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L-01  Monday, 04.09., 1010 - 1055 
 

National Synchrotron Radiation Centre  

SOLARIS - current status and future  

development 
 

Marek Stankiewicz1*  
 

1SOLARIS 

 - Narodowe Centrum Promieniowania Synchrotronowego, 

Uniwersytet JagielloŒski, 

ul. Czerwone Maki 98, 30-392 Kraków 

www.synchrotron.pl 
 

*e-mail: m.j.stankiewicz@uj.edu.pl 
 

National Synchrotron Radiation Centre SOLARIS in Kra-

ków is the most modern and largest multidisciplinary re-

search facility in Poland. The Centre was built between 

2010 and 2015. The investment was co-financed by the 

European Union with funds from the European Regional 

Development Fund, as part of the Innovative Economy 

Operational Programme for 2007-2013. 

SOLARIS has been built using the groundbreaking de-

sign of magnetic double bend achromats developed at 

MAX -lab facility in Lund, Sweden, resulting in outstand-

ing properties of generated synchrotron light which places 

SOLARIS firmly at the cutting edge of devices of this 

type. SOLARIS synchrotron operates at 1.5GeV energy 

with up to 500mA stored electron beam. It is powered by 

600MeV S-band linac. 

SOLARIS can provide synchrotron radiation for up to 

18 beamlines from bending magnets and insertion devices. 

Within the scope of the project budget already two beam-

lines have been constructed.  

As a strategic investment for the development of sci-

ence, SOLARIS has been included on the Polish Roadmap 

for Research Infrastructures. 

The presentation will provide a brief history of the project 

and describe configuration and key parameters of the 

SOLARIS facility. However the presentation will focus on 

the current status and plans for the future  development of 

SOLARIS and its offer for researchers.  
 

 
 

L-02 Monday, 04.09., 1145 ï 1215 
 

Nonlinear interaction of X-rays with matter 
 

Jakub Szlachetko1*  
 
1Institute of Physics, Jan Kochanowski University,  

Kielce, Poland 
 

*e-mail: jszlachetko@ujk.edu.pl 

 

X-rays have long been used to explore the electronic and 

structural properties of all forms of matter, using sources 

as varied as X-ray tubes to accelerator-based storage rings. 

X-ray methods have evolved over decades to become 

specialized tools for a broad range of investigations, with 

techniques ranging from X-ray scattering through X-

ray spectroscopy to X-ray tomography. In general these 

methods all rely on X-ray measurements that depend 

linearly on the number of incident X-ray photons. 

With the advent of X-ray free electron lasers (XFELs), the 

ability to reach extremely high photon numbers in 

ultrashort pulse durations has resulted in a paradigm shift 

in our ability to observe nonlinear X-ray signals. This 

enormous increase in peak power (pulse energy/pulse 

duration) has been a double-edged sword, with new and 

exciting techniques being developed but at the same 

time well-established techniques proving unreliable [1-3]. 

This requires a fundamental change in our approach to  

X-ray science at FELs, since this nonlinear regime is a 

largely unexplored area, making it hard to predict 

not only when to expect nonlinear contributions to a 

measurement, but also to understand the very nature of 

this response [4-6]. 
___________________________________________________ 

[1] K. Tamasaku et al.: Nature Photon. 8 (2014) 313. 

[2] N. Rohringer et al.: Nature 481 (2012) 488. 

[3] M. Beye et al.: Nature 501 (2013) 191. 

[4] S. M. Vinko et al.: Nature 482 (2012) 59. 

[5] T. E. Glover et al.: Nature 488 (2012) 603. 

[6] J. Szlachetko et al.: Scientific Reports 6 (2016) 33292. 

 
L-03  Monday, 04.09., 1215 - 1245 

 

Polish involvement in X-ray Free Electron 

Lasers 
 

Ryszard Sobierajski1* 
 
1Instytut Fizyki PAN,  

Al. Lotników 32/46, 02-668 Warszawa, Poland 

 

*e-mail: ryszard.sobierajski@ifpan.edu.pl 
 

From the birth of a new type of light source, the short-

wavelength free electron lasers, Polish scientists were 

involved both in work at its technical development and its 

use for scientific research. Short-wavelength FELs 

provide laser-like pulses of radiation (including high 

intensity, femtosecond pulse duration, high spatial and 

partial temporary coherence, polarization) but in the 

spectral range of extreme ultraviolet and x-ray, 

unavailable for laser sources. In my early studies at the 

first short-wavelength FEL - TTF1 FEL - I investigated 

the structural phase transitions in thin films that are crucial 

for the construction of optics for the intense XUV and X 

ray sources. Over time, the FEL scientific community in 

Poland has grown and currently it consists of several 

research groups gathered in the XFEL-Polska consortium. 

One of the main aims of this initiative is to share the 

expertise of how to prepare and perform the experiments, 

and spread the knowledge in experimental opportunities 

and challenges at FELs by training the new generation of 

Polish FEL users. In particular we plan to cooperate at 

joint research projects at the newest source, the European 

XFEL, in a broad range of scientific disciplines ï physical 

chemistry, material sciences, structural biology and high 

energy density physics. During my talk I will present my 

personal perspective on the history of short-wavelength 

FEL sources and discuss some of the research plans of the 

XFEL-Polska consortium. 

 
Acknowledgements: This work was supported by the 
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In recent years a new very hot topic in solid state physics 

emerged, i.e. the discovery of topological insulators (TIs) 

ï new quantum materials [1]. It has been predicted 

theoretically, that in topologically nontrivial phase TIs are 

band insulators with opposite parity in the band structure 

and they host surface states (SS) with metallic-like 

conductivity (Dirac SS). The topological protection of SS 

comes from time-reversal symmetry and strong relativistic 

(spin-orbit) effects. Experimental findings validated the 

unique features of these materials, i.e. linear energy-

momentum dispersion of the SS with odd number of Dirac 

cones and specific helical spin texture which means that 

they are robust against back-scattering on non-magnetic 

ions. 

In 2011 Liang Fu proposed a new class of topological 

materials so-called topological crystalline insulators 

(TCIs) where topological protection is due to a (110) 

mirror-plane symmetry of the rock-salt crystal structure, 

and exhibits an even number of Dirac cones [2]. Tin 

telluride was predicted to be a representative TCI material. 

However substitutional solid solutions, such as Pb1-xSnxSe 

also belong to this class. Transition to the topologically 

non-trivial state in TCIs can be controlled by changes of 

the temperature [3], chemical composition of an alloy [3], 

by applying hydrostatic pressure [4] or by crystal lattice 

distortion [5]. 

The experimental studies of the electronic structure of 

the TCIs presented here have been performed using angle-

resolved photoemission spectroscopy (ARPES) in the 

wide ranges of both chemical compositions and 

temperatures. This allows us to built x-T topological phase 

diagram. The (001) and (111) high symmetry topological 

surfaces of the Pb1-xSnxSe were realized by cleaved bulk 

monocrystals [3] and in-situ deposition of the layered 

structures [6], respectively. Spin-resolved photoemission 

spectroscopy (SRPES) revealed spin texture in a full 

agreement with the tight-binding calculations. 

From previous investigations a new approach arose, 

i.e. possibility of controlling the TCI transition by the band 

gap engineering. In order to corroborate this concept as 

well as to verify topological protection in TCI the 

manganese ions were introduced into the host matrix. The 

Mn partially substituting the host cation sites in these 

compounds changes both the energy gap and lattice 

parameter and constitutes a magnetic impurity. The 

increase of Mn content in Pb1-x-ySnxMnySe lowers the 

temperature of TCI transition compared to the analogue 

ternary non-magnetic Pb1-xSnxSe. Density functional 

theory calculations qualitatively reproduce the 

experimental findings. Pb1-x-ySnxMnySe exhibit a 

paramagnetic ordering, and Mn is in 2+ charge state and 

carries spin-only S=5/2 local magnetic moment. The first 

observations lead to conclusion that magnetic ions do not 

destroy Dirac-like surface states. The inspection of the 

spin texture shows similar helical pattern for TCIs without 

magnetic impurities. 

