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8:00am AC+MI-ThM-1 Electronic Structures of f-Electron Superconductors,
Shin-ichi Fujimori, Japan Atomic Energy Agency, Japan INVITED
The unconventional superconductors in f-based materials attract much
attention in recent years. In the present talk the electronic structures of f-
electron superconductors UTe; and Celrs will be presented.

Recently, it was discovered that UTe, has relatively high transition
temperature (Tc=2.1 K), and it is classified into one of such class of
materials [1,2]. The electronic structure of UTe, was studied by resonant
photoelectron spectroscopy (RPES) and angle-resolved photoelectron
spectroscopy (ARPES) with soft X-ray synchrotron radiation [3]. The partial
U 5f density of states of UTez were imaged by the U 4d-5f RPES and it was
found that the U 5f state has an itinerant character, but there exists an
incoherent peak due to the strong electron correlation effects. The band
structure of UTe2 was obtained by ARPES and its overall band structure was
mostly explained by band structure calculations, except for the incoherent
band at Es~0.5 eV. These results suggest that the U 5f states of UTez have
itinerant but strongly-correlated nature.

The electronic structure of the f-based superconductor Celrs (Tsc=3.1 K) was
also studied by photoelectron spectroscopy [4]. The energy distribution of
the Ce 4f states were revealed by the Ce 3d-4f RPES. The contribution of
the Ce 4f states to the density of states (DOS) at the Fermi energy was
estimated to be nearly half of that of the Ir 5d states, implying that the Ce
4f states have a considerable contribution to the DOS at the Fermi energy.
These results suggest that Celrs is an s-wave-type superconductor with a
considerable contribution from the Ce 4f states.

Work performed in collaboration with lkuto Kawasaki, Yukiharu Takeda,
Hiroshi Yamagami, Norimasa Sasabe, Yoshiki J Sato, Ai Nakamura, Yusei
Shimizu, Arvind Maurya, Yoshiya Homma, Dexin Li, Fuminori Honda, and
Dai Aoki.
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8:30am AC+MI-ThM-3 RIXS Study of the 5f Configuration in UTe:: Low-
Energy Excitations, Te2 Chains and U Dimers, D. Christovam, M.
Sundermann, A. Marino, Max Planck Institute for Chemical Physics of Solids,
Germany; H. Gretarsson, PETRA Ill, Deutsches Elektronen-Synchrotron
DESY, Germany; B. Keimer, Max Planck Institute for Solid State Research,
Germany; A. Gloskovskii, PETRA llI, Deutsches Elektronen-Synchrotron DESY,
Germany; M. Haverkort, Institute for Theoretical Physics, Heidelberg
University, Germany; I. Elfimov, University of British Columbia, Canada; E.
Bauer, P. Rosa, Los Alamos National Laboratory; A. Severing, Institute of
Physics I, University of Cologne, Germany; Liu Hao Tjeng, Max Planck
Institute for Chemical Physics of Solids, Germany INVITED
UTez is a recently discovered odd-parity superconductor, emerging as a
promising candidate for topological superconductivity [1-3]. A key challenge
in understanding its anisotropic properties and their dependence on tuning
parameters is finding the appropriate Ansatz for describing such a complex
electronic system, situated at the border between localization and
itinerancy. It is essential to determine the extent to which local physics
persists and to identify the governing electronic f" configuration. Although
the latter has been addressed using various methods, a fierce debate
remains about whether the main configuration is f2 or f3.

Discrepancies in determining the dominant f* configuration are common in
uranium-based intermetallics. We argue that this apparent contradiction
arises from the challenge of accurately analyzing the spectra, given the
complexity associated with the underlying many-body problem and
uncertainties in the input model parameters.
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In our study, we opt for a newly developed spectroscopic method for U
materials, namely resonant inelastic x-ray scattering (RIXS) in the tender x-
ray range [4]. Applying this method to UTe;, we can unambiguously detect
the presence of atomic-like U 5f-5f low-energy excitations. This establishes
the correlated nature of UTe; despite the presence of strong covalence and
band formation. Moreover, we can also fingerprint the U 5f2 as the main
configuration without the need to rely on accurate calculations, thus
settling the debate about the 5f valence state [5].

