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Simula�ng the current-driven insulator to metal transi�on of Ca2RuO4 

Ca2RuO4 is a quasi two-dimensional layered perovskite, which has a Mo� insula�ng ground state at

ambient condi�ons. Upon hea�ng,  it undergoes an  insulator to metal transi�on at TIMT  ~ 360 K,

which coincides with a structural transi�on from short to long c-axis and involves orbital ordering[1].

Recent  experiments  have  revealed  a  current-induced  transi�on leading  to  a  metallic  phase

(denoted  L*)  that  is  electronically  and  structurally  dis�nct  from  the  thermally  driven  metallic

phase[2].  In  this  phase,  the  insula�ng  (metallic)  state  exhibits  a  slightly  larger  (smaller)  c-axis

compared  to  the  zero-current  counterparts,  entailing modi5ca�ons  of  its  electronic  structure.

However,  despite  detailed  experimental  inves�ga�ons  and  5rst  theore�cal  studies,  a

comprehensive understanding of the material’s electronic proper�es in the L* phase is s�ll lacking.

In par�cular, the nema�c Fermi surface measured experimentally remains puzzling (see Figure).

The objec�ve of this Master thesis is the applica�on of state-of-the art numerical techniques to

describe the L* phase of Ca2RuO4, focussing on the aspect of nema�city that has been observed

experimentally.  The �rst  principle  theore�cal  study  of  Ca2RuO4 will  involve density  func�onal

theory (DFT) calcula�ons, in order to derive and parametrize an e;ec�ve low-energy model using a

combina�on  of  Wannier  func�ons  and  constrained  Random  Phase  Approxima�on  (cRPA).  The

model will then be solved using dynamical mean-�eld theory (DMFT) to describe the evolu�on of

the correlated electronic states across the transi�on. Results of the simula�ons will be confronted

with angle-resolved photoemission spectra (ARPES) that have been measured experimentally.
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Figure: (Left) Crystal structure of Ca2RuO4 featuring rotated, distorted RuO6 octahedra; (Centre) angle-

resolved photoemission spectrum of the Fermi surface in the L* phase showing a clear x-y asymmetry ;

(Right) first DFT+DMFT calculation of the Fermi surface in the L* phase, not capturing this asymmetry.

Figures taken from Refs. 1&2. 