 
Acknowledgements: This work has been partially supported  

by the research projects 2014/15/B/ST3/03833  

and 2016/21/B/ST5/03411 financed through the National 

Science Centre (Poland). 
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One of the most important current areas in chemistry is 

developing new materials that are able to respond rapidly 

and reliably to changes in local environment, and send out 

signals that let us know what is happening. Therefore, 

chemical compounds exhibiting specific photoactive 

properties, either in solution or, even more importantly, in 

the solid state, are among the most desired materials 

nowadays. Especially interesting here are luminescent 

coordination complexes of transition metals, which have 

versatile applications in solar-energy conversion and other 

fields ranging from molecular electronics and 

photocatalysts to light-emitting devices (LEDs) and 

biolabels. It is, thus, of high importance to sensibly control 

optical properties of such materials at the molecular level, 

so as to apply this knowledge to generate materials with 

particular properties across all the size scales from 

molecules to bulk materials, relevant for specific 

applications. In this respect, information on structural 

changes and charge transfer (CT) occurring on electronic 

excitation is essential for rational design of new materials. 

Such information is now becoming available through 

time-resolved (TR) X-ray absorption and photo-

crystallographic techniques. In the current presentation we 

shall focus on the latter method which takes advantage of 

the powerful X-ray beam produced at synchrotron 

sources. 

We will describe the time-resolved laser-pump / X-ray 

probe Laue experiments and show our latest results 

obtained using this technique at APS (Argonne, USA) and 

ESRF (Grenoble, France) for selected CuI coordination 

complexes.1,2 The choice of such systems has been 

dictated by the fact that coordination complexes of CuI are 

often characterised by rich electronic and luminescent 

properties and are cheaper and usually less toxic than 

heavy-metal-containing compounds (e.g.RuII or IrIII). The 

photocrystallographic and spectroscopic analyses will be 

supplemented by theoretical modelling. 
 

Acknowledgements: KNJ thanks the SONATA grant 

(2014/15/D/ST4/02856) of the National Science Centre in 

Poland for financial support. The authors gratefully acknowledge 

the Wroclaw Centre for Networking and Supercomputing (grant 

No. 285) for providing computational facilities. Some part of this 

research used resources of the Advanced Photon Source, a U.S. 

Department of Energy (DOE) Office of Science User Facility 

operated for the DOE Office of Science by Argonne National 

Laboratory under Contract No. DE-AC02-06CH11357. Use of 

BioCARS was also supported by the National Institute of 

General Medical Sciences of the National Institutes of Health 

under grant number R24GM111072. The content is solely the 

responsibility of the authors and does not necessarily represent 

the official views of the National Institutes of Health. Time-

resolved set-up at Sector 14 was funded in part through a 

collaboration with Philip Anfinrud (NIH/NIDDK). This research 

has been realised within the GUP-46291 proposal number. Some 

experiments were performed on beamline ID09 at the European 

Synchrotron Radiation Facility (ESRF) (Grenoble, France) 

(beamtime proposal numbers: CH-4536,4935,4934,4744). 

 

 

 

Figure 1.  Example photodifference maps. 

 
___________________________________________________________________________________________________________ 
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High pressure studies of materials constitute an important 

field of research. The high-pressure phases, often 

exhibiting unique properties, are formed in geological 

processes (e.g. new minerals), pharmaceutical 

formulations (e.g. while preparing pills), or when various 

materials are exposed to extreme conditions on purpose 

(e.g. shock waves). Hence, the detailed knowledge of the 

materialsô structure is indispensable to understand, and 

later to potentially sensibly control, their behaviour and 

function. In this respect high-pressure single-crystal X-ray 

diffraction experiments provide full picture of materialôs 

structure with atomic resolution. This, in turn, allows to 

establish a óstandard of goldô as far as high-pressure phase 

transitions, etc., are concerned. Consequently, in this 

contribution we will describe our recent studies on two 

types of organic-inorganic materials exhibiting interesting 

spectroscopic properties. In both cases the high-pressure 

data collection has been done at the (partially new) ID15B 

beamline at the ESRF facility. 

A boron- containing compound, which undergoes 

some phase transition in the solid state at elevated 

pressure, constitutes the first presented case. Out of many 

solvatomophic structures it forms, the structure containing 

tetrahydrofuran (THF) undergoes the high-pressure phase 

transition. In the new phase the THF molecules are rotated. 

The second study is dedicated to a rhodium complex, 

namely LRh(CO)2 (L = 3-benzoylacecate), which exhibits 

chain substructures based on Rh...Rh interactions 

propagating along the Y-axis direction. Temperature does 

not have a significant impact on the structural parameters 

(except for the less obvious unit cell choice in the case of 

the high temperature structure). In turn, the application of 

high pressure leads to a phase transition, in which the 

Rh...Rh chains differentiate noticeably. As a result the 

structure becomes modulated and has to be treated within 

a super-space approach. In addition, the whole crystal 

needs to be treated with the multi-phase model due to the 

incomplete phase change. 
 

Acknowledgements: High-pressure experiments were 

conducted at the ID15B beamline of the ESRF facility 

(Grenoble, France) (proposal no.: CH-4903). We thank the 

Wrocğaw Centre for Networking and Supercomputing for 

computational facilities (grant no.: 285). K.N.J. would like to 

thank SONATA grant (2014/15/D/ST4/02856) from the 

National Science Centre in Poland for financial support. The in-

house X-ray diffraction experiments were carried out at the 

Department of Physics, University of Warsaw, at the Rigaku 

Oxford Diffraction SuperNova diffractometer, which was co-

financed by the European Union within the European Regional 

Development Fund (POIG.02.01.00-14-122/09).  
 

L-07  Tuesday, 05.09., 1130 ï 1200 
 

Synchrotron X -ray diffraction methods  

for surface characterization 
 

Maciej Jankowski1*  
 
1ESRF-The European Synchrotron, 71 Avenue des Martyrs, 

38000 Grenoble, France 
 

*e-mail: jankowski@esrf.fr 
 

Surface X-ray diffraction (SXRD) allows the exact 

structure determination of surfaces, interfaces, and thin 

films. In comparison with other diffraction surface 

sensitive methods, like electron or helium atom 

diffraction, the main advantage of SXRD is the capability 

to penetrate deeply into matter allowing the investigation 

not only of the surface structure, but also the structure of 

the sub-surface region. The high x-ray penetration depth 

allows to perform operando study of materials at 

conditions ranging from ultra-high vacuum (UHV) to high 

pressure or in a liquid environment. The high brilliance 

synchrotron source of x-rays is a necessity for such kind 

of experiments, as the diffraction signal from the surface 

is few orders of magnitude lower than from the bulk, and 

the reciprocal space resolution, corresponding to the 

periodicity of tens of nanometers in the real space, can be 

achieved thanks to the spatial coherence of the x-ray beam. 

SXRD, together with grazing incidence small angle 

scattering and wide angle scattering (GISAXS and 

GIWAXS, respectively), is frequently used in the 

operando characterization of single crystal surfaces and 

surface supported nanoparticles at catalytic near-ambient 

conditions. This allows to obtain information about their 

crystallographic structure, morphology, and monitoring of 

their structural changes in a real-time. SXRD is widely-

used for resolving the structure and the growth dynamics 

of thin layers of metals, oxides, semiconductors, 

molecular films, nanocrystals superlattices, and 

nanometer-sized nanoparticles. 

The ID03 beamline is dedicated to SXRD at the ESRF, 

the European Synchrotron, which offers ideal conditions 

for the fast characterization of surfaces and interfaces in 

different environments. This is possible thanks to the high 

brilliance synchrotron X-ray beam, the use of sensitive 

large-area 2D detectors, and the recently developed 

software for the fast analysis of collected data. Its access 

is open to the European community. 

