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Theoretical investigation of the 5p°nl(L,S,)n'l LS] autoionizing states of Cs was performed by using large scale configuration
interaction calculations of energy levels, autoionization probabilities and excitation cross sections obtained in the Dirac-Fock-
Slater approximation. Classification of calculated energy levels in the LS] coupling scheme of angular momenta and simulation of
the intensities of ejected Auger electron spectrum were performed. The classified energy levels in the region from the excitation
threshold up to 17.365 eV and simulated intensity spectrum were used for identification of the experimental ejected-electron

spectrum of Cs excited by 30 eV electrons.
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1. Introduction

Theoretical investigation of the 5p-core-excited auto-
ionizing states of Cs is a complex task as the relativistic
effects play a more important role compared with Na
[EI, E, E, I, K [H] or Rb [E]. The first attempt to perform
the classification of Cs spectrum registered in an ultra-
violet absorption experiment was made by Connerade
[ﬁ] in jK notations. As the lower series members did not
conform to the jK coupling, new observations of the
synchrotron radiation absorption spectrum were clas-
sified by using the LS] coupling scheme [8]. Intermedi-
ate coupling Hartree—Fock calculations without config-
uration mixing were performed for the 5p-excited 6s%
5d6s, 6s7s and 5d* configurations [E]. It was found that
the accuracy was insufficient to perform assignments
around Z = 56, but the results were used to estimate
the energies of the most important 5p-excited levels.
Calculations of excitation energies, cross sections, ra-
diative and autoionization probabilities for the states of
the 5p°6s%, 5p°5d6s, 5p°6s6p and 5p°6s7s lowest auto-
ionizing configurations were performed in [E] by using
the Dirac-Fock-Slater [] approximation. In the case
of odd states, a superposition of the 5p°6s?, 5p°5d6s
and 5p°6s7s was used. Superposition of the 5p°6s and
5p°6s6p configurations was used for the even states.
Calculated energy levels and excitation cross sections
were applied for the identification of experimental
spectra FE]. Large scale configuration interaction cal-

culations of energy levels, autoionization probabilities
and 400 eV electron-impact excitation cross sections of
the 5p°niln'l' LS] (nl = 5d, 6s; n'l' = 5d, 6(s—d), 7(s, p),
8s) autoionizing states of Cs were performed for the
first time in []. The relativistic effects were taken into
account using the Dirac-Fock-Slater approximation
[]. The calculated data were used for a novel identifi-
cation of 37 lines of the experimental ejected-electron
spectrum [] excited by 400 eV electrons. But, a total
of 63 Cs I levels were observed in [] by using an elec-
tron beam of 30, 50 and 400 eV incident energy. The
spectra at 30 and 50 eV are rich of lines compared with
that at 400 eV. Theoretical data from [] were also
used for a new assignment of the line at 14.208 eV [[12]]
as 5p°6s*°P | [B]. Revised identification of the experi-
mental spectrum [[1] was performed for low energy
Auger lines and presented in [[14].

The energy levels of 5p°nin'I'configurations of Cs
were calculated in the jjJ coupling scheme of angular
momenta. The coupling of each energy level was then
transformed from jjJ to LS]. Expansion coefficients of
the LSJ coupling scheme were presented in [@], but
rigorous theoretical classification of levels was not per-
formed. The main task of the present work is to per-
form a revised classification of the calculated energy
levels using the LS] coupling scheme, simulate a theo-
retical intensity spectrum of the levels, and apply both
for a more accurate and full identification of the ex-
perimental spectrum excited by 30 eV electrons [].
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2. Method of calculations

