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Recent infrared and neutron scattering data provide evidence for strong electron-phonon coupling in the 52 meV/420 cm-’ 
range in YBa&u,O,. From a simple model of two coupled oscillators it is shown that a linear electron-phonon coupling can give 
the observed antiresonance structure in the frequency-dependent conductivity. We argue that the coupling is to the bound carriers 
responsible for the midinfrared absorption rather than to the superconducting free carriers. 

1. Introduction 

Recent inelastic neutron scattering measurements 
of Reichard et al. [ 1 ] on YBazCu30, show a re- 
markable broad branch in the 5 5 meV/440 cm- ’ re- 
gion, near the zone boundary in the cOO/OYO direc- 
tion. Reichard et al. interpret this as evidence for 
strong electron-phonon coupling. We show that this 
band has been also seen by several groups in the op- 

tical conductivity as an antiresonance at 52 meV/420 
cm- ’ superimposed on a continuous electronic ab- 
sorption [ 2-5 1. It also appears as a peak in the ratio 
of reflectances at different temperatures [ 6,7 1. We 
calculate the frequency-dependent conductivity us- 
ing a simple model of a linear interaction between a 
(bare) phonon at 433 cm-’ and an electronic con- 
tinuum. The model accounts for the position, shape, 
temperature dependence and doping level depen- 
dence of the optical conductivity in the 150-2000 
cm-’ region in YBaJ&O,. We show that the elec- 
trons which couple strongly to the oscillator at 433 
cm-’ are not the free carriers but bound electrons 
responsible for the midinfrared band. Indeed, there 
is no evidence that the free carrier-phonon coupling 
is strong. Together these new results point to the 
complexity of the low-lying states in the new 
superconductors. 
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Many measurements [ 6- 111 have shown that the 
infrared response of YBa#&O, is characterized by 
two contributions: a low-frequency free carrier or 
Drude absorption and a strong electronic midin- 
frared band. The free carrier response is conven- 
tional: the infrared data are consistent with Drude 
behavior with a scattering rate that varies linearly 
with temperature [ 51 above T, and a temperature- 
independent plasma frequency of about 1.2 eV, a 
value in excellent agreement with other experiments 
[ 12,13 1. In the superconducting state all the oscil- 
lator strength of the Drude absorption condenses to 
a delta function centered at zero frequency, as ex- 
pected for a clean limit superconductor [ 5,111. 

The midinfrared band in contrast has a complex 
structure [ 141. Absent in the undoped nonsuper- 
conducting YBazCu306, the band is, at low doping 
levels, centered at 5000 cm-’ (0.6 eV). As T, ap- 
proaches 90 K, the oscillator strength grows at lower 
frequencies. Independent of doping level there is a 
sharp minimum in the optical conductivity at 420 
cm-‘. Above T, the low-frequency portion of the 
midinfrared band overlaps the Drude absorption 
from the free carriers. However, in the supercon- 
ducting state when the free carriers have condensed, 
the conductivity is zero (to within experimental er- 
ror) below 19 meV/150 cm-‘. 