The short Te2-Te2 distances, however, seem incompatible with a formal U**
valence. We resolve this puzzle by utilizing band structure calculations and
photon energy-dependent photoemission. We found that the charge
transfer from the 5py||b band of the Te2 chain is directed not to the U 5f but
to the bonding state of the U 6d3.2r2 orbitals of the U dimer. Notably, these
two band states are non-bonding to each other or to other non-5f states in
the material. Yet, both bands hybridize with the U 5f, emphasizing that the
description of the physical properties of UTe, must include the Te2 5pyib
and U 6ds2r2 bands plus the 5fAnsatz [5] These are all very peculiar
findings, making UTe; a very special material indeed.
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9:00am AC+MI-ThM-5 Incommensurate Antiferromagnetism in UTe:
Under Pressure, William Knafo, LNCMI, CNRS, France INVITED
The discovery of multiple superconducting phases in UTe: boosted research
on correlated-electron physics [1,2,3,4]. The proximity to a ferromagnetic
quantum phase transition was initially proposed as a driving force to triplet-
pairing superconductivity [1], and this heavy-fermion paramagnet was
rapidly identified as a reference compound to study the interplay between
magnetism and unconventional superconductivity with multiple degrees of
freedom.

Here, we present neutron diffraction experiments showing that long-range
incommensurate antiferromagnetic order is established in UTe: under
pressure [5]. The propagation vector km = (0.07,0.33,1) of the observed
antiferromagnetic phase is close to a wavevector where antiferromagnetic
fluctuations have previously been observed at ambient pressure [6,7]. Our
work shows that superconductivity in UTe, develops in the vicinity of a
long-range antiferromagnetic phase, which differs from the initial
proposition of a nearby ferromagnetic phase. The nearly-antiferromagnetic
nature of UTe; at ambient pressure and its relationship with
superconductivity will be discussed.

This work was done in collaboration with T. Thebault, P. Manuel, D.
Khalyavin, F. Orlandi, E. Ressouche, K. Beauvois, G. Lapertot, K. Kaneko, D.

Aoki, D. Braithwaite, G. Knebel, and S. Raymond.
[1] Ran et al., Science 365, 684 (2019).
[2] Knebel et al, J. Phys. Soc. Jpn. 88, 063707 (2019).
[3] Braithwaite et al, Commun. Phys. 2, 147 (2019).
[4] Ran et al., Nat. Phys. 15, 1250-1254 (2019).
[5] Knafo et al., arXiv:2311.05455.
[6] Duan et al, Phys. Rev. Lett. 125, 237003 (2020).
[77 Knafo et al., Phys. Rev. B 104, L100409 (2021).

9:30am AC+MI-ThM-7 New Spectroscopic Insights into Correlation Effects
and Covalency of U 5f Electrons in Uranium Intermetallic Compounds, A.
Marino, M. Sundermann, D. Christovam, Max-Planck Institute for Chemical
Physics of Solids, Physics of Correlated Matter, Dresden, Germany; H.
Gretarsson, DESY/PETRA-IIl, Hamburg, Germany; B. Keimer, Max-Planck
Institute for Solid State Research, Stuttgart, Germany; A. Gloskovskii,
DESY/PETRA-Ill, Hamburg, Germany; J. Kunes, Department of Condensed
Matter Physics, Masaryk University, Brno, Czechia; A. Hariki, Department of
Physics and Electronics, Osaka Metropolitan University, Osaka, Japan; L.
Tjeng, Max-Planck Institute for Chemical Physics of Solids, Physics of
Correlated Matter, Dresden, Germany, Andrea Severing, Institute of Physics
I, University of Cologne, Cologne, Germany INVITED
Uranium intermetallic compounds exhibit a wide range of fascinating
physical phenomena that arise from the intricate interplay between atomic-
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like correlations and band formation of the U 5f electrons. Describing their
electronic structure is a challenge, particularly as atomic-like states have
remained experimentally inaccessible. Ongoing disputes revolve around the
existence of atomic-like states and, if present, around determining which
configuration—U 5f% or U 5f~—provides the Ansatz or starting point for
describing the low-energy properties. Furthermore, these correlated
compounds exhibit strong intermediate valency, fuelling intense debates
about the actual filling of the 5f shell and the degree of covalency.