Expansion coeflicients of the LS] coupling scheme
were used from [] to classify the calculated energy
levels. New calculations of energies, autoionization
probabilities and electron-impact excitation cross sec-
tions more suitable for simulation of the intensities of
ejected Auger electron spectrum were performed in
the basis of mixed relativistic configurations by using
the Flexible Atomic Code []. The radial orbitals
for construction of basis states were derived from a
modified self-consistent Dirac-Fock-Slater iteration
on the fictitious mean configuration with fractional
occupation numbers representing an average electron
cloud of configurations included in the calculation. In
order to optimize the local central potential includ-
ing the approximated exchange part, the configura-
tion 5p°6s was used. The following singly-excited and
5p-core-excited configurations were used to take into
account the correlation eftects as well: 5pnl, nl = (4,
5)f, (7-12) (s-d); 5p°nin'l, nl = (4, 5)f, (5-7)d, (6-8)
(s, p, f); n'l' = (4-8)f, 5d, (6-11)(s-d). Since the lo-
cal potential was optimized only for the ground state,
to reduce the errors on total energies the following
correction procedure was applied. Before the poten-
tial for the mean configuration with fractional oc-
cupation numbers was calculated, the optimized po-
tential for each configuration was obtained, and the
average energy of each configuration was calculated
by using this potential. Then, the average energy for
each configuration was calculated with the potential
optimized for the mean configuration with fractional
occupation numbers. The difference of the two aver-
age energies was then applied as a correction to all
states within each configuration after the Hamilto-
nian was diagonalized. The total number of both odd
and even states included in the calculation was 12487.
The electron-impact excitation cross sections and au-
toionization probabilities were calculated in the rela-
tivistic distorted-wave approximation [] by using
the same basis set.

The intensity of the line of emitted Auger electrons
from the electron-impact excited state «LS] is [@, ]

do(alLSJ,0) _

1(atLSL6)~ -

)
@ 1+ ZZJ ,BKPK(COSG),

K>0,even

B(aLSJ)

where do(aLS], 0)/d0 is the polar angle 6 dependent
differential cross section, o(«LS]J) is the total excita-
tion cross section of the state aLS], P (cos 0) is the

Legendre polynomial of rank K, and B(«LS]) is the
Auger electron yield:
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In the case when the radiative transition prob-
abilities A”, from the state aLS] to lower lying states
i are much smaller than autoionization ones A“
and only one Auger decay channel exists, the Au-
ger yield is very close to 1. Our calculations show
that for the investigated autoionizing states of Cs
the radiative transition probabilities are about 3 to 4
orders of magnitude smaller than autoionization
ones, therefore they can be disregarded in Eq. (2).
The asymmetry parameter 8, = A «, [] in Eq. (1)
is a product of the alignment parameter A _ [[l§]
due to an electron-impact excitation of an atom
and the asymmetry parameter of the angular dis-
tribution of Auger electrons «, [@] due to a spon-
taneous decay of the autoionizing state of the atom.
For the magic angle 6 = 54.7°, P,(cos(54.7°)) = 0 and
P,(cos(54.7°)) = -0.39, i. e. the Legendre polynomials
of rank K > 2 are not equal to zero even for the magic
angle. In addition, A, = 0 for all J = '/, states of the
excited atom. Therefore, intensity ratios of the J ="'/ )
and J >/, lines observed at 75° can differ significantly
from the ratios obtained when we exclude the asym-
metry of the angular distribution of ejected electrons
(see details in [@] for the core-excited Rb).

