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Welcome to JdA2026 

The Journées des Actinides (JdA) conference series has long served as a central forum for the actinide 
research community in Europe, bringing together experts from condensed matter physics, materials science, 
nuclear science, and radiochemistry to address the unique properties of 5f electron systems and their broader 
implications. 

Actinide materials occupy a singular position at the intersection of fundamental science and societal 
relevance. On one hand, they present some of the most complex and least understood electronic systems, giving 
rise to unconventional superconductivity, complex magnetism, multipolar order, and emergent quantum 
phenomena. On the other hand, actinides play a critical role in nuclear energy, where detailed knowledge of 
their structural, chemical, and electronic properties is essential. 

This volume collects the abstracts of contributions presented at JdA 2026, reflecting the breadth and 
interdisciplinarity of current research. Their topic spans from advances in synthesis, surface science, to state-of-
the-art theoretical approaches, as well as applications in nuclear materials, waste management, and forensic 
analysis. Increasingly, new material platforms—such as thin films—are enabling new strategies to tune and 
understand actinide behaviour across length scales. 

We hope that this collection captures not only the current state of the art, but also the evolving 
connections between fundamental understanding and practical applications. Progress in actinide science relies 
on the close integration of experimental innovation, theoretical insight, and coordinated international 
collaboration. 

JdA2026 Organisers 
E. Tereshina-Chitrova, L. Havela and Š. Sechovský 

Useful Information 

Poster session  
Besides the oral sessions, taking place in the lecture room in hotel Růže, the discussions at posters will be possible 
on the same floor. Presenters are requested to mount the posters Wednesday (April 15) morning as soon as possible 
and keep them Thursday (April 16) evening to allow informal discussions. One dedicated poster session will take 
place on Wednesday evening, during which presenters are expected to be present at their posters.  

Refreshment  
All standard participants of the JdA2026 conference have refreshments included in their registration. These include 
coffee breaks (served next to the lecture hall), lunches in the hotel restaurant, a welcome drink with light 
refreshments on Tuesday evening, refreshments during the poster session, and the conference dinner on Thursday 
evening in the hotel restaurant. In case of good weather, the dinner will be held outdoors on the summer terrace. 

Dress code for the conference dinner: smart casual 
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Program 

Tuesday April 14 

12:00 

Registration 15:30 

15:50 Opening ceremony 
16:00 

O
1 

- M
at

er
ia

ls 

O1-1 Frédéric Jutier SCK CEN, BE High-Density NpO2 Targets enabling Pu-238 Supply for 
Radioisotope Power Systems 

16:20 O1-2 François Bottin CEA DAM, FR Ab initio study of the Ce and Pu oxide surface reactivity with respect 
to O2 and H2O 

16:40 O1-3 Evgenia 
Chitrova 

IoP ASCR, CZ Electronic Structure Trends in Uranium Compounds with p-Block 
Ligands 

17:00 O1-4 António Pereira 
Gonçalves 

Instituto Superior 
Técnico, PT 

Spark Plasma Sintering of Uranium Carbide: Phase Stability and 
Reactivity at High Temperature   

17:20 O1-5 Lisa Gubbels SCK CEN, BE Microstructural Engineering of Porous Thorium Carbide Targets for 
ISOL@MYRRHA 

17:40 O1-6 Rachel Eloirdi JRC Karlsruhe, 
DE 

Surface Science Laboratory Station as a Pilot for the Future: 
Challenges, Lessons Learned, and Enhancing EU Access through its 
Relocation to Prague  

18:00 
Welcome drinks and snacks 20:00 
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Wednesday April 15 
O

2 
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8:30 O2-1 Eteri Svanidze MPI CPfS, DE Imperfections as a measure of exotic superconductivity? 

8:50 O2-2 Michal Vališka Charles Uni, CZ Ultrasound Study of Field-Induced Superconducting Phases in 
UTe2 

9:10 O2-3 Rebecca Bisset University of St 
Andrews, UK 

Determining the superconducting order parameter of UPt3 using 
scanning tunneling microscopy 

9:30 O2-4 Sheng Ran Washington Uni in 
St Louis, USA 

Strongly correlated topological materials in uranium compounds 

9:50 O2-5 Krzysztof Gofryk Idaho National 
Laboratory, USA 

Electronic correlations and topology in Kondo insulator PuB6 

10:10 Coffee break 
10:40 

O
3 

- T
he

or
y,

 c
om

pu
ta

tio
ns

, 
sp

ec
tr

os
co

py
 

O3-1 Dominik Legut IoP ASCR, CZ Heat and electrical transport in UC - role of electron correlations 
and spin-orbit coupling 

11:00 O3-2 Sergii 
Khmelevskyi 

TU Wien, AT Interaction of multipolar order with crystal lattice in f-electron 
systems. 

11:20 O3-3 Gheorghe-Lucian 
Păşcut 

Stefan the Great Uni, 
RO 

Electronic properties of f-electron systems: Insights from embedded 
Dynamical Mean Field Theory 

11:40 O3-4 Bernard Amadon CEA, FR Thermodynamics of the isostructural transition in cerium from first 
principles 

12:00 O3-5 Kristina 
Kvashnina 

IRE HZDR, DE Advances and Challenges in Actinide RIXS Spectroscopy 
 

12:20 Lunch 
13:50 

O
4 

- S
pe

ct
ro

sc
op

y 

O4-1 Lucia Amidani IRE HZDR, DE Advanced X-ray spectroscopies for actinide research at the ROBL 
beamline 

14:10 O4-2 Eleanor 
Lawrence-Bright 

IRE HZDR, DE Examination of α-uranium with resonant x-rays at the M4 edge 

14:30 O4-3 Jindřich Kolorenč IoP ASCR, CZ Spectroscopic Observation of Valence Fluctuations in a Uranium 
Compound: The Case of UPd2Cd20 

14:50 O4-4 Fabrice Wilhelm ESRF, FR Advanced X-ray absorption spectroscopy under high pressure on 
uranium based compounds 

15:10 O4-5 Andrea Severing MPI CPfS, DE Multiplets, correlation effects and covalency of U 5f electrons in 
uranium intermetallic compounds  

15:30 Coffee break 
16:00 

O
5-

 n
uc

le
ar

 fu
el

 c
yc

le
 

O5-1 Gabriel Lynch-
Murphy 

FZ Juelich, DE The Benefit of Cr vs. The Detriment of Al: Novel Insights into the 
Microstruct. and Mech. Performance of Model .. doped UO2 Spent 
NF Materials 

16:20 O5-2 Daniil Shirokiy FZ Juelich, DE Speciation and Chemically Modulated Release of CsI in Nd-doped 
High Burn-up Structured UO2 Model System Materials 

16:40 O5-3 Lottie Harding Bristol Uni, UK Exploring TRISO Ternary Phases of U-C-N 

17:00 O5-4 Kevin D. Stuke FZ Juelich, DE Aging and Oxidation Processes of UO2 and PuO2 Nanoparticle 
Materials Under Ambient Conditions Relevant to Interim Storage 
of Spent Nuclear Fuel 

17:20 O5-5 Egor Iwaschko FZ Juelich, DE Microstructural investigation of fresh and spent Pu MIMAS MOX 
nuclear fuel under repository relevant conditions and supporting 
model system investigations  

17:40 O5-6 Pascal Uhlemann FZ Juelich, DE Insight into the structure and oxidation stability of Ln-doped UN 

18:00 
20:00 Posters and drinks 
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Thursday April 16 
O

6 
- C

he
m

is
tr

y 
   

8:30 O6-1 Karsten Meyer FAU Erlangen-
Nürnberg, DE 

Photocrystallographic formation of an authenticated cis-dioxo 
uranium complex 

8:50 O6-2 Vladimir Sladkov IJCLab/CNRS, 
Orsay, FR 

Complexation of Tb(III) with hydroxamic acids in acidic aqueous 
solutions  

9:10 O6-3 Evie Howard Manchester Uni, UK Incorporation and release of An(III) from nanoparticulate UO2 
under aqueous, ambient conditions 

9:30 O6-4 Md Bin Yeamin HZDR, DE Structure and Bonding in Quinoline-Actinide complexes as a Probe 
for Actinide Decorporation 

9:50 O6-5 Ilja Popovs Tennessee Uni, USA Lanthanide Contraction and Fundamental Coordination Chemistry 
of Lanthanides and Actinides  

10:10 Coffee break 
10:40 

O
7 

- M
ag

ne
tis

m
 

O7-1 Margarida 
Henriques 

IoP ASCR, CZ Complex magnetic modulations in Ho systems 

11:00 O7-2 Rüdiger Klingeler Heidelberg Uni, DE Uniaxial pressure dependencies of the skyrmion lattice phases and 
the phase diagrams in centrosymmetric Gd2PdSi3 and GdRu2Si2 

11:20 O7-3 Dariusz 
Kaczorowski 

INTiBS PAS, PL Magnetic properties of UP2 single crystals 

11:40 O7-4 Gertrud 
Zwicknagl 

TU Braunschweig, 
DE 

Cooperative phenomena in locally non-centrosymmetric heavy-
fermion systems 

12:00 O7-5 Jeremy Sourd HLD HZDR, DE Field-induced transitions in the quantum critical ferromagnet 
YbNi4P2 

12:20 Lunch 
13:50 Guided tour – Český Krumlov 

15:40 Coffee break 
16:00 

O
8 

- N
ew

 M
at

er
ia

ls 

O8-1 Jean-Christophe 
Griveau 

JRC Karlsruhe, DE Low Temperature Properties of An-Pt systems (An=Th, U, Np and 
Pu) 

16:20 O8-2 Ladislav Havela Charles Uni, CZ 5f delocalization and suppression of the CDW state in UPt2Si2 by Ir 
substitution 

16:40 O8-3 William Thomas Bristol Uni, UK Synthesis and crystallographic properties of the uranium hydride 
allotropes - A high-pressure study 

17:00 O8-4 Yuri Grin MPI CPfS, DE Thorium-Based Iron Arsenide with Fe−Fe Bonding 

17:20 O8-5 Utpal Dutta IoP ASCR, CZ Anisotropic electrical transport and pressure-tuned quantum critical 
behavior in YbV6Sn6  

17:40 IAC Meeting 
19:00 
22:00 

Conference dinner and awards 
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Friday  April 17   

9:00 

O
9 

- H
yd

ri
de

s, 
ca

rb
id
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, o

th
er

 O9-1 Silvie Černá Charles Uni, CZ Physical and H-sorption properties of uranium containing high 
entropy alloy (NbTa)0.67(MoWU)0.33 

9:20 O9-2 Itzhak Halevy Ben Gurion Uni, IL  Multi-cluster Fission track from microbulk to bulk analysis 

9:40 O9-3 Peter Franz Rogl Vienna Uni, AT Novel Results in the Systems {Th,U} - B - C 

10:00 Coffee break 
10:30 

O
10

 - 
N

uc
le

ar
 F

ue
l C

yc
le

 O10-1 Cooper Smylie Glasgow Uni, UK Developing surrogates to understand structure & reactivity of the 
UK’s special nuclear material 

10:50 O10-2 Andries van 
Hattem 

TU Delft, NL Thermo-physical studies into BaPuO3 and Ba3PuO6 

11:10 O10-3 Unai Aizpurua CEA, FR Systematic study of the structural and thermodynamic properties of 
mixed Pu-Am oxides using empirical interatomic potential 

11:30 O10-4 Alexander Ivanov Tennessee Uni, 
USA 

Probing Transient Covalency in Molten Uranium Chlorides 

11:50 O10-5 Clara Robert CEA, FR Development of machine-learning and magneto-elastic interatomic 
potentials for the simulation of UO2 

12:10 Short break 
12:20 Closing session and student award 
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List of Posters 

Code Name Surname Title 

P01 Jeongsoo Kang Catholic University of 
South Korea, ROK 

Electronic Structures of the CeTX (T=Rh, Ni; X=Sb, As) Kondo Insulators 
via Resonant and Angle-Resolved Photoemission Spectroscopy 

P02 Tetiana 
Haidamak 

Charles Uni, CZ High field study of UTe3 

P03 Liudmyla 
Bludova 

B. Verkin ILTPE of 
NASU, UA 

Hydrostatic pressure effect on the pseudogap in Y0.77Pr0.23Ba2Cu3O7-δ single 
crystals 

P04 Romuald Béjaud CEA, FR Invar effect in δ-Pu alloys 

P05 Victor Porée Uni Rennes, FR Nature of the magnetic ground state in cerium-based pyrochlores 

P06 Jaroslav Valenta IoP ASCR, CZ True Initial Pressure Response of Tc in UTe2 Compared to Ehrenfest 
Predictions 

P07 Felix Häusler KIT-INE, DE Thermodynamic description of the U(VI)-Na/Mg-NO3-H2O systems 

P08 Elio Nejim Bristol Uni, UK Approaches to Stabilisation of Exotic Binary Actinide Thin Films 

P09 Vincent Settle Bristol Uni, UK Fundamental Investigation of UCN and UCO as Candidates for Next-
Generation TRISO Fuel Kernels 

P10 Ben 
McConaughy 

Bristol Uni, UK A review of the viability of thin film techniques for characterizing the 
effects of neutron damage in waste uranium 

P11 Frederic 
Gendron 

CEA, FR Temperature dependence of local magnetic moment in δ-Plutonium 

P12 Sonu George 
Alex 

IoP ASCR, CZ Electronic Structure of UGe2±x Thin Films from Photoelectron Spectroscopy 

P13 S. V.V. Uday 
Devanaboina 

Charles Uni, CZ Expanding the U₂T₂X Landscape in Uranium Intermetallics: Synthesis and 
Characterization 

P14 Jude Ferrier Glasgow Uni In-situ Spectroscopic Exploration of U/Th Surrogate Materials to 
Understand the Surface Chemistry of Industrial Plutonium 

P15 Andries van 
Hattem 

TU Delft, NL Thermodynamic studies into Pb-MOX interaction 

P16 Rami Babayew Nuclear Research 
Center Negev, IL 

Aerogel-Assisted Fission Track Analysis and Automated Image Processing 
for Fissile Isotope Identification 

P17 Jeroen Custers Charles Uni, CZ Magnetic Properties of the UnRhIn3n+2 Compounds 

P18 Junhyuk Ha Pusan National 
University, ROK 

Quantitative Analysis of the Sorption Behavior of Cs(I), Sr(II), and La(III) 
onto Size-Fractionated Bentonite 

P19 Erin Hollington Bristol Uni, UK  Investigating the Use of Thorium Within Disposal-MOX (dMOX) for 
Primary Inhibition of Oxidative Dissolution 

P20 Evie Howard Manchaster Uni, UK Solid-state chemistry of nanoparticulate Th - U (hydr)oxides: implications 
for An(IV) speciation and fate 

P21 Eric Colineau JCR Karlsruhe, DE  Enabling Actinide Research through Access to State-of-the-Art Facilities 
and Expertise 

P22 Vladimír 
Sechovský 

Charles Uni, CZ  Tricriticality in Uranium Antiferromagnets 
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O1-1 

High-Density NpO2 Targets enabling Pu-238 Supply for Radioisotope Power Systems 

Frédéric Jutier, Daniela Uriková, Marc Verwerft, Beatriz Acevedo 

SCK CEN, Mol, Belgium 

Deep-space exploration, beyond solar power limits, require Plutonium -238 (238Pu) and Americium‑241 (241Am) to power 
radioisotope thermoelectric generators (RTGs) and heat units. The European Space Agency intends to secure indigenous 
production routes for these isotopes [1-3]. 241Am is recovered from spent fuel reprocessing/plutonium stockpiles while 238Pu 
production requires a high-flux neutron irradiation of Neptunium-237 (237Np) in a reactor and radiochemical post-
processing. Building on our successful conversion of neptunium from liquid to NpO₂ powder [4, 5], a pelletization study 
was performed to fabricate 237Np irradiation targets for 238Pu production, ensuring compliance with the dimensional 
constraints required for an irradiation demonstration. 

A comprehensive pelletization study requires careful evaluation of three key parameter groups: starting powder 
properties, pressing parameters and sintering conditions. The powder characteristics, such as particle size distribution, 
morphology and specific surface area directly influence flowability, compaction behaviour, and sinterability. Pressing 
parameters, including applied pressure, pressing speed and lubrication, determine green pellet density, dimensional 
accuracy, and mechanical integrity. Finally, sintering conditions, e.g. temperature profile, heating rate, dwell time, 
atmosphere and cooling rate, control densification, grain growth and residual porosity, all of which affect the pellet’s 
structural stability and performance under irradiation. Optimizing these interdependent factors is essential to produce 
suitable pellets for 238Pu production. 

In this study, we characterized the NpO₂ feed powder and optimized the pelletization process. Sintering parameters were 
investigated to produce high-density NpO₂ pellets with sufficient mechanical integrity, meeting requirements for 
irradiation targets in 238Pu production. 

This work is carried out under the responsibility of Tractebel Engineering S.A., in accordance with Agreement 
SPACE/4FA/0872286/000/00 and funded under the European Space Agency (ESA) Contract No. 
4000142904/23/NL/KK/ahh. The views expressed herein are solely those of the authors and can in no way be taken to 
reflect the official opinion of Tractebel Engineering S.A. and the European Space Agency. The authors also thank P. 
Dries and Y. Spriet for their valuable technical assistance. 

References 

[1]        European Space Agency. (2022). Pu‑238 production feasibility study: Executive summary report (Contract No. 
4000135477/21/NL/GLC/my). European Space Agency. 

[2]        European Space Agency, “Americium Fuel Pellet Development and Medium Scale Plant Design,” GSTP 
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Ab initio study of the Ce and Pu oxide surface reactivity with respect to O2 and H2O 
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2Université Paris-Saclay, Bruyères le Châtel, France 

Understanding and interpreting experimental results of cerium and plutonium oxides under external chemical 
environments is crucial for nuclear fuel storage. The corresponding surfaces of these compounds are known to be ideal 
(AO2) or defective (AO2-x, A2O3…) according to the chemical environment. In this work, we consider the reaction of 
different gases (O2 and H2O) with these surfaces by means of state-of-the-art ab initio simulations. In this way, various 
chemical species and defects that can form on the surface following gas adsorption are identified. The nature of charge 
transfers, the potentially exothermic character of the reactions involved, and the thermodynamic stability of the 
terminations as a function of the external chemical environment is also studied. The associated experimental signatures -- 
XPS (X-ray Photoelectron Spectroscopy) and IR (Infrared) -- of these chemical species, are directly compared with 
experimental results. 

