniu., 3g16g3 Voronezh, Russia
't Dept. aJ Physics and, Astronomy, Uniu. of Nebraska, Lincol,n, 68588-0111, IISA

TIre dynamic hyperpolarizability (DHP), 1( a;u, a.a), determines the atomic
response to a monochromatic external perturbation (of frequency r,,,) in the 3rd order
in the perturbatjon amplitude, F. Applied to atomic spectra, ? gives corrections
AEja) - 11'ż to the usual (linear in the laser intensity, 1) Siark-effect, A,Ej'Ż) -
a(c,.,)I, of a (non-degenerate) atomic level |ą)' For |'l| > ha / )Ei /2, lm ĄE!a)
yields the t!'o photon ionization Iate of the iĘ)-state, whereas for ha > |E| it
gives also the linear in laser intensity corrections to the photoionization cross section
(giveu by the imaginary part of the dynamic po)arizability o(o)).

We presert cxact numerical results for the DHP 7.1- of highJying H,states lnha)
as well as for the perturbation of nm)-levels by a laser 6eld taking into account
the terms - I and, 12. Since even - I-terms mix degenerate l-levels of the same
parity [i], rve evaluate - I2-terms by calculating "generalized" DHPS for these
mixed levels. In calculations of 4th-order dipole matrix elements, contributing to
the perturbation theory exprcssion for 7, we employ an efective method based ou
BeneraliŻed Sturmian expansion of the coulomb Gleen's function [2] having two
arbitrary parameters, p and .d'. After explicit inteBration over radial rariables, 1 is
presented as a double series of hypergeometric functions. By an appropriate choice
of B arLd p' , the convergence of this series is achieved for any lrequency (,J, includinB
in the above-th.eshold domain. hu > lE"l.

For n ! 10 and linear and circular laser polarizations, we performed numerical
ca]culations of 7 and ĄE[]) and AE[} (taking into account l-mixing) over a rvide
inteNa] of frequencies, from ńo < |Ą| up to hu - zD E"l. In the high-flequency
limit, a part of the mixed levels clearly shows the onset of stabilization rvith increas-
ing the la-ser ampliiude F, (See Table 1 for mixed states of the n. : 5 shell with
m : 0 in a linearly-polarized field.) The asymptotic behavior of 1 at high r,,, and its
dependence on quantun numbers n, l, rn and laser po]ariŻation are discussed.

Partial support by RFBR Grant 00-02-17843 and NSF Grant PHY-0070980 is
acknowledged.

[1]. B.A. Zon, N.L. N'lanakov, L.P. Rapoport, Opt. Spectrosc. 38,6 (197b).
[2]. A.A. Krylovetsky, N.L. Manakov, S.I. lvlarmo, JETP 92,37 (2001).

Tab]e 1l AE(z) and AE(a) (in au) for n: 5, m :0, hu : ą|E*|, F : 0.02 au'

Parity ,\E(2) AE(4) LŁ)\2) + 
^E\ą)even

odd
even
even
odd

t .77',28 O .07 4h,)IO- z

r.7617 - 0.1324i)7O 2

1.5926 0.1206t 10-,
1.5522 0.0019t)10-,
1.5235 0.0178r) 10-,

(1.J900 + 0.36EU?)10-"
(8.149 + 2.440t)10-4
(1.878 - 1.688i)10-4
(- 1.97 - 2.86410-6

(-2.095 - 0.809t) 10-4

1.91rE 0.0373t
1_8432 - 0.1080t
l'6114 _ o.I374ź
1.5520 _ 0.0022ź
1.5025 - 0.0259t

10 ,
102
10-?
10-2
10 ,
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Tempcrature depcnrlcncies of tlissoeiative c|ectr0n żrttachrnent t0

molecules of Gentisic acid, Hvdroquinone and p-Benzoqtt itront

s.,4. I'sltllith |1k, N'I'. lsfundi(roł

It1.\lilu!c oI Pl1l''\il.s d '\,1olL\1ll(s L!ul ('11'_\Ia]/s' Rł.iJ/l1ll ''alltlann' oI Scienct', ()t'nlly:r

Pt'' J a |' (:li' 15(t()7j Rtłsyitt'.\d])\hkl Il]}t'h.]'1|

The telllllcllllLlfe rlepctrtlettcies o1' dissociati\'ę cIcctlon tlachnlcnr (DA) bY

n](]letjllle ()f(;tl']lisic acirl (CĄ)rr,hlch is tltre tlf thc crccllen{ lnan'i\ in NlAI-L)I (M1rltja-

Assisic'd l-ilser Desorylionrloniziltion ) are investigaled b)' ueuns of l-rllectron Cilptule

Negalive lon Nltss slcctronletr],\irh pulpose to lighl ir ptoblenl ol'itltiorl.i lirnnatiort in

]\4Al-I)l' In accllliling to oul llndings ńe negat!\'c ion lnilss sl]cctl'Llnl ol'(i'\ lit lo\ł

1cllll)clłtuLc consisl5 o1'the nc\1 1l1ost inte sive pei]ks [\l Il] (N'l'Z = l5'l. 1()1)0")'

lNt-Hrl (1v1,',2 - 152. i5'l;). Li\{-('oolll- (l\'1lz - 109. l4'li,) alril Ij\4-(]o:-H:l (NlrZ

l0ii. l5'L'o). Also lllere is a nletllstirble anioll dllc t{r a process [ivl-H] -+ UvI-C()oHf

that m.ilos lhe rlissociittiotr 1il'etinre ol [lv{-H] plrent arliotr is abolrt l0 !s 11 is well

scL! on lrig.L[i] ll'rat tllcrc is I strong iLtcrelsiug o1'lNl-COr-]1:] ltnion yield as

telrperrlure of ttlget rlrolccLllc rising. SLrcli lt

behnr ior ol thc tlr[cshold sigr]itl is llot lhc

conrlilion of clccontlositlorl ot thc (iA lllolecLlle 1lt

high tęlrlpel'alu1c Lrccilt]se tllclc i5 slillc\isls a INl'

Hl- anion signitl at sucll telllpcLatllre. NIoleo\cl

molecules of IlyLitoquinoDc (1lQ) an(l l]-

lJenzoqLrir'rorlc (l)-uQ) do llot sllo\\' sucli ll

thlesholal i'eatLllĆ on thc colle sl)ol](ling lrlioIrs

).ieid e\'en iil hlqh tcn]i]cl'łtlll'cs iI'ig' l|h. c]) Thus

\\'ę sup!]osc 1hat lhl'eShold peilk tbl IN'l-('or II]]_

illinn chilnncl in (j,\ is a pscudonlolccLllat aniiln

\\,iLh il t(lucllrrc of p-BQ. Oblllincd c\pcrilllclllal

IesLllts alc il]teĘleted l-t)' nrealrs ()f qU ntLlllr

chenricrl cllculations i0 tclnis ()1' t\\'o-Lllnlcnsiollirl

potentiill cncrgy curt'es. Tllis \\'ork is silpilolted

by INTAS grant #t)9 oo(r-17.
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SPIN ASYMMETRY IN (e,2e) PROCESSES ON Li, Be+,

B*2 AND C*3 TARGETS BY TRĄNSVERSEI'Y
POLARISED ELECTRONS

G. Put.drit. R. ChoLrbisa. V. p ridar ard K. K. Sucir.

Depa nlent ol physics. College o1. Science Cantltus
N't. l_. Sukhadia LJnivenitv. Udaipur_31-3{X)2, lnclia

wc llresert i' this commLrnicirriur the resurts .f our carcuration {)1'triple difitreulial
!r1rs\:\c(rii'n anrl sPrrr. rsYnlnrerrr rn electl.r i|rpact ionizirtjon c|.ss scction oflirhirrnr
lrlic r ns t Li. Bt'-. B Jnd L "l .tr alt iltcidenl electron energy :19 eV above ionistlio]l
potential fbr eqLral as u'ell us ultequai energy shaling conciitions. We havc perfirrnierl
the calcrlilrio. Lrsing distortetl *ave Borl ppro\imation (DWBA) rbu'aiisr' Il]. \ve
łlso p]-esent oLlr cl]cltIation of spin asyn]llelry tbr tlre sanle targets \!ith cl'crg1' sl'nri'lt
'atio 

ard cornpr''c the spir asyrnnetry ti)r' Li atur u itlr thc a'lrilable erpcrimenral ilati
ol'Stretln et 11 |2]. We discLlss the role ol'exchłn-ge et'tect irl 1lrotlucing sll]l1 .ls) ]rlllletI}
.ind thc Ćlłict oI'Z tlll 

II'DCS 
łncl Spin as],n.]lnetl.Y fot. lithiLlrlr likc ions.

Excess Energy =20 eV

.0 -0.5 0.0 0.5 1.0
(E"-EbyE

Figirrc: Spin lsyl].l']]etl')/ f0[ tlie ciect]'oll il..pacl ionisłrjon ol Li as li lilnction tll
tl]e enclgY shalillg latio (E,-Er,)iE . ir4let.e E,, lucl E-h żll'c tl]c cnelgies iii
the cotrtinuult eiectrolts lnd E-E.,+EL,--20 e\,. is thc c\ccss alergv.
Synbols (.): experinrerral .lata oi srrerln er al 12l. (- -__l DS-lC. (. . )
3('and i-; oul DWBA caiculatlon.

Rcferences:
IL]1. E. McCalthf irnd E. Weigold. t{el. I,ros. phys.54 (1991) 7S9.
[2]' N4' Stl'etln. G' Baunr. W. ll}lask altl .I. Beraliclar. Ph1'5' ą"r,' A 59 ( l999) R4l()9.
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Ion-irnpact inclnced excitation aucl fragttlentation of C6s

,\. Reinkijster'. B. Sicgn'ianu. U. \\'elncr. lLnd l-l O Lutz

LJl1i\'eĄi1iit Biclcfcl(l. FNkultJt liit Ph}'sik. D-j j 50 l BicIclclr1 (ierlnłli-v-'

wc sttrdie(l tbe multil)le ioni7ation. ('' c\,żlpora1ion. 1issio11. i]nd nlu!ti liagl1]elltation ol'

C69 in collisi,.llls wifh 50 ]()()keV H-' tłc-. Nę-. alrd 6'5 31)0keV':;\|:- (: -l:])
ions [1.2]. The inlluence ot'ploiectile t}'pe aur'l vclocity oll relrlivc clrlss scctions uill
t]e discussad' 

^s 
an e\łll.]ple Fig' l sho\\'\ sol]lę lcsLllts obtżlilrcd in ctrllisirllls u'ilh At-

ions. At i'rlllilct velocities ?' : 02a.tl. tlle infltlen.e olthe proicctile lclocit)'on thc

llaglnęt]tirtiu] patlcln is colnpaIltil'eI)'slrrall. \.vl]efeas (lt'an]ltic clianges occl1r at snlil1lel

relocities [3]. T1tis 1]Ddillg i5 coD1I]lehęilsible \\'illl recetlll}'I)ublislrctLdatr lbr 1he encl'g)'

ioss ol Ar-ions Lrl c()llisiolls u,itll C6o obtilincd with lloll-a(llabltjc qltantum molccLilar rll'-

nirnrics calcLrlatious [.1].

i)l

FigLu'c l: 1 inlc<lf'-ll ighl (Tor) spectra ol-tiagl ęnt iotrs ptodtlccil in collisrllns of AL''

ions r.vitli (i60.

