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1 Simple mixing

A simple scheme of mixing charge densities is to mix the input matrix and the output density matrix

at the last nth SCF step as
pis = apl™ + (1= a)p™, (1)

where « is a mixing parameter, and the optimum choice strongly depends on the system under study.
After mixing the density matrix, the corresponding charge density is easily evaluated.

2 RMM-DIIS for density matrix

A more efficient scheme beyond the simple mixing method is the residual minimization method in the
direct inversion of iterative subspace (RMM-DIIS) [1, 2]. By defining a residual R:

R = 0™ = 1. @

we assume that the residual R, at the next (n + 1)th SCF step can be estimated by a linear

combination of {R,,}

RnJrl = Z amtm , (3)
m=n—(p—1)

where a, is found by minimizing (R,|R,) with a constraint Zzlznf(pfl) am = 1. According to

Lagrange’s multiplier method, F' is defined by

F = (Rnpy1|Rut1) — <1—Z@m)7
- Z Qi { B | Ry <1 - Z%n) ) (4)

Considering 3 aF =0and 2 Sx = 0, an optimum set of {a} can be found by solving the following linear

equation:
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An optimum choice of the input density matrix p, ', may be obtained by the set of coefficients {a} as

A= Y ampl. (6)

m=n—(p—1)

3 Kerker mixing in momentum space

After Fourier-transforming the difference charge density dn(r) by
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dn(q) can be mixed in a simple mixing [3]:

oAl (a) = aw(a) 0al™ () + (1 — aw(q)) o7\ (q) (8)

with the Kerker factor w(q).

gl
w(q) = ma 9)

where gy = ¥|Qmin|, and gmin is the q vector with the minimum magnitude except O-vector in the
FFT. Since the charge sloshing tends to be introduced by charge components with a small q vector, it
is found that w(q) is effective for avoiding the charge sloshing. The back transformation of the mixed

charge density in momentum space gives the charge density in real space as

Sn(rp) = 3 6l )i ™. (10)
-

4 RMM-DIIS in momentum space
By defining the residual vector R(q) in momentum space,

Ry(q) = p{™(q) — pi™(a), (11)

and the norm with the Kerker metric as:

(Rl R) = Y

w(@ (12)
q

we can apply the RMM-DIIS to the charge density mixing in momentum space with a care for the
charge sloshing [4]. The procedure of finding an optimum charge density is same as in the RMM-DIIS
for the density matrix.
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