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APW+lo: energy derivative of order 1
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Check quality of basis by changing muffin-tin radius

”APW+1lo”



APW+lo: influence of muffin-tin radii

(RMTGmax ≡ rgkmax)



APW+lo: influence of muffin-tin radii



APW+lo: energy derivative of order 1 & 2
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APW+lo: influence of muffin-tin radii
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Ratios of muffin-tin radii in compound crystals



Each element has “personal” RMTGmax behavior
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Each element has “personal” RMTGmax behavior

RMTGmaxnorm S
RMTGmaxnorm Mo

A good choice for ratios of muffin-tin radii are the 
ratios of RMTGmaxnorm of elemental solids: 

RMT
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Mo = RMTGmax
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Benchmark Set: 71 Elemental Crystals
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Quality factor
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Test Basis Completeness
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Get RMTGmaxnorm for each element

RMTGmaxnorm = RMTGmax Δ𝐸𝐸 = 10−4eV/atom



Energy convergence

Carbogno, Christian, et al. "Numerical quality control for DFT-based materials databases." npj Computational Materials 8.1 (2022): 69.
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Predict Numerical Errors of Any Material 
Using Errors of Elemental Solids 
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Numerical error prediction for 63 binary systems
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Numerical error prediction for ternary systems

Carbogno, Christian, et al. "Numerical quality control for DFT-based materials databases." npj Computational Materials 8.1 (2022): 69.



 Second order energy derivatives in los help to make results more 
independent of numerical parameters like linearization energies 
and muffin-tin radii

 An element‘s “personal” RMTGmax behavior of its error in total energy is 
transferable to more complex compound crystals

 Tabulated RMTGmaxnorm of elemental solids can be used to make APW input 
parameters more material independent

 �Δ𝐸𝐸 = 1
𝑁𝑁
∑𝐼𝐼 𝑁𝑁𝐼𝐼Δ𝐸𝐸𝐼𝐼 allows us to estimate numerical errors for arbitrary systems

Conclusion
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