The aim of this contribution is to present the ID03 

beamline, its experimental opportunities, and provide 

some examples focused on the structural determination of 

single crystal (bi)metallic surfaces under catalytic 

operando conditions, real-time characterization of 

topologically insulating thin films growth, and their solid-

liquid phase transition.
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The characteristic features of the x-ray absorption spectra 

(XAS) are elemental selectivity, and the ófinger printô of 

local atomic order and chemical bounding. Therefore, 

XAS can be applied to study elemental, chemical and the 

phase heterogeneity in materials. These information are of 

great interest in characterization of new materials being 

nowadays mostly composite or/and nano granular 

materials. Several examples of XAS investigation of 

heterogeneous materials will be presented. 

The application of the analysis of near edge structure 

(XANES) for solving the phase heterogeneity problem 

will be presented for composite material used in tools 

production and artworks [1, 2]. The most popular method 

for quantitative analysis of the content of different 

chemical compounds of a given element is the least 

squares linear combination (LC). The method is simple 

and easy to implement. It uses the least-squares algorithm 

to fit the sum of a given number of reference spectra to an 

experimental spectrum. The LC method and the modern 

detection allowed e. g. to estimate the nature and 

distribution of secondary Cr compounds and 

quantitatively determining their abundance in two paint 

micro-samples taken from artworks by Vincent van Gogh 

[2]. 

The use of XAS to address the problem of chemical 

heterogeneity will be demonstrated in the cases of natural 

minerals [3]. The alternative method to check if all 

considered references are necessary needed or are 

sufficient to fit the spectrum under consideration is the 

principal component analysis (PCA). This method will be 

briefly introduced. It has become nowadays routine to 

collect hundreds of spectra on a single sample e.g. in 

function of time. For analysis of such a data the LC 

requires reference spectra and PCA often provides mixed 

components that are hard to interpret. In such a case the 

multivariate curve resolution with alternating least squares 

fitting (MCR-ALS) can be used as a method to separate 

constituents from XAS data. 

The effectiveness of the analysis of extended x-ray fine 

structure (EXAFS) will be shown with regard to the 

problem of doped elements location in the crystalline 

matrix. The case of the classical GaMnAs semiconductor 

will be considered. The fraction of Mn atoms located in 

interstitial and substitutional position will be assessed in 

the case of as grown samples, together with distribution of 

Mn atoms amid the cubic and the hexagonal inclusions 

after post growth annealing [4]. Moreover, calculated 

XAS spectra for different location of atoms in a given 

crystal structure show significant differences. The 

quantitative comparison of the calculated model spectra 

with measured spectra can thus be a quick homogeneity 

checking procedure. The x-ray transitions preserve the 

electron spin, therefore are magnetic sensitive. This 

feature is named X-ray magnetic circular dichroism 

(XMCD). This kind of x-ray absorption study also 

provided unique information. Although, the best mode of 

XMCD detection is the transmission for majority of 

reported in the literature experiments the total electron 

yield (TEY) and total fluorescence yield (TFY) were 

applied. These two detection modes differ also in the 

examined depth and can provide different result in the case 

of inhomogeneous samples: e.g. for sample containing the 

cubic GaMnAs and hexagonal MnAs nano-clusters the 

signal significantly differs (Fig.1). Several nano-granular 

materials studies will illustrate usefulness of XMCD. 
_____

 
Figure 1. XMCD signal for TEY and TFY modes of detection. 
___________________________________________________ 

[1] Piskorska, E., et al.: Spectrochim. Acta, B 62 (2007) 461. 

[2] Monico, L., et al.: J. Anal. At. Spectrom. 30 (2015) 613. 

[3] Klepka, M.T., et al.: J. Electron. Spectrosc. 182 (2010) 85. 

[4] K. Lawniczak-Jablonska: ñMagnetic Ions in Group IIIïV 

Semiconductorsò X- Ray Absorption Spectroscopy of 

Semiconductors, Springer-Verlag Berlin Heidelberg 2015,  

C.S. Schnohr and M.C. Ridgway (eds.) 313. 
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Structural biology provides information on the 

architecture of biological molecules, in particular proteins 

and nucleic acids, at the level of individual atoms. This 

allows us to understand not only their chemical structure, 

but also the details of their mechanism of action in 

physiological and pathological processes. For most of the 

history of structural biology it was dominated by one 

method - protein crystallography. In this method, 

microcrystals of the studied molecule are obtained and the 

X-ray diffraction experiment is carried out on these 

crystals. At this stage it is crucial to use a synchrotron X-

ray source. From the diffraction pattern, the spatial 

distribution of electrons in the crystal can be calculated, 

and hence the position of the atoms of the molecule can be 

determined. 

In the last few years a revolution in structural biology 

has taken place due to the development of modern high-

resolution electron microscopy methods at cryogenic 

temperatures (cryo-EM). Traditional cryo-EM has 

routinely been able to achieve a resolution of about 10 Å, 

too low to determine the atomic model of the molecule. 

Thanks to the construction of very fast and sensitive 

cameras, so-called ñdirect detectorsò and the development 

of appropriate software, it has become possible to obtain 

structures with a resolution comparable to crystallography 

- in the range of 2-3 Å. The use of modern cryo-EM has 

led to the identification of groundbreaking and previously 

inaccessible structures such as eukaryotic ribosomes, 

spliceosomes or membrane proteins. 

As examples of research conducted using both 

crystallography and electron microscopy, our structural 

studies of proteins involved in the repair of genetic 

material will be presented.  
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Since several years the aim of our work is to investigate 

and understand the mechanism of charge transfer and 

fragmentation processes occurring in collisions between 

ions and atoms or molecules [1-4]. To achieve this goal 

we merge the state-of-the-art quantum chemical and 

dynamical techniques and apply them to a series of 

collision systems. Especially, we use and develop modern 

numerical tools, allowing for an investigation of both 

processes in the ultrafast femtosecond (1 fs=10-15s) time 

scale. Such studies are of high relevance in the 

understanding of the action of ionizing radiation, namely 

radiation damage in DNA, cell killing and repairing. Ion 

beam cancer therapy and, in general, cancer research, may 

benefit from these capabilities. As an example of the 

application of our methodology we selected neutral and 

ionized furan molecule, which belong to the family of ring 

structures that are analogous to the deoxyribose building 

block of the DNA helix. Therefore, this molecule can 

serve as a model system for track simulations in biological 

medium [3,4]. 

As a first step, to determine the structure of the 

molecule, the results of the electronic properties and 

lowest excited states obtained by ab initio (HF, MP2, 

CASSCF, EOM-CCSD), propagator (P3, OVGF) and 

density functional theory (with B3LYP functional) 

methods will be presented. The accuracy of the methods 

is estimated with experimental and theoretical results 

given in literature. To interpret the fragmentation 

mechanisms and to determine accessible products of 

dissociation we performed calculations of minima and 

transition states on the potential energy surfaces using 

Density Functional Theory. We applied Atom-Centered 

Density Matrix Propagation method to study dynamics of 

the process. We present the results obtained for the cases 

of 5-30 eV internal energy being applied to the system and 

discuss the different mechanisms arising from the 

fragmentation. The general fragmentation dynamics of the 

system is dominated by the opening of the furan ring and 

H migration and its transfer. The most frequent channel 

involves production of acetylene by direct C-C bond 

cleavage. For singly-ionized furan, the most abundant 

channels include production of formyl radical (CHO*), 

cyclopropenyl (C3H3
+) and C3H4O+ cations with H atom 

out of dehydrogenation process. A comparison of 

experimental data, i.e. photoelectron photoion 

coincidence spectroscopy vs. theoretical results will also 

be given. 

 
Acknowledgements: We gratefully acknowledge financial 

support from COST Action CM1204 "XUV/X-ray light and fast 

ions for ultrafast chemistry" and Erasmus Plus programme 

(M.Ğ). Calculations were performed at Wroclaw Centre for 

Networking and Supercomputing, Centro de Computación 

Científica in Madrid, Universitätsrechenzentrum at Friedrich 

Schiller University in Jena. 

___________________________________________________ 
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J. Sienkiewicz, : Phys.Rev. A 72 (2005) 052706. 

[4] E.Erdmann,M.C.Bacchus-Montabonel, M. Ğabuda: 
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Electronic and vibrational spectroscopies, like UV/Vis 

absorption, photoelectron and resonance Raman (RR), are 

useful techniques to provide information on structures and 

properties of molecules in their ground and excited states. 

