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Theejectedelectronspectracorrespondingto theelectrondecayof the4p5n1 l1n2 l2n3 l3 low-lying autoionisingstatesin
strontiumatomsweremeasuredin theimpactenergy rangefrom theexcitationthresholdof statesup to 200eV. By usingthe
resultsof single-con�gurationHartree–Fock (HF) calculations,six ejectedelectronlineswith thelowestexcitationthresholds
wereattributedto thedecayof the(4p54d5s2) 3P0;1;2 and3F2;3;4 autoionisingstates.For the3P1;2 and3F4 statestheexcitation
functionswereobtainedatanincidentelectronenergy resolutionof 0.15eV. In all excitationfunctionsthestrongnear-threshold
structurewasrevealedfor the �rst time. Theorigin of thestructurewasattributedto thedecayof short-livedstatesfrom the
4p55s24d2 con�gurationof Sr¡ ion. Thecascadepopulationof the3P0;1;2 and3F2;3;4 stateswasconsideredby usingtheHF
energiesanddecayprobabilitiesfor the4p55s25p levels.
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1. Intr oduction

Theexcitationof the4p6 subshellin strontiumatoms
resultsin creationof the 4p5n1l1n2l2n3l3 atomicau-
toionisingstates.Due to the fastelectrondecay(life-
time ¿ » 10¡ 15–10¡ 13 s) such statescontribute es-
sentially to the single and double ionisation cross-
section[1,2] aswell asto theexcitationcross-section
of Sr+ ions [3]. Another interestingfeatureof the
4p5n1l1n2l2n3l3 statesis their high excitation ef�-
ciency at low impact energies [4,5]. Theseobserva-
tionsalongwith thewell-known high polarizabilityof
alkali-earthatoms[6] pointoutanimportantroleof res-
onanceprocessesin the electronimpactexcitation of
the4p6 subshellin strontium.

The �rst experimentalobservationof the resonance
featuresin electronimpactexcitation of the 4p6 sub-
shellin strontiumwasreportedby Aleksakhinetal. [7].
In excitation functions of two spectrallines at 58.4
and 62.4 nm attributed to the radiative decayof the
4p5n1l1n2l2n3l3 autoionisingstates,the authorsre-
vealedstrongmaximalocatedat approximately5 eV
above theexcitationthresholdsof lines.Unfortunately,
the authorsdid not discussthe origin of the observed
features.Similar resonance-like featureswerelaterob-

servedalsoin theejectedelectronexcitationfunctions
for someof the 4p5n1l1n2l2n3l3 low-lying autoionis-
ing states[8]. The sharpincreaseof the cross-section
just above the excitation thresholdof stateswas ex-
plainedby theauthorsasanin�uenceof theshort-lived
negative-ionresonances.Althoughthesedatawereob-
tainedat an improved energy resolutionof 0.3 eV, no
resonancestructurewasrevealedin themeasuredexci-
tationfunctions.

The theoreticalcalculationsof the 4p6 subshellex-
citation in strontiumwereperformedearlieronly with
the aim of a spectroscopicclassi�cation of lines in
ejectedelectronandphotoabsorptionspectra[5,9,10].
Thesedata revealedthe strong con�guration mixing
effectseven in excitation of the lowestcon�gurations
4p54d5s2 and4p55s4d2. For thesereasonsthespectro-
scopicclassi�cationof the4p5n1l1n2l2n3l3 atomicau-
toionisinglevelswasestablishedto presentdayonly for
someof thedipole-allowedtransitionsfrom theground
stateinto the 4d, 4d2, and6s states[9,10]. The lack
of reliablehigh-resolutionexperimentaldataontheex-
citationthresholdsandexcitationcross-sectionsof au-
toionising levels restrainsthe further developmentof
theoreticalapproaches.
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Fig. 1. Theejectedelectronspectrometer:M is monochromatorof
incidentelectronbeam,A is analyzerof ejectedandscatteredelec-
trons,BSis atomicbeamsource,CH is channelelectronmultiplier,

FC is Faradaycup,VT is strontiumvapourtrap.

