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Dear Readers,

On behalf of the Editorial Team, it is my pleasure to deliver the next issue of Synchrotron Radiation in
Natural Science. Since the year 2002 Polish Synchrotron Radiation Society publishes the journal with
content covering recent developments in instrumentation related to synchrotron radiation and X-ray
Free Electron Laser sources. It also provides a forum for reporting the most recent achievements in
fundamental and applied research, such as novel applications in physics, chemistry, materials science,
biology, and medicine.

The release of the recent issue aims at enhancing the platform for knowledge exchange within Polish as
well as the international scientific community. In the present issue, we report on the initiative “Light for
Ukraine”, on the opportunities to access X-ray Free Electron Laser in Hamburg and the European
Synchrotron On behalf of the Editorial Team, it is my pleasure to deliver the next issue of Synchrotron
Radiation in Natural Science. Since the year 2002 Polish Synchrotron Radiation Society publishes the
journal with content covering recent developments in instrumentation related to synchrotron radiation
and X-ray Free Electron Laser sources. It also provides a forum for reporting the most recent achieve-
ments in fundamental and applied research, such as novel applications in physics, chemistry, materials
science, biology, and medicine.

On behalf of Editorial Team,
Jakub Szlachetko

Director of the SOLARIS
National Synchrotron
Radiation Centre
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Light for Ukraine - synchrotron online
workshop at SOLARIS

Jakub Szlachetko

SOLARIS National Synchrotron Radiation Centre

synchrotron workshop
at SOLARIS

23-24th February 2023

Ukraine i

Figure 1. The meeting Light for Ukraine was attended by almost 250 people, of which over 170 people represented the Ukrainian
scientific community.

Since February 2022, with the invasion of Russia in Ukraine, the activity of the scientific society in Ukraine
has been heavily impacted, limiting the realization of research projects on both national and internatio-
nal levels. The European and Intercontinental scientific community is making numerous efforts to
support Ukrainian researchers’ projects at home and in exile.

In light of the current situation, the League of European Accelerator Based-Photon Sources - LEAPS -
initiated dedicated activities to support Ukrainian researchers performing their projects using Synchro-
trons and Free Electron Lasers. During the LEAPS Plenary Meeting held at Paul Scherrer Institute (Villigen,
Switzerland) on 26-28 October 2022, LEAPS Board expressed a strong desire to support Ukrainian scienti-
fic efforts and designated SOLARIS National Synchrotron Radiation Centre as a coordinating facility to
implement and supervise the activities aiming at consolidation and strengthening of the Ukrainian users’
community.

In this context, SOLARIS National Synchrotron Radiation Centre in Krakow, together with the National
Academy of Sciences of Ukraine, was organizing a meeting called “Light for Ukraine - synchrotron
workshop at SOLARIS” which was held on 23-24th February 2023 as an online event. The workshop
aimed to establish scientific collaboration, exchange concepts of future developments, and discuss rese-
arch areas that can be supported and reinforced within LEAPS-Ukraine cooperation. The agenda of the
meeting covered presentations of SOLARIS scientists describing the facility's capabilities and presenta-
tions of Ukrainian researchers on scientific areas of interest.

The workshop was met with great interest, not only by scientists from Ukraine, but also by researchers
from all over the world. The huge support of the boards of many centers of the third and fourth genera-
tion of light sources exceeded our wildest expectations. It is worth noting that the meeting was attended
by almost 250 people, of which over 170 people represented the Ukrainian scientific community. The
meeting received wide coverage in the international community, and the SOLARIS Center receives
expressions of appreciation and proposals of support for the initiative undertaken so far.

This event and the presentations of representatives of the Ukrainian side, including in particular the
president of the Ukrainian Academy of Sciences, made the international scientific community aware of
how great losses scientists in Ukraine suffer, not only in terms of limited access to research centers and
opportunities for international exchange, but also in the area of scientific infrastructure. During the
meeting, we saw photos of the building and apparatus infrastructure, destroyed by bombing and the
activities of the Russian occupation, belonging to both the Academy of Sciences and many other institu-
tes and universities. At the same time, the scientific community presented very unique, world-class rese-
arch results in the field of materials, new technologies, advanced computational methods and research
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in the field of biomedicine, thus initiating extensive discussions on the challenges of modern science.

As part of the meeting and panel discussions, an initiative to build a dedicated beamline at National
Synchrotron Radiation Facility in Krakow that will support consolidation of the Ukrainian society around
photon-based research and can open a new chapter in the cooperation of our research communities. It

is worth noting that several synchrotron centers expressed their will to support infrastructural and consi-
der the possibility of co-financing a dedicated research beamline at the SOLARIS center.

Europejski Rentgenowski Laser na Swobodnych
Elektronach - nowe perspektywy dla przetomowych
badan rentgenowskich

Ryszard Sobierajski', Wojciech Gawetda?, Katarzyna Jarzembska3, Radostaw
Kaminski3, Maciej Kozak?, Jacek Kubicki?, Dagmara Milewska*

1 Instytut Fizyki Polska Akademia Nauk

2 Uniwersytet im. Adama Mickiewicza w Poznaniu
3 Uniwersytet Warszawski

4 Narodowe Centrum Badan Jadrowych

Laboratorium Europejskiego Rentgenowskiego Lasera na Swobodnych Elektronach (ang. EUXFEL) jest
jednym z najwiekszych projektéw naukowych realizowanych obecnie na Swiecie i zostato zaliczone przez
Europejskie Strategiczne Forum ds. Infrastruktury Badawczej (ESFRI, https://www.esfri.eu/) do gtéwnych
urzgdzen badawczych Europy. Unikatowe mozliwosci badawcze EuXFEL przyciggajg najlepszych naukow-
cOw z catego Swiata i sprzyjajg realizacji ambitnych wyzwan naukowych. Badania prowadzone w EuXFEL
przyczyniajg sie do powstania nowej wiedzy w wielu dyscyplinach nauki i technologii wptywajacych na
nasze codzienne zycie, m.in. w medycynie, farmakologii, chemii, materiatoznawstwie, nanotechnologii,
energetyce i elektronice.

Naukowcom realizujgcym badania w EuXFEL udostepnionych zostato aktualnie siedem nowoczesnych
instrumentéw naukowych nazywanych stacjami badawczymi (ponizsze informacje zaczerpnieto m.in. ze
strony www.xfel.eu, gdzie znalez¢ mozna wiecej szczegotdw). Kazda ze stacji jest dedykowana specyficz-
nej tematyce badawczej i okreslonemu typowi eksperymentdw. Stacje badawcze EuXFEL sg na state przy-
pisane do trzech zZrédet promieniowania XFEL o odmiennych parametrach definiujgcych trzy linie ekspe-
rymentalne (beamlines): SASE1 i SASE2 dziatajgce w zakresie twardego promieniowania rentgenowskie-
go (o energiach fotonéw od 3 do 25 keV) oraz SASE 3 przeznaczone do generacji miekkiego promieniowa-
nia rentgenowskiego w zakresie od 260 eV do 3000 eV.

Linia eksperymentalna SASE1 zawiera dwie stacje badawcze: SPB/SFX (Single Particles, clusters and
Biomolecules/Serial Femtosecond Crystallography) i FXE (Femtosecond X-ray Experiments). Pierwsza
z nich przeznaczona jest do badan strukturalnym bioczgsteczek, takich jak pojedyncze biomolekuty,
kapsydy wirusow, fragmenty komoérek i tkanek, lub mikroorganizmy. Ponadto wykonywane sg réwniez
badania bardziej podstawowych uktaddw, o duzym znaczeniu dla materiatoznawstwa, takich jak nano-
krysztaty i klastry atomowe. Aparatura naukowa dostepna w stacji SPB/SFX pozwala na analize dwu-
i trojwymiarowych struktur pojedynczych czgsteczek w fazie gazowej oraz skondensowanej. Mozliwe jest
np. rejestrowanie spojnych obrazow dyfrakcyjnych skomplikowanych uktadéw biologicznych, np. makro-
czg steczek biatek, z wysokg rozdzielczoscig przestrzenng (< 1 nm) konieczng do uzyskania petnej infor-
macji strukturalnej, niezbednej do doktadnego poznania i zrozumienia ich funkcji biologicznej. W drugiej
stacji badawczej, FXE, naukowcy skupiajg swojg uwage na czasowo-rozdzielczych badaniach ultraszyb-
kich procesow fizyko-chemicznych zachodzacych w fazie ciektej lub skondensowanej. Tematyka badaw-
cza FXE zwigzana jest z dynamika reakcji fotochemicznych i przejs¢ fazowych w zakresie femto- i pikose-
kundowym oraz ze stanami materii charakteryzujgcymi sie krétkimi czasami zycia. Jednoczesne uzycie
laseréw optycznego i rentgenowskiego w uktadzie pompa-sonda (pump-probe) pozwala na rejestracje
ultraszybkiej dynamiki zjawisk zachodzgcych w badanym uktadzie jako ,filméw molekularnych” obrazu-
jacych m.in. przebiegajgce reakcje chemiczne lub przejscia fazowe.
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Rysunek 2. Propagacja wigzki promieniowania rentgenowskiego, generowanej przez European XFEL, w powietrzu powoduje joniza-
cje czasteczek azotu i w konsekwencji ich niebieskg fluorescencje. Podobnemu efektowi zawdzieczamy niebieskg barwe z6rz
polarnych (ich dominujacy zielony kolor pochodzi od fluorescencji tlenu). Pomimo tego, ze emitowana wigzka promieniowania
rentgenowskiego jest niezwykle intensywna, indukowane ,$wiecenie” czasteczek azotu jest nadal bardzo stabe i wymaga dtugiego
czasu ekspozycji aparatu fotograficznego.

