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Experimental setup

Very-low temperature Scanning Tunneling Microscope

| Coarse approach
motor

Sample holder
Tip
Piezo tube

10 cm

| Coarse positioning X-
Y table

» Combined transport & spectroscopy measurements



Scanning Tunneling Spectroscopy

Measurement of the Density-Of-States (DOS)
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Scanning Tunneling Spectroscopy

Measurement of the Density-Of-States (DOS)
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Superconductivity and Coulomb interaction

Superconducting film Bad metal film
3.0
o T/T, =0.05
. T =0.15
o TIT =065
» TIT,=0.85
> TIT,=0.90
ke TIT = 0.95
S »OTIT =1
kel
[0)
N
T
£
8 o
0.5 -
0.0- 0-0 1 v 1 v 1 v T v T v ] v ]
e —— -15 10 -05 00 05 10 15
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 E (meV)
V(mV) W. Escoffier (unpublished)
W. Escoffier, et al., PRL 93, 217005, (2004) B. Altshuler et al., Phys. Rev. Lett. 44, 1288 (1980)
A. M. Finkelstein, Zh. Eskp. Theor. Fiz. 84, 168 (1983)
T 1 A. Kamenev and A. Andreev, Phys. Rev. B 60, 2218 (1999)
e = 1.13 Wp exp [—m L. Bartosh and P. Kopietz, Eur. Phys. J. B. 28, 29 (2002)
C. Chapelier et al., 24th Conf. on Low Temp. Phys. -
AIP Conf. Proc. 850, 975 (2006)
3.0
25 v .
] - A x=0 nm
> 2.0 3 S, o+ x=24nm __%
2 M 22t - x=48 nm o
k=] '-’__ =:?_\ . -
E 4 g
s ©
: £
g g
0.0 ‘

20 1.5 10 -05 00 05 1.0
V(mV)




Superconductivity and Coulomb interaction
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Superconductivity and Coulomb interaction
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Superconductivity and Coulomb interaction

2.5;

(meV

0.0

NbN

1.5;
= 1.0;
0.5

(c)

| i'n:.:l-‘ﬂ meV
I =0.08 m eV

l I---Ill-;-.'l_-_. ' J 'L-E
S —l ]

! (a) 1 1’2.-.
A =7 E
A =2.80 meV — -D.E-(i
I =0.006 meV 2

ﬂ {042
—T7
i & 0.0
3 (5] g 12 15 18
T(K)
~—15.0

' A 4.0

| (b) ’
s_‘nn=l.6l} meV 3.0 -E.

| r=007meV 20 2
— 1.0~

: — 0.0
4 (5] B8 10
T(K)

247K

dUdv ')

o
]

k=]
-
5
-

o

0.204

0.154

dydv (')

V (mV)

S.P. Chockalingam et al., Phys. Rev. B 79, 094509 (2009)

v (mV)

3

d (nm)
T-(K)

Apcs

dApcs

Ibynes
2Ages/kp T

15 8
15.0 14.5

2.85 2.7
=0.03 0.03
=0.01 0.01
44 4.3

4

13.3
24
0.08
0.01
4.2

233
94
1.7
02
0.05
4.2

0.1
4.0

-bull

T GfTC

161 a7
@ 2
144 et g
— 15
5 12 Aag - p
> 101 L 1
g o =0 60 240
n I:KION electrons m™)
12 ———— T
_1.6x10
104 E 120t 1
'g' 8 o 8.0x10° .
o &l ST40x107 s 1
= 0.0
= 4] 0 (%s 6 24 |
a5 n (¥10” electrons m¥)
21 (b) 1
0 T T T T T T T T
2 4 5 6 7 8 9
k!
4_5 T T T T T T T T T
44, 2 324 s ]
43] L ]
4.2' Cl X E- 'I!S(K:E " J_u"- 7
4.1 ? - ]
4.0 .
3.9 & i
7y 8 9 10 11 12 13 14 156

T. (K)

0

1
500

1 1 1
1000

1 1
1500
R, pere ()

square

Y. Noat et al., Phys. Rev. B 88, 014503 (2013)

1 1
2000

1
2500



Superconductivity and Coulomb interaction
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Superconductivity and Coulomb interaction

Coulomb interaction :

» Aronov-Altshuler anomaly at E¢

> Continuous decrease of Tc and A with disorder

> Keeps A /Tc ratio constant

> Spectra are often associated with a Dynes parameter
> Spatial mesoscopic fluctuations of Tc and subgap states



Localization and superconductivity

numerics
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TIN Superconductor-Insulator transition
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TIN Superconductor-Insulator transition
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TIN Superconductor-Insulator transition
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TIN Superconductor-Insulator transition
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InOx Superconductor-Insulator transition
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InOx Superconductor-Insulator transition

I"Ox Map of the spectral gap
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InOx Superconductor-Insulator transition
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InOx Superconductor-Insulator transition
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InOx Superconductor-Insulator transition
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InOx Superconductor-Insulator transition
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InOx Superconductor-Insulator transition
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Thermal dependence of the Density of States
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Thermal dependence of the Density of States
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Thermal dependence of the Density of States
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Thermal dependence of the Density of States
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Thermal dependence of the Density of States
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Thermal dependence of the Density of States
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Superconductivity , Coulomb interaction and localization

Coulomb interaction :

> Aronov-Altshuler anomaly at E;

> Continuous decrease of Tc and A with disorder

> Keeps A /Tc ratio constant

> Spectra are often associated with a Dynes parameter
> Spatial mesoscopic fluctuations of Tc and subgap states

Localization :

> Tc decreases faster than A with disorder : huge A /Tc ratio
» Hard gap : no states at the Fermi level, no need of a Dynes parameter

> Strong spatial fluctuations of A
> Localized Cooper pairs characterized by spectra without coherence peaks

> Pseudogap abobe Tc due to preformed Cooper pairs



Fractal superconductivity near the mobility edge

Egap = Ap T ABCS *A,, “parity gap™: pairing of 2 electrons in localized wave functions
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Fractal superconductivity near the mobility edge

Egap = Ap T ABCS *A,, “parity gap™: pairing of 2 electrons in localized wave functions

*Agcs ‘BCS gap”: long-range SC order between localized pairs

M. Feigel’man et al., Phys. Rev. Lett. 98, 027001, (2007)
M. FeigelI’man et al., Ann. Phys. 325, 1390 (2010)
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Point-Contact Andreev Spectroscopy

InOx film far from the Superconductor-Insulator Transition : Tc = 3.5K
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Point-Contact Andreev Spectroscopy

InO From tunnel to contact in disordered InOx film Tc = 1.2 K
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Andreev signal : evolution with T

InO, T-evolution of Andreev signal
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Magnetic field studies through the SIT
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Magnetic field studies through the SIT
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Photon detectors
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Photon detectors
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STM on an nanowire
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Inhomogeneous superconducting state
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Critical current microscopy

25% variation in the local critical current!
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Critical current microscopy

Local non-equilibrium!
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Critical current microscopy
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Conclusion

« Coulomb interaction and localization play different roles in the SIT k.

T

-+ Inhomogeneous superconducting state  * .

SIT occurs through the localization of Cooper-pairs in InO, l
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Distinct energy scales for pairing and coherence
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