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As the complexity of scientific research 
methods and applications deepens, col-

laboration among accelerator laboratories on 
hard X-ray technology is focused on the real-
ization of broader scientific applications. The 
International Conference on Hard X-ray Pho-
toelectron Spectroscopy (HAXPES) held its 
first gathering at ESRF in France in 2003. In 
2015, the NSRRC hosted the Sixth HAXPES 
in Taiwan on March 30–April 3.

With the commissioning of the Taiwan 
Photon Source (TPS) and TPS’ success in 
achieving first light in December 2014, the 
National Synchrotron Radiation Research 
Center (NSRRC) offered a great opportunity 
to researchers around the world to discuss 
their needs during the course of constructing 
the first seven beamlines and relevant experi-
mental stations at TPS in order to cope with 
the future demands of hard X-ray researchers. 
In 2003, HAXPES barely existed with only 
a few papers published; however, today this 
field is in a state of very dynamic development 
owing to the availability of brilliant X-ray 
sources.

The technique to render photoelectron 
spectroscopy is a bulk-sensitive detecting 
electron with energies up to and beyond 10 
keV and an energy resolution down to 10 meV. 
In addition, to fill in the shortcomings of X-ray 
photoelectron spectroscopy (XPS) on the im-
balance of the partial cross-section that over-
estimates the contribution of d-states, the ma-
jor advantages of the HAXPES technique for 
materials science and basic physics research 
(such as an information depth of larger than 
10 nm and a resolving power of better than 
30000) are limited at present only by the avail-
able spectrometers. However, the difficulties 
and challenges—such as low cross-sections, 
angular resolution, multipole contributions, 
and analyzers with high efficiency—are top-
ics that constitute an ongoing discussion at the 
annual meeting.

“Hard X-ray photoemission represents an 
exciting new aspect of photoelectron spec-
troscopy in many areas of applications,” said 

Charles Fadley, who led a team of research-
ers and students from UC-Davis and LBNL. 
“However, along with the advantages of such 
a tool, there are also challenges. Scientists are 
using higher photon energies in their experi-
ments for several reasons: more bulk sensitive 
spectra, easier quantitative analysis, less in-
elastic background from Auger interferences, 
less elastic scattering and surface scattering in 
angle-resolved photoemission spectroscopy 
(ARXPS) depth profiling, new bulk screen-

ing satellites in magnetic and superconduct-
ing (SC) materials, and valence-level DOS-
like characteristics.” When using a three-step 
model for atomic (core) photoelectron intensi-
ties, in terms of photoelectron diffraction, the 
trick is to turn down the light, higher repeti-
tion rates, and less per pulse. The “standing 
wave” technique is creatively used in three 
ways to scan the standing wave formed in 
reflection from single-crystal Bragg planes, 
or multilayer mirrors. Another example is a 

View from HAXPES 2015

The Sixth HAXPES was held at the NSRRC, in Hsinchu Science Park, Taiwan. 
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form of rocking curve unique to the position 
of an emitter, with sensitive phase information 
proving to be very useful. Finally, fitting of 
rocking curves with all elements present hap-
pens through soft and hard X-rays to produce a 
profiling interface and the electronic structure 
of the interface [1, 2].

Today, scientists probe a sample for its 
structural information using a combination of 
various techniques on complex material sys-
tems, sometimes taking a previously known 
element for extended study. In the case of ob-
serving the electronic lifetime interferences in 
the resonant Auger decay of argon around the 
K shell, due to the very large lifetime broaden-
ing, “the HAXPES technique is well suited to 
study double core hole states [3,4],” explained 
Marc Simon (LCPMR; SOLEIL, France) 

Glaus Schneider et al. (Forschungszentrum 
Jülich GmbH; University Duisburge-Essen, 
Germany) relied on full-field photoelectron 
spectroscopy with synchrotron radiation of 
kinetic electron energies up to 10 keV to pro-
duce (E,K) resolution, lateral resolution (in the 
100 nm regime), P resolution, and time resolu-
tion with information in depth. The properties 
of the hard X-ray photoemission microscopy 
(HAXPEEM) approach and its future applica-
tions were used for experiments, particularly 

focusing on the study of resistive switching 
materials and processes as a means to over-
come the limitations of the present soft X-ray 
approaches [5, 6].

