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We point out that Eberhardt and Plummer made a group-theoretical error in their interpretation of the feature
they observed at — 3.3 eV in their angle-resolved photoemission data from Ni (001). It cannot be due to a transition
from an X, initial state into an X final state as they have claimed. We also point out that the — 2.8-eV feature they
ascribe to an X, to X, transition can just as easily be interpreted to occur at W. These questions are important

because of the controversy over the d-band width in nickel.

When the parameters of an angle-resolved pho-
toemission experiment are such that k cannot be
conserved (energy and %, the transverse compo-
nent of k, are always conserved), the electronic
transitions must occur in the surface region
where &, is not a good quantum number. We! have
recently shown that such was the case in the ex-
periments of Lapeyre ef al.2' and that their data
are in excellent agreement with the surface pho-
toemission calculated from our? Ni (100) thin-
film energy bands, which are based on the bulk Ni
band calculation of Wang and Callaway® with a re-
duced-exchange splitting. Although the impressive
bulk photoemission data of Eastman ef al.%" show
a 30% reduction in the one-electron d-band width
at the L point, the simplicity of interpretation of
the surface photoemission data led us to favor the
wider bands. This is an important controversy
because of the large effort expanded® ¥ to show
that the d-band narrowing of Ni is a many-body
effect. Now Eberhardt and Plummer!® (EP), also
using bulk photoemission, have found results in
general agreement with Eastman ef al. although
they differ in detail. (For example, at the bottom
of the d bands, Eastman et al. find that X, =-3.8
eV, L,=-3.4 eV, whereas Eberhardt and Plummer
find X, =-3.3 eV, L,=-3.6 eV.)

Although EP find nineteen occupied critical-
point energies in the Ni bands, the only two for
which they show their data and explain their inter-
pretation are the X, and X, points at —3.3 eV and
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—-2.8 eV. It is the purpose of this Comment to
point out that the X, to X, transition that EP claim
to see is strictly forbidden in the geometry they
used. They had an (001) film with k= (27/a)(1, 0, 0)
and the vector potential A of the s-polarized inci-
dent uv radiation in the [100] direction. The only
allowed transition from an X, initial state with
this geometry is to an X, final state. With [010],
radiation transitions to X ; are allowed, but they
are to the partner of the degenerate pair which is
odd under reflection in the plane of emission and
hence could not be detected.* Only with p-polar-
ized [001] radiation could an X, to X transition__
be observed. To obtain their X, peak, EP kept A
fixed but rotated their detector by 90° so k
=(27/a)(0,1,0). This does give an allowed transi-
tion from X, to the even partner of X, ; however,
the transition could occur at any % vector of the
form (27/a)(0,1,a). In particular, a transition
from W, to wj (which is even in the plane of emis-
sion) is allowed and would be in agreement with
the one-electron energy bands.® Furthermore, if
this were the X, level, a transition to the X; level
at about'® 42 eV should have been observed when
they took k =(27/a)(1,0,0). Thus we conclude that
EP’s interpretation of their —3.3-eV peak is in-
correct and their interpretation of their —2.8-eV
peak is open to question.

This work was supported by the National Science
Foundation under Grant No. DMR 77-21559.

6468 © 1980 The American Physical Society



22 COMMENT ON THE INTERPRETATION OF THE -3.3- AND... 6469

11.. Kleinman, W. R. Grise, and K. Mednick, Phys. Rev.
B 22, 1105 (1980).

R, J. Smith, G. J. Lapeyre, J. Anderson, and G. P.
Williams, Tvansition Metals, 1977, edited by M. J. G.
Lee, J. M. Perz, and E. Fawcett (Institute of Physics,
Bristol, 1978), p. 220.

3R, J. Smith, J. Anderson, J. Hermanson, and G. J.
Lapeyre, Solid State Commun. 21, 459 (1977).

4p. G. Dempsey, W. R. Gnse, and L. Kleinman, Phys.
Rev. B 18, 1270 (1978).

5C. S. Wang and J. Callaway, Phys. Rev. B 15, 298
(1977).

SF. J. Himpsel, J. A. Knapp, and D. E. Eastman, Phys
Rev. B 19, 2919 (1979).

'D. E. Eastman, F.J. Himpsel, and J. A. Knapp, Phys.

Rev. Lett. 40, 1514 (1978).

85. B. Pendry, in Photoemission and the Electvonic
Pyoperties of Surfaces, edited by B. Feuerbacher,
B. Fitton, and R. F. Willis (Wiley, New York, 1978).

®J. H. Van Vleck, Rev. Mod. Phys. 25, 220 (1953).

10p, R, Penn, Phys. Rev. Lett. 42, 921 (1979).

11, Kleinman, Phys. Rev. B 19, 1295 (1979).

127 C.Davis and L. A, Feld.kamp, J. Appl. Phys. 50,
1944 (1979).

13w, Eberhardt and E. W, Plummer Phys. Rev. B 21,
3245 (1980).

14Being odd, the wave function has a node in the plane of
emission and thus has zero amplitude at the detector.

15p, Szmulowicz and D. M. Pease, Phys. Rev. B 17,
3341 (1978).



