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This volume is intended to complement the Advanced Light Source Activity Report, which presents 
an overview of the scientific program, ongoing research and development efforts, and operations. 
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The editors gratefully acknowledge the work of Tina Aitkens, Bernadette Dixon, 
Sharon Fujimura, and other ALS staff in compiling this volume, as well as the 

contributions of ALS users and staff to its contents. 



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. 



Advanced Light Source 
Compendium of User Abstracts 

and Technical Reports 
1993-1996 

April1997 
Ernest Orlando Lawrence Berkeley National Laboratory 

University of California 
Berkeley, California 94720 

. 
Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098 



I am pleased to introduce the first 
Compendium of research abstracts and 
technical reports from the Advanced Light 

Source (ALS). The scientific program at the ALS started in October 1993 with a single 
beamline, the x-ray microprobe on Beamline 10.3.1. Since then we have commissioned 
beamlines at a steady pace and added significantly to the set of tools for the research 
community. Now twelve beamlines are in operation supporting nearly 350 users in a 
scientific program ranging over such diverse areas as materials science, EUV lithography, 
chemical dynamics, life science, and environmental science. 

The research summaries within are a testament not only to the wide range of research 
applications at the ALS but also to the techniques and results spawned by the capabilities 
of a third-generation machine. The high brightness of a synchrotron source such as the 
ALS translates into fine spatial resolution, so x-ray microscopies of various kinds are 
emerging as a mainstream activity. Our users are also doing experiments which may pave 
the way to the future, such as the the production of femtosecond x-ray pulses with an eye 
toward so-called "fourth generation" light sources. As a relatively new and rapidly 
growing national user facility, the ALS welcomes current and potential users to work with 
us to continue to develop a scientific program noted for its excellence, scope, and 
collaborative nature. 

We intend to publish the Compendium on a yearly basis as a supplement to our annual 
ALS Activity Report. Scientific highlights and ongoing R&D projects written for a broad 
audience will appear in the Activity Report. The Compendium, on the other hand, will be 
dedicated to more in-depth research reports by the scientists themselves, and will serve as 
a more detailed reference to the scientific program, related publications, and beamline 
information. We hope that you will reserve some space on your bookshelves for these 
volumes since they will offer a sequence of snapshots of progress at the ALS in years 
to come. 

Neville Smith 
. ALS Scientific Program Head 



Low-Energy d-d Excitations in MnO Studied by Resonant X-Ray 
Fluorescence Spectroscopy 

S.M. Butorin; J. Guo; M Magnuson; P. Kuiper, and J. Nordgren 
Physics Dept ., Uppsala University, Box 530, S-751 21 Uppsala, Sweden 

INTRODUCTION 

Resonant soft X-ray emission spectroscopy has been demonstrated to possess interesting 
. abilities for studies of electronic structure in various systems, such as symmetry probing, 
alignment and polarization dependence, sensitivity to channel interference, etc. (see other 
abstracts in this Annual Report). ~n the present abstract we focus on the feasibility of resonant 
soft X-ray emission to probe low energy excitations by means ofresonant electronic X-ray 
Raman scattenng .. 

Resonant X-ray emission can be regarded as an inelastic scattering process where a system in 
the ground state is transferred to a low excited state via a virtual core excitation. The energy 
closeness to a core excitation of the excitingTadiation enhances the (generally) low probabil
ity for inelastic scattering at these wavelengths'[ I]. Therefore soft X-ray emission spectros
copy (in resonant electronic Raman mode) can be used to study low energy d-d excitations in' 
transition metal systems. The involvement of the intermediate core state allows one to use the 
selection. rules of X-ray emission, and the appearance of the elastically scattered line in the 
spectra provides the reference to the ground state. 

EXPERIMENT 

The experiments were made at the soft X-ray fluorescence end station at beamline ,7.0 [2]. A 
compact grazing incidence grating spectrometer [3] was used to record soft X-ray emission 
spectra, excited .with monochromatized radiation from the SGM monochromator at this un
dulator beamline [4]. The spectrometer can detect emission either horizontally <>r vertically. 
i.e. parallel respectively perpendicular to the polarization vector of the synchrotron radiation. 
Sample preparation can be made in a separate chamber with transfer capabilities, and a load
lock system allows rapid sample introduction. 

RESULTS 

Resonant excitation produces dramatically energy dependent spectra when applied to local
ized systems, such as in the case of the 2p absorption edges of manganese in MnO. s~e Fig. l 
[5]. In its ground state, the five 3d electrons ofMn2

+ have their spins parallel, forming a 6S 
state. When a 2p electron is excited into the 3d shell, it can decay by X-ray emission to its 
electronic ground state, producing a tine at the excitation energy. One also observes a peak 
3.5 eV below the excitation energy. This peak is due to processes in which a majority spin 
electron falls into the core hole. The final states are then quartet states with four spins up and 
one spin down. Many of these states have an energy about 3 e V above the ground state. At 
higher excitation energies in the Li,3 manifold, the intennediate states contain more quartet 
states, which explains the increase of quartet and doublet states in the final state spectrum. 
Quantitatively, the relative intensities of the final states as a function of excitation energy can 
be ~aJculated by atomic multiplet theory. 
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We measured the d-d excitations of Mn2
+ by reso

nant electronic soft X-ray Raman spectroscopy. 
The energy differences that we foWld do not de
pend on the core hole or its life time. They are the 
same as those obtained by optical spectroscopy or 
electron-energy loss spectroscopy (EELS). Work
ing with core level resonances has the advantages 
that the d-d excitations are allowed by parity and 
spin selection rules, and that it is not difficult to 
calculate their intensities. With improved resolu- · 
tio~ this technique can be expected to provide 
element specific infonnatioo about low energy 
excitations in complex solids and molecules. 

CONCLUSIONS 

By recording the soft X-ray emission spectra of 
MnO, resonantly excited over the L2•3 absorption 

670 edge, we obtain the spectrum of low energy d-d
excitations, which are allowed by parity and spin 
selection rules in this two-photon scattering proc
ess. Energies and intensities of observed structures 

Fig.I Resonant Li,J emission spectra ofMnO. 
Inset shows Li.> absorption spectrum. 

are well described in terms of atomic calculations .. 
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