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Aslamazov-Larkin theory



Superconducting fluctuations

e At high temperatures, the mean field density of Cooper pairs is
zero, (A) = 0: but fluctuating Cooper pairs can appear even above
the transition. The order parameter fluctuates, (AA*) = 0.

Effects of fluctuations on transport:
e Direct conductivity of fluctuations (Aslamazov-Larkin, 1968)
e Decrease in the electron density (DOS)
e Scattering off the fluctuations (Maki-Thomson, 1970)




Fluctuation conductivity near /¢

e Drude conductivity of a normal metal
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The number of Cooper pairs and their lifetime are singular quantities
near the transition 7¢p(q) o< Nep(g) o (‘T —Tc+ aq2>

e Aslamazov-Larkin correction contains two singularities:
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e Density of states contains only one singularity:
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Naive derivation of diagrammatics
for superconducting fluctuations
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Alsamzaov-Larkin result

Aslamazov-Larkin Density of States Maki-Thomson
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Experimental verification
of the Alsamazov-Larkin theory

R. E. Glover, Phys. Lett. 25A, 542 (1967)
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The region where the mean-field theory breaks down near
the transition (Ginzburg region):
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Quantum SC fluctuations near H_»(0)



Suppression of I
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e Strong fields; Gapless exci-
tations (de Gennes):

e \Weak or zero field; Gap in
the spectrum (BCS):

B(p) = \€2(p) + A°




Unusual fluctuati

ons near H-»(0)
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Ginzburg-Landau expansion in strong fields

The usual Ginzburg-Landau theory is based on a long wave-
length expansion, but in strong fields, (p—eA)2 is not in any
sense small.

slal= [ ATAQ2)Ax+ [ ATAB(1,2,3,4)830,

A is a non-local integral operator, but it is diagonal in the Landau
basis (Helfand & Wethamer):

(n ‘AA‘ m) — A'n,dn,m

The transition point is determined by the condition

Lp=o(w=0) = A(_)l —




Quantum fluctuation propagator
and diagrammatics near H.»(0)

Fluct. propagator is a diagonal operator in the Landau basis, £(w).

e At the LLL its matrix element is singular
1

e At all higher levels, £,~o(w = 0) = const < o
The conductivity has velocity operators in the vertices

<n |@Oé| m> X 5n+1,7m thus

Aslamazov-Larkin Density of States Maki-Thomson
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Quantum fluctuation conductivity

Nalve qualitative estimate of the fluctuation conductivity
dw
do /dchp(w) :/
Yw| + (H — Hep)/H
The sign of the correction is not obvious!
One needs to calculate all diagrams:

o In[H — H.p(0)]

Fluctuation conductivity
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Quantum-to-classical crossover
Experimental verification

General expression at low but finite temperatures
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Baturina et al., Physica B 359, 500 (2005)




Ginzburg redgion

How to define the Ginzburg region? Compare the leading and sub-
leading terms.

o At H=0, (T —T¢o) /T > Gi~1/(EFT)
e At T=0, [H— He(0)]/H >  Gi
e In the intermediate 7-regime,

we have [H — Ho(T)] /H > VGi
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Is it possible to collect the logs
within an RG/parquet scheme?

Corrections to the quadratic coefficient A of GL.:
F[A] = AA? 4+ BA?
S

AA‘ x Gilog(H — H.»)
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An earlier ‘“dirty-boson” theory



Duality transformation

H = —ps Z cos (*::'a — (:’F — Aé‘j) + U ﬁ?

It is possible to re-write the theory in terms of vortices (defects in
the phase field): b, creates a vortex and by annihilates a vortex.

a = . — 0 .
by = V1y e“q, {nv, 9} =1

Dual Hamiltonian

H=—tv)_cos(6; —0; —a;;)+ EZ (v,i — B) V;; {\nvd- -B)+...
i = i J'
Vortex Dual Cooper pair Inter-vortex Gauge field
hopping gauge field density interaction  fluctuations

~In Ry,




Boson-vortex duality

Field seen by Cooper pairs
Field seen by vortices
Cooper pair condensation

Vortex condensation

Density of vortices
Density of cooper pairs
Vortex localization

Cooper pair localization

Vortex conductivity = Particle resistivity




Schematic phase diagram

M. P. A. Fisher, Phys. Rev. Lett. 65, 923 (1990).
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Te = 0.29K Which theory describes the experiment?
10 - \ i
i nsulator
S\ 1 In Ann. Phys.(Leipzig) 8, 785 (1999),
.