3. Results and discussion

For theoretical classification of the 5p°niln'l' LS] lev-
els, the expansion coefficients from [] were used.
A simpler effective potential of the present calcula-
tion resulted in a relatively small change of the level
energies (less than 0.13 eV) allowing us to keep the
same assignments of LS]. In the case of the autoion-
izing states of Cs, the LS] coupling scheme of angular
momenta is valid only for the lowest levels. Therefore,
we have met some difficulties while performing theo-
retical classification for a number of higher energy
states. For some of levels, the number of expansion
coeflicients presented in Table 1 [] was insufficient
for an unambiguous assignment of the LSJ quantum
numbers. Then, other terms of the wave function were
used from the original data []. The assignments for
all levels starting from the lowest one 5p°6s**P,  up to
15.451 eV are presented in Table 1. Table 2 is devoted
to the levels from 15.463 eV up to 17.365 eV with ex-
citation cross sections greater than 5 x 107 cm? in the
case of 30 eV impacting electrons.
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Comparison of the present and Table 2 [IE] clas-
sification presented in Table 3 shows that in the pres-
ent work it has changed for 13 levels. The change was
made based on the three criteria, the first and the
second being the absolute value and position of the
expansion coeflicient of an assigned state. For the
third criterion, we have assumed that the states origi-
nating from the 5p°6s *P and 5p°5d °L (L = P, D, F)
in the assignment should be lower than the 5p°6s 'P
and 5p°5d 'L ones if the expansion coeflicients are ap-
proximately equal, as it was in the case of K [E] and
Rb [f]. Differences among the absolute values of ex-
pansion coefficients are small, therefore a condition
for the unambiguous classification was used, i. e. not
to attribute the same LS]J state to two levels in all cal-
culated spectrum. Indicating by level energies in the
current (and Table 2 of []) work, only the interme-
diate L S, term has changed for the 13.586 (13.650) eV,
14.790 (14.886) eV, 15.723 (15.810) eV and 15.732
(15.849) eV states. Only the final LS term has changed
for the 15.117 (15.209) eV state, while both (L,S ) LS
have changed for the states of 13.664 (13.797) eV
and 13.908 (13.994) eV energy. For other 6 levels
of 15.177 (15.289) eV, 15.306 (15.289) eV, 15.296
(15.378) eV, 16.411 (16.506) eV, 16.610 (16.711) eV
and 17.072 (17.180) eV energy the configuration was
revised. In later measurements by Mendelsohn et al.
[@] the observed energy of 13.174 eV was assigned
to the 5d(°P)6s ‘P, , state, which is very close to the
calculated energy of 13.127 eV in the present work
(13.149 eV in [@]]).

For some levels, a superposition of two or more
eigenstates could be assigned unambiguously, e. g.
for ] = */, the expansion is {0.60 - 5d(*F)6s ‘F -
0.55-5d('D)6s*D} at 13.664 eV, {0.54 - 6s(*P)6p °D +
0.46-6s(°P)6p*P}at13.908 eV, or {0.42-5d(*D)6s2D +
0.35-5d('"P)6s *P} at 14.790 eV energy of the present
work. Notice that the second expansion coefficient
of the 13.664 and 13.908 eV levels is the same as the
first of Table 2 in [@], i. e. the actual assignment
has not changed. However, the described feature
applies only for these Table 2 [[L1] states. The same
feature was observed in [B, 14] for the {5d*(°F)
‘D + 5d(°P)6s *P}, , of 14.072 eV [[12] and {5d('P)6s
’P + 5d(°D)6s °D}, , of 14.574 eV [[12] states. There
are more states for which the classification of two
sets of quantum numbers could be attributed. For
the sake of convenience, only one set of quantum
numbers was left in Tables 1 and 2.

Influence of the asymmetry of Auger electron
angular distribution was evaluated as measurements
in [] were performed at the angle of 75° with re-
spect to the direction of incident electrons. In the
case of 400 eV incident electrons, it was assumed in

[] that the asymmetry parameters 3, of the angu-
lar distribution of ejected electrons from electron-
impact excited autoionizing states were close to zero.
In the case of the autoionization from the np°n'l'n"l"
LSJ states, only one np°eA LS] decay channel is pos-
sible. Then, the matrix elements which depend on
the radial part of wave function of the free electron
(see Eq. (4) in [@]) cancel in the numerator and de-
nominator of Eq. (10) [], and the parameter «, is
equal to some constant, i. e. it does not depend on
the energy of ejected electron. Therefore, 8, depend-
ence on the energy is defined only by the alignment
parameter A,. The calculation of A for the Na []
and K [] state np°(n+1)s® *P, ) has shown that A
was approaching zero when the energy of incom-
ing electrons was increasing. The parameter a, = -1
for the np>(n+1)s* °P, , states [@]. Our calculations
show that it is also equal to -1 for the J = °/, states
of 5p-excited 6s% 5d6s and 6s6p configurations. But
a, parameters of the higher rank K are not, e. g.
a, = 0.925 for the state 5p°6s('P)6p D, ,.