In these simulations we consider the same calculation conditions used in previous works on the volume and clean surfaces 
[1, 2, 3, 4]. In particular, we carry out ab initio simulations using the ABINIT calculation code [5] in the PAW (Projector 
Augmented Wave) formalism and using the occupation matrix control method [1]. To simulate different chemical 
environments, we consider the adsorption of two molecules (O2 and H2O) on various orientations ((111), (110) and (100)) 
of the AO2 surfaces, exposing understoichiometric or overstoichiometric terminations with (2x2) or (3x3) reconstructions. 
These surfaces are modeled using slabs with a stacking sequence of 6 AO2 formula units (see left panel of Figure 1). The 
corresponding thermodynamic stability of these surfaces is deduced in the Grand canonical ensemble (see right panel of 
Figure 1). 

 

 

Figure 1 : Left: Adsorption of molecular H2O on PuO2-O(111) surfaces. Right: Surface Grand potentials of various 
terminations as a function of the oxygen chemical environment. 

On the perfect PuO2-O(111) surface, the H2O molecule adsorbs either molecularly (-0.51 eV/H2O) or dissociatively (-0.45 
eV/H2O). This process does not change the oxidation state of the surface plutonium atoms, which remain all Pu4+. In 
contrast, the formation of OH groups results in the reduction of a neighboring plutonium atom from Pu4+ to Pu3+. The 
dissociation of the O2 molecule on the perfect surface leads to the formation of two peroxide ions O2

2- and the oxidation 
states of the surface Pu atoms are not modified. 

On the PuO2-O(111) oxygen-deficient surface, the oxygen vacancy is associated with the presence of two reduced 
plutonium atoms Pu3+. Under these conditions, the H2O molecule inserts exothermically (-1.84 eV/H2O) into the vacancy 
producing a perfect surface and a re-oxidation of the Pu3+ to Pu4+. In the same way, the dissociation of the O2 molecule on 
the perfect surface is an exothermic process (-3.79 eV/O2), with all Pu3+ re-oxidized to Pu4+. 

From a thermodynamic stability point of view, some of these species can appear under external conditions rich in water 
vapor (see right panel of Figure 1). In an oxygen-rich environment (no oxygen vacancies on the surface) we observe that 
the surface is hydrated with the presence of molecular or dissociated water. In an oxygen-poor environment (presence of 
vacancies), the surface contains hydride ions with the possibility of heterolytic dissociation (coexistence of hydride ions 
and protons) over a small window of oxygen chemical potential, and formation of two hydride ions in the vacancies for 
lower chemical potentials. 
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After evaluating the energies of the various surface chemical reactions, we are currently calculating the transition paths 
between these local minima to assess the energy barriers associated with the different adsorption and/or dissociation 
mechanisms. We will complement the thermodynamic study with a kinetic study. 

 
References 

[1] G. Jomard, B. Amadon, F. Bottin, et M. Torrent, Phys. Rev. B 78, 075125 (2008). 

[2] G. Jomard et F. Bottin, Phys. Rev. B 84, 195469 (2011). 

[3] G. Jomard, F. Bottin, G. Geneste, Journal of Nuclear Materials 451, 28-34 (2014). 

[4] F. Bottin, G. Geneste & G. Jomard, Phys. Rev. B 93, 115438 (2016). 

[5] X. Gonze et al., Comput. Phys. Comm. 248 (2020), 107042.  



 

11 

O1-3 

Electronic Structure Trends in Uranium Compounds with p-Block Ligands 

Evgenia Tereshina-Chitrova1, Sonu George Alex1, Alexander Shick1, Oleksandra Koloskova1, Oleksandr Romanyuk1, 
Frank Huber2, Thomas Gouder2, Martin Divis3, Ladislav Havela3 

  1Institute of Physics CAS, Prague, Czech Republic. 
 2European Commission, Joint Research Centre (JRC), Karlsruhe, Karlsruhe, Germany. 
 3Charles University, Prague, Czech Republic 

The electronic structure of uranium compounds formed with p-block ligands is discussed based on a comparative analysis 
of uranium tellurides, germanides, silicides, and gallides, combining X-ray and Ultraviolet Photoelectron Spectroscopy 
(XPS and UPS, respectively) on U-Te and U-Ge thin films prepared in this work [1,2] with reference data on U-Si and U-
Ga from the literature, including both bulk compounds [3] and thin films [4], together with advanced electronic-structure 
calculations. U-Te thin films with compositions of the bulk phases [1], as well as U-Ge thin films around the UGe2 
stoichiometry [2], were prepared using a triode sputtering method and investigated in situ, enabling access to pristine 
surfaces and controlled stoichiometry variations. 

A clear contrast emerges between uranium tellurides and the lighter-ligand systems. Reflecting the intrinsic bonding 
flexibility of tellurium [5], the U-Te system exhibits pronounced spectral shifts, gap formation, and strong redistribution 
of valence-band spectral weight with composition [1]. In contrast, compounds formed with Si, Ga, and Ge display more 
rigid bonding frameworks, where changes in stoichiometry primarily modulate spectral weight without inducing 
qualitative changes in the valence-band line shape. This work provides a unified ligand-based framework for 
understanding electronic-structure trends in uranium compounds. 
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Spark Plasma Sintering of Uranium Carbide: Phase Stability and Reactivity at High 
Temperature 
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Uranium carbides are the main materials for spallation targets, which are used in the production of radioisotopes by the 
ISOL method, owing to their high uranium density, thermal conductivity, and melting temperature. Moreover, the same 
characteristics make UC a promising nuclear fuel material.1 The successful deployment of uranium carbides for such 
applications requires a detailed understanding of their phase stability and microstructural evolution under high-
temperature processing routes. In this context, the present work investigates the spark plasma sintering (SPS) behavior of 
UC prepared by arc melting, with emphasis on phase stability under high-temperature and high-pressure conditions. 

UC was synthesized by arc melting elemental uranium with graphite, followed by repeated melting steps to ensure 
homogeneity. The resulting ingot was manually ground into powder, which was used to prepare 3 pellets of ~2 g each. 
The samples were consolidated by SPS, in high-density graphite dies, applying a uniaxial pressure of 15 kN (≈85 MPa), 
followed by heating at 100 °C·min⁻¹ up to 3 sintering temperatures, 1700 °C, 1800 °C, and 1900 °C, each with a dwell 
time of 20 minutes. 

X-ray diffraction (XRD) of the starting powder indicates only the presence of UC. However, after SPS, a significant 
temperature-dependent phase evolution is observed both by XRD and scanning electron microscopy (SEM) imaging (fig. 
1) coupled to electron backscatter diffractometry (EBSD). At 1700 °C, ground pellets exhibit a mixture of UC₂ and 
residual UC, indicating partial reaction of UC with the graphite liner of the mold during sintering. Accordingly, SEM 
shows that the center of the pellet is mainly made of UC (light grey) while the faces are converting to UC2 (dark grey). At 
1800 °C, only UC₂ and graphite are detected at the pellet surface, while the pellet interior still contains UC together with 
UC₂. At 1900 °C, UC₂ becomes the dominant phases, with only traces of UC remaining. In all cases, presence of graphite 
Bragg peaks on the XRD patterns is attributed to residual C-foil sticking to the surface after SPS. The microstructure 
clearly shows the expected Widmanstätten-like patterns (or “herringbones” patterns) between UC2 and UC in the presence 
of excess carbon in UC brought by the liner during sintering.2,3 It is nevertheless not clear if these features form at high 
temperature or result from the UC2-UC solid solution decomposition during the cooling stage. Finally, the obtained 
densities seem much higher than those previously reported4 during sintering at 1700°C for 10 min only but the pellets 
remain brittle with several cracks being visible on the images. 

Present results clearly show a strong temperature-dependent evolution of phases, with increasing sintering temperature 
promoting the reaction of UC with graphite into UC₂. These findings highlight the sensitivity of UC to SPS processing 
parameters and underline the need for careful control of container, temperature, atmosphere, and thermal history to 
preserve phase purity during densification. It also provides valuable experimental insight into the SPS consolidation of 
uranium carbides, contributing to the optimization of their processing routes for advanced spallation targets and nuclear 
fuel materials. 
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Figure 1 SEM images (backscattered electron 
mode) of polished cross-sections of UC pellets 
sintered at (a) 1700, (b) 1800, and (c) 1900°C 
for 20 min under a pressure of 85 MPa. The 
EBSD map of the sample sintered at 1800°C is 
shown with UC2 and UC diffracting areas 
shown in pink and green, respectively. 
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Microstructural Engineering of Porous Thorium Carbide Targets for ISOL@MYRRHA 

Lisa Gubbels1,2, João Pedro Ramos1, Beatriz Acevedo Muñoz1, Jacobus Boshoven3, Marc Verwerft1, Lucia Popescu1, 
Jozef Vleugels2, Karin Popa3 
1Belgian Nuclear Research Centre (SCK CEN), Mol, Belgium. 
2KU Leuven, Department of Materials Engineering, Leuven, Belgium.  
3European Commission, Joint Research Centre (JRC), Karlsruhe, Germany 

Isotope Separation On-Line (ISOL) facilities provide high-purity radioactive ion beams for applications in fundamental 
physics, materials science, and medical research. Within the framework of the MYRRHA program at SCK CEN, the 
future ISOL@MYRRHA facility will operate with a high-power 100 MeV proton beam. This will enable the production 
of relevant isotopes for medical research, including 225Ac, which is highly targeted for cancer research. To meet the 
stringent requirements of such high-power operation, the development of robust ISOL target materials combining thermal 
stability with controlled open porosity is essential to ensure efficient isotope diffusion and release at temperatures 
approaching 2000 °C. 

This work focuses on the development of thorium carbide (ThCx) ISOL targets produced via carbothermal reduction of 
thorium dioxide (ThO2). Both micrometric and nanometric ThO2 powders, synthesized and fully characterized at SCK 
CEN, were combined with carbon precursors to tailor the porosity and grain size of the resulting carbide. Pellets were 
fabricated with excess carbon and subjected to carbothermal reduction at JRC Karlsruhe at 1700°C under argon 
atmosphere. 

A comprehensive microstructural and phase characterization was performed using X-ray diffraction (XRD) to assess 
phase formation and stability, scanning electron microscopy (SEM) coupled with energy-dispersive spectroscopy (EDS) 
to examine the grain morphology, pore architecture and chemical homogeneity, and Brunauer–Emmett–Teller (BET) 
analysis to evaluate the specific surface area. Thermogravimetric analysis (TGA) was employed to investigate excess 
carbon and carbide content separately, while open and closed porosity were quantified using density and porosity 
measurements. The results highlight the combined effects of carbon source, ThO2 morphology and carbon-to-thorium 
ratio (C/Th = 5) on densification, porosity retention and microstructural stability of ThC2 at high temperature. The study 
focuses on identifying which ThO2 grain sizes and carbon additives enable controlled open porosity suitable for ISOL 
target applications. 
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Surface Science Laboratory Station as a Pilot for the Future: Challenges, Lessons 
Learned, and Enhancing EU Access through its Relocation to Prague 
Frank Huber1, Lorelei Commin2, Olaf Walter2, Jan Lancok3, Ladia Havela4, Evgenia Tereshina-Chitrova3, Martin 
Vondráček3, Standa Cichon3, Thomas Gouder1, Rachel Eloirdi2 
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The Surface Science Laboratory Station (SSLS)[1],[2], developed and operated till 2025 at the Joint Research Centre (JRC) 
Karlsruhe, is a pioneering European research infrastructure enabling advanced surface science of nuclear and non-nuclear 
materials. It integrates surface-sensitive spectroscopies, thin-film deposition systems, and controlled surface reaction 
environments, focusing on actinides such as uranium and thorium[3],[4]. 

To address the challenges posed by JRC Euratom’s reduced operational capacity, SSLS was identified as a critical 
infrastructure to maintain research capabilities in Actinide-based materials science in Europe. Given its estimated 
remaining operational life of 20–25 years, JRC launched a strategic initiative aligned with ESFRI and Horizon Europe 
objectives to transfer the SSLS to a Member State institution while ensuring continued European access via the Open 
Access to Nuclear Research Infrastructure program. 

A competitive call identified a consortium in Prague, led by the Institute of Physics of the Czech Academy of Sciences 
(FZU), which met all technical, regulatory, and space requirements. The SSLS was transferred to Prague in October 2025 
under an agreement guaranteeing continued Open Access for JRC and Member State users for at least five years. 

The relocation involved significant technical challenges, including the dismantling, transport, and reinstallation of a large-
scale, sensitive instrument. Key milestones including the successful deposition of the first uranium thin film at FZU, 
should demonstrate scientific continuity and reproducibility with prior JRC results. 

This pilot project serves as a model for distributed operations of mature RIs in Europe, demonstrating the challenges and 
feasibility of transferring complex infrastructures across borders while maintaining performance, compliance, and 
transnational access, in line with ESFRI and ERIC governance principles. The process of transfer, reinstallation and first 
Lessons learned will be presented. 
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Imperfections as a measure of exotic superconductivity? 

Eteri Svanidze 

MPI CPfS, Dresden, Germany 

The symmetry of the superconducting gap is related with the crystal structure of a given material. In unconventional 
uranium-based superconductors, this relation is very strong, resulting in big changes of the superconducting state as a 
result of small perturbations of the crystal lattice [1]. This can likely be linked to the oxidation state of uranium which is 
very sensitive to its crystallographic environment. In this talk, I will discuss several uranium-based superconductors and 
examine their chemical features and their impact on superconductivity. This talk will cover both single and 
polycrystalline uranium-based superconductors, such as UTe2, UBe13 and UPt3 [2-4]. 
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Uranium ditelluride (UTe₂) is a prominent candidate for spin-triplet superconductivity and one of the most intensively 
studied unconventional superconductors because of its extraordinary response to magnetic field and the apparent 
coexistence of strong magnetic fluctuations with superconductivity. In particular, UTe₂ exhibits an exceptionally rich 
magnetic field–temperature phase diagram, including multiple superconducting regions and field-induced phase 
boundaries whose microscopic origin remains under active debate. This unusual behavior has made UTe₂ a model system 
for studying the interplay between magnetism, superconductivity, and symmetry in correlated electron materials. 

Here, we report ultrasound velocity measurements performed on ultraclean UTe₂ single crystals prepared by the molten 
salt flux method, with a superconducting transition temperature Tc = 2.1 K. The high quality of these crystals is essential 
for resolving subtle features in the elastic response associated with the complex superconducting phase diagram. 
Ultrasound is a particularly powerful probe in this context because sound velocity and elastic moduli are highly sensitive 
to thermodynamic anomalies, lattice softening, and coupling of the crystal lattice to electronic degrees of freedom. The 
measurements were carried out in magnetic fields applied within the b-c crystallographic plane, in fields up to 60 T, 
allowing us to follow the evolution of the elastic properties across both the low-field and high-field superconducting 
regimes over a broad range of temperatures and magnetic field orientations. 

Clear anomalies in the sound velocity and in the derived elastic moduli were observed at the transitions between the low-
field and high-field superconducting states, demonstrating the strong sensitivity of the lattice response to changes in the 
superconducting phase. These anomalies provide direct evidence that the superconducting phase boundaries are 
accompanied by pronounced elastic signatures, consistent with a sizeable coupling between the superconducting order 
parameter and the crystal lattice. The measurements further show that the elastic response remains a sensitive probe even 
deep in the high-field regime, where the superconducting state of UTe₂ is known to display unusual robustness and a 
highly nontrivial field dependence. 

In addition to the anomalies associated with the main superconducting boundaries, we identify a distinct feature near 15 
T, which coincides with anomalies previously reported in AC susceptibility measurements [1]. The observation of this 
feature in ultrasound data confirms that it is an intrinsic part of the phase diagram rather than an artifact specific to a 
single experimental technique. This additional phase boundary may indicate a change in the vortex structure, a 
modification or reconstruction of the superconducting order parameter, or the emergence of a distinct superconducting 
state embedded within the broader superconducting region. Such an interpretation is consistent with the growing body of 
evidence that superconductivity in UTe₂ involves multiple competing or closely neighboring states that can be tuned by 
magnetic field orientation and magnitude. 

Overall, the field and temperature dependence of the elastic response highlights the intimate coupling between lattice, 
magnetism, and superconductivity in UTe₂. Our results demonstrate that ultrasound measurements provide a highly 
sensitive window into the complex high-field behavior of this material and offer further insight into the mechanisms 
underlying its multiple unconventional superconducting phases. 
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Determining the superconducting order parameter of UPt3 using scanning tunneling 
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The hunt for spin-triplet superconductors has excited researchers for decades, with new candidates regularly being 
proposed as others are ruled out. This pairing of electrons into a Cooper pair state with total spin of one is allowed 
theoretically but has yet to be confirmed in a material. A system with these characteristics would have profound 
fundamental and technological implications. Since the discovery of superconductivity in UPt3 with TC ~ 550 mK, as well 
as showing evidence of multiphase superconductivity [1,2], it has been heavily researched as one of the leading 
candidates to be a spin-triplet superconductor. UPt3 has D6h symmetry with hexagonal close-packing of UPt3 planes, and 
orders antiferromagnetically below TN ~ 5 K [3]. Discussion of the superconducting order parameter centres around two 
candidate order parameters in particular – the spin-singlet E1g and the spin-triplet E2u [4,5], as shown in Fig. 1 below. 