Zrédfo: Copyright: European XFEL / Jan Hosan

Linia eksperymentalna SASE2 zawiera kolejne dwie stacje badawcze pracujgce w zakresie twardego
promieniowania X: MID (Materials Imaging and Dynamics) i HED (High Energy Density). Stacja MID jest
zoptymalizowana do prowadzenia eksperymentéw w dziedzinie fizyki i chemii materiatowej oraz nano-
technologii. Z kolei stacja HED oferuje naukowcom wyjgtkowe mozliwosci wykonywania doswiadczen
przy uzyciu wigzek rentgenowskich, w celu badania ,egzotycznych” stanéw materii otrzymywanych
w ekstremalnych warunkach ci$nienia, temperatury, pola elektrycznego lub magnetycznego, generowa-
nych przy wykorzystaniu optycznych laseréw o bardzo wysokiej energii oraz impulsowych zrédet pol
magnetycznych. Wéréd mozliwych zastosowan naukowych wymienia sie m.in. badania nad stanami
materii obecnymi w planetach przystonecznych, nowymi fazami wysokocisnieniowymi materii waznymi
w kontekscie geofizyki, plazmami o wysokiej gestosci oraz przejsciami fazowymi w ztozonych ciatach
statych pod wptywem bardzo wysokiego pola magnetycznego. Szczegblng role odgrywajg tu procesy
nieliniowe i krotko-zyjgce stany przejsciowe materii, nieuchwytne dla innych narzedzi diagnostycznych.

Ostatnia z istniejgcych linii eksperymentalnych, SASE3, oferuje mozliwosci prowadzenia badan z wykorzy-
staniem miekkiego promieniowania X w trzech stacjach badawczych: SCS (Spectroscopy and Coherent
Scattering), SQS (Small Quantum Systems) i SXP (Soft X-ray Port). Pierwsza z nich umozliwia badania
struktury elektronowej i atomowej oraz dynamiki proceséw zachodzacych w nanomateriatach i miekkiej
materii skondensowanej oraz uktadach biologicznych o strukturze nieperiodycznej. Mozliwe jest zmie-
rzenie dwu- i tréjwymiarowej struktury materii miekkiej, materiatbw magnetycznych, nanoczasteczek
oraz komplekséw supramolekularnych i biomolekut z rozdzielczoscig przestrzenng rzedu 10 nm. Prowa-
dzone s3 tu badania dynamiki ultraszybkich proceséw magnetyzacji w nanomateriatach oraz struktur
elektronowych w ztozonych materiatach w fazie statej. W drugiej stacji badawczej na linii SASE3, SQS,
badane sg podstawowe mechanizmy oddziatywanh atomoéw, jondéw i klastréw atomowych z silnymi
polami elektromagnetycznymi. SQS umozliwia naukowcom z dziedzin fizyki atomowej i molekularnej
badanie nieliniowych proceséw indukowanych przez wigzki promieniowania rentgenowskiego. Gtbwnym




Chosrs

atutem stacji badawczej SXP jest czasowo-rozdzielcza rentgenowska spektroskopia fotoelektronowa,
ktéra pozwala m.in. na badania dynamiki proceséw zachodzacych na powierzchniach materiatéw
i w interfejsach (granicach faz). Umozliwia ona réwniez analize produktéw posrednich w katalizatorach
biologicznych i nieorganicznych, wykorzystywanych do aktywacji wigzah chemicznych za pomocg spek-
troskopii fluorescencyjnej. Innym ciekawym tematem badan realizowanych na stacji SXP i sg pomiary
wysoko natadowanych jonéw w dziedzinie astrofizyki.

Dostep do stacji badawczych EuXFEL uzyskiwany jest na podstawie konkurséw projektéw organizowa-
nych dla kazdego z instrumentdéw osobno. Podstawowym kryterium konkursowym jest jako$¢ propono-
wanych badan (tzw. doskonatos¢ naukowa). Konkursy majg charakter otwarty, sg skierowane do miedzy-
narodowej spotecznosci naukowej i stojg na najwyzszym, Swiatowym poziomie. W 2022 roku czas pomia-
rowy przyznano okoto 100 grupom badawczym (typowo ok. 60 godzin eksperymentalnych na grupe), co
stanowi okoto 30% ogolnej liczby ztozonych projektow. Warto podkresli¢, ze z uwagi na uczestnictwo
Polski w corocznych sktadkach na XFEL, polscy naukowcy majg zapewniony preferowany dostep do
czesci czasu pomiarowego (cho¢ w dalszym ciggu na drodze konkursowej).

Wsréd polskich uzytkownikdw juz realizujgcych ambitne programy naukowe zwigzane z wykorzystaniem
infrastruktury EuXFEL sg grupy badawcze z m.in.: Instytutu Fizyki PAN, Instytutu Fizyki Jagdrowej PAN,
Wydziatu Fizyki Politechniki Warszawskiej, Wydziatu Fizyki Uniwersytetu im. Adama Mickiewicza, Wydzia-
tu Chemii Uniwersytetu Warszawskiego, Akademii Gorniczo-Hutniczej w Krakowie, Wydziatu Fizyki
Uniwersytetu w Bialymstoku. Rownoczesnie naukowcy z 21 uczelni oraz instytucji naukowych i przemy-
stowych rozpoznajg potencjat naukowy zwigzany z tg infrastrukturg i planujg jej zastosowanie do
wiasnych badan. tgcznie polscy badacze zainteresowani wykorzystaniem EuXFEL reprezentujg 28 jedno-
stek, tworzacych konsorcjum naukowo-przemystowe XFEL-Polska. Jego cztonkowie, wspolnie przez wiele
lat podejmowali inicjatywy majgce na celu przygotowania polskiej kadry naukowej do petnego wykorzy-
stania nowych mozliwosci badawczych oferowanych przez EuXFEL. Zwiehczeniem tych dziatan w ostat-
nim czasie byto wystgpienie przez 4 jednostki naukowe (Narodowe Centrum Badan Jadrowych, Instytut
Fizyki PAN, Uniwersytet Warszawski oraz Uniwersytet im. Adama Mickiewicza w Poznaniu) z wnioskiem
do Ministerstwa Edukacji i Nauki w ramach programu ,Wsparcie udziatu polskich zespotéw naukowych
w miedzynarodowych projektach infrastruktury badawczej”. Wniosek ten zostat zaakceptowany i w dniu
22 grudnia 2022 zostata zawarta umowa o finansowaniu. Projekt jest zaplanowany na lata 2022-26, i ma
na celu nie tylko optacenie polskiej sktadki cztonkowskiej w EUXFEL (~2% rocznego budzetu) i zwigzane
z tym sprawowanie funkcji nadzorczych w organach EuXFEL, ale takze przygotowanie polskiej kadry
naukowej do petnego wykorzystania nowych mozliwosci badawczych oferowanych przez EuXFEL. Nie
jest to fatwe, poniewaz obok szerokich mozliwosci naukowych, badania z uzyciem EuXFEL wigza sie
z nowymi wyzwaniami, przed ktérymi stajg naukowcy. Ich przezwyciezenie wymaga duzego naktadu
pracy zwigzanej z zapoznaniem sie z najnowoczesniejszymi technikami doswiadczalnymi, metodami
akwizycji i analizy danych oraz modelowania teoretycznego. Nie jest bowiem mozliwe proste przeniesie-
nie doswiadczenia uzyskanego z wykorzystaniem uktadéw laboratoryjnych. Przydatne jest takze nawia-
zanie wspotpracy naukowej z liderami badan z uzyciem XFEL, zaréwno na Swiecie, jak i w Polsce.

Aby obnizy¢ wymagania stojgce przed nowymi uzytkownikami XFEL, w grancie MEiN zaplanowane zosta-
ty srodki finansowe na (bezposrednie) wsparcie polskich naukowcdw w przygotowaniu wysokiej jakosci
projektdéw naukowych i uzyskaniu czasu pomiarowego w EuXFEL. Obejmuje ono nastepujgce dziatania:

+ szkolenia w zakresie podstawowej wiedzy o zastosowaniach XFEL i uzywanych technik badawczych,
w tym kilkumiesieczne staze dla mtodych pracownikéw naukowych w instytucjach biorgcych udziat
w badaniach z uzyciem XFEL oraz wyktad nt. XFEL dla studentéw Il stopnia i doktorantéw;

+ udziat polskich naukowcéw w konferencjach i warsztatach o tematyce dot. badan z uzyciem XFEL;

* pomoc w nawigzaniu lub poszerzeniu kontaktéw naukowych z pracownikami EuXFEL i/lub grupami
badawczymi realizujgcymi podobne badania w Polsce i na Swiecie;

* pomoc w przygotowaniu projektéw badawczych w konkursach o czas pomiarowy na zrédtach XFEL,
takze poprzez wykonanie badan pilotazowych i komplementarnych.

