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In Short
QMC

• Investigate spectral properties of rare earth hexaboride compounds, which are strongly correlated Figure 2: So-called DMFT cycle for the computation of the selfmaterials with unconventional behavior.
energy Σ and the system’s Green’s function Glat , which is at the
heart of our numerical simulations for a more realistic modeling

• Implement and apply a combined approach using of the rare-earth hexaboride compounds. The numerically most
Density Functional Theory (DFT) and Dynamical expensive part is the QMC (Quantum Monte Carlo) step, which
we plan to perform on the HPC environment at HLRN.
Mean Field Theory (DMFT) for a realistic modeling
of these materials.
which leads to a large Coulomb interaction and thus
• Large scale computations using the continuous- to strong correlation effects.
time hybridization expansion quantum Monte Carlo
In this project, we examine the properties of rare
algorithm (CT-HYB) in order to be able to perform earth hexaborides, which are depicted in Fig. 1. A
the DFT+DMFT approach.
starting point for our study is that correlation effects
lead to unconventional signatures in photoemission
experiments [2], which are lacking a theoretical unStrongly correlated materials are an important derstanding so far. To approach this phenomenon,
field of research in modern solid state physics. we apply large scale numerical methods. In particThese materials show a diversity of unconventional ular, we combine Density Functional Theory (DFT)
phenomena [1], including high-temperature super- with Dynamical Mean Field Theory (DMFT), which
conductivity, colossal magnetoresistance and heavy gives the opportunity for a more realistic modelling
fermion physics, that are useful for technical ap- of materials. In Fig. 2 we depict the DMFT approach
plications. A material is called strongly correlated, in a sketch showing the so-called DMFT-cycle. In
if electron-electron interactions determine its prop- this approach, the numerically most demanding part
erties. This can lead to unconventionally ordered is the Quantum Monte Carlo (QMC) step. For this, it
ground states or exotic phases like non-Fermi liq- is important to get access to large scale computing
uids, which exhibit anomalous transport properties facilities like HLRN. Having access to these compuin contrast to systems, in which correlation effects tational resources allows us to compute properties
can be neglected. Incompletely filled atomic d- or at low temperatures relevant for the experiments,
f -shells are typical for a material exhibiting strongly and allows us to also take into account more efcorrelated electron effects [1]. The localization of the fects, like spin-orbit coupling, many orbitals and the
f -electrons in rare earth ions is even stronger than full Coulomb interaction tensor. Our simulations
the localization of d-electrons in transition metals, at HLRN will therefore help us to investigate fundamental properties of these materials like superconductivity, Kondo behavior and ordering phenomena at low temperatures.
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Figure 1: Structure of the rare earth hexaborides. The rare earth
atom (teal) sits at the center of a cubic cage of boron (magenta)
octahedra located at the corners of the cube.

[2] S. Patil, G. Adhikary, G. Balakrishnan,
and K. Maiti J. Phys.: Condens. Matter

nip00045

23(49), 495601 (2011). doi:10.1088/09538984/23/49/495601
Project Partners
Prof. Dr. P.E. Blöchl, TU Clausthal
PD Dr. M. Wenderoth, U. Göttingen
Prof. K. Maiti, TFRS Mumbai (India)
Prof. Dr. R. Valenti, U. Frankfurt
Prof. Dr. E. Gull, U. Michigan Ann Arbor (USA)
Funding
DFG Einzelantrag: PR 298/19-1, BL 539/10-1 und
WE 1889/10-1.

nip00045