 

 

 

 

 

Here, we use ultra-low temperature scanning tunneling microscopy (STM) to measure the superconducting gap of UPt3, 
which reveals a zero-bias Andreev bound state in the surface perpendicular to the 𝑐𝑐-axis. The superconducting origin of 
the gap is confirmed via observation of a vortex lattice, as well as by suppression of the gap above the expected critical 
field and temperature. The gap width of 2∆ ~ 280 µV is consistent with the strong coupling regime, with 2∆ 𝑘𝑘𝐵𝐵𝑇𝑇�  ~ 5.9, 

and we find the superconducting coherence length to be 126 Å. We show the evolution of the superconducting gap with 
magnetic field and temperature, presenting the surface-sensitive phase diagram as measured by STM. The symmetries of 
the system are modelled using surface and bulk Green’s function calculations [6] to capture the Andreev bound state 
which is identified experimentally, and we make connection to the order parameter(s) that it allows for. Both spin-singlet 
and spin-triplet order parameters fulfil the symmetry requirements for observation of an Andreev bound state, but in a 
uranium-based system spin-orbit coupling must also be considered. Thus, we show DFT calculations with evidence of 
Rashba spin-splitting around the Fermi energy and factor Rashba spin-orbit coupling into our models. For triplet pairing, 
such an Andreev state is fragile against Rashba spin-splitting, whereas for singlet pairing it remains robust. Thus, our 
results suggest that while UPt3 is an unconventional superconductor, its pairing is spin-singlet.  
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Figure 1: Candidate order parameters for UPt3, shown in the chiral 
form as predicted for the low-field, low-temperature B-phase. (a) Spin-
singlet E1g and (b) spin-triplet E2u. 
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Strongly correlated topological materials in uranium compounds 

Sheng Ran 

Washington University, St. Louis, USA 

Quantum materials with both strong correlations and nontrivial band structure topology can have novel physics 
properties that do not exist in the non-correlated counterparts. Uranium compounds are ideal platforms to 
explore the interplay between strong correlation and band structure topology, due to the the large spin orbital 
coupling, and the potential Kondo hybridization. In this talk, I will present our recent experimental exploration 
this direction, demonstrating that combination of Kondo physics and nonsymmorphic crystal symmetries can 
give rise to such strong correlated topological systems. 
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Electronic correlations and topology in Kondo insulator PuB6 

Krzysztof Gofryk1, Shuxiang Zhou1, Narayan Poudel2, Nathan Dice2, Daniel Murray2, Tsvetoslav Pavlov2, Chris 
Marianetti3 
1Center for Quantum Actinide Science and Technology, Idaho National Laboratory, Idaho Falls, USA.  
2Idaho National Laboratory, Idaho Falls, USA. 3Columbia University, New York, USA 

The concept of strongly correlated topological insulators is highly appealing not only because the surface states, protected 
from backscattering by time-reversal symmetry, may host massless charge carriers with locked helical spin polarization, 
but also because the surface of such a correlated system may exhibit nontrivial electronic structures not present in 
conventional band insulators. Topological Kondo insulators have garnered significant interest in the realm of strongly 
correlated electronic systems, with special attention devoted to samarium hexaboride (SmB₆), which has been proposed as 
the first member of this family. Recently, utilizing a combination of dynamical mean-field theory and density functional 
theory, it has been theoretically proposed that its plutonium analogue, PuB₆, is a strongly correlated topological insulator 
characterized by nontrivial Z₂ topological invariants and metallic surface states [1]. In the talk, we demonstrate, by low-
temperature magnetotransport studies and DFT+U calculations, that PuB₆ exhibits various features of a topological 
Kondo insulating state. These features include a transition in electrical resistivity from high-temperature, thermally 
activated behavior with a narrow gap at the Fermi level (Δρ ∼ 20 meV) to a distinctive low-temperature plateau, as well 
as a surface-to-volume dependence of electrical resistivity at low temperatures. The topological nature of PuB₆ is further 
supported by theoretical calculations, which show that GGA+U is capable of properly capturing the electronic, 
topological, and lattice properties of PuB₆ with much lower computational cost than DMFT [2]. 
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Heat and electrical transport in UC - role of electron correlations and spin-orbit coupling 
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Electrical and heat transport in UC, a potential fuel material for generation IV nuclear reactors, is investiated within 
density functional theory incorporating strong local Coulomb and spin-orbit interactions. The localization of 5𝑓𝑓 electrons 
is tuned by varying the Coulomb repulsion interaction parameter from 0 to 3 eV. We demonstrate that both strong 
electron correlation and spin-orbit coupling effects are crucial for realistic modeling of the electron-phonon scattering 
process, which is a driving mechanism of the electrical and heat transport in UC. Partially localized 5𝑓𝑓 states, described 
by a moderate value of the on-site Coulomb repulsion parameter of 1.5 eV, together with spin-orbit interaction reproduce 
experimental resistivity and thermal conductivity in UC with exceptionally good accuracy in a wide temperature range 
extending from 300 to 1900 K. The present theoretical approach can potentially be used to eliminate the discrepancy 
between theory and experiment, as well as to predict the thermoelectric properties of other actinide-based fuel materials 
for modern nuclear reactors. 
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The recent development of the ab-initio of many body methods for calculations of the Crystal Fields and exchange 
interactions has allowed recently for first-principles prediction and study of the magneto-elastic effects in correlated f-
electron systems.  Here we overview our application of these methods for study of mechanisms leading to the different 
paths of the crystal distortions in pure elemental Tb and Dy metals, we recently observed in neutron diffraction 
experiments [1,2], and massive field induced magneto-elastic effects in paramagnetic KEr(MoO4)2 [3,4]. By calculating 
and predicting a complex multipolar "hidden" order in NpO2 we were able to predict an absence of oxygen distortions 
despite AFM ordering of the Np f-shells quadrupoles [5]. The comparison to UO2 where such oxygen distortions occurs 
due to secondary quadrupolar order has been made. Using these dioxides as examples we also illustrate the emergence of 
the strong multipolar two-site striction leading to the magneto-volume anomaly in NpO2 and high field anomaly of the 
sound velocity in UO2 due to metamagnetic transition and associated peculiar behaviour of the quadrupolar moment in 
applied field [6]. 
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Correlated materials, characterized by strong Coulomb interactions between electrons, are known to give rise to diverse 
and complex physical properties. Introducing additional degrees of freedom—such as the strong spin-orbit coupling 
found in f-electron systems—leads to even more intriguing phenomena. However, providing a theoretical description of 
these materials remains a significant challenge, as the central role of electronic correlations is difficult to account for 
using standard theoretical methods. To address this, various ab initio frameworks have been developed; among them, 
Density Functional Theory combined with Embedded Dynamical Mean-Field Theory (DFT+eDMFT) has proven 
successful. 

In this talk, I will present electronic structure calculations for several f-electron materials based on Ce, Pr, and Nd. By 
examining these materials at finite temperatures, I will show the advancements of the DFT+eDMFT method in capturing 
their unique electronic properties. Ultimately, I aim to show that the synergy between experimental data and the 
predictive power of DFT+eDMFT can be used to guide, design, and interpret experiments, leading to a deeper 
fundamental understanding of f-electron correlated materials. 
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We use the combination of DFT and DMFT to present a state of the art thermodynamical description of the isostructural 
phase transition. We discuss the role of electronic interaction [1,2], Hund's exchange, double counting and the choice of 
correlated orbitals in the calculation of spectral and structural properties. We discuss the calculation of entropy and 
compare to previous works [3,4,5]. We discuss possible improvements and perspectives. 
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Resonant inelastic X-ray scattering (RIXS) is a rapidly advancing spectroscopic technique that has become an 
increasingly powerful tool in actinide science. Although RIXS experiments require synchrotron radiation and 
are often time-consuming, the method offers unique advantages for probing the electronic structure of 5f 
electron systems, providing element- and orbital-specific information that is difficult to access by other 
spectroscopies. 
In this contribution, I will present an overview of both fundamental and advanced aspects of RIXS, focusing on 
measurements performed at the actinide L₃ and M₄,₅ absorption edges. The RIXS process will be discussed 
from experimental and theoretical perspectives, with emphasis on the interpretation of energy-loss features and 
their relation to local electronic structure, oxidation state, and chemical bonding. 
I will review recent results obtained using core-to-core RIXS as well as valence-band RIXS, highlighting their 
respective sensitivities to crystal-field effects, spin-orbit coupling, and 5f–ligand hybridization. Finally, I will 
discuss current challenges and future perspectives for the application of RIXS in actinide research, including 
developments in instrumentation, data analysis, and the potential for studying complex materials under extreme 
or environmentally relevant conditions. 
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Advanced X-ray spectroscopies for actinide research at the ROBL beamline 
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X-ray spectroscopies enabled by the use of an X-ray emission spectrometer are at the forefront of actinide research. High-
Energy-Resolution Fluorescence-Detected X-ray Absorption Near-Edge Structure (HERFD XANES) demonstrated a 
superior sensitivity to actinide oxidation states, especially when performed at the M4,5-edges. The interest in measuring 
Resonant Inelastic X-ray Scattering (RIXS) is increasing in the field, both for core-to-core and valence-to-core RIXS. The 
ROBL beamline, hosted at the ESRF synchrotron facility, is dedicated to actinide research and is promoting the use of 
these advanced X-ray spectroscopies in the field. In the first part of this talk, I will present the possibility that the X-ray 
emission station (XES) at ROBL offers to the actinide community, with particular focus on the developments that were 
implemented in last years and on those planned in the near future. In the second part of the talk, I will discuss what 
information can we extracted from these spectroscopies beyond the oxidation state. In particular, I will review how the 
local structure affects the HERFD XANES at the M4,5-edges and how measurements at the ligand K-edge can shed light 
on the bonding properties. 
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α-U is the room-temperature orthogonal form of uranium metal and has been much studied in the last 50 years. It is the 
only element that exhibits a charge-density wave (CDW), appearing at 43 K and resulting in a doubling of the a-axis. This 
is known to be caused by a strong electron-phonon interaction driving an optic phonon in the [100] Brillouin zone that is 
soft at this temperature [1]. The production of U-based epitaxial films at the University of Bristol [2] has provided 
strained samples with a [001] growth direction, in which the CDW temperature is raised to TCDW ~ 130 K [3]. 

Following our recent discovery of anisotropic resonant scattering (ARS) in uranium compounds U2N3 and U3O8 [4], we 
have used this technique, which is sensitive to 5f charge distributions around the U nuclei, to examine the above epitaxial 
film. By examining forbidden reflections as a function of temperature (T), energy (E), azimuthal angle (ψ), and 
polarization (incident σ, rotated π), we can examine whether orbital ordering occurs and hence the resulting symmetry [5] 
of the 5f charge distribution. 

The main Bragg peaks [e.g. (002)] show strong T-dependence in the CDW state (i.e. below TCDW) and a maximum in the 
FWHM at ~ 60 K, which we believe reflects the strain dependencies in the 200 nm film, as the a-axis expands by almost 
1 % when the CDW appears. Despite the presence of strong multiple scattering effects, we can measure a signal at the 
forbidden (001) reflection that is < 105 times the intensity of the charge (002). This signal is almost exclusively σ → π 
(rotated polarization) and can only be observed when the [100] direction lies in the scattering plane. It is present at all T, 
doubles in intensity between 10 and 300 K, and has an E dependence similar to Bragg peaks. We believe this scattering is 
thermal-motion induced [5], with the peak associated with the [100] direction related to the strong electron-phonon 
interaction along this direction [1]. 

In addition, we have examined two CDW peaks: (½01) and (½02). The (½01) is a standard CDW peak with an E 
dependence similar to Bragg reflections, and disappears TCDW. However, the (½02) reflection is forbidden in the CDW 
state, but is quite strong here below TCDW. It has an E-dependence reflecting only the f” component of the scattering 
factor, and the polarization varies strongly as a function of ψ. This is reminiscent of the ARS observed in [4], and 
suggests orbital distortions such that along the CDW propagation axis, [100], the U atoms have an anisotropic 5f charge 
distribution related to the displacement of the U nuclei by ~ 0.03 Å in the CDW state. 

Although we are still in the process of making quantitative calculations, the use of resonant scattering to highlight the 
behavior of the 5f electrons in α -U, gives fascinating results, and promises to give important information on this complex 
material. 

 
Figure 1: Energy dependence of various reflection from α -U at 10K, with left, the (001) (forbidden) and (½02) (weak 
CDW) and right, the (002) (strong Bragg) and (½01) (strong CDW). 
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The regime of valence fluctuations, known from some intermetallics based on the anomalous rare-earth elements (such as 
Ce, Yb, Sm, Eu), has not yet been identified by microscopic techniques in any uranium compound. It was only suggested 
in a few of them on the basis of thermodynamic properties (such as the magnetic susceptibility) and on their similarity to 
the behavior of the rare-earth valence fluctuators [1,2]. Such arguments, however, are hardly unequivocal. In our 
contribution, we present uranium L3 and M4 x-ray absorption spectra (XAS) taken on UPd2Cd20, which is a heavy-fermion 
antiferromagnet with only a weak hybridization between the uranium 5f shell and the conduction-band states. Although 
UPd2Cd20 has only one type of uranium site in its primitive cell, the x-ray absorption spectra obtained in the high-energy-
resolution fluorescence-detection (HERFD) mode display two edges, each associated with a different valence state, 5f2 
and 5f3. The shape of the L3 spectrum is well approximated by two shifted copies of the uranium 6d density of states 
obtained in density-functional calculations, the shape of the M4 spectrum is well approximated by a combination of UCl3 
(5f3) and UCl4 (5f2) spectra reported previously [3]. This points to 5f2 ↔ 5f3 fluctuations on a timescale longer than the 
characteristic time of the spectroscopy technique. Unlike 4f systems, in which such fluctuations typically lead to a 
destruction of magnetism due to one of the involved 4fn configurations being non-magnetic [4], the 5f2 and 5f3 states are 
both magnetic, allowing for a magnetic ordering in the fluctuating state. 
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We will report on advanced instrumentation for high pressure research developed for the ESRF beamline ID12 which is 
dedicated to polarization dependent X-ray absorption spectroscopy at photon energies from 2 to 15keV. Emphasis is laid 
on X-ray optics, the design of diamond anvil cell adapted for tender X-ray range (covering the M-edges of actinides) and 
compatible with low temperatures and with high magnetic field. Several examples will be shown to illustrate the 
performance of the beamline and show what type of advanced spectroscopic technqiues can be used to study the local 
electronic and magnetic properties of uranium based compounds under high pressure. 
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The intriguing properties of U intermetallic compounds arise from the complex interplay between band formation 
and the electron correlation effects of U 5f electrons. Describing their electronic structure remains a major challenge, 
particularly because atomic-like states have long remained experimentally inaccessible. Ongoing debates revolve 
around the existence of atomic-like states and, if present, which electronic configuration, U 5f3 or U 5f2, provides the 
appropriate Ansatz or starting point for describing low-energy properties. In addition, these correlated compounds 
exhibit pronounced intermediate valence, which has fueled intense discussions concerning the degree of covalency 
and the survival of multiplet structure within the 5f shell.  

Resonant and non-resonant x-ray scattering [1,2]: 

Results of valence band resonant inelastic x-ray scattering (VB RIXS) at the U M4,5-edges, together with non-
resonant inelastic x-ray scattering (NIXS) at the U O4,5-edges, will be presented for selected uranium intermetallic 
compounds such as Pauli paramagnetic UB2, ferromagnetic UGa2, spin-triplet superconducting UTe2, 
antiferromagnetic UCd11 as well as for the Kagome compounds UV6Sn6 and USb6Sn6. We demonstrate that the 
multiplet structure observed in the VB-RIXS spectra, as well as the line shape in the NIXS data, unambiguously 
identifies which electronic configuration, 5f2 or 5f3, determines the ground-state quantum numbers.   

Photoelectron spectroscopy and DFT+DMFT [3-5]:  

Photoelectron spectroscopy using soft x-rays (PES) and hard x-rays (HAXPES), combined with DFT+DMFT 
calculations for several of the above-mentioned materials, is employed to further elucidate their electronic structure. 
By exploiting the photon energy dependence of photo-ionization cross-sections in PES and HAXPES, we 
disentangle contributions from different shells to the valence band. This information enables material-specific tuning 
of the double-counting correction and other parameters in DFT+DMFT, leading to a reliable and accurate 
description of the electronic structure of uranium in these intermetallic compounds beyond one-electron theory. It 
also allows a quantitative modelling of the widely used U 4f core-level spectra. 
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Al, Cr and Al/Cr mixtures are used to dope UO₂ a part of accident tolerant nuclear fuel programs for improved grain 
growth resulting in increased fission gas retention and enhanced microstructural performance. Al/Cr is used a part of 
Westinghouse Nuclear’s ADOPT blend whereas Cr is used in Framatome’s PROtect blend. Despite their current in 
reactor deployment, the individual roles and effects of Cr and Al on the UO₂ microstructure and mechanical behaviour 
remain poorly described. This work has focused on examining the microstructural and mechanical performance of UO2 
ceramic pellets doped with Cr, Al and Cr/Al under ppm additions from 500 to 2000 molar ppm. A combination of 
electron microscopy, synchrotron X-ray diffraction and mechanical testing measurements are used to respectively 
characterize the relative effects of Al, Cr and Al/Cr on microstructure, structural-chemical and mechanical performance of 
UO2 ceramic bodies. The work highlights detrimental effects that can arise particularly from the introduction of Al into 
UO2 as a singular but also co-dopant regarding the microstructure and mechanical properties of ceramics. The effect is 
traced to the subtly different chemistry of Al compared to Cr during sintering. The investigation will highlight the 
pronounced effect trace dopants can have upon microstructural and mechanical performance of doped UO2 based nuclear 
fuels that are used for nuclear energy production. 
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The issue of SNF management and the associated risks remains a primary concern for all nations utilising nuclear energy. 
One such risk pertains to the behaviour of instant release fraction (IRF) related radionuclides, as their release has the 
potential to compromise the safety of fuel management during both operation and disposal. For instance, radionuclides 
such as Cs and I are a part of this category, thereby emphasising the necessity for comprehensive knowledge of their 
chemistry within SNF. A particular factor that has a direct impact on the release of Cs and I from UO2 is the high burn-up 
structure (HBS), in which significant changes of the microstructure and the mechanical properties in the fuel occur due to 
higher burn-up.1 Despite the existence of studies that have examined this influence,2 one effect that remains overlooked is 
an integral part of SNF: the presence of fission and transmutation products. Of particular concern are the lanthanides (Ln), 
whose content in HBS is increased due to higher burn-up. These elements, through chemical interactions, may potentially 
influence the behaviour and release mechanisms of Cs and I in UO2, an effect that becomes particularly intriguing when it 
occurs concurrently with HBS. Concurrently, Ln’s serve also as good surrogates for the behaviour of minor actinides, for 
instance for Nd3+ to represent Am3+. In order to elucidate the simultaneous impact of these two phenomena, a series of 
CsI-included Nd‑doped (0%, 15%, 30%, Nd mol) UO2 samples were synthesised employing thermal decomposition3 and 
subsequently sintered by spark plasma sintering4 to form pellets with a nanostructure similar to HBS, thereby avoiding 
evaporation of CsI. The samples synthesised in this manner confirmed the U-Nd solid solution, as evidenced by XRD 
measurements, as well as the incorporation of CsI particles (1-2% mol) within the nanostructure, as substantiated by 
microscopy. Analysis via advanced microscopy techniques and the energy-dispersive X-ray spectroscopy method 
confirmed the impact of Nd on both the UO2 nanostructure itself and the chemistry of Cs and I, which was found to 
induce their speciation and the formation of secondary oxide forms. Furthermore, high energy resolution fluorescence 
detected X-ray absorption near edge structure spectroscopy at the K‑edges of Cs and I provided additional confirmation of 
alterations in the chemical state of these elements upon the introduction of Nd. Subsequent thorough investigation into the 
process of sample evaporation employing Knudsen effusion mass spectrometry5 has revealed discrepancies in the 
temperature and rate of Cs evaporation at varying levels of Nd doping. The study findings underscore the significance of 
considering the combined chemical effects, particularly, the simultaneous influence of Ln-doping on the chemistry and 
nanostructure domains linked to the release of IRF related elements, which constitutes a critical component of SNF 
management safety. 