A. I. Larkin posed a similar question in the con-
text of disorder-induced SC-INS transition and
his suggestion was:

e If Gi <« 1, the “fermionic theory” works

e If Gi > 1, the “bosonic theory”’ works

T (K)

FIG. 1. Logarithmic plots of the resistance lransitions in
zero ficld (@) and nonzero field (open symbols) for a film with
T.=0.29 K. The isomagnetic lines range from B =4 kG (0) to
B=6 kG (O) in 0.2-kG steps. The horizontal and vertical ar-
rows identify R* and T., respectively.



Unusual metallic phase In dirty SC films

and Its possible theoretical scenario



Metallic phase

N. Mason and A. Kapitulnik, PRL 82, 5341-5344 (1999)
MoGe films:
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Metallic phase

Ta films:

(Jongsoo Yoon)

p (KQ)

V (mV)
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Natural descripton

Our system includes: \ N
e Cooper pairs
e Gapless excitations 1 T )
e A magnetic field 5 5.1t'¢ s o | e
e Disorder . |o i‘"i. 0@
O oo | ~®® -
co0 . |0% ee




Dual descripton

In dual language:
e Quantum vortices y y y y y
e (Gapless excitations

e Dual magnetic field act- ‘ ‘
ing on the vortices : Qv Qe |l Of
e Disorder ol Q( D 0.
P R
Q Q.1

If vortices are bosons they are either localized or condensed at
zero temperature!




Composite vortices

e The dual magnetic field acting on the vortices is related
to the densities of Cooper pairs and quasiparticles:

Bgual = 27 Ncp — mNgp
e In a disordered SC, the dual field is not known but it can
be very large (“dual quantum Hall" physics is possible).

e Formation of composite particles (bound state of a vortex
and fluxes) is possible.

Boson + 1 flux = fermion Boson + 2 fluxes = boson




Statistics vs. interactions

e Field theory for fermionized vortices

. 1
L= 1 [_ (V —ia+ 'EA)Q + (Or —tag + -‘iflg)] Y
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e Let us shift variables a, — A, — a, and integrate out the
Chern-Simons field:

1
L= o [_ (V- ia)2 + (9r — iag)|
1 ) 2
‘I_? (Em,)\d;;{'{-)\)

T he Chern-Simons terms drop out of the action. Statis-
tics is less important than interactions!!!




Singular (2 + 1)-electrodynamics

T he appropriate language is a gauge theory.

1 r i 1 _ 2 .
> (V — .ia)2 + (0r — ..ef.(-;.O)] W+ o (EJ[“,)\E)’V('I)\) -+ disorder
Tring

L= |-

Integrate out diffusive fermions:
E ~ /{'f-u..:{'f-zq {E(w‘. q)E:2 + ,(&Bz}
Electric and magnetic fields:

Eé — —r:'}o{'s.s- — ‘:—-)3“01 B = curla

Diffusive fermionic vortices lead to the dielectric constant:

(u, {1) X ‘.a.,| -1

It is an anisotropic (2 4+ 1) electrodynamics.




Tunneling into the vortex metal

Tunneling conductance:
OO
Goc/o dit ([I(t), 1(0)]), I(t) = 2eJsin ¢(¢)

We need to calculate the correlation function:

C(t) — <€—iqﬁ(050)6ic‘)(05t)>

In the language of the (241)-electrodynamics, it means inserting
a monopole at the origin and anti-monopole at (0,1).

Energy of this configuration:

E~ovin?(t/7)

Tunneling conductance: : - -

G(T) o exp | =% In2 (T'7)]




Summary

Quantum superconducting fluctuations near H.»(0)
lead to negative magnetoresistance in two dimensions.

The Ginzburg region becomes wider at intermediate
fields/temperatures.

The bosonic and fermionic theories are not necessarily
competing theories. Their applicability is controlled
by the width of the fluctuation region.

A possible scenario of a low-temperature metallic
phase in dirty superconducting films is a statistical
transmutation in the system of vortices, which may
be converted into fermions.
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