W ramach projektu powstata takze Sie¢ Centréw Doskonatosci w zakresie badan z uzyciem XFEL (CD
XFEL), zapewniajace pomoc ekspercka ze strony doswiadczonych uzytkownikéw XFEL oraz odpowiednig
infrastrukture naukowa. Sie¢ tworzg unikatowe laboratoria badawcze dziatajgce w czterech jednostkach
naukowych realizujgcych grant ministerstwa. Centra skupiajg naukowcoéw posiadajgcych duze doswiad-
czenie w badaniach z wykorzystaniem XFEL, ktorych wiedza i zaangazowanie stanowi wsparcie dla
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nowych polskich uzytkownikéw tej infrastruktury. Na potrzeby realizacji projektu CD XFEL udostepniajg
takze swojg infrastrukture badawcza. Z uwagi na specyfike dotychczasowej dziatalnosci naukowej
i dostepnej infrastruktury, kazda z jednostek skupia sie na wybranej tematyce badawczej:

+ Centrum Doskonatosci XFEL w IF PAN (w skrocie CD XFEL IFPAN) dedykowane jest badaniom w zakre-
sie zmian strukturalnych materii skondensowanej pod wptywem temperatury i cisnienia, zwigzanych
gtéwnie z tematyka badan materiatowych realizowanych na instrumentach HED, FXE i MID w EuXFEL (np.
ultraszybkich przemian strukturalnych jak topnienie, krystalizacja, czy tez zeszklenie indukowanych
sub-pikosekundowymi impulsami laserowymi).

« Centrum Doskonatosci XFEL w UAM prowadzi dziatalno$¢ naukowg w zakresie fotochemii oraz badan
strukturalnych czgstek biologicznych. Pierwszy obszar obejmuje zastosowanie czasowo-rozdzielczej
spektroskopii laserowej (femtosekundowej absorpcji przejsciowej i emisji oraz czasowo-rozdzielczej
transmitancji i reflektancji) w badaniach szerokiej gamy materiatdw od matych czgsteczek po uktady
supramolekularne. Szczegblna uwaga poswiecona bedzie badaniom proceséw i reakcji zwigzanych
z fotokatalizg, fotowoltaika, indukowanych Swiattem przejs¢ spinowych w roztworach i ciele statym,
w tym dla zwigzkdéw organicznych i organometalicznych. Drugi obszar dotyczy badan struktury i zmian
konformacyjnych zachodzgcych w roztworach makroczasteczek biologicznych (biatka, kwasy nukleinowe,
kompleksy makromolekularne) lub uktadach lipidowych (membrany biologiczne, nosniki lekéw itp.).
W tym zakresie dominujgcg technikg badawczg jest niskokagtowe rozpraszanie promieniowania rentge-
nowskiego. Proponowane obszary badawcze sg zwigzane z tematykg naukowa realizowang na stacjach,
odpowiednio, FXE oraz MID i SPB w EuXFEL.

* Centrum Doskonatosci XFEL w UW dedykowane jest badaniom w zakresie chemii i fizyki materiatow
molekularnych wykazujgcych wiasciwosci fotoaktywne (a takze badaniom ich zmian pod wptywem
temperatury i cisnienia), ze szczegdlnym uwzglednieniem zmian strukturalnych wywotanych ciggtym
i impulsowym naswietlaniem w krysztatach matych czgsteczek (luminescencyjne kompleksy metali przej-
Sciowych, zwigzki przetgczalne itp.), modelowaniu teoretycznemu oraz rozwojowi metod procesowania
danych pomiarowych i ich analizy w zakresie (czasowo-rozdzielczej) fotokrystalografii, w szczeg6lnosci
z uzyciem promieniowania synchrotronowego i XFEL (np. z wykorzystaniem stacji badawczej FXE).

+ Centrum Doskonatosci XFEL w NCBJ (w skrocie CD XFEL NCBJ) dedykowane jest wsparciu polskich
uzytkownikow EuXFEL w zakresie technik informatycznych zwigzanych z przetwarzaniem danych ekspe-
rymentalnych uzyskanych w EuXFEL, ich udostepnianiem oraz analiza.

Stworzenie CD XFEL oraz opisane powyzej dziatania maja na celu przetamanie zasadniczej bariery doste-
pu polskiego srodowiska naukowego do innowacyjnej infrastruktury badawczej jakg jest EuXFEL.

Osoby zainteresowane wspotpracg i uzyskaniem wsparcia w przygotowaniach do badan z uzyciem

EuXFEL prosimy o kontakt z kierownikiem merytorycznym projektu dr. hab. Ryszardem Sobierajskim,
prof. IF PAN (ryszard.sobierajski@ifpan.edu.pl).

Polish contribution to the European Synchrotron
Radiation Facility

Anna Wolska, Krystyna tawniczak - Jabtonska

Institute of Physics of the Polish Academy of Sciences

The European Synchrotron Radiation Facility (ESRF) needs no introduction to anyone applying synchro-
tron radiation in the research. It is currently the most modern research infrastructure located in Greno-
ble (France), first made available to users in 1994. The construction and operation of such unique and
expensive research facility was possible thanks to the creation of an international consortium, which
started financing the construction in 1988 and covers the costs of ongoing operation and modernization
of the source and beamlines [1]. Polish scientists associated with Polish Synchrotron Radiation Society
have been trying to make Poland part of this consortium since 1991.

Thanks to these activities, both at the scientific level (organization of many schools, symposia and specia-
lized workshops in the field of synchrotron techniques) and at the administrative level (letters to the mini-
stry, meetings with ministers, work in groups for large research facilities in the ministry, etc.), Poland
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officially joined the ESRF Consortium in 2004 as an associate member with a contribution of 0.6% ESRF
annual budget. It was the result of the efforts of the entire Polish synchrotron radiation community
represented by prof. Krystyna Lawniczak-Jablonska from Institute of Physics Polish Academy of Sciences,
who obtained funding for this purpose for the years 2004-2006 on the basis of an appropriate increase
in the subsidy for the IP PAS.

In March 2006, the National Consortium of Scientific Institutions Interested in the Use of the European
Synchrotron Radiation Source ESRF was established. The National Consortium initially involved 9 institutes:
. Institute of Physics, Polish Academy of Sciences, Warsaw

. Institute of Neurology, Collegium Medium, Jagiellonian University, Krakow

. Faculty of Physics and Applied Computer Science, AGH University of Science and Technology, Krakéw
. Faculty of Applied Physics and Mathematics, Gdansk University of Technology

. Institute of Physical Chemistry, Polish Academy of Sciences, Warsaw

. Institute of Physics, University of Silesia, Katowice

. Institute of Experimental Physics, Warsaw University

. Faculty of Chemistry, Warsaw University

. Institute of Paleobiology, Polish Academy of Sciences, Warsaw

Presently, the National Consortium involves 20 scientific institutes. Their representatives create the
Council of National Consortium. The IP PAS serves as the coordinator.
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In 2006, the IP PAS, as the coordinator of the National Consortium, obtained funding within a special
project “Poland’s participation in European Consortium of Synchrotron Radiation in Grenoble, France,
with a contribution of 1% of the annual budget” for the years 2006-2009, later extended by an annex until
2011. A financial contribution of 1% guarantees 1% of the beamtime available at all beamlines. A settle-
ment for each member is prepared every 3 years. In case more beamtime was granted, a request for
additional payment or consent to limit beamtime in the next settlement period is sent. If there was less
beamtime granted, there is more allocated in the next period.

In the years 2011-2016, after legal changes in science financing, there was no possibility to make the due contri-
bution to the ESRF. Despite this, while waiting for the Ministry of Science and Higher Education to create an
appropriate legal path, the ESRF management still allowed scientists with Polish affiliation to apply for beamtime.

In 2016, the IP PAS, as the coordinator of the National Consortium, obtained funds from the Ministry of
Science and Higher Education by decision No. DIR/PM/2016/03 as part of the project called "Support for
the participation of Polish research teams in the ESRF and CERN" in order to cover the costs of outstan-
ding financial liabilities to the ESRF for the years 2011-2016.

In the same year, 2016, by decision No. DIR/WK/2016/19 of December 6, the IP PAS obtained funds from
the Ministry of Science and Higher Education to finance the costs of the contribution to participate in a
joint international project called "European Synchrotron Radiation Facility - Europejskie Centrum
Promieniowania Synchrotronowego" . These funds were settled as a grant, based on scientific results
from experiments carried out at the ESRF, reported annually to a special commission at the Ministry of
Science and Higher Education. Only after the annual report was approved were funds allocated for the
next year. The funds were granted for 5 years. They included the Polish financial contribution to the ESRF
budget in the amount of 1% of its annual budget. Thanks to the favorable Euro exchange rate during this
period, despite the increase of the ESRF budget, we were able to pay the Polish contribution. The project
also covered the costs of project management: maintaining the website, participating in the ESRF Council
meetings, collecting the results of experiments and preparing reports to the ministry. The leader of this
project was also prof. Krystyna Lawniczak-Jablonska. The website and secretarial support for the project
was provided by MSc Joanna Libera. Prof. Wojciech Paszkowicz represented Poland in the Administrative
and Financial Committee of the ESRF.