Moreover, quantum chemistry methods are able to 

accurately predict the energies, the geometries, the 

vibrational modes and frequencies, as well as the 

electronic properties of the molecular states. Therefore, 

the simulation of spectra, using quantum chemistry 

methods, can help in the interpretation of experimental 

data as well as in the design of new compounds for 

specific applications, as for example, in dye-sensitized 

solar cells or as photocatalysts for hydrogen generation. 

Additionally, the calculation of absorption, photoelectron 

or RR intensities and their comparison with precise 

experimental data offers an opportunity to assess the 

ability of standard quantum chemistry methods to predict 

molecular properties. 

In this contribution, theoretical absorption and RR 

spectra are presented for the organic molecule of 

Rhodamine 6G and for a Ruthenium-Palladium 

supramolecular photocatalyst [1,2]. The calculations are 

performed with density functional theory (DFT) and with 

time-dependent DFT (TDDFT). The obtained results are 

compared to experimental data and their accuracy is 

discussed. In particular, the importance of Franck-Condon 

(FC) and Herzberg-Teller (HT) vibronic couplings is 

considered. Additionally, the first ionization energy and 

associated photoelectron spectrum are calculated for a 

series of small esters [3,4]. These calculations are realized 

with the wavefunction-based methods, second-order 

Møller-Plesset perturbation theory (MP2) and coupled-

cluster. In particular, the effects of Duschinsky couplings 

are investigated on the photoelectron intensities. 
Acknowledgements: The author is grateful to the Narodowe 

Centrum Nauki (Project No. 2014/14/M/ST4/00083) for 

financial support. The calculations have been performed at the 
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The experimental requirements for X-ray spectroscopy 

critically depend on the problem that the researcher wishes 

to study. The ESRF offers a large number of experimental 

stations each optimized for specific applications and thus 

meets the needs in most fields of natural sciences. Bending 

magnet (BM) beamlines provide ideal conditions for high 

quality X-ray absorption experiments in transmission or 

fluorescence detection mode while insertion device (ID) 

beamlines push the limits with respect to beam size, total 

photon flux, time- and energy-resolution. X-ray 

absorption spectroscopy with beamsize down to a few 

hundred nanometers can be performed on ID21. An 

energy dispersive X-ray optics layout on ID24 allows 

recording of a transmission absorption spectrum with an 

X-ray pulse from only one electron bunch providing time-

resolution in the nano-second range. Detection of X-ray 

absorption dichroism requires highest possible 

measurement accuracy and full control of the X-ray 

polarization as provided on ID12. Photon-in/photon-out 

spectroscopies such as Resonant Inelastic X-ray 

Scattering (RIXS), X-ray Emission Spectroscopy (XES) 

and X-ray Raman Spectroscopy (XRS) are available on 

ID20, ID26, ID32, FAME-UHD and ROBL covering the 

soft to hard X-ray range [1ï3]. In a very recent 

development, the ESRF now offers XES combined with 

picosecond time-resolution on ID09. 
___________________________________________________ 

[1] S. Huotari, et al.: J. Synchrotron Radiat. 24 (2017) 521.  

[2] P. Glatzel, et al.: J. Electron Spectrosc. Relat. Phenom. 188 

(2013) 17.  

[3] I. Llorens, et al.: Rev. Sci. Instrum. 83 (2012) 63104. 
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Figure 1. X-ray spectroscopy beamlines at the ESRF. 

 

 

 

L-14  Thursday, 07.09., 1000 ï 1030 
 

X-ray diffraction and scattering  

opportunities at ESRF 
 

Andy Fitch1*  
  
1ESRF-The European Synchrotron, 71 Avenue des Martyrs, 

38000 Grenoble, France 

 

*e-mail: fitch@esrf.fr 

 
The ESRF has several beamlines, particularly in the 

Structure of Materials group, that between them allow X-

ray diffraction and scattering experiments over a wide 

energy range, from the relatively soft, 6 keV, through to 

the distinctly hard, in excess of 500 keV at the upper limit.  

ID11, the Materials Science Beamline, was one of the 

first to operate at the ESRF, and, following several 

upgrades, is dedicated to moderate to high energy powder 

or single-crystal diffraction and/or imaging studies of a 

variety of systems of interest for their physical, 

mechanical, or chemical properties. Very high spatial 

(<100 nm) and time (1 ms) resolution are available.  

ID15A, Materials Chemistry and Materials 

Engineering, newly refurbished as part of phase I of the 

ESRF upgrade, is a highly versatile instrument that allows 

a wide range of in-situ measurements in the areas of 

materials chemistry, catalysis, and metallurgy, among 

other areas. It is equipped with a hard-energy, CdTe-based 

Pilatus 2M photon-counting pixel detector providing rapid 

counting and outstanding data quality. 

ID22 is the high resolution powder diffraction 

beamline. As well as providing high resolution data of 

high accuracy, the beamline was recently equipped with a 

large 2d medical imaging detector for complementary 

measurements, for samples where angular resolution is 

less of a priority, including data for pair-distribution 

function (PDF) analysis. A wide range of sample 

environments is available, allowing measurements from 4 

K to 1600̄C for capillary specimens. 

ID31, High-Energy Beamline for Buried Interface 

Structure and Materials Processing, is one of the new, 

long, microfocus, beamlines constructed during the ESRF 

Phase I upgrade program. The beamline also has a CdTe 

Pilatus detector, and offers a number of hard X-ray 

characterisation techniques including reflectivity, wide 

and small angle diffraction, imaging methods, and 

auxiliary techniques, coupled with versatility in choosing 

beam sizes, energy and energy bandwith. 

Between them, these beamlines offer opportunities to 

study the crystal structures of materials via classic 

diffraction techniques, and to study the evolution of 

materials as they are heated or cooled, undergo chemical 

reaction, adsorb or desorb gasses, or generally are 

operated upon or processed under realistic operating 

conditions. Where appropriate, by tuning the photon 

energy to an elementôs absorption edge, anomalous 

scattering can be exploited to enhance contrast between 

elements close to each other in the Periodic Table. 

Defective, poorly-crystalline materials, glasses and liquids 

can be investigated structurally via the PDF technique, 

exploiting measurements to high Q values accessible via 

the hard energies available to yield a picture of short-range 

order and longer-range interatomic distances. 

Tomographic and other imaging techniques can yield 

detailed 3-d information of the grain-structure and phase 

distribution in polycrystalline and composite materials, 

yielding microstructural information on the length scales 

up to mm.  

The talk will give an overview of some of the 

possibilities available at ESRF. 
 



KSUPS 2017: Abstracts / Extended Abstracts / Synchrotron Radiation in Natural Science Vol. 16, No. 1-2 (2017) 

 

9 

 

L-15  Thursday, 07.09., 1130 ï 1200 
 

Solaris Synchrotron ï from the start up to first 

experiments 
 

Adriana Wawrzyniak1* Arkadiusz Kisiel1,  

Andrzej Marendziak1, Paweğ Borowiec1, Paulina 

Klimczyk1, Magdalena Jaglarz1, Szymon Piela1,  

Maciej Kopeĺ1, Marek Stankiewicz1 
  
1NCPS SOLARIS, Uniwersytet JagielloŒski,  

Czerwone Maki 98, 30-392 Kraków, Poland 

 

*e-mail: adriana.wawrzyniak@uj.edu.pl 
 

The Solaris synchrotron installed in Krakow represents 

a novel approach to the design of the third generation light 

sources. The 1.5 GeV storage ring consists on 12 

integrated Double Bend Achromat (DBA) magnets 

designed in MAX-IV Laboratory in Sweden [1]. 

Integrating the DBA cell in one magnet block assures the 

alignment within tens of micrometres tolerances. 

Moreover, using strong focusing and multifunction  

magnets makes the storage ring lattice ultra compact 

reaching excellent beam parameters with the natural 

emittance of 5.98 nmrad [1]. The commissioning of 

Solaris storage ring started in May 2015 and required a big 

effort in machine parameters optimization [2, 3]. After 2 

years of operation very good performance has been 

achieved. The optics was corrected close to the design 

values. Up to now over 400 Ah of the integrated current 

was accumulated in the storage ring and the average 

pressure with 250 mA of a stored current is 2.2.10-9 mbar. 