Rcfclenccs

Il] 
^' 

Ręilrkijstcr. U' \\'ctlier. irnd l'I' o. Lutz. EuroDh)'s' Lelt.4-] (1998) 65]'

[2] A. l{ęjlrkiister. lj.wct.ncr_N.Ńl'Klblchnik.Nlldll'o'l-utz.Ph}'s'lte\''A64(200l)
2320 L.

[.]] ,Ą. Reilll(ij:iler ęt łl'' to be publishr'cl'

[-1l L Kirlleń lnd ll' S.hrniLlt. I'hys' llev. l-ell' 86 (2(xil) 5]58.

" l'lllltil: ereink()e11 physik tlniłriel.łćI(]'Lle

I I0
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SOME PROPOSALS FOR LASERS ON SELT'-
TERMINATING TRANSITIONS IN BLUE SPECTRAL

RANCE
I{C]bĆl't Iliyves. \iolociyIrr1'r Kelnrair. Yrrtiy Zlrnlerrvak' YLrliy ShpeniL

lnslilulc ol-llcclron Ph),sics oflhe National Acirclemy ofSciences of Ukr-aine

llr tht- cotllbinatiotr rl'ith thc Ciu-vapol lasel ill grcen ancl ĄLt r'apot'lasel in tetl an
el'licti\.c blUe lasel on sęll' lerl']lillating 1lilnsition can be uselitl to clilbolate ll']e colo.
projectio11 systerus rvith [rr-ightuess aruplifiers ol'intaqes. lJLrl the tsi-\'apor ancl Fc-r'apor
blue lłset's tesled 1ill llow do l]o1 satisly 1he average porver clrcl efiiciency leq!lllclnel]ts'

,Ąn itlcliulrl alonl has an appl'opliale enelgy level sttrtctule !vitll sell'-tel'lr1ilralit1g
tłinsition 45i.l l]t]] lhźrt oligill ll'oln alr isolated.esollance 6]s|] lc\,el to the 5?P,1
n]etastablę level' The tlLltlllltlLll eIficięlrc), of tlris tlalrsi1jotr is more llran 909;. But a
stl-ralJ clrcrgv dislłncc bcllr,ecn tl']c groUnd a d n1ctastilblc Icvcls (0.27'1 cV) l]lal(cs il
itlrpossibie to rtse pul'ę indiultl nlelal probe is a lasan1.

ln ortr invc'sligatiot'ls nilnccl 1o seat'clr lbt thc ]ascf aclion on indiul]l łlollr al1 lnl
sall Was L$ed' Tbę lime inleglł(ed e]]1issiol1 speclIa ol'dischal-ge excitecl by hiulr t,oltage
dischłrge (l]ig'l)rlenlonstlale lhe rnain l'eatule donlinating inlęl1sil\r ol_i1']diun1 alorll
cnlissions' A +X and l] _-łX llrolecular en1issiolls ol'lnl ha!'e also been obsel'!ed. ln
the absorltio| speclr'a llre X 

^. 
X ts and X C Lrands are obselved- 'fhe tesonir|cc

indiunt linc 410 2 nll lics ir1 thc lcgior ofX r\ transition absorption balcl.
Unlb11ulrately. I]o lase]' actioli \ł.ls oblairred in spite of a gleat v:rriely tll'

ęxperjnlenlal conditiotrs lrsed' Especiall1'lhe plllse iiequency lras es1ablis]]ecl ill lhfęe
dill'elent legirnes: 100 I-12.3-10 kHz ancl pulse seqLrences (series of l0-20 pulses rritlr
interprrlse clistance 1 00 |ls lel)ęalgcl 

'\,ith 
l0 HZ).

The largest intensity of indium lines was obselvcd at i00'C rlrbe terlperatLrrc.
The addiliolr ] cllbt1s n]iglll bę tlll(Ieńakcn to usę allolhel' iltcliulir c]lcluicll con]potlnd

(|rllr1) \\''1h lolver' ',,,,olking
teu]perature (not nore than 200'C)
ilird lo shorteniu-!a lhe purl1pirrg pulse
d uratiern.

Al1other clenlent is also
prcposecl lbl lhe satnę ptLl'pose

having soll]e selfłc'rnrinating
transilions in blLre, especrally 4j 1.5.
47].] and .17l.0 Irn1 - thĆ lilani1Irn
ouc. Experi|nenls u irh iascr'
vaporizatioll of Ti nctal and
subseqLlenl excitarion by ciiscLrarge
are prepared.

l-ig. l. Tirc cmission spcctrurn ol'1hc 1r1l - Nc dischargc
(p\. 2 rnm Hg. | = 4.7 kHz. I - 370 ''C).

vkeL1źr:ttlitil'rtzhgoIlcl.uł
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CLUSTtrR EXPLOSION IN AN INTENSE LASER PULSE

Marian Rusekl' Hervć Lagadec2, and Thomas B]enski2

1I stytut FiŻyki, PAN, Aleja Lotników 32l46,02 668 Warszawa, Poland
2CDA/Saclay, DSM/DRECAN{/SPAM,, 91191 Gif-sur-Yvette' France

Due to coliective many-bocly efIects the ]aser interartion \ł-ith the atomic clus_

tęrs dilTers substantially from that ol simple atomic and molecular Systenrs- FoI

instance. recert experiments on clusters irradiated by the intense laser pulses have

revealed several extremely high energetic phenomena not encounte{ed in previous

experimenls restricted to atorns and small molecuies: efficient generation of highly-

charged atomic ions, generation of elecdrons and ions rł'ith MeV kinetic energies, anci

cmjssion of intense X-rays l1l. In this paper, the dynamics of small rare-gas atomic

clusters ionized by a high-intensity femtosecond laser pdse is studierl qualitatively

using a three<limcnsionai refinement I3] oI the time dependent Thornas-Fermi model

f2l. It is confirmed that the explosion is neither instantaneous nor rrniform lt ex-

hibits a layer-like structrłe in which shells of cluster ions are expelled sequentially
It seems that the inner shells of the cluster start to expand lirst and "push" the

outer shells. Stepwise character of the explosion is seen a-Lso in the kinetic energy

of the outgoing atomic ion fragments: the ions leaving first weie far more energetic

than those leaving later' Tłre role of hot electron dynamics jn the cluster explosion
at the initial stages is also investigated. It turna out that ions coriing from thc outer
shells ol lhe cluster are indeed a little bit accelerat'ed b1' thermal expansion of the

eiectron gas. on the other hand ttle thermal expansion of the electron gas causęs
the electrors to leara raprdly the inna.rds of the cluster. This slows dowri {he rate
of the space chargc ioniza"tion inside the cluster and tlrus the C']ou]omb explośion
of tłie inner shcl]s is dece]erated. Contlaly to ihe previous believes it seems that
the hydrodynamic explosion scenario is important for mosi energetic iorrs only. The
expansion of slower ions from inner shells is governed mainly b5, the Coulomb forces
Thc model used rvas a-lso checked to give correct quantitatile predjctions in the case

of small argon clusters.
Please conlact the corrcsponding author: Maria! Rusek <rusek@ifPan . edu . Pl>
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ATTOSECOND PHASE CONTROL OF MOLECULAR WAVE

PACKETS

Yukinori Sator2

lIrstitute 
o f Mrltiaisciplimry Res€ł.rh for Adva$cćd Materials, Tohoku UDiversity, s€Ddai, Japan

' CREST FEMD (Iźns Proj*o ofJsT

The temporal coherent control using a pair of femtosecond (fs) lascr putscs is
ęmployed to manipulato molecular wav€ packets (wPs) crcated on thc l state of HgAI
molcculęs [l]' The laser pulse (center wavelength 254.4 nm, timc duration 300fs)
ńduccs the (l 30* v;*1x '0*, v=o) transition and a wP is gącr.t d oD the l stet€. Thc
WP is a superposition of the vibrational eigenfinctiołrs (r-3,4 and 5), oecilletcs with r
period' Tr" = lps' The two wPs, generaled by ńe pulse pair' intcract constructivcly or
dgsbuctivcly dą'ending on the phase difference givcn by thc int r-pulsc{.l.y '. Thc
wP int raction results in a modulation of the l stat€ population. Wc hrvc rchicvcd
sattoseconds (as) or higher resolution in tuning " and observed almost 100p/o

modulańon depń of the individual vibrational populations. Thc moórlations a1pcar in
harmony \ł.ith the las€r field oscillation cyclę (2x lo\.) = gąaas'

Figue l is obtained by numeńcal integrańon of the timc-dąlcrrdcnt schrodingcr
equation for the Hg,ł in the fięld of the double-puls€ lascr. The modulation in thc
probability density with the delay time tuning is sho\łn foT tbe vib.ational lcvcls l-3, 4
and5 inregions r =7.5716 alj.d. t = 2Tru. The modulation curves are quite diffsrent
b€twcon the two regions of r' For r =l'5Tr", two wPs crosses with rclativcly wcał
interaction each ońer In this caso, phasę ofthę modulation for re3 differs by z ftom
the onc for re4. This suggests a possibility ofthe rotational quantum opcration by m.atrs
of the double-pulsc phase control. For the delays t = 2 fr, , two WPs ovcrlaps wcll and
interfcre signiflcantly each othęr to results in asrnmctric Beutlar_Fano typc modulation
orofiles. This is a time_domain version ofintel_channel int€raction.

Fig. I Delay time dependence ofthe probability density ofthe l-state vibrational lcvcls.

