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Report: 
 
Background 
 
The long term project on high energy angle resolved photoemission (HARPES) that was 
approved by the beam time review committee in 2000 is the continuation of in-house work 
that was conducted at ID12B from the fall of 1997 and onwards.  The aim of the project is to 
develop an experimental setup capable of performing angle resolved photoemission 
spectroscopy in the 400-1000 eV range with sufficient angular and energy resolution to study 
valence band dispersion. This requires very high photon flux because of the low cross-
sections,  angular resolution on the order of 0.1o and an energy resolution on the order of 100 
meV. The main interests for going to high photon energies are increased bulk sensitivity, a 
free electron like photoelectron decoupled from the rest of the system and an approximately 
linear relation between electron momentum and emission angle. All of these properties make 
HARPES an excellent experimental tool in the study of strongly correlated 3D system as well 
as systems were the surface electronic structure is expected to differ from the bulk.  
 
Results and current status 
 
During the 15 days of beam-time that the project has had so far, there has been a considerable 
amount of progress. The valence band dispersions of Al, Cu, TaSe2 and NiO have been 
measured with success and some of the results are included in this report  



 
 

 
In the figure on the left, Cu valence band data measured at a photon energy of 580 eV are 
presented. Due to analyzer problems discussed below, the relative intensities are not correct 
and the spectrum has been normalized to equal maximum intensity. Irrespective of this, the 
Cu d band dispersion can be clearly seen between 2 and 8 eV binding energy as can the Cu s-
p band with its parabolic dispersion crossing the Fermi level at a parallel momentum of 
approximately 0.4 Å-1.  
 In the figure on the right, Al valence band data for two different temperatures and 
photon energies are presented. Both the parabolic in plane dispersion as well as dispersion in 
the normal direction as a function of photon energy is clearly seen. Another prominent feature 
in these data is the temperature dependence of the signal to background ratio. A more detailed 
study of the signal to background ratio as well as momentum broadening as a function of 
photon energy and temperature is planned for the next beam time.  

From the physics point of view, there have also been some unexpected results. While 
the bulk dispersion in samples such as Al, Cu, TaSe2 and NiO can be measured in the 400-
650 eV range, there has been no success whatsoever in observing the valence band dispersion 
in the 1D system (TaSe4)2I. We are currently planning further experiments in order to 
investigate whether this result is due to a stronger phonon coupling in the photoemission 
process for a low dimensional material, an apparent destruction of momentum conservation 
due to the increased photon momentum or some other mechanism. The general problem of 
establishing the role of phonons in the photoemission process also needs further studies.  

 As an example of the direct application of 
the HARPES technique, we have measured the 
prototypical Mott-Hubbard system NiO. A color 
topological plot of  the NiO valence band, 
recorded with hν=610 eV, is shown on the left. 
Blue color indicates low intensity and green, 
yellow and red indicate increasingly higher 
intensities. A very high intensity is seen in the 2-
4 eV region. This intensity is according to 
calculations due to Ni t2g bandsi. At 9-10 eV 
binding energy there is a feature that dispersis to 
lower binding energy and back as one goes from 
Γ to X. This feature is most likely Ni eg related. 

Apart from these features, there is also a highly dispersive feature crosses over from the upper 
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to the lower part of the valence band as the momentum increases. The interesting point here is 
that band structure calculations that take into account the antiferromagnetic nature of NiO 
show one or two additional flat bands in the region between 5 and 8 eVi. Low energy ARPES 
also display additional peaks in this region and they have been interpreted as proof of 
antiferromagnetic influence on the band structureii,iii. The data presented here do, on the other 
hand, not show any sign of an extra flat band due to the antiferromagnetic ordering. In our 
opinion, the difference between our high-energy data and the low energy data stems from the 
assumption of a free electron like final state in the analysis of the low energy data.  This 
assumption is highly questionable in a strongly correlated system such as NiO and is 
therefore likely to introduce erroneous features in the experimentally derived dispersion 
relations.  
In view of the presented results, it is clear that the aim of the project is well within reach. At 
the same time, there have been some severe hardware and software problems with the SES-
2002 analyzer that have hampered the progress and delayed the project schedule.  As a result 
of these problems, the analyzer was sent back to Gammadata for repairs and modifications 
during the spring of 2002. The analyzer now seems to be working correctly and there is also 
hopes for future software upgrades that will allow an even higher angular resolution to be 
achieved. It should be noted that the lost shifts will be recuperated in the schedulling period 
2003/1 so a final report will not be avialable until September 2003. 
The data obtained so far have also shown that sample alignment is crucial (as expected) and a 
new sample manipulation system is under development. This new system is necessary in 
order to be able to measure samples that can not be carefully pre-aligned to the sample holder 
i.e. small samples and/or samples where the orientation of the crystallographic axis are not 
known with high enough accuracy. New software that enables automation of the data taking 
to a much higher extent has also been developed and will be tested during the next beam-
time. Unfortunately the beam line can still not use both undulators in the lower part of the 
energy range. This means a factor of 2-3 lower intensity and correspondingly longer 
collection times.  
 
Future plans 
 
Further work is expected to be done on the sample handling and alignment system. 
Discussions with Gammadata on the possibility to develop specially designed lens tables that 
better utilize the small beam spot available at ID08 are also under way.  
 Now that the viability of the technique has been proven we will focus on characterizing 
the effects of phonons and photon momentum on momentum broadening as well as the study 
of a few physically interesting systems. Close at hand are studies of surface effects and 
interlayer coupling in high Tc superconductors, interference effects in angular resolved 
resonant photoemission from antiferromagnetic compounds and attempts to detect dynamic 
stripe ordering in cuprates.  
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