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A crossed electron and atomic beams scattering geometry was employed to measure
ionization cross-section for selenium atomsfrom the threshold up to 19.2 eV with an
energy resolution of 0.4 eV. For the first time a strong structure was revealed just
above the ionization threshold and for the higher energies. Identification of the
structure revealed the dominant role of dipole forbidden autoionizing configurations
s’p’(°D,’P)nl and sp4(4P)nl in the enhancement of the ionization cross-section (up to
19 %) in the impact energy range 13—15 eV. The evident resonance character of the
structure points out the presence of negative-ions in the near-threshold excitation of

the contributing autoionizing states.
Introduction

An important role of autoionization in
the impact ionization of atoms has been es-
tablished earlier for all heavy alkali and al-
kaline-earth metals (see e.g. [1, 2] and refer-
ences therein). The recent high-resolution
studies have revealed the resonance character
of the autoionization contribution in sodium
[3], zinc [4], cadmium [5], magnesium [6]
and potassium [7]. As it follows from these
data, the presence of strong autoionization
processes limits essentially the validity of the
Wannier law even for the low-Z atoms. The
resonance character of the autoionization
contribution points out an important role of
negative ions in the near-threshold excitation
of low-energy autoionizing states.

Excitation of the 4p’ valence subshell of
selenium leads to the formation of nd and ns
single-electron Rydberg series converging to
the 4s°4p> D .3 and 4s’4p> *P%.1, ioni-
zation limits [8, 9]. Electron decay of these
levels may contribute to the single ionization
cross-section in the impact energy region
9.8-12.5 eV. No transitions from the 4p'
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subshell were observed in selenium above
this energy region. As to the excitation of the
inner 4s® subshell, the 4s4p'np series was
only observed in photoionization spectrum
of selenium [9]. Five members of this series
are located in two regions between 10—12
and 17-20 eV. To our knowledge, there are
no data on the observation of autoionizing
levels in selenium in the energy range 12.2—
17.9eV.

The first measurements of electron im-
pact ionization of selenium were performed
with an energy resolution of 0.5 eV over the
impact energy range from the threshold up to
200 eV [10]. However, this work was de-
voted mainly to the task of absolute ioniza-
tion cross-sections and the effect of autoioni-
zation was out of consideration.

As part of our current studies on elec-
tron-impact near-threshold ionization of
complex atoms, we report the first data on
the resonance structure observed in electron
impact ionization cross-section of selenium
in an impact energy region from the thresh-
old up to 19.2 eV. Identification of the
structure with the electron decay of autoion-
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izing states was performed on the base of
known photoionization data [8, 9].

Apparatus

A crossed electron and atomic beams
scattering geometry was employed to meas-
ure the ionization cross-section for selenium
atoms (see Fig.1). The apparatus used in the
measurements was similar to that described
in details earlier [11]. Briefly, it consisted of
an electron monochromator, an atomic beam
source, and an ion detector. As a monochro-
mator of incident electrons, a hypocycloidal
analyzer with two sets of focusing apertures
A1—A,, As—A4 was used for producing the
incident electron beam with an energy spread
better than 0.4 eV (FWHM) over an energy
range of 0.1-15 eV. The measurements were
performed at a typical intensity of the elec-
tron beam of 107A.

Atomic beam
source
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Cathode

Fig. 1. Apparatus.

A resistively heated oven was used for
producing selenium vapour beam at a stable
density of about 10" cm™ A “hot”
1.0x1.0x1.0 mm® microchannel plate with
the diameter of the single channel of 70 pum,
mounted at the end of the crucible, was used
for the formation of the beam profile with
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minimal angular divergence. The mechanical
modulation of the beam enabled the back-
ground, arising from the electron scattering
by residual gases, to be taken into account.