During the process of unraveling the myth 
of the nano-scaled world of particles, research-
ers frequently had no suitable tools but were 
forced to turn existing instruments and meth-
ods into more creative practices, tending to lift 
the threshold of the existing paradigm. Oth-
ers took on the initiative to develop function-
specific spectrometers driven by their own 
impatience and the urgency of cutting down 
the luxury of long waits for data collection. 
Collaboration among accelerator laboratories 
on HAXPES technology is increasingly vital 
and, in a best-case scenario, sets the course for 
a newly constructed beamline. 

To better understand the connections be-
tween the tools, experimental techniques, 
and technologies developed for particle phys-
ics and other sciences, the US Department of 
Energy has gathered input from more than 50 
experts to draw an initial blueprint of the inter- 
and cross-connections between these factors 
and scientific outcomes. Light source facilities 
have become the workhorses of several fields, 
allowing researchers to use X-rays, ultravio-
let (UV) and infrared light to study materials, 

proteins, chemical reactions, and other phe-
nomena [7]. To deliver reliable and innovative 
results, advanced scientific research today re-
lies on versatile and accurate research instru-
ments to lift the threshold of research bound-
aries. Such demand has inevitably prompted 
multinational accelerator laboratories to de-
velop brilliant tools together. 

Having rich and collective experience in 
the field of HAXPES, Shigemasa Suga (Max-
Planck-Institute, Germany; Osaka University, 
Japan) briefly conveyed the change of tech-
niques in conducting experiments through the 
years; namely, HAXPES and angle-resolved 
photoelectron spectroscopy (ARPES) for the 
study of bulk electronic structures of strongly 
correlated electron systems, including transi-
tion-metal and rare-earth compounds. Never-
theless, he also pointed out, “Recoil effects 
and Debye Waller factor are serious and re-
quire very careful studies in the case of HAX-
ARPES, even though the photoionization 
cross-sections are very low.” At low photon 
energies, simultaneous ARPES measurement 
in the full two-dimensional (kx,ky) region 
became feasible using the so-called momen-
tum microscope (MM) with its very high effi-
ciency. Developments of high-efficiency spin 
detectors with long lifetime are in progress 
and have been very successful in recent years. 
After the two-dimensional spin-detector was 
invented, the two-dimensional spin-resolved-
ARPES (2D-SP-ARPES) became feasible 
with up to a hundred eV with the efficiency of 
four orders of magnitude higher than single-
channel spin detection.

Judging from the conventional methods 
widely available to scientists nowadays, there 
is room left for improvement in terms of the 
long duration and low efficiency of data col-
lection. For instance, calculating a figure of 
merit for the Au Mott spin detector at 100 keV 
acceleration shows that spin-resolved ARPES 
(SP-ARPES) takes 10,000 times longer than 
ARPES. In order to detect visible spin-re-
orientation from out-of-plane to in-plane, 
SPring-8 constructed a soft X-ray, BL-25SU, 
which was commissioned in 1999. During that 
period, the instrumentation development of 
photoemission electron microscopy (PEEM) 
gradually became an essential element in mo-More than 137 researchers from 12 countries were in attendance.
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mentum microscopy, wherein the principle of 
PEEM optics covers orbits of electrons, real 
emission angles, virtual emission angles, and 
calculation of Sinθ. In 2005, development of 
new PEEM in connection with hard X-rays 
at (SPring-8) BL-39XU with photo energies 
from 5 to 37 keV was made available, and the 
technique of using PEEM with hard X-rays 
offers two types of possible information: lo-
cal structure analysis at the arbitrary pixel on 
an observed image, and photoelectron infor-
mation from the buried layers. Meanwhile, 
the momentum microscope (MM) was de-
veloped at MPI-Halle, a radical improvement 
in spectrometer efficiency for angle-resolved 
measurement by 2D-ARPES. An additional 
merit of MM using ARPES in selected lat-
eral micro-nano regions owing to PEEM is 
in terms of study of multilayer grapheme and 
the work function changes with thickness. The 
principle of using HAX-ARPES is centered 
on when DOS & XPD effects are numerically 
removed, so that bulk band dispersion can be 
discussed, as mentioned by Charles Fadley, 
given that HAX-ARPES requires very careful 
studies due to the recoil effect. 