Rcfelencęs

lll Y sato' }I. chiba' M. Nakanur. and K. ohntoń' irl a.'.r ctarl .ra X.rb.brb o!
Mokclles, d. BańIevŁ Gordon' and Fujińura' Acs Book (2002)' chap. ll'pl56'
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I-IIGII I{E SOLT]TION STIJDY OIJ D IS SOC IATIVl:
il"ECTRON ATTACHMENT TO CH:Br: AND CCl:Br

A Scht'anltlrl. N4'-W. RLrf '' Nl Statto 
]. S' Mate|cik', l. l' FabrikantLŚ' auci l'1 l1ottlpl

I j''ttchbert'it'Il }'h.l,.yik, thli\'Cr'rilai! KLtiScrsIuulel'11, ])-ó7ó5j Kui'scr'ylul!!L'r]l' ( ;LIl]]L!ltI
2 !)Cpąrlfire]ll ol ('hcui'y!r't:, ( htiyar'sill of llruli'łlultt' l]rL!!t'\!.1l' . sl()\'{lkiLl

t]sing t\\'o cIiff'erctlt cxperimental setLlpS rvith tnass spęctlonretlic ion detcction' lr'e

ha\'e invcsligate(l dissociative elecłlotr al1achnreni e (1') l '\'|' > -.Y - }' (DA' shoń
notation l' ,'-Yl) to thc trvo dipolar nrolecules Ctl:tsr: and CClrBr. Relative DA cross

scclions liollr o ę\' rc aboul 2 cV rvere nreasru'ed rvitli a rllagneticali''-'-guic1ed clecti'oIl
i-rearr (energ;,- $iclth aroLrnd 70 IneV) and, usitlg the laser photoelectron attacllrent
( LP A) m et hod I L .2]. ivitlr r'ery' high r esolutiotl (errergy rviclth -< 1 nreV) o\'ę]' the eIectron

el]etg\'lallge 0 ] ,1]''fiev < t72' with ręlelencę to thertnal atlachnent rate coef'flcięllts

[3.4] absolLltc DA croSs sections ą(/'.) ltavę been derived lion tlre cornbinecl

experimental datil for the ptocesses Br1['H2Br.:, B1.-/CClrBr and (]1 /CClrBr. At
thresholds tbr vibrational excitation ol the Cll2B12 molccule. the DA cross scctiotl

erhibits ptoltotlncccl strrtctutę due to collpiillg ofthę attachl]]ellt ptocess rvitlr scatteril']g

chanlels. belorv thc r,.r = 1 onset for the CBr slrclch ribration. a clear vibtational

Feshbach rcsonance is observed At low encrgies. the cfoss sectiolls ą(/--) shorv atl

cllcl'g1' depencletlce betwecn /'] l2 
ancl -1] 

l' in ęsserrtial aglęęmel]t rvitlr pledictic'ns ofan
cXtcndcd \'og1-\\'annier (EVW) capturc nrodel [5] rvhiclt inclLrdęs the 1ollg_ralrge

elcctt'oll_clipole interactiol1 il addition to thę polarizatiol] fbl'cę The measritec1 absolute
vaiues are, howevel. srbstantially srnaller tltan those predicted by the E\iW nlodel

Conrparisors are nrade with cross sectiolts ancl rate coclllcients obtained ill prcvioLts

pliołoc]eclron attachlllctlt wotk atld in electt'otr beatll and slvalnr expelinlents. Bascd on

our !oint experinlelltal resLilts for' ą(/:)' we calcrrlate ancj l cpoń the elcdrol'] tell]pel alLllc
clepentietrce of the ratę coei1icients /r(1") for' ftęę elec1l'oll attacI]i]rellt ilrvolr'irrg a

Marrvejliatr clcc1l'otr ensenrble and a gas at loo]-Il rclnpęlatllte (7o = j00 l().

This rvorl. has been srrpportcd by the,/)fil/'r.'li.' 1itst'llłtttgsgctltittscłłlj'ancl bl the

Zcnlnln fiir Iltst'rtncs.slechi]ł uttł l)icrgllo'\lik (lJni\'el''\i/lit Kttiser.ł/tuttttlt)'
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|4l 'r Sunaualł'a alrd Ll Shitnarnol'i. J Chenr Phys l07 ( ]907) 7E76
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'" Pernancnl address: Departrneut of Phy sic s and Astronotny, (.lni,'ersity ofNebraslia.
Lirlcoln. NE ó3588-01 ] ]. l]sA
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EFFEC]'fIvT] ELEC]TRON SCA'TTERINC CROSS SECTIONS FOR 7-INr]

ATOMS

t).lJ.Shpcnik. t.\'.( hern\ sho\ r. .j.l,.KontR)s

In\riluLe,)l llle.lron l)h\sics. Ltkrainiirlr Ni! :\eurt. Sci.. il8 (X)0 (lzhgoro(1. Lrkrarirc

L- r.ril: icp r, iep.rzl,,-r'r,r1. ,.r

Collisions (ll clcctron: \ilh ln i onts hrrc bccn
s(Llditd in rn.rn\ e\lerinrcnlal i llreolelic.rl
trpcrs. Nr\errjrcles\. llo data lrf. a\aihble Lrp t(j
,iJli ,', rr( . tl(( i , ut.r.l:: (1.- r.,ri , r .f, .-
!l1)ss Śe.Lioi1s. J r(l e\.itilli()]l cl()1Ś tectioo\ ]i)l
l('s.r (incl!r(llnS nrerr\rirblc) k\.1s. I lris is drc to
ll r]ull]b'jl ()l' lallsonś. one ol \|li!h ttjn! 1he

IR)bLrnl ()l nb\()LLrlt crlibrltion ol nreit\ured
rellll]!ś JcilIlcl ing c|1)s5 scati()n\'

IlclĆ \e [c]jolt on lhc irhn)i1lle elirJt]f cLcclRJn
\cll1elin! cross \ś!1iolr5 1lnd c\cililli(|l cloj;5
sec1i()n\ li)l lllc {]l', - _ an(l ł]l)r _ ]e\clŚ i]r lrr
llorr) rj \\el ls thL'ir encrr.r\ drpexicnce\ silltitr
tlrc (l l0 cV .ncf!\ rrsc.

lhe c\perin)urts \\cre eirrrjed riUt lr\ I rr)\scd
.lcclron rfd ittonri! bcirLlls lcehniLtU. \'lth thc usc
ol u hipocrcloirlul elcclron \peci()rn.ler (1lL\l)
Nn(l ir rrrullichr nel ellirslon 111)rnlc bciIn so rec. /\
J...i(l ,l...ri .,',' lrl\' t -i ...i\.r
('ls.\hrre. lt .onrfri\es t\() \cfjulL\ nloUn(c(l
I1'...,'.,,,,
elcetlon ntonochlot lltor llnd tlr. \eto|l
nfIlslicłll) \lllllel.d e]ecl11llr ilnil]\lcr l'ht

r ir\licrll\ \c:r(Lercd .lcclro rs \crc !1.1!.led b\ the
\! LL\ o l'lh]j !olliŚ]ol) .hi]l]rlr.l' oil .rr1lr1n!. |l ld c\ il
r)l \\hj.lr the diJIhr;urrs \\erc )[L.erl \\itll lhc
rpflic(l poLcrLirl c osc L!) thll ol crtho(le fr(r!iding
ru l)rIr'icr Ii)r irclir\li.Llllt sclltered rle(tn)rri; as \tl1
;rs 1i)r llre elc.lrotr scltllerel cIr.iliurll\ rr rh.
r rglc! !\ccc(ling r ccrr.irr n)ir)irrrirl onc.

Besi(lc\ l]rlj ]]leilŚt1lC'nle]]lJ .l' .hśl]c lrlkl
irtclastlc electrrrr sr turillg \\e hir\r slrdie(l lhc
ioniŻillion lirJl.(ioll li)l lrr lllonl .lo\e lo the
llrLe\hr)l(1. Ihc ion\ ]rRxlLrced trflc (lerectcLl b\ ln
cIc!ll'o(le n]LJtInlcd nolr]rIlll'\ lo lhe łt()nic hei]lll
(lircclion. /\ sl)ccirl iltcnli()n \rxr !i\cll l(' rhe
scLceIi()n {ll'lhe ]](n.r]tilll5 llt this ele.1nl|Ć ]lr order
lo nlinirrriŻc ]ls irl1'ltlelr!e ol] 1he t]cct|1)rr nloLion in
lhe colli\ion r.!ion. ,\ co]]\ut)l !col]tcir\ ol'
!\|erinr.nl rn(l rltr .onsLlnt Jensitj\iL\ oj lhr
(lclcolion Lrnit hil\c llll{)sed lhc 1orll ceciron
\, l(ri||! \r' . ,LL. 'i r\ rr,. ... 1.r i , | ' r. t ,'n
li)r l(N\cr le\cl\ to be nornrulizecl lo rhe tlhsolt]te
\ łlUlrs oI the .illlrle'i{)ni4t jolr 

'JlolŚ sccli()1l lill Zn
.rt()rn'. 

^ 
L\picirl rlcctL0n tIlcr!\ \nrtrd \ls 0.15

.V Jt lhc in.i(l€nl clcclr()ll bt|ll1l fLltrclr1 oJ' l(] s.\.

rl ]
Itr(Lr'() .Jrc !t. .\'

l,-.'r. lrr,. .r.(.\.ir.,r;, 
'

lorlhc l l' : e\e r)l Lhc,/|l!(rJll(cur\ell
irN(l 1hc ionl/,i(i()n clli.i.rr.) (c!r\ | I ).

I ict]le ] \ho\\j 1h. .n.lg) depe|(1.llcc ()1' lhĆ
lellIli\e eLccln)ll e\cilill]tnr clo,is iĆ.1]o r l'()[ Lh.
.1]|', j |c\.l o'1he ln l]loln (fLrr\J ]) Jn(l Lhę

iolr]ZirLion ęlllcicn!\ (c(ll\c ])' lhc cll.lg\
(icptJl(iś|lccs oj'lhc l'l|ljli. closs sec(j()ll ilr](| L]rĆ

c\cililtlor c[)s\ \ccli()tr r)l lhc,ll) \111.o ln \t]
hc presenLerl ll th. conlir.nce.

I ( r ".'r' ',lr..,il .. ' r"r. r'r'.. , .,r. ,.
nl1lde in piIl1 Lllrder ,\Śl]11{ No l I,] ]llt] o] l]lf
eIąL)l:'

It4ilr!!!!

l. O.Ll.SlrtirniL. N1.N1.l:r11.\d). l.\'') l'()]rik
\o\ l)hj\. l1l'. l9tl. {j7.1{)l

]' Il' 1'1l\ł|ir' K'1(ilLo. ,\!()mic Dll(x and Nu!lętll
I) (ir I .rb1.s. -16. -l ll ( 1937)
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ELECTRON EXCITATION OF MERCURY ATOM
SPECTRAL LINES AT rnCV RESOLUTION

(,1{ ill)'Jr ik \.V lr lerdr' \ S \ rrK'li\l'

lliŚtitLll. o1'ljlecllo11 I'hysics ol'tjkl'łillian Nittiol1irl 
^ca(le]']r)'ol'Sciences' 

Uzlrgoroc1

Ul] lo dlrte. la1hęl lal_gc nunlLlcl o1'ri'ol']is delorecl ttl 1he e1ectrolr-inlIilLl e\t I lliLl]L

ol'llg irlonrs is airilnLrle [1]. lhc .nergy- tesoltltion ol-iucidcnt elecuons bcirT-! : l(X)

nlcV' \\'c illrc llrorlillcd a hypocyc1oic1al clcc1lon nionoch lorrla!ol (HEi\ł) L]l lo

pl'otlrtcc ln eLcr]l|on bcam ol - ( l0 70) lllaV cnergv splełt1' 'fhe 
'\perilnenlai 

iippainllls

Llevel,rpccl oi1 the basis crl l lLl\'l is aulomaled b,v tlleans on all IBM l'' HLVI js

conl]ect!-d to 1h. cL]llisiolr celI ljllc'cl lvith llg r,apors- oplical en]issjon rl'as rleLccted b\'ł
photontLrtriplier' ol).lłti]']!a i11 ilre l]ho1oelectron coLln1ing ln(rdc' Lixpelinlctrt collu'olling

1,','g'"n'"Lio,,', "lI 
,l'. ńllł nlor.lę ro bc slLLdiĆd. ils rrcll trs Lhc 111rclttlelcctt'on siglial'

.1.'c_t|on bcinr l)aiattleter s to bc clctecled antl l esults to bc ptimar'ily proccsst:rl

