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Treglia, Ducastelle, and Spanjaard (TDS) have pointed out that we neglected a large term of opposite sign to the
one we considered in our calculation of the reduction of the exchange splitting in Ni due to correlation. We show
that this term does not affect our conclusions and that TDS’s comment that the ratio of the self-energy of majority-

spin to minority-spin electrons is 5/4 is not correct.

We! have recently pointed out that there are dif-
ferences between the majority- and minority-spin-
correlation energies in Ni which cannot be ac-
counted for within the von Barth—Hedin? exchange-
correlation potential which is based on a free-
electron-gas approximation. In particular, we
showed that one term, involving the scattering of
a d electron by another d electron into two empty
d states, occurs only for minority-spin electrons
and should be large enough to account for the
difference between the calculated® exchange-cor-
relation splitting and the experimental value.?
The self-energy of an electron consists of its
correlation energy minus the correlation energy
of the hole it leaves behind when photoemitted.
Treglia, Ducastelle, and Spanjaard® (TDS) pointed
out that we neglected the latter term, that it is
larger than the term we considered and of oppo-
site sign, and thus strongly implied that our con-
clusions were incorrect. Aside from a comment
that in the ferromagnetic case Z,/Z, =%, where
Z,and T;are majority- and minority-spin self-en-
ergies, TDS considered paramagnetic Ni only.

It is the purpose of this note to show that the hole
term also serves to reduce the exchange-corre-
lation splitting at the top of the d bands,® that
Z4/Z,#%, and that the conclusions of Ref. 1
stand.

After dropping the factor 2 in the first term of
Eq. (A4) which arose from a double counting of
the parallel-spin intermediate states (Feyman
diagrams also indicate the 2 is incorrect”) and
including the hole term, Eq. (1) of Ref. 1 becomes

Ty ==[0.0321,(5 - n,)?
+0.040n; (5 —1n5)(5 —1,) JU/¢,
+[0.082(5 —n,)n3 +0.040(5 ~nghn6]U? /<, -

Here €, is an average energy to excite the elect-
ron of interest and some other electron into two
empty states, and €, is the average energy to
excite some electron into an empty state and
another electron into the hole left behind by the
photoemitted electron. When the electron is at
the top of the d bands, €,=3 Wand €,=W, where
W is the bandwidth. Taking n,=5, nz;=4.4, and
W=4.6 eV, we find =, =0.115U% eV, while taking
ny,=4.4 and nz=5 yields »,=0.059U2 eV. Thus
correlation reduces the exchange gap by 0.056U2
eV and it requires a value of U=3.2 eV to reduce
the calculated® Kohn-Sham exchange splitting,
0.88 eV, to the experimental value, 0.31 eV.

For an electron at the bottom of the d bands,
€,=1.5 W but it is not possible to estimate €, be-
cause the two contributions to the energy den-
ominator have opposite signs, making €;' an
average of very large quantities of opposite sign.
TDS nevertheless find T is negative at the bottom
of the bands while agreeing with our result here
that it is positive at the top of the bands. It is
ironic, since it is generally believed that many-
body effects reduce the d-band width of Ni, that
second-order perturbation theory indicates the
opposite result.
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SWhereas the electron term gives a negative self-energy
to the minority-spin electrons, the hole term gives a
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positive self-energy to both spins but it is larger for
the majority spins.

TA. L. Fetter and J. D. Walecka, Quantum Theory of
Many-Pavrticle Systems (McGraw-Hill, New York,
1971). It is obvious that the contribution of the third
diagram of Fig. 11.5 is independent of the spin of the
electron-hole pair. The fourth diagram cancels the
third for identical orbitals with parallel spin leading
to the condition « = B in the first sum in Eq. (A4) of
Ref. 1.
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