Direct observation of the quasiparticle relaxation
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The importance of the low-frequency electrodynamics
(v < 1 THz) of high-temperature superconductors was
unambiguously demonstrated during the last few years
[1,2]. One of the intriguing results of the recent experi-
ments is the suppression of the quasiparticle scattering
rate below T'¢, which clearly demonstrates the unconven-
tional character of the high-temperature superconductiv-
ity. The drastic decrease of the effective scattering rate
(r™!) makes the direct observation of the temperature
dependence of ! inaccessible to standard FIR methods.
The accuracy of these methods decreases for frequencies
below 10 cm ™!, the range, which become increasingly
important to investigate the quasiparticle relaxation in
the superconducting state. According to the theoretical
calculations [3,4], the complex conductivity (o, + ig,) of
high-T¢ superconductors reveals characteristic features
in this frequency range: (i) a Drude-like peak of ,(v) with
a strongly temperature-dependent width is observed in
the spectra and (ii) the imaginary part of conductivity
a,(v)- v shows a minimum around zero frequency with
a characteristic width which is directly connected to the
quasiparticle scattering rate.
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In order to investigate these phenomena experi-
mentally, we have carried out transmission measure-
ments on YBa,Cu;0,_; film using submillimeter spec-
troscopy [5]. This method employs backward wave oscil-
lators as monochromatic and continuously tuned sour-
ces of electromagnetic radiation in the frequency range
2 <v < 35cm~!. The real and imaginary parts of con-
ductivity are calculated from the measured complex
transmission coeflicient of a thin superconducting film on
a dielectric substrate.

The c-axis oriented film was prepared by high pressure
DC-sputtering from a stoichiometric YBa,Cu;0O- target
onto a (001) oriented NdGaO3 substrate. Magnetic
susceptibility measurement showed a sharp supercon-
ducting transition [AT(10-90%) < 0.5 K] with an onset
Tc=2895K.

Fig. 1 shows the frequency dependence of the complex
conductivity of the YBa,Cu;O,_; film at different tem-
peratures. A well-defined minimum around v ~ 0 is ob-
served in ,(v) v, which is accompanied by a Drude-like
peak in o4(v). The characteristic frequency of this process
shifts to lower frequencies with decreasing temperatures.
To obtain the scattering rate, the experimental data were
analyzed within a simple model, that describes the
quasiparticles using a Drude expression ap(w). The influ-
ence of the superconducting component was taken into
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Fig. 1. Frequency dependence of the complex conductivity of
YBa,Cu;0,_; (film at different temperatures. Upper panel: the
product g, - v, lower panel: ;. The lines are fits according to Eq.
(1). The inset shows the temperature dependence of the quasipar-
ticle scattering rate t ! as extracted from the fits to the conduct-
ivity data.

account by an additional term oy(w). The whole expres-
sion can be written as:

oy +i0, = o + o

_ (r"l—iw)_l—i-%(né(O)/Z—i—i/w), (1)
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where n, and n, represent the effective density of the
normal and superconducting components. Both con-
ductivity components were then fitted simultaneously,
taking n, and t as free parameters. Note that we are not
using the two-fluid model assumption n, + ny = const.
The fits are represented by solid lines in Fig. 1.

The inset in Fig. 1 shows the temperature dependence
of the scattering rate, determined from these fits. The
scattering rate collapses from a value close to 20 cm ™! at
Tc to 1.8 cm ™! at 40 K and then remains almost con-
stant for further decreasing temperatures. Most probably
and in accord with many other experimental findings,
a gap develops in the spin-fluctuation spectrum at the
superconducting phase transition temperature making
the quasiparticles long-lived below T'c. From these data
we can conclude that for temperatures T > 40 K the
scattering rates are determined mainly by inelastic scat-
tering processes from spin fluctuations. Below 40 K elas-
tic impurity scattering processes dominate.
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