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Exact Result for the Magnetic Susceptibility of an Electron Gas
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The magnetic susceptibility of an electron gas at high density is found to be x=xp{1
— (arg/m +3(@7s/m%[0.8306 — In(ar/m] +0 (1)} 1.

The magnetic susceptibility of an electron gas has an asymptotic development in powers of 7 and
7, Inv; at high densities [where 7, =(3/411)*®a,"*, n is the density, and @, the Bohr radius]. The clas-
sic work of Brueckner and Sawada'! (BS) evaluates two correlation correction terms of O(r 2) beyond
the Hartree-Fock term which is exact to O(r,) [the symbol O(r2) is understood to include terms like
72 lmfs]. One of the two terms has subsequently been rederived by simpler methods,? but the other
term is far more complicated and involves a careful analysis of the “ring diagram” series. The pur-
pose of this Letter is to point out and correct a subtle error in the BS analysis for this term, and
thereby establish the exact high-density expansion of the susceptibility to O(r 2).

The susceptibility can be written as

x =xpll = (a7 /1) +3(ar Y 2a ], (1)

where y, is the noninteracting Pauli susceptibility, and a,=[2(d%/dp?)€ o (P)],.0, Where €, is the
correlation energy per electron in Rydbergs and p is the fractional polarization (I follow the notations
of BS). As7y,—~0,a,is the sum of a constant and a lnv; term which BS evaluated by means of a sub-
traction integral. Their result is compactly expressed by

o, = s 0ss-m(157) [ 2 (- Then| @
with

7o) = (= 555) tim [ " lhtry30) - 001 - a)he330)), (3

s30) = [ | et a0 ~ )0 (R, 3 ~2)06 - k)0 (R, +3l -). @

It is readily seen that the function % has the nice scaling property: k(x,x;q) = x3¢(q/x), which can be
used in Eq. (3) to give

f62) = (=22 wlim [0 @) 108 + [ * Lo %)

In the second term, the integrand can be expanded in the neighborhood of the lower limit; and on care-
ful evaluation of the limit, one gets

fl,x) = (= 3/219[x3K +¢(0)x® Inx], (6)

where K is some constant independent of x. The x* Inx term is a manifestation of the fact that the two
integrals in (3) are not separately convergent and only their difference is. This term has been missed
by BS and hence the identity (A5) is inapplicable. However by using Eq. (6), one can derive another
identity,

[(a?: gz ayfazy>f(x’y)]“1,“1:%(‘5%3:3)"7(0)’ (7)

which is the same as (A5) of BS if ¢(0) is set at zero. This identity can be used in conjunction with Eq.
(2), and the relations® ¢(0) = £7%(1 - In2) and*

azf(X,y)] __3 1
I: ax 9y 1, y=1_~772(1n2+2)
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to give

a, =§§—2 [0.534 - 1n< 4?“) +61n2 - 3] :

(8)

This gives the exact expression for the susceptibility to O(r ) as

X=XP{1_

e <°‘:8>2 [0:306 - 1n <%> ]+O(rf)}- P ©)

The BS result for the susceptibility [obtained from Eq. (9) by replacing 0.306 by 1.534] is smaller
than mine for all densities. I have verified Eq. (9) by two other methods. These and other results per-
taining to the relevance of the Brueckner-Sawada approach in the context of recent experiments will be

published elsewhere.*
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The received date should read as follows: (Re-
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Reference 16 on page 221 should read, “...pref-
erential population of m; =+1....”
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