In 2015, as a result of the efforts of the IP PAS, ESRF was included on the Polish Roadmap for Research
Infrastructures. Poland's participation in the ESRF was also included in the next edition of the Roadmap
approved by the Ministry of Science and Higher Education on January 24, 2020.

In 2021, as part of the program of the Ministry of Education and Science "Support for the participation of
Polish research teams in the international research infrastructure projects", IP PAS, on behalf of the
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National Consortium, obtained a grant titled "Polish contribution to the European Synchrotron Radiation
Facility" (AGREEMENT No. 2021/WK/11). As part of the grant, Poland pays 1% of the contribution to the
ESRF annual budget. This keeps open the possibility for scientists with Polish affiliation to apply for beam-
time. Application for this project and reporting its results to the Ministry of National Education and Scien-
ce is taken care by PhD Anna Wolska who also represents Poland at the ESRF Council. Project’'s website is
led by MSc Joanna Libera while MSc Anna Reszka represents Poland in the Administrative and Financial
Committee.

The ESRF accepts applications for individual projects twice a year: by March 1 and September 10. The
scientific program of research conducted at the ESRF is determined by the International Peer Review
Committee by ranking the submitted experimental proposals. The Committee is divided on 12 Allocation
Panels consisting of outstanding international experts. The final decision on the selection of proposals
for implementation is made by the Director General after seeking the opinion of beamline scientists as
to the technical feasibility of implementing the project and taking into account the use of beamtime due
by a given country in accordance with the contribution made. In the case of projects carried out in inter-
national cooperation, beamtime is counted proportionally for a given country, depending on the affilia-
tion of scientists participating in the project, regardless of whether all listed in the project directly partici-
pated in the experiment.

Access to the beam for scientists from countries belonging to the ESRF Consortium is covered by contri-
butions paid by individual countries. Additionally, the travel and subsistence expenses of the three rese-
arches carrying out the experiment are also paid. Scientific projects that have been granted beamtime
receive technical and other necessary assistance during the preparation and conduct of the experiment.
The currently implemented ministry grant, in addition to financing a 1% contribution to the ESRF, also
offers co-financing for participation in conferences for scientists with Polish affiliation presenting the
results of research conducted at the ESRF. The intention is to make it easier for Polish scientists to
present the results of their research both internationally and domestically and to establish new scientific
contacts at home and abroad. The funding regulations are available on the project website:
http://www.ifpan.edu.pl/esrf/

Research results presented at conferences or published in scientific journals must include acknowledg-
ments to the ministry grant financing Poland's access to the ESRF. Exemplary formula: The access to the
ESRF was financed by the Polish Ministry of Education and Science, dec. no. 2021/WK/11.

Information about publications, conference presentations, the fact of including the results in a doctoral
dissertation or the achievements included in the habilitation should be sent to MSc Joanna Libera (esrf-
-polska@ifpan.edu.pl). These are measurable project results that influence whether the ministry will conti-
nue financial support, and therefore whether Polish scientists will continue to have access to the ESRF.

[11 Anna Wolska and Wojciech Paszkowicz "Poland at the European Synchrotron Radiation Facility: 30 years of history and future
prospects" Bulletin of the Polish Synchrotron Radiation Society 22 (2022) 15.
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Abstract

A new method is proposed to estimate the Site Occupation Preferences (SOPs) of solid solutions of struc-
-tured ternary alloys when experimental data within the full doping range are not available. To demon-
strate the validity of this approach, we calculated SOP - Wk coefficients for seven alloys with the rock salt
(B1) or the fluorite (C1) type structures based on the analysis of available experimental data and additio-
nal interpolated values. The limitations of the proposed approach are outlined and discussed.

1. Introduction
Robouch et al. developed the Statistical Strained Model (SSM) [1,2] to analyze local structures to clarify

why many semiconductors exhibit Site Occupation Preferences (SOPs) with extreme values. This model
indicates that some elemental configuration ternary filling is attenuated or missing. In its original form,
the SSM [1] described the statistical distribution of dopant ions within solid solutions of tetrahedrally
coordinated materials and considered the set of configurations [**®"W8TNZ] N where N is the coordina-
tion and k the number of substituted ions. Materials crystallizing in diamond, sphalerite (B3) [3], wurtzite
(B4) [4], or Heusler (L1,) [5] structures, i.e., tetrahedrally coordinated systems, have their ions (all or some
chosen sites) coordinated by N = 4 other ions forming a tetrahedron. The model was later extended [2]
to any configuration [*®ETN ] in structures with different coordination (N # 4), such as Laves phases
(C15, with N = 2) [6], cubic Rock salt (B1, N = 6) [7] and also Fluorite ternary compounds (C1, N = 8) [8].

The structural coordination is often preserved at short range even when the materials lose their long-
-range crystalline structure and disordered phases appear. The preservation of the local coordination
allows applying SSM to bulk systems and analyzing local structures of materials even in disordered
states. Our previous study [9] demonstrated that some of the 21 ternary alloys of different structures
show ideal quasi-canonical Bernoulli distributions, while many others are characterized by extreme
preferences in which one, several or even all ternary configurations are depressed or lacking. These
results showed that the Bernoulli distribution has limited validity and does not always apply. Yet, the

reason for this is not well understood.

The Bernoulli distribution for ternary systems assumes that all the constituent elements are identical
with an equal probability of occupying any configuration, with @ minimum amplitude for the configura-
tion N/2, a symmetry around it, and maxima at configurations 0 and N, with the amplitude setto 1.

The maxima of the Bernoulli distribution ™ _ x, of each structure (e.g., N=2, 4, 6, 8) occur at contents x =
[k/N],., n..» @t Which sensitivity is optimal. Figure 1 illustrates the Bernoulli distribution for the ternary

crystalline structure of cubic rock salt (N = 6) and fluorite (N = 8).

T T T T T T T
1.0 1.0
| k=0 ,‘ k=0 v
k=1 H k=1 "
0.8 3 ——- k=2 I 0.8 - — k=2 N
...... k=3 i i k=3 N
eems k=4 —.=- k=4 :
---k=5 - - - k=5 ]
0.6 - - -
- - 0.6 kd ;
= = k=7 K
o o ko= k=8 k
w (-]
0.4 - 0.4 ——_Sum o
02 02 - i
r‘ ./I
0.0 4= 0.0 flor ot oo T . SRLEERATINAES
0.0 0.0 0.2 0.4 0.6 0.8 1.0

Figure 3. The Bernoulli distribution for ternary cubic rock salt (N = 6, left) and fluorite (N = 8, right) crystalline structures.

In real crystalline structures of various commonly considered elements, the distributions often depart
from random, leading to SOPs. The SSM quantifies these distributions by non-negative [W,]_, , coeffi-
cients. The latter are derived from the coordination numbers N (x) or/and the bond distances Ri(x), where
x is the relative content of the dopant, /=1 indicates the Nearest Neighbors (NN) and /=2 the Next Nearest
Neighbors (NNN) - experimentally probed by neutron scattering or Extended X-ray Absorption Fine

Structure (EXAFS) spectroscopies.
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A ternary ABZ alloy consists of two binary compounds (AZ and BZ), and (N-1) ternary configurations
[AORETN ] _, e EACh ¥AORBTN configuration is described by three parameters: W, R, ., R, o,. A minimum
of N-1 values (= ™ N) of N (x) or 3*(N-1) values (= " N) of R(x) are required to determine the complete set
of W/s.

The corresponding attenuation coefficients [Clli: v @re determined as follows: C, = min [W,; 1; (N-k*W,)
/ (N-k)] € [0; 11, where N is the configuration number of the alloy and k is the coordination number
(ranging from 0 to N). [C],_, ., describes the relative attenuation of **®8TN ] - configuration with
consequent enhancement of TN and/or TV . The mean value of all C,_values, ranging from 1 (for perfect
random Bernoulli alloy) to 0 (when no alloying is observed), is a proper marker of the alloying degree of
the original compounds.

Three related functions (A°PN /(N-1); ANPN/(N-1); SAPN /(N-1) describe the fraction of the original compo-
unds AZ and BZ that did not alloy into A, B Z. The values of W, parameters determine the distributions of
KAINWBTN (x) configurations. SOPs are correlated to the intrinsic characteristics of the alloy under investiga-
tion. To estimate the SOPs of ternary Rock salt [10] or Fluorite structures, a total of 15 to 21 reliable expe-
rimental dataset is required. In practice, this is difficult to achieve. For this reason, we propose here an
alternative approach based on the addition of data points obtained from the interpolation of the experi-
mental data available.

2. Estimating SOPs of cubic rock salt and fluorite ternary structures

As mentioned above, a minimum number (Y N or ".N) of experimental data points are required to fully
describe a ternary alloy. Therefore, 15 (=3*(6-1)) and 21 (3*%(8-1)) data points are needed for B1 and C1
structures, respectively. When authors report only one of the two bond distances (R,, or R,,), the mini-
mum number of data points required drops to 10 (=2*(6-1)) and 14 (=2*(8-1)), leaving R, undefined. This
applies to the whole relative content range (from 0 to 1). Whenever data are reported for a limited
concentration range, the resulting evaluations should not be extrapolated beyond this range.

