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Correlation functions for a time-dependent calculation of linear-response functions

Toshiaki litaka
Nanoelectronics Materials Group, Frontier Research Program, RIKEN, Hirosawa 2-1, Wako, Saitama 351-01, Japan
(Received 19 August 1997

We emphasize the importance of choosing an appropriate correlation function to reduce numerical errors in
calculating the linear-response function as a Fourier transformation of a time-dependent correlation function.
As an example we take dielectric functions of silicon crystal calculated with a time-dependent method pro-
posed by litakaet al. [Phys. Rev. B56, 1222(1997)].
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PACS numbdps): 02.70—c, 71.10.Fd, 85.30.Vw, 72.15v

Recently, litakaet al. proposed a linear scaling algorithm In the case of the dielectric functiogy , =1+ 47y, with
for calculating linear-response functions of noninteractinga, 3=x,y,z the perturbation and the response are the exter-
electrond 1]. This algorithm has been successfully applied tonal electric field and polarization, respectively,
the calculation of dielectric functions of Si crysfdl] and Si
nanocrystalliteg2]. They calculate the linear responseBf
due to the perturbatioAe '“! as GIADY=(jIxa]1), (3
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whereV=L2 is the volume of the supercell.
where the double angular brackets indicate the statistical av- In Ref. [1] litaka et al. further modified the dipole mo-
erage over random vectorsb) and K(t) is the time- ment operatox to the current operatar by partial integra-

dependent correlation function defined by tion
K(t)=2 |m<c1>|e(Ef—H)e*'“‘Be*'”‘o(H—Ef)A|<I>>-(2) Xﬁa(w+in)=<< f dt e
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FIG. 1. e, () of silicon crystal calculated with current-current correlation funcg(t). The system consists of2Si atoms in a cubic
supercell of 18 unit cells. Each unit cell is divided into®&cubic meshes. The energy resolutioryis 0.05 (eV). We used the empirical
local pseudopotential in Reff3]. (a) Real part andb) imaginary part.
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FIG. 2. Same as Fig. 1 but calculated with position-position correlation funstion
-2 i erators. Instead we modified Eg8) and (4) to a finite-
Kj(t)= - Im{®|6(E;—H)e"™j je™ ™ O(Ecy—H) wave-number form to conform with periodic boundary
conditions
X O(H—Ef)]o|®) (6)
iqx,
and calculated the dielectric function of silicon crystal con- <j|A|i>=<j‘ - i>, @
sisting of 2° Si atoms in a cubic supercell of 1@nit cells 'q
with energy resolutiony=0.05 (eV). Each unit cell is di-
vided into & cubic meshes. litakat al. used the empirical =1 |eTiaxs]
local pseudopotential developed by Wang and Zunger in Ref. (i|Blj)= v\ = iq InE (8)

[3] and one random vector for the statistical average. Figure
1 shows the result calculated with the same condition.
litaka et al. attributed the divergence of calculated responsevhere q is the smallest wave number in the superagll
functions at low frequencies to the artificially introduced fi- =2#/L. The results are shown in Fig. 2, where other condi-
nite imaginary party of the frequency. tions are the same as in Fig. 1. Here we obtained the dielec-

However, closer examination suggests that the divergendeic function without any divergence at low frequencies,
may originate from the modification of the position-position while the fluctuations at high frequencies are larger. We
correlation function to the current-current correlation func-think that this result confirms our scenario that the diver-
tion. Assuming that the dielectric function is analytic at zerogence originates from the use Kf(t) instead ofK(t).
frequency, we easily notice that the low-frequency compo- In summary, we found the importance of choosing an
nent ofK;(t) has a frequency dependencewst %se. There-  appropriate form of the correlation functions in computing
fore, numerical results calculated wikt)(t) may easily suf-  linear-response functions as a Fourier transformation of
fer roundoff errors when the small amplitude of the low-time-dependent correlation functions. By choosing the
frequency components is extracted from the largecurrent-current correlation function for high frequencies and
background of higher-frequency components. the position-position correlation function for low frequen-

To check this scenario, we calculate the dielectric funccies, we may accurately calculate linear-response functions
tion without modification of dipole operators to current op- at any frequencyincluding w=0).
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