In thepresentwork theejectedelectronspectracor-
respondingto the4p5n1l1n2l2n3l3 low-lying autoion-
ising stateswere studiedin the wide impact energy
range from the excitation thresholdof statesup to
200 eV. By precisemeasurementwith an energy res-
olution of 0.15 eV of the near-thresholdimpact en-
ergy region, the strong resonancestructurewas for
the �rst time revealedin the excitation functionsfor
ejectedelectronlineswith thelowestexcitationthresh-
olds. The spectroscopicclassi�cation of theselines
was establishedon the basisof single-con�guration
Hartree–Fockcalculations.Foranalysingtheexcitation
dynamicsof classi�ed autoionisingstatesat threshold
impactenergiesa comparisonwith isoelectronic con-
�gurations in yttrium atomswas usedto identify the
observedresonancestructure.Thecalculatedenergies
anddecayratesfor the 4p55s25p stateswereusedto
classifythecascadetransitions.

2. Experimental details

The measurementswere performedwith an elec-
tron spectrometerconsistingof a 127± electrostatic
cylindrical analyzerof ejectedelectrons,a 127± elec-
trostaticcylindrical monochromatorof incident elec-
tron beam, and an atomic beam source. Figure 1
shows the generalview of the spectrometer. The de-
signof analyzerwassimilar to thatdescribedearlierin
[11]. However, to avoid anin�uence of chemicallyac-
tive high-temperaturestrontiumvapourson theperfor-
manceof theanalyzer, theelectronoptical lenssystem
wasmadeof molybdenumandnon-magneticstainless
steel.For theminimizationof thespacechargeformed
by secondaryelectronsin theregionof thecentralelec-
tron trajectory, the de�ector plateswere madeof the

tungstenmeshof 90% transparency. The input lens
systemwasdesignedfor providing about§ 4± angular
resolutionof theanalyzer. The�ux of energy-selected
electronsat theoutputof analyzerwasdetectedby the
channelelectronmultiplier VEU-6. The ejectedelec-
tron spectraweredetectedat an observation angleof
75± and at an ejectedelectronenergy resolutionof
0.15eV. Thelattervaluewasstronglylimited by theex-
tremelylow intensityof ejectedelectronspectramea-
suredat thethresholdimpactenergies.Themonochro-
matordesignwasdescribedearlier [12]. It produced
anincidentelectronbeamof · 0.15¹ A intensityin the
energy rangeof 15–200eV. The energy spreadof the
beamat energiesbelow 50 eV did not exceed0.15eV,
andthis wascontrolledby measuringthe elasticpeak
in theenergy lossspectraof scatteredelectrons.A re-
sistively heatedoven similar to that describedin [13]
wasusedfor producingthe well-collimatedstrontium
vapourbeamwith thedensityof about1012 atcm¡ 3 in
the interactionregion. The beamwas formed by the
`hot' 0.4£ 3 mm2 slit locatedat the outputendof the
transportationchannel40 mm long and3 mm in diam-
eter. The angularspreadof the beamdid not exceed
90±.

The measurementand data processingprocedures
both weredescribedin detail earlier [14,15]. Brie�y ,
the ejectedelectronspectracorrespondingto the de-
cay of the 4p5n1l1n2l2n3l3 autoionisingstateswere
measuredin series,step-by-stepfor different incident
electronenergy valuesover the rangefrom the low-
estexcitation thresholdof levels up to 200 eV. In the
near-thresholdenergy region of 21–24eV, the incre-
ment step of the incident energy was 50 meV. The
spectrawere automaticallynormalizedto the inten-
sity of the incident electronbeamby a `current-to-
frequency' converter. All measuredspectrawerepro-
cessedfor subtractingthebackgroundintensityandfor
deriving the line intensities. Becausethe atomic au-
toionisingstatesin strontiumpossesthe multichannel
decaymode[5,8], thestrongestlinesre�ecting thede-
cay into the (4p65s) 2S1=2 groundstateof Sr II were
usedfor obtaining the excitation functions of corre-
spondingstates.Thestatisticalerror, dependingon the
relationshipbetweenthe line intensitiesand the non-
linear backgroundfunction, did not exceed15% for
most of the dataobtainedat impact energies 0.1 eV
above theexcitationthresholdof levels. Note thatdue
to a limited energy resolutionof the analyzer, the ac-
curacy of data was additionally affected by overlap
of the lines under study and the neighbouringlines.
Therefore,thecombinedrelative uncertainty, afterac-
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countingalsofor �uctuationsof theexperimentalcon-
ditions,variedfrom 20to 35%.For the�rst two andthe
last points of all excitation functionsthis uncertainty
reachedthevalueof 50%. Furthermore,in theenergy
region 34–38eV the accuracy wasadverselyaffected
by overlapof the ejectedelectronspectrawith the as-
sociated4p5n1l1n2l2n3l3 energy lossspectra.Thedata
obtainedin threeindependentexperimentswerecom-
paredandaveragedover the energy positionsand in-
tensitiesof thelines. Theincidentelectronandejected
electronenergy scaleswere calibratedby using pho-
toabsorptiondata[8] for theexcitationthresholdof the
(4p55s2) 2P3=2 ionic stateat 28.178eV. Theuncertain-
tiesof bothenergy scaleswereestimatedas§ 100meV
and§ 50meV, respectively.