When the number of experimental data points is insufficient, we suggest including additional interpola-
ted data (i) assuming a monotonic behavior of the continuous function and (ii) using the available
observations. Two methods have been applied:

(1) the addition of a single data-point using a linear interpolation between the nearest two data-point;
(2) the addition of several data-point using a second-degree polynomial fitting the experimental data.
When doing so, we recommend using only additional points corresponding to the proper Bernoulli
maxima [B'__ x, = k/6]or [ _ x, =k/8].

3. Results and discussion

Several publications have been identified in the literature providing experimental observations for bond
distances (R,) obtained by EXAFS for ternary rock salt alloys ABZ B1 (cf. K, _Rb Br [7], RbBr,_I [7], Mg,
Ni O [10], Cd, Ca O [11]) and ternary fluorite structures ABZ C1 (cf. Th, Pu O, [8], Th, U O, [8], and
Th Na, F, [12,13]). Only very limited data sets (x < 0.2) were reported for Zn, Mg O [14] and Ce, Cu O,
[15].

Figure 2 shows the probability [P", (x)] plots and the bond distances Ri(x) plots (between the center of the
configuration and the considered constituent) as a function of x for the seven alloys mentioned above.
Experimental observations reported in the literature are shown as full circles, while interpolated additio-
nal data are shown as open circles. Similarly, Table 1 (Rock salt alloys) and Table 2 (Fluorite structured
alloys) list the calculated W, R,, ,, and R,, , values, describing the various configurations. The following
conclusions can be drawn for the other alloys investigated:

For the rock salt B1 alloys (N = 6)

All configurations (except the >VeT¢ ) are observed in the Mg, Ni O. Spectra collected for Cd, Ca O
were all homogeneous and monotonous, ruling out any potential “inhomogeneity” at x = 0.4. This data-po-
int was later excluded from the SOP calculation, thus resulting in a pure Bernoulli behavior, while
K, Rb Brand RbBr, | display a non-Bernoulli behavior.

For the fluorite structured C1 alloys (N = 8)
Th, U O, and Th,_Pu O, have an estimated mean C_of 0.845 and 3AP® /7 of 32%. In the case of

T-x"x "2
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the Th, UXO,, R, ;o and R, , . values were reported for x, €[0; 1], while in the case of the Th, Pu O, alloy
theR, ., values were reported only for x, €[0; 0.66] (see Fig. 2e). Nevertheless, the configurations "™/™T#
and ""7T"T8_are expected to be dominant at x > 0.66.

As expected, EXAFS observations on molten state samples, such as Th Na, F, show no phase transitions
or phase separations. Four R, - values were reported for x,, < 0.6. Additional data points for calculation
were interpolated using a second-degree polynomial. Even though the 24¢™T#_and '“"™"T#_configurations
seem to be dominant, all P, functions are shaded for x,, > 0.6 (Fig. 2g). It is worth noting the consistent
results obtained for Mg-doping for the two distinct B1 and C1 families. A vanishing contribution of
MesNTs - for Mg, Ni O is observed (Table 1). Similarly, a population of &NTé = 0 is obtained. In
Zn, Mg O, configuration ™*Té " is evanescent while in K, Rb Br [7] s*'®*Té =0.004, as in RbBr _I
2I,4BrT6Rb = O

X

Table 1 The Statistical Strained Model (SSM) data for the ternary Rock salt alloy.

k 0 1 2 3 4 5 6
Configuration 0A.6BTS, 1ASBT, 2A4BTS, 3AIBTS, 28T, SAIBTS, 0A-6BT6, Comment
Mg Ni,O [10] Fig. 2a
Wi 1.001 0.495 1.331 1.260 0.069 Residue’ =2 E-6
Ck 1.000 0.495 0.669 0.479 0.069 Chean = 0.54
Rinio (A) 2.118 2.061 2.129 2.100 2.022 2.089
Rimeo (A) 2.105
Each T (%) 34.8 14.3 7.1 9.6 6.8 1.0 26.5 100 %
Binary (%) 34.8 26.5 61 %
Cd;«Ca,O [11] Fig. 2b
Wi 1 1 1 1 1 Residue=1 E-6
Ck 1 1 1 1 1 Ciiean = 1
Ri.cao (A) 2347 2353 2.368 2.352 2.389 2.388
Each T% (%) 14.3 143 14.3 14.3 14.3 14.3 14.3 100 %
Binary (%) 14.3 14.3 29 %
K, xRb,Br [7] Fig. 2¢
Wi 5.52 1.90 1.05 1.49 1.20 Residue= 9 E-7
Ck 0.097 0.551 0.946 0.025 0.004 ChMean = 0.32
Rirosr (A) 0 3.315 3.400 1.502 1.200 3.430
Riksr (A) 3300  3.406 3.287 3.350 3.468 3.265
Each T% (%) 14.3 1.4 7.9 13.5 0.4 0.1 62.5 100 %
Binary (%) 14.3 62.5 76.8 %
RbBri-J [7] Fig. 2d
Wi 0.16 0 1.89 1.31 1.10 Residue = 4 E-5
Ck 0.163 0 0.114 0.383 0.498 Chean = 0.23
Rign (A) 3.580 0 2.354 3.578 3.638 3.68
Riswb (A) 3.42 3.849 3.535 4.213 3.381 3.563
Each T% (%) 40.5 2.3 0 1.6 5.5 7.1 42.9 100 %
Binary (%) 40.5 429 83 %

(#) Residue of Sum-square differences at convergence, computed using MS Excel Solver
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Table 2 The Statistical Strained Model (SSM) data for the ternary Fluorite alloy.

k 0 1 2 3 4 5 6 7 8
Configuration OARRTS,  IATRTS, AR, SATRTS,  AAMBTS, AR, OARTS,  TAIRTS, T | Comment
ThiPucO: [8] Fig. 2e
Wi 3.885 2.006 1.005 1.008 1.013 1.014 1.025 Residue =1 E-5
Cx 0.588 0.665 0997 0.992 0979 0957 0.828 ChMean = 0.84
Ripuwo (A) 2.575 2466 2347 2361 2358 2350 2342 2336
Rimo (A) 2424 2427 2401 2426 2411 2370 2449 2398
Each T% (%) 11.1 6.5 7.4 11.1 11.1 10.9 10.6 9.2 22.2 100 %
Binary (%) 11.1 222 33 %
Thi U0 [8] Fig. 2f
Wi 3932 2.008 1.002 0.998 0999 0.999 0.999 Residue =4 E-5
Cx 0.581 0.664 0.999 0.998 0999 0.999 0.999 Chean = 0.85
Rivo (A) 2.570 2400 2380 2.380 2380 2370 2370 2.37
Rimo (A) 2.424 2417 2420 2420 2410 2410 2400 2410
Bach T% (%) 11.2 6.5 7.4 11.1 11.1 11.1 11.1 11.1 19.5 100 %
Binary (%) 11.2 19.5 31 %
ThiNai«F4 Fig. 2g
[12,13]
Wi 1.123  2.059 1.703 1.208 0.131 1.003 1.004 Residue =2 E-9
Ck 0982 0.647 0578 0.792 0.131 0992 0.970 ChMean = 0.69
Ri.r (A) 226 2277 2270 2363 2220 3.828 2.472 2325
Each T% (%) 20.8 10.9 7.2 6.4 8.8 1.5 11.0 10.8 227 100 %
Binary (%) 21 23 43 %
Table 3 Experimental single configurations data of the two ternary alloys A, B 7.
Alloy Group Ripz Riaz Wi = Ck IASBTE,
Zn;.Mg,O [14] I-VI | xv from 0.06 0 0.19 | Rymgo~2.12 | Rizn~2.16 | ~0.05 ~0%
Ce1xCux02[15] LIV Xcu from 0 to 0.1 Ricuwo ~ 1.96 ~0.05 ~0%
(Ri.az, Risz) [A] NPy(x)
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Figure 4. Fig. 2: Radius (R, ,, and R, ;) and configuration probabilities ("P,) of the investigated ternary alloys A, B Z structure B1 and

1.AZ
C1. The following graphical convention is used: literature data (radius) are shown as full circles with the error bars; additional

extrapolated interpolated data-points are shown as open circles; Vegard line (dashed line).

Conclusions
The proposed approach to estimate the Site Occupation Preferences (SOPs) of solid solutions of structu-

red ternary alloys uses additional interpolated data along with the available ones when the experimental
data set does not cover the entire doping range of the sample investigated. In this approach, it was assu-
med that the interatomic distances in the sample undergo a continuous change during doping,
a condition that may be fulfilled only in a solid solution where no phase transitions nor phase separa-
tions occur.