The maximum stored current at the full energy is 400 mA 

with the total lifetime of 8 h. The lifetime of the beam is 

still increasing with the accumulated beam dose showing 

significant improvement since last year (Fig. 1) [4]. Apart 

from the vacuum conditioning, some minor adjustments 

are still needed in order to reduce the disparity between 

model and measured results what is the scope of current 

activities [5]. Moreover, during daily operation the main 

task is to maintain long-term stability of the circulating 

electron beam allowing for UARPES and PEEM/XAS 

beamlines commissioning. Within this presentation the 

overview of commissioning results and current Solaris 

facility status will be reported.

 

 
Figure 1. I*Ű product vs. integrated current. 

 
___________________________________________________________________________________________________________ 

[1] ñMAXIV Detailed Design Reportò http://www.maxiv. lu.se/accelerators- beamlines/accelerators/ accelerator-

documentation/max-iv-ddr/ 

[2] A. I. Wawrzyniak et al.: ñFirst Results of Solaris Synchrotron Commissioningò Proc. of IBIC2015 WEDLA01  (2015) 602. 

[3] A. I. Wawrzyniak et al.: ñSolaris a new class of low energy and high brightness light sourceò Nuclear Inst. and Methods in 

Physics Research, B (2017) in press; https://doi.org/10.1016/j.nimb.2016.12.04. 

[4] A. Marendziak et al.: ñResidual gas in the vacuum system of the Solaris 1.5 GeV electron storage ringò Proc. Of IPAC2017 

WEPAB068 (2017) in press. 

[5] A .I. Wawrzyniak, A. Kisiel et al.: ñPerformance of Solaris storage ringò Proc. of IPAC2017 WEOCA1 (2017) in press.
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L-16  Thursday, 07.09., 1200 ï 1230 
 

Angle-resolved Photoelectron Spectroscopy  

at National Center for Synchrotron Radiation 

SOLARIS 
 

Jacek Koğodziej1*  
 
1Uniwersytet JagielloŒski,  

Wydziağ Fizyki Astronomii i Informatyki Stosowanej 

ul Ğojasiewicza 11, 30-348 Kraków, Poland 

 

*e-mail: jj.kolodziej@uj.edu.pl 

 

The research technique of Angle-Resolved Photo-electron 

Spectroscopy (ARPES) enables experimental 

determination of the allowed quantum states space for 

electrons, in solid state. The results provided by the 

technique are interpreted in general one-electron 

framework, however, at the second look many-body 

effects are revealed as well. Many recent scientific key 

results, concerning for example: high temperature 

superconductors, topological matter, graphene, have been 

obtained using ARPES. With reference to that the 

meaning of ARPES for advances in contemporary physics 

and technology is widely recognized. In SOLARIS an 

undulator based experimental line for the Angle-Resolved 

Photoelectron Spectroscopy has been constructed as one 

of the first. The line is called UARPES (after Ultra 

ARPES). 

In this presentation the construction of the UARPES 

beamline as well as the available research opportunities 

will be presented and discussed. Also, there will be 

discussed the fundamentals of generation of synchrotron 

radiation beams in undulators and benefits of using such 

beams as an excitation for ARPES. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

L-17 Thursday, 07.09., 1230 ï 1300 
 
 

Status and first results of the PEEM/XAS 

beamline commissioning process 
 

Marcin ZajŃc1*, Tomasz Giela2, Józef Korecki2,3, Marcin 

Sikora4, Marek J. Stankiewicz1, Adriana I. Wawrzyniak1 
 
1National Synchrotron Radiation Centre SOLARIS, 

Jagiellonian University, ul. Czerwone Maki 98,  

30-392 Kraków, Poland 
2Faculty of Physics and Applied Computer Science,  

AGH University of Science and Technology  

Al. Mickiewicza 30, 30-059 Kraków, Poland 
3Jerzy Haber Institute of Catalysis and Surface Chemistry, 

Polish Academy of Sciences 

Ul. Niezapominajek 8, 30-239 Kraków, Poland 
4Academic Centre for Materials and Nanotechnology,  

AGH University of Science and Technology 

Al. Mickiewicza 30, 30-059 Kraków, Poland 

 

*e-mail: mar.zajac@uj.edu.pl 

 

The PEEMXAS beamline has been optimized for the soft 

X-ray photn energy range (200-2000 eV) with the bending 

magnet as a synchrotron radiation source. The chosen 

optical design based on the plane grating monochromator 

working in the collimated light (cPGM) has been adjusted 

by the Optical Group from Elettra. The cPGM is equipped 

with two gratings to obtain energy resolution (ȹE/E) in the 

order of 2.5x10-4 or better in the accessible energy range 

and available linear horizontal and elliptical polarization. 

Within the framework between Jagiellonian 

University and Jerzy Haber Institute of Catalysis and 

Surface Chemistry PAS, the Photoemission Electron 

Microscope will be the main end station of the beamline. 

Exchangeable with microscope we use separate chamber 

for X-ray absorption spectroscopy measurements. It will 

be dedicated to experiments in the field of biology, 

chemistry, catalysis, material science and physics. Both 

stations are composed of several vacuum chambers 

including dedicated chamber for sample preparation and 

characterization under UHV conditions. The dimensions 

of the focused photon beam at the sample place are 100ɛm 

(H) x 50ɛm (V).  

We summarize the commissioning phase of the front 

end components. The spatial stability of the source was 

characterized using the X-ray beam position monitors. 

Some small beam instabilities were discovered and 

preliminary feedback was implemented. This presentation 

reports on the PEEM/XAS beamline actual time schedule 

and the results of the first phase of the commissioning 

process. 
 

Acknowledgements: Authors would like to thank A. Bianco,  

E. Busetto and I. Cudin from Synchrotron Elettra, Trieste for 

beamline optical design optimization and support during design 

period and also J. Raabe from Swiss Light Source at Paul 

Scherrer Institute for help in solving of many technical aspects. 
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L-18 Thursday, 07.09., 1300 ï 1330 

 

Future beamlines at SOLARIS 
 

Jacek Szade1,2*  
 
1National Synchrotron Radiation Centre SOLARIS, 

Jagiellonian University 

Ul. Czerwone Maki 98, 30-392 Kraków, Poland 
2University of Silesia 

Uniwersytecka 4, 40-007 Katowice, Poland 

 
*e-mail: jacek.szade@uj.edu.pl 

 

The plans of the development of Polish synchrotron 

SOLARIS in the incoming years are presented. Besides 

two existing beamlines, two next ones have been financed. 

One of them is PHELIX which will be based on radiation 

from the EPU type undulator in the energy range 50-1500 

eV and with variable polarization. The collimated PGM 

monochromatization will be based on three gratings 

giving the resolving power better than 104 and flux density 

at the sample of 1011photons/s/0.1BW. The techniques 

available at the endstation will be photoelectron 

spectroscopy in the angle integrated, angle resolved 

modes and in the spin resolved mode. Additionally x-ray 

absorption measurements in the TEY and TFY modes will 

be possible. Research opportunities available at PHELIX 

will be presented. 

The XMCD beamline which is based on the former 

I1011 transferred from Maxlab. Their reinstallation at 

SOLARIS will require a necessary upgrade. The beamline 

is using radiation from the EPU undulator in the energy 

range 100-2000 eV. It will provide radiation for one of 

three endstations devoted to studies of materials with the 

use of x-ray magnetic dichroism.  

The plans for the development of next beamlines will 

be also presented. 

 

 

 

O-01 Monday, 04.09., 1055 ï 1115 
 

A test linear accelerator for FEL development 

 
Robert Nietubyĺ1*  
 

1Narodowe Centrum BadaŒ JŃdrowych, świerk  

Soltana 7, 05-400 Otwock, Poland 

 
*e-mail: robert.nietubyc@ncbj.gov.pl 

 

A concept of electron linac has been developed at NCBJ 

consisted of all-superconducting electron injector, Tesla-

like accelerating section and plane, tunable gap undulator. 