3. Theoretical approach

In thecaseof theautoionisingstates,thecorrelation
effectsplayanimportantrole. But, for thelowestcore-
excited levels of Na [16] and K [17], a betteragree-
mentwasnoticedbetweenexperimentalexcitationen-
ergies and thoseof single-con�gurationHatree–Fock
ratherthanthelargescalecon�guration interactionre-
sults. It happeneddue to the cancellationof correla-
tion contributionsin the initial and�nal states.There-
fore, the theoreticalvaluesof the lowestenergy levels
in 4p65s2, 4p54d5s2, 4p55s4d2, and4p55s25p con�g-
urations,aswell aswavelengthsandprobabilitiesfor
the (4p55s25p) L 2S2J2 ! (4p55s4d2) L 1S1J1 radia-
tive transitionswerecalculatedin single-con�guration
Hatree–Fock approximationby using the complex of
computerprograms[18]. The radial wave functions
wereobtainedby solving thenon-relativistic Hartree–
Fock equations.Theenergiesandstatewave functions
were found in the intermediatecoupling approxima-
tion by diagonalizingthe energy matrix of the non-
relativistic HamiltonianincludingtheBreit–Pauli rela-
tivistic correctionsof up to thesecondorderin the�ne
structureconstant®, i. e. ®2.

The calculatedenergiesfor the loweststatesof the
4p54d5s2 and4p55s4d2 con�gurationswith respectto
thegroundstateof strontiumatomarepresentedin Ta-
ble 1. The calculatedoscillator strengthsfor electric
dipole (E1) andmagneticquadrupole(M2) transitions
and the valuesof energies of the presentexperiment
are also includedinto Table 1. Good agreementbe-
tweencalculatedandmeasuredenergiescanbenoticed.
The excitation energiesof the 4p55s25p levels, wave-
lengths,andprobabilitiesfor the (4p55s25p) 1;3L J !

Table 1. Excitation energies Eexc (in eV) with respect
to the (4p65s2) 1S0 groundstateand oscillator strengthgf
of strontiumlowestatomicautoionisingstatescalculatedin
single-con�gurationHartree–Fock approximationand com-
paredwith experimentaldata Eexp . SymbolsE1 and M2

markelectricdipoleandmagneticquadrupoletransitions.

Con�guration State Eexc gf Eexp

4p54d5s2 3P0 20.758 0.00 20.98
4p54d5s2 3P1 21.049 2.132¡ 03 (E1) 21.12
4p54d5s2 3P2 21.347 1.282¡ 09 (M2) 21.38
4p54d5s2 3F4 21.545 21.62
4p55s4d2 3P(3F)5D0 21.374
4p55s4d2 3P(3F)5D1 21.391
4p55s4d2 3P(3F)5D2 21.425
4p54d5s2 3F3 21.789 21.82
4p54d5s2 3F2 22.242 5.997¡ 11 (M2) 22.06
4p55s4d2 3P(3P)5P2 22.443

(4p54d5s2) 3P1;2, 3F4 radiative transitions are pre-
sentedin Table2.

