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Quantum Phase Transition and fluctuations
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Quantum Phase Transition and fluctuations in 2D
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Complex phase diagrams

Magnetic field

m Large varieties
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Critical exponents

m Large varieties

z=1 v=0.66
VvV = 3/2 v =4/3

m Non universal exponents
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Quantum Phase Transition in oxide interfaces

m Role of the mesoscopic disorder ...

- Intrinsic inhomogeneity builts up
- Quasi-1D filamentary structure appears

I Multiple Quantum Criticalities ?

Point #2

m Role of the Griffiths singularities ?

- Rare events matter
- Consequence on the observables

Evidence for a Griffiths phase ?
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Outline

Tunable superconductivity in oxide 2DEG

Quantum phase transition in magnetic field

Quantum phase transition in gate voltage




2 DEG at oxides interfaces LaxXO,/SrTiO, (X=Al or Ti)

m Thin layer of LaAlO, or LaTiO5 deposited by PLD on a SrTiO, substrate
SrTiO, LaAlO; or LaTiO4

Ohtomo et al, Nature 2002

Hwang et al, Physica E 2004

2 DEG at the interface }
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Electric field effect

m Control of the 2-DEG by electrostatic back gate
LaTiO,/SrTiO,

2-DEG

l SrTiO;
3 Gate (Au)
RG
remove e-
Q 5 f
2
ol R, decrease with Vg
1 T, goes through
a maximum
0 , add e
0.0 0.1 0.2 0.3 0.4 Caviglia et al, Nature 2008
T (K) Biscaras et al, PRL 108, 247004 (2012)

B Superconductor-insulator transition induced by field effect



Electric field effect

m Control of the 2-DEG by electrostatic back gate
LaTiO,/SrTiO,
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B Superconductor-insulator transition induced by field effect



Superconductivity ... inhomogeneous medium

B Effective Medium Theory

B Random Resistance
Network

B Filamentary structure
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Superconductivity ...

Inhomogeneous medium

B Josephson Junctions (JJ)
B Hysteretic characteristics

B Stochastic Critical Current
B RCSJ model for the JJ

B Thermal vs Quantum

V@)

400

S. Hurand et al. unpublished results




Superconductivity ... inhomogeneous medium

B Statistical analysis : 10 000 switching events n
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Superconductivity ... inhomogeneous medium

10
B Josephson Junctions (JJ) network

B Typical scale : 200 nm
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Outline

Tunable superconductivity in oxide 2DEG

Quantum phase transition in magnetic field

Quantum phase transition in gate voltage




Magnetic field driven Quantum Phase Transition

B Suppression of superconductivity by a perpendicular magnetic field at V=80V

V=80V
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®» Transition from superconducting to weakly localized metallic state




Magnetic field driven Quantum Phase Transition

B Suppression of superconductivity by a perpendicular magnetic field at V=80V
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Scaling and critical exponents

B Finite size scaling analysis
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A true quantum Phase Transition ?
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Scaling at lower temperature
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Critical exponents as a function V
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Multiple Quantum Critical Behaviors in 2D SC

m Superconducting puddles in a 2DEG matrix Spivak et al, PRB 2008

gy B Characteristic puddle size L,
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Multiple Quantum Critical Behaviors in 2D SC
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Outline

Tunable superconductivity in oxide 2DEG

Quantum phase transition in magnetic field

Quantum phase transition in gate voltage




Gate voltage driven Quantum Phase Transition

m Quantum Critical Point

S0k SN

R (kQ/ )

0.3 0.4

Critical resistance R and Voltage V.




Gate voltage driven Quantum Phase Transition

W Finite size scaling analysis B Critical exponents
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Scaling for different magnetic fields

R/Rc

m Conventional scaling
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Quantum Griffiths phase transition

B Recent results in magnetic field driven transition
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Quantum Griffiths Phase

B Rare events and the Griffiths phase Vojta AlP Proceedings (2013)
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Griffiths Phases
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Quantum Griffiths phase transition
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Quantum Griffiths phase transition

m Diverging dynamical exponent

i B, is the magnetic field
/

z = + Zood
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z. is the “clean” value of z

m New scaling function
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Quantum Giriffiths phase transition

B Rescaling the data

—— — 150
- =0T p— [B=0mT
— -50 v -46.5V
1.0F 1 100
O o
g -
o »
0.8} - 50
-5V -39V
[ —
0
0.6 2 2 222l ™ 2 2 2 2 2 a2l 2 . 2
0.1 1 -40 -20 0
fscalingT(K) VG(V)

m Two branches

DO | o
<
|
-
@]

2l :Ai/AVW’%—zOO 2oV =




Quantum Giriffiths phase transition

m Scaling for different magnetic fields
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Quantum Giriffiths phase transition

m Entering the Giffiths phase in magnetic field
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Quantum Griffiths phase transition

B Resistive transition in a magnetic field
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Levy statistics of rare events

m Gaussian distributions
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Effective medium theory

Normalized Rq

m Mixing between normal and superconducting phase

Gaussian distribution of Tc within a normal matrix : Wg, Teg, ATcg

Additional Levy distribution of Tc : W, T, AT, forB#0
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Effective medium theory

m Relative weights : Levy vs Gauss

Levy (rare events ) contribution increases with magnetic field
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Effective medium theory

m Evolution of Tc with magnetic field : Levy vs Gauss
Tc Gauss decreases but Tc Levy stays constant (roughly the T-5(B=0) value)
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Griffiths phase and magnetic field

m Entering the Griffiths phase B

® Enhanced Griffiths signature in magnetic field B¢

®» \What phase ? Role of the magnetic field ?

® Specific to LTO/STO ?

B Scenario in MoS,

Quantum Griffiths state c

Saito et al, Nat Com (2018)
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Conclusions

B Tunable superconductivity

B Inhomogeneous superconductivity (meso scale)
Bl Multiple criticalities

B Evidence of a Griffiths phase

B ? Role of the magnetic field
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