The proposed model was applied to four rock salt and three fluorite structures having different numbers
of first neighbors. Based on the samples analysed and the results obtained, it was confirmed that ternary
alloys are mainly characterized by extreme preferences, in which multinary configurations are depres-
sed. In addition, results obtained indicate a deviation from the ideal Bernoulli random distribution, and
the available dataset does not allow the identification of the electronic structure leading to extreme
preferences. In this regard, many questions remain open and merit further research to understand why
significant preferences occur in these and in many other alloys.
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for salt treatment process in molten salt reactor, Prog. Nucl. Energy. 53 (2011) 994-998. https://doi.or-
g/10.1016/j.pnucene.2011.04.026

14. M. Lj, et al., EXAFS and SR-XRD study on Mn occupations in Zn1-xMnxO diluted magnetic semiconduc-
tors, NIM-B. 269 (2011) 2610-2613. https://doi.org/10.1016/j.nimb.2011.07.094

15. P. Bera, et al., Structural Investigation of Combustion Synthesized Cu/CeO2 Catalysts by EXAFS and
Other Physical Techniques: Formation of a Ce1-xCux02-6 Solid Solution, Chem. Mat. 14 (2002) 3591-
-3601. https://doi.org/10.1021/cm0201706

Highlights

- A method to obtain SOPs of alloys is proposed when experimental data is missing.
- The method was applied and discussed for several B1 and C1 ternary alloys.

- This work indicates deviations from the ideal random Bernoulli distribution.

Crystal structures Random Distribution

Non- Bernoulli
Distribution
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Upcoming conferences

Edyta Piskorska-Hommel

Institute of Low Temperature and Structure Research Polish Academy of Sciences

1. School on Synchrotron Light Sources and Their Applications

15Jan 2024 - 26 Jan 2024

* Online, Any Location (virtual event)

Organizer: Abdus Salam International Centre for Theoretical Physics (ICTP), Trieste, Italy

2.SUM2024 — 18th SOLEIL Users’ Meeting 2024 at SOLEIL
18Jan 2024 - 19 Jan 2024

* Saint-Aubin, France
https://www.synchrotron-soleil.fr/fr/evenements/sum2024-0

3. XTOP 2024 — 15th Biennial Conference on High Resolution X-ray Diffraction and Imaging
17 Mar 2024 - 22 Mar 2024

* Carry-le-Rouet, France

https://xtop2024.sciencesconf.org/

15th Biennial Conference
on High Resolution X-Ray Diffraction and Imaging
’ 17 — 22" March 2024
v XO P 2 O 2 q Carry-le-Rouet, France

4. ECS9 — 9th European Crystallographic School
24 Jun 2024 - 30 Jun 2024

* Nancy, France
https://ecs-9.event.univ-lorraine.fr/

5. SXNS17 — International Surface X-ray and Neutron Scattering Conference
15Jul 2024 - 18 Jul 2024

* Grenoble, France
https://www.sas2024.tw/site/page.aspx?pid=553&sid=1535&lang=en

WSAS2024

XIX International Small Angle

Scattering Conference
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6. XRM 2024 — The 16th International Conference on X-ray Microscopy (XRM)
12-16 Aug 2024

* Lund, Sweden

https://www.xrm2024.com/

7. ECM MEETING 2024 — 34th European Crystallographic Meeting
26 - 31 Aug 2024

« Padova, Italy

https://www.ecm34.org/

8. 15th International Conference on Synchrotron Radiation Instrumentation (SRI)
6 - 30 Aug 2024

* Hamburg, Germany

Registration opens: Spring 2024

Early-bird deadline: May 2024

Registration deadline: June 2024

https://www.sri2024.eu/about_sri/

15th International Conference on

Synchrotron Radiation Instrumentation
26-30 August 2024 - Hamburg

Wspomnienie o prof. Jacku Szade

Jerzy Kubacki

Uniwersytet Slgski w Katowicach

W samym $rodku pierwszego marcowego tygodnia otrzymatem smutng wiadomos¢. Chociaz kazdy
zdawat sobie sprawe z ogromu sit, ktére w walke z chorobg nowotworowg wktadat Profesor Jacek Szade,
wszyscy wierzyliSmy w jej pokonanie. Profesor utwierdzat nas w tym przekonaniu - prowadzone z nim
rozmowy podczas prowadzenia wspolnych pomiaréw w Laboratorium Fizyki Powierzchni na Uniwersyte-
cie Slaskim wskazywaty na jego optymistyczne podejécie do toczacej sie w organizmie walki i zarazem
proba jej dogtebnego zrozumienia. Ogromna ilo$¢ wiedzy z zakresu biologii molekularnej i obrazowania
medycznego, ktorg starat sie nam przekazac podczas tych rozmow, wskazywata na to, ze traktowat swojg
chorobe w kategorii zrozumienia naukowego - lecz tym razem z wyraznie wytyczonymi granicami. Znajac
Jacka Szade jako cztowieka, ktory nigdy nie starat sie dziata¢ powierzchownie - kazde zagadnienie, kazdg
role jakg miat do spetnienia wypetniat siegajac do gtebi problemu, trudno jest nam wyrazi¢ gtebie nasze-
go bolu i przygnebienia po utracie wspaniatego Kolegi i zarazem wszechstronnego Naukowca.

Jacek Szade do wszystkich nas podchodzit z ogromng zyczliwoscig i kolezernstwem.

Swojg kariere naukowa, juz od czaséw studenckich zwigzat z Uniwersytetem Slgskim, na ktérym zdobyt
tytut magistra, obronit prace doktorska i uzyskat tytut Profesora. Na kazdym etapie rozwoju zawodowego
mogt liczy¢ na pomoc éwczesnego Kierownika Katedry Fizyki Ciata Statego, profesora Augusta Chetkow-
skiego. Sposéb kierowania Katedrg przez Profesora Augusta Chetkowskiego w zaden sposéb nie ograni-
czat swobodnego rozwoju zawodowego i poszerzania horyzontéw naukowych naszego Kolegi, dla ktére
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go pamiec o swoim nauczycielu byta czesto przez niego podkreslana podczas licznych spotkan i sympoz-
jow naukowych. W mojej pamieci szczegdlnie utkwity mi dwa symboliczne odniesienia i przywotania
osoby profesora Augusta Chetkowskiego. Pierwsze, zwigzane z poczatkiem samodzielnej kariery nauko-
wej jako dedykacja pracy habilitacyjnej pamieci Prof. Augusta Chetkowskiego w roku 2001 i drugie
w czasie prelekcji na temat specyfiki myslenia w fizyce u Einsteina i Chetkowskiego podczas sympozjum
w Instytucie Fizyki Uniwersytetu Slaskiego poswiecone pamieci Augusta Chetkowskiego w roku 2017.

Jacek aktywnie uczestniczyt w zyciu $rodowiska akademickiego Uniwersytetu Slgskiego. Dziatajgc w orga-
nizacji zwigzkowej ,Solidarnos¢” zajmowat sie wieloma sprawami, ale szczegdélnie byt ukierunkowany na
poprawe warunkow ptacowych pracownikéw Uczelni.

Duzg czes$¢ swojego czasu poswiecat kolezenskiej pomocy przy rozwigzywaniu niezliczonych probleméw
zwigzanych z prowadzeniem badan naukowych i pomiaréw wiasnosci magnetycznych i elektrycznych
zwigzkéw miedzymetalicznych, ktérymi zajmowat sie wraz ze swoimi kolegami éwczesnej Katedry Fizyki
Ciata Statego w latach dziewieddziesigtych. Szczegbing role odgrywaty tutaj jego nieprzecietne zdolnosci
manualne i techniczne, ktoére wykorzystywat przy projektowaniu i zarazem korygowaniu powstatych
probleméw w uktadach stuzgcych do pomiaréw oporu elektrycznego i podatnosci magnetycznej.

Nawigzanie wspotpracy w potowie lat 90 przez prof. Augusta Chetkowskiego z Uniwersytetem Osnabru-
eck w Niemczech i duzej pomocy profesora Manfreda Neumanna umozliwito pozyskanie funduszy na
zakup nowoczesnego spektrometru elektrondéw, w sktad ktérego wchodzito szereg technik powierzch-
niowo czutych takich jak spektroskopia elektronéw wzbudzanych promieniowaniem rentgenowskim
i ultrafioletowym XPS i UPS, spektroskopia elektronéw Augera AES, mikroskopia elektronéw wtérnych
SEM oraz spektroskopia masowa jondw wtérnych SIMS. Profesor Jacek Szade wspélnie z dr Antonim
Winiarskim realizowat wtedy zawarcie kontraktu na dostawe i uruchomienie nowego spektrometru.

Pojawienie sie nowych mozliwosci badawczych skierowaly zainteresowania Jacka Szade w strone fizyki
powierzchni, a szczegblnie w strone zagadnien zwigzanych z badaniami struktury elektronowej materii.
Prowadzona przez niego wspoétpraca naukowa z grupg badawczg profesora Manfreda Neumanna
z Uniwersytetu w Osnabrueck miata udziat w gtebszej analizie struktury powierzchni przez naszego
Kolege w oparciu o obliczenia teoretyczne struktury elektronowej. Dodatkowo nawigzana wspotpraca
z Centrum Badawczym Juelich w Niemczech szybko zaowocowata wieloma wspdlnymi projektami i publi-
kacjami, dzieki ktorym profesor Jacek Szade stat sie ekspertem w badaniach struktury elektronowe;.