For the 4p54d5s2 con�guration a very strongmix-
ing betweentheterms3D3 and1F3 aswell as3D2 and
1D2 wasnoticed,resultingin the ambiguityof the as-
signmentof the total angularmomentaLS. Thesame
strongmixing alsoexistsbetween3D2 and1D2 aswell
as 3P0 and 1S0 statesin 4p55s25p con�guration. In
the caseof 4p55s4d2 con�guration, the problemwith
the assignmentof the LS termsdoesnot exist as the
leadingterm is obvious. For example, for the states
listed in Table 1, the expansioncoef�cients are 0.73
for 3P(3F)5D0, 0.90for 3P(3F)5D1, 0.87for 3P(3F)5D2,
and0.96for 3P(3P)5P2.

4. Results

Theexcitationfunctionsfor themostef�ciently ex-
citedautoionisingstatesat 21.12,21.38,and21.62eV
areshown in Fig. 2 in animpactenergy rangefrom the
excitation thresholdof statesup to 200 eV. As canbe
seen,all functionspossessnearlysimilar shapechar-
acterizedby thepresenceof thenarrow near-threshold
maxima,featuresE, F, G, andthebroadmainmaxima
locatedat 32 eV (3P1;2) and35 eV (3F4). The insets
show the near-thresholdpartsof excitation functions
wherethe`�ne' structurea–d is observed. Theenergy
positionsof thesefeaturesaregivenin Table3.

As it follows from the analysisof the intensitybe-
haviour of lines in ejectedelectronspectrameasured
at low impactenergies(seealso[5,8]), thoseof lines
located in electron spectraat 15.29, 15.43, 15.69,
and 15.93 eV are due to ejectedelectronscoming
from theautoionisinglevelswith the lowestexcitation
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Table2. ExcitationenergiesEexc (in eV) with respectto the (4p65s2) 1S0 ground
statefor the levels (4p55s25p) 1;3L J calculatedin single-con�gurationHartree–
Fock approximation,probabilitiesA (in s¡ 1), andwavelengthş (in nm) for the
radiativetransitions(4p55s25p) 1;3L J ! (4p54d5s2) 3P1;2 , 3F4 levelsin strontium.

(4p55s25p) 1;3L J Eexc (4p54d 5s2) 3L J A ¸

3S1 22.98 3P1 1.87+ 05 363
3P2 7.27+ 06 760

3D3 23.27 3F4 1.29+ 07 782
3D2 23.28 3P2 1.86+ 05 642

3P1 7.92+ 05 556
1P1 23.46 3P2 1.96+ 06 588

3P1 4.55+ 05 515
3P2 23.51 3P2 8.27+ 06 573

3P1 3.62+ 06 504
3P0 23.85 3P1 9.49+ 06 442
3D1 24.34 3P2 1.65+ 05 415

3P1 1.39+ 06 377
1D2 24.44 3P2 4.68+ 06 401

3P1 5.30+ 05 365
3P1 24.46 3P2 1.53+ 07 398

3P1 1.87+ 05 363
1S0 24.82 3P1 1.12+ 07 328

Table3. Energy positions(in eV) andtentative classi�cationof featuresobserved
in ejectedelectronexcitation functionsof the (4p54d5s2) 3L J autoionisingstates
in strontiumatoms. Signs+ / ¡ mark presence/ absenceof featuresin excitation

functionof correspondingstate.

Feature Position 3P1
3P2

3F4 Classi�cation

a 21.6 + + ¡ 4p55s24d2

b 22.1 ¡ + + ¡ " ¡
c 22.5 + ¡ ¡ ¡ " ¡
d 22.8 ¡ + ¡ ¡ " ¡
E 24.3 + ¡ ¡ (4p55s25p) 3L ! (4p54d5s2) 3P1 + hº
F 25.5 ¡ + ¡ (4p55s25p) 3L ! (4p54d5s2) 3P2 + hº
G 24.8 ¡ ¡ + (4p55s25p) 3L ! (4p54d5s2) 3F4 + hº

thresholdsat20.98,21.12,21.38,and21.62eV, respec-
tively. A similar shapeof the excitation functionsfor
thesestates(seeFig. 2) re�ects thecommonexchange
characterof electrontransitionsfrom the(4p65s2) 1S0