The primary scientific case are the injector optimization, 

RF field and beam characterization while continues wave 

operation, dedicated for FEL development. THz-IR 

ranged electromagnetic radiation will be delivered to the 

experimental station. 

 

 

O-02 Monday, 04.09., 1245 ï 1305 
 

Quantum X-ray lasers pumped by XFEL 

radiation 
 

Karol Adam Janulewicz1*  
 

1Institute of Optoelectronics, Military University of Technology 
gen. S. Kaliski 2, 00-908 Warsaw, Poland 
 

*e-mail: karol.janulewicz@wat.edu.pl 
 

Success of the Linac Coherent Light Source (LCLS) 

proved that advent of the X-ray free electron lasers 

changed in some way the paradigm of the important 

research directions. Plasma X-ray lasers dominated 

unchallenged the field of short-wavelength generation 

until the FLASH facility began deliver the first photons. 

What is the relation between the both types of the short-

wavelength sources? Is any chance for cohabitation? To 

answer these questions the output beam quality of both 

types of sources will be analysed in detail. The output 

parameters such as coherence and polarisation will be 

related to the mechanisms underlying the emission 

process. Finally, it will be shown the possible solution 

joining both system in a one where XFEL would be used 

as unprecedented pumping source initiating quantum 

excitation of the electronic system and forcing it to 

generate as a quantum X-ray laser conserving the best 

features of the pump and improving its biggest deficits, 

e.g. poor longitudinal coherence. The fundamental 

processes of such an interaction between hard X-rays and 

matter will be discussed in categories of the nonlinear 

spectroscopy, stimulated emission, saturation and medium 

kinetics. The first such a system has been realised at LCLS 

in 2011 using neon as the active medium and the result 

was reported in [1]. This inner-shell X-ray laser was 

realisation of the old proposal from 1967 [2], that has not 

be demonstrated in plasma in spite of major efforts. 

Further development of this pumping method will be 

surveyed and the potential research direction will be 

sketched. Here, solid targets are considered as the most 

promising while the hitherto attempts were focused on 

gases and solutions. A sketch of the proposed experiment 

is shown in Fig.1. 

 
Figure 1. Arrangement of the quantum X-ray laser. 

___________________________________________________ 

[1] N. Rohringer, D. Ryan, R. A. London, M. Purvis, F. Albert,  

J. Dunn, J. D. Bozek, C. Bostedt, A. Graf, R. Hill, S. P. Hau-Riege,  

J. J. Rocca: Nature 481 (2012) 488. 
[2] M. A. Duguay, G. P. Rentzepis: Appl. Phys. Lett. 10 (1967) 350.
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O-03 Monday, 04.09., 1305 ï 1325 
 

Micro - X-Ray fluorescence spectrometer with  

X-ray single bounce gold capillary optics for 

light element analysis 

 
Robert Mroczka1* Grzegorz ŧukociŒski1, Rafağ Ğopucki1 
 

1Katolicki Uniwersytet Lubelski Jana Pawğa II, 

Interdyscyplinarne Centrum BadaŒ Naukowych,  

Laboratorium Optyki Rentgenowskiej 

Konstantynów 1, 20-708 Lublin, Poland 

 

*e-mail: mroczka@kul.pl  

 

In the last 20 years rapid development of X-ray optics was 

found application in micro X-ray fluorescence 

spectrometry (micro-XRF) and has become a powerful 

tool to determine the spatial distribution of major, minor 

and trace elements within a sample. Micro-X-ray 

þuorescence (micro-XRF) spectrometers for light element 

analysis (6 Ò Z Ò 14) using glass polycapillary optics are 

usually designed and applied to confocal geometry. The 

first capillary focuses the primary beam on the sample; the 

second restricts the field of view of the detector. In order 

to be able to analyze a wider range of elements especially 

with (6 Ò Z Ò 14), both sample and detector are operated 

under vacuum. Depth resolution varies between 100 ɛm at 

1 keV þuorescence energy (Na-KŬ) and 30 ɛm for 17.5 

keV (Mo-KŬ) [1,2]. In order to improve lateral and depth 

resolution, our group designed similar spectrometer (in 

cooperation with PREVAC) but instead of primary 

polycapillary optics we applied single bounce metallic 

capillaries optics, designed, manufactured. For single 

bounce capillaries the second capillary normally mounted 

in the front of detector is not needed. As a source, X-ray 

tube with microspot (40µm) was applied, similar as it was 

used in other spectrometer [1]. Our spectrometer was 

installed on December 2015 in our Laboratory. 

Single bounce gold capillaries with elliptic internal shape 

have recently been redesigned and developed in our 

Laboratory. Surface roughness internal reflectivity layer 

was reduced up to 0.3 nm and slope error to ~ 0.05 mrad. 

Because capillaries are produced by electroforming 

method, X-ray reflectivity internal layer is not only limited 

to gold but other metals and multilayers are also possible. 

The spectrometer equipped with gold capillaries offers the 

possibility of elemental analysis with better lateral and 

depth resolution than is offered by glass polycapillaries at 

energies 9 keV (Cu, Kalpha) and 17.4 keV (Mo, K,alpha). 

To further extend analytical capabilities of single bounce 

metallic capillaries, we will present a design of a micro-

XRF spectrometer using synchrotron radiation (SR). 

Capillaries with parabolic shape will be applied in order to 

focus SR and can be considered as a X-ray optics element 

for micro-XRF line of our Synchrotron SOLARIS . 

Furthermore, we will compare the capabilities and 

limitations of this spectrometer with others, that use 

laboratory and/or synchrotron sources.

 

 

 
 

Figure 1. X-ray capillary optics setup. 

 
Acknowledgements: This work was supported and co-funded by the European Union as part of the Operational Programme 

Development of Eastern Poland for 2007ï2013, Priority I Innovative Economy, Measure I.3. Support for Innovations and The National 

Centre for Research and Development, Project no. TANGO1,267102/NCBR/2015. 

___________________________________________________________________________________________________________ 

[1] S. Smolek, B.Pemmer, M. Folser, C. Streli, P. Wobrauschek: Review of Scientific Instruments 83 (2012) 083703. 

[2] S. Smolek , T. Nakazawa, A. Tabe, K. Nakano, K. Tsuji, C. Streli , P. Wobrauschek: X-ray spectrometry 43 (2014) 93.



KSUPS 2017: Abstracts / Extended abstracts / Synchrotron Radiation in Natural Science Vol. 16, No. 1-2 (2017) 

 

13 

 

O-04 Monday, 04.09., 1500 ï 1520 
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We would like to present our findings on electronic 

structure of cyclic ethers: ethylene oxide, 1,3-dioxane and 

1,3-dioxolane, which are important components of 

industrial production of solvents, stabilisers, plastics and 

larger organic molecules, like glycols, for household use. 

For example, ethylene oxide, the simplest one, can also be 

used as disinfectant in hospitals. Thus, throughout human 

actions they may play a role in the greenhouse effect. 

We measured high resolution photoelectron spectra 

(Fig. 1) of the abovementioned cyclic ethers in order to 

derive their ionisation potentials, which in turn may be 

used to identify Rydberg states in VUV photoabsorption 

spectra that were also obtained (Fig. 2). With assistance of 

the state-of-the-art ab initio calculations we were also able 

to determine the valence transitions observed in the 

spectra. From the photoabsorption spectrum, the 

photolysis rates were determined in order to assess the 

probability of this mechanism being a key one for the 

removal of such molecules from the atmosphere. To date 

there is remarkably little data on the electronic states of 

these compounds. 

 
Figure 1. Photoelectron spectra of chosen ethers. 

 
Figure 2. Photoabsorption spectra of chosen ethers. 