To evaluate the influence of A, on the asymme-
try parameter f3, for ejected electrons emitted at
75°, calculations for several autoionizing states of Cs
were performed in the non-relativistic single config-
uration approximation by using our own computer
codes. The radial wave functions and intermediate
coupling expansion coeflicients for atoms in discrete
states were obtained in the Breit-Pauli approxima-
tion by using a complex of programs [R4]. For the
incident electron energy of 30 eV, the alignment pa-
rameter A, = -0.27 for 5p6s? 2Pm, A, = -0.47 for
5p°5d('P)6s *P, ,, A, = —0.23 for 5p°6s('P)6p °D, ,
A,=-0.24and A, = 0.22 for 5p°6s('P)6p D, ,. In the
case of 400 eV impacting electrons, the same para-
meters are equal to —0.04, 0.05, 0.31, 0.33 and 0.14,
respectively. It shows that the asymmetry of the an-
gular distribution of Auger electrons excited by elec-
tron-impact could be strong, and it should be taken
into account while performing the identification
of a measured spectrum at low projectile energies.
Thus, a conclusion follows up that it is not enough to
take into account only the values of total excitation
cross sections while performing the identification of
a measured spectrum even in the case of high ener-
gies of impacting electrons.

Our calculations for excitation of the autoion-
izing states of Cs and Rb [@] have shown that the
alignment parameters A, depend strongly on the
configuration and total angular momentum J, but
are very similar for the total orbital L and spin S an-
gular momenta. It is sufficient to calculate the fac-
torsC=1+% A «aP (cos 0) only for the 5p°nin'l' ]
states which are a good tool to estimate the change
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of ratios of the intensities of Auger lines in the case
of ] ="'/, and ] > */,. The C factors were calculated
in the intermediate coupling single configuration ap-
proximation and are presented in Table 4 for the case
of 30 eV impacting electrons. The factor is symmetric
with respect to the half of the interval of 0° and 180°
and has a minimum at 90°, therefore it is presented
in Table 4 only up to 90°. It is equal to 1 for the states
with J =/ as only K = 0 is possible. The values of C
factors from Table 4 indicate that a differential cross
section measured at the magic angle 54.7° for the
J >/, states can decrease up to 20% compared with
the case of ] = */.. The same decrease is bigger in the
case of 75° and reaches 25% (see ] = */, of the 5p°5d6s
in Table 4).

Identification of experimental lines. To assign
quantum numbers for the Auger lines in the spec-
trum registered by using 30 eV impacting electrons
12], the simulated spectrum is used. It is presented
together with the experimental spectrum
12]]. For the simulation of theoretical spectrum the
convolution of Gaussian and natural line profiles
was used. The Gaussian line width was 20 meV and
the natural line width was calculated using the au-
toionization probabilities from the present work.
Comparison of both spectra in the figure shows that
some theoretical lines should be shifted to the lower
energy region. For example, the theoretical line at
14.790 eV was shifted by —0.216 eV to coincide with
the most intensive experimental line at 14.574 eV.
The dependence of Auger lines on the energy of
impacting electrons was also taken into account by
comparing the intensities of both measured [] and
simulated spectra at 30 and 400 eV []. Decrease
of the intensity of some lines due to the asymmetry
of the angular distribution of Auger electrons (see
Table 4) was also taken into account. The suggested
identification is presented in Tables I and 2.

In the present work, the assignment of quantum
numbers for 27 of 63 [] observed states has suffered
some changes compared with the identification pre-
sented in the previous works [, ]. Assignments
were given to 24 lines for the first time. Based on
our calculations the experimental line at 16.657 eV
[[12] could be assigned to the doublet state, which is
between 16.359 and 16.411 eV states in the present
calculation. The state is not presented in Table 2 for
the reason mentioned in the beginning of this sec-
tion. One of reasons for the change of an assignment
was a revised classification of the calculated levels.
Another reason is caused by the differences of the
intensities of lines registered at 30 and 400 eV in-
cident electron energy [@]. The doublet terms and
dipole-forbidden terms, strongly mixed with dou-