Selenium ions, created in the collision
chamber, were extracted by applying the
negative voltage to the plate electrode posi-
tioned close to the beam interaction region
(see Fig. 1). The signal from it was regis-
tered by digital nanoamperemeter. A special
attention was devoted to the optimal value of
this voltage. By careful minimization of it to
1.0 — 1.5 V its effect on the incident electron
beam inside the collision chamber was
minimized and total collection of the formed
ions was achieved. The experiment was fully
automated. Both energy dependences of ion
current and primary electron current were
registered by a computer. lonization effi-
ciency was obtained by normalization of ion
current on the incident electron current for
each value of impact energy by using spe-
cially developed software.

The incident energy scale was calibrated
for the value of the first 4p ionization thresh-
old at 9.75 eV [12] at the point determined as
the second derivative of the measured ion
yield [13]. The energy scale was determined
to an accuracy of 50 meV.

Results and discussion

In Fig. 2 the measured ionization cross-
section is shown along with the earlier ioni-
zation data [10]. The presence of a strong
structure in the measured curve made the
correct normalization of the experimental
cross-section difficult. To avoid this effect
the experimental data were put on the abso-
lute scale by normalizing to the data of [10]
below the ionization threshold at 9.75 eV
[12], namely, at 9.4 eV. The relative uncer-
tainties in the cross-section lie within 2%. In
order to distinguish the observed structure,
the linear fit of the data was subtracted from
the original curve. This result is shown in the
bottom of Fig. 2. As can be seen, there is a
strong broad feature 4 with the “fine” struc-
ture a-f on the top and two well separated
high energy features g, 4. The energies of
features a — & are listed in Table 1.
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Fig. 2. Experimental electron-impact ionization cross-
section of selenium: ® — present data, o — data of [9].
The autoionization contribution is shown in the ba-
tom (see the text).

Table 1. Energies (in eV) and identification
of features observed in ionization
cross-section of selenium

Feature Energy Identification

4s*4p*(*Dy)nd,
n=4-6
4s%4p*(*Dy)7s

a 9.9-10.8

4s*4p>(*Dy)nd,
n=10-14
45%4p’(*Pap)nd,
n=56
45%4p’CPap)ns,
n=17,8
4s4p’ °P°

b 11.3-12.2

12.6 4s’4p* -

13.0 4Sz4p2}’1111}’1212

13.7

4s24p4 -

14.9 4s4p3n111n212

17.2 4s%4p* — 4s*4pnl

0 [~ [ ]o

18.8 4s%4p* — 4sdpni

(dipole forbidden)
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As it was mentioned above, the only data
[8, 9] are known for selenium on the position
of low-lying dipole allowed autoionizing
states. We have used these data for the iden-
tification of the observed features a — /. As
can be seen from Fig. 3 and Table 1, in the
region of feature a between 9.9 and 10.8 eV
the electron decay of five nd (n = 4-6) and
one 7s configuration converging to the *D;
limits may contribute to the measured ioni-
zation cross-section. The presence of this
feature makes impossible the Wannier law
application to the selenium ionization cross-
section.
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Fig. 3. Identification of the structure in the autoion-
zation contribution to the ionization cross-section.

Considering the energy range 11.3-12.2
eV (feature b) shows that the higher terms
(n>10) of the (°Dy) nd configurations, the
(*P35) nd, ns configurations, and, to a lesser
extent, the 4s4p’ “P° level may contribute to
the ionization of selenium.

As can be seen, in Fig. 3 there are no
data on the presence of autoionizing levels in
the region of features ¢, d, e and f. Mean-
while, just in this energy region the autoioni-
zation contribution achieves its maximum
value of 19% (feature e) and, contrary to the
features a and b, all these features possess
remarkable resonance character. Therefore,
we can suppose that both the observed fea-
tures and the general enhancement of the
cross-section are caused by the electron de-
cay of autoionizing levels whose excitation
from the ground state by photon impact is
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forbidden and which possess strong nega-
tive-ion resonances at the excitation thresh-
olds. Taking into account the data of [8, 9],
such autoionizing levels may be assigned as
belonging to the single- and two-electron
configurations, namely, 4s’4p’nl, 4sdp’nl,
4s24p2n111n212, and 4s4p3nlllnzlz.

