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In this talk

Study of strongly disordered amorphous indium oxide film (alnO) across
the Superconductor-Insulator Transition at microwave frequencies.
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Superconductor-Insulator Transition
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Example : Bismuth thin films
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Superconductor-Insulator Transition
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Superconductor-Insulator Transition
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Superconductor-Insulator Transition

Is it the full picture ?
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Superconductor-Insulator Transition

Indium oxide
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Superconductor-Insulator Transition

Indium oxide
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Superconductor-Insulator Transition

Indium oxide
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Pseudogap in indium oxide

Indium oxide

17.5 Gap remains in insulating state
15.0 Tunneling
95 H : = S perconductor
) !
12.5 Large;lp in the insulator 10k e |
T o~
=100 P >
o0 ‘& =
= 75 \ E, w 0.8
2 B & - N
+ ™~ | B
5.0 = .= ~
| E S04
2.5 o, )
O 5 .
U T T T T T T T T T T O 0 (C) 185K
1 1 10
)= Ro/R 2 4 80 1 2
I Energy (meV)
< Disorder

.....



Pseudogap in indium oxide

Superconducting gap does not vanish Gap remains in insulating state
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On phase fluctuations
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On phase fluctuations

U(r) = A(r)e’™

Elastic energy cost to twist the phase :
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On phase fluctuations

Elastic energy cost to twist the phase :

E= %/(wf dr

where O is the superfluid stiffness ~ E;
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On phase fluctuations

Elastic energy cost to twist the phase Kinetic energy of the condensate
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On phase fluctuations
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Phase stiffness versus gap

Elastic energy cost to twist the phase Two possibilities
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Phase stiffness versus gap

Elastic energy cost to twist the phase Two possibilities

> F;, Phase fluctuations do no affect
superconductivity
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In which system ?
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In which system ?
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High disorder
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Amorphous indium oxide
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Amorphous indium oxide

Resistance increases with disorder
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Resistance increases with disorder
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Sheet resistance (k€2)
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Amorphous indium oxide

Anderson’s theorem (conventional SCs are robust
against disorder) does not apply here
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Amorphous indium oxide

Anderson’s theorem (conventional SCs are robust

90 against disorder) does not apply here

Superconductivity is weakened by strong disorder

Above a critical disorder :
Superconductor-Insulator Transition
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Sheet resistance

Review article : Sacépé, Feigel’'man and Klapwijk, Nature Physics (2020)

0 . |
0 2 | §

[emperature (K) Ab
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The sample

Resistance measurement
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Microwave resonator

Long alnO resonator
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Microwave resonator

Long alnO resonator
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Microwave spectroscopy

Single-tone measurement
(at T = 20 mK)
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Microwave spectroscopy
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Microwave spectroscopy
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Two-tones spectroscopy

To measure modes between 0-30 GHz we perform a two-tones spectroscopy
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Two-tones spectroscopy

To measure modes between 0-30 GHz we perform a two-tones spectroscopy
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Each peak corresponds to a resonant mode of the
Indium oxide resonator
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Plasmon dispersion relation
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Plasmon dispersion relation

Capacitance to ground becomes
frequency-dependent C(k) . _ A
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Plasmon dispersion relation
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Plasmon dispersion relation

Dispersion relation w(k)

Remote ground plane :

Capacitance to ground becomes |
frequency-dependent C(k) . _ A

D. Basko, Private communications

Plasmon velocity slightly k-dependent
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Plasmon dispersion relation
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Kinetic inductance
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Kinetic inductance
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Superconductor ruled by phase fluctuations
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Superconductor ruled by phase fluctuations
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Superconductor ruled by phase fluctuations
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Superconductor ruled by phase fluctuations
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Superconductor ruled by phase fluctuations
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Superconductor ruled by phase fluctuations
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Superconductor ruled by phase fluctuations
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Superconductor ruled by phase fluctuations
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Superconductor ruled by phase fluctuations
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Superconductor ruled by phase fluctuations
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Role of phase fluctuations in low-density SCs
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Nature of the T=0 phase transition ?

Superconductor-Insulator quantum phase transition driven by disorder
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Nature of the T=0 phase transition
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Nature of the T=0 phase transition
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Nature of the T=0 phase transition
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(14+1)D BKT transition

1D plasmons

Our wires are 1D with respect to plasmon modes
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(14+1)D BKT transition

1D plasmons

Pinning of plasmons by disorder
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(1+1)D BKT transition

Superfluid to Bose glass transition (14+1)D BKT
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(1+1)D BKT transition
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(14+1)D BKT transition
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