Experiment title: Experiment
~ges Precise determination of multipole contributions number:
ESRF |in XPS photoelectric cross section SI-1994
Beamline: | Date of experiment: Date of report:
ID32 from:  4/12/2009 to: 15/12/2009 16/4/2010
Shifts: L ocal contact(s): Received at ESRF:
27 Jerome Roy

Names and affiliations of applicants (* indicates experimentalists):
Blanka DETLEFS*, E.S.R.F., B.P 220, F-38043 Grenoble, France
Jorg ZEGENHAGEN*, E.S.R.F., B.P 220, F-38043 Grenoble, France

Sebastian THIESS*, Deutsches Elektronen Synchrotron, Notkestr. 85, D-22607
Hamburg, Germany

Report:

The aim of the experiment was to determine acclyrateultipole contributions to XPS
photoelectric cross section in the normal-incideKemy standing wave (NIXSW) detection mode. As
detailed in the proposal, the NIXSW is very semsitto any non-dipolar effects in photoemission,
especially if the emitted electrons detection dioecis at 45 deg. with respect to the incidenbtph
beam polarization. The way to determine the mulépcontributions is to compare a multipole-
insensitive XSW signal (X-ray fluorescence in oas€) with the multipole-sensitive signal (XPS)
originating from the same species that occupy éimeescrystallographic position in the sample stmgctu
Any differences in the two XSW yields may be assjto quadrupole or higher-order multipole effects.
Such effects will vary for different core levelsembnding on the emitting shell and/or its angular
momentum and the kinetic energy.

We have chosen chlorine adlayer on Cu(001) as ehsydtem because of the minimization of
probability of secondary effects (i.e. elastic amelastic scattering of photoelectrons on their \frayn
the excited atom to the sample surface). Also, ftheoretical predictions [1] chlorine is expected t
have sizable non-dipolar effects, comparable t@e¢haf carbon [1] which are of high interest in the
XSW user community.

fluorescence detector

reflected beam

...................... »
X-ray beam
top view
XPS
Fig. 1 Fig. 2
Atomic resolution STM image of the clean Cu(001) Schematic (top) view of the experimental setup showing that the

surface with 1x1 reconstruction. Images with about 40nm  simultanous XFS and XPS data acquisition in backscattering
wide terracesis not shown. geometry is possible only for specular reflections.



Prior to the experiment, a test cleaning and déiposexperiment was performed in the small
UHV system of Surface Characterization Laborat@Zl) of ID32. A clean Cu(001) surface was
prepared by sputter annealing, its quality checkgdLEED and STM (see Fig. 1). The chlorine
adsorbate layer was deposited using chlorine dssgrdmased on the solid-state electrolysis of A@TI [
and the quality of the adlayer checked again by REHhe same sample preparation/LEED
characterization procedure was then used duringpélaentime. During the beamtime, special care was
given to the reproducibility of the results andthe effect of beam damage - two sample preparations
were studied, the beam position on the sample wasalled (either kept constant or changed in order
to record differences in yields). In a part of tgeriment the sample has been cooled down tadliqui
nitrogen temperature for Debye-Waller factor estioma

In fluorescence mode, two specular reflections2j0ft E = 3.432 keV and (004) at E = 6.862
keV] and four off-specular reflections [(111) — E 2,979 keV, (222) — E = 5.958 keV, (113) — E =
5.710 keV and (220) — E = 4.872 keV] were measiumentder to get the pure structural parameters of
Cl adsorbed on Cu(001). Preliminary analysis of data (see first panel in Fig. 3) shows rather high
coherent fraction F suggesting high degree of omlehe studied system. The fluorescence data will
then be compared to photoemission yield in vari¥iS lines measured at the following Bragg
reflections: (002) — E = 3.432 keV, (004) — E =28&V, (111) - E = 2.979 keV, (222) — E = 5.958
keV. A secondary monochromator was used in meamnts (both XFS and XPS) for higher-order
reflections such as (004) and (222). Because amgétcal restrictions (see the experimental laymut
Fig. 2), the fluorescence and XPS yields could Im@trecorded simultaneously for the off-specular
reflections. Although the simultaneous data actjarsion the specular reflection was possible, for
intensity reasons this was not always done. Vesgnoit proved necessary to detune the monochromator
from the maximum of its reflectivity for a more iefent harmonics rejection.
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Fig. 3
Preliminary data analysis showing reflectivity and XFS'XPSyield analysis in the dipolar approximation.

Taking into account the large amount of data tatkamng the beamtime, the full data analysis is
still underway. Fig. 3 shows only a preliminary lgses of one of the reflections: XFS yield gives
comparable results to Cl 1s and Cl 2s XPS linegesighg very weak non-dipolar effects on these
orbitals. On the other hand, analysis of the Cldapa in the dipolar approximation yields > 1
suggesting the multipolar effects to play an imaettrole. Further conclusions will be drawn frone th
full analysis of the whole dataset.
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