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Quantum Condensed Matter Physics: Quantum Criticality
Basics, Dynamics and Topological criticality

Episode 18:
Application: General comments
(Wrap up)
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Onset of superconductivity in the@-dimens@

D. B. Haviland, Y. Liu, and A. M. Goldman, Phys. Rev. Lett. 62, 2180 (1989)
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Universal T-linear resistivity and

dissipation in overdoped cuprates

A.Legros'?, S.Benhabib3, W. Tabis3#, F.Laliberté

', M.Dion', M. Lizaire', B. Vignolle3, D. Vignolles ®3,

H.Raffy®, Z.Z.Li° P.Auban-Senzier®, N. Doiron-Leyraud’, P.Fournier', D. Colson?, L. Taillefer ©®'* and
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The perfectly linear temperature dependence of the electrical
resistivity observed as T — O in a variety of metals close to a
quantum critical point™* is a major puzzle of condensed-mat-
ter physics®. Here we show that T-linear resistivity as T—0
is a generic property of cuprates, associated with a universal
scattering rate. We measured the low-temperature resistivity
of the bilayer cuprate Bi,Sr,CaCu,0y,, ; and found that it exhib-
its a T-linear dependence with the same slope as in the single-
layer cuprates Bi,Sr,CuO,_; (ref.®), La,,_Nd, ,Sr.CuO, (ref.”)
and La, Sr,CuO, (ref.®), despite their very different Fermi
surfaces and structural, superconducting and magnetic prop-
erties. We then show that the T-linear coefficient (per CuO,
plane), AS, is given by the universal relation AT, =h/2¢e?
where e is the electron charge, h is the Planck constant and T;
is the Fermi temperature. This relation, obtained by assum-

ing that the scattering rate si-charge carriers reaches the
Planckian limit®'°, where -w orks not only for hole-
doped cuprates®®"'2 but also for electron-doped cuprates’™'*,

despite the different nature of their quantum critical point and
strength of their electron correlations.

In conventional metals, the electrical resistivity p(T) normally
varies as T? in the limit T— 0, where electron-electron scattering
dominates, in accordance with Fermi-liquid theory. However, close
to a quantum critical point (QCP) where a phase of antiferromag-
netic order ends, p(T) ~ T, with n <2.0. Most striking is the obser-
vation of a perfectly linear T dependence p(T)=p,+A,Tas T— 0in
several very different materials, when tuned to their magnetic QCP;
for example, the quasi-one-dimensional (1D) organic conductor
(TMTSF),PF; (ref.), the quasi-2D ruthenate Sr;Ru,O, (ref.”) and
the 3D heavy-fermion metal CeCuy (ref.!). This T-linear resistiv-
ity as T— 0 has emerged as one of the major puzzles in the physics
of metals’, and while several theoretical scenarios have been pro-
posed’, no compelling explanation has been found.

In cuprates, a perfect T-linear resistivity as T—0 has been
observed (once superconductivity is suppressed by a magnetic field)
in two closely related electron-doped materlals, Prz_XCe CuOW
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where p(T)=p,+A,T as T— 0 are very far from the QCP where
long-range antiferromagnetic order ends (py~0.02); for example,
at p=0.24 in Nd-LSCO (Fig. 1a) and in the range p=0.21-0.26 in
LSCO (Fig. 1b). Instead, these values are close to the critical dop-
ing where the pseudogap phase ends (that is, at p*=0.23+0.01 in
Nd-LSCO (ref.'") and at p* ~0.18-0.19 in LSCO (ref.®)), where the
role of antiferromagnetic spin fluctuations is not clear. In Bi2201,
p* is farther still (see Supplementary Section 10).

To make progress, several questions must be answered. Is T-linear
resistivity as T— 0 in hole-doped cuprates limited to single-layer
materials with low T, or is it generic? Why is p(T) =p,+A,T as
T— 0 seen in LSCO over an anomalously wide doping range®? Is
there a common mechanism linking cuprates to the other metals
where p~Tas T— 0?

To establish the universal character of T-linear resistivity in
cuprates, we have turned to Bi,Sr,CaCu,Oy,; (Bi2212). While
Nd-LSCO and LSCO have essentially the same single electron-like
diamond-shaped Fermi surface at p > p* (refs '**"), Bi2212 has a very
different Fermi surface, consisting of two sheets, one of which is also
diamond-like at p > 0.22, but the other is much more circular’ (see
Supplementary Section 1). Moreover, the structural, magnetic and
superconducting properties of Bi2212 are very different to those of
Nd-LSCO and LSCO: a stronger 2D character, a larger gap to spin
excitations, no spin-density-wave order above p~0.1 and a much
higher superconducting T..

We measured the resistivity of Bi2212 at p=0.23 by sup-
pressing superconductivity with a magnetic field of up to 58T.
At p=0.23, the system is just above its pseudogap critical point
(p*=0.22 (ref.??); see Supplementary Section 2). Our data are
shown in Fig. 2. The raw data at H=55T reveal a perfectly linear
T dependence of p(T) down to the lowest accessible temperature
(Fig. 1a). Correcting for the magnetoresistance (see Methods and
Supplementary Section 3), as was done for LSCO (ref.®), we find
that the T-linear dependence of p(T) seen in Bi2212 at H=0 from
T~120K down to T, simply continues to low temperature, with the
same slope A 0 62+0.06 pQcmK™! (Fig. 2b). Measured per ¢ CuO
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https://www.physique.usherbrooke.ca/taillefer/Publications/2018/nature_legros.pdf

