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➢ Quick review of BKT

➢ BKT and real superconductors

➢ BKT vs inhomogeneities 

New questionsNew questions¿GV?¿GV?



  

Higgs mode

Goldstone mode

SuperconductivitySuperconductivity

Superfluid stiffness: 
the energetic cost to twist the phase 

Superfluid stiffness: 
the energetic cost to twist the phase 

• Zero resistivity 
• Meissner effect 

London 
penetration 

depth

Allow for phase fluctuations:

Magnetic field:

• Formation of Cooper pairs 
• Global phase rigidity of the manybody system 
• Formation of Cooper pairs 
• Global phase rigidity of the manybody system 



  

BKT transitionBKT transition

Superfluid stiffness: 
the energetic cost to twist the phase 

Superfluid stiffness: 
the energetic cost to twist the phase 

• Zero resistivity 
• Meissner effect 

No ext fields nor currents (discrete) XY model

Mermin-Wagner theorem: no long range order in d<3                    Mermin-Wagner theorem: no long range order in d<3                    

Berezinskii–Kosterlitz–Thouless transition!  Berezinskii–Kosterlitz–Thouless transition!  
Nobel prize 2016

Pratap Raychaudhuri and Surajit Dutta, J. Phys.: Condens. Matter 34 (2022) 083001

• Formation of Cooper pairs 
• Global phase rigidity of the manybody system 
• Formation of Cooper pairs 
• Global phase rigidity of the manybody system 



  

BKT transitionBKT transition

● continuous global symmetry U(1)

● a discrete local symmetry    

Topological excitations: vortex-antivortex pairsTopological excitations: vortex-antivortex pairs

Spontaneous Symmetry Breaking:   long range order  

BKT topological phase transition:  quasi-long-range order                    ,

Spontaneous Symmetry Breaking:   long range order  

BKT topological phase transition:  quasi-long-range order                    ,

Winding number m=0, ±1, ±2, ±3, ... 



  

BKT transitionBKT transition

always critical!

Topological excitations: vortex-antivortex pairsTopological excitations: vortex-antivortex pairs

Mermin-Wagner theorem: diverging fluctuations! BUT something is happening

Spontaneous Symmetry Breaking:   long range order  

BKT topological phase transition:  quasi-long-range order                    ,

Spontaneous Symmetry Breaking:   long range order  

BKT topological phase transition:  quasi-long-range order                    ,
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Ideal case      Renormalized

T
BKT

BKT transitionBKT transition
A naive estimate of TBKT:A naive estimate of TBKT:

Jump of the superfluid stiffness 
at the critical point

Jump of the superfluid stiffness 
at the critical point

Single vortex in a lattice (size L, lattice const. a)
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BKT transitionBKT transition
RG equations

(map to Sine-Gordon model)

What is the glue?
Role of vortices in unconventional order parameters?

Amplitude fluctuations affects the initial 
value of the RG flow (  → Js and TBKT) 

not the critical point
But don’t mess up with vortex-antivortex pairs… But don’t mess up with vortex-antivortex pairs… 

Ψ(r,θ)=Ψ0(r)e
iθ

U(1)
Details of the model goes into initial values of JS and μv

Vortex-core energy



  

...Time for discussion...Time for discussion

@la_scienza_coatta

“Third Newton’s rule:
If you provoke me, I’ll beat you up”
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Ideal case      Renormalized
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SC. SC.
normalSC.

I

(a) (b)

(c) (d)

BKT physics

Inhomogeneity

a=1a=3a>3

T
BKT

BKT transitionBKT transition
Jump of the superfluid stiffness 

at the critical point
Jump of the superfluid stiffness 

at the critical point

Non-linear IV characteristicsNon-linear IV characteristics



  

Observation of BKT signaturesObservation of BKT signatures
TBKT and Tc almost indistinguishable

s-wave
● Reducing d  increase disorder, suppress→  J0 
● Smearing of the jump caused by disorder (~nm)

Uncorrelated disorder does not affect the critical behavior!Uncorrelated disorder does not affect the critical behavior!

...even worse with non-linear IV fit. Why?...even worse with non-linear IV fit. Why?
(finite size effects on RG do not work)

¿GV?¿GV?



  

BKT and InhomogeneitiesBKT and Inhomogeneities

BKT fluctuations(Caviglia Nature 2009)
LAO/STO

ΔT

Rule of thumb:

but be careful

not  fluctuations...θ

I

SC. SC.
normalSC.

I

(a) (b)

(c) (d)

BKT physics

Inhomogeneity

Finite size effects and inhomogeneities, correlated disorder can 
prevent the observation of BKT signatures

I

SC. SC.
normalSC.

I

(a) (b)

(c) (d)

BKT physics

Inhomogeneity

Cooper pair fluct

Works only at T  T→ +
BKT

(almost) Full R(T) range



  

Observation of BKT signatures?Observation of BKT signatures?

Rule of thumb:

but be careful

not  fluctuations...θ
BKT          non-linear IVBKT          non-linear IV

XX I

SC. SC.
normalSC.

I

(a) (b)

(c) (d)

BKT physics

Inhomogeneity



  

LaTiO3/SrTiO3

Dezi et al, PRB 2018

MoGe

LaAlO3/SrTiO3
ZrNCl

Yu Saito et al, Nat. Rev. Mat. 2017

Biscaras et al, PRL 2012

“quantum metal”(?!)
“failed SC” (?!)
“quantum metal”(?!)
“failed SC” (?!)¿LQ?



  

● No phase fluctuations
● Only inhomogeneities
● Percolating transition

Signatures of inhomogeneities and filamentarity:
● Broad transitions

● Long tails 
● Low T plateaux

“quantum metal”(?!)
“failed SC” (?!)
“quantum metal”(?!)
“failed SC” (?!)¿LQ?

InhomogeneitiesInhomogeneities

Dezi et al, PRB 2018



  

BKT          non-linear IVBKT          non-linear IV
XX

V
 (

m
V

)

I

SC. SC.
normalSC.

I

(a) (b)

(c) (d)

BKT physics

Inhomogeneity

InhomogeneitiesInhomogeneities

● No phase fluctuations
● Only inhomogeneities
● Percolating transition

Non-linear IV produced by inhomogeneities!



  

BKT in TBG?BKT in TBG?

BKT signatures?BKT signatures?

¿GV?¿GV?

Cao et al., Nature 2018  

● Topological flat bands
● Moiré potential
● (not very) Normal state
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To summarize...To summarize...
➢ BKT summary: 

✔ U(1) symmetry but quasi-long-range order
✔ δθ, δΨ0, d-wave, spin-wave, …, change JS and TBKT 

but JS=2TBKT/π

➢ It’s hard to see BKT signatures in real 2d SC