This presentation introduces two novel and complementary methods: (1)
valence band resonant inelastic x-ray scattering (RIXS) using tender x-rays
and (2) photon energy-dependent photoelectron spectroscopy (PES &
HAXPES) in combination with DFT+DMFT calculations.

(1) Valence Band RIXS: Using high-resolution RIXS at the U M-edges (3.5-
3.7 keV), we observe low-energy excitations originating from atomic-like
multiplet interactions [1]. The excellent signal-to-background ratio and the
multiplet structure serve as a unique fingerprint for the U 5" configuration
involved, offering clear evidence of the presence of local correlation
physics. This method unambiguously determines the dominating
configuration [1].

(2) Combination of DFT+DMFT calculations with soft and hard x-ray
photoemission (PES & HAXPES): The energy dependencies of the
photoionization cross-sections allow for the disentanglement of correlated
5f from band-like non-5f spectral contributions, enabling reliable tuning of
parameters such as Hund’s-J, Hubbard-Uys, and, most importantly, the
double counting correction (mac) to reproduce valence band spectra. We
applied this method to UGaz and UB;, two model materials representing
the extreme ends of the localization-delocalization range. Despite their
vastly different properties, we found the mean 5f shell filling to be almost
the same. However, crucially, the distribution of uranium 5f configurations
contributing to the ground state differs significantly: narrow in 'localized’
UGa; and almost statistically broad in 'itinerant' UB.. This method also
reproduces the satellites in the 4f core-level spectra and explains the
presence/absence of 5f-5f-multiplet excitations in the RIXS spectra [2].

[1] A. Marino et al Phys. Rev. B, 108 (2023) 045142
[2] A. Marino, A. Hariki et al., to be published

11:00am AC+MI-ThM-13 Isotopic Fingerprinting in Nuclear Forensics:
Leveraging Aerogel and LEXAN® SSNTD for Enhanced Analysis, R.
Babayew, Itzhak Halevy, N. Elgad, Y. Yehuda-Zada, Ben Gurion Uni., Israel;
J. Lorincik, Research Centre Rez, Czech Republic, Israel; M. Last, I. Orion, G.
Katarivas-Levy, Ben Gurion Uni., Israel; A. Weiss, Faculty of Engineering, Bar
llan University, Israel

In nuclear forensics, ensuring the reliability and accuracy of the analysis is
paramount. Traditional methods rely heavily on the expertise of trained
researchers, leading to variations in results. To address this challenge, we
present innovative techniques aimed at automating Fission Track Analysis
through advanced image processing algorithms applied to microscope
images.

Our research introduces a pioneering approach that leverages Monte Carlo
simulations, particularly utilizing the GEANT4 software, to generate
synthetic models of fission tracks. By simulating various physical parameters
such as thermal neutron flux, fission cross-section, particle size, and
radiation time, our Trainer2 software accurately calculates fission tracks on
our Lexan detector, producing results akin to real-world scenarios.

Moreover, our methodology integrates trajectory data from the fission
products trajectory database, derived from GEANT4 simulations, to
generate synthetic models closely resembling actual microscope images.
This synthetic bank of images serves as a controlled and versatile dataset
for the development of robust image analysis tools. These tools aim to
automate the identification of fission track clusters, thus eliminating the
need for manual intervention and minimizing the likelihood of human
errors.

