Lawrence Berkeley National Laboratory
Recent Work

Title

SELECTIVE RESONANT ENHANCEMENT OF ELECTRON CORRELATION SATELLITES IN ATOMIC
BARIUM

Permalink

https://escholarship.org/uc/item/298070tg

Author
Rosenberg, R.A.

Publication Date
1979-06-01

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/2q8070ts
https://escholarship.org
http://www.cdlib.org/

Lawrence Berkeley Laboratory

UNIVERSITY OF CALIFORNIA, BERKELEY, CA

Materials & Molecular
Research Division

[

Submitted to Physical Review Letters

SELECTIVE RESONANT ENHANCEMENT OF ELECTRON
CORRELATION SATELLITES IN ATOMIC BARIUM

RECEIVED

LAWERENCE
and D. A. Shirley -
- JUL 301579

June 1979 : LIBRARY AND

DOCUMENTS SECTION

R. A. Rosenberg, M. G. White, G. Thornton, BERKELEY LABORATORY,

TWO-WEEK LOAN COPY

This is a Library Circulating Copy _
which may be borrowed for two weeks. |
For a personal retention copy, call :

“Te

'y

< v;:u:”'»\f

>

iy,

Prepared’for the U. S. Department of Energy
under Contract W-7405-ENG-48

La,

' LBL-9170/7, Yo,

Preprint

./_/777.

P gL



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the -
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.




Tm

LBL-9170

SELECTIVE RESONANT ENHANCEMENT OF ELECTRON
CORRELATION SATELLITES IN ATOMIC BARIUM

R. A. Rosenberg, M. G. White, G. Thornton,

and D. A. Shirley

Materials and Molecular Research Division
Lawrence Berkeley Laboratory

and

Department of Chemistry
University of California
Berkeley, California 94720

June 1979

ABSTRACT

Photoelectron spectra from atomic barium were recorded following

excitation with synchrotron radiation at selected autoionization

resonance energies. The greatly enhanced intensities of peaks arising

. o, +
from certain levels in Ba

elucidates the structures of the autoionizing

levels and implicates Auger decay as the dominant mode for their inter-

action with the continuum.

.Resonance photoelectron spectroscopy - shows

promise of wide applicability.



The interaction of autoionizing levels with the continuum has
received a great deal of attention, folloﬁing Fano's pioneering work.1
‘New interest in this subject has recently been stimulated by the rich
satellite structure exhibited in the photoelectron spectrum of Ba vapor
upon excitation with 21.22-eV Hel radiation.z_4 This structure is
understood as arising from the fortuit§us overlap of the Hel line with
an autoionizing level of Bal. Connerade et al.5 have found many strong
absorption peaks in BAI, arising from series based on the-Sp ionization
thresholds. Each absorption peak arises from a lPl state derived from
an excited configuration.of Bal imbedded in, and admixed with, many
BaII continua. Thﬁs, resonant excitation of any absorption peak yields
decays into many (BaIl + photoelectron) channels, with intensities
related to the composition of that particular lPl level. Resonance
photoelectron spectroscbpf, using a tunable-energy photon source,
should therefore be capable of generating a whole new class of informa-
tion about the electronic structure of each autoionizing state. 1In
this Letter we report the first successful application of resonance
photoelectron spectroscopy to this system, using synchrotron radiation
to excite two selected absorption peaks, at 19.94 ev (621.7 g) and
21.48 eV (577.3 %) in Bal. Dramatically different intensity profiles
were observed in the two photoelectron spectra, with the 54 and 64
states in BaIl being respectively preferred. This first resuit yields
defiﬁitive information about the structures and decays of these two
resonances, and indicates that resonance photoelectron spectroscopy

should have general applicability in elucidating the electronic

structure of many-electron systems.