Ltigures illirstraic the lllcilsuaed total cxcilntion lLllclions (lrlls) li)r Hg illolll

..'p".'."ii',,", - ii,.,','."po,o,.,t 6jD,] ójP: ()':]ó-i nnr) łncl {(l]D:l - ("Pl]+(('IDr -

frrP,)ti=ll3 nnl) lr0rlsilions Flleclron encrq! splead rvls'10 lnd 60 nlc\i' respectivclv'

ancl thc cuer'sv stell \\'rs J0 llrc\t.
Thc ll llsis ol'rhc tesLllls ol ltlcasurellletlts has sho\\'11 n good ngr'clllent Llel\\ een

LrLI l-,1;s lbt lhc 6]l),r - 6rl'r trnnsillons (r'clcaling nrorc teach slr!lcLlLre) willl th()sc ol'

oilc ol the rrLrlhors l3l obtainerL irt llic -100 )ucv eliergy rcsoiutiorl Ol special i|te|cst is

t]]c lircr lhi1 o,''l Ijl'.s ltleasrtrerl lbl 1hc sanre irritill levęls ha\'e co1l1pletcl)'rlil'lil'cll1

chnl'aclcf. Wolthy ol'l']otice is goocl coincidcnce o1'Lhe encrgy posit]onŚ ol' l 2 1ea1tlres ill

lhc nleilsllled EIs' Tlrc orlgin rll'Lhe łbovc l!i]tUIes rvill be discLrssed lri thc 
'onli'rel1cc'

, 365 nm

Ene.qY {eV )

B-lJO

r 0 I ro 11 12 13 11

E n e r! Y (e v )
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3r3 n,n

This inrestiglititln lrls su1-l1'lot'le'd by rhc C'i{D}'glant UP2-]ll3'()'ł-]j'

I{c 1ćlenccs
l. l)'\V.o'Hcddle' lt'er'' Nłod. l'hys' ól (l939)22l'
2' o'B.Slrp.l1ik. N.IVl' ljlcier rl1 et łl' lnstl. łr1d E'\l)' T.chn'(ill l'ussiil]):ll ( l99l{) Ó6'

3. LI).Zr1rc-sochn1. 0.B.Shpcnili. .llt l l, 1 iu r ussia l 5(l ( 1 966) ii90.
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The polarization model for valence-core correlation in molecules

J. E. Sienkiewicz*, P. Jasik

Katedra Flzyki Teoretycznej i Metod MatemaiycznyÓ, Politechnika Gdańska
u]' Narutowicza 11/12' 80-952 Gdańsk, Poland

The valencc-core conelation is difficult to calculate because of roughly equal
contrjbutions made by a very large number of vińua] core excitations |1]. Neverthe_
less, the dependence of the ralence-other-core correlation oD internuclea-r separation
can be critically important to the shape of molecular potentia-l surfaces, particularly
when hear'y atoms are involved. We propose arr extensiou to polyatomjc molecules
of the simple poiarization model used successfully in electron-atom calculations l2].

The valence-self core correlation is given by term

1
-ża' < ę'lE"l?" > 

'

where rl. is the dipole polarizabiLity of the atom c, po is the n"-e1ect!on rvavefunction
and E. is the c]ectric field due to ąil valence electrons ąnd other charged cores,
appropriately averaged over the distribution of c. The above term is independent
on the internuclear separation, so it could be accounted for adjusting of asynptotic
energies. In atomic units the electric field at c can be written as

e.:IĘx(."l''; r"-

where X(r) is the cul-off function. A simple rłay to extlact model pol&rizetion
palametels is to a"verage tłle enelgy adjustment oI a given triple state with thłt of
corresponding singlet

1

1l.v',*'u+ rlp!*)> + < ę("-)|u +u1ę!-l 
'] 

:ł.4,.]u]lp";',

in which 9{+) and 9r(-) "." 
the singlet and triplet wavelunctions, respectively, t, and

1' a.!e one- and two-electrcn (dielectric) terms of the va,lence-se1f core interaction
(-|a"E! = u + w), tb. is the one electlon atomic orbital centeled on c- The one-
electron term can be wrilten as

,:Ę". _f;o.|,;ox't,"s'

The emphasis here is on plactical t€cbniques which allow applicaiion of the modei
as a first-order perturbation in tbe filal stage of a CI computation with gaussian-
type orbitais. The model is being applied to the diatomic molecules.

References

[1] W. E. Baylis, in Quantum Optics, ed. J. Fiutak and J. Mizerski (Singapore:
World Scienti6c 1986), pp. 1-37.
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Critical minima in elastic scattering of electrons from Ar and Zn

J. E. Sienkiewiczl., S. Telegar, P. Sytyl and S. Fritzsche2

lKatedra Fizyki Teoletycznej i N{etod Matematycznych, Potitechnika cdańska
2Fachbereich Phvsik' Universiiót Kassel

Ab initio relalivistic calculations have been carried out to search for minima in
the angle and energy diffcrential closs sections for the elastic scatteńng of electlons
lrom argon [1] and zinc [Z] (fig. t). Comparison is made wit]r the lecent cxperimenis
[3] and previous computations.

The position of the minima depends r.ery sensitively on the theoretical method
rvhich is used for descriptlon. A ploper tleatment of the €xchan8e potential of the
incident elcctron rvith the bound-state density and a rather careful choice of the
ta.get polariŻation potential is requiled' A precise knowledBe of the cril'źcal minima
is also important to ihe region witb the highest degree of spin polarization of the
sc..ttered electrons. Our relativistic approach allows both io compute the minima
of the angle and energy diffelential cross sections as well as ihe degree of spin
poiarizatioę. The precise measuremenl, of the minimum position is difficult since it
requires a very good angular and energetic resolution. We hope that our results will
be attractive from an experimental point of view since they allow to locus further
experimental effoń on certain local areas,

Figure 1r Three-dimensional piot of the differential cross section for elastic electron
scattering from zinc.
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EXCITATION CROSS SECTIONS FOR STII SPECTRAL
LINES EXCITED FROM ATOMIC METASTABLE

STATtrS BY ELECTR,ON IMPACT
T. A. Snegurskaya*, M. O. Margitich, I. L Shafranyosh

Uzhgorod National Unive-Ęity, voloshyn street 54, Uzhgorod 88000, Ukraine

Here we rcporŁ on the experimental dat& on electron inteIaction witir metastable
strontium atoms providing absolute excita,tion functions for lovrJying spectral liDes of
single-charged ion' ExpeIiments were carded out by an opticź'l method with the use of
crossed bcams of the metastable Sr atoms (with the - 5 109 cm-3 concentra.tioo) ond
nronoenergetic electrons. The ebsolute cross section determilr&tion accuracy was 60%.

The experirnental teĆlmique and method arc desclibed in detail elsewhere [1].
Table shows the absolute cross sections for the four spectral transitions in SIII (a.t the

15 eV electron cnergy) normalized to that for the ) : 481.1 nm line cxcited from the
mctastable state rneasured by us experimentally (a) and calculated theoretically [2] (b),
łs well us to tlre excitation cross sections for the same tls sitions excited from the glound
atomic stetes treasured in J3l (c) and [4] (d).

Tiansition, ) (n-) Qrs, 10 17, cm2

52S, o 52Prl, Ąo7 '6 10" 42b 20. 2{id

5ż312 - 52P1p 421.5 77b 13.5d

32P,tł - 625ln 430.5 1.4" 6b

52P, t, 625, o 416.1 0.6" 2.5b 1.3"

It is sccD that the cross sections differ by several times and this is rather difiicult to be
explained at the rrrome t. Nevertheless, note the following. The ionization cross sec-tion

out ol the metastable stateś for sr atom at 15 ev is - 2 10 15 cm2 {5]' The sum of the
excitatron closs sections fol lower ionic spectral lin€s measured by us is - 2' 10-16 cm2,

and this corresponds to - 10% of tot&l ionization crcss section, while for Mg atom tha.t

ł'alue reaches 30% [1]' However' this is quite consistent, since the stlontium ion has the
rnetestĄble 2D-state lyiog be]ow those studied by rrs' and' therefore, the palt of ions is
produced just in these states, the decay of which vis the optical channel is forbidden (in
rDagnesium ion the similar state lies abovc the resonance levels)

Ifonc takes the cross sectio[s obtaincd by other suthors as the rc{crence ones, the above
contributior reaches 25-35% (see table), that, in our opinion, is less probable for the Sr+

ion (iu accordance with meBtioncd above). The behavior of the cncrgy dependences of
excitation cross scctions will be discussed at the conference.
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MASS.SPECTROMETR]C STLJDIES OF C3D7NO
MOLECULE IONIZATION BY ELECTRON IMPACT

A.V' Snegunliy'' A.N. Żav!lopLrlo. l'.l]. (]hil]e\- O'l3. Shpenik

lnslilutcol'[]lcctronPhysics,2llJnivcrsitctskastrcct. liS000 ilrhgo.od. lJl(rlinc

PleŚent l)apaI is a continuirtion oI_ a sc]'ics ol'oLlr-plc\ious s1uclics on thc
p|odrtctiort ol ionizecl fiilgnrerlls resLllled lionl clccttoll-ilnpact ionilittiL)n and
clissociatirc ionirntion ol'coulplcx L)'iolecules contnil]inq isotope dil'l'eri11!: spccics.
l{eccntll rlc ltat.c llleasttLcd lhc cl'lcagY dcpendcnces o1'ionization cr-oss sęelions 1'Llr'

Lrcrrzerte ((r,ilr,. Cr,l-lDi) ald pyriciine (();HrN. C;l);N) nrolecules rvith a spccial
cnrfhirsis Iiil\'ing been giverr lo deLctmina!iolt ol'appcnrallca eltclgies ol clissocjativc
ionization proLlLrcts [ 1.2].

Ł:rpel il'llenls rrcl'c catricd otlt b)' usi'lg a sct-Ltp rr,itlr a quaclrupolc Dlass al]alvler
1'll'or'icLing thc +l a'ln'u. l]]aSs and +500 rl1ęV enelgy lęsoiLllion. The beal']] ol'mo]ecLlles
tunder sludy was procluced Lry a multichannel ellllsion sourc. operaling in hlgh-r,acuum
(- l0' Torr) conciitions. 'fhc clcclr'on cnclgy \\'as scirnncLl in r stcp\\'isc notic i.r'iLh thc
0.13 1.1(r eV stcp. Tbc lirul cncrgyi dcpenclcnccs ol- ioniziltion and riissocialirc
ionizatiLrn cross sec{ions rvcre plocessecl by uslng thc SICMAPLO f soll\'arc packille
allou ing lhe initial areas of ionization curves lo tre fittecl using the least-sqLrare nrethod.
F-lec1lon cnclg) scalc rvas caliblillctj againsl known ioni7dLion lhr.Shold li)l l'elilĆ11cĆ

^r 
arcl l(r a{onrs pIo!iding rhe calibralion accu!'acy nol wo.se than 1500 m.V.