Acknowledgements 

The experimental data used in this research were partly generated through access to the ActUsLab‑FMR under the 
Framework for access to the Joint Research Centre physical Research Infrastructures of the European Commission 
(Cassius project, Research Infrastructure Access Agreement N° 36618/03). 

References 

1. V. V. Rondinella and T. Wiss, Mater Today, 2010, 13, 24-32. 

2. D. Serrano-Purroya, F. Clarens, E. González-Robles, J. P. Glatz, D. H. Wegen, J. de Pablo, I. Casas, J. Giménez 
and A. Martínez-Esparza, J Nucl Mater, 2012, 427, 249-258. 

3. R. Zhao, L. Wang, Z. J. Gu, L. Y. Yuan, C. L. Xiao, Y. L. Zhao, Z. F. Chai and W. Q. Shi, Crystengcomm, 2014, 
16, 2645-2651. 

4. T. Wangle, V. Tyrpekl, M. Cologna and J. Somers, J Nucl Mater, 2015, 466, 150-153. 

5. J. Y. Colle, T. Wiss, O. Dieste, P. Poeml, D. Staicu, T. Tverberg, R. J. M. Konings, V. V. Rondinella, T. Sonoda, 
A. Sasahara and S. Kitajima, J Nucl Mater, 2023, 578. 

  



 

33 

O5-3 

Exploring TRISO Ternary Phases of U-C-N 

Lottie Harding1, Jack Gregson1, Cameron Kinross1, Jude Laverock1, David Goddard2, Chris Bell1, Ross Springell1 
1University of Bristol, Bristol, United Kingdom.  
2United Kingdom National Nuclear Laboratory, Preston, United Kingdom 

Next-generation high-temperature fission reactors are expected to incorporate a Tri-structural ISOtropic (TRISO) coated 
particle fuel [1]. The TRISO particle can consist of five distinct regions, with the actinide-based fuel kernel at the centre. 
Multiple phases have been identified for the TRISO kernel, including: uranium dioxide (UO2), uranium monocarbide 
(UC), and uranium mononitride (UN). The most likely fuel candidate, for improved thermal conductivity and economic 
viability, would be uranium mononitride (UN) [2]. Bulk fabrication and reactor conditions often result in the formation of 
ternary phases (U-C-N, U-C-O). These phases could be consequential to the overall fuel performance, and therefore it is a 
requirement that each fuel candidate and the resulting ternary phases are fully tested prior to incorporation into the next-
generation fuel cycle. 

Using the National Nuclear User Facility (NNUF) Facility for Radioactive Material Surfaces (FaRMS) [3], thin films of 
UC, UN, and a range of solid-solution phases across the U-C-N ternary phase diagram have been stabilised. Here, 
employing x-ray diffraction and x-ray photoelectron spectroscopy, we present a structural and chemical investigation into 
the isolation of stoichiometric phases. 
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Mixed Oxide (MOX) nuclear fuel is a topical nuclear fuel that consists of a mixture of UO2 and PuO2 and is used 
currently to fuel many nations’ nuclear energy programs. After extended burnup, the fuel undergoes heterogenization 
forming what is known as the high burn-up structure (HBS). HBS regions of the fuel exhibit increased porosity compared 
to UO2 and occur as nanomaterials. A detailed investigation of these materials regarding their formation and thermal 
stability is necessary to support use of nuclear fuel and further for its eventual disposal within a final geological nuclear 
repository.[1] The complexity of spent nuclear fuel (SNF) challenges its direct investigation. Therefore, simplified model 
systems are prepared and studied to examine single effects in complex systems. 

Following this line of investigation UO2 and PuO2 based nanomaterial compounds were synthesized as model materials 
for HBS SNF, using an adapted hydrothermal method and subsequently investigated in the context of their chemistry in 
relation to the HBS of SNF.[2] Characterization of the synthesized materials were conducted on fresh materials as well as 
on samples aged over month in air to investigate the oxidation and aging processes by using powder X-ray diffraction and 
scanning electron microscopy to respectively determine the material structure and morphology of these nanoparticle 
materials. High Energy Resolution Fluorescence Detected X-ray absorption near-edge structure (HERFD-XANES) 
measurements were performed at BM20 at the European Synchrotron Radiation Facility (ESRF), to determine the local 
structure and redox changes to the nanoparticles. Measurements performed on the U-M4 edge revealed surprising 
diversity in the U redox states where U4+, U5+ and U6+ were identified, although the compounds occur as single-phase 
structure from PXRD measurements. The origin of this unexpected behaviour is reckoned to the unique nanostructure of 
the materials and their ability to form oxidized layers upon air exposure with subsequent chemical transport of U cations. 
These hypotheses were subsequently tested using extended X-ray absorption near edge structure measurements. The 
results of this work will be discussed in relation to the chemistry of UO2 and PuO2 nanomaterials vs. micromaterials in 
addition to their relevance to HBS nuclear fuel chemistry. 
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Mixed oxide fuel (MOX) is a blend of uranium dioxide (UO₂) and plutonium dioxide (PuO₂), which has been used as 
nuclear fuel in European and Japanese light water reactors (LWRs) since the 1960s. In German LWRs, MOX of the 
micronised master blend (MIMAS) type has been used in particular [1]. Due to the known heterogeneity of MIMAS 
MOX in terms of PuO₂ distribution, it can develop localised high burn-up structures (HBS) even when the average burn-
up history of the fuel lies below the HBS threshold. This increases the complexity and handling risk of MIMAS MOX 
spent nuclear fuel (SNF), making it harder to predict its short- and long-term behaviour in geological disposal scenarios. 
This information is vital for regulators to ensure the safe final disposal of MOX SNF. Therefore, a reliable microstructural 
understanding of MIMAS MOX SNF and its reaction to environmental influences, such as contact with water, is required. 
This study examines the microstructure of fresh and spent MIMAS MOX and UOX fuel before and after leaching to 
improve understanding of the properties and stability of MIMAS MOX SNF. Additionally, the data will be compared 
with that from previously synthesised Ce-based MIMAS MOX model systems and will serve as a benchmark for 
synthesising future model systems, with the aim of generating streamlined substitutes for the targeting MIMAS MOX fuel 
and spent fuel research while maintaining representability. 

The MOX/UOX materials under investigation were leached for nine months in custom-designed autoclave vessels at the 
Belgian Nuclear Research Centre (SCK-CEN), using young cementitious water with calcium (YCWCa) as the leachate, in 
an argon atmosphere containing 4 vol% hydrogen and at a total pressure of 40 bar. The two MOX samples have Pu over 
total metal (wt%HM) contents of 9.7 wt%HM (fresh) and 14.3 wt%HM (spent); the latter has a burn-up history of 50 
GWd/tHM. The samples were microstructurally characterised via SEM, EBSD, EPMA and EDS before and after 
leaching, if possible. Changes to the post-leached microstructure, such as depositions and erosions, were monitored and 
compared between the MOX and UOX samples. Furthermore, the microstructure is compared with the aforementioned 
Ce-based model systems to assess its representativeness. The chemical behaviour of Pu and Ce within MOX will be 
examined in more detail in future. The results of this investigation will be discussed in relation to the geological disposal 
of MOX fuel, as well as the challenges involved in generating reliable Ce-based surrogate materials for MIMAS MOX. 
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Uranium nitride (UN) is among the primary fuel types considered for the next-generation nuclear fuel, intended for use in 
Generation IV fast reactors and advanced small modular reactors (SMRs) [1]. However, UN is susceptible to oxidation by 
atmospheric oxygen and water, posing enhanced safety risks for handling, disposal and accident scenarios [2]. This 
chemical risk becomes unpredictable, when fission products in the fuel matrix alter the material properties. Simulations 
have predicted the behaviour of the fission products in the fuel matrix [3], while the knowledge about their impact on 
material properties remains limited. A strategic method to gain more insight in the properties of spent nuclear fuel (SNF) 
based materials is the model system approach, which utilise high resolution experimental methods to target key single 
effects occurring in SNF. 

In the present work, UN model systems containing Nd-, Mo- and Ru-dopants have been synthesised and their structures, 
in addition to oxidation and thermodynamic stability, have been examined. A key point of this work has been to examine 
unexpected air contact of UN spent fuel under storage relevant conditions. Comparatively, LnN and UN materials have 
been synthesised and examined using similar methodology to investigate the contribution of the end members to the 
chemical behaviour observed for the model systems. Moreover, an important aspect was to investigate the potential 
transferable phenomena seen in UO2-based SNF, where Ln-inclusion leads to increased oxidation resistance.  

To explore the oxidation behaviour of the synthesized materials a combination of thermogravimetric measurements and 
high-temperature oxide melt calorimetry measurements have been used, which were supported by X-ray diffraction 
analysis to determine associated structural phases. In addition, high energy resolution fluorescence detection X-ray 
absorption spectroscopy (HERFD-XANES) and extended X-ray absorption fine structure (EXAFS) measurements have 
been performed to determine local structure changes during the oxidation. The results of this investigation will be 
discussed in relation to the fundamental actinide chemistry of Ln/Me-U-N phases in addition to their occurrence and 
stability as SNF. 
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The peroxide O–O bond cleavage of 9,10-diphenylanthracene-9,10-endoperoxide (DPAP) is presented, mediated by the 
uranium(III) precursor [((Me,AdArO)3N)UIII(dme)], to generate a stable uranium(V) bis-alkoxide complex, which can then 
be reduced to form a uranium(IV) complex [(N(Me,AdArO)3)UIV(DPAP)K(THF)2] (A).  In solution, upon exposure to UV 
light, A releases 9,10-diphenylanthracene to generate a cyclic uranyl, trans-UO2, trimer through a formal two-electron 
photooxidation.[1]   

The cis-configuration of a uranium dioxo complex was achieved through formal two-electron photooxidation of a single-
crystal of the uranium bis-alkoxide complex [(N(Me,AdArO)3)UIV(DPAP)K(THF)2] (A), resulting in the release of 9,10-
diphenylanthracene and the formation of the cis-dioxo complex [(N(Me,AdArO)3)UVIcis-(O)2]K(THF)2] (B).  This in 
crystallo observed uranium cis-dioxo complex is formed with greater than 50 % conversion over more than 1300 hours of 
irradiation before crystal degradation.   

The uranium cis-dioxo moiety features U=O bond lengths of 1.874(7) and 1.789(10) Å, as well as the smallest O=U=O 
bond angle ever observed experimentally at 110.1(5)°.[2] 

 
 

 
Molecular structures of [(N(Me,AdArO)3)UIV(DPAP)K(THF)2] (A) and [(N(Me,AdArO)3UVI(cis-O2)K(THF)2] (B), generated 
by photolysis of a single-crystal with UV light at 100 K. 
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Cancer is the second leading cause of death worldwide, with an estimated 9.7 million deaths in 2022 [1]. There is a 
growing need for new radioisotopes in oncology, both to expand imaging and therapeutic options and to enable more 
personalized treatments. Targeted delivery of radionuclides requires efficient and suitable chelators. 

Tb(III) is an appealing and emerging theranostic ion, offering four radioisotopes with complementary decay properties 
relevant for clinical applications: 149Tb (T1/2 = 4.12 h, α therapy), 152Tb (T1/2 = 17.5 h, PET), 155Tb (T1/2 = 5.32 d, SPECT), 
and 161Tb (T1/2 = 6.9 d, β– and Auger therapy) [2]. 

DOTA derivatives are currently the most widely used bifunctional chelators for Ln(III) ions, forming highly stable and 
inert complexes [3]. However, their complexation kinetics are extremely slow at near-room temperature, involving low-
stability intermediates that may partially dissociate in vivo. This limitation highlights the need for alternative ligands 
capable of efficiently chelating Tb(III) under mild conditions. 

In this study, we investigate the complexation of Tb(III) with simple hydroxamic acids in acidic aqueous solutions, 
chosen to suppress Tb(III) hydrolysis. A general formula of the studied hydroxamic acids is shown in Figure 1. These 
ligands contain both oxygen and nitrogen donor atoms, which are well suited to lanthanide coordination. Affinity 
capillary electrophoresis (ACE) was employed to elucidate the speciation and determine the stability constants of the 
resulting Tb(III) complexes, taking advantage of ACE’s suitability for labile systems [4,5]. In parallel, density functional 
theory (DFT) calculations were performed to characterize the binding modes of the complexes. 

The experimental and theoretical results are consistent, indicating a notable affinity of Tb(III) for hydroxamic acids. This 
study provides insight into the coordination of Tb(III) by simple hydroxamic acid ligands and suggests that such systems 
could be considered as potential alternatives to DOTA-based chelators for terbium theranostic applications. Further 
investigations at pH values closer to physiological conditions (6–7) are warranted. 

 
Figure 1: General formula of hydroxamic acids. 
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The most abundant element in spent nuclear fuel (SNF) by mass is uranium, therefore a fundamental understanding of its 
speciation and mobility in the environment is crucial for safe and effective radioactive waste management. Under aqueous 
conditions, the corrosion of metallic uranium fuel produces nanoparticulate UO2 some of which is associated with 
colloidal and slow settling fractions [1, 2].  The Sellafield nuclear licensed site, UK, contains a number of legacy pond 
and silo storage facilities, which contain a complex multiphase system and pose one of the largest decommissioning 
challenges in Europe. Due to their age, accelerated emptying and decommissioning of these facilities, and subsequent safe 
storage of the highly radioactive sludges is a high priority [3, 4]. This includes ensuring robust radionuclide abatement in 
effluents, during decommissioning activities [5]. In the legacy ponds, an alkaline aquatic environment is maintained to 
limit U corrosion and there is a steep redox gradient from the oxic surface water to the anoxic sludge bed. Under these 
conditions, poorly soluble nano-UO2 dominates [6]. Nano-UO2 has the potential to form intrinsic and pseudo-colloids and 
may mobilise other radionuclides including fission products and transuranics. The solid-state chemistry of nanoparticulate 
uranium-transuranic oxides formed in anoxic, aqueous conditions like those of the sludge bed (and in the longer-term 
geological disposal) is not currently well understood.  

Here, we investigate Eu and Am doped nano-UO2 behaviour under aqueous, alkaline conditions. End member UO2 (ncr) 
and Eu(OH)3 (am, hyd) were prepared from aqueous solution, Eu(III) was doped into UO2 at concentrations 1-10% and 
152Eu used in tracer experiments. A multi-technique approach, including XRD, TEM, XAS and aqueous leaching was 
applied to fully characterize the solid U, Eu mixed oxides. Results show that under low temperature, alkaline, aqueous 
conditions Eu(OH)3 forms an amorphous, hydrated phase, while in mixed U/EuxO(2-0.5x) systems, Eu is heterogeneously 
incorporated into the nanocrystalline UO2 with enhanced concentration in near-surface sites. 241Am(III) and 152Eu(III) 
sorption and co-precipitation experiments were conducted, investigating radioisotope release under changing pH and 
carbonate conditions. Results showed complete removal of Am and Eu from solution at alkaline and mildly acidic pH 
conditions and suggested preferential loading at poorly ordered particle surfaces, with initial experiments suggesting 
modest differences between 241Am and 152Eu behaviour. Overall, this study provides new data on the interactions of 
An(III) with U(IV) phases under ambient temperature conditions providing insight into their behaviour in these complex 
legacy facilities and under aqueous, reducing environmental conditions. 
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Actinide elements, such as uranium, plutonium, and americium pose severe environmental and human health risks due to 
their radiotoxicity and long biological retention times. Effective removal strategies require ligands capable of forming 
highly stable and selective complexes under physiological conditions, thereby preventing radionuclide redistribution and 
promoting their safe excretion from the body [1]. Rational design of such ligands is essential for understanding their 
complexation stability and their suitability for subsequent therapeutic chelation strategies. 8‑hydroxyquinoline (HQuin) 
represents a promising chelating scaffold [2], and its strong, versatile metal-binding behavior makes it relevant for 
actinide chelation. 