A variable-energy photon source was provided by the g° beam line
at Stanford. Synchrotron Radiation Laboratory (SSRL), which, in conjunc-
tion with a 1570 % thick A% window, passed radiation in the energy range

o

17 eV < hv < 34 eV. A high-temperature oven operated at 840° + 20°%

yielded Ba vapor in an effusive atomic beam at a particle density of
1013 cm-3. Irradiation with the photon beam yielded a counting rate
of 5-35 sec—l in a specially designed time-of-flight (TOF) electron
analyzer oriented at the "magic angle," 6 = 54.7o relative to tﬁe
electric vector of the >97% polarized photon beam.6 The TOF analyzer,
described in detailvelseWhere}7 consisted of a mu-metai shielded 28.5 cm
drift_fube, a microchannel plate, and a retarding grid which was operated
at a 5-volt bias. The TOF analyzer ﬁtilized the unique pulse structure
of the storage ring at SéRL (300 psec pulse duration (FWHM), 780 nsec
repetition period) to obtain photoelectron spectra that were unaffected
by fluctuations in synchrotron beam current and sample number density,
with veryﬁaigh efficiency and excellent signal-to-noise rgfios. All of
these features were essential for the success of the experiment.

A total electron-yield spectrum of atomic barium between 700 R}
and 490 X is shown in Fig. 1. All the major features of the absorption
spectrum ;f Connerade et al.5 are present. While quantitative compari-
son of intensities is not yet feasible because of uncertainties in
efficiency factors and background levels in our experiment, the relative
intensities of the main peaks in the absorption and excitation spectra

are at least roughly comparable, implying that most of the absorbed

photons lead to ionization.



Photoelectron spectra were collected at several peak positions
in Fig. 1l: we report results for the two wavelengths indicated, 621.7 X
and 577.3 X. An uncertainty of * 0.7 X was introduced by the SSRIL
monochromator, and the total band pass was 2.5 X,

Photoemission from BalI to BalIl can occur through both direct and
resonant processes, illustrated in Fig. 2. For clarity we discuss
direct processes first.

The photoionization cross-section fbr an N-electron atom in
initial state g going to a final ionic state f by emitting a photo-
electron of energy € and angular momentum £ is proportional to the

square of a matrix element

-
o .= [g| £ Rep |£.e2)]2 (1) -
g3] u=1 U

-+ . .
Here, A is the vector potential and i is the electron index. For the

BaI ground state.

' 2 1
lg) = - 0.9603|[Xe]652; lso) - 0.2539|[xe] 6p”; “S )
2 1.
+0.0207|[ el 6p°; “p_) + 0.1134|[%el5d"; 's ) (2)

- 0.0032|[Xe]5d2; 3P0)

according to multiconfigurational Dirac-Fock calculations by Rose et al.8
Here [ Xe] represents the xenon core configuration. Direct photoemission

leads primarily to the 1P1 final state |f, €L) = |[Xe]65; 2S, ep).
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The satellites |[ Xe]6p; D3/2,5/2°

2Pl/2'73/2,’€s or €d) and'I[Xe]Sd;
" €p or €f) can also be populated directlybby excitation of the small 6p2
and Sd2 components of g (see Eqg. (2)), but in much lower intensity.
This result was obtained in the direct photoemission spectrum of Bal
excited by the 16.85 eV line of NeI.4

Resonance photoelectron emission occurs via the resonant excitation
of an intermediate highly excited state of Bal which can autoionize to
various states in Ball. This process, also illustrated in Fig. 2,
should be describable in terms of the detailed electronic structure of
the autoionizing states, compared with.the BaII final states. Each
‘resonance should have its own "signature" in the form of its photoelectron
spectrum, with the intensities éf peaks (corresponding to states in BaII)
giving a rather direct description of the parent state's structure. If
the intensity patterns are sufficiently pronounced, it should be possible
to draw stroné conclusions about the structures of the autoionizing
states even without a detailed theoretical model of this process, which
is as yet unavailable. 1In fact, the spectra presented below show very
dramatic intensity variations.

The resonance photoelectron spectra are shown in Fig. 3. The
resonances that were selected correspond tb the first two members of the

5
Rydberg series "d" in the notation of Connerade et al. They assigned

these peaks as
5 3 2 o
[{Sp 5d; “D)6s D3/2}5d]J=1 (622.9 X)

' 5 3 2 o
and [{5p°54; “D)6s D3/2}6d]J=1 (577.1 %)



We shall abbreviate these as ¢(5d) and ®(6d), respectively.