 
Acknowledgements: The authors wish to acknowledge the 
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supported by the Canada Foundation for Innovation, Natural 

Sciences and Engineering Research Council of Canada, the 

University of Saskatchewan, the Government of Saskatchewan, 

Western Economic Diversification Canada, the National 

Research Council Canada, and the Canadian Institutes of Health 
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Synchrotron radiation being the most effective light 

source gives rise to significant developments in 

spectroscopic techniques, which probe the electronic 

structure and decomposition mechanisms of molecules. In 

particular the near edge x-ray absorption fine structure 

spectroscopy (NEXAFS) provides detailed information 

about presence of specific bonds and interactions in 

molecules. 

In the present work we have used the soft x-ray 

excitation combined with techniques of pulsed field 

ionization and ion time-of-flight (TOF) spectrometry to 

investigate the gas-phase C1s, N1s and O1s excitation 

spectra of isoxazole molecules as well as a new class of 

mechanism of the photon-induced fragmentation, namely 

photoelectron recapture into the high-Rydberg (HR) 

states. The experiments were carried out at the Gas Phase 

Photoemission beamline at the Elettra synchrotron 

radiation facility exploiting the TOF mass spectrometer 

that was modified for pulsed field ionization 

measurements [1, 2]. This experimental set-up allows 

measurements of the total ion yield (TIY) and neutral HR 

fragments yield (HRY) without mass resolution. The same 

experimental setup can also be used for identification of 

the fragmentation products, by measuring the mass spectra 

of the HR fragments as well as the photoelectron-photoion 

coincidence maps (PEPICO). All of these spectra are 

necessary to elucidate the processes underlying the 

production of the neutral fragments being in the high-

Rydberg orbitals. 

The NEXAFS spectra of isoxazole were measured 

using the total ion yield method and were interpreted by 

means of time dependent density functional theory 

(TDDFT) calculations. Example patterns of experimental 

and theoretical (TDDFT SRC2-BLYP) C 1s NEXAFS 

spectra of isoxazole is shown in Figure 1. The most 

prominent transitions are indicated. Then, the production 

of neutral HR fragments after C1s, N1s and O1s inner-

shell excitations/ionization and fragmentation of isoxazole 

was studied. 

 
Figure 1. Experimental and theoretical C 1s NEXAFS spectra. 

 

Figure 2 compares the total ion yield spectrum of 

isoxazole measured near the C1s edge without field 

ionization with the total yield of HR fragments (and 

energetic photons) obtained after applying field 

ionization.  

 
Figure 2. The TIY in comparison with the HRY at the C1s edge. 

 

The HR spectrum resembles that of the TIY up to about 

291 eV. However, near the C1s ionization thresholds a 

strong band arises, not observed in the TIY spectrum. The 

band is attributed to the production of neutral fragments in 

the HR states, that may be formed by recapture processes 

where photoelectrons are pushed back to be bound on the 

HR orbitals of the parent molecular ions after Auger decay 

[1, 2]. In order to identify particular neutral fragments in 

the HR states, a pulsed electric field was used to ionize 

them and resulting ions were mass-analyzed with an ion 

time-of-flight spectrometer. 

 
Acknowledgements: This work was performed during the 
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Photoionized plasmas are common in Space where either 

X-ray or extreme ultraviolet (EUV) radiation is produced 

by different kinds of astrophysical objects and can 

propagate over long distances. Such plasmas are not 

encountered in normal conditions on Earth due to strong 

absorption of ionizing photons in atmosphere. 

Photoionized plasmas can be produced in laboratory 

conditions using intense EUV or X-ray radiation pulses. 

They can be utilized for scientific experiments, including 

laboratory astrophysics or astrochemistry, or can be 

employed for investigations concerning some 

technological processes. 

In this work investigations of photoionized plasmas 

were performed using laser-produced plasma (LPP) EUV 

or soft X-ray (SXR) sources with various parameters. The 

sources were based on three different laser systems with 

pulse energies ranging from 0.8 J to 500J and pulse 

duration 0.2 ÷ 10 ns. Laser plasmas were produced by 

irradiation of double stream gas puff targets with Xe or 

Kr/Xe mixture as the working gas. In case of using the 

high power laser pulses (PALS, Prague) intense SXR 

pulses were produced. In case of using lasers of low 

energy, up to 10 J, emission in EUV range dominated the 

plasma radiation. The EUV radiation was focused using 

grazing incidence collectors based on multifoil, ellipsoidal 

or paraboloidal mirrors optimized for specific wavelength 

ranges. Photoionized plasmas were produced by the 

focused EUV radiation. Concerning the SXR radiation, 

gases to be ionized were injected and irradiated in the 

vicinity of the laser plasma or the radiation was focused 

onto the gas stream using the paraboloidal collector. 

Gases to be irradiated, were injected into the 

interaction region, perpendicularly to an optical axis of the 

irradiation system, using an auxiliary gas puff valve. 

Photoionized plasmas were created in different gases 

either atomic (noble) or molecular. In all cases photon 

energies of the driving photons exceeded binding energies 

of outermost electrons. In case of the LPP EUV sources 

photon energies at spectral maximum were at the level of 

100 eV. Energies of the SXR photons exceeded 1 keV. 

Taking into account that the highest ionization energy in 

case of a neutral gas is 24.6 eV (helium) photoionization 

events resulted in releasing of photoelectrons with 

energies sufficiently high for further ionization or 

excitation processes. It should be pointed out that energies 

of either EUV/SXR photons or photoelectrons were 

sufficiently high not only for ionization of atoms or 

molecules but also ions. This way photoionized plasmas 

containing multiple charged ions could be created. 

Spectra in SXR/EUV range were measured using a 

grazing incidence, flat-field spectrograph equipped with a 

450 lines/mm toroidal grating and a home made 

spectrograph based on free standing transmission grating 

5000l/mm. The UV/VIS spectra were measured using an 

Echelle Spectra Analyzer ESA 4000. The spectra were 

composed of spectral lines corresponding to radiative 

transitions in atoms, molecules, atomic or molecular ions. 

For analysis of the EUV spectra numerical simulations 

were performed, using a collisional-radiative 

PrismSPECT code. Parameters of the photoionized 

plasmas were estimated by fitting the spectrum obtained 

from the simulations to the experimental one. For 

computer simulations of the molecular spectra measured 

in the UV/VIS range a LIFBASE code was employed. 

Apart from that, the electron temperatures were estimated 

by a Boltzmann plot method. 
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Graphene is a material that has unique properties allowing 

for the movement of charge carriers at very high speeds. 

Moreover, spinlabeled charge carriers can travel in 

graphene with distances comparable to those encountered 

in superconductors. This makes graphene an interesting 

system for applications in spintronics. Unfortunately, the 

use of graphene in electronics and spintronics is limited 

due to the fact that this material does not have an energy 

gap. However, the combination of graphene with 

transition metal dichalcogenides (TMDC) and topological 

insulators can create a new class of materials called hybrid 

materials in which spin polarized charge carriers can be 

created and transported without scattering. This types of 

modern hybrid materials would help in the future to 

develop the next generation of computer systems. 

We start from the basic physics of graphene, TMDCs, 

topological insulator and foundation of hybrid systems. In 

the central part of presentation we will show application 

of angle resolved photoemission spectroscopy (ARPES) 

with combination of scanning tunnelling microscopy and 

spectroscopy (STM/STS/CITS) techniques in studies of 

growth of graphene on SiC(0001) and Ge(001) substrates, 

charge density modulation in TaS2 which is example of 

TMDC and electronic structure of topological insulator. 

We show ARPES results collected by standard laboratory 

source of light and preliminary results collected in 

UARPES beamline at SOLARIS facility. Especially, we 

focus on correlation of E(k) data obtained by ARPES with 

local density of states function LDOS(x,y,E) collected by 

STS/CITS. The obtained results will be discussed in the 

frame of DFT calculations performed using QUANTUM 

ESPRESSO code utilizing plane wave basis set and 

Projector Augmented Wave method. The representative 

set of data collected for TaS2 is presented in Fig.1. They 

show (from left to right) 50 nm x 50 nm STM topography 

of TaS2, LDOS profile measured by STS, spatial  

 

distribution of LDOS measured by CITS and ARPES data 

together with DFT calculation of band structure for TaS2. 