In this communication, we present structures and bonding of a series of [An(Quin)4] complexes and their solvent-adducts, 
[An(Quin)4(L)] in which An(IV) = Th, Pa, U, Np, and Pu and L = tetrahydrofuran (THF), dimethylformamide (DMF) or 
dimethyl sulfoxide (DMSO). All complexes could be synthesized and yielded crystals suitable for crystallographic 
analysis. The compounds were further characterized by IR and NMR spectroscopy. Based on the experimentally 
determined structures, geometry optimizations were performed using Density Functional Theory (DFT). Delocalization 
indices (DI), atomic charges, and bond critical points (BCPs) were then evaluated as Quantum Theory of Atoms in 
Molecules (QTAIM) descriptors. Electronic structures and bonding analysis using QTAIM descriptors were used to 
derive bond length trends, and to predict the strengths, and properties of the An-O and An-N bonds. 

For the [An(Quin)4] complexes, the calculated An-O and An-N bond lengths decrease systematically from ThIV to PuIV 
and closely reproduce the values obtained from SC-XRD. A progressive increase in covalency for both bond types is 
consistent with the increasing DI values, albeit at low to moderate overall values. For the corresponding solvent-adducts, 
[An(Quin)4(L)], the An-O(L) bond length decreases in the order of THF > DMF > DMSO, in agreement with 
experimental observations. 
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Lanthanide and actinide ions in the trivalent state share closely related ionic radii and coordination preferences, yet 
meaningful differences in bonding, solvation, speciation, and kinetics can be amplified through deliberate ligand design to 
enable high-value, high-selectivity separations. This talk presents recent coordination chemistry studies that connect 
molecular structure to f-element recognition, emphasizing how donor-atom identity, denticity, ligand rigidity, and 
preorganization reshape the first and second coordination spheres and ultimately control intra-lanthanide and 
lanthanide/actinide separations. We will highlight the first direct observation and structural characterization of an aqueous 
promethium(III) coordination complex, where tailored diglycolamide chelator PyDGA, synchrotron X-ray absorption 
spectroscopy, and quantum chemical calculations establish promethium bonding in solution and complete an isostructural 
lanthanide series that captures the lanthanide contraction from experimental data alone. These benchmarks fill a critical 
gap in promethium chemistry and reveal contraction behavior that parallels separation trends observed for diglycolamide 
extractants. Building on these insights, we will show how targeted modifications to tetradentate N,O ligand architectures 
drive dramatic and tunable selectivity shifts across the lanthanide series, including time-dependent selectivity change and 
acid-driven changes in extraction mechanism linked to nitrate coordination and supramolecular assembly. Together, these 
results provide important design rules for next-generation chelators and extractants that improve selectivity and efficiency 
for recovery of critical f-elements from complex chemical matrices. 
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Holmium, discovered in 1878, crystallizes in a hexagonal close-packed structure with ABAB stacking. In the metallic 
state, its 4f electrons experience both single-ion and two-ion interactions. The key two-ion contribution is the Ruderman–
Kasuya–Kittel–Yosida (RKKY) interaction, an indirect, long-range exchange mechanism that couples the localized 4f 
magnetic moments of holmium ions via conduction electrons. The resulting oscillatory spin polarization gives rise to 
competing ferromagnetic and antiferromagnetic states. In bulk holmium, the RKKY interaction stabilizes complex 
helimagnetic structures, which at low temperatures can distort into a spin-slip phase due to strong basal-plane hexagonal 
anisotropy [1, 2]. 

Complex incommensurate magnetic structures have recently been observed in other Ho-based systems. Here, these are 
discussed within the framework of magnetic crystallography, focusing on the broken and unbroken symmetries that 
govern their key properties. In the layered compound Ho3Co, the evolution of incommensurate magnetic modulations 
(Fig. 1) is explained by minimal symmetry breaking from the paramagnetic to the antiferromagnetically ordered state [3]. 
Two irreducible representations are active under the Pnm′a(α00)000 magnetic superspace group, allowing a continuous 
evolution of the magnetic structure without further symmetry reduction. In Ho3Ru4Al12, the magnetic order is described 
by a monoclinic (3+2)-dimensional magnetic superspace group and can be understood as the superposition of a long-
period longitudinal amplitude-modulated spin wave along the easy axis and an in-plane transverse oblique spin wave. The 
associated symmetry breaking splits the parent hexagonal Ho site into two distinct orbits with different degrees of 
freedom; nevertheless, nearest-neighbor interactions in the distorted kagome lattice maintain spin coupling, leading to the 
Ho “trimer” acting as a coherent unit along the modulation. 

 
Figure 1. Ho atom magnetic moment amplitude over one modulation period in Ho3Co at 18 K (red, k18), 13 K (purple, 
k13), and 3 K (blue, 3kt+2kt+kt). 
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High-resolution capacitance dilatometry studies are a versatile tool to investigate magnetelastic coupling, to establish the 
phase diagrams, and to elucidate uniaxial pressure effects in complex magnetic systems. By means of thermodynamic 
studies, we have investigated high-quality single crystals of centrosymmetric magnetic skyrmion-hosting Gd2PdSi3 and 
GdRu2Si2. In both materials, we present the magnetic phase diagrams for in-plane and out-of-plane magnetic fields up to 
15 T. We find previously unreported magnetic phases and quantify the uniaxial pressure effects on the phase boundaries, 
with a particular focus on the skyrmion-lattices phases in both materials. 

In Gd2PdSi3, pronounced anomalies associated with antiferromagnetic order at TN1 = 22.3 K and TN2 = 19.7 K imply 
significant magnetelastic coupling. Grüneisen analysis shows the onset of magnetic contributions around 60 K, i.e., well 
above TN1. Uniaxial pressure dependencies of the various phase boundaries are extracted. For the skyrmion phase, we find 
that it is strongly enhanced by uniaxial pressure as its widens at a rate of d(ΔT)/dpc ~ 6 K/GPa when uniaxial pressure is 
applied along the c axis. Widening of a skyrmion phase under uniaxial pressure is also observed in GdRu2Si2 where it 
increases with 0.07 T/GPa for p||c axis. Further findings in GdRu2Si2 are the observation of a new antiferromagnetic 
phase in zero magnetic field and additional unreported phases in finite magnetic field. The relevance of fluctuations is 
highlighted by the presence of a tricritical point at the phase boundary separating two double-Q magnetic configurations 
between which the skyrmion pocket phase evolves upon further cooling. 

 
Magnetic phase diagrams for Gd2PdSi3 (left) and GdRu2Si2 (right) for B||c (for B⊥c and description of the phases see the 
references). SkL are the skyrmion-lattice phases, TTCP a tricritical point [1,2]. 
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UX2 phases (X = P, As, Sb, Bi) have been known since the early 1960s, when Trzebiatowski and his coworkers from the 
Institute of Low Temperature and Structure Research of the Polish Academy of Sciences in Wrocław synthesized them in 
powder form and conducted preliminary studies of their magnetic properties [1]. Shortly thereafter, Henkie from the same 
team obtained these compounds in the form of single crystals [2], which led to the characterization of their electrical 
transport properties. In the following years, very intensive research on the UX2 pnictides was conducted in Wrocław and 
other research centers around the world (a detailed review of experimental and theoretical results can be found in Ref. 3), 
after which they were almost completely forgotten by the scientific community. 

After about a quarter of a century, it seems very appropriate to take a renewed interest in the UX2 compounds and perform 
advanced studies on them using state-of-the-art techniques that were previously unknown or difficult to access. This is all 
the more important because these materials are isostructural with archetypal nodal-line topological semimetals of the 
ZrSiS type [4], and their high magnetic ordering temperatures from the range 180-273 K make them ideal candidates for 
studying the interplay of long-range magnetism and nontrivial band structure topology. 

In our talk, we will report the results of our recent studies on the magnetic ordering in high-quality single crystals of UP2, 
performed in pulsed magnetic fields up to 60 T, applied along the easy magnetization axis. In addition, we will present 
here for the first time the results of our low-temperature magnetic susceptibility measurements, carried out on single-
crystalline specimens along the main crystallographic directions. By combining the literature data with newly obtained 
data, we intend to develop novel insights into the issue of localization of 5f electrons in UP2, as well as the possibility of 
the formation of a topologically non-trivial electronic band structure in this material. 
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Heavy-fermion systems with magnetic ions in non-centrosymmetric sites have gained high attention during the past years. 
A prominent example is CeRh2As2 which exhibits a complex phase diagram with many unusual phases [1,2]. Theoretical 
discussions mainly focused on the role of the Rashba effect, i. e., on the consequences of local inversion symmetry 
breaking on the spins of the heavy quasiparticles. 

In the present contribution, I will discuss consequences of local inversion symmetry breaking on the orbital degrees of 
freedom, i. e., the possible hybridization of orbitals with different parities. The inter-site interaction resulting from local 
Ce 4f-Ce 5d hybridization and d-d- hopping can lead to new cooperative phenomena like the lattice instability in CeCoSi 
[4]. 

I will discuss the consequences of these cooperative effects on the polarizability of CeCoSi which could explain the 
observed Raman spectrum [5]. 
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Heavy-fermion systems are particularly sensitive to external control parameters such as magnetic field and pressure. In 
these materials, strong electronic correlations can give rise to strongly renormalized, nearly flat electronic bands in the 
vicinity of the Fermi level, resulting in effective Fermi energies on the order of 10 T. Consequently, even moderate 
magnetic fields can generate Zeeman energies sufficient to induce substantial modifications of the electronic structure, 
including field-induced Lifshitz transitions. A notable example is the ferromagnetic heavy-fermion compound YbNi₄P₂, 
which exhibits a highly complex electronic structure characterized by multiple Lifshitz transitions below 18 T [1]. 

In addition to the electronic bands, the crystal electric field (CEF) levels of the rare-earth ions in heavy-fermion systems 
are also highly sensitive to applied magnetic fields. A well-known example is praseodymium metal, where a magnetic 
field of approximately 32 T induces a metamagnetic transition associated with a change in the CEF ground state [2]. 

Here, we combine ultrasound measurements and torque magnetometry performed in both static and pulsed magnetic 
fields to investigate field-induced transitions in YbNi₄P₂. Our results reproduce the sequence of low-field Lifshitz 
transitions previously reported and provide evidence for a modification of the Yb 4f wave function at higher fields, which 
we associate with a crossing of CEF levels. 
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Actinides-platinum intermetallic compounds present a variety of crystallographic structures associated to magnetic 
features taking place between 5f and d electrons. This is probably at the origin of the stabilization of specific 
crystallographic structures and of the competition between some of them, i.e.  hexagonal P63/mmmc and cubic F-43m for 
the AnPt5 phases [1]. Numerous systems have been reported through the An-Pt series especially for uranium (~6 phases) 
and plutonium (~10 phases) but only two have been reported for neptunium, namely NpPt [2] and NpPt3 [3]. Among them 
complex magnetism [4] and superconductivity [5] have been reported. 

We have previously presented revised examination of the properties of NpPt3 and basic features of a new Np-based 
compound, namely NpPt5 [6], with a cubic structure (a=0.7445 nm, F-43m). This material is increasing the list of reported 
AnPt5 compounds such as PaPt5 and UPt5 while PuPt5 should present two allotropic phases (cubic and hexagonal) [7, 8]. 
NpPt5 displays a magnetic antiferromagnetic transition at TN~4 K and an enhanced heavy fermion state (ge~ 0.450 J.mol-

1.K-2). A modified Curie Weiss law (300-50 K) is observed with a magnetic effective moment meff of 2.80 mB (close to 
Np3+), paramagnetic temperature qP~ -46 K and c0~520x10-6 emu/mol. 

We will report a re-examination of basic properties of as cast and annealed polycrystalline materials of the uranium-
platinum series with new high temperature thermodynamic results related to the known U-Pt phase diagram. Several Th-
Pt systems have also been produced for thermodynamic and structure comparison. 

Low temperature basic properties of Np and Pu counterpart compounds such as NpPt and PuPtx systems produced by arc 
melting will be presented. Some systems - NpPt and PuPt, PuPt2 [9-11] - are of particular interest as presenting 
ferromagnetism and belonging to a limited number of transuranium ferromagnetic intermetallic compounds. 
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It is well established that some of the Rare-earth REPt2Si2 compounds (orthorhombic CaBe2Ge2 structure) exhibit Charge 
Density Wave (CDW) states [1] and a similar CDW has recently been discovered in the uranium containing analogue 
UPt2Si2 [2]. Despite the striking similarity with 4f analogues, the U case was interpreted in terms of manifestation of the 
Kondo physics. The similarity in the charge ordering behaviour in the RE and U cases hints at the absence of U-5f states 
in bonding, i.e. their localization, a matter of contention for the last few decades [2,3]. By contrast the 5f states in 
isostructural UIr2Si2 [4] can be well understood as delocalized (low U moments, enhanced γ-coefficient), and should not 
lead to a CDW state, as the conditions should change dramatically due to the 5f bonding involvement. Therefore, the 
pseudo-ternary system is expected to host a Mott transition and offers a unique opportunity to map the CDW state 
formation with progressing 5f localization (tuned by Ir concentration), where eventually the delocalization of the 5f states 
in Ir rich systems changes the bonding to such extent that the CDW state vanishes. 

We prepared a complete pseudo-ternary series with a non-monotonous evolution of lattice parameters and Néel 
temperatures. Heat capacity data show the expected Mott transition close to the Pt terminal phase. The 5% Ir sample is 
likely still 5f-localized, with the γ-coefficient close to that of UPt2Si2, γ = 32 mJ/mol K2, then γ starts to increase. 

Using ID28 at ESRF, we performed a diffuse X-ray scattering experiment on UPt2Si2-5% and 10% Ir, so as to observe 
details of the formation of CDW satellite Bragg peaks emerging from a diffuse intensity when cooling down from 400 K. 
This experiment also provides a detailed q(T) dependence (q is the CDW propagation vector). An  inelastic scattering 
experiment on 5% Ir at 300 K reveals a softening of the TA mode along [0,1,0] with a narrow minimum at q = 0.38, 
coinciding with the CDW propagation vector. The TA phonon exhibits a distinct energy broadening at the same q value, 
indicating its strong damping. The question is whether the energy of the sharp dip would go to zero when cooling to the 
critical temperature TCDW = 220 K, which would point to a Fermi surface nesting mechanism. Similar CDW with q = 0.35 
exists for 10% Ir, but its TCDW reduced to 134 K points indeed to a gradual CDW suppression. 
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Uranium hydrides attract interest in the fields of nuclear materials and condensed matter physics due to their interesting 
properties such as high chemical reactivity [1], unusual magnetic behaviour [2] and predictions of superconductivity [3]. 
The reaction of uranium metal and hydrogen gas occurs readily at ambient conditions to produce uranium tri-hydride 
(UH3). Under ambient conditions two allotropes of UH3 are formed, the α-UH3 and β-UH3 crystallographic phases [4]. 
Current consensus in the community is that α-UH3 is a metastable phase which acts as a transitional step in the formation 
of the more thermodynamically stable β-UH3 [5,6], with long-term α-UH3 stability only being achieved through the 
doping of Zr, which maintains the body-centered cubic (BCC) α-UH3 structure [7]. 

We demonstrate a novel pathway to synthesise the α-UH3 and β-UH3 crystallographic phases and present the evolution of 
crystallographic properties between pressures of 1 GPa - 47 GPa. Using this high-pressure synthesis method, it was 
possible to obtain a sample in which α-UH3 exists as the majority phase, allowing the collection of high-quality single 
phase α-UH3 XRD spectra, shown in figure 1 below. 

 
The evolution of the α-UH3 and β-UH3 lattice properties with applied pressure has been investigated. The compressibility 
of α-UH3 up to pressures of ≈ 47 GPa have been measured for the first time. A α-UH3 bulk modulus (B0) of 106.4 GPa 
was extracted using a third order Birch Murnaghan equation of state fit to experimental data, which is in good agreement 
with previous experimental studies [3]. 

In addition, the pressure and time dependent stability of the α-UH3 phase was investigated. It has been demonstrated that 
α-UH3 synthesised at high-pressures remains stable and maintains integrity upon decompression from 47 GPa to 1 GPa. 
From the basis of this investigation, a new pathway to synthesise uranium hydride samples with which α-UH3 occurs as 
the primary phase is discussed. The results are used to propose future experiments in which alternate high pressure 
methods will be used. The production of significant quantities of α-UH3 to use in bulk experiments is expected, a prospect 
which has remained elusive until now. 
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Figure 1: X-ray diffraction pattern taken at 16.8 
GPa. Using a Le Bail extraction, the data is fitted 
with the  space group where a = 3.947 Å. 
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New thorium iron arsenide, Th2Fe12As7, the second known compound in the Th-Fe-As ternary system, is prepared by 
direct reaction between the elements in the Bismuth flux [1]. Its crystal structure discovered by the single-crystal X-ray 
diffraction techniques - belongs to the non-centrosymmetric hexagonal Zr2Fe12P7 structure type (space group P6, a = 
9.5506(4) Å and c = 3.8645(2) Å). The analysis of chemical bonding in Th2Fe12As7 employing the position-space 
approach [2] reveals that the traditional interpretation of the compounds with triangular prismatic coordination of the p 
block elements as anionic frameworks with embedded cations [3,4] is only the starting point of the bonding description. 
Indeed, the structure characterized by a triangular prismatic assemblies around the As atoms, which are the geometric 
locations of anionic components of the structure. The cationic components of the structure are represented by the Th 
species. A new bonding feature for ternary arsenides is the three-dimensional framework of two-atomic bonds between 
the Fe atoms, which - in the sense of effective charges - is essentially neutral. It separates the anionic and cationic parts of 
the crystal structure and plays the role of a bonding mediator within the [Fe−As] framework. Similar bonding elements 
were found recently in the ternary boron compounds [4]. Th2Fe12As7 is a paramagnet down to 0.4 K and displays metallic 
electrical resistivity, as supported by a calculated non-zero density of states at the Fermi level. 
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YbV6Sn6 is a recently discovered topological kagome metal that exhibits a possible spin-density-wave (SDW)–type 
complex antiferromagnetic order below 0.4 K at ambient pressure, as evidenced by specific heat and resistivity 
measurements. In this work, we present a comprehensive high-pressure electrical transport and structural investigation of 
single-crystalline YbV6Sn6 under quasi-hydrostatic pressure. 