Both spectra in Fig. 3 have some COntributions from direct photo-
emission. These can be separéted out qualitatively, following the
discussion below Eq. (2), which concluded that the direct process yields
a strong 6s peak and weaker 6p and 5d peaks. The upper spectrum in

Fig. 3 deviates strongly from this pattern in that the 54 peak is the

highest peak in the spectrum; the same is true for the 6d peak in the

lower panel. A simple interpretation of these results is that the
$(nd) states Auger-decay via the Coster-Kronig transition 5p55d65 >
5p6 + e_, wiﬁh the nd electron playing a "spectator" role. In fact
this is-oniy the most obvious one of several decay channels fhat partic-
ipate in these transitions. vFor clarity and brevity we shall not attempt
a more complete interpretation here, but this result serves to illusfrate
the value of the resonance photoemission method. ‘We note that the
»@(Sd) resonance spectrum (upper panel, Fig. 3) is relatively free of
extraneous peaks, in contrast to the ¢(64d) specfrum (lower panel).
This ‘could be because the $(5d) state is really simpler; more likely
it is a consequence of exciting other resonances in the neighborhood
of 577 g in the lower spectrum at the resolution of our experiment}
both the results of Connerade et al.5 aqd the peak shapes in Fig. 1
would support this interpretation.
With the insight provided by these results, we can now identify
the same mechanism in the photoelectron spectrum of Bal excited by
the 584 X HeIa line.4 No compelling reason could be given for the
sudden increase in intensity of the peak at 14.22 eV "binding energy"”

(peak 10 in Ref. 4),9 which corresponds to the 5p611s state in Ball.



However, Connerade et al.5 have aséigned the absorption line at 584.3 X
to excitation of an 11s electron. Iﬁ light of this assignment ‘and the
present results, it seems very probable that the sudden intensity in
peak 10 of Ref. 4 is in fact another manifestation of the phenqmenon
shown hefe in Figqg. 3. Although Connerade et al. did not specify the
core configuration of this state, we note that large contributions from
configurations such as 4p55dzlls and 5p55d6d 11s would also explain
the large intensities of the BaIl 5p65d and 5p666 peaks in‘the HeT
spectrum.

The present results are consistent with arguments presented by
Fano andACo‘oper,10 and with the formalism developed by Davis and Feld-
kamp,ll which was used to expiain the absorption spectra of atomic

12,13

Mn Similar arguments have also been invoked to explain electron

s s 5 . . 16
enerqgy loss14 and photoemission 1 spectra of Ni metal. Wendin has
applied many body techniques and arrived at similar conclusions in
regard to resonances in satellite structure. Population of satellite
levels via autoionization has also been noted in the photoemission

17 . ' 18 19
spectra of Xe and Kr, and ejected electron spectra of Mg, Ca,

20 21 . . .

Sr, and of Ba and Yb. Analysis of these spectra also implies that
Auger decay is a preferred channel for autoionization. With resonance
photoemission now shown to be a feasible technique that yields large

intensity changes, we can expect many applications in the elucidation

of autoionization phenomena.
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Figure 1.

Figure 2.

Figure 3.

~10

FIGURE CAPTIONS

Total electron yield spectrum of atomic Ba. The data have
been smoothed with a spline fitting routine.

Simplified energy-level diagram of relevant levels in Bal
and BaIl. Direct photoemission is denoted by slanted solid
line and resonant photoemission by vertical solid lines,‘
with favored channels shown by double lines. Minor channels
are indicated schematically by dashed lines. Not drawn

to scale.

Photoelectron spectra of atomic Ba taken at two autoionizing
resonances. The assignments are from Ref. 5. AThe background
has been subtracted and the data smoothed with a spline-

fitting routine.
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Ba(5p%6s2) + hv > Ba*[ 1
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Figure 3
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