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FIG. 2. The reflectivity of La& 85Sro &5Cu04 referenced to a
gold mirror is shown as a function of frequency up to 1200
cm '. The dots show a calculated Drude absorptivity for our
measured resistivity (p=1.5X10 3 Acm). The dashed line is a
guide to the eye included to help separate the Lorentz oscillator
(phonon) contribution and the reflectivity drop both occurring
near 500 cm '. The overall scale of the vertical axis has an un-

certainty of about 10%.
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pound CePd3. ' An approximate mode frequency of
=490 cm ' is given by the crossing between the data and
dashed line. Essentially coincident with this phonon fre-
quency there is a substantial drop in the reflectivity from
about 70% at 300 cm ' to —25% at 600 cm '. The
reflectivity remains near this low value up to 4000 cm
The large size of the reflectivity drop and the extent of the
frequency range over which the reflectivity is small
strongly suggest an electronic origin for this behavior.

A pronounced decrease in the reflectivity of a metal is
usually associated with a plasma edge or an interband ab-
sorption threshold, ' but typically these occur at much
higher energies than the reflectivity drop in Fig. l. One
interesting exception is CePd3, in which a sudden drop in
reflectivity from about 97% to 90% occurring near 100
cm ' has been described using a very low-energy (—6-
meV) interband scattering channel model. '7 It is not
clear, however, if such a model is appropriate to describe
the much larger reAectivity drop (to —25%) observed in
our system.

To get such a large drop in reflectivity a plasma edge,
i.e., a zero crossing of the real part of s(r0), may be re-
quired. As a point of reference we note that the frequency
of our observed reflectivity drop is about an order of mag-
nitude below the free carrier plasma frequency estimated
for n=2X10 ' and an effective mass of order unity. (In
La2-„Sr„Cu04 the effective mass may be much heavier. )
The frequency of a plasma edge can be dependent on car-
rier density, as in a free-electron metal, or it can be deter-
mined by an interband excitation threshold which drives
Re(s(co) ) through zero, as occurs, for example, in Ag. '

An interesting class of models in which low-frequency
plasmons occur are those in which more than one band is
partially occupied. In a two-band theory Lee and Ihm
have associated high T, with the coincidence of the hole
plasmon frequency and the relevant optic phonon. ' The
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FIG. 3. Reflectivity spectra are shown for Sr concentrations
of (a) x =0.0; (b) x 0.10; (c) x =0.15; and (d) x 0.25. For
each curve full scale is approximately 100%.

eA'ect of anisotropy on the plasma edge in this system, and
on the relationship between the plasma edge and the lon-
gitudinal plasmon mode, is a potentially important ques-
tion that we do not address here. In this low-frequency
range a plasma oscillation need not be strictly electronic,
but may include sympathetic lattice motion as well. In a
highly polaronic system the distinction between lattice
and electronic modes can become blurred. In this fre-
quency range a very strong polar phonon can exhibit a
plasmalike edge which is almost indistinguishable from an
ordinary electronic plasma edge. The apparent coin-
cidence of the optic phonon (at 490 cm ') and the
reflectivity drop in our data is intriguing; however, we do
not at present know to what extent the modes responsible
for these features may be coupled, or pinned to the same
frequency.
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In Fig. 3 we explore the composition dependence of the
unusual infrared behavior exhibited in Fig. 2. In Fig. 3(a)
the reflectivity of a pure (x =0) sample (not supercon-
ducting) is shown. This sample is a poor conductor
(p =200 mQ cm) and, thus, in the absence of appreciable
electronic screening it is not surprising that optic phonons
show up strongly in this spectrum. ' The samples in Figs.
3(b) and 3(c) are in the intermediate composition range
in which high-T, superconductivity occurs (x =0.10,
T, =25 K and x =0.15, T, =35 K, respectively). Both
show the unusual drop in reflectivity resonant with a
strong optic phonon as in Fig. 2. At room temperature
these samples have roughly two orders of magnitude
higher conductivity than the pure sample in Fig. 3 (a) and
thus should screen much more efIectively. However, in
this regard one must be careful since the large reAectivity
drop at —500 cm ' indicates that we do not really under-
stand finite frequency screening in this composition range.
In Fig. 3(d) the reflectivity spectrum for a sample with
x =0.25 (not superconducting) is shown. It exhibits a
gradual, mostly structureless decrease in R with only
weak, presumably well screened, phonon features. This
observed composition dependence partially coincides with
that for high T„suggesting that the unusual infrared
features in Figs. 3(b) and 3(c) may be associated with the
high-temperature superconductivity in this system. The
attainment of high T, by coupling to such energetic modes
is attractive because it does not require extremely strong
coupling. For example, for coo=60 meV and T, =35 K,
one obtains X= —,

' with a Coulomb pseudopotential of
u =0.l."

Recently, Sulewski et al. have reported a strong struc-
ture in a&,F(to) peaked around 2.8 meV based on their ob-
servation of Holstein-like structure in a low-frequency
infrared measurement of the ratio of the supercon-
ducting-to-normal reflectivities of La2 „Sr Cu04. We
have attempted a similar study at higher frequencies and
observed weak (1%) structures near 500 cm ' which are
suggestive of Holstein steps. We cannot be confident of
the interpretation of these low-temperature features, how-
ever, because of additional spectral changes occurring
above T, associated with small changes in the strong in-
frared features in the spectrum in this frequency range.
(This problem is not present in Pb because the coupling
occurs in the acoustic-phonon region where there are no
infrared active modes. )

In conclusion, we observe an abrupt drop in reAectivity
near 500 cm ' (=60 meV), which indicates the existence
of an unusually low-lying plasmalike edge and/or an
unusually low energy electronic excitation. In resonance
with this electronic feature is a strong optic phonon. Ob-
served composition dependence suggests a possible con-
nection between these features and the high-temperature
superconductivity in this system.
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