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The total electron impact excitation cross-sections have been obtained for the first
time for the (1525%)°S, (15252p)'P 2 sn, 15(282p°PYP and 15(252p'P)Y°P autoionizing
states in lithium atoms by normalizing the experimental relative cross-sections to the
PWBA calculations at 600 eV, The maximum values of the cross-sections lie in the

range of 0.3+1.0x10""®

em”. The contribution of negative-ion resonances and reso-

nance cascades 10 the excitation of autoionizing states has been analyzed.

The lowest {15252}"5 glsislp} P13,
Is{EaEp*P}zP and 1s(2s2p'P)°P -autoionizing
states of lithium due to their large energy
separation (AF = | eV) are very convenient
for the experimental investigation by the
¢lectron spectroscopy method. The system-
atic investigation of electron impact excita-
tion of these states gives a unigue possibility
to study the dynamics of electron-atom inter-
action even staying in the frame of the L-S
coupling scheme. Being of different type
relatively to their excitation and decay proc-
esses, these states are the good probes also
for revealing the influence of electron corre-
lation effects in the different electron sub-
shells. Moreover, for lithium atoms the ra-
diative transitions between the autoionizing
states both in the quartet and doublet systems
are very cfﬁment [1,2]. The (1s252p)"Piz3nm.
and 15(25’?]:: PY'P states are radiatively con-
nected with the most of high-lying autoion-
izing states and this allows one to study also
the character of such cascade transitions and
evaluate their common contribution to the
electron impact excitation process.

Many experimental and theoretical works
were published at present time on the
autoionization in lithium atoms (see e.g. [1.3]
and references therein). However, the main
attention of the authors was paid to the spec-
troscopic parameters of autoionizing states,
i.e. excitation energies, decay channels, life-
times etc. [2-4]. As to the excitation cross-
sections, the only experimental work of
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Feldman and Novick [5] is known on deter-
mination of the electron impact excitation
cross-section for the (1s2s2p)'Psp metastable
autoionizing state. The theoretical calcula-
tions of the excitation cmsa—sectmn are only
known for the lowest lithium (1s2s%)°S state.
In [6,7] by using the plane-wave Born ap-
proximation (PWBA) the maximum value of
the total cross-section of 2.2 107" em” has
been obtained for this state. In more system-
atic calculations of Pangantivar and Sri-
vastava [8] the distortion-wave approximation
(DWA) has been used with including the po-
larization and exchange effects. In the last
case an evident resonant character of the
electron excitation for the (152s™)S level has
been revealed with the maximum value of the
total cross-section of 7.4-107"° em? at 59 eV,
Recently we have reported the data on the
EjECtEJd. electron exmtaimn functions for the
(1s28% S, (15.232;:) Pinan, 15(2s2p°P)'P and
1s(2s2p'P)’P -autoionizing states in lithium
atoms [9].The measurements were performed
on the apparatus consisted of a 127° electro-
static ejected-electron analyzet, an electron
gun and a resistively heated atomic beam
source [10]. The energy spread of incident
electrons was = 0.4 eV (FWHM) as it was de-
termined from the elastic scattering peak. The
excitation functions have been obtained in the
form of impact energy dependences of the
normalized gjected-electron intensities meas-
ured at an observation angle 0 = 54.7°, Note
that the ejected-electron excitation functions
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obtained in these measurements reflect the in-
cident energy dependences of the total electron
excitation cross-section for autoionizing levels.
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Fig, 1. Total electron impact excitation cross-sections
for the (1525™)°S and 15(2s2p'P)’P autoionizing levels
in lithium: () - experiment [9]; (—) - present PWBA
caleulations.

With the aim of normalization of the ex-
perimental relative cross-sections obtained in
[9] here we have Ferfonned the PWBA cal-
culations of the 15°2s—1s2snl excitation pro-
cess for the (1s2s°)*S and 1s(2s2p'P)°P -

autoionizing states in lithium. The procedure
for generating the target wavefunctions has
been described earlier [11]. Briefly, we used
the Froese Fisher multiconfiguration Hartree-
Fock (MCHF) atomic structure package [12]
with the special attention paid to the large re-
laxation both of the 1s and »/ orbitals at the 1s
excitation and to the correlation corrections
arising from the strong interaction between
the 1s electrons. The spectroscapic 1s, 25 and
2p orbitals were obtained from the Hartree-
Fock calculation of the (1s2s2p)'P state. The
3s, 3p and 3d correlation orbitals were gener-
ated from the optimization of the (1s2s2p)'P
state in the MCHF calculations in the active
space manner. The final multiconfipuration
expansion for all terms of interest have been
obtained by the configuration-interaction
method on the basis of all possible configura-
tions constructed from the above spectro-
scopic and correlation orbitals.