groundstateof Sr atomand,consequently, the triplet
characterof thecorrespondingexcitedstates.As it fol-
lows from the comparisonof our single-con�guration
Hartree–Fock calculationsand experimentaldata [4]
(see Table 1), there is an excellent agreementbe-
tweenboth setsof datafor the (4p54d5s2) 3P0;1;2 and
3F4 autoionisingstates. Although the locationof the
3P(3F)5D0;1;2 statesfrom 4p55s4d2 con�guration is
alsopredictedcloseto thesameexperimentalenergies,
however, due to the two-electroncharacterof excita-
tionof thesestates,theirexcitationcross-sectionshould
be smallerthanthat for the 3P and3F statesfrom the
4p54d5s2 single-electroncon�guration.Therefore,one

mayconcludethat(4p54d5s2) 3P0;1;2 and3F4 statesare
the lowest4p6-coreexcitedatomicautoionisingstates
in strontiumatoms.Onthesamegroundsthelineswith
excitation thresholdsat 21.82and 22.06eV were at-
tributedto thedecayof the(4p54d5s2) 3F3;2 high-lying
autoionisingstates.Figure3 showstheenergy level di-
agramof strontiumatomsin theregionof the4p54d5s2

classi�edlevelsandtherelativepositionof featuresob-
servedin themeasuredexcitationfunctions.

5. Discussion

Toanalysetheexcitationdynamicsof the(4p54d5s2)
3P1;2 and 3F4 autoionisingstates,let us considerthe
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Fig. 2. The ejected electron excitation functions for the
(4p54d5s2) 3P1 , 3P2 , and3F4 autoionisingstatesin strontium.Dot
linesmarktheexcitationthresholdsat 21.12,21.38,and21.62eV,
respectively. Arrows mark the appearancethresholdsfor the fea-
turesE, F, G (seetext). Insetsshow the near-thresholdpartsof

excitationfunctions.

processeswhich may contribute to their electronim-
pactexcitation,i. e.

Sr(4p65s2) 1S+ einc !

8
>>>>>>>>>>>>>><

>>>>>>>>>>>>>>:

Sr¤(4p54d5s2) 3L + esc ; (1)

Sr¤(4p5n1l1n2l2n3l3) 3L + esc (2)
#
Sr¤(4p54d5s2) 3L + hº ;

Sr¡ (4p5n1l1n2l2n3l3) "l (3)
#
Sr¤(4p54d5s2) 3L + eej :

Reaction(1) representsthe direct spin-exchangeexci-
tation of the 4p6 subshellin strontium. As it follows

Fig. 3. The energy level diagramfor strontiumatom. Only the
levelsparticipatingin processes(1)–(3)areshown.

from thegeneralconsiderations[19], thisprocesshasa
resonancecharacterandshouldplay an importantrole
at low andintermediateimpactenergies. Reaction(2)
describesthecascadepopulationof the4p54d5s2 states
dueto theradiative transitionsfrom thehigh-lying au-
toionisingstates(seeFig. 3). Notethatsuchtransitions
maypossesaremarkableef�ciency in strontiumdueto
the presenceof stronglevel mixing effects in 4p6 ex-
citation[9,10]. Finally, reaction(3) representstheres-
onanceexcitation of the (4p54d5s2) 3L statesthrough
the creationand subsequentelectrondecayof short-
lived statesof the Sr¡ ion. The presenceof strong
near-thresholdresonancesin all the measuredexcita-
tion functionsundoubtedlypointsoutanimportantrole
of reaction(3) at low impactenergies.Below, by using
all availableexperimentalandtheoreticaldataon exci-
tationof the4p6 subshellin strontium,we will attempt
to evaluatethecontribution of eachprocessto electron
impactexcitationof the4p54d5s2 states.

Direct electron impact excitation. The single-
electroncharacterof thetransitionandthelowestexci-
tationthresholdsbothprovidehighdirectexcitationef-
�ciency for the4p54d5s2 con�guration. Indeed,most
of the stronglines observed in ejectedelectron[4–6]
andin photoabsorptionspectra[9] representthe exci-
tation just of this con�guration. As it follows from
the presentdata(seeFig. 3), a relatively low energy
of the main excitation maximaanda fastdecreaseof
the cross-sectionabove 40 eV both con�rm the spin-
exchangecharacterof direct excitation of the 3P1;2
states.A broadenedshapeof themainmaximumanda
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slower decreaseof the cross-sectionobserved for the
3F4 statemay indicate an in�uence of singlet states
from 4p55s4d2 and4p55s26s neighbouringcon�gura-
tionsdueto thecon�gurationmixing effect [10].

