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University of Bristol

Why study the normal state ?
Superconductivity competes with normal state
Need superconducting state to have lower energy for T<Tc

So need to understand details of normal state

Å Competing phases
Å Anomalous scattering
Å Quasiparticle  / coherence / collective excitations
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1. Phase diagram 
2. Electronic structure
3. Resistivity
4. Hall Effect 
5. Boltzmann theory 
6. Quantum Oscillations

Bulk transport and thermodynamic properties
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Cuprates: Materials

Electron doped 

Hole doped
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Iron based (pnictide)

Superconductors meditated by magnetic interactions ?

Heavy Fermion

Cuprate

Bechgaardsalts

k-(BEDTTF)2X

Cs3C60
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Two dimensional copper-oxides
YBa2Cu3O7-d

Cuprates: Basic structure
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Electronic structure : Parent compound La2CuO4

Formal valence counting 

Tetragonal crystal field splitting
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Density functional theory band-structure : DFT-LDA : La2CuO4

Fermi surface

La2CuO4
DFT-LDA predicts that 
La2CuO4 is half filled
i.e., 1 electron per unit cell

Fermi surface almost 2D
Weak c-axis dispersion

Single hole band
from Cu and O orbitals 
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La2CuO4 Mott Physics

DFT-LDA is wrong ! UndopedLa2Cu04 is an antiferromagnetic insulator

Gap formed at the Fermi level because of 
electronic correlations (fluctuating U) not 
included in LDA band-structure

Hubbard Model 

How does gap close ?
Iƻǿ ƳǳŎƘ ΨMottnessΩ ǊŜƳŀƛƴǎ ƛƴ ƳŜǘŀƭƭƛŎ 
state?
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Transport properties 
in the metallic state
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Normal state properties: Linear resistivity

T(K)

S. Martin et al, Phys. Rev. B 41, 846 (1990).

Bi-2201
Resistivity linear with T 
over an anomalously large 
range of temperature

C.f. Simple metals where

Suggests that mechanism of 
scattering in cuprates has no 
energy scale
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Anomalous normal state : optimal and underdoped

YBa2Cu3O7-d YBa2Cu3O7-d

Resistivity Hall Coefficient (low field)

Optimal doped Simple metals

A. Carrington et al. PRB 1993

Underdoped

Downward curvature in r(T)
r(T) ­T2 at low T
RH less Tdependent
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Anomalous normal state : Overdoped

Resistivity Hall Coefficient

A. Tyler, PhD Thesis, Univ. Cambridge 1997

Overdoped
r(T) ­T2

RH less Tdependent
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Resistivity exponent

La2-xSrxCuO4

R. Cooper et al Science 2009

ΨŀƴƻƳŀƭƻǳǎ ŎǊƛǘƛŎŀƭƛǘȅΩ

S. Kasahara et al., PRB (2010)

BaFe2(As1-xPx)2



XXVI International Summer School 
Nicolas Cabrera 2019Antony Carrington Normal State of Cuprates

Linear Component in resistivity

N. Hussey et al Journal of Physics: 

Conference Series 449 (2013)

T linear component LSCO

R. Cooper et al Science 2009

or

Two ways of viewing the same data

Two different current carriers
Anisotropic scattering 


