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If the ‘bra’ and ‘ket’ do not overlap, then their interaction can be 

obtained from a multipole approximation
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Making SCF Cycles Faster: ORCA’s Fast Coulomb Integrals

expensive

J: Coulomb matrix, Greek letters: atomic orbitals, D: density matrix

Resolution-of-Identity (RI) or Density Fitting (DF)

K, L: auxiliary basis set

cheap(er)
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Steps to solve:

g: auxiliary vector M: metric matrix = (K|L)

Further Mathematical Trick: Hermite Gaussian

ORCA: Split-RI-J
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Super fast

Fast Multipole Method

ρ: electron density, P, Q: multipole centers, M: multipole moment, T: interaction tensor

Putting it All Together in Bubbles

ORCA: RI-BUPO/J

Left: Distance criteria for RI or 

FMM treatment

Right: Hierarchical structure 

of bubbles
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