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Pseudogap in the spin channel (NMR)

 Knight-shift (Alloul ‘89)

 1/T1T (Takigawa ‘91)

UnderDoped YBCO

17O 63Cu



Pseudogap in the charge channel (ARPES)

UnderDoped BSCCO  ARPES (Norman ‘98)
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Pseudogap in the excitations spectrum

UnderDoped YBCO

 Specific heat (Loram ‘97)

OverDoped YBCO

 Lost of spectral weight

 Both in charge and spin
channels (Entropy)



Scenarios for the Pseudogap …

 RVB like

 What is the « generic » phase diagram ?

 What is T* ?

 Relation between the Pseudogap and Superconductivity ?

UnderDoped YBCO

OverDoped YBCO
Strange metal

Spin gap

SuperC

Fermi
liquid

Critical phase

Fermi
liquidordered

phase
Pseudogap Fermi

liquid

SC

 QCP like  Preformed pairs



Are there preformed pairs ???

 Relation between the Pseudogap and Superconductivity ?

 Mostly single particle excitations probes ?

 Janko et al PRL ‘99

 Pseudo-Josephson experiment

 Probing directly pairs

 Scenario independent
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Josephson effect
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 Phase sensitive probe

 Josephson equations

 Time dependence
 Probing phase fluctuations ?
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Pair susceptibility in the gaussian regime of fluctuations in
a BCS superconductor
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Fluctuating pairs



J.T.Anderson A.M. Goldman PRL (1970)
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Pair susceptibility in the gaussian regime of fluctuations in
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ε=1.48 10-3, 1.97 10-3, 2.45.10-3, 2.94 10-3, 3.91 10-3

 Junctions Sn-SnO-Pb  with TcSn<T<TcPb

J.T.Anderson A.M. Goldman PRL (1970)

 Excess current

             (Im - Iqp)

 V sets the 
frequency

Pair susceptibility in the gaussian regime of fluctuations in
a BCS superconductor

Tc A < T <Tc B

SC B
barrier
SC A I

V

I ex
 (n

A
)

V (µV)

Γ0 = 1/τ



Pair susceptibility in the pseudogap regime of UD cuprates
B.Janko, I.Kostin, K.Levin, M.R.Norman, D.J.Scalapino PRL 82, 4304 (1999)

SC OpD
barrier
SC UD I

V

Tc UD < T <Tc OpD

 Excess current

Underdoped : fluctuating pairs

Optimally doped : rigid pair field

 Up to T* (Tc OpD)

  Independent of a

specific scenario !!!

 Difficult !!!



Design of the experiment

 Requirements :

 Epitaxy at T~700°C --> impossible to underdope with oxygen

 The barrier has to be compatible (epitaxy)

J.P Contour (Thales/CNRS)

NdBa2Cu3O7 OpD Tc (OpD) = 90 Kc-axis 200 nm

Tc (UD) = 61 KYBa2Cu2.8(Co0.2)O7 UD 100 nm

PrBa2Cu2.8(Ga0.2)O7 30 or 50 nm

 Three different materials



The UnderDoped material …

 Co-doped YBCO : Tc can be adjusted by doping (60 K)

 Small disorder (Co in the chains)

 Carrington ‘92

Resistivity Hall Cste

Susceptibility



The Barrier …

 Ga-doped PBCO :  PBCO : weak insulator

 Standard compound in Josephson devices

 Ga doping : higher resistivity

 Glazman - Matveev

 Conduction in  PBCO :  Variable Range Hopping (bulk)

 Conduction through localized states (layer)

 Ga doping : reduction of their number

G(T) = Gdir + Gres + Σ Gn(T)

G(T) = G0 + αT4/3 + βT5/2 + … G(V) = G0 + αV4/3 + βV5/2 + …

elastic

inelastic



Mesas used in this study

 Junctions 40µm*40µm to 5µm*5µm

 Mesa structures



R(T) curve
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Josephson effect at low temperature (T<Tc
UD<Tc

OpD)
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Transport through PrBa2Cu3-x(Gax)O7 (Tc
UD<Tc

OpD<T)

 Quasiparticles: hopping through LS

 50 nm : 3 LS

    30 nm : 1 or 2 LS

 Corresponding T dependence

 Josephson effect : resonant tunneling through Localized States! 

G(V ) =G0 +"V
4
3 + #V

5
2 + $V

18
5 + ....

Tc
UD<Tc

OpD<T

Weak depedence at low energy (< 10 mV)



 Conductance measurements to be more sensitive

Finaly, the test … (Tc
UD <T<Tc

OpD)

 How high in temperature will the peak survive ?



Testing the fluctuating pairs  (Tc
UD <T<Tc

OpD)
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Gaussian regime of fluctuations  (Tc
SD <T<Tc

OD)

Width in energy ~1mV compatible with gaussian fluctuations

 Quantitative comparison with Scalapino-Ferrel’s model

 Thermal noise has to be taken into account Γ = Γ0 + Γ1



Only Gaussian fluctuations ? (Tc
SD <T<Tc

OD)

 The temperature dependence is controled by the barrier

 The temperature dependence of A calculated by Ferrel

 What about the shape of the peak ?



Microwave (Tc
SD <T<Tc

OD)

 Excess conductance consistent with gaussian fluctuations

 Background substraction using microwave



Microwave (Tc
SD <T<Tc

OD)

 Two different temperatures

 Background substraction using microwave



Related experiments …

 Microwave conductivity and the K-T scenario



Related experiments … ???

 Nernst effect from Ong’s group



Related experiments … ???

 But not the case in clean YBCO crystals (Rullier-Albenque PRL 2006)

 Disorder plays a role



Nernst signal in dirty BCS superconductors above Tc …

 Theory : Ussishkin et al

 Experiments : Pourret et al (Nature Physics 2006)

 Signal up to 30 x Tc

 Dirty limit !

 Quantitative agreement with

calculation



Conclusion

 Direct probe of pairing fluctuations above TC

 New type of junctions including UD and OpD layers

 Clear observation of a gaussian regime of fluctuations

 No signature of fluctuating pairs well above Tc (UD)

 Pseudogap : order in competition ???

N. Bergeal et al Nature Physics 4, 608 (2008)



Pair transport through Localized States Devyatov ‘98

V

I

Localized States (Devyatov ‘98) Mesoscopic junction (Averin ‘97)



Transport through PrBa2Cu3-x(Gax)O7

 Peak at low energy and resonances

 Multiple Andreev Reflection

Measurements at low temperature (T<Tc
UD<Tc

OpD)
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Pseudogap in the charge channel (STM)

UnderDoped BSCCO

Renner et al PRL’98 Underdoped Tc = 83 K

Tc

 this experiment ARPES other experiments

•

•
•

•

•

•

UD OD

 STM (Renner ‘98)



Pseudogap in the charge channel (conductivity)

 DC resistivity (Itoh ‘93)  AC conductivity (Homes ‘93)

UnderDoped YBCO

T < Tc

T > T*



Scenarios for the Pseudogap …

 Relation between the Pseudogap and Superconductivity ?

 Rome’s group ‘95

 Emery-Kivelson ‘97

Phase fluctuations

Competing order

? Stripes ?



How to define the junction ? mesa structure  …

 Standard mesa structure

 Delicate ; difficult to make very small structures



New method to design mesa structures

 Ion beam irradiation of cuprates

Oxygen 250 keV

IsolantInsulator

Junction
Dose : 5 1015 at/cm2

Areas : 5 µm*5µm
to 40µm*40µm