Our preliminary software for image processing demonstrates promising
efficacy in detecting fission track clusters, providing a comprehensive
record of fission sites for analysis. By identifying the length of tracks and
their distribution, we can determine the source isotope and the density of
impurities, thus advancing our understanding of nuclear materials.

Additionally, the software calculates the number of tracks, enhancing the
efficiency of data interpretation.

Furthermore, we introduce a novel approach utilizing penetrating
fluorescent colors for 3D scanning of detectors, enhancing our ability to
investigate fission track stars beyond mere projections.

Thursday Morning, November 7, 2024

In conclusion, our research underscores the importance of automating FTA
for nuclear safeguards, aiming to minimize human intervention while
fortifying the precision and efficiency of nuclear investigations. Through the
seamless integration of GEANT4 simulations and advanced image
processing algorithms, we envision a future where nuclear forensic analysis
is more reliable, accurate and streamlined.

Keywords: Nuclear forensics, Fission Track Analysis, Monte Carlo
simulations, GEANT4, Image processing algorithms, Automated analysis,
nuclear safeguards.
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11:15am AC+MI-ThM-14 Unusual orders in the heavy-fermion
superconductor CeRh2As;, Gertrud Zwicknagl, TU Braunschweig, Germany
The heavy-fermion compound CeRh2As; exhibits a complex phase diagram
with rather unusual states at low temperatures. A prominent example is
multi-phase superconductivity[1] which seems to develop inside a normal
state characterized by itinerant multi-polar order. The present talk focusses
on the instabilities of the strongly renormalized Fermi liquid state in the
heavy-fermion compound CeRh2As2. The central focus is the role played by
the non-symmorphic lattice structure and the consequences of the
Crystalline Electric Field (CEF) which removes the orbital degeneracy of the
Ce 4f states. The narrow quasiparticle bands which arise from the Ce-4f
degrees of freedom via the Kondo effect are calculated by means of the
Renormalized Band (RB) method. We conjecture that the quasi-quartet CEF
ground state in combination with pronounced nesting features of the Fermi
surface may give rise to ordered states involving multipolar degrees of
freedom [2].
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11:30am AC+MI-ThM-15 Thermoelectric Properties of Strongly Correlated
Compounds NpPds and PuPds, Krzysztof Gofryk, l|daho National
Laboratory; J. Griveau, 3DG Joint Research Centre, Directorate G-Nuclear
Safety and Security, Germany, K. McEwen, University College London, UK;
W. Nellis, Harvard University; J. Smith, Los Alamos National Laboratory
Actinides are characterized by the coexistence of localized and itinerant
(delocalized) 5f-states near the Fermi energy. This dual nature of the 5f
electrons leads to many exotic phenomena that are observed in these
strongly correlated materials, spanning magnetic ordering, heavy-fermion
ground state, unconventional superconductivity, and/or a "non-Fermi
liquid" state. The unusual transport properties of the strongly correlated
electron systems are related to the formation, near the Fermi level, of a
narrow band with a large density of states. Therefore, the Seebeck
coefficient in these materials, being proportional to the density of states at
the Fermi level, often reaches large values and shows the characteristic
temperature dependence [Phys. Rev. B 94, 195117 (2016)]. To explore the
influence of electronic correlations on the transport properties in the AnPds
system, here we present low-temperature electrical resistivity and Seebeck
coefficient measurements of NpPds and PuPds intermetallics. We show that
the electrical resistivity shows characteristic behavior of systems with
Kondo interactions. The magnitude and overall temperature dependence of
the thermoelectric power of NpPds and PuPds are characteristic of 4f- and
5f-electron strongly correlated materials. For cubic NpPds a sharp transition
and change of sign in S(T) at the Néel temperature indicate a first-order
nature of the magnetic transition, probably accompanied by a large change
in the Fermi surface topology. We have also estimated the power factor
(S%/p) of these materials.
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