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In a fixed-node diffusion Monte Carlo calculation of the total energy of jellium slabs, Acioli and Ceperley
[Phys. Rev. B54, 17 199(1996)] reported jellium surface energies that at low electron densities were signifi-
cantly higher than those predicted in the local-density approximgti@?) of density-functional theory.
Assuming that the fixed-node error in the slab and the bulk calculations cancel out, we show that their data
yield surface energies that are considerably closer to the LDA and in reasonable agreement with those obtained
in the random-phase approximation.
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Acioli and Ceperley presented the results of fixed-node tively. Furthermore, they are comparable to the deviation of
difussion Monte CarlgDMC) calculations of the total en- the total surface energies reported in Ref. 1 from those ob-
ergy of jellium slabs at five different electron densities. As-tained in the LDA.
suming that the released-node correction is very small at the In order to derive reliable surface energies from the fixed-
electron densities of interest, these authors extracted surfao@de slab calculations of Ref. 1, we require fixed-node ener-
energies by substracting from the fixed-node slab energy thgies of bulk jellium. Such calculations were reported by
corresponding released-node bulk energies of Ceperley ar@eperle§ and more recently by Kwoat al.” for r,=1, 5, 10,
Alder? as parametrized by Perdew and Zung&hey con- and 20. The fixed-node Slater-Jastrow correlation energies of
cluded that at low electron densities jellium surface energie&won et al’” can be parametrized in Perdew-Zurgrm,
are significantly higher than those predicted in the local-as follows®
density approximationLDA) of density-functional theory

-0.32172
(DF). glulk = = Ry (rs=1), (2

In this Comment, we show that combining fixed-node 1+1.3606\rg+ 0.3391r
slab and release-node bulk energies results in substantial im- .
precision. Instead, we expect a large degree of cancellatiof '
between the fixed-node error in the slab and the bulk calcu- bulk 16.082
lations, and conclude that by substracting from the fixed- & =—(0.12436 +0.027404)In 1+T Ry,
node slab energies the corresponding fixed-node bulk ener-
gies one obtains jellium surface energies that are )
considerably closer to the LDARef. 4 and in reasonable i
agreement with those obtained in the random-phase approxi-
mation (RPA).5 a=7.5957rY?+ 3.5876r+ 1.8207r%+ 0.47746r2.

Acioli and Ceperley considered jellium slabs of density (4)
no=3/4m (r5 ay)° (3, is the Bohr radiuy the thickness of the
positive background in each slab beihg7.21(rs,). Sur-  Both Egs.(2) and(3) have been adjusted to fit the fixed-node
face energies were then obtained from correlation energies of Kwoet al.’ for rg=1, 5, and 10. The

fixed-node bulk energy®“k=-0.01482 Ry obtained by Cep-
_r slab bukaNMo L erley and Aldet® for r¢=2.07 is underestimated by E@) by
o=[e""-¢ qT' D 5x10° Ry and overestimated by E(B) by 2x 1074 Ry. At
r<=20, Egs.(2) and (3) underestimate the fixed-node bulk
where 5% and &P represent slab and bulk energies perenergy of Kwonet al’ by 2x 1074 Ry and 10% Ry, respec-
particle, respectively. Fixed-node energies per particle irively.
bulk jellium were reported by Ceperleyo be higher than Adding to the correlation energy of Eg&) and (3) the
their release-node counterparts by @0°* Ry for rs=2 and  well-known kinetic and exchange energies of a uniform elec-
2% 10 Ry for rg=5. Hence, combining fixed-node slab and tron ga® and combining these energies with the fixed-node
release-node bulk energies Ed) yields forrs=2 and 5 slab energies of Acioli and Ceperlégqg. (1) yields the sur-
surface energies that are too large b§50 and 5 erg/cfy  face energiego;, and o) shown in Table I. Also shown in
respectively. These fixed-node errors represedD% and this table are the surface energies reported in Rétrak),
~20% of the LDA correlation energy fog=2 and 5, respec- together with the LDA and RPA surface energies that we

n Perdew-Wanyform, as follows;
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TABLE |. Surface energies of jellium slabs withL
=7.21(rs a;), as obtained from Eql) by combining the Acioli-
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energy the corresponding fixed-node bulk enetg§"'x=
-0.01482 Ry, and found o=-465 erg/cri;!” they also

Ceperley fixed-node slab energies with the fixed-node bulk energieserformed LDA calculations and found a LDA surface en-

of either Eq.(2) (o4) or Eq.(3) (o), and by combining the Acioli-

ergy of =567 erg/crh We have calculated the LDA and RPA

Ceperley fixed-node slab energies with release-node bulk energi"s%rface energies of a jellium slab with=2.07 andL

(ac)- At 15=2.07, combining the Acioli-Ceperley fixed-node slab
energy with the corresponding fixed-node bulk energff'
—0.01482 Ry of Ceperley and AldéRef. 16 yields o=-558
erg/cnt. o_pa andogpa represent LDA and RPA surface energies.
op=0st+ et oy represents the combined kinefies), electrostatic
(0e9, and exchangéo,) contributions to the total surface energy
The correlation surface energy is simpbr=o—-o0y. Units are
erg/cnt (1 erg/cn?=6.2415< 10°° eV/A?).