I i1:. I sh,.]rvs the mass spcctrum of thc CTD.NO urolecule li.grnents. ułile lig 2
presenls tLlc iouiralion closs seclion lol the parerlt (:lJ-,N(l moiccLrlc \s the inci.ier'ri
elcc!ton cn.'rgv. Tlre lack of llrę dala in lilenrture. trn]l r't un ately. nlokes irlrpossi1lle
direcl conlp'.ll ison o1'oul lesults rłi{h any availabIe data ob1ained lrv other luthor's _fhe

cliscussion ol lhe resLrlts rvill be plesented a1 r. Conlcr lce.
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LONGITUDINAL SPIN ASYMMETRY IN (e,2e)
PROCESSES ON ATOMS BY RELATIVISTIC

ELECTRONS

K. K. Sud

Depilrlnent o1'Pll)'sics. College ol Scicncc Canrpus
]Vl. L. Sukhłdia Univcrsily' Udaipul'-.1 l3002'. ttldia

The irlvestigntion ol (e. 2e) proces:ies ol Atollls b)' spin-polarized cleclrons ollcrs 1l

scnsitivc tool ii)r strir)gc0t test oftheories bi'probing tlift!lerlt physical urecliattisuts lilic
erchlilgc 5clLtlcring. spin-or'bit ccltpling of both l]otuid ancl cotrtinrttlll't stiltĆ. orbi1al

orieulatiou lncl alignurerr etc. as rvell as tbeir intclplay. In recelrt 1'c.rrr L'\r.rl\i\e
thcolctic1]l ż]nd ex|]eril1relltal investigatiol']s of dre (e. 2e) plocesses on ato]l]s b)'

tr rsvelsely polarizccl relalivistic elechor'l bernt have beell pctJb ned Ill. Bhullar ld
Srrd [2] hrve compLrteci alld d.r't]oostrated longitucliual sllin asvnrlnetr)' i]l triplc

di1}crcntial K-shell ioniZatiul ol attlns by lorlgitLrc1inłlly 1lolllizcd rclativ1stic electIo]]s.

ln this lalk ivc rvill prcscnt the results of longitLlilinal spin esynrlnetrv ill (e. 2e) process

on atouls ctlllllutecl lr onc photon cxchange apploximalioll. We rvill also discuss the

cJepencIencc of tl]e lollgittl(lilial spin iłsynlnret11' on Atol]lic ltitnrbcr tlt_the 1ll'ge1 il1](l

illci(jcn1 clccllon etlet'g1'' Firrall-n_ rr'e r'i'i]] t]iscuss thc lole of intełriil}' of lo|ginl(lini]]

al]d tlansvt]l'se illlclaclion betl'een lhĆ two ilctiVc electltlt]s tltl the asyl]lnlctr)'in (c.2c)

l)roccsscs try tlansvct'se ls rrł:1lls lrlrlgitud ina lly pohr'ized r'clirlii''istic eIectIons'

Relerences:
IL] W' Nllrel and C' T' Whe]arl. Ph)'s' Rep' 3l5 ( i999)'ł()9 ll(l lefilellces citc't] tlleit'iIl'

f2l A. S. Bhullal anil K. I(. Sutl. l. Electron Spectroscopy rnd Rclatecl Phel()r'nenir Voi
I l4- 1 1(r (2001) l2l.
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Theory for coherent control of quantum system dynamics

M. Sugawara"

Depajtment of chemistry, Faculty of sĆience and Techrrology' Keio University, Japan'

We have developed a general coherent control theory for manipulating quantum sys-
tem dynamics. For designing the external control fleld, we introduce the pedormance
inrlex r]efiner] as U(t) : 

'((Ó'(t))' 

(Ór(t))'..., (Ó"(ł))) whele (ó'('))(' : 1' 2'..., N)
denotes the expectation value of the ż-th observable' Here, y(t) indicates how well
the curlent state satisfies the desired physical property. By difielentiating y(ź) with
Iespect Lo ć. and consideling the the Schródinger equation we formally obtain i(ź) as

Jł l' -$ :t+(e'!) i1Ó,ri1.ło\+zlm(o,(iJi)U{/)). (l)d/ ? a(o,(/)) \\ dr ./ )

rvhere łq and y denote the system Hamiltonian aId tbe system ńeid interaction op-

erator' Here, v,e enforce the operator Ó,(t) to obey the equation of motion' $ :

'lÓl(l)' 
flol' one can rea]lze the monotonous increasing condition of9(t)' i'e'' 3r(ź) > 0,

by simply settinB the extelnal field as u(l) : Arr:y (aa(illa(Ó'(t))) tnr1o,1t;ż1 *itt'
the positive amplitude parameier -40.

We applied the present theory for the population dynamics control of the vibrational
states of Hydrogen Fluoride molecule. We aim to realize eq-distributed staLe over lowest
ńve vibrational ejgenstates {|0)'|1)'...'|4)}' whereas the initial state is taken to be

the ground state. Shown in Fig. 1(a) and (b) are the obtained control field and the
population dynamics under the field. It is seen that the desired eq-distributed state is
neatly generated by the designed control field.

(a)

Figure 1: (a) Time dependence of the control field, (b) Popu)ation dynamrcs.
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Electron capture processes in a static electromagnetic lield

S' Suzuki| ]'. T' Shirli]. ancl N. ShInrłkum]

r.llll)llt Socielv 1br Prol))o{ron of Screncc. Tokyo. Il)2-l-J71. J.rpal
lAdr,altced Pltoton licsrerch ( enter-..lAERl. Kyoto. (rl9-02l5..laPen

]FacLllt], n1'5.'1.n... Niigatir Unil'el'sitv. Niiułta.95(!2ltll..llrplrn

Llcctlolr ca|fule Illcesses ill atomic collisioI)s in thc plcsanse of a stlon_g clL'ctl-oll gllctiĆ
tieltl lttę' ol' in'pol1..ncc il] lel.ltion to liigh dĆ]rsitJ, plaslnas. hig1r il1tensit\' l..scls_ en(l
ashlphysics. ]ll lhis stu(l},. \'e hł\'c celculaicd thę alcch1D ei]])ttlIe cross scctions fol
1()5''l_('"*1 coliision svslcnr in thĆ stiltic .. lcch'onlłgnetic 1leld. Wc uscrt lr closc-coLlpling
nletllotl u'ith nlolcculxl slx(. cx|l.nsion \\ ilh lhc 1l!'ld cllict being incl(lde(] lrl] io Ihłr lilst oI(]cl
tr''rns Il.2]' _frr'cnt\-sir 

chlnnels wcle jntlLlL]r'el Ln rhLi fJl(Ut:|t|Ą|l' o'*( ls]2s) .C',- (ini1iłl
stit('). O'lisrll. lsrll) -C*- (excite!l sr:rtes). anLl O*1 ls-1 +('(ll. lll (elcclron-clprurcd
slllcs).

Table l. shors the tielcl ellicts .r'thc retruced-rliflirL'rt*rl cross settions lor. r'lcctr.n
cłptLrre ilt tlre 1ieltl clrlectiotrs. The clectric lleld etlect is nrtrch IirI_aer 1llen the llllr!I)clir; li9l(l
etl'cc{ \\rrcu lloth ofthe Uel(l strenslll are (}.05 l.u

B//r

FFll EI/IJ -F.lll, L//\ -F.ll\ E/l\ -a:/t\

B=0 0.0 l7.l +S-i.I ,ll.? +l 1.7 +0.9 +0.9

B/l|, |() i _]7 ó +s5':1 l:'ł ] l l ] a] +] () +.. s
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RELATIVISTIC MULTICONFIGURATION METHOD
IN LOWENERGY SCATTERING

OF ELECTRONS FROM XENON ATOMS
Pau'el Sytyt and Jozef E Sienkiewicz

Department of 'lheoretical Physics And Mathematical N'leihocls

Gdansk UniversitY of TechnologY
ui. Narutowicza 11112,80-952 Gdansk' Poland

The ela.stir: scattering of slow electrons from Xenon atoms is calcrrlated in a

relarivjstic trulticonfigLiratlon method [1], [2] The correlation effects responsible

for target polarizatio; are lreatcd in a relativistic confiSuration-interaction scheme

that allo.vi for rlvnamics cffects. Calculations of the spin polarization and di{Terentiai

cross sections are cliscussed and conpared with experlmental and othcr theoretical

data.
we define the (N+ 1) electron scatteling'staie \ł'ave function as the coupled state

of an N-electron atomic wave function and a scattering-electron wave function The

atomic statc Ę'ave functions are ca]culated by the relativistic multiconfiguration

compuLer cocle GRASP92 [3]. The transverse Breit interaction is inchr'led i lhese

calculations, as well as radiative corections The continuum orbitals are solutions

of the Dirac-Hartree-Fock equations and are caicuiated using the modified COWF
cocle 14], and theri coupleri with atomic state The original COWF code l5] has been

rewritten and aclapted to run on multiprocessor computers by using MPI paralleiiza-

lion. Rclativist,ic phase shifts are calculated by comparing the numerical solutions

of tłre Djrac llaltlec-Fock equalions to the analytical folmula at ]arge r'

References

{11 J.E. Sienkie*'icz, S. ltitzsche, I P Grant, J Phvs B 28 (1995) L633

[2] J.E. Sienkiervicz, W.E. Baylis' Phys. Rev A 55 (i997) 1108

I3l F. A. Parpia, C.F-. Iiischer, LP. Grant, Comput Phys. Commun 94 (1996) 249

[.1] J. Dziedzic, P. Syty, J.E Sienkiewicz, in preparation

l5l S. l.Ytizsche, rLnpublished

'sylasOtask.sda pl



B=99

IONIZATION INDUCED BY POSITRON IMPACT
NJ' Sz]ujriskł łnrl C' Lirl.icclriit1

l)e|llń1ncn1 ()l'Phvsics llnll 
^sllonoln\,. 

lłtivclŚilv co'lega l-on(lon. co\\'el s1lcct.
London \YC I Il 6BT. i.lnitc(l KirS(li)rn

ill the scat1crin!l ol'Posi1lons 1)l'l' atoms l]i l()\\, łllll iIltcln]e(Iiłtc L'nĆlgies. ll]e
jne]tslir ploeesscs lhal nlllv lcsult in largcl ioniZation łtc Iositl1)lliun (Ps) t'ollnillion.
dilect ioniŻalioll:!nl] żlnl]ihiliri()lt' The lłLleI is Iil11ictllilllV t()Picill i]t ple\ent sinee lhc
lllst a\i(lcllCL'ot\jbr lionł| enhiLnacnlcnt ofpositlon łnnihilłtitln in tltolcctl]cs hłs bcctl
l'clx)llc(l |]l Thtlc ele a]srl (lebiLles in thL'litelatule ()n łnnihil.ti()n nlechal]i\n]\ l]] iLn(l
ils illlpoltnnce ill thc vicillitY {lf inel1lstic lhleshol(ls [-]..1]' 

"]']]!).c iS senel.łll)' gl)(){l
ilglcclllcnl l!])a}]1g lccent n]eł\ulenlel]ts lbI thĆ energ''- rlepr'nrLcncc (l], fhc sing1c
i()l]izilti()n (ross secti()ns b\'posili)n in1PłcI ilr 1he noblc gł\e\ |5]. Ho\\c\'e|. the].c łre
signiilcłl]t (llSclcplncier fbl Ps ]i)[l]lation cI()ss_sccliolls li)r these lłfgets łl]lL lu \.u'i()tls
e\pelilnenai] łu(l rheo|diclil (litll'

Ps fi)lnllti()n cfoss sectiol1s in the noble gllscs hł\,e bee0 il subjeal ol'lecen1
stu(l! i! oul .sr{rup Ia]]. 