W prowadzeniu badan Jacek Szade nie ograniczat sie tylko do uzytkowania standardowych spektrome-
trow fotoemisyjnych. W centrum jego zainteresowan byto takze wykorzystanie promieniowania synchro-
tronowego do analizy struktury elektronowej. Swoje projekty badawcze realizowat w osrodkach nauko-
wych na liniach badawczych synchrotronu Elettra we Wtoszech i Maxlab w Szwecji.

W roku 2009 dokonat rozbudowy istniejgcego Laboratorium Fizyki Powierzchni na Uniwersytecie Slgskim
o nowe techniki pomiarowe, tj. mikroskopia z sondg skanujgca SPM, dyfraktometr wolnych elektronéw
LEED oraz napylarke do produkgcji cienkich warstw MBE. Nowe techniki wytwarzania i analizy probek
cienkowarstwowych pozwolity na rozszerzenie prowadzonych przez Profesora badan w oparciu o anali-
ze topograficzng uzyskiwanych materiatéw potgczong z mozliwoscig okreslenia ich lokalnych wtasnosci
elektrycznych w oparciu o pomiary lokalnego przewodnictwa LC-AFM i pradu tunelowego STM.

Od roku 2002 aktywnie dziatat w strukturach Polskiego Towarzystwa Promieniowania Synchrotronowe-
go. Dwukrotnie piastowat stanowisko wiceprezesa zarzadu Towarzystwa. Wspélnie z profesorem
Andrzejem Burianem zorganizowat w 2009 roku jedno z cyklicznych sympozjéw PTPS w Podlesicach
w Jurze Krakowsko-Czestochowskiej. Drugie organizowane pod jego kierownictwem sympozjum odbyto
sie w nowym kampusie Uniwersytetu Slaskiego w Chorzowie w 2015 roku. Organizacja spotkan byta
sposobem na propagowanie wiedzy na temat sposobdw wykorzystania promieniowania synchrotrono-
wego w szerokim zakresie nauki poczawszy od geologii a na medycynie skonczywszy. Wspélnie z kolega-
mi PTPS jest autorem ksigzki wydanej przez Towarzystwo: ,Promieniowanie synchrotronowe w spektro-
skopii i badaniach strukturalnych”, rozdziat: Efekty stanu koricowego w fotoemisji rezonansowej, Warsza-
wa, Krakéw 2011.

Ze strony Polskiego Towarzystwa Promieniowania Synchrotronowego PTPS aktywnie uczestniczyt
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w projekcie budowy polskiego Synchrotronu ,Solaris”. W roku 2016 uzyskat finansowanie na realizacje
zaprojektowanej przez siebie linii badawczej PHELIX, umozliwiajgcej prowadzenie badan struktury
elektronowej materiatéw metodami fotoemisji rezonansowej w potgczeniu z pomiarami absorpcji rent-
genowskiej i detekcjg stanow spinowo-rozdzielczych.

W swojej pracy dydaktycznej stale rozbudzat ciekawos$¢ naukowg wsérdd studentow i ukierunkowywat ich
zainteresowania badawcze. Nigdy nie dziatat pobieznie, kazdym zagadnieniem zajmowat sie bardzo
dogtebnie. Wynikiem uczciwego podchodzenia do kazdego tematu zwigzanego z fizyka ciata statego byto
duze zainteresowanie dla prowadzonych przez niego badan ze strony przysztych magistrantéw i dokto-
rantow.

Na wyjazdach konferencyjnych podczas przerw miedzy poszczegdlnymi sesjami zabierat nas na gérskie
wycieczki w doliny tatrzanskie czy pasma Beskidu Slgskiego. Szczegélnie utkwita mi w pamieci wycieczka
do nieczynnego juz obecnie schroniska Ortowa w okolicach Ustronia podczas konferencji ISSRNS w roku
2000 w o.w. Gwarek w Ustroniu. Od tej chwili Jacek zawsze towarzyszy mi na drodze prowadzacej przez
Palenice na szczyt Ortowej, skad roztacza sie widok doline Wisty.

Mimo ze odszedt juz na zawsze, pozostawit Nas jako swoich wychowankoéw i nastepcédw prowadzonych
przez niego badan naukowych. Dzieki zaprojektowanej przez niego linii badawczej PHELIX na synchrotro-
nie Solaris, mozliwy jest dalszy rozwoj zainteresowan i poszerzanie naszych horyzontow naukowych.

Fotografia 1. Grupa wychowankéw Profesora Jacka Szade podczas Sympozjum IX KSUPS 2015 w Chorzowie.
Fotografia 2. Stacja koncowa linii badawczej PHELIX na synchrotronie ,SOLARIS” w Krakowie.

Award of the PSRS

Edyta Piskorska-Hommel

Institute of Low Temperature and Structure Research Polish Academy of Sciences

OnJune 26, 2023, at the SOLARIS National Synchrotron Radiation Centre, diplomas were awarded to the
winners of the PSRS Award for 2022. The ceremony took place during the meeting of the board of the
Polish Synchrotron Radiation Society.

The Chapter decided to award the PTPS Prize to the following laureates:

Category I: for the doctoral dissertation:

Dr. Katarzyna Matgorzata Kosyl for her dissertation:

"Structure and Disorder in Rare Earth Borates Ca3RE2(BO3)4: Diffraction Studies under Ambient Conditions

and as a Function of Temperature".

Category ll: for scientific publication, to the team of authors:
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Joanna 1. Loch, Barbara Imiotczyk, Joanna Sliwiak, Anna Wantuch, Magdalena Bejger, Mirostaw
Gilski and Mariusz Jaskolski, for the article :

"Crystal structures of the elusive Rhizobium etli L-asparaginase reveal a peculiar active site." published in
Nature Communications (2021)12:6717.

DOI: 10.1038/s41467-021-27105-x

Category llI: for a popularising work related to synchrotron radiation or for other activities for the deve-
lopment of the Polish synchrotron environment,

Prof. Dr. Wojciech Paszkowicz, for his initiative and long-standing editorial work on the PTPS Newslet-
ter Synchrotron Radiation In Natural Science and on the PTPS post-conference materials, as well as for
his activity related to the dissemination of knowledge on synchrotron research, including his involvement
in the preparation of a script and a book on synchrotron techniques.

Photo 1. In the photo from the left: Prof. Eng. Marcin Sikora, Prof. Eng. Ryszard Sobierajski, Prof. Eng. Agnieszka Witkowska, Prof.
Wojciech Kwiatek, Prof. Wojciech Paszkowicz, Dr. Joanna Loch, Dr. Edyta Piskorska-Hommel, Dr. Marcin Klepka. Photo: J. Kowalik

The Polish Synchrotron Radiation Society Prize Committee composed of;
Dr. Eng. Joanna Czapla-Masztafiak, Dr. Maciej Jankowski, Prof. Zbigniew Kaszkur, Dr. Marcin Klepka,
Dr. Edyta Piskorska-Hommel, Prof. Pawet Piszora, Prof. Eng. Agnieszka Witkowska, Dr. Eng. Anna Wolska.

SOLARIS National Synchrotron Radiation Centre

Agnieszka Cudek

SOLARIS National Synchrotron Radiation Centre

It seemed to us that after more than two years of the COVID pandemic, the situation in the world
would return to relative normality. Unfortunately, the war in Ukraine caused by Russia has
shown how fragile the foundations of the world order are, and the conflict taking place at the
gates of Europe also has a multifaceted impact on the world of science.
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Fixed points in a changing environment

In 2022, the SOLARIS National Synchrotron Radiation Centre, despite many difficulties and threats
related also to the instability of the energy market, invariably continued the implementation of its goals.
Working with the national and international scientific community, it designed, created and made availa-
ble research stations using unique experimental methods based on the properties of synchrotron radia-
tion and Cryo-EM techniques.

Photo 1. SOLARIS Centre team in front of the building, May 2022. Photo: J. Kowalik

A constant feature of the existence of the Centre as a young entity is its development. Despite the dyna-
mics of changes taking place in 2022, both in terms of global politics and their impact on the scientific
community, the trends toward evolution have been maintained. In the scale of the entire unit, an
undisputed milestone this year was the start of the expansion of the synchrotron experimental hall. The
enlarged building will primarily enable the launch of four more beamlines, including SOLCRYS, intended
for structural experiments, which is already in the advanced design phase. The SOLCRYS beamline will
enable e.g. analysis of the structure of proteins, viruses, nucleic acids, and polymers. Cryo-EM laboratory
will also find its place in the new hall. So far, two electron microscopes - Titan Krios and Glacios - are
located in laboratories built especially for this purpose, in the loading dock of the old part of the building.
In the enlarged hall, a Cryo-EM laboratory will be built, which will ultimately accommodate as many as
four microscopes. The project also includes a sample preparation laboratory that will be available to all
SOLARIS users. It will contain the necessary equipment for the preparation of samples for testing lines,
as well as for the development of grids for Cryo-EM measurements. The last area that will find its place
in the expanded hall is the workshop space and new offices for the increasing number of SOLARIS rese-
arch team.