blet terms (J = '/,, °/,), give a large contribution to
the total intensity of Auger lines at 400 eV, whereas
the energy of 30 eV impacting electrons is close to
the excitation threshold of the 5p-core-excited states
of Cs. Therefore, the quartet and other dipole-for-
bidden terms (J > °/,) have the largest intensities.
The dipole-allowed transitions, which dominate in
the 400 eV spectrum [, ], are blended by lines
from the dipole-forbidden states in the 30 eV spec-
trum (see Fig. 1 in [@] and for comparison).
For example, the experimental lines observed in
[] were reassigned (in [@] > in the present work)
to the states: 5d(°P)6s *P, , > 5d(°P)6s *P, ,, 6s('P)6p
D, > 5d(°F)6s °F,, 5d('D)6s 2D, , > 6s(P)6p ‘D, ,
5d(P)6p 2P, > 5d°(°F) ‘D, , at 13.149 eV, 13.344 eV,
13.600 eV and 14.476 eV, respectively. A correspond-
ing number of the calculated levels presented in Ta-
bles Il and 2 up to 17.365 eV was used to identify
all 63 experimental lines observed in []. The state
at 17.365 eV is the 1203th of 12487 states included
in the calculation. For the reason mentioned in the
first paragraph of this section, 8 and 896 energy lev-
els were not included in the left and right parts of
Table 2, respectively. All not included levels and the
levels starting from 17.365 eV could be useful for
identification of the spectra measured with impact-
ing electrons of an intermediate or higher energy,
e.g.50-70 eV.

Intensity (arb. u.)

Excited state energy (eV)

Figure. Calculated (a) and experimental [12] (b) eject-
ed-electron spectrum of Cs atoms excited by 30 eV im-
pacting electrons.
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Table 1. Excitation energies E, . and Eexp [12] in eV, cross sections 0 (107** cm?) of Cs 5p°nl(L S,)n'l LS] states excited
by 30 eV electrons (all energy levels up to 15.451 eV).

ALSILS | Bac | Ew | o | a@SMILY | Bue | By | o
6P, 12289 12307  9.88 5dCF)6p ‘G, 14.787 0.02
5d(°P)6s ‘P 12700 12786 138 5d(°D)6s D, , 14790 14574 197
5d(°P)6s ‘P, 12867 12930  3.60 5d(°P)6p D, 14.794 0.05
5d(°P)6s ‘P, 13127 13149 3.05 5d(P)6p D, 14.840 0.03
6sCP)6p 'S, 13128 13011 068 5d(F) ‘G, 14.852 0.04
5d(F)6s °F, , 13178 13204 288 5dCF)6p F. , 14.854 0.01
5d(°P)6s P, 13.193 1.87 5d(P)6p 'P,, 14.883 0.04
5d(F)6s F, , 13315 13344 3.12 5d(P) P, 14927 15055 1.9
6sCP)6p D, 13.446 0.57 6sCP)6p S, , 14940 14950 336
5d(F)6s °F, , 13477 13484 268 5d('D)6p °D, , 14.981 0.10
6sCP)6p D, 13480 13600 118 65(°P)7s 4P, , 15.034 0.41
6s(°P)6p D, , 13586 13.651  1.00 5d(P) P, 15035 15111  0.84
5d(F)6s °F, , 13664 13526  3.52 5dCF)6p D, 15.041 0.02
5d(F)6s °F, , 13668 13756 185 5dCF)6p ‘G, , 15.057 0.00
5d(°P)6s P, 13687 13689  0.82 5d*(F) F, , 15.114 0.06
5d('D)6s D, , 13.698 1.46 6s(°P)7s P, 15.117 1.96
6s('P)6p P, 13.752 0.11 5dCF)6p °F, , 15.126 0.00
5d(°D)6s D, , 13784 13825 432 5d(3P)7s °P, | 15.128 0.19
6s(°P)6p P, , 13887 13952 0.1 5d(F)6p D, , 15.138 0.03
6s(P)6p D, 13.908 0.81 5d*(D) D, 15.144 0.40
5d(°D)6s D, , 13909 14043 2.05 5d°(D) °F,, 15.153 0.04
6s(P)6p S, , 13.928 1.94 5d(°P)7s P, 15177 15171 0.90
5d°CF) D, , 13959 14072 322 5d('D)6p D, , 15.182 0.07
5d(F) D, 14.100 1.50 5d(P)7s P, 15198 15211 074
5d(P)6p D, 14153 14310 187 5dCF)6p °F. , 15.203 0.00
5d(°P)6p 7P, , 14.172 0.42 5dCF) °G,), 15.205 0.08
6sCP)6p D, 14.244 0.50 5d(D)6p ‘P, , 15.243 0.02
5d°CF) ‘D, 14263 14427 145 5d°(P) D, 15.289 0.42
5d(P)6p D, , 14312 0.14 5d(P) S, , 15.290 0.12
6P 14437 14208 2.06 5d('D)6p °F,, 15.292 0.00
5dCF) D, 14462 14476 140 5d(P) S, 15296 15314 052
5d(P)6p P, 14512 14519 371 5d(P)6p S, _ 15.306 0.51
5d(P)6p ‘D, , 14.553 0.25 5d(P) D, 15316 15375 078
5dCF) ‘G, , 14.638 0.00 5d('D)6p °F,, 15321 0.13
5d(P)6p P, , 14672 14705 049 5dCF)6p °G,, 15.330 0.00
5dCF)6p G, 14.677 0.00 5d(°D)6p °P, , 15.341 0.03
5d(P)6p 'P,, 14.707 0.03 5d°(G)H,, 15.348 0.00
5d*('G) °F,, 14.707 0.22 5dCF)6p °F, , 15.358 0.00
5dCF)6p ‘G, , 14.709 0.00 5d(°D)6s D, , 15382 15399  1.12
5d°(P) P, 14.716 0.57 5d(°D)6s D, , 15.383 0.98
5d(F) G, , 14.721 0.02 5d('D)6p P, 15.402 0.07
5d°CP) P, 14.771 0.25 6sCP)7p S, , 15.429 0.08
5d('P)6s P, 14771 14893 829 5d*(F) F,, 15451 15486  1.03
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Table 2. Excitation energies E_, . and Eexp [12] in eV, cross sections o (107'* cm?) of Cs 5p°ni(L,S )n'l' LS] states excited
by 30 eV electrons (all energy levels with 6 > 5 x 102° cm? from 15.463 up to 17.365 V).