'fhe lou,cr an(l 11l)l)er linlits ro lhc conttihutiolt ol e.\cite.l st tc
l)osiLrol]itln] (Ps']') ltrmrtiol] hl\e heen olr1nine(l lI]d the estllłłles suLllcst Lh.]l lhe Ps..
1oln]lliol] lnlv occll]' lnole Copiotlslv lhłn pr!'\i()uslY thotlght |7l' J'he ('\żllLLżlti()n ol'lhe
uPpel linlits ti)ll()\s oLll lece0l l'ill(lil]9 lhllt Plol\ ()1' Q|,'/1QP.],,"'. \,Ś' E/E|. hl(}łtlly \iel(l
i] a()llll1lon ctll\'e fi)l il \:nlielv ()f llllrcLs i(Q|.).lt,\ heins the ]rcik \rłlue ()f lhe closs_
5ccli()n łD(1 E]'. is the Ps 1in1nxti1)n 1hfesllol(l) It i\ itI]licjplltc(l Lhill lhese r'csulls \\'il] be
Presentc(l n1 lhc.oIllclcnce.

Prompterl b)'the results (lf lll. annihikltion belo\\ the Ps lo llirtion thresltol.l lor
Ne. Xe łnrl O1 has hccn stil(lie(l' The exPerinlcntłl l]rptołch l1jlies on lhc dcte.tion of
ions pro(iuc!(l by ir nrolocnergctJc positton bcrnt irr coincirlcucc $ith illlilliliti()n
Ph()l()ns' Dtti1iis ol tl)e eX|elinlćnt l lncth()(l łs wcIl il\ the lesLll1\ ()btżtineal \\ill h!'
lresente(l at lhc tncctjng.
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6t (]()i)()) (l]]7]()

[.il Vłlr Reerh P' llrlLl Hul]]l)clstol] J' H'../' Płl v' B _]1 ( 1t)9s)I'] j l
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MEASUREMENTS OF ABSOLUTtr TOTAL CROSS
StrCTIONS FOR ELECTRON SCATTERING

FROM TRIATOMIC MOLECULES
Czesłarv Szmytkowski' ald Paweł Możejko

Atomic PhYsics Division
Depaltmenł' of Atomic Physics and Luminescence

Faculty of Applied Physics and Mathematics
Gdańsk University of Technology' 80-952 Gdańsk, Poland

The absolute total cross sections for electron scattering from triatomic poiar

molecules, HzS, NOz and SOr, were determined from the attenuation ofintensities of

energy-selectcd clectron-beam transmitted throuBh the iarget volume The electron

b"r- was formed by an electron-optical system (figure 1) composed of a number

of electrostatic elements: an electron gun with a thermionic electlon source' a 127o

cylindrical monochromator and a system of electron lenses Electrons of desired

energy E were directed into a collision ccll filled with the gas-target' Finally, those

elecńns which passed through the exit of the reaction volume wele encrgetically

discriminated with a retaldirlg ńeld element and collected in a Faladay cup' The

absolute total cross seciion Q(E) was derived from thc Bouguer-dc Beer-Lambert

attenuation la*', where all required quantities (thc intensity of electron beam, the

efective path-length of electrons in the target volumc' targct temperature and its

prcssure) were measured absolutely. The results willbe plcs€nted at thc confelence'

RTlllŁ
ilt-

Figure 1: Schematic of the experimental setup: EG, electron gun; EM, electro
staiic electron monochromator; EL, electron lenses; CC, colllsion chamber, and M'
manometer head; RF, retatding field analyzer, and FC, electron collector-

This work was sponsored in paxt by the Polish State Committee for Scientific

Research (KBN) and by the Ministry of Education.
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THtr DIRAC.COULOMB STURMIAN FUNCTIONS:
A TOOL FOR RELATIVISTIC ATOMIC PHYSICS

R^a.dosław Szmytkowski'

Atomic Physics Division, Department of Atomic Physics and Luminescence,
Faculty of Applied Physics and Mathematics, Gdańsk University of Technology,

Narutowicza 1llI2,PL 80 952 Gdańsk, Polarrd

The Schródinger Coulomb Sturmian functions' popularized by RotenbeTg 11)'
have been proved to be a valuable tool for solving various problems in non-relativistic
atomic physics- Their rejativistic counteĘa-rts ale the fiIst-order Dirac-Coulomb
Sturmian basis s€ts' constlucted recently by the author 12, 3' 4, 5].

The radial Dirac-Coulomb Sturmian lunctions are non-tlivial solutions of
a Sturm-Liouville problem constituted by two coupled filst-order radial Dirac-
Coulomb equations a,ugmented by appropriate boundary conditlons at zero and in-
frnity. Two kinds of the Sturnian functions are found depending on the way in which
an eigenvalue parameter is chosen' For|E|<mć the stuImians folm discrete func-
tional sets which are complete in the space of twccomponent spinor functions. The
Sturmians of either kind obey two orthogonality and two closure relations. They
are ideally suited fof constlucting a disclęt€ expansion of the Dirac Coulomb Green
frurction [2, 3, 4].

Tłle Dirac Coulomb Sturmians may find wide applications in relativjstic atomic
physics and in QED. For instance, the Sturmian expansion of the Dirac Coulomb
Green function may be used iu calculations based on the perturbation theory. We
have illustrated this by er,'aluating analytically static [2] and dynamic [6] electric
dipole polarizabilities and a static magnetizability [7] of the relativistic hydrogen-
likc a-tom in the ground state. Other examples of applications of the Dirac-Coulomb
Sturmian functions in relativistic atomic physics will be presented at the Conference.
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Study on Multi-Charged Xe Ions Formed Through 3d Hole States

Using a Coincidence Technique

Y. Tamenońl, K' okada2. S. Nagaoka3, T. tbŃio'. S' Tanimoto2. Y' Shimizu5,
e. rujii3, Y Hagaa, u. {oshidJ, H. ohashir and L H. suzuki6

'Japan synchlotlon Radiation Research Instifute, l_l-l Kouto, Hyogo ó79-5198, Japan
2Graduate School of Science, Hiroshima UniverŚity, Higashi-Hifoshima, 739_8526, Japan

r Faculty of Science' Ehimę University, Matsuyana'l90'8517 ' Iapan
a Kyoto University of Education, Kyoto 61 2 -85Ż2, lapal

5 Faculty ofEngineeńng, Miyazaki University, Miyazaki 889_2l92' JaPan
óNational Institute ofAdvanced Industrial Scięnce and Technology, TŚukuba 305_85ó8, Japan

Multiply charged Xe ions produced through photoionization of a 3d electron have

beęn miasured using thę coincidencę technique. The coincidence measurement

betw€en the energy silected Auger electron and ions specifięs the individual Auger
decay chamels for the various multiply charged ions Il ]

Tńe non-coincidence time of flight spectrum (Total ToF) and Auger ęlęctron
photoion cońcidence ToF spęctTa obsew€d at the photon energy of 709 eV are shown
in Fig.1. Thę selected Augeielectron energy is indicatęd at the right end of each panel
i! ordel ofthe kinetic energy ofthe Auger ęlęctlon'

p

ilr\ .

t ,", "u,"*".o,.,

*" ll 3ss€v(M*NtNE)

rime of nighr (l]s)

Fis_l - Coincidence TOF mass soęctra of
mfilti-charged xe ions.

These specta consisting of several
chalge-statę ions indicate that thę
number of the charge in Xe ions
incręasęs with thę dęcrease in the
Augel electron en€rgy. In other words,
the chalgę number doęs increase with
the incręase ń thę Auger final state
energy. The electron kinetic energy
selectęd with tlrę electron spectrometęI
was 632 eV in the sęcond top panel,
where the lv{łso.:lorl and MłsOtOz'l
deqay takes place. yielding Xe2' and
Xer'. Only triply or quadruple-charged
ions are formed through the Aug€I
decays of MąsNąsotzr, and MąsNłsNł:,
respectively' Tlre Mł5Nl.Nn. Auger
decays yield Xe)* dominantly.

These frndilgs indicate that most Xe ions produced through the initial |v1a5 Auger
transitions turn into the highest chalge state among energeticaily accessiblę states

through subsequent succęssive Auger {ecays. H-owever in the MłsNINłs and
MłsNilNu: decays the intęnsity ratio oi x"'* *ith Xe6* depends on the energy level of
the Auger final states.

[1] Y Tamenori et al. J. Phys. B At. Mol. Opt. Phys in press
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Nonlocal Effects in Associative Eiectron Detachment for

Low-Energy H{X- Collisions (X: Cl and Br)

F.A.U' Thie1t-, S' Źivanovs' lł.Ćizekt, H. Hotopi, J. Horaćekł and M' Allan9

i Department oJ Physźcs, Uniuers;ty oJ Kaiserslauten' D'67653 Każserslotltern, cermany
i lft,titute o! TheareticoJ Phgsics, CHrrIes Ufliftrsit! Pfugue, 1800 00 Praha 8, Czełh Republ'i.

9 Depańment ol Chemistr!, Un';lersity ol Fńbotrg' CH'1700 Ftibourg, switzerLand'

A recent theoretical treatmeni [1] of associative electron detachment in low-energy
collisions, H + x-(Er"l) 

- 
LIX(u, J) + e (e) (where Ą.1 is the centel-of-mass

collision energy and e the energy of the departing electron), concluded that the use

of the nonloca.l resonance theory is esseniial for describing these processes for X:F,
Cl and Br. It leads to a prediction of the distribution of the final states (t', J)
difiering qualitatively from that of the simpler local complex potential theory
The nonlocal theory predicts two kinds of featu-res to occur in the enerry spectra
of the departing electrons: step-like structures associated with rovibrational onsets
and steep rises which a.re associated with interchannel coupling and which are not
present in the local complex potential theory. Our experimental spectra [2] confirm
the presence of both typęs of structule and, thus, the necessity of including nonlocal
effects to propcrly describe the associative electron detachment.
Figure 1 shou's an experimental energy spectrum of elecirons detached in H + Br
collisions compared to the nonlocal theoretica.t prediction (smooth line) The ro
tational onscts are marked by vertical bars ald the corresponding values of t,. ln
addition, the cross section for z' : 0 rises at a given .-/ as a consequence of the
closure of tłie u : 1 vibrationa'l channel and this 'norrlocal step' is marked with 56.

