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The optimized potential method (OEP) presents an unambiguous way to map
an energy functional from many-body perturbation theory (MBPT) to a local
exchange-correlation potential. The OEP framework combines in a sense the
best of both DFT and MBPT worlds. It has all the formal and practical benefits
of a local Kohn-Sham potential, whereas from MBPT it inherits the
transparency of the Feynman diagrammatic representation and with it the
possibility to obtain ever better approximations by taking higher order
diagrams into account. Amongst other things, accurate KS potentials obtained
in this way can serve as testing ground for lower-level approximations and
starting points for various MBPT methods.

Introduction
• Due to its high computational cost, the RPA-OEP method hasn’t been 

broadly applied to solids thus far
• One problem: as for standard (semi-)local DFT methods, the OEP equation 

needs to be solved self-consistently
• We have demonstrated, how the computational cost can be

reduced by choosing a good starting point [4].

Self-consistency

• Screening in the RPA 
reduces the EXX-OEP band 
gaps towards PBE

• Neglecting dynamical 
screening via the QPA
opens the band gap
→ Same in COHSEX!
→ Exact (vs QPA) RPA-OEP 

is even closer to PBE 
→ conduction band 

dispersion also closer 
to PBE in exact RPA-OEP

• Largest effects of the QPA 
for strongly ionic materials 
(here ZnO, GaN, MgO) 
→ Valence and conduction 
bands have different nature
→ Related to 𝑍-factors!

• Effect of the QPA is reduced 
for dielectric constants,
results consistent with
trend for band gaps

• Both RPA-OEP methods 
improve upon PBE,
closer to experiment

Results

• Pre-converged OEP consistently speeds up self-consistency cycle
• QPA works well except for ionic materials
• In-itself closed RPA-OEP scheme yields dielectric constants in good 

agreement with experiment 

Conclusions

RPA-OEP method

• Unique mapping Σxc→𝑣xc (up to a constant) by the OEP equation [1]

• Using the 𝐺0𝑊0 self-energy corresponds to the random-phase 

approximation for the energy functional

• Unlike semi-local functionals, 

the RPA-OEP exhibits the 

correct 1/𝑟 asymptotic behavior

far away from an atom [2].

• Atomic shell oscillations are 

also described well by the 

RPA-OEP method [3].

• Quasiparticle approximation: static approximation to the self-energy [5]

• Similar to Hedin’s COHSEX approximation [6].

• This neglects certain dynamical
screening effects, no spectral 
weight is given to satellites

• in the QPA, the 𝑍-factors 
are set to 1
→ QP lifetime is always infinite
→ some physical flaws [4].

• But: For the purpose of the OEP, the QPA becomes exact in metallic limit:
→ HEG is exactly described [2]! And the effect of the QPA on the band gap 

of a semiconductor can be approximated as [4]

Dynamical screening

Figure 1. Self-consistent correlation
potentials for the Ne atom [3]. 

Figure 2. A single iteration on a 6𝑥6𝑥6
𝑘-point mesh is usually sufficient, if 
the OEP is pre-iterated on a 4𝑥4𝑥4 mesh.
Dashed lines indicate a tolerance-region 
of ± 10 meV [4].

Figure 2. Minimal band gaps from EXX-OEP as well as 

RPA-OEP and RPA-OEP using the QPA, as 

compared to the PBE reference. Where the minimal 

gap is located along the Δ-axis, the Γ→X excitation 
energy is shown instead.

Table 1. Macroscopic, ion-clamped dielectric 

constants in the RPA obtained from PBE and 

different RPA-OEP xc-potentials. Stars indicate, that 

experiments are performed at wurtzite rather than 
zinc-blende structure [4].

Basis idea:
pre-iterate the OEP on a 
sparse 𝑘-point mesh.