Cascadeprocesses. The thresholdsfor the features
E, F, G to appearare 23.1, 23.4, and 23.6 eV, re-
spectively (seearrows in Fig. 2). Thesevaluesdif-
fer from the energy positionsof correspondingmax-
ima by 1–2eV. As theenergy resolutionof thepresent
measurementshasbeen< 0.2 eV, one may conclude
that the featuresE, F, G possessa compoundcharac-
ter and their origin representssomesuperpositionof
processes(2) and(3). The cascadepopulationof the
(4p54d5s2) 3L levels in strontium(process(2)) canbe
causedby theradiative transitionsfrom thehigh-lying
evencon�gurations.As it followsfrom thepresentcal-
culations(seeTable 2), suchnearestcon�guration is
4p55s25p. Comparisonof the positionof this con�g-
uration relative to featuresE, F, G (seeenergy level
diagramin Fig. 3) shows that the apparentthresholds
of features�t well the locationof the 3S1, 3D2, 3P2,
1P1, and3P0 lowest levels, whereastheir maximaare
locatedin the region of the 3D1, 3P1, and 3S0 upper
levels. All theabove statespossesstwo decaymodes:
non-radiative (autoionisation)andradiative. The �rst
oneresultsin ejectedelectronlinesatenergiesbetween
17.5 and 20.0 eV. As it follows from the analysisof
ejectedelectronspectrameasuredat low impactener-
gies[5,8], theselinespossessrelatively low intensities,
re�ecting by that the low autoionisationprobabilities
for thecorrespondinglevels. Seconddecaymodehas,
in turn, two competitive channels:into the 4p54d5s2

nearestautoionisinglevels and into the 4p6n1l1n2l2
atomicstates.As to the latterprocess,formerdataby
Aleksakhinet al. [7] revealedonly two weak lines at
58.4and62.4nm,whichwereclassi�edasanassumed
radiativedecayof anunidenti�edstateat23.45eV into
the(4p65s4d) 3D3 and(4p65s6s) 3S1 atomicstates,re-
spectively. Fromthepresentcalculationsit followsthat
amongall radiative transitions4p55s25p ! 4p54d5s2

thoseinto the(4p54d5s2) 3P1;2, 3F4 levelsarethemost
probableones(seeTable2). Therefore,onemaycon-
cludethatfeaturesE, F, G re�ect indeeda summedra-
diative cascadecontribution from the4p55s25p levels.
Moreover, anabruptriseof thecross-sectionabove the
thresholdsof featuresE, F, G andanevidentresonance
shapeof featuresE and F all point out an important
roleof negative-ionresonances(reaction(3)) in excita-
tion of thecascadinglevels.Notethatsuch`resonance'
cascadeswereearlierobserved in electronimpactex-

citationof low-lying autoionisingstatesin lithium [14]
andpotassium[17] atoms.

Resonanceexcitation. Within theboundsof Schulz's
classi�cationschemefor negative-ionresonances[20],
featuresa–d may re�ect the electron decay either
of shape-or Feshbach-typeresonancesbuilt on the
4p54d5s2and4p55s4d2 `parent' autoionisingcon�gu-
rations(seeTable1). As mentionedabove,neitherthe-
oreticalnor experimentaldataareknown on 4p6-core
excitednegative-ionresonancesin strontiumatoms.In
orderto establish,at leasttentatively, thespectroscopic
classi�cation of observed structure,we have applied
theknown methodof comparisonof isoelectroniccon-
�gurations [6]. If the 4p54d5s2 con�guration is con-
sideredasa `parent'onefor the(4p54d5s2) "l statesof
Sr¤¡ ion (Z = 38) (seereaction(3)), thenthe nearest
isoelectronic con�gurationscould be the 4p54d5s2nl -
core excited con�gurations of neutral yttrium (Z =
39) [21]. In accordancewith thecalculations[22], the
4p55s24d2 con�guration is the lowestin yttrium atom
andpossessesthehighestexcitationef�ciency. There-
fore,onemaysupposethatthesamecon�gurationwill
be the lowest one also in strontiumnegative ion. In
this case,fastelectrondecayof statesfrom this con-
�guration will resultin appearanceof thestructurea–d
in excitationfunctionsof the(4p54d5s2) 3P1;2 and3F4
states(seeFigs.2, 3). Thepresenceof featuresa, b si-
multaneouslyin excitationfunctionsof the3P1 and3P2
levelsshows thatthecorrespondingnegative ion states
possesstwo-channeldecaymode. Finally, comparing
the excitation ef�ciency of processes(1) and(3) (see
Fig. 2) it is seenthat the resonanceexcitation cross-
sectionfor the 3P1;2 statesis approximatelyequalto
thatfor thedirectexcitation,but it is higherby approx-
imately1=3 in thecaseof the3F4 state.