In Figure 2 Łhe resulting spectrum flom H + Cl collisions is depicted' In this case
the highest accessible vibrational level is tr - 2 and the nonlocal steps can be found
both in the r' = 0 and o : 1 channel. Both experiments clearly confirm the nonlocal
stęps so and Sr which are missing in a local complex potential mode] ca.lculation'

0.0 0.2 0.4 0.6
Electron Energy (eu

Figure 1: H-lBr collisions

0.0 0.2 0.4 0.6 0.8 1.0
Bectron Enerry (e\)

Figure 2: H+Cl- collisions
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Theoretical investigation of the autoionization process
in the moiecu]ar collision complex Ar*(4s 3Ę'o)+H

Linda Thiell, Hartmut Hotopr and Wilfried Meyer2*

Fachbereiche lPhysik und 2Chemie, Universitet Kaiserslautern
Erwin-Scbródinger_StraBe, D-67663 Kaiserslautern, Germarry

Penning systems like the basic collision system He-(23,9)+H, in which only rela-
tively fast electrons occur, can be well described by the local complex potentia.l
theory within the Born-Oppenheimer approximation {1]. In thermal energy colli-
sions of metasta.ble Ar* with H, ionization is only possible through ArH+ formation
(associative ionization, AI) resulting in slow and threshold electrons [2].
Two rnechanisms are discussed to de-
scribe the AI process: v

(t) a dir*ct ionizalion mcchanism 0.5
where the collision system propagates
along a diabatic potential energy curve
which crosses ai short internuclear dis-
tances into the electronic contirruurrr
and ionization ca;n take place by elec-
tronic coupling,
(2),(2') a two-st'ep ionization meÓa- 0'4

nism where Rydberg states are popu-
Iated first which then cal autoionize by
vibralional or ror aljonal coupling.
We have calculated diabatic potential
energy curves for the resonance state
AI*FI and the low-lying Rydberg 0l

states including spin-orbit coupling
in the Ar+ core. The figure shows
the obtained potential curves of ArH
for Q : Il2. The dashed potentials
correspond to Rydberg states, the thick
lines indicate the two potentials responsible for the AI process and the thin lines
are the repulsive potentials belonging to the Ar*H asymptote. For the direct ioniza-
tion mechanism, we have calculated electron energy spectra usinB a, loca.l complex
potential obtained by Feshbach projection.
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DISSOCIATION ENERGIES OF
PROTONATED WATER CLUSTERS

T' Wnjblerr'si<il. [.' Zicnlczollr-:l<l . F' Głzclir .r. (i' P- Klltrvllsz|,]

' 
rIllstitutc 

tl1'PIrysics. Ponlclanian Pedłgogiclrl Acaclclrtl'. 76-2()0 Siupsk-Faculty ofApplicd I,h)sics and l\,tilrheniatics. (;darisk UnivcrsitY ol "fechnology
'IStittll() NłŻionaIc pet la Fislull elt lllt lrhtr:llll. lBłl5l) Po\ t, iTtl l. t,"li.

Hldrated ions lnd ionic \\.ater clustcrs are the sltblect of iucre sing intcrcst. both
e\|eI'il]lelltilI irlld 1l]eoIelict] (seę [l] li)l' lel'ei'encęs)' Pl.()1(rl]ł1cLl ilżlLcl clLlstel.s
conslitatc lhc ltnlst itbun(illltd io'ic spccics in thc l()\\, striltosphcrc; \\ittLl l()':.rc
itllportatlt in atnltlsplrcl'ic J]Llclelti()n żLnd che''ical t'elcticllis itt sPjte ol_ l]tlnle,.oLls
rcscarch tllc 

'cty cxistcncc of ccrtltin prornnltccl t'atcr. .lisclntcr ln lhc atruosl)hcric
ctltlilitiolls łllci in paItictllal'thcif dissociatiotr cnetgies łrc L]ncel.tain'

We notc N'o conceptLlllly opltositc l]l.actical altltrlirches lilr.geDel.irting \il1el.
clusl!'rst tlonr a macloscopic liquid philsc b,r. dispersion, lbr cxantltle in clecttospral.
nlcthorl anrl bl aggrcgation. fi) cxirnrplc in supe|sonic be.ltis. Iu the ptcsent wol.k Nc
1lrcseltt ll tli1'1'el'ctll ll111lt'olLcll. irlloi'. illg lo le1ecL ''sn1()othly" pIo{(]nilted \ritęl c]Llslels
Ll'(ll]o)'' \\'jth ł l 7' Clrlstęt's atc tilt'nlcrl in electlical lII ol.DC'tliscltal'gc in 1lLll'e
Nrtter \ilporlr ilt roont lL'n'tlJeliltltrc' anci at ptess r.e in a ji\\' hl,t (lnqe. lhcsr, clujtcts
iurdiol \valcl iolts cur('r thr'drili t.cgi0n. $,ilh N conslilnl cLectr.ir: tjclcl. \,1)clc rhcv
unclclgo llltlltiplc'collisiolls \\,ilh ncl]tIll \\'alel. lnolęcilles. rcltchint at a {l\'cIl pl.csSllIe
iu']L1 llcld i11lensil\ a statisticłl cqUilibriLlllr bel\Yeen c]Llstcl.s u'jth dillilęnt //. scę llg' l'

-l-his starisllcill eclLlilibrju|l i\ (leterntine(l try lhe l(inctjc cnerqY gain liolr the
tielcl. by thc cross scction 1or illt.(lction bet\vccll ioltizcd clLlsters aDd neLllrill \\.atel
ttloleculęs illid b}'dissocjilli()ll enelgies o1'c]tlslefs' N()ll]laIiZit]g ll]e popu]cli(Jll cLlf\es
to the sill]rc viLlucs ol tlte Iei]tlccd rlrttlrutll itkl. rl r:,rei:rfl,rt ulrcl,ries ill ir gorJtl
irgrcenlent * itli Iecenl cxpcriutenls L2l illrd tltcories [3] clll be obtaincd.
RelereDces
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EXPERIMENTAL APPARATUS FOR STUDYING THE VI
GROUP ATON4S IONIZATION BY ELECTRON IMPACT

A.N. ZrlilqrLrlo'. O.B. Shpclik. F.li Chiper. A V Snegrttskl'

InstitLrlc (r1'hlccllotl Physics. 2l Uui!crsitclskir strcct. SSO00 Uzhgolocl- Ukraitlt'

DLLr'ing lasr alccadc oul group has been rl'orliitrg ori lhę sllldies o{'elcctlon itr]pncl

ionizatiotr r-ll alonls allcl luL]1ecLlles rr'ith thc usc ol'a qrtaclIupole lnłss-spĆc!folt1ctef'

l)cspilę thc lrigh qLlaliLy ol'this der'ice. its use lbt- stLrd1'ing the ionizarion o1'ccrLain

lllct;L e1ools ł'r,] tlicil'o,',lp.'Lrn.1s prLrclitciIlg rlnc]el conr]ęnsalion 1ll' dieie'u'ic laycls at

thc llrilss'i]nnl\lol.clccuocles is c1tlitc cotll1lIiiatecl ptobienl' Ncvęrthe1css. in a t''ul11L-jc]'ol'

p.actic0l ppllcaliorts rvc deal ,.:ith lt Itece..ity to obtain Ieliable dala o1r th' ioni;'atiolr

ol_.jltsr srrcit'altlnric systcnls. itr patriculat" l-he \i l gtoup elelllcltts (S' Se' l'c)' 1lle (lalł olr

abnric constlnts lól'rvhiclr ar'c lalhel scalce' Thc abole e]ęL'trenls at'e bcitlg lvidciy rtsec1

as irasic conrponenls ol'conlplex scnlicondrLctor-conlllounds' inclLrding cl'_slelline ones

Ttl stLrLl1 llre pt',lc."sc.s ol'siDgle łlld luLll1iple i()lliŻllliolr \\e ha\'Ć de\'clope(i xll

expelin]eI]1łl ap}ralatlrs rritll nlagIlctic iol't scpal'łliol'l' Th' schciuat]c lltl'oLtt tli'lhc
n1l1t"r."'u' i. sholin in tllc ligLrl'e. lt consists o1'an iotl soulcc' a nragncLic n']ass łllii]Y/el'

,,'1',,r' .r. rupp ly syst.n an,1 ittt joll delectol'. To pr'od Llce tirc ion bc lD rl c hłve clesiutlccl

u'' iun ,ou,"" ,r irji l \i-shłpcLl lLlnqsten illan']enl calhode' lhL'ee clcctI'ode\ \'ilh 
'ele\ 

łl]!

"|*,,'". u',ł an c]ccll'on,1.L".'.'l.' 
_l'ha 

1ongi1udinal nlłgnelic llc]'l is 1riorluccd liollg
lń" 

"lectrun 
beltrl aris łilorritrg Lhe elccll'on beilLl'l geoLl']ell)' lo Lrc licpt rrithin a wiclc

.n"rg'' ,"ng".'I'htls. at cc11i]in i1cclt'oll cne''gics thc el'lcc1i\c itr]liŻatioll cl1J-\ ic!tlolr\

couli'Lrc s'nrciicrl. ln lilrrrr.c. rhc clcclron sLtr rvoultl bc rcplaccd b.v a h1'pttcl'cL.idal

eleclIon 1]1ol1ochrolrr{llof lo lll'ovitja llre il11pl'o\ cd electIon bcanl ener'g}' leŚolll1ion'

?

l'he inlroductiorl ol'an atoluic L.eaut ancl laser rrcllrtion inLo dle collision Icgion

{sce llgLrrc) ll,lrLrlcl allot Lhe ion-a1onl collision proce\s's lLr lle sttr'lic(l in the sllo'lg

i,rse,' t'i"lcj.. ()nc n']ol'c speciljc l'ełlule o1'the ion soiilc' !5 il1ill ille ncLrtra1 illo11]s al'c

riirecLed ro 1hc elęctron l)t'al11 illle]'sectiolr t'egion br r lll:rliirlllnlleL cL'lLlsion sour'ce

illlo\\'ing 1he lvol.king nrcdiunl colls!lnlplion 1,l bc t'ci]LLl.'il .L):lsj.l.labl!' l\1 the lnofiĆnl

tlrc basic units ,'l- ńe a1''1la'.atus hłve ileen llloLrnied iilli] t]1e ]cst e\pclin1enls witl]

!ascolls tlLlgels h1l!e bcclr cillTied oLl1 pfor'icJing got'd |,P.:lr1i:]:l:iłL-]ilil'Y_ ilnd l-eIiabilit)'-

' ę-l1laji: al]lil Żvl'ięP.Ltzhgol'od'tLa
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A NOVEL SET-UP FOR POSITRON
SCATTERING IN GASES

A.Zecca . R.S tłrrsa . \'l.Bcnollcr. E.Ra-jchr. S.Nllrirz,r ir rnri (i p.l,irr rrirsz:'

, 
I 
I) ipit rtinrcnru rli I;isica, Universiti\ di JIenro. itii)50 po\1) (TN). It:iliil

'lnstilLltc ol'Pl])'sics. Ponlcl'llnian 1rę(lagogical ,,\clclcnl-r,. ,,\l.c]SZcwskięqo ]]i].

]istitt]t() Na7ionirIc p", 
'. 

