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La, Sr,CuO, phase diagram and pseudogap

Many unusual responses observed
by spin and charge probes

PG scenarios:

- Local pairing correlations, phase
fluctuations, T ,~ ng/m*

- Ordering phenomena of charge,
spin, orbital currents,.....

PG: Precursor/competing state of sc
or both ?

Experiments also show
anomalous diamagnetic response
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Local diamagnetism

Magnetic imaging by scanning SQUID microscopy

LSCO films (thickness few 100 nm) T, = 19 K
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Diamagnetic domains

Local diamagnetism up to 30K above T_in the pseudogap region

l. Iguchi, T. Yamaguchi, A. Sugimoto Nature 412, 420 (2001)
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Enhanced Nernst effect
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Vorticity and superconducting correlations in
Nernst region

Increased diamagnetic

—>condensate amplitude without phase coherence ﬂ_l'_- has gt

for T>T,, phase fluctuations
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Paraconductivity (MS cm™)

Paraconductivity
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Josephson effect in LSCO devices
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OP/UD/OP junction (=~ SS'S)

OP: La,gsSr;sCuO, T.=45K
UD: La,CuO,,q T.~25K
OP: La,gsSr,sCuO, T_.=45K

Observation of Josephson current over

with d = 20 nm

non-superconducting barrier in pseudogap ?

d>>¢&.~0.1-0.3 nm

d>Sn=

hvel

6TCkBT

> Giant proximity effect

~2 Nm proximity effect,
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LSCO Tri- and Single Layers

- OP: La,q,Sr,,,Cu0, T_=32K Grown at BNL by molecular

beam expitaxy (l. Bozovic, G.

S 46nm UD: La,;g,SroCu0, T,  <5K Logvenov) = Layer by layer
growth and doping control
OP: La,g4,Sry,,Cu0, T_=32K
: CuO,
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Surface roughness < 0.5 nm
Interface roughness < 1nm

Total thickness 137 £ 1 nm
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Low Energy Muon Spin Rotation/Relaxation

100% polarized positive muons of
tunable energy (0.5 - 30 keV)
allow depth resolved uSR

on nm scale (1-200 nm range).

Field profile in detwinned YBa,Cu;0; g,
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Muon stopping profiles
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Magnetism in UD Layer x = 0.06 : single vs barrier
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Magnetism in UD Layer x = 0.06 : single vs barrier
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Measurement of the magnetic properties in ZF and wTF

- Onset of magnetism at ~ 15K (,spin glass” in underdoped regime)

-> Integrity and doping level of barrier
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Field profile B(z) , B
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Diamagnetic shift in UD layer
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Superfluid densities
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The results indicate that up to T_+>>T_ superfluidity with long-range phase

coherence is induced in the underdoped layer by the proximity of optimally
doped layers; however, this order is very sensitive to thermal excitation and
disappears at T« < T, T4 < T"Mg, oet

E.M., B. Wojek A. Suter, T. Prokscha, G. Logvenov, |. BoZovic, Nat. Commun. 2:272 doi: 10.1038/ncomms1273 (2011).
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Models

05
T

- Intrinsic inhomogeneity in cuprates -
superconducting clusters and Josephson
coupling (V. Kresin et al., E. Dagotto et al.)

Ting)

- Quenching of phase fluctuations by phase Tomm;?l.._
field (M. Franz et al.) "‘~-!:H-"'-'~-A_-.
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