Optical conductivity: phase fluctuations and vortices
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mean field solution

Spins experience a mean field in
the xy plane arising from spin-
spin interactions - could choose
any direction in xy plane: U(1)




Visualizing mean field solution
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Number and phase are conjugate
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Rotation about z-axis




The mf}j 5 minimized whem q,L S Condlant M Space.
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Josephson relations

Also leads to Josephson relation
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Josephson relations: contrast with CDW
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Optical conductivity with vortices
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Motion to
perpendicular to J,

Motion parallel to J,
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Importance of phase
fluctuations in superconductors
with small superfluid density

V. J. Emery* & S. A. Kivelsont
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Overview of optical conductivity in a superconductor
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Mean-field theory
(Mattis-Bardeen)

Normal state
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Fluctuations/homogeneous
(KTB); Halperin-Nelson

Fluctuations/”granular”



Mean-field theory Fluctuations/homogeneous

_ , Fluctuations/”granular”
(Mattis-Bardeen) (KTB); Halperin-Nelson
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Terahertz spectroscopy probes pseudo-0 conductivity

Pseudo-0 conductivity
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Bare superfluid density
Pol(T) = f Ao, (w)dw = liﬁ wWa, (W)
X ™~ )O.S(Jé—2

Renormalized superfluid density

p(@,T) = wo, (w,T)

Phase fluctuation frequency (T)

THz conductivity measured on
BSCCO T,=70K
Frequency is 100 GHz = A/100
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Can see renormalized superfluid density and
fluctuation frequency directly in the data



T

Superfluid density becomes
frequency dependent when it
decreases it equals T

Relevance of KTB phase
fluctuations
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Phase fluctuation time reaches inverse
of kT at 15 K above T,
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Phase fluctuation time for TMF tracks Tc

T [s]

underdoped samples Single energy scale
describes onset of
] superconductivity
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The materials under consideration are rather complex, and
there are many subtleties involved | o '

* Specific heat
4 S< o T* * Departure from linear T resistivity
* Knight shift
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