.,J:;'cll],:'iT;]!rill. jtJ0:il Ib\ o (TN). Italił

A tltl.''el set-ull tol nreastlfcnlĆnts of t(llill cl'oss stclions tbl' l]()5itl.on (illld elcc-
troD) sea eriug ilt lo\\'enetgics (l-10 eV) has bccn alc\e{oped. Sociiunt Nitl: i5otope illtd
1 tuict'onlr'lct thiuk tuIlgstell nlolttlclt':ltlll ale Llscd żls a sotlt'ce tilr s]()w |]()sit|('ls (al.]d

s!'condaly elcctl'ollS) Theoplical s\'5tęlll co]lsisls ola tlIst s1|tge" lrirle-anglc c]cclt.osla-
lic ol]li0\. ł 9(}'' clcc1lostiitic sphcricłl (lcllcctoI Il] a l'cn1(i(]cl'ilt01'stiltc [2] and a sinl-
plc jI']jcctiolT oL.tics fbrnle(i []!'llit'ce 1]l]cl'lLlIc c]cctlodcs' Tl]c in]Ćcton olrtics is l]loiec1cd
to \vorl( iD a tirnc-ot-fli-sht regime.

r\ \cal< longitriclinrl nragnclic tield. used in ti)cusi!g condiliuts [i]. gLlides po-
sitr'( s thougli l0 cm lL{g sclttering ccll. Tlic dclcclot (challtcltlolti js nto\itble. ln or
der ttl lllorr' n]ei]SLll'eilients ol'iroll] lot3l llnd llilrtiill (\.iblłtiollll-excitatil)!1l L]'L'55 sUc-
tions. A ahout 75'ln ttrrslllissi()ll elliciencl has been obtiillteil litI slolr, ltosirrotrs
throLtgh lhe secorrtl slagc ol optJcs altrl ilbi)ut 109'u rcnlorlelition clllcicosv. Th,,'plclinti-
nal \' ęst inlale ol' tltc c'tlerg1' l'csoltltiotl ol' the łppal'łtLts. \'ithout tinia-o1'_1l ight stagc łp-
plie cl is aboLLt I.30 rncV.
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trxcirATloN oF THE tL,(V182) STATE OF

CARBON DISULFIDE BY ELECTRON IMPACT
Mariusz Zubek"

Depa'rtment of Physics of Electro c Phenomena
Gdansk University of Technology, 80-952 Gdansk' Poland

Excitation of the valence (2Łr)3(k") l^'(ytB") state of carboD disulflde (CS:) has

been studied by electron impact optical method. The measulemenls have be€n caffied out

using an elect;on troc.łroidal spect.ometer described previously [1] The energy selecied

elect-ron beam with thc energy spread of 120 meV and beam intensity of abott 250 nA

is acceieratcd into the collision region filled with vapour of carbon disulfide Molecular

optical emissiot) from the collision iegion in the 30G600 nm wavelength range is analysed

b;- the o'2ó m EbeIL monochlomator equipped with a grating bla'zed at 300 nm and is

detected b]' a. coolcd 9813QB photomulŁiplier'
FiguIe I pres€nts exĆitaLion cIoss scition of rhe l^,(v1B2) state obiained in the

"l".r.in "n".g1 
range from 3 eV to 12 eV from measurements of ernission excitation

functions LakJn at fi"xed rvavelengths. Three pronounced ma-xima at 5 9 eV' 8 2 eV atld

10'1eVa}rda\ł.eakelstructuleat,1'8e\rareseenintheenergydependenccofthecross
section which cxcit..tion threshold has been detelmined to be at about 3 6 eV Dressler et

al l2], in their electron scattering experiment obscrved two overlapping pe'ks helow 7 5

nv'ihi.h co.r""pond well to the present observations Tbe structures in the excitation

cross section ol i,hc t^"(ytBr) state result from decay of core-excited shape resonances

which most likely electronic confiSurations are (2rr)3(3t,)2 arLd (2tr )3 (3n-)(7o o ot 6o"\'

c
.9

o

3 Ą 5 6 7 a ll
Electron energy (eV)

Figure 1: Cross section (in arbitrary units) for excitatioE of thc

carbon disulfrde.
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PAlłTlcLE_IN_cELL MoNTE cARLo (PIC.Mc) sIMULATIoNs oF
PLASMA.WALL INTERACTIONS

A.CENIAN. A.CHERNUKHO* and C.LEYSi

IDstitule of Fluid-FIow Machinery, Polish Acaden4, ofSciences,
80-952 Cdańsk, Fiszera l4' Poland' ea,Eil:Ćenit tl@ inp.p8'sda.pt

*Heat a .l I,lass Trunsfer htstitute, P.Brayki Street 1 5, 220072 Minsk. Belarus

'DePaftńen! ofAppLied Physicś' RUC, Chent' Be!liunl

The plasna-wall interactions are of great imponance when sludying 
'l 

problem of a
floating wall, an anode zone in gas discharge or a diagnostic probe embedded in plasma. Its
.elalive impofiance increases when bulk plasma dimensions or species concentrariorl
decreases, i.e. when the frequency of bulk processes become compareble with rates of specie-
wall interaction.

There arc various approaches to inves!igate plasma-wall interactions. Ccnerally, thcy ilrc
based on solulion of Bollzmann (or irs momenN i.e. conlinuiry, momcnrurn rnd energy
conservation-equalions) and Poisson's equation. In Monte Carlo based models, the solurion ol
Bohznran equation is substituted by numedcal integration along the particle trajectones usrng
probability laws and related cross sections. Particle-in-cell Monte Carlo models solve
Poisson's equation using density of charged "quasi-particles" in grid points detcrmined by
MC tra.jectories. Eacb "quasi-particle" reprcsents large number (-l05-l0ro) of elecrrons.
posilive and negative ions moving in the electric field determiDed by solulion of Poisson's
equalion. A simulalion box is divided by compulational grid, wiń splcin8 l/a )-D o|rc\
assumed' The number of gńds points considered vary between few hLlndreds and thousands.
The pa(icle close to the simuiation box boundary are removed (or specular-reflecled) while
Particle 

'njecled 
at the boundańes are added to the simulations' The col]isions in MC

trajectories are treated a5 instantaneous procesŚes 8ovem by probability law re]aled lo the
measured cross sections. The va.ious approximations are applied in order to make problem
computationally lreatable.

In this work, the results of planar I - dimensional
(1D) PIC-MC model ,2l and the 1d3v PIC-MC model
[3] are briefly presented and discussed.

Figure I presents the charged pafiicle densities and
the profile of electric field potential as calculated using
the lD planar model [1,21. In that nodel. a Bolrzmann
density profile is assumed for electrons. The plasma
potential may be significantly disturbed even at the
distance larger than 20 żD, while shealh len8ths was in the
o.det of - 7)D.

!l
=

Y0ó

x/l!3 \.
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Mol€cular hydlogen is both ńe sńplesl and most abundanl nolecul€ in the u'iverse. The
interaction ofthis molecule with a pholon ofsulficient €n€rgy can le-ad to vańous proc€ss€s, such a5

dir€.t and indirect ionisation, dissocjation and fluorescence' In spite ofthe mol€cule's simpIicity,
the pholoionisation spectrum of Ht presents a weahh of rich stsucture above the first iomsation
threshold du€ to 1he pres€nce of autoionisin8 states ll]' This sirucnfe dominales th€ weak
continuum of direct ionisation. These autoionisins slales decay by the transfer of cnergy and
an8ular momenlum from the molecular core to the excited electron in a Process ktown as

rovibrational auloionisation [2]. In a re@nt exPcńmenlal study' at lhe cAsPHAsE beanline' we
have measured photo€l€.Eon angula. distributions for ionisation inlo the foui lowesl vibfational
levels ofHi, over the photon energy range lhat includes the domńant autoionising r€sonalces' For
lhe fust time we have been able to measure angular distńbutions of photoelectons produced il]
hdividual rota(onal transitions.

ParA'H, has b€en used to facilitate the isolation of individual rotational levels' The paja'H1
was produced at Ihe bculine using a conversion lechnique based on thc use of a paramagnetic
catalyst, gianulated nick€l sulPhale (Niso'' mainiained at ]ow temperatur€ (-20K) [3]' In order to
study the angular dislributioB of lhe pholoeleclrons with thc n€cessary ener8] resolution a

photoelectson spectrometer ofm€an ndius ló5 rfutl was €mploy€d. Th€ specarom€ter featwed a
magnetic angle chang€r devic€ [4] tha! a[ow€d angular distribution measur€ments to be obtained
without physically moving the analyser.

The angular distribution measurements in para-H, have allowed us to determine vańations
in the as},rnm€Ey paJameter (p) of photo€lectons produced in diflerent fotrtional lransitions a5 a

fiuction of photon €nefgy. Preliminary analysis of th€ dala shows sb.rp vałiatiols of th€ p-
pammeter across tbe resoDaDc€ ene.gy region' This b€haviou.r is indicativc ofńe complex angular
momenrum exchanges betw€€n the core and the autoioniŚing elect'ons. we hope that ńese first
obs€rvatioDs at ihe ildividual roiational lćvel will stimulatc fufiher theor€tical calculations of these
p-paj.met€r variations [5]' Theoric"s that have be.n suc.cssfir] iD thc prediction of total
photoionisation f€atules, arc more chall€nged in th€ir ability to predict differential cross scctions.
stuie selected measurem€nts' such as thos€ obtained jn the present work pres€nt an ideal test bench
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EQUILIBRIUM ELECTRIC CIIARGES OF HEAVY IONS
WITH Z:89 + 116 TRAVERSING DILUTE HYDROGEN
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A.M. Sukhov, G.V. Buklanov, K.Subotic, and Y!.A..Lazarcv
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K.J. Moody, J.F. Wild, N.J. Stoyer, M.A. Stoyer, R.W. Lougheed, and C.A. Laue

University oJCalfornia, Lavtehce Livenfiore National Laboratory, Liler,korc,CA
94551, USA

Using the Dubna gas-filled recoil separator we measurcd the mean chargc states of
heavy atoms with Z= 89 through 116, traversing hydrogen at I Torr in the velocity
range of I to 2.6 v/ro, where vo is the Bohr velocity. In the first approximation, the
average charges follow an empirical linear dependence on the velocity (see !'igure i), in
agreement with Bohr's theory [1].

The atoms under study were
obtained as evaporation residues
(EVRS) of compound nuclei produced
in complete-fusion nuclear aeactions
between beams of accelerated h€avy
ions and heavy target atoms. Th; $
projectile particies włe delivered by €
the U400 cyclotron of the Flerov $
Laboratory of Nuclear Reactions in !
Dubna.

After emerging f.om the target layer,
the heavy atońs retain a relatively low
number of electIons and thus have a
conespondingly large electric charge.
Furthermore, tlr€ distribution of the
ionic charge states is quite broad. Due
to charge exchange in consecutive
collisions with the gas atoms, the
distribution of the electric charges
rapidly becomes narrower and the mean charge decreases to the equilibrium value <4>.

The avcrage charge states ofthe EVRS were measur€d in the experiments aimed at
the synthesis of isotopes of heary and superhea\y elements [2,3] and in the reactions
uscd 

'br 
calibration ofthe detection system and th€ separator'
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Figure 1. systĘmalics of the equilibńum charge
staies ofheałf/ atoms in dilule hydrogen vJ v/vo'
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