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We present an analytical expression for the local-field faGy) of the homogeneous electron gas which
reproduces recently published quantum Monte Carlo data by Moroni, Ceperley, and SEPaysteRev. Lett.
75, 689 (1995], reflects the theoretically known asymptotic behaviors for both small- and tphgeits, and
allows us to express the exchange-correlation kefyelanalytically in both the direct and reciprocal space.
The last property is particularly useful in numerical applications to real sqiRx163-18208)04823-]

The static local-field factoiG(q) of the homogeneous G(q) of the homogeneous electron gas at densitjesorre-
electron gagHEG) is an important quantity, because it rep- sponding tar¢=2, 5, and 10 n,=3/(4wadr?), whereag is
resents the extent to which the particle interactions affect théhe Bohr radius They also gave an analytical formula for
exchange and correlation properties of this idealized systenG(q) which fits the QMC computed value, and has the right
The importance o6(q) in calculating the properties of real asymptotic limits at small and large wave vectors, i.e.,
materials stems from the fact that it can be used as a key
input in density-functional calculatiorts’ In fact, approxi- G(q)~AQ* for q—0, )
mations of the unknown exchange-correlation energy func
tional of real (inhomogeneoyssystems involve the second
functional derivative oE, [ n], or exchange-correlation ker- 1 K d
nel, F Mc

whereQ=g/kg, kg is the Fermi wave vector,
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Ke(o:|r—r')= O Exd ] (1) M being the correlation contribution to the chemical poten-
xee on(ryon(r’) N tial; and
wheren, is the HEG density. On the other hand, the local- G(q)~CQ*+B for g—-ce, 5

field factor and the exchange-correlation kernel are simplyyhere
related in Fourier space By

T —d(reee)

—ig. C=—F7——7—, 6
KECT(q)Ef dr 71K (1) =—v(@)G(q),  (2) 2e%k  drs ©
wherev(q) =47€%/g? is the Coulomb potential. and ¢, is the correlation energy per particle. In our calcula-
Various approaches to obtain expressions of the locallions we use the parametrization Bffrom Ref. 4,
field factor were investigated in the p4dst® Moroni, Cep- (1+apx+a,®)
erly, and Senatofeobtained, by quantum Monte Carlo B(r)=— 22~ @)
(QMC) simulation, the zero-temperature local-field factor (3+byx+byx®)
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FIG. 1. Panels(a), (b), and (c): local-field factor G(Q), _
(Q=q/kg) as computed according to E(B), in comparison with FIG. 2. The exchange-correlation kerri¢|. of the homoge-
the QMC data for the unpolarized HEG of Ref. 4. Paji Eq.(8) ~ neous electron gas as parametrized in the present (fwltkine),
compared with QMC data for the fully spin-polarized HERef. ~ compared with theK, . of Ref. 5 (dotted ling, in a.u., plotted in
13. reciprocal and direct spad@ipper and lower panel, respectively,
with Q=qg/kg andR=rkg).
where x=rl? ~a;=2.15, a,=0.435, b;=1.57, and
b2:0-40529, valid forr in the range 216" r<= 1001 Despite the fact that this value is well beyond the
The Q° behavior of the local-field factor at larg@ has  yange considered in Ref. 4 for the parametrizatioBdEq.
been overlooked for a long time. It was demonstrated in Ref7)] "and that in Eq(8) we neglect spin-polarization effects,
12, and a clear discussion of its origin was presented in Re{q agreement is still fairly good.
4: its coefficientC is related to the change in kinetic energy Using Eq.(2), and after Fourier transforming, we obtain

in going from noninteractingKohn-Sham electrons to in- 4 expression of the exchange-correlation kekag(r) in
teracting(real) electrons. real space:

In this paper we fit the values @(q) computed in Ref. 4
in such a way to obtain a simple analytical expression of
both KE[(q) and K,(r), where K,(r) is the exchange-

2 312 1,2, 2
correlation kernel in real space. Our formula fG(q) is Kxc(r):_dme Cb\°’(r)+ ke /Z> Z[kF—r—:%}e"%rz"‘ﬁ
based on Lorentzian and Gaussian functions, and reads k2 4728\ B 2B
BO? e_\“‘akFr
G(q)=CQ*+ 0 > +aQ%e Y, tS) —B——. 11
g+Q

whereg=B/(A—C) and the two parameters and 8 are _ _ _ .
fitted in order to minimize the differences with the numericalIn Fig. 2, we compare this form ok, (without the first
results of Ref. 4. In particular, the best results are obtaineterm, which contains a three-dimension&lfunction) with

by taking the (numerical Fourier transform of the kernel derived from
the Utsumi and Ichimaru parametrization ®{q).> Besides
15 A the very desirable property of allowing passage from real to
a= (74 Bg’ 9) reciprocal space, and vice versa, without numerical trans-
s forms, the present form has another advantage, which is par-
12 ticularly useful in calculations for real solids: the absence of
B=—. (10 long-range oscillations, at variance with the case of those
Bg G(q) which contain a logarithmic singularity far=2kg, as

Note that the Lorentzian contribution in E) is a simple  the Ichimaru-Utsumi onésee Fig. 2 This singularity is a
Hubbard-like term. This term alone already yieldgualita-  peculiar property of the homogenous electron gas, originat-
tive agreement with the numerical data of Ref. 4. Adding theing from its spherical Fermi surface and from the absence of
Gaussian term allows us to reprodupeantitativelythe nu- & gap between filled and empty states. Even in the HEG, its
merical evaluation of Ref. 4. In pandl), (b), and(c) of Fig.  existence is not certain, and it is likely not present in real
1, G(q) given by Eq.(8) is compared with the QMC results materials'* Hence it is better, given the present level of ig-
of Ref. 4 for the unpolarized electron gas. The agreement igorance about the exchange-correlation kernel of real mate-
satisfactory, and is globally of the same quality as that obfials and the computational difficulties arising from such a
tained with the interpolation formula originally proposed singularity, to use expressions 6{q) which do not contain

in Ref. 4. In paneld) of Fig. 1, we extend the comparison it, and consequently do not yield the long-range oscillations
to QMC data for the fully spin-polarized electron gas atof K,.(r).
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In conclusion, we have presented a parametrization ofytically Fourier transformable, a property which greatly
published QMC results for the local field fact@i(q) of the  simplifies its use in density-functional calculations for real
homogeneous electron gas. Our analytical form fits the numaterials.
merical data with the same accuracy as the form originally \ye are grateful to Saverio Moroni and Gaetano Senatore

proposed in Ref. 4, has the right limiting behaviors for largefor providing us with their unpublished QMC data fog
and smallg, and has the additional advantage of being ana= 100, and for a critical reading of the manuscript.
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