ALS)NTLS | Ewe | Ew | o | n@LSOWILS | Ewe | En | o
5d(°F) °F, , 15463 15521  0.35 5d(°F)7p D, , 15.875 0.08
6sCP)7p ‘D, 15.474 0.05 6s(P)7p ‘P, 15919 16177  4.43
5d(P)7p D, 15.487 0.06 5d('F)7s °F 15.919 0.10
6s(P)7p D_, 15.490 0.09 5d(F)7s °F 15.946 0.06
65(P)6d ‘D, | 15526 15575  1.43 5d(°P)7s ‘P_, 15.948 0.13
6s(P)6p ‘D, 15.535 0.21 5d(°P)8s ‘P, , 15.951 0.05
5d(P)7p ‘P, , 15.562 0.10 5d(°P)8s P, 15.960 0.07
6s(P)6d °F, 15.577 0.18 5d('G) F,, 16.004 0.12
65(°P)6d °F,,, 15.582 0.17 5d(°F)6d P, , 16009 16270 0.13
65(P)6d ‘P, 15.583 0.10 6s(°P)8p D, , 16.022 0.06
5d(°*D)6p D, , 15.588 0.05 6s('P)7p P, 16.070 0.06
6s5(°P)6d D, , 15.590 0.36 5d(°D)7s D, , 16.075 16389  0.81
6s(°P)6d ‘D, , 15.591 0.26 6s(P)8p °S, , 16.126 16340  0.09
6s(°P)6d D, 15.599 15.655  0.69 6s('P)6d D, 16.194 0.05
5d(°P)6d °F, , 15.609 0.09 6s('P)6d °F__ 16.196 0.18
6s(°P)6p P, 15.611 0.33 5d(°’F)6d ‘D, 16.212 0.05
5d(°P)7p ‘D, 15.619 0.07 5d(°P)7s P, , 16.232 0.13
5d('F)6s °F, 15.631 15.689  2.40 5d('D)7s D, , 16.245 0.10
65(°P)6d 2P, 15.632 15742 0.38 6s('P)6d 2P 16.251 0.06
5d(°’D)7p ‘D, , 15.637 0.17 6s('P)6d D, , 16.258 0.06
5d(°P)6d °F, , 15.641 0.12 6s(°P)6p P, 16269 16458  0.31
5d(*P)6d D, , 15.644 0.06 5d(*P)6d F 16344 16563  0.08
5d(*P)6d 4F7/2 15.658 0.11 5d(*P)6d 4P1/2 16.359 16.610 0.24
5d(P)6d *P_, 15.662 0.17 5d('P)6p P, 16411 16696  2.04
65(P)6d D, | 15665 15801 031 4f('F)6s °F,, 16429 16674  0.07
5d(P)6d D, 15.665 0.16 5d(D)6p ‘P, 16452 16758  0.64
6s(P)6p ‘D, , 15.670 0.18 5d('D)6d P, 16571  16.806  0.16
5d(°*P)6d “FS/2 15.676 0.12 6s('P)8s ZPU2 16.573 16.910 0.19
6s('P)7s P, 15.711 0.33 5d('D)7p P, 16612 16968  1.98
5d(D)6p *P_, 15.713 0.28 5d(D)6d ‘P, 16.656 0.07
5d(°F)6s ZFS/2 15.723 15.853 1.20 6s(*P)6p 4P1/z 16.676 16.998 7.97
6s(P)7p P, , 15.727 0.25 5d(D)6d ‘P, 16.676 0.12
6s('P)7s P, , 15.732 0.64 5d('D)8s D, , 16.722 0.13
6s('P)6p ZDS/2 15.750 15.996 0.80 6s('P)7d 2P3/2 16.742 0.10
5d(°P)6d P, , 15.761 0.07 6s('P)8d 2P, , 17.082 0.09
5d(°F)7s °F, , 15.778 0.09 65(°P)9s ‘P, 17.191 0.41
5d(°P) D, , 15.811 0.20 5d(°P)7d P, 17204  17.030  0.67
5d2('S) 2P, , 15.834 15.922 1.57 65(°P)9s P, 17.248 0.08
5d(°F)7s °F,, 15.839 0.08 5d(F)6p D, , 17251  17.080  0.20
65(°P)8s *P_ 15.844 0.19 65(°P)9s P, _ 17.288  17.148  0.43
65(°P)7p S, | 15.852 16076  0.24 5d(°’D)7s ‘D, , 17.294 0.39

