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Reply to "Lifetime broadening in bulk photoemission spectroscopy"
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The comment by Starnberg, Brauer, and Nilsson qualitatively identifies the final-state lifetime as the
cause of the "anomalous" photoemission broadening, but it neglects the linear energy dependence of the
final-state broadening whose effect is of the same magnitude as the purely geometrical contributions.

The comment of Starnberg et aI. ' is an important step
towards the clarification of the "anamalous" broadening
in photoemission. We note that no controversy exists
about the fundamental point of our previous work (Ref.
2): photoemission linewidths cannot be automatically ex-
plained in terms of (initial-state) lifetime broadening, as
has often been done in the case of high-temperature su-
perconductors. Starnberg, Brauer, and Nilsson explicitly
agree with this central conclusion.

The main point in Ref. 1 is that final-state broadening
plays an important role in the case of their data as well as
our data on silver. This is not a new conclusion: it has
already been discussed, unfortunately in an unpublished
form, by Smith, Thiry, and Petroff. After considering
their results as well as those of Ref. 1, we agree that the
qualitative energy dependence of our Ag (100) data can be
explained by final-state broadening. However, the treat-
ment by Starnberg, Brauer, and Nilsson' neglects one im-
portant cause of this dependence: the changes with ener-
gy of the final-state broadening. The point is potentially
misleading for the reader, and therefore it must be
clarified together with two other points that play an im-
portant role in photoemission broadening.

The model of Ref. 1 assumes an energy-independent
final-state broadening, whereas the broadening is expect-
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ed to increase linearly in the range of interest. ' Without
taking this factor into account, the "anomalous" energy
dependence of the linewidth would appear to be primarily
caused by the angular dependence of the weighting factor
of the final-state lifetime broadening. But this is mislead-
ing, since the two contributions to the energy dependence
have approximately the same magnitude. A quantitative
treatment of the lifetime broadening must, therefore, take
into account both of them.

Also note that a complete analysis should take into ac-
count the effects of the finite angular acceptance of the
analyzer —which, for example, as we pointed out in Ref.
2, explain the line-shape asymmetry. This point has been
analyzed by Becker et al. , who derived an energy-
dependence contribution qualitatively similar to the
"anomalous" one, and whose magnitude appears impor-
tant.

Finally, we believe that it is potentially dangerous to
automatically eliminate from the analysis the initial-state
contributions to the broadening, in particular, when the
perpendicular group velocity in the final state is small.
The most general approach must be based on the Smith-
Thiry-Petroff ' expression [of which Eq. (3) in the com-
ment of Starnberg, Brauer, and Nilsson' is an approxima-
tion]:
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where I, I, , and I f are the total, initial-state, and
final-state broadening, the v's are the group velocities,
and the other symbols correspond to those of Ref. 1.

This general equation can be reduced to a single type
of contribution if either 1; or I f is much larger than the
other broadening, or one of the group velocities is very
small. It should be strongly emphasized that this latter
condition is not automatically presented for layer com-
pounds like the high-temperature superconductors, since,
as it has been correctly pointed out in Ref. 1, the perpen-
dicular dispersion can be large notwithstanding the two-
dimensional character of the crystal structure.

In conclusion, the analysis of Starnberg, Brauer, and
Nilsson, ' complemented with the points discussed above,
corroborates the conclusion that an "anomalous", i.e.,

nonquadratic or even decreasing rather than increasing,
energy dependence of the photoemission linewidth can-
not be taken as evidence of non-Fermi-liquid behavior.
This, we believe, is a fundamental point as far as photo-
emission and the nature of high-temperature supercon-
ductors are concerned.
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