Also, the research infrastructure in the existing hall was subject to modification, both in the context of
measuring instruments and communication. Conceptual work lasted for many months, crowned with a
systemic change of the names of a number of beamlines. The common core of the new acronyms was
the world science-fiction literature, thus paying homage to the work of Stanistaw Lem, a kind of
“godfather” of SOLARIS. Thus, the XAS beamline became PIRX, SOLABS became ASTRA, SOLAIR became
CIRI, and UARPES became URANOS.
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Photo 2. SOLARIS hall construction site. Photo: K. Adamczyk.

The most important thing, however, is the fact that on each of the newly built beamlines, work related to
tenders or assembly of individual elements was underway. Particularly noteworthy this year was the
ASTRA beamline, where in January 2022 the beginning of the start-up phase and research work with the
first group of potential users took place. The former SOLABS was submitted for the spring call for appli-
cations for beamtime, and on June 30 the beamline was officially opened. The ceremony was attended
by representatives of the world of science and industry, including the Consul General of Germany and
representatives of the international team involved in the creation of ASTRA.
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Photo 3. ASTRA beamline opening ceremony. Photo: A. Cudek.

The POLYX beamline under construction was also successful this year. In May, after passing radiological
tests of the beamline, it was possible to capture a beam of X-rays that hit a fluorescent screen and caused
a strong emission of synchrotron light. A milestone in the construction of CIRI (formerly SOLAIR) was the
availability of the FT-IR microscope for test measurements, which in July was supplemented with the last
element, the Focal Plane Array detector. Ultimately, the microscope, after being connected to the
synchrotron beam, will be one of the two terminal stations of the CIRI beamline.
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Users and calls for proposals

The year 2022 was a special time. At the end of the COVID pandemic, the restrictions left their mark on
the travel possibilities of the scientific community. The war going on in the neighbourhood, which held
our breath in this part of Europe for many months, but also the schedule for the expansion of the new
synchrotron hall. All this does little to contribute to the call for proposals. In 2022, there was only one
competition for beamtime - spring. The schedule of construction works made it impossible to announce
the autumn recruitment. The International Evaluation Committee had the opportunity to analyze
arecord number of applications submitted for five beamlines and a Cryo-EM. In the ninth call for propo-
sals for beamtime on the SOLARIS infrastructure, 114 applications were submitted, which is a significant
increase in the number of research groups interested in measurements compared to the previous call,
by as much as 67%. For the first time, the ASTRA beamline, dedicated to X-ray absorption spectroscopy
(XAS), was made available in the competition procedure. 19 applications were submitted for research
time on this beamline. The PIRX, URANOS, PHELIX, DEMETER, and Cryo-EM were the subject of 18, 15,
12, 20, and 30 applications, respectively. The autumn call for proposals took place exclusively through
the CERIC-ERIC platform.

9th call for proposals

52 26 33 59 97 68 89 68 114
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>
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Figure 1. 9th call for proposals in SOLARIS Centre.
The highest goal - scientific publications

Increased interest in research at the Centre and better recognition of SOLARIS among researchers in the
country and abroad translated into a large number of applications for research time and an increase in
the number of scientific publications on research that was carried out at the synchrotron. Among the
nearly fifty new publications, the article on Cryo-EM research, published in the journal entitled "EMBO
Molecular Medicine", in which researchers showed how genetic mutations in patients affect Elongator
activity and lead to severe clinical symptoms. In the magazine entitled "2D Materials", users of the SOLA-
RIS Centre emphasized in 2022 the critical importance of disorder in the MnBi2Te4/(Bi2Te3)n self-as-
sembled magnetic topological insulator, a material that is a new platform for the anomalous quantum
Hall effect. This is important because this material has recently aroused the interest of scientists also
due to the possibility of realizing the state of an axion insulator. Much of the research needed for this
publication was carried out using the URANOS beamline. The SOLARIS scientific team also worked on
interesting research, as a result of which the names of our scientists appeared in over twenty publica-
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tions, often in prestigious journals. Groundbreaking
research allowing the creation of three-dimensional maps
of the orientation of bonds in a sample has been published
by the research team at the CIRI beamline in the prestigious
journal JACS. Summaries of selected publications are availa-
ble in a dedicated "research" tab on the Centre's website.

Scientific conferences and popularization

The same factors that affected the call for proposals for
beamtime processes also affected any special events
planned for 2022. Nevertheless, the SOLARIS Centre
constantly undertook to organize new projects in the
context of popularizing not only the synchrotron and Cryo-
-EM but also, more broadly, exact sciences. These include
the organization of scientific and popular science events,
guided tours, activities in the field of media relations,
campaigns in new media, establishing permanent forms of
cooperation with other units, as well as activities ensuring
access to information for people with disabilities. SOLARIS
has been involved in 15 special events of various sizes.
Among them were two scientific conferences (International
Beam Instrumentation Conference 2022 and Joint Meeting of
Polish Synchrotron Radiation Society and SOLARIS Centre
Users), a series of one-day meetings dedicated to represen-
tatives of the world of industry entitled SOLARIS Industry
Day, seminars on innovative IT solutions, workshops for
young people, experimental shows for children, meetings
summarizing international projects and guest appearan-
ces by scientists from other Centres.

Figure 2. P. Koziot, K. Kosowska, D. Liberda, F. Borondics,
and T. P. Wrobel, Super-Resolved 3D Mapping of Molecu-
lar Orientation Using Vibrational Techniques, ] Am Chem
Soc 144, 14278 (2022). doi:10.1021/jacs.2c05306. Cover
of the publication design by J. Kowalik.

Photo 4. Participants at the IBIC 2022 conference in front of the Auditorium Maximum building. Photo: J. Ludwin.

As part of the initiatives addressed to the general public, a group of nearly 700 people gathered around the
topic of SOLARIS, who took part in various events, such as Polish Science Day, Education Quality Week, Stani-
staw Lem's birthday anniversary, Matopolska Innovation Week and Researchers' Night. Among the basic
activities of the Centre was the organization of trips, the participants of which were both representatives of the
world of science and people (including young people) not associated with the academic environment. In this
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respect, 2022 was the time when the Centre's infrastructure was visited by more people in twelve months than
before the outbreak of the pandemic - 1,766 visitors were admitted, the vast majority of them before the
expansion of the hall began. The last year saw a significant increase in the popularity of social media channels
managed by the SOLARIS Centre. The total number of followers of SOLARIS social media channels in Decem-
ber 2022 included 3,035 followers, which is an increase of 56% of followers compared to the previous year.
Care for maintaining constant communication with the recipients of articles on research and events carried
out in SOLARIS takes place not only on the level of new media. The language of the scales is relations with
journalists of traditional channels, such as radio, television, and magazines. In 2022, SOLARIS was the subject
of 45 press reports.

Photo 4. Wiktor Niedzicki during the recording of the material on SOLARIS Centre. Photo: A. Cudek.

An outstanding culmination of 2022 was the plenary meeting of the LEAPS consortium. SOLARIS staff repre-
sentation attended the plenary meeting of The League of European Accelerator-based Photon Sources held
in Villigen, Switzerland. The main discussions focused on the vision of modern accelerator-based light sources
responding to today's challenges of the energy crisis. During the deliberations, SOLARIS was chosen to lead
communication with the Ukrainian scientific community in its efforts to build a synchrotron after the war. This
meeting launched the ongoing multi-faceted project entitled Light for Ukraine from the beginning of 2023,

Wybory do Wiadz Towarzystwa

Wojciech Kwiatek

Institute of Nuclear Physics Polish Academy of Sciences

Z przyjemnoscig informuje, ze w listopadzie odbyty sie wybory do Witadz Towarzystwa w zwigzku
z zakonczeniem kadencji 2020-2023, w wyniku ktorych prezesem na czteroletnig kadencje 2024-2027
zostata dr hab. inz. Agnieszka Witkowska. Bardzo serdecznie gratuluje dotychczasowe] wiceprezes
wspaniatego wyboru. Mocno wierze, ze dziatania Towarzystwa pod przewodnictwem kol. Witkowskiej
zostang zintensyfikowane w kierunku zaciesnienia wspétpracy z Narodowym Centrum Promieniowania
Synchrotronowego w Krakowie. Organizacja wspoélnych przedsiewzie¢ pozwoli na lepsze wykorzystanie
tej wspaniatej infrastruktury jaka jest synchrotron SOLARIS dzieki upowszechnianiu nauki w zakresie
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wykorzystania technik synchrotronowych w Polsce.

W wyniku wyborow nastapita tez zmiana Zarzadu Towarzystwa, do ktorego weszli: prof. dr hab. Pawet
Korecki oraz dr hab. Anna Wolska. Serdecznie gratuluje i ciesze sie na wspotprace. Tym samym pragne
bardzo serdecznie podziekowac za dotychczasowg prace w Zarzgdzie dr hab. Jakubowi Szlachetko i dr
Zuzannie Pietralik-Molinskiej. To dzieki nim powstata nowa szata tego biuletynu. Zycze, aby nowe zada-
nia jakie stanety przed kol. Szlachetko i kol. Pietralik-Molirskg pozwolity na dalszg jakze owocng wspot-
prace.

Ciesze sie, ze moge przekazac stery Towarzystwa z dniem 1 stycznia 2024 w nowe rece. Powodzenia!l
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