In-plane electrical resistance was measured using the van der Pauw method in two distinct contact configurations, 
revealing pronounced anisotropy in the low-temperature transport behavior. At initial pressure of 2.7 GPa, the system 
remains metallic down to the lowest measured temperatures in both configurations, similar to its ambient-pressure 
behavior. However, a clear low-temperature anomaly emerges near 3.5 K. In configuration 1, this anomaly appears as a 
sharp drop in resistance, whereas in configuration 2 it manifests as an upturn around 3.5 K followed by a downturn near 
2.9 K, indicating strong anisotropic scattering within the ab plane. This anomaly is likely associated with the ambient-
pressure antiferromagnetic transition at 0.4 K, shifted to higher temperature under applied pressure of 2.7 GPa. With 
increasing pressure, the anomaly is progressively suppressed and disappears near 6 GPa, signaling the collapse of the low-
pressure magnetic phase. At higher pressures, a new anomaly develops, accompanied by a distinct change in the curvature 
of the resistance, suggesting the emergence of a new electronic or magnetic ground state. An anomaly in the resistance 
ratio and the constructed pressure–temperature phase diagram point to the presence of a quantum critical point near 6 
GPa. 

Magnetoresistance and Hall effect measurements under pressure further reveal strong anisotropy in spin-dependent 
scattering. At 2K, the magnetoresistance shows contrasting magnetic-field dependences in the two contact configurations, 
with a critical field (Hc) separating different transport regimes. Above the transition temperature and for fields exceeding 
Hc, the magnetoresistance shows a similar field dependence in both configurations. The Hall resistance is non-linear 
across the entire pressure range, indicating multiband charge transport, while its magnitude exhibits only weak pressure 
dependence. 

Complementary high-pressure single-crystal X-ray diffraction measurements up to 10 GPa reveal no structural phase 
transition, confirming the purely electronic and magnetic origin of the observed pressure-induced phenomena. Our results 
establish YbV6Sn6 as a promising platform for studying pressure-tuned quantum criticality in kagome metals. 
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High entropy alloys (HEAs, alloys whose composition consists of significant proportions (5-35 at.%) of at least five 
metallic elements) have been a hot topic of materials science. The term “high-entropy alloy” was first introduced by Jien-
Wei Yeh [1] due to the high entropy of mixing recognized as a key factor of their stability. 

They exhibit only one or two solid-solution phases (bcc, fcc, or hcp) similar to those of simple metals and atoms of 
various constituents occupy lattice sites randomly. Hence, HEAs exhibit chemically disordered solid solution in contrast 
to intermetallic phases with long-range order. The HEA crystal lattice is distorted due to differences in the types of atoms 
having different radii. Lattice distortions increase the number of interstitial sites that are suitable for hydrogen absorption. 
The specific random arrangement of atoms in HEAs endows them with some exceptional physical and mechanical 
properties, as well as high hydrogen-sorption capacity. 

So far, very little is known about actinides-containing high entropy alloys. Recently, several HEAs containing Uranium or 
Thorium were discovered, namely (TaNb)0.31(TiUHf)0.69 [2] crystallizing within bcc crystal structure and 
(NbTa)0.67(MoWTh)0.33 [3] which was found to be multistructural (major bcc structure and minor fcc). Both of the HEAs 
exhibit superconductivity. 

Motivated by these results we have synthesized U-containing high entropy alloy (NbTa)0.67(MoWU)0.33. The x-ray 
diffraction (Fig. 1) was taken from flat surface as the alloy cannot be crushed into powder. Contrary to its Th-analogue it 
crystallizes with bcc (Im-3m) crystal structure (a = 3.28 Å), only. Presence of small amount of an impurity phase is 
indicated by a weak peak at 2θ = 37°. Physical properties and results of hydrogen-sorption study will be presented. 

 
Fig. 1. X-ray diffraction pattern of (NbTa)0.67(MoWU)0.3 taken using Cu-Kα radiation. 
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The possibility of merging the poor clusters to combine them into one cluster, both optically and by track length, is being 
examined. Four identical 50 tracks roses, Fig 1, are shown, and one cluster in the center, which is the sum of all the 
previous clusters. Due to the fact that clusters are a statistical result, we see a different ratio between the high and low 
energies (track length) between the different clusters [1]. 

An extreme example is Fig 2. the high energies can be distinguished, while the low energies are not observed at all in the 
left lower graph. In order to be able to clearly identify the tracks, we used our new detector with a five-micron-thick 
aerogel. 

In the case of a cluster with more tracks, a larger thickness of aerogel would be used.  This is what a cluster with 50 tracks 
would look like with a Lexan detector and a 40-micron-thick of aerogel, Fig 3. 

 
Fig 1. Four clusters of 50 tracks and in the center, the sum of the four, 200 tracks. 
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Fig 2. The length tracks analysis from the tracks if fig 1. 

 
Fig 3. Analysis of Lexan detector and a 40-micron-thick of aerogel. 

Recently we have been using a new technique in optical microscopy with a fluorescence agent. 
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The demand for higher precision in the thermodynamic models describing the phenomena occurring during a severe 
accident in light water reactors (LWRs with UO2-fuel in Zircaloy cladding and B4C control rods), implying partial or 
complete core melting, has caused increased interest in the system U-B-C. Based on our earlier experimental data 
(isothermal section at 1600°C; melting points of UBC and UB2C; liquidus projection) we have derived via density 
functional theory (DFT) calculations the energies of formation for the two ternary compounds, which enabled us to 
calculate the thermodynamic phase equilibria throughout the entire system and provide a Schultz -Scheil solidification 
diagram. Similar attempts have also been made to cover the system Th-B-C, for which a revision and thermodynamic 
modeling of the binary system Th-B with novel ThB2 (AlB2-type) have been provided. 

The DFT calculations (VASP) including spin-orbit coupling also provided electronic DOSs for all ternary compounds in 
both systems {Th,U}-B-C. Although localized U f-like states dominate the electronic structure at the Fermi energy, the 
electric conductivity is of metallic character for all the studied compounds and the resulting magnetization density was 
used to define magnetic moments of the U atoms varying between ~0.2 to ~1.7 µB depending on the chemical 
composition. In particular, the electronic DOS and Bader charge transfer will be discussed with respect to the diverse 
structural arrangements of B and C atoms in the various {Th,U} boron carbides. 

Whereas Sc-metal substituting for Th,U  in {Th,U}B2C forms quaternary compounds with a unique structure type and full 
metal order: Sc{Th,U}2B6C3, the homologous elements Y,Lu simply engage in an extended solid solution U1-

x{Y,Lu}xB2C (x<0.33) with preferred atom site occupation in the ThB2C-type structure. Y-substitution in U1-xYxB2C 
strongly reduces the ferromagnetic order of ßUB2C (high temperature structure). 
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The UK currently has the largest inventory of civil plutonium in the world.1 The UK’s civil Pu is stored safely and 
securely in gas tight sealed packages as dioxide nanopowders.2 The current interim storage packages containing PuO2 are 
due to be retreated and repackaged into further 100 year interim storage packages.3 During interim storage of PuO2 there 
is chemical reactivity with small amounts of atmospheric contaminants present, for example, the radiolysis of water by 
PuO2 is known to evolve H2 gas.4 However, research funded by Sellafield Ltd and carried out by the United Kingdom 
National Nuclear Laboratory has shown that hydrogen is not present after interim storage at expected levels. Currently, 
the method of consumption or the fate of the hydrogen is unknown, leading to H2 having to be considered in safety cases. 

PuO2 cannot be handled within the University setting due to the radioactive and fissile nature of the material. Therefore, 
this presentation will display the synthetic inorganic route taken towards surrogate f-element metal dioxide powders 
(U/ThO2) that were used study the chemistry of PuO2. Characterisation data including vibrational spectroscopy, and 
scanning electron microscopy will be provided to evidence the importance of the synthetic route and/or specific precursor 
have on the properties of their AnO2 (An = U, Th) nanoparticle (NP) decomposition products.5 The surrogate PuO2 
materials synthesized were treated with H2 (g) to simulate interim storage conditions. A vibrational and crystallographic 
spectroscopic study of differing UO2 samples pre and post H2 treatment will be presented. 
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The Ba-Pu-O system is a key system in the understanding of irradiated oxide fuel. In this context, accurate 
thermodynamic models of oxide fuel and key fission products such as Ba are required to describe the chemical 
constitution of high burnup fuel. However, experimental studies into the Ba-Pu-O system are quite limited and date most 
often back to last century. For fundamental actinide science, BaPuO3 was recently shown to have a high magnetic 
ordering temperature [1]. Herein, recent experimental research into BaPuO3 and Ba3PuO6 will be presented. These 
materials were investigated structurally, using X-ray diffraction at ambient and non-ambient temperature. Room-
temperature and high-temperature crystal structures were elucidated, and the thermal expansion was determined. It was 
found that Ba3PuO6 shows a BaO deficiency, whereas X-ray Absorption Spectroscopy at the Pu L3 and M5 edge indicates 
Pu(IV) from the starting material is oxidised to Pu(VI). Moreover, the low-temperature heat capacity has been measured, 
yielding both the standard entropy and heat capacity at 298.15 K [2]. For BaPuO3, the current interpretation of low-
temperature heat capacity data will be discussed, as well as trends among BaAnO3 materials. 
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Nuclear power is an important source of low-carbon electricity and heat and can contribute significantly to achieve carbon 
neutrality. A central aim of the nuclear industry is to improve sustainability through spent fuel recycling and reduced 
radiotoxic waste. Today, plutonium is mono-recycled in France and one objective is to multirecycle it and to transmute 
minor actinides (MA) into shorter-lived isotopes. 

To efficiently and safely transmute MA, for instance using mixed actinide oxides in sodium fast reactors, a detailed 
understanding of the Uranium-Plutonium-Americium-Neptunium-Oxygen system is required. 

The calculation of phase diagrams in such complex systems relies on extrapolation from all the subsystems therein. 
Atomic scale calculations can be a valuable complementary tool to experiments in the production of data.  The Cooper-
Rushton-Grimes (CRG) interatomic potential has proven to be a very reliable potential for simple and mixed actinide 
oxides, but the parametrization available in the literature yields a strongly underestimated melting temperature of PuO₂. 

We will present the reparameterization of the CRG potential for Pu³⁺ and Pu⁴⁺ ions and its application to the study of 
(Pu,Am)O₂₋ₓ systems across a wide range of compositions, Am content from 0 to 100% and oxygen over metal ratio 
between 1.90 and 2, from room temperature to temperatures above the melting temperatures. The results show excellent 
agreement with available experimental data and yield significant complementary data for thermodynamic CALPHAD 
models and higher-scale simulations of fuel performance. 
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Understanding the nature of chemical bonding in actinide compounds under extreme conditions is essential for advancing 
molten salt nuclear technologies and developing predictive models of high-temperature actinide chemistry. While 
uranium–ligand covalency is well established in solids and molecular complexes, its manifestation in molten, highly 
disordered ionic environments remains poorly understood. In this work, we probe the local structure, dynamics, and 
bonding interactions in molten uranium(III) chloride to uncover how elevated temperatures reshape uranium coordination 
chemistry. 

Using a combination of high-temperature neutron scattering experiments and ab initio molecular dynamics simulations, 
we show that melting induces an unexpected contraction of the average U–Cl distance, in direct contrast to conventional 
thermal expansion behavior. Pair distribution function analysis and reverse Monte Carlo modeling reveal that molten 
UCl₃ exhibits a highly heterogeneous first coordination shell around U(III), composed of coexisting short and long U–Cl 
interactions. More than half of the first-shell chlorides form short-lived, contracted U–Cl contacts that persist on sub-
picosecond timescales. 

Quantum chemical bonding analyses demonstrate that these short U–Cl interactions display enhanced orbital overlap and 
increased participation of uranium 5f valence orbitals relative to both the solid state and longer U–Cl contacts in the melt. 
The result is a transient, dynamically fluctuating inner coordination subshell characterized by partial covalent character, 
embedded within an outer shell dominated by more ionic interactions. Time-correlation and survival probability analyses 
indicate that these short bonds are metastable, with lifetimes on the order of hundreds of femtoseconds, yet sufficiently 
coherent to generate distinct vibrational signatures. Simulated Raman spectra confirm that these transient covalent 
interactions are spectroscopically resolvable despite the extreme thermal disorder. 

These findings reveal that high temperature alone, independent of pressure or ligand design, can promote localized 
covalency in actinide molten salts by enabling access to shorter bond distances and enhanced 5f orbital mixing. The 
discovery of transient covalent bonding in molten UCl₃ fundamentally revises our understanding of actinide speciation, 
bonding heterogeneity, and dynamics in molten phases, with important implications for molten salt reactor fuels, 
pyrochemical processing, and the broader chemistry of actinides under extreme conditions. 
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Understanding the thermodynamic and mechanical properties of actinide oxides, such as uranium dioxide (UO₂), is 
essential for nuclear energy applications. UO₂ is not only a key nuclear fuel but also exhibits complex magnetic behavior, 
which significantly affects its thermal and elastic properties. First-principles calculations based on Density Functional 
Theory (DFT) with a Hubbard U correction are accurate but computationally expensive, limiting their applicability for 
large-scale simulations. 

In this work, we develop machine-learning interatomic potentials that incorporate magneto-elastic effects. By 
systematically generating a comprehensive database of DFT configurations—including different magnetic orders, lattice 
deformations, and finite-temperature atomic vibrations—we train a potential capable of accurately predicting energies, 
forces, and stresses. Additionally, a spin model is constructed to capture the dependence of the system’s energy on 
magnetic orientations, enabling the coupling of atomic and spin degrees of freedom. 

Preliminary molecular dynamics simulations using this magneto-elastic potential reproduce key qualitative features, such 
as discontinuities in energy and pressure associated with the Néel transition. This approach opens the way to efficient 
simulations of magnetic oxides, providing a predictive tool for UO₂ and related systems, and allowing extension to other 
materials like NiO or thorium-substituted UO₂. 
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Extensive works were reported on the physical properties of the CeTX-type Ce-based ternary compounds (T=Ir, Rh, Ni; 
X=As, Sb), which were considered to be the strongly correlated Kondo insulators (KIs) or Kondo semimetals (KSMs) [1]. 
Isostructural CeTX compounds exhibited large anisotropy in electrical resistive and were known as the Kondo semi-
metals and/or the Kondo insulator for a long time. The revived attention has been triggered to these KIs/KSMs owing to 
the recent theoretical prediction of the topological Kondo insulator (TKI) nature of CeNiSn and CeIrSb. A unique feature 
of these systems is the nonsymmorphic glide and screw axis symmetries that bring about the new topological surface 
states and the hour-glass type bulk band structures. The predicted TKI properties of these systems arise from the strong 
spin-orbit coupling and the odd parity of the f-electron states [2,3]. However, not much investigations have been reported 
on the role of the Ce 4f electrons as well as the effect of different X elements and 3d/4d electrons of T elements in CeTX 
(T=Ir, Rh, Ni; X=As, Sb). In this work, we have studied the electronic structures of isostructural CeTX compounds (T= 
Rh, Ni; X=As, Sb), employing Ce 4d → 4f resonant photoemission spectroscopy (RPES) and angle-resolved 
photoemission spectroscopy (ARPES) and. In particular, we have investigated the temperature (T) dependence of the Ce 
4f states and determined their Kondo temperatures via T-dependent APPES measurements. This work demonstrates the 
importance of the coherent Kondo states in determining the potential topological properties of CeTX (T= Rh, Ni; X=As, 
Sb). 
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UTe3 is one of the representatives of binary uranium chalcogenides UTx (T=S, Se, Te). Large single crystals of this 
compound were grown by the chemical vapor transport method. It crystalizes in the monoclinic structure of the ZrSe3 
type The single crystals of UTe3 can be easily exfoliated and peel into layers confirming the presence of the Van der 
Waals bonds between the chalcogenide layers along the c-axis inside the unit cell. Our heat capacity measurements 
confirmed, that UTe3 is an antiferromagnet with TN=5K [1]. Its electrical resistivity increases exponentially with 
decreasing temperature followed by a sudden drop at 10 K. Our high-field magnetization measurements up to 60 T 
revealed a metamagnetic transition at 20 T for the field applied along the a*-axis. 
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Significant efforts to elucidate the properties of high-temperature superconductors (HTSCs) have been made using 
hydrostatic pressure (HP). We studied the changes of resistivity ρ(T), Δ*(T) of  Y1−хPrxBa2Cu3O7−δ (YPrBCO) (x =0.23) 
single crystal under HP up to ∼1.1 GPa. Defects created by magnetic inclusions of PrBCO were found to play a 
significant role in behavior of the sample. The largest decrease in ρ(T) was found depending on HP at a rate of d lnρ(100 
K)/dP = – (29 ± 0.2) % GPa–1. This indicates that the mechanisms of the influence of HP on the ρ(T) and Tc of YPrBCO 
and YBCO single crystals are different. From the analysis of PG it was revealed that mechanism of the interaction of 
charge carriers with magnetic PrBCO impurities changes three times with increasing HP. Relatively low HP, up to ~ 0.5 
GPa, promotes the formation of defects caused by PrBCO magnetic inclusions. Starting from 0.6 GPa, the HP neutralizes 
the influence of magnetic impurities, and the magnetic maximum on Δ*(T) disappears. Above ~ 1.0 GPa HP aligns the 
magnetic moments of PrBSO, and the magnetic maximum reappears on Δ*(T), more pronounced than at P=0. 
Comparison with the Peters-Bauer theory showed that the local pair density in HTSC does indeed increase with 
increasing pressure. 
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Several long-debated dynamical and elastic anomalies of δ-Pu and its alloys (Pu-Al/Ga/In) [1,2] have been captured 
within an unprecedented unified theoretical framework. This achievement is made possible by machine learning-
accelerated ab initio simulations [3,4], which enable a detailed description of strong electronic correlations [5] and 
explicit temperature effects [6,7,8]. 
For pure δ-Pu, the present simulations—within this unified framework—successfully reproduce the experimental 
observations of negative thermal expansion, equilibrium volume, and anomalous softening of elastic properties. Our 
analysis demonstrates that the distinctive behavior of δ-Pu is almost entirely attributable to large anharmonic effects, 
which are linked to the extreme softening of the phonon spectrum [9]. 
This simulation approach has recently been extended to Pu-Al/Ga/In alloys. The results reveal significant anharmonic 
effects upon the addition of δ-stabilizing elements and reproduce the well-known invar effect in δ-Pu alloys, where 
thermal expansion transitions from negative to positive as a function of Al/Ga/In content. These results are a step forward 
toward a better understanding of alloying effects in plutonium. 