5d°C°F) D, 15.859 0.22 5d('P)7s P, , 17.365  17.186  1.49




90

G. Kerevicius and A. Kupliauskiené / Lith. ]. Phys. 55, 84-91 (2015)

Table 3. Revised Table 2 [11] classification of the 5p*nl(L S )n'l' LS] states of Cs. A possible unambiguous assignment

is presented in the brackets.

Previous [11] | Present | Previous [11] | Present
6s('P)6p °Dsy, 6s(°P)6p *Ds, 5d(°F)6s ‘Fs), 5d2(°P) *S,),
5d('D)6s 'Ds, 5d(°F)6s “F5, (5d("D)6s °Ds,,) 5d('F)6s °F5, 5d(°F)6s 2F;,
6s(’P)6p *Ps) 6S(IP)6P ’D;) (6s(P)6p *Ps)) 6s(°P)7s *Py), 6s('P)7s *Py),
5d('P)6s 2D, 5d(°*D)6s *D5), (5d('P)6s 2P;,,) 5d(°D)7p P, 5d(*D)6p *P,),
6s(’P)7s “Ps,, 6s(*°P)7s 2P;, 6s(*°P)7d ?P,, 6p*(°P) °Py),
6s(°P)7s 2P;,, 5d(°P)7s P, 6s('P)6d P, 5d(’D)6d 2S,,,

6s('P)7p %Sy

5d(°P)6p %S,

(Sd(3D)6P Pi)

Table 4. The factors 1 + X A o P (cos 0) for the

K>0,even KK K

5p°nin'l' ] states of Cs at 30 eV energy of impacting elec-
trons.