6. Conclusions

This work is the �rst study of excitation dynam-
ics of the4p6-coreexcitedautoionisingstatesin stron-
tium atomsperformedwith highenergy resolutionover
a wide electron impact energy rangefrom the low-
est excitation thresholdup to 200 eV. By using the
resultsof single-con�gurationHartree–Fock calcula-
tions,thespectroscopicclassi�cationof six lowestau-
toionisingstateswasestablished.Theperformedanal-
ysis of ejectedelectron excitation functions for the
(4p54d5s2) 3P1;2, 3F4 stateshasshowedthatalongwith
spin-exchangedirect excitation, two other processes
determinetheelectronimpactexcitationof thesestates,
namely, the electrondecayof the 4p55s24d2 statesof
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strontiumnegative ion, andthe radiative cascadetran-
sitionsfrom the4p55s25p autoionisingstates.For the
3P1;2 statestheresonanceexcitationcross-sectionisap-
proximatelyequalto that for the direct excitation,but
it is higherby approximately1=3 in thecaseof the3F4
state. The cascadecontribution is considerablefor all
statesstudied. Its resonancecharacterrevealsan im-
portantrole of negative ions also in the excitation of
the4p55s25p cascadinglevels.
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AUTOJONIZA CIN �ES STRONCIO ATOMO BŪSENOSSUVAKANSIJ A 4p ELEKTR ON �U
SLUOKSNYJE: J �U KLASIFIKA VIMAS IR SU�ADINIMO DINAMIKA

A. Borovik a, V. Vakulaa, A. Kupliauskien�eb

a UkrainosNMAElektron �u �zikosinstitutas,U�gorodas,Ukraina
b VU Teorin�es�zikosir astronomijosinstitutas,Vilnius, Lietuva

Santrauka

Išmatuotasiš stroncioatom�u išl�ekusi�u elektron�u spektras,ati-
tinkantisšuoliusiš �emiausi�u 4p5n1 l1n2 l2n3 l3 būsen�u, kai �adi-
nan�cio elektronoenergija buvo kei�ciamanuosu�adinimoslenks�cio
iki 200 eV. Panaudojantvienkon�g ūracinioHatrio ir Foko artinio
skai�ciavimo duomenis,identi�kuotosiosšešiosišl�ekusi�u elektron�u
linijos, kuri �u energijos yra ar�ciausiai su�adinimo slenks�cio, pri-
skirtos 4p54d5s2 3P0;1;2 ir 3F2;3;4 autojonizacin�ems būsenoms.
4p54d5s2 3P1;2 ir 3F4 būsen�u su�adinimo funkcijos išmatuotos,

kei�ciant �adinan�cio elektronoenergij �a kas 0,15 eV. Visosešiose
su�adinimo funkcijoseprie su�adinimo slenks�cio pirm �a kart �a pa-
steb�eti didelio intensyvumorezonansai.J �u atsiradimasaiškinamas
stroncioatomoneigiamojono 4p55s25p2 kon�g ūracijostrumpa-
am�i �u būsen�u autojonizacija.Panaudojantapskai�ciuotasHartrio ir
Fokoartinyje radiacini�ušuoli �u iš4p55s25p kon�g ūracijoslygmen�u
tikimybesir energijas,�ivertintaskaskad�u iš 4p55s25p kon�g ūraci-
jos būsen�u ind�elis,apgyvendinant4p54d5s2 3P0;1;2 ir 3F2;3;4 lyg-
menis.


