PHYSICAL REVIEW B, VOLUME 64, 233110

Analytical expressions for the spin-spin local-field factor and the spin-antisymmetric exchange-
correlation kernel of a two-dimensional electron gas
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We present an analytical expression for the static many-body local-field f@ct¢q) of a homogeneous
two-dimensional electron gas, which reproduces diffusion Monte Carlo data and embodies the exact
asymptotic behaviors at both small and large wave numpbdtis allows us to also provide a closed-form
expression for the spin-antisymmetric exchange and correlation Kégpel) which represents a key input for
spin-density functional studies of inhomogeneous electronic systems.
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The static spin-spin response functigr(q) of a para- Thus, from Egs.(3) and (4), one obtains that the spin-
magnetic electron gadEG) can be written in terms of the symmetric and the spin-antisymmetric exchange and correla-
Lindhard functionyo(q) by means of the spin-antisymmetric tion kernelsk (r) are related td&5. (q) by
many-body local field5_(q) through the relationship
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whereug is the Bohr magneton. This_(q) is a fundamen- i

tal quantity for the determination of many properties of aln what fplloyvs We.shall oinly considef,(r) |r; the case of
general electron system. It is a key input, together with thdWo spatial d|m_enS|0ns+, with=2 andv ,=2me“/q. An ana-
charge-charge local-field fact@®, (q), in the spin-density lytical expression folK (r) has already been given in Ref.
functional theory(SDFT) of the inhomogeneous electron 2 . ) )

gas? and in studies of quasiparticle propertissich as the A number of exact asymptotic properties®f (q) in two
effective mass and the effective Langdacton in the elec-  dimensions are readily proved. In particular,

tronic Fermi liquid®*

For what concerns SDFT calculations, a common ap- imG_(q)=A a 6)
proximation to the unknown exchange-correlation energy q—0 “ke’
functional E,J n,{] of electron densityn and spin polariza- )
tion ¢ appeals to its second functional derivatives, with
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o wherekg= \27rn=\2/r ag is the Fermi wave number,
wheren=n;+n, is the average local density of the EG and = \/7naZ is the usual EG density parameter with the
¢{=(n;—n))/n is the average local spin polarization. The Bohr radius, and(oz,uém/wﬁz is the (Pauli spin suscepti-
local-field factorsG,, (q) and the matrix of the exchange- bility of the ideal Fermi gas, whilg is the spin susceptibility
correlation kernels are simply related in Fourier transform byof the interacting system. By making use of the thermody-

namic definition ofy we can write
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whered is the dimensionality of the system ang is the
Fourier transform of the Coulomb potentelr . In the para- \ypere €. is the correlation energy per particle in the spin-
magnetic state the following relation holds between the, |5 izeq fluid. Unfortunately the correlation energy at finite
charge-charge and spin-spin local-field fact®s(q) and  gpin polarization is poorly known. By extrapolating the dif-

Goor(Q): fusion Monte CarldDMC) datd for G_(q) to q=0 and by

observing from Eq(8) that A_— 1/7 for r¢—0, we obtain

G.(q)= GH(q)tGH(q). @ the following parametrization ofA_ in the range &<rq

= 2 <10 where simulation data are available:
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FIG. 1. The local-field factoG,(a) for various values of ; as
computed according to E¢L2), in comparison with the DMC data
of Ref. 7.
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The asymptotic behavior o5 _(q) at largeq is also
known exactly®

G.(9~C_ 4B,

ke (10

for q—, whereC _ is proportional to the difference in ki-
netic energy between the interacting and the ideal gas,
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The correlation energy per particke(rs) in the paramag-
netic fluid is available from Monte Carlo dateinally B_

=g(0), g(0) being the value of the pair-correlation function

at the origin'°
In this work we fit the values oG_(q) originally ob-

tained by DMC in Ref. 7 in such a way as to obtain analyti-

cal expressions for botﬁx‘c(q) andK,(r). The functional
form previously employetifor the charge-charge local-field
factor G, (q) is also suitable foG_(q):

k_(rg)

q —
V1t+(A « (r)alB_)?

G_(q)=A_

+[1—k_(rg]e 9| +C_g(1—e £

+P_(q)e o, (12)
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FIG. 2. The local-field factoG _(q) as from Eq.(12) for vari-
ous values of .

whereq=q/kg, k_(rg)= \/1+O.008252, andP_(q) is the
polynomialP_(q) = h,q%+ h,q*+ heq®+ hgg®. The free pa-
rametersae_, B_, andh,, ... hg are fitted so as to mini-
mize the differences from the DMC numerical results. As for
G.(q), it proves useful to have a continuous parametrization
of these parameters at least in the ranger@<10 where
simulation data are available. We propose the following:

a_(rs)zexp<

B_(rs)=0.8089-0.4025r /10)°—0.0941r/10)*?,

0.2231481.2115%r/10) )
1+54.6668r4/10)+50.7534r /10)2 )’

12.6262+20.9673r /10)
hZ(rs):eX - )
1+12.4002r/10)

hu(ro)=0.05311—e~2154%) — 0.4984r /10)%?
+0.4021r/10)?,

he(rs)=—0.00761—e "s)+0.0977r/10)%?
—0.0726r4/10)2,

hg(rg)=—0.0027(r4/10). (13
In Fig. 1 we compare the fit given by E(.2) with the DMC
data forrg=1, 2, 5, and 10. In Fig. 2 we show the local field
factor G_(q) as from Eq.(12) for various values of ;.

We turn next to the evaluation ¢, (r). From Eqgs.(5)
and(12), the expression of the spin-antisymmetric exchange-
correlation kernel in real spaca Ry) is readily obtained as
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where N;=—472C_/Irg, N,=—2{2B_/rg, Nj

=—4\2A [1—x_(rdllrs, Ny=+2C_Irs8_, and N,

=—223h, Ir4. The functionF ,(«,X) is given by
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whereI'(z) is Euler's gamma function andF;(a;b;z) is

Kummer’s function. In practice the functidf,(«,Xx) can be
obtained via the recursive relation

dF(a,x)
Fn+2(avx):_rz.j—ai
— ﬂ- 2 X2
Fz(a’,x)— 16a5/2 (4a—X )Io a

e x2/8a, (16)
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wherel (z) is the modified Bessel function of order It is

also useful to recall thatdly(z)/dz=1,(z) and that
dl(2)/dz=1y(2) = 14(2)/z.

In Fig. 3 we show the matrix elemen "C‘"(r) of the

exchange-correlation kernel for various values of These
kernels describe the local structui@auli-Coulomb holgof
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FIG. 3. The matrix elementX/ (r) and K[(r) of the
exchange-correlation kernel for various values of

same behavior of these two components: namely, no struc-
ture at both small and high,. The situation is different for
Kf(cl(r), which is instead given by the difference Kf(r)
andK,(r). Although these two components are structureless
at smallrg, the difference between them aroukgr=1 is
large and this is reflected in the large structure shown in Fig.
3.

In conclusion, we have presented an analytic parametriza-
tion of the local-field factor entering the spin response of the
two-dimensional electron gas in the paramagnetic state, in-
corporating the known asymptotic behaviors and giving an
accurate representation of the available quantum Monte
Carlo data. We have obtained from it and from our earlier
results on the dielectric resporsmalytic expressions of the
exchange-correlation kernels for spin-density functional cal-
culations on inhomogeneous two-dimensional electronic sys-
tems.
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