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The « normal » state in underdoped cuprates:
the pseudogap
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The « normal » state in underdoped cuprates:
the pseudogap
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Scanning tunneling spectroscopy:
The low temperature pseudogap

T. Cren et al., PR



Scanning tunneling spectroscopy
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Spatially Resolved Spectroscopy on
Bi, Pb,Sr,CaCu,0,
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Spatially Resolved Spectroscopy on
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Inhomogeneities in Bi2212
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Origin of gap-pseudogap
Inhomogeneities

*\What Is the origin of the pseudogap patches?
e Substitution
* Oxygen disorder
e Supermodulation




Oxygen dopants disorder
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Supermodulation in Bi,Sr,Ca,Cu;044,s
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Gap vs. Supermodulation

Overdoped Bi2223, Tc of 109.5 K, transition width of 0.8 K.

Atomic resolution Cross coBejatiop of
topographic image showing jnd gap-map;

the supermodulation
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Gap vs. Supermodulation in
underdoped Bi2223

Underdoped Bi2223, Tc = 103 K, ATc = 3.5 K.
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The 2.7 nm supermodumation The 2.7 nm modulation is also
is seen in the conductance present in the gap-map.
map at all voltages.
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Pseudogap patches
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Pseudogap patches
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The peak-dip-hump structure as a measure
of the superconducting amplitude
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The two gap in Bi2212 : Nodal coherent excitations
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Quasiparticles Interferences
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The low-energy nodal quasiparticle interferences
versus the non-dispersive 4x4 pattern




Bogoliubov arcs as seen by ARPES
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Fermi arcs as seen by ARPES
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Vortices in Bi2212 and YBCO
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Vortices in overdoped Bi2223

50 0 50
Gap Width meV_




Pseudogap patches in underdoped Bi2223
Underdoped Bi2223, Tc = 103 K, ATc = 3.5 K.
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4Ax4 pattern in the pseudogap phase

pattern is seen in pseudogap
phase above Tc.

M. Vershinin et al., Science 303, 1995
(2004)

Conductance map Fourier transforms of map

4x4 charge modulation in strongly
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dispersive.
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Unidirectionnal 4a, structure in underdoped cuprates

Partial hole localization?
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Conclusions

Strong sensitivity of the gap and pseudogap towards
weak disorder, probably extrinsic.

The amplitude of the peak-dip-hump structure seems
correlated to the superconducting order.

The nodal excitations are clearly related to the
superconducting order.

The 4a, modulation seems to be an intrinsic feature of
the strongly-underdoped and pseudogap phases : hole
localization, stripes?

The weaker the superconductingrorder, the stronger the
4a, modulation: orders in competition?



How to determine the local
superfluid density
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