Figure 1 shows a comparison of the ex-
perimental [9] and present theoretical results
at the incident electron energies up to 600 eV
for the (1s2s")°S - and 1s(2<2p'BY’P
autoionizing states. For the normalization of
theoretical data we have choosen the
(1525%)%S state due to the abscence for it of the
cascade transitions [1]. The normalization has
been done at an incident clectron energy of
600 eV that is satisfies the known condition
of validity of the Born approximation E, =
10E,,. where E,, is the excitation energy of
an autoionizing level [13]. As can be seen,
above 200 eV there is a good agreement be-
tween both data. The results of normalization
are shown it Fig. 2 for all autoionizing states

studied. The maximum wvalues of the cross-

sections o'y are given in Table 1 together

with other data known for these levels.

Table 1. Total excitation cross-sections o™ .. for the lowest autoionizing states in lithium

[ Gmtmujlﬂ_w cmzj
State Experiment | Theory

Present data | Present data, (6], [71, 5 [8].

PWBA PWBA | PWBA | DWE

{1s25°1°8 1.0 0.25 0.22 e el
(15252p)*Puaan 0.7 = 5 =
1s(2s2p°PYP 1.0 s S = =
1s(2s2p P)°P 0.3 N EEE 5 2
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Cumparin§ these data one can see that
for the (13251} 5 state all PWEBA calculations
give the values of the o™y Wwhich are
smaller than the experimental data approxi-
mately by the factor of four. The result of the
DWE approach [8], which takes into account
the exchange character of electron excitation
for the (1s25*)°S state, is much closer to the
experiment (see Fig. 3). The higher experi-
mental value of the cross section in this case
is caused by the presence of the strong nega-
tive-ion resonance just on the top of the main
maximum at 59.5 eV [9].

iR o
R (1525%)’S
'l-'-:;: h:.", W
054 s
L .
1':' Ll ¥ g ¥
110 SR
0.8
: o
~04 :: '*:‘f;"-' " .o
5 : (152s2p)°P
e
N 3.3
_ 15(2s2p’P)' P
u o
D.-S" j‘ Th
: s
1 '
0,0 by
04
1s(2s2p P)’P
{}12' -,'4,.. ; ¥
PR :
R e R E e

Electron impact energy, eV

Fig, 2. Total electron impact excitation cross-sections
for the low-energy autoionizing states in lithium,
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Another result of the present work is the
evaluation of the excitation cross-sections
for the negative-ion resonances revealed
above the excitation thresholds of all levels
considered (Fig. 2). As one can see, for the
(1s25°)’S and (1s2s2p)*P states these cross-
sections reach the value of 70% of the o™,
showing the dominant resonance character of
the near-threshold electron excitation of
these levels, The resonance processes domi-
nate also at the excitation thresholds of the
1s2s2p doublet levels.
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Fig. 3. Total excitation cross-section for the (] s25°Y'S
autvionizing state: (—) = DWE calculations [8]; () -
experiment [9] normalized to theory [8] at 200 &V,

In accordance with the spectroscopic
data [1.2] the (15252p)'Pinan level is the fi-
nal state for the most of radiative transitions
known in the quartet level system of lithium
[1]. The contribution from the radiative cas-
cades to the excitation cross-section of this
level has been found to be the largest and
equal 30%. On the other hand, such contri-
bution for the lowest doublet 1s(2s2p’Py’P
has been found to be 3% only.

In conclusion, the total electron impact
excitation cross-sections for the lowest
(1525’8, (1s252p)'Pin3p, 15(2s2p°P) P and
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15{252{1[P]2P -autoionizing states in lithium
atoms have been determined by normalizing
the relative experimental excitation functions
to the PWBA calculations at 600 eV impact
energy. The data give the guantitative infor-
mation on the role of the resonance and cas-
cade processes in electron excitation of low-
lying autoionizing states in lithium atoms.
We hope that the results obtained could be a
good base for the further theoretical calcula-
tions of the inner-shell excitation in lithium
aroms.

We gratefully acknowledge fruitful dis-
cussions with Dr. J. Kontros.
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Brepiie ofep&ani NOBHI NoNepedHi Nepepisn enekTpoHHOTO 30y IserHa {1525°)°S,
(15252p)'P 230, 15252p°PYP 1a 15(252p"PY’P awroiomizauihx cranis aToma niTho
IAAXOM HOPMYBAHHA CKCNCPHMEHTANLHHX BIZHOCHMX NOMEPEYHHX Neépepisis Ha
IMXHE pospaxydks npd edeprii 600 eB. MarcHMAaTbHi IHAMEHHA NONEPUMHHX
nepepizis nexars & manasomi 0.3:1.0x107" oM. [IpoasanizoBaHo BHecOk
PEIOHAHCIR HETATHEHOTO i0HA | KACKAOHUX pe3lonancis npe 30yIoKeHH] apTO-

IOHI3AMIFNEX CTAHIE.
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