 
Figure 1: Atomic volume as a function of Al concentration and temperature. 
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Rare-earth pyrochlore frustrated magnets have played a central role in the study of three- dimensional quantum spin 
liquids (QSL) over the last years [1]. Indeed, magnetic dipole moments on a tetrahedron adopting a 2-in-2-out ice 
configuration can, under certain conditions, give rise to a so-called quantum spin ice state. Recent experimental studies on 
cerium pyrochlores have further boosted the interest for this elusive state of matter [2,3,4]. Interestingly, the Kramers 
trivalent cerium moments were found to evade magnetic order down to the lowest temperature accessible, but the exact 
nature of its magnetic ground state was not yet identified. 

A detailed analysis of weak diffuse scattering in diffraction patterns together with low-energy time-of-flight spectroscopy 
data, both taken on a large powder sample of Ce2Sn2O7, allowed us to unveil the formation of a quantum liquid of 
magnetic octupoles [5]. This novel magnetic ground state can be described using a pseudo-spin with both magnetic dipole 
and magnetic octupole components. Upon cooling, the octupolar degrees of freedom become dominant under the effect of 
octupole-octupole couplings. To further characterize these multipolar interactions, single crystal experiments are highly 
urged. However, the difficulty to synthesis single crystals motivates the investigation of other Ce3+-based pyrochlore 
compounds like Ce2Hf2O7. 
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Uranium ditelluride (UTe₂) is a leading candidate for unconventional, likely spin-triplet superconductivity, distinguished 
by an unusual sensitivity to magnetic field, pressure, and sample quality. Its superconducting state emerges in close 
proximity to strong magnetic correlations and exhibits a remarkably complex phase diagram, pointing to a delicate 
balance between electronic, magnetic, and lattice degrees of freedom. For this reason, thermodynamic approaches based 
on Ehrenfest relations have become an important tool for estimating the initial pressure response of the superconducting 
transition temperature from discontinuities in specific heat and thermal expansion. In UTe₂, such analyses have already 
provided valuable insight into the anisotropic coupling between strain and superconductivity [1,2]. At the same time, 
previous comparisons between Ehrenfest-based estimates and experimentally observed pressure trends have been 
complicated by the strong sample dependence of UTe₂, including variations in 𝑇𝑇𝑐𝑐, transition sharpness, and 
superconducting homogeneity [1]. Thus, while the comparison between Ehrenfest expectations and pressure evolution is 
not new in itself, it has not been established on crystals of truly comparable quality and transition temperature, and to the 
best of our knowledge not on one and the same piece of a high-quality single crystal. 

Here we present such a direct benchmark for a single high-quality UTe₂ crystal with 𝑇𝑇𝑐𝑐 = 2.1K. On this very same 
specimen, we measured the specific heat, the linear thermal expansion along all three principal crystallographic 
directions, and the hydrostatic pressure dependence of 𝑇𝑇𝑐𝑐up to 1 GPa, determined from magnetization measurements. This 
provides an internally consistent comparison that avoids ambiguities associated with sample-to-sample variation, different 
growth conditions, or differing levels of superconducting inhomogeneity. 

Using the measured discontinuities in thermal expansion and specific heat, the Ehrenfest relation gives an initial 
hydrostatic pressure derivative of approximately 𝑑𝑑𝑇𝑇𝑐𝑐/𝑑𝑑𝑑𝑑 ≈ −0.5K/GPa. In contrast, the actual pressure evolution of 𝑇𝑇𝑐𝑐, 
obtained directly from the magnetization measurements under hydrostatic pressure, yields a substantially stronger 
suppression, 𝑑𝑑𝑇𝑇𝑐𝑐/𝑑𝑑𝑑𝑑 ≈ −1K/GPa. The two values agree in sign, but differ by roughly a factor of two, showing that the 
true initial pressure response of superconductivity in this crystal is considerably stronger than that inferred from the 
straightforward thermodynamic estimate. 

This discrepancy is likely rooted in the unusual nature of superconductivity in UTe₂. First, the Ehrenfest relation formally 
describes the infinitesimal-pressure limit of a continuous transition and assumes a smooth evolution of the same 
superconducting state. In UTe₂, however, even modest pressure is known to reorganize the superconducting phase 
diagram, so the experimentally observed 𝑇𝑇𝑐𝑐(𝑃𝑃)may depart rapidly from the ideal zero-pressure limit. Second, previous 
work has shown that the pressure response is highly anisotropic, with qualitatively different effects for strain along 
different crystallographic directions [2]. The hydrostatic derivative is therefore a subtle balance of competing uniaxial 
contributions, and small additional pressure-induced changes in the electronic structure or magnetic fluctuations may 
significantly enhance the actual response beyond the ambient-pressure Ehrenfest estimate. Third, the difference may 
indicate that pressure does not merely shift 𝑇𝑇𝑐𝑐, but already modifies the pairing interaction, the coupling to magnetic 
fluctuations, or even the character of the superconducting state itself on very small pressure scales. 

Our results therefore provide a rare same-crystal benchmark for the use of Ehrenfest relations in UTe₂. They show that the 
Ehrenfest approach correctly captures the sign of the pressure effect, but significantly underestimates its magnitude. This 
demonstrates that direct pressure measurements remain indispensable even in the presence of high-resolution 
thermodynamic data, and further emphasizes the strong interplay between lattice effects, magnetic correlations, and 
unconventional superconductivity in UTe₂. 
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The long-term safety assessment of radioactive waste repositories requires an understanding on solubility and 
complexation behavior of long-lived actinides like uranium. Although predominantly expected in the +IV oxidation state 
in the reducing conditions foreseen in underground repositories, the formation of U(VI) cannot be disregarded under 
specific boundary conditions. Large nitrate inventories are present in some waste streams as a result of reprocessing 
activities, and thus will be part of the disposal inventory in some repository concepts. The present study addresses the 
solubility, complexation, and ion interaction processes in U(VI)-Na/Mg-NO3-H2O systems using a combination of 
experimental solubility and spectroscopy investigations followed by thermodynamic model development. 

Solubility experiments were conducted as batch experiments from undersaturation conditions at T = (22 ± 2) °C, at 
weakly acidic pH in background electrolyte solutions ranging within 0‑9 mol NaNO3 /kg H2O and 
0‑5 mol Mg(NO3)2/kg H2O. Regular sampling and analysis via ICP-OES (U, Na, Mg) were performed to ensure 
thermodynamic equilibrium. X-ray powder diffraction enabled the identification of UO2(NO3)2·6 H2O, NaNO3 and 
Mg(NO3)2·6 H2O, respectively, as solid phases controlling solubility in the investigated systems. 

The formation of U(VI)-NO3 aqueous complexes was investigated with UV/Vis measurement series (350-550 nm) for 
acidified samples ranging between 0.01‑3.20 molal UO2(NO3)2 and 0‑8 molal NaNO3. Systematic shifts in the resulting 
spectra, as shown in Fig. 1, indicate the increasing complex formation with increasing NaNO3 and UO2(NO3)2 
concentration. Spectra deconvolution was pursued as an iterative process, taking as starting point the SIT model of 
Plyasunov1, which describes the formation of UO2

2+ and UO2NO3
+ in solutions containing up to 1.5 molal UO2(NO3)2. 

UV/Vis data were complemented with EXAFS and WAXS studies to further elucidate U(VI)-NO3 complexation and i.a. 
examine the possible formation of polynuclear U(VI)-species. 

Thermodynamic SIT2 and Pitzer3 models were derived based on the solubility and spectroscopy results of this work, in 
combination with isopiestic measurements and osmotic coefficients reported in the literature for the ternary (U(VI)-Na-
NO3-H2O) and binary (U(VI)-NO3-H2O) subsystems, respectively. Full and partial dissociation approaches were 
comparatively utilized, in the latter case including the formation of two uranyl nitrate complexes, i.e., UO2NO3

+ and 
UO2(NO3)2(aq). Geochemical calculation codes PhreeqC and PhreeSCALE combined with the PEST parameter 
estimation software were used in the parametrization procedure, with the databases ThermoChimie4 for SIT and 
PhreeSCALE5 for Pitzer modeling. 

 
Figure 1: left: experimental solubility6 and isopiestic data7 (symbols) compared to the full dissociation Pitzer model 
(lines) of this work; right: UV/Vis spectra of 1 molal UO2(NO3)2 solutions with increasing NaNO3 concentrations. 
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Due to the presence of 5f electron states, a number of unconventional magnetic and superconducting states can be 
supported in certain binary actinide compounds. In this poster the motivations for, and literature concerning, the epitaxial 
stabilisation of these fascinating compounds will be reviewed. Focus will primarily be on sputter deposition methods to 
synthesise single crystals of the unconventional superconductors UTe2, UGe2 and UPt3 as thin films[1][2][3]. The specific 
limitations of single crystal synthesis and characterisation will be considered and compared for these materials, the most 
ubiquitous being identification of the specific line compound synthesised. To conclude, the viability of synthesis will be 
analysed and the numerous implications of successful epitaxy presented. 
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Following the 2011 Fukushima Daiichi nuclear accident, the desire for safer nuclear power has led to the development of 
Advanced Technology Fuels (ATFs) as a priority for the next generation of high-burnup reactors.  The industry standard 
fuel for current light-water reactors, uranium dioxide (UO2), is unsuitable for the next generation reactors due to its low 
thermal conductivity, and significant degradation and fission gas release at increasing burnup [1][2].  To avoid the issues 
caused by the failure of fuel rods seen at Fukushima [3], full ceramic microencapsulated (FCM) fuels utilising Tri-
structural Isotropic (TRISO) particles have emerged as a promising alternative. 

Compounds such as uranium carbonitride (UCN), and uranium oxycarbide (UCO) are leading candidates for the TRISO 
fuel kernels due to the superior thermal conductivities and mechanical stabilities of their respective carbide-based 
precursors, compared to that of UO2 [4][5].  However, significant information is missing regarding how the fundamental 
crystallographic, mechanical, and thermophysical behaviours change as a function of precise chemical composition. 

This research aims to address these issues by conducting a systematic investigation of UC1-xNx and UC1-xOx thin films. 
 Using X-ray Photoemission Spectroscopy (XPS), the chemical distribution and stoichiometry of these samples can be 
identified.  Subsequently, X-ray reflectivity (XRR) and X-ray Diffraction (XRD) will be utilised to characterise the 
fundamental structural differences across the range of compositions.   By establishing these fundamental properties, this 
work aims to provide a thorough basis for further irradiation, and thermal response investigations for the next generation 
of uranium-carbide-based fuels, ultimately helping improve the safety and efficiency of future nuclear reactors. 
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The First-Generation Magnox Storage Pond at Sellafield contains hundreds of tons of Magnox uranium metal fuel, 
irradiated, and in a chemically active environment. Irradiation can alter the behaviour of waste in water, varying its 
dissolution and corrosion properties. Defect formation increases reaction surface area and enables faster diffusion of 
water into the metal lattice. These variations in behaviour are pivotal to understanding how waste evolves. While oxic and 
anoxic corrosion in uranium has been characterized at length [1][2], studies of reaction rates and kinetics in irradiated 
uranium remain underrepresented in literature. 

Thin films provide an observation-transparent medium for probing the crystallographic, chemical, and nuclear properties 
of uranium [3]. Prior work has been done measuring and modelling damage induction in actinide thin films, providing a 
steady foundation from which to build studies characterizing the effects of that damage [4][5]. This work will first review 
the study of diffusion and corrosion in unirradiated and irradiated uranium and synthesize it with methodology for 
creating and characterizing damaged thin films. It will then propose a series of experiments to examine irradiated 
samples, with an initial focus on analysing active corrosion and diffusion rates in uranium. 

References 

[1] A. Banos et al. (2018) A review of uranium corrosion by hydrogen and the formation of uranium hydride, Corrosion 
Science, Volume 136, 2018, Pages 129-147, ISSN 0010-938X, https://doi.org/10.1016/j.corsci.2018.03.002. 

[2] M.J. Bennett et al. (1975) The oxidation behaviour of uranium in air at 50–300°C, Journal of Nuclear Materials, 
Volume 57, Issue 2, Pages 221-236, ISSN 0022-3115, https://doi.org/10.1016/0022-3115(75)90262-7. 

[3] R. Springell et al. (2022) A review of uranium-based thin films. Advances in Physics, 71(3–4), 87–165. 
https://doi.org/10.1080/00018732.2023.2230292 

[2] C. Beer et al. (2025) Radiation-induced modifications in ZrN: effect of micro vs. nano crystallites. Acta Materialia, 
298, 121391, ISSN 1359-6454, https://doi.org/10.1016/j.actamat.2025.121391. 

[3] S. Rennie et al. (2018) Study of phonons in irradiated epitaxial thin films of UO2. Phys. Rev. B, 97(22), 
224303, https://link.aps.org/doi/10.1103/PhysRevB.97.224303 

 
 

  

https://doi.org/10.1016/j.corsci.2018.03.002
https://doi.org/10.1016/0022-3115(75)90262-7
https://doi.org/10.1080/00018732.2023.2230292
https://doi.org/10.1016/j.actamat.2025.121391
https://link.aps.org/doi/10.1103/PhysRevB.97.224303


 

72 

P11 

Temperature dependence of local magnetic moment in δ-Plutonium 

Frédéric Gendron1,2, Bernard Amadon1,2 
1CEA, DAM, DIF, Arpajon, France.  
2Université Paris-Saclay, CEA, Laboratoire Matière en Conditions Extrêmes, Bruyères-le-Châtel, France 

The rationalization of magnetic properties of metallic plutonium is still subject to debate nowadays from an ab-initio 
perspective. Elemental plutonium contains a partially filled 5f shell that should lead to strong electron correlation effects, 
and therefore, to a sizable local magnetic moment. However, experimentally no evidence of ordered nor disordered local 
moments has been characterized in metallic plutonium. Indeed, alloyed δ-Pu exhibits a nearly temperature-independent 
magnetism at low temperatures that is characteristic of a non magnetic ground state. In this presentation, we will discuss 
the calculated magnetic susceptibilities obtained using the combination of density functional theory and dynamical mean 
field theory (DFT+DMFT).[1] Consistent with experimental data, the ground state at low temperature is found to be 
nonmagnetic and characterized as a mixed-valence system, where the local magnetic moment is screened by the 
conduction electrons. As the temperature rises a local magnetic moment emerges with antiparallel orbital and spin angular 
momenta, leading to a transition from Pauli-like behavior to an apparent weak Curie-Weiss magnetism in the uniform and 
local susceptibilities.[2] 

 
Figure 1. Local magnetic susceptibilities in imaginary time for δ-Pu at selected temperatures and compared to the one 
calculated for PuH2 at 400K. LDA+DMFT Results. Figure extracted from Ref [2]. 
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The uranium intermetallic compound UGe2, the first known ferromagnetic superconductor [1], represents a key 
composition in the U–Ge system dominated by U 5f states. Consequently, UGe₂ has attracted substantially more attention 
than other stoichiometries in the series, for which experimental studies are comparatively sparse and often complicated by 
limited phase stability and frequent multiphase formation [2]. Here we exploit thin films synthesis of the series UGe2±x (0 
≤ x ≤ 1) with tunable stoichiometry, enabling a systematic investigation of how off stoichiometry influences the electronic 
structure [3]. Earlier attempts to prepare UGe2 thin films yielded amorphous and strongly oxidized material with severely 
suppressed magnetic properties [4], underscoring the difficulty of stabilizing this compound in thin-film form; in contrast, 
in the present study we performed the in-situ spectroscopy (X-ray Photoelectron Spectroscopy (XPS) and Ultraviolet 
Photoelectron Spectroscopy (UPS)) experiments on pristine surfaces. Films stoichiometry was varied by tuning 
deposition conditions such as working gas pressure and target current and quantified from XPS core-level intensity ratios. 
Valence band XPS and UPS studies reveal a robust metallic valence band with a dominant U 5f contribution at the Fermi 
level and a broad incoherent feature at ~2-4 eV binding energy across all studied U-Ge compositions. This behaviour is 
consistent with the limited valence-band photoemission data available for bulk U–Ge compounds [5,6,7]. The 
experimental spectrum of UGe2 thin films is well reproduced by DFT+U(ED) valence-band calculations combining 
density functional theory with exact diagonalization of the multiconfigurational U-5f shell. Overall, the U–Ge electronic 
framework of UGe2 thin films remains resilient to moderate stoichiometric deviations, providing a reliable electronic 
baseline for future studies of interface- and heterostructure-driven phenomena in uranium-based systems. 
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The uranium intermetallic series U₂T₂X (T = transition metal, X = p-block element) is a chemically flexible platform for 
tuning 5f–ligand hybridization and accessing diverse correlated-electron phenomena. However, many U₂T₂X 
compounds—especially those with heavier X elements- remain difficult to synthesize reproducibly due to narrow stability 
windows, competing phases, and strong sensitivity to preparation conditions. Here, we initiate a targeted synthesis and 
characterization effort on new and less-studied U₂T₂X compounds. Our study includes a renewed investigation of 
U₂Ru₂In, a known phase with limited physical characterization, as well as newly pursued Pb- and Sb-based compositions. 
Diffraction is used to confirm phase formation and crystallographic identity. Based on these results, we proceed with 
materials characterization to probe physical properties and search for emergent behavior in new and less-studied members 
of the U₂T₂X family. This study broadens the range of accessible U₂T₂X compounds and supports further exploration of 
actinide intermetallics. 