The last two features g and % are ob-
served in our experimental data at the ener-
gies 17.2 and 18.8 ¢V. Their nature, simi-
larly to the features c, d, e, and f, can be ex-
plained by excitation of dipole forbidden
autoionizing levels with the above single-
and two-electron configurations, especially
4s4p4np.

In the region of the high-energy features g
and 4 two window resonances were observed
earlier [9]. The first of them 4s4p’5p °P° at
17.94 eV coincides with the minimum of the
cross-section around 18 eV. The second
resonance 4s4p’6p °P° at 19.01 eV is very
close to the maximum of the feature / at
18.8 eV.

Considering the general behavior of the
autoionization contribution in the region of
the feature A one may conclude that the fast
decrease of the cross-section after the feature
f reflects the absence of autoionizing levels
in the energy region 15.3-16.6 eV.

Conclusions

We have presented the first data on the
autoionization contribution to the near-
threshold electron impact ionization cross-
section of selenium over the impact energy
region from the threshold up to 19.20 eV.
The presence of the autoionizing states just
above the ionization potential makes unable
the use of Wannier threshold law application
for selenium. The obtained data have re-
vealed a dominant role of the dipole forbid-
den autoionizing configurations, tentatively
assigned as s’p’(°D,’P)nl and sp*(*P)n/, in
the formation of this contribution in an en-
ergy region 13—15 eV. The resonance shape
of the structure observed in the ionization
cross-section points out the presence of
strong negative-ion resonances at the excita-
tion thresholds of the contributing autoion-
izing states. For the detailed analysis of the
present data, an information on ejected-
electron spectra in the region 0.1 — 9 eV is
highly desirable.
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BHECKHU ABTOIOHIBAIIIHHUX CTAHIB
Y NEPEPI3 BLUISITOPOI'OBOI IOHI3AILIII CEJIEHY
EJEKTPOHHUM YJIAPOM
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: VY KropoJChKHii HAIllOHAJIbHUN YHIBEPCUTET,
ByJ. Bonommna 54, Yxropon, 88000
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? Inctutyt enexrporHoi dizukn HAH Ykpainn,
ByJI. YHIBepcuTeTchka 21, Ykropoa, 88017
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BuKoOpHCTOBYIOUM METOJ €IEKTPOHHOTO i aTOMHOTO MYYKiB, IO TEPETHHAIOTHCS,
BUMIPSIHO €HEPTeTUYHY 3aJICKHICTH Iepepidy 10Hi3amii aToMIB CelieHy BiJ HOPOTY
nporiecy 10 19.2 eB. [lani oxepkaHO NPHU CHEPTETHYHIN PO3MUIBHIA 3AaTHOCTI
0.4 eB. Briepie BUsIBICHO iHTEHCHBHY PE30HAHCHY CTPYKTYpY SIK OiJIsl Iopory, Tak
1 Ipy OUTBIIMX EHEPrisX 3iTKHEHb. [IeHTUdIKaIlis CTPYKTYpH BHUSBIJIA JOMIHYIOTY
POJb AWUMONIBHO 3a00pPOHEHMX 3 OCHOBHOTO CTaHy IEPEeXO[iB Ha aBTOIOHI3aliiHi
korirypauii s’p>(*D, P)nl ta sp*(*P)nl y 36insimenni nepepisy ionizamii (10 19 %) B
eHepretudHii obnacti 13—15 eB. Pe3onancumii xapakTep CTpyKTypH BKa3ye Ha MpH-
CYTHICTh HETaTUBHUX 10HIB y OLIAMOporoBoMy 30y KEHHI aBTO10HI3aliHHUX CTaHIB,
II0 CIPUYUHIOIOTH 301IbIIEHHS Mepepi3y i0Hi3aii.
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