Is 0o o1 02 oac OLDA ORPA
1.87 -2402 -1197 -1247 -1035 -1557 -1424
2.07 -1234 -554 -592 -416 -600 -497
2.66 -131 242 226 327 180 233
3.25 52 312 305 365 227 258
3.93 72 251 249 284 173 191

have obtained for jellium slabs with=7.21(rg ag). Small
differences of no more than 10 erg/¢ivetween these LDA

=8.52(rsa;), and have foundogpa=—485 erg/cm and
o.pa=-589 erg/cr,*® which are both only~20 erg/cm
smaller than the corresponding DMC and LDA surface ener-
gies reported in Ref. 15.

Figure 1 exhibits the surface energies of Table I, as a
function of re. At the highest densities the agreement be-
tween DMC and RPA surface energies is good. At the small-
est densitiegr=3.25 the corrected DMC surface energies
are still larger than their RPA counterparts. Nevertheless, we
note that DMC surface energies are very sensitive to small
uncertainties in the parametrization of the bulk energy.
Therefore, if one is to quantitatively account for jellium sur-
face energies, both DMC slab and bulk energies entering Eq.
(1) should be computed on the same footing.

Small differences between the DMC and RPA calculations
come from the correlation contribution to the surface energy.
We have carried out calculations of exact kindiig), elec-
trostatic(o.g, and exchangéo,) surface energies for jellium
slabs withL=7.21(r a5), and we have defined the correla-

and RPA surface energies and those reported before for thimn contribution to the DMC surface energy as

semi-infinite jelliunt-> are due to the finite size of our jellium
slabs.

An inspection of Table | shows that using in E@) the
fixed-node bulk energies of either E@) or Eq. (3) brings

(5

0= 0= (0s+ Oest 0y).

The results we have obtained from our analysis of the Acioli-

the DMC surface energies closer to the LDA and to reason€eperley DMC slab energies are shown in Figis2e also

able agreement with the RPA. This is consistent with recenTable I), together with the LDA and RPA correlation energies
work, where it was shown that upon surface formation therehat we have obtained for the same jellium slabs. This figure
is a persistent cancellation of short-range correlation effectslearly shows that combining fixed-node slab energies with
beyond the RPA! Other approaches have also led to thetheir fixed-node bulk counterparts yields DMC correlation
conclusion that the actual jellium surface energies should bsurface energies in reasonable agreement with the results ob-
only slightly higher than those obtained in the LB tained in the RPA. While the LDA underestimates consider-
Li et al*® calculated the fixed-node DMC surface energyably the correlation surface energy for all electron densities,
of a jellium slab withrg=2.07, the thickness of the positive it overestimates the exact exchange surface energy. Large
background beind.=8.52(rs a;). These author¥, unlike  and opposite separate corrections to the LDA for exchange
Acioli and Ceperley, extracted from their fixed-node slab and correlation largely compensate, as discussed betére,

n
&

FIG. 1. Surface energies of jellium slabs with
L=7.21(r5 ay), as obtained from Eq(l). Stars
and open circles represent DMC surface energies
obtained by combining the Acioli-Ceperley fixed-
node slab energies with the fixed-node bulk ener-
gies of Egs.(2) and (3), respectively. The solid
circle represents the DMC surface energy ob-
tained atrg=2.07 by combining the Acioli-
Ceperley fixed-node slab energy with the corre-
sponding fixed-node bulk energy P
—0.01482 Ry of Ceperley and AldéRef. 16.
Crosses represent the surface energies obtained in
Ref. 1 by combining fixed-node slab and release-
node bulk energies. Dashed and solid lines repre-
sent LDA and RPA calculations, respectively.
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and yield LDA surface energies that are close to their nonloLDA. ' Surface energies are extremely sensitive to little un-
cal counterparts. certainties in both slab and bulk energies; hence, in order to
In conclusion, assuming that the fixed-node error in thequantitatively account for the impact of nonlocal xc effects
slab and the bulk calculations cancel out, the DMC data reon the surface energy one needs to pursue DMC evaluations
ported in Ref. 1 yields surface energies that are considerablyf hoth slab and bulk energies on the same footing.
closer to the LDA and in reasonable agreement with those
obtained in the RPA. Nevertheless, at the smallest densities Partial support by the University of the Basque Country,
the corrected DMC surface energies are still larger than theithe Basque Unibertsitate eta lkerketa Saila, and the Spanish
RPA counterparts; at these densities, they are also larger thahCyT is acknowledged. | thank J. P. Perdew for stimulating
the jellium surface energies extracted from DMC calcula-discussions and D. M. Ceperley for correspondence related
tions for jellium sphereg’ which are found to be close to the to the unpublished uniform-gas fixed-node datarfer2.07.
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