  



 

75 

P14 

In-situ Spectroscopic Exploration of U/Th Surrogate Materials to Understand the Surface 
Chemistry of Industrial Plutonium 

Jude Ferrier, Emma Gibson, Joy Farnaby 

University of Glagsow, Glasgow, United Kingdom 

During the reprocessing of the UK's spent nuclear fuel, valuable Pu and U was separated from waste fission products. 
This material is safely and securely stored in sealed packages under inert atmospheres as actinide oxide nanopowders, 
either as PuO2 or as a mixture of 002 and PuO2 known as MOX. [1] PuO2 is associated with a variety of storage challenges 
due to the radiation emitted, radiolysis of atmospheric contaminants such as water to produce H,, and the heat generated 
by radioactive decay.[2] It is also known that industrial storage conditions could promote undesirable adventitious 
reactions with contaminant gases present in the storage atmospheres including H2, however this reactivity is not currently 
well understood.[3] To support the future development of industrial nuclear safety-cases, this work investigates the 
catalytic behaviour of nuclear materials under realistic storage conditions. As Pu cannot be studied within the university 
setting, surrogate materials including UO3 and ThO2 have been synthesised using the industrial routes. 

In-situ Diffuse Reflectance Infrared Fourier Transform Spectroscopy (DRIFTS) has been used to observe reactions 
related to the production and storage of industrial PuO2, including the synthesis of surrogates from both actinide oxalate 
precursors (ThO2 synthesis presented in Figure 1), and the behaviour of surface water. Preliminary data investigating 
adventitious reactions such as those with hydrogen or potential radiolytically generated molecules such as methanol will 
also be presented.  

Figure 1. DRIFTS data demonstrating the thermal decomposition of Th(C2O4)2 xH2O to ThO2 under argon between 25-
600°C,Key bands observed to change in intensity or shift are highlighted. 
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Lead-cooled fast reactors are one of the Generation IV reactor designs. In Europe, these reactors are envisioned to use 
MOX fuel, i.e. (U,Pu)O2. In case of cladding failure, fuel-coolant interaction is expected to happen, which is described by 
the chemical system Pb-(U,Pu)-O. In this poster, recent thermodynamic modelling and experimental investigations are 
presented. The metallic systems Pb-Pu and Pb-U were modelled based on literature data. The derived Gibbs energy 
equations were used to calculate the chemical state of the actinide materials in the coolant under representative oxygen 
potential conditions. Moreover, DSC measurements are performed on part of the PbO-UO3 pseudo-binary system, to 
support modelling of the Pb-U-O system. Experimental investigations on missing thermophysical properties on key lead 
uranate compounds and into the Pb-Pu-O system are ongoing. 
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Accurate identification of fissile isotopes is a key challenge in nuclear forensics and safeguards. Fission Track Analysis 
(FTA) using solid-state nuclear track detectors (SSNTDs) offers high sensitivity but remains limited by manual, operator-
dependent analysis and restricted isotopic discrimination. This work presents an automated, physics-informed framework 
for fissile isotope characterization, in which detector optimization and image analysis are investigated using Monte Carlo 
simulations and synthetic image data [1]. 

GEANT4 simulations were performed for ²³³U, ²³⁵U, and ²²⁹Th to model fission fragment transport and cluster formation 
in LEXAN® SSNTDs coupled to silica aerogel spacers of varying thickness. 

 
Figure 1.GEANT4 simulation geometry of the LEXAN® SSNTD coupled to a silica aerogel spacer. 

Synthetic fission track images were generated and analyzed to systematically study the influence of aerogel width on 
track morphology. 

The results show that increasing aerogel thickness enlarges fission cluster diameters while preserving fragment 
detectability; however, beyond a certain aerogel width, the image-processing algorithm reaches saturation and can no 
longer reliably resolve further increases in cluster diameter. This behavior arises from imposed constraints on the 
maximum number of pixels used for cluster representation. 

 
Figure 2.Fission cluster diameter as a function of aerogel width for 2100 simulated fission events. 
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An automated image-processing pipeline (FTA Finder) was developed to identify fission sites, separate overlapping 
clusters, and eliminate single-track background. Using synthetic datasets, the fraction of clear fission track clusters—
defined as clusters with reliable site localization and minimal overlap—was found to increase monotonically with aerogel 
width, indicating improved signal-to-noise ratio (SNR) and analysis robustness. However, beyond a certain aerogel 
thickness, the number of readable tracks decreases because an increasing fraction of tracks extends beyond the predefined 
processing perimeter, resulting in a degradation of the overall SNR. 

 
Figure 3. Detection efficiency of FTA Finder as a function of aerogel width. 

 
Figure 4.Automated fission track detection and reconstruction for fissile materials using FTA Finder (36 Pixel = 1um) 

Isotopic differentiation was evaluated through statistical analysis of reconstructed track-length distributions. Double-
Gaussian fits corresponding to heavy and light fission fragment populations were applied, and normalized peak positions 
were compared as a function of aerogel width. Systematic shifts and improved separation between fragment populations 
were observed, demonstrating enhanced sensitivity to isotope-dependent fission characteristics under optimized detector 
configurations. 
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Figure 5.Reconstructed track-length distributions for three fissile materials, showing heavy (left peak) and light (right 

peak) fission fragment populations. 

 
Figure 6.Comparison of reconstructed fission fragment distributions highlighting isotope-dependent differences. 

All results presented are based on simulation-derived and synthetic data. The next stage of this work will focus on 
experimental validation using thermal-neutron irradiations in a nuclear reactor, aiming to confirm the observed trends and 
assess the applicability of the proposed framework to real SSNTD measurements. The combined approach is expected to 
provide a scalable and reproducible pathway toward quantitative isotopic fingerprinting for nuclear forensic and 
safeguards applications. 
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Over the past decade, U-based compounds crystallizing in the HoCoGa5-type tetragonal structure (space group No. 123, 
P4/mmm), commonly referred to as the 115 family, have attracted considerable experimental and theoretical interest. This 
attention has been partly driven by the unusually high superconducting transition temperatures observed in related Pu-
based compounds, namely Tc = 8.7 K in PuRhGa5 [1] and Tc = 18.5 K in PuCoGa5 [2], as well as the observed quantum 
critical behavior and unconventional superconducting state in the Ce-115 materials [3]. In contrast, despite the availability 
of high-quality single crystals, superconductivity has not been observed in either U-115 compounds or the closely related 
U2TGa8 family (T = transition metal), at ambient pressure or under applied pressure. Instead, these materials exhibit 
intriguing magnetic behavior. Neutron scattering studies have shown that UNiGa5 orders in a G-type antiferromagnetic 
(AFM) structure, whereas UPdGa5 and UPtGa5 adopt an A-type AFM state. Here, G-type denotes a three-dimensional 
Néel order, while A-type corresponds to a layered AFM structure with ferromagnetic alignment within the ab plane and 
antiferromagnetic coupling along the c axis [4]. The emergence of distinct magnetic ground states is noteworthy, as it 
implies a change in the sign of the nearest-neighbor exchange interaction, despite the compounds differing only by the 
transition-metal substitution. 

We report on the magnetic structure determination of URhIn5 and U2RhIn8, two new members of the UnTmX3n+2m (T = 
transition metal, X = In, Ga) family [6], and on high-resolution reciprocal space mapping (HRRSM) studies of the 
temperature dependence of their lattice parameters. URhIn5 orders antiferromagnetically below TN = 98 K. The increase 
in resistivity for currents along [100], [110], and [001] suggests a spin-density-wave–like transition, with gap opening 
first along [001] [7]. U2RhIn8 enters the AFM state at TN = 117 K; however, similar to UIn3, no resistivity anomaly is 
observed near TN, indicating the absence of a spin-density-wave gap. 

Neutron diffraction experiments on URhIn5 performed at Heinz Maier-Leibnitz Zentrum in Garching using the cold-
neutron triple-axis spectrometer PANDA confirm a magnetic propagation vector k = (1/2, 1/2, 1/2), consistent with 
NMR results [7], and an ordered moment of 1.65 mB)/U3+. Measurements on U2RhIn8 were conducted at the Institut 
Laue–Langevin in Grenoble using the D10 diffractometer on a single crystal of approximately 1 mg. The analysis 
reveals k = (1/2, 1/2, 0) and an ordered moment of 1.7 mB/U3+. Both compounds exhibit G-type AFM order, as also 
found in UIn3. While the c-axis lattice parameter varies significantly, the a-axis parameter differs by less than 1% 
between the compounds (4.601–4.621 Å), emphasizing the role of nearest-neighbor coupling. Furthermore, HRRSM 
further reveals a reduction of both tetragonal lattice parameters a and c upon entering the AFM state, resulting in an 
overall decrease of the unit-cell volume 
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Quantitative Analysis of the Sorption Behavior of Cs(I), Sr(II), and La(III) onto Size-
Fractionated Bentonite 
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In deep geological disposal systems for high-level radioactive waste, bentonite buffer materials play a critical role in 
controlling the migration and retardation of radionuclides. Long-term hydration and physicochemical erosion of bentonite 
can generate colloidal particles that may become mobile in groundwater and facilitate radionuclide transport. Many 
colloid-facilitated transport models employ a single distribution coefficient (Kd) without distinguishing bulk bentonite 
from colloidal fractions, potentially overlooking particle-size-dependent sorption behavior. Cs(I) and Sr(II) are 
representative soluble fission product cations, while La(III) serves as a trivalent analogue for actinide behavior. The 
objective of this study is to examine size-dependent sorption trends and uptake mechanisms for Cs(I), Sr(II), and La(III) 
onto bulk solid and colloidal bentonite fractions under weakly alkaline condition. Size-fractionated bulk solid and 
colloidal bentonite samples were prepared from raw Bentonil-WRK bentonite by controlled washing and centrifugation 
procedures. Particle size distributions, specific surface areas, zeta potentials, and mineralogical characteristics were 
characterized using DLS, ELS, BET analysis, and XRD, respectively. The results confirmed montmorillonite as the 
dominant mineral phase and indicated no significant alteration of the interlayer structure during sample preparation. Batch 
sorption isotherms were obtained at pH 8.5 ± 0.1 and an ionic strength of 2 mM NaCl using Cs(I), Sr(II), and La(III) over 
initial concentrations ranging from 10–5 to 9 × 10–7 M. After 24 hours of reaction, aqueous concentrations were 
determined by ICP-MS following phase separation. Cs(I) sorption on both bulk solid and colloidal bentonite followed 
Langmuir-type behavior, consistent with monolayer uptake dominated by interlayer ion exchange and overall cation 
exchange capacity. While Cs(I) uptake differed between the bulk solid fraction and the colloidal fractions, sorption 
capacities among the colloidal fractions were similar, indicating only limited particle-size dependence within the colloidal 
range. Sr(II) sorption exhibited Freundlich-type behavior and showed weak sensitivity to particle size. This pattern 
supports a mixed uptake mechanism involving ion exchange and electrostatic accumulation in the electric double layer, 
with possible but limited contributions from edge site interactions under weakly alkaline conditions. La(III) sorption also 
followed Freundlich-type behavior and increased systematically with decreasing particle size. Control experiments 
without bentonite showed stable dissolved La(III), indicating that precipitation did not govern uptake. The pronounced 
size dependence is consistent with an increasing abundance of reactive edge sites in finer particles and a greater role of 
inner-sphere surface complexation relative to interlayer exchange. Overall, particle-size effects were relatively minor for 
Cs(I) and Sr(II) but pronounced for La(III). These size-resolved sorption trends suggest preferential association of 
trivalent cations with finer colloidal bentonite and provide a mechanistic basis for distinguishing sorption parameters 
between bulk solid and colloidal bentonite in safety assessment calculations that couple stationary buffer materials with 
mobile colloids in deep geological environments. 
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Disposal-MOX (dMOX) is one suggested solution for the UK’s store of civil plutonium. Plutonium is expected to 
maintain a +4 oxidation state within disposal-Mixed OXide (D-MOX) so thorium is used when creating simulated 
disposal-MOX as it has one stable oxidation state of the +4 [1]. During its oxidation uranium has more soluble 
pentavalent and hexavalent states, which lead to its oxidative dissolution. This work will discuss how the addition of 
thorium into the UO2 matrix alters how D-MOX oxidises and why this would inhibit dissolution [2]. It will look at pre-
existing literature on bulk studies by authors who have investigated the dissolution behaviour of UO2, ThO2 and (UxTh1-

x)O2 in both acidic and alkaline conditions and how this may affect the disposal within a GDF [3–7]. It will explore how 
the use of thin films would provide a closer look at changes on a structural level to an angstrom precision. Existing 
studies explore the contents of the leachate after dissolution alongside changes in structure however, the use of thin films 
would also allow for an insight into total thickness changes and how this would vary with crystallographic orientation[4]. 
The use of thin films allows for precise control over stoichiometry of the compound alongside providing the capacity to 
engineer grain boundaries to determine how varying percentages of thorium content within D-MOX will affect the 
oxidation of uranium within it and hence its dissolution [8]. 
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Solid-state chemistry of nanoparticulate Th - U (hydr)oxides: implications for An(IV) 
speciation and fate 
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3Sellafield Ltd., Warrington, United Kingdom 

Uranium is the major component of spent nuclear fuel by mass and can influence the chemistry of associated more radio 
toxic components in spent nuclear fuel storage and disposal scenarios. The legacy ponds and silos at the Sellafield nuclear 
licensed site, UK, contain a complex multiphase system resulting from the corrosion of spent Magnox nuclear fuel, and 
pose one of the largest decommissioning challenges in Europe. Due to their age, accelerated emptying and 
decommissioning of these facilities, and subsequent safe storage of the highly radioactive sludges is a high priority [1, 2]. 
Here, uranium corrosion has produced nanoparticulate UO2 some of which is associated with colloidal and slow settling 
fractions [3, 4]. Under these conditions, poorly soluble U(IV) as nano-UO2 dominates [5]. In these storage pond effluents, 
and in radioactive waste disposal scenarios, intrinsic and pseudo-colloids may mobilise radionuclides including fission 
products and transuranics, including Pu. Ensuring robust radionuclide abatement in disposal conditions, and therefore, a 
fundamental understanding of An(IV) speciation in nano-UO2 phases, is essential [6]. 

Here we investigate a nano-(U, Th)O2 series, with Th(IV) being an analogue for Pu(IV), under alkaline, low temperature 
conditions. Th was doped into nano-UO2 at 10-90%, pure nano-UO2 and ThO2 end-member samples were also 
synthesized and characterized. A multi-technique approach, including XRD, TEM, Raman, TGA and XAS was applied to 
fully characterize the solid mixed oxides. Results show that under these low temperature, alkaline, aqueous conditions Th 
forms an amorphous, hydrated phase, while U forms a more nanocrystalline phase. In mixed U/ThO2 systems, Th does 
form mixed (hydr)oxide nanoparticles with U, but is heterogeneously incorporated into the particles, with preferential 
loading of Th(IV) at the more poorly-ordered particle surfaces. Overall, this study provides new data on the interactions 
of An(IV) with U(IV) phases, and the effect on their morphology, under ambient temperature conditions. Providing 
insight into their behaviour in these complex legacy facilities and under aqueous, environmental conditions. 
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Enabling Actinide Research through Access to State-of-the-Art Facilities and Expertise 
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Large research infrastructures are costly to establish and operate,  often exceeding the resources of a single institution or 
country. Notably, nuclear research infrastructures require  expensive licensing procedures and access to strategic 
materials. 

The European Commission’s Joint Research Centre (JRC) operates licensed laboratories across different sites in the 
European Union, including Karlsruhe, where actinide materials, including transuranics, can be safely and securely 
handled in order to investigate their chemical and physical properties. The "Actinide User Laboratory" (ActUsLab) offers 
free-of-charge access to external scientists from eligible countries to three state-of-the-art laboratories, PAMEC 
(Properties of Actinide Materials under Extreme Conditions), FMR (Fuels and Materials Research) and HC-KA (Hot 
Cells) [1,2]. As illustrated in Figure 1, the ActUsLab supported 23 projects implemented in 2025, corresponding to a total 
of 1376 access units (days of operation). 

 
Figure 1: Distribution of proposals implemented in 2025 by country of affiliation and field of research. 
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A sufficiently large external magnetic field can induce a magnetic phase transition from an antiferromagnetic (AFM) 
to a paramagnetic (PM) state. Such a metamagnetic transition is usually second-order (SOMPT). In some 
antiferromagnets, a first-order metamagnetic transition (FOMPT) is observed at low temperatures well below the 
Néel temperature (TN). Such behavior is expected in Ising antiferromagnets with competing AFM and ferromagnetic 
(FM) interactions.  D. P. Landau has interpreted the point at which the FOMPT and SOMPT lines in the field–
temperature phase diagram meet as a tricritical point (TCP) [1]. In magnetic fields above the FOMPT, we observe a 
polarized paramagnetic (PPM) state. 
Tricriticality has been reported for several Uranium antiferromagnets: UNiAl [2], USb2 [3], UN [4], UIrSi3[5], UAu2Si2 
[6], and UIrGe [7]. The first five exhibit enormous uniaxial magnetocrystalline anisotropy with the c-axis as the easy 
magnetization direction, implying an Ising-like character of magnetism and a spin-flip metamagnetic transition. On the 
contrary, UIrGe exhibits a noncollinear AFM structure, which is due to the coupling of the U 5f-orbitals to the zig-zag 
chains of U-U nearest neighbors by anisotropic exchange interactions in an orthorhombic lattice, but displays 
characteristics of magnetic tricriticality. The FOMPT at temperatures well below TN arises because the magnetic-moment 
directions cannot rotate continuously during the metamagnetic transition, but instead jump abruptly to new fixed 
directions determined by the energy minimum. Such a process is accompanied by the transition-field hysteresis analogous 
to the spin-flip FOMPT in collinear antiferromagnets.  

We will discuss the tricritical behavior of UNiAl, UIrSi3, UIrGe observed in magnetization, specific heat, 
magnetotransport, and sound-velocity isotherms measured in the varying magnetic field. 

 
Fig. 1. The magnetic phase diagram of UIrSi3 when the magnetic field is applied along the c-axis. 
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