
The PEEM/XAS beamline is equipped with two end-
stations: a photoemission electron microscope (PEEM), 
and a universal station for X-ray absorption spectroscopy 
(XAS). The beamline is designed to study chemical and 
electronic, structural and magnetic properties by means 
of XAS, XNLD (X-ray natural linear dichroism) and XMCD 
(X-ray magnetic circular dichroism), XMLD (X-ray magnetic 
linear dichroism), respectively. It is suitable for probing 
element specific properties of surfaces, interfaces, thin 
films and nanomaterials. The photon energy range  
(200–2000 eV) covers the absorption K edges for light 
elements, from carbon to silicon, L edges of elements with 
Z between 20 and 40, including 3d elements, and also  
M edges of many heavier atoms, including 4f elements.

PEEM end-station
PEEM is an electron microscope that uses low energy elec-

trons emitted from a sample after excitation with a photon 
source to create an image with a spatial (lateral) resolution of 
a few dozen nanometres. With a tunable X-ray source (XPEEM), 
elemental sensitivity is accomplished by the tuning of the ex-
citing photon energy to the absorption edge of the analysed 
element. In this case secondary electrons are efficiently used 
to form an image. Alternatively, with an energy analyzer the 
excited photoelectrons can be energy-selected, which gives 
the additional image contrast (also chemical) resulting from 
characteristic electron binding energies, in analogy to X-ray 
photoelectron spectroscopy (XPS). Magnetic domain struc-
ture is accessible with polarized photons using XMCD or XMLD 
effects. By taking image series as a function of energy, spectro-
scopic information can be retrieved with a spatial resolution 
of the image (micro-spectroscopy: μ-XAS and μ-XPS). Another 
way to accomplish μ-XPS is to use the dispersive properties 
of the energy analyser, so that a photoemission spectrum in 
the energy band width of approximately 10 eV can be taken in 
a single shot from a preselected micrometre-sized sample area.

The PEEM end-station is a fully equipped “surface science 
laboratory”. It includes a load-lock and an entrance chamber 
for fast sample transfer from air into the ultrahigh vacuum 
(UHV) environment, a preparation chamber, the main mi-
croscopic chamber. The preparation chamber includes LEED 
and Auger spectrometers, several evaporation sources, an 
ion sputtering source, and a gas dosing system. An addition-
al evaporation source is mounted in the main chamber for 
real time microscopy during the deposition. Standard single 
crystalline substrates, e.g. W(110), Pt(111), are available. 

When planning your XPEEM experiment, consider that:
	Samples must be UHV compatible, flat and should not 

charge under illumination;
	Samples must fit a sample holder that limits dimensions 

to 14 mm in diameter and 3 mm in height;
	Typical information depth is a few nm;
	Typical image acquisition time can vary from the video 

rate to hours;
	Accessible field of view is from 1.5 μm to 150 μm;
	Available temperature is from 120 K to 1200 K (imaging) 

or from 300 K to 2200 K (preparation).
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Fig. 1. Example of application: (Left) XPEEM image of manganese islands 
formed on a W(110) surface, taken at the L3 Mn edge energy. Blue and 
red contours mark the surface areas with different morphology. Field of 
view is 10 um. (Right) XAS spectra at the Mn L-edge collected from the 
areas that are marked with the colours corresponding to the spectra.  
A distinct difference is observed between the big island that shows bulk 
metallic-Mn features and the small nanometre-sized Mn-islands. Data 
were collected at the NanoXAS beamline at the Swiss Light Source with 
the Kraków PEEM instrument.

The bending magnet 04BM beamline is dedicated to microscopy and spectroscopy in the absorption of soft X-rays. 
PEEM/XAS BEAMLINE – soft X-rays spectroscopy
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XAS end-station
XAS in the soft X-ray energy range is often termed 

NEXAFS (Near Edge X-Ray Absorption Fine Structure). This 
spectroscopy provides element and chemical specificity, as 
well as sensitivity to polarization effects related to magnetic 
and crystal structure of the materials by means of XMCD 
and XMLD effects.

The XAS end station is a UHV system equipped with 
two-chambers (one for spectroscopy and other for prepa-
ration). It features:
	Samples (powder and bulk) fitting a standard flag-style 

sample holder;
	Beam spot on the sample (h x v): 2 mm x 5 mm;
	Total electron yield (TEY) and total fluorescence yield 

(TFY) detection modes, giving an information depth  
of several and a hundred nm, respectively;

	Sample environment from UHV to 10 mbar of He-
exchange gas;

	Spectroscopic measurements in a broad temperature 
range of (20–1300 K) and external magnetic field of 
0–1 kOe; angular dependence;

	Fully equipped preparation chamber  
(comparable to that of the PEEM end-station). Fig. 2. Example of application:  XAS (top) and XNLD (bottom) spectra 

of a single crystalline sample of a magnetically doped Bi2Te3 topological 
insulator that is characterized by so-called quintuple layers parallel 
to the studied surface. The angular dependence of the XAS and XNLD 
spectra confirms that the crystal structure anisotropy of bismuth 
chalcogenides is preserved in the close vicinity of the surface within the 
probing depth of TEY. Results were collected at ID08, ESRF (courtesy of 
Dr. M. Wasniowska et al.). 
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Source Bending magnet (1.31 T)

Available (optimal) energy range 200–2000 eV (250–1800 eV)

Energy resolution ΔE/E 2.5 x 10-4 and better

Beam size at sample (H x V)
At focal point: 0.100 mm x 0.030 mm 

In divergent beam: 2 mm x 5 mm

Photon flux at sample
4-8 x 1010 [ph/s/0.1%BW] for E < 1700 eV 
1-4 x 1010 [ph/s/0.1%BW] for E > 1700 eV

Available technique PEEM, XAS (TEY, TFY), XMCD

Polarization Linear (horizontal) and elliptical

PEEM/XAS beamline parameters

The PEEM/XAS beamline is operated under the cooperation of Solaris with The Jerzy Haber Institute of Catalysis and Surface Chemistry  
of the Polish Academy of Sciences and the AGH University of Science and Technology.


