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Cluster correlation seen in the density functional calculation
(imaginary-time evolution)

- Prepare initial orbitals (Randomly distributed Gaussian functions)
- Imaginary-time iteration to obtain self-consistent solution
(A steepest descent solver for the Kohn-Sham problem)
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Cluster correlation seen in the imaginary-time evolution (2)

- Prepare initial orbitals (Randomly distributed Gaussian functions)
- Imaginary-time iteration to obtain self-consistent solution
(A steepest descent solver for the DFT Kohn-Sham problem)
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Climbing the Density Functional Ladder: Nonempirical Meta-Generalized Gradient
Approximation Designed for Molecules and Solids
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TABLE L Statistical summary of the errors of five density functionals for various properties of molecules, solids, and surfaces.
1 kecal /mol = 0.0434 eV = 0.001 59 hartree. For jellium. r, = (3/47n)'/? characterizes bulk density.

Mean value Mean absolute errors Mean error

Property (units) Test set of property L3D PBE PBE0D PKZB TPS5 of TPS5
Atomization energy 2Dy (kcal/mol) 2 (148 mols.) 478 2318 17.1 5.1 4.4 6.2 5.4
lonization potential (eV) G2 (86 species) 10.9 0.22 0.22 020 029 0.23 —0.11
Electron affinity (éV) G2 (58 species) 1.4 0.26 0.12 017 014 0.14 —{.01
Bond length r, (A) 96 molecules 1.56 0013 0.016 0.010 0027 0014 0014
Harmonic frequency @, (cm™ ') 82 diatomics 1430 45.9 42.0 436 31.7 04 —18.7
H-bond dissoc. energy Dy (keal/moly 10 complexes 13.4 3.8 1.0 0.7 29 0.6 0.2
H-bond lengths r, (A) 11 H-bonds 2.06 0147 0.043 0.032 0179  0.021 0.021
H-bond angles (deg) 13 angles 111 4.0 26 1.8 3.5 2.0 2.0
Lattice constant (A) 18 solids 447 0.069  0.057 - 0.078  0.040 0.039
Bulk modulus (GPa) 18 solids 116 15.1 7.6 78 B2 —0.5
XC surface energy (erg/cm?®) F,=2406 1245 22 35 39 3 13 —10

LSD BffREZE i L PKZB, TPSS EFHIRILX—FEEZHIS
PBE ZEEARZALS E.[nyn]= [“r';”ﬁm{”r: ny, Viny, Vi, 7, 7)),

accup

—_ - . 1 o
PBEO JERFIXBRIRILT—ZFEE 7,0 = Y 51V, 0
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PRRIGERICKDRFZDEET A

# of References
parameters

Bethe-Weizsacker formula 2.97 MeV 1768 Lunney et al., RMP 75 (2003) 1021
Finite-Range Droplet 0.609 MeV 1654 30 Moller, Mix et al.,
Model At. Data Nucl. Data Tables 59, 185(1995)
KUTY 0.68 MeV 2921 34 Koura, Uno, Tachibana, Yamada,

NPA 674 (2000) 47
DZ 0.375 MeV 1571 28 Duflo, Zucker,

PRC52 (1995) R23
Extended Thomas-Fermi + 0.709 MeV 1719 Goriely,
Strutinsky integral AIP Conf. Prec. No. 529 (2000), p. 287
Hartree-Fock + BCS 2-3 MeV 1029 About 10 Tajima et al.,

NPA603 (1996) 23
Relativistic Mean-Field 2.6 MeV 1315 Lalazissis et al.,

At. Data Nucl. Data Tables 71, 1 (1999)
HFB-8 0.635 MeV 2149 About 15 Samyn and Goriely et al.,

PRC70, 044309 (2004)
HFB-15 0.678 MeV 2149 About 15 Gorirly and Samyn et al.,

PRC77, 031301 (2008)
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