| 65t | 5d6s | 6s6p
0] 32 32 52 72 32 52
0° 127 148 231 288 122 147
15° 124 143 207 235 120 137
300 117 130 152 140 114 116
45° 107 112 100 090 1.06 0.97
547° 100 100 081 085 1.00 091
75° 097 081 075 077 091 093
90° 089 076 0.78 0.68 0.89 0.96

4. Conclusions

Excitation energies of the 5p°nln'l' jj] autoionizing states
of Cs were obtained in the large scale configuration in-
teraction and Dirac-Fock-Slater approximations. The
LSJ coupling scheme of angular momenta was used
for classification of these states. The values of level en-
ergies and simulated Auger electron emission spectra
for 30 eV impacting electrons taking into account the
asymmetry of the angular distribution of emitted Auger
electrons were used for identification of the experimen-
tal spectrum measured at 75° with respect to the direc-
tion of impacting electrons [@]. The intensity of the
lines of Auger electrons from the states with J> '/, could
decrease up to 25% at the angle of 75° with respect to
the J = '/, states. The largest intensities were obtained
for the quartet and other dipole-forbidden lines as the
30 eV energy of impacting electrons is close to the 5p-
core excitation threshold. Excitation cross sections for
the dipole-allowed transitions achieve maximum values
at higher impacting electron energies. New quantum
numbers were assigned to 27 of 63 experimental lines
observed in [@]. A full identification of 63 lines of [@]
was performed. To perform a more robust identification
of the doublet states, the experimental spectra within
50-70 eV energy of impacting electrons is desirable.
A complete identification of the 5p°nin'l ] states of the
Cs I spectrum is possible if higher resolution and wider
energy range experimental spectra are performed.
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SUZADINTU 30 eV ELEKTRONAIS Cs ATOMO 5p°nin'l' LS ENERGIJOS LYGMENU
KLASIFIKACIJA

G. Kerevicius, A. Kupliauskiené

Vilniaus universiteto Teorines fizikos ir astronomijos institutas, Vilnius, Lietuva

Santrauka

Cs atomo 5p°nin'l autojonizaciniy konfigaracijy lyg-
meny energijos, autojonizacijos tikimybés ir suzadinimo
elektronais skerspjiviai apskaiciuoti taikant konfigtracijy
superpozicijos metoda. | reliatyvistines pataisas atsizvelg-
ta jeskant radialiyjy banginiy funkcijy Dirako, Foko ir
Sleiterio artinyje. Banginés funkcijos, transformuotos i$
jil 1 LSJ judesio kiekio momenty jungimo ry$j, panau-
dotos teoriniams energijos lygmenims klasifikuoti.
Apskaiciuoti duomenys panaudoti Cs atomo, suzadinto
30 eV elektronais, Ozé elektrony intensyvumy spek-
trui modeliuoti. Modeliuojant spektra atsizvelgta j Ozé
elektrony kampinio pasiskirstymo priklausomybe nuo
registravimo kampo. Pastebéta, kad esant 75° registravi-

mo kampui $uoliy i§ J > '/, biseny linijy intensyvumai
yra iki 25 % mazesni nei J = '/, atveju. Sumodeliuotas
spektras panaudotas eksperimentinio spektro, iSmatuoto
75° kampu 30 eV energijos zadinanciy elektrony kryp-
ties atzvilgiu, linijoms identifikuoti. Nustatyta, kad 30 eV
energijos zadinanciy elektrony atveju didziausi intensy-
vumai yra Suoliams i$ kvartetiniy ir kity dipoliniame arti-
nyje draustiny biiseny, nes $i energijos verté yra artima
5p sluoksnio suzadinimo slenksciui. Norint patikimiau
identifikuoti dubletines buisenas, reikalingi nauji eksperi-
mentai, kur Zadinanciy elektrony energija lygi 50-70 eV
ir buty iSmatuotas platesnio intervalo spektras. Eksperi-
mentiniame spektre yra nemazai persiklojusiy linijy, taigi
reikalingi didesnés skiriamosios gebos spektrai.
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