 

Figure 1.  Representative data for TaS2. 
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One of the main goals of materials science is to design 

materials with desired/required properties: mechanical, 

electrical, magnetic, optical, thermal and/or chemical. 

Besides simply having such properties, these materials 

need to be stable under conditions that they will normally 

encounter. Surfaces/interfaces play an important role in 

stability of the materials and, of course, affect the 

properties of underlying solid [1]. That is why 

surface/interface analysis with the ability to distinguish 

the findings from the ones from underlying solid, is not 

just one of the important studies, but is a necessity. Recent 

advancements on most of the frontiers of material science 

are noted in surface science as well. Refined instruments, 

detailed modelling, and deep and correct understanding of 

all processes have led to a situation where techniques, such 

as standard Photoelectron Spectroscopy as well as 

Resonant Photoelectron Spectroscopy, are successfully 

used on extremely complex structures. 

This talk will present the results of X-ray 

Photoelectron Spectroscopy (XPS) and Resonant 

Photoelectron Spectroscopy (RPES) studies used to 

characterize surface/interface in two systems: Co/MgO 

with/without gold interlayer and ZnO:Yb, where both a 

laboratory spectrometer and synchrotron radiation facility 

were used. 
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The question that our research aims to answer is the source 

of activity of heterogeneous catalysts based on 

nanocrystalline gold (Au). If appropriately synthesised, 

they exhibit particularly interesting chemical properties 

under milder reaction conditions than other comparable 

catalytic systems. In order to explain the extraordinary 

catalytic properties and to study the mechanism of how 

gold catalysts work, several techniques are employed, all 

of which were adopted for in-situmeasurements: 

1) NPD (Nanocrystalline Powder Diffraction),  

a customised technique based on PXRD (Powder X-Ray 

Diffraction) coupled with MS (Mass Spectrometry) or 

both MS and XAS (X-Ray Absorption Spectroscopy), 

2) EM (Electron Microscopy, particularly in-situ TEM  

ï Transmission EM and ESEM ï Environmental 

Scanning EM), 

3) atomistic simulations. 

We suggest that the experimentally observed catalytic 

properties of gold result from cyclic changes of the 

nanocrystalsô surface structure, which occur due to 

interactions of the surface with adsorbing species. 

Examination of this process and precise description of the 

conditions, in which it happens, are crucial for 

fundamental understanding of the real source of catalytic 

activity of nanocrystalline gold. 

It can be clearly seen after the analysis of the series of 

powder diffraction patterns, correlated with the on-line 

monitored reaction yield, that the crystal structures of both 

gold and the support (ceria, CeO2) change dynamically 

with the varying reaction environment (see Fig. 1). 

Structure modifications are represented by the shift of 

reflectionsô positions and alteration of their shape. At first 

these phenomena are rather difficult to be interpreted 

properly. Here come the new interpretation methods 

developed along with the NPD technique. First, it is 

possible to fit the experimental data with a predicted 

pattern calculated via Debye summation formula [1] on 

the basis of an optimised atomic model of the nanocrystal. 

Next newly discovered option is to express the diffraction 

pattern changes in terms of evolving atomic columnsô 

length distributions (CLD, [2]). We propose in [2] a 

complete method for CLD calculation based on a single 

reflection coming from a nanocrystalline strain-free metal. 

Its most valuable advantages are: 

a) the assessment of the real background level with respect 

to a physical criterion, which is the positivity of the CLD, 

b) the full procedure describing how to fit the peak profile 

with Voigt functions (see Fig. 2) and how to use them for 

calculation the CLD utilising the Warren-Averbach 

analysis method. 

 

 
 

Figure 1. The set of graphs presenting the most recent results of 

investigation of the 10% Au/CeO[sub]2[/sub] catalyst. The 

catalyst was exposed subsequently to helium, mixture of carbon 

monoxide and oxygen (reagents for stoichiometric CO oxidation 

reaction; volume ratio = 2 : 1), mixture of carbon monoxide, 

oxygen and hydrogen (reagents for PROX reaction, volume ratio 

= 2 : 1 : 4) and helium again (for reference purposes). All of the 

data are plotted as a function of measurement time normalised to 

the time required for one diffraction pattern acquisition. The 

upper graph presents the changes of Half Width at Half 

Maximum (HWHM) of the gold (111) and (220) diffraction 

peaks. The middle graph presents the change of the positions of 

selected diffraction peaks ï (111) reflection of ceria, (111) and 

(220) reflections of gold. The bottom graph shows the results of 

the mass spectrometry analysis of the gas outlet stream leaving 

the reaction chamber. 
 

Following the evolution of CLD allows to track the 

anisotropic shape changes of the crystals while taking into 

consideration the crystal size distribution (see Fig. 3). This 

is a priceless structural information about the behaviour of 

the catalyst under reaction conditions. 

Furthermore, the NPD technique is capable of 

discovering the formation of new crystal phases and 

structure reconstruction that the gold catalyst may undergo 

in operando conditions (see Fig. 4). Such an important 

evidence helps to resolve the possible active or inactive 

states of the gold catalyst. 

Although PXRD measurements provide plentiful 

information about the studied system, it is always an 

averaged view over the whole sample, all crystals and 

atoms building them. As it is the surface which is the most 

interesting part of the active gold catalyst, the additional 

ability to distinguish the surface from the interior of the 

gold crystals is considered to be vital. The incorporation 

of XAS arises a new opportunity to differentiate between 

the atoms located inside the crystalôs structure and those, 
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that take part in interactions of the crystalôs surface with 

the environment.  

 

 
 

Figure 2. 220 diffraction peaks for the 20%Au/C catalyst 

exposed to the atmosphere of helium, oxygen and hydrogen 

fitted by 2 (He, O2) or 3 (H2) Voigt functions (dashed lines). 

Insert: Apparent Lattice Parameter [3] calculated from the Voigt 

profiles as function of mean crystals size according to Scherrer 

formula. 
 

 
 

Figure 3. The Column Length Distribution (CLD) calculated 

with our new method [2] in case of the 20% Au/C catalyst 

exposed to helium, hydrogen and oxygen atmosphere (solid 

lines), compared with the Pielaszek method (FW(1/5-4/5)M, 

dashed lines, [4]) and TEM crystals size distribution (CSD) 

analysis results recalculated to CLD (red and black solid lines. 

For details, please refer to [2]. 
 

The atoms lying closest to the crystalôs surface change 

dynamically their energy and electron state according to 

adsorption and desorption of reagents and reaction 

product. The differences of states are then reflected in the 

XAS spectrum. In addition, the smaller are the gold 

crystals, the bigger is the surface to volume ratio and the 

more visible are the differences between the subsequent 

XAS spectra. Thus, XAS coupled with PXRD and MS 

serves its powerful capabilities for thorough investigation 

of heterogeneous gold catalysts offering simultaneously 

new complementary structural data under operando 

reaction conditions. 

Combining the results obtained with PXRD, MS and 

XAS it is possible to develop the catalyst model and to 

deduce the way how the catalyst works. With the aid of 

EM the model can be verified through in-situ structure 

studies with atomic resolution.  

 
 

Figure 4. Diffraction patterns collected in the atmosphere of 

helium and after the PROX reaction showing new diffraction 

peaks corresponding to formation of a possibly new 

crystallographic phase during the PROX reaction which slowly 

leads towards deactivation of the catalyst. 
 

The structure evolution is recorded in a series of high 

resolution images which show the projection of the crystal 

lattice along a chosen crystallographic direction. 

It becomes possible to see directly the distortion of the 

catalystôs crystalsô lattices and the ALP (Apparent Lattice 

Parameter, [3]) distribution throughout the crystalsô 

volume. Such a deep insight into the catalyst structure 

enable even the assessment of the thermodynamics of the 

reaction taking place on the gold surface, which was not 

possible before. 

To conclude, the research introduced here combines 

uniquely the in-laboratory studies with synchrotron 

measurements and electromicroscopy investigation 

creating possibly the most complete image of the working 

catalyst explaining its crucial properties on fundamental 

level. 
 

 
Figure 5. Raw XAS spectra acquired for the 10%Au/CeO2 

catalyst in different gaseous atmospheres. 
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