Hao Tjeng’s (Max Planck Institute for 
Chemical Physics of Solids (MPI CPfS), Ger-
many) noted that, in the study of Fe3O4, the 
oldest known magnetic substance (a ferrimag-
net), several theories have focused on its con-
ductivity in the low-temperature phase or up 
to room temperature. His group extended the 
study to include the high-temperature region 
(up to 500 K) to produce HAXPES and X-ray 
absorption (XAS) data and spectra on Fe3O4 
thin films. From 1995 to 2005, probing depth 
was increased, reaching its highest probing 
depth in 2010 under an insulator-to-metal tran-
sition in magnetite Fe3O4 across the Verwey 
temperature. A comparison of various special 
properties indicates that the characteristics of 
Fe3O4 below and above the Verwey transition, 
above room temperature, are different [8]. The 
need to develop suitable instruments in order 
to lift the threshold of boundary in terms of 
scientific research was echoed during Tjeng’s 
presentation. 

Tjeng’s research team collaborated with 
the NSRRC to construct a new end station at a 
sideline BL12XU (NSRRC Taiwan Beamline 

in SPring-8) to carry out a HAXPES project 
back in 2008. The end station was designed 
by MPI CPfSs, with two analyzers mounted 
perpendicular and parallel to the polarization 
of the incoming beam. Such a design enabled 
researchers to use the polarization dependence 
of the differential photoionization cross-sec-
tion for the different orbitals (i.e., s, p, d, etc.) 
to enhance the orbital contribution of interest. 
It is still a unique feature. Taking their pioneer-
ing work a step further, Tjeng’s MPI team will 
collaborate with the NSRRC team to construct 
another new end station in the newly commis-
sioned TPS. A dedicated beamline will host 
the MPI end station that consists of a SPECS 
PHOIBOS 225 hemispherical analyzer with a 
combined delay line and four-channel micro-
Mott (DLD-Mott) spin detector. An analy-
sis chamber is equipped with custom-made, 
high-precision, fully motorized 5-axis (x, y, z, 
azimuth, and polar) manipulators with a LHe 
cooling cryostat and a PREVAC transferring 
system in the sample preparation system. Fur-
thermore, a molecular-beam-epitaxy (MBE) 
thin film growth facility will be docked onto 
the PREVAC transferring system. The end sta-
tion is capable of performing PES, ARPES, 
spin-resolved PES, and XAS experiments and 
cutting down the experimental duration. The 
role of the NSRRC is to coordinate between 
new demands and proposals from its users; in 
this case, merging proposed specifications that 
share partial and common requirements into 
future beamlines. In the case of the Tamkang 
University (TKU) end station, the NSRRC 
proposed to narrow the gap of the EPU46 
(photon source of 300~1200 eV) to reach the 
photon energy of 280 eV in favor of carbon 
1-s core-level research, thus combining two 
beamline proposals into one with two end sta-
tions. 

From a broader perspective, with five of 
seven Phase-I beamlines and their experi-
mental stations, including micro X-ray pro-
tein crystallography, high-resolution inelastic 
soft X-ray scattering, sub-micron soft X-ray 
spectroscopy, coherent X-ray scattering, sub-
micron X-ray diffraction, X-ray nanoprobe, 
and temporal coherent X-ray diffraction, to 
be completed for commissioning this year, 
the opportunities made available at TPS offer 

a step further towards lifting the threshold of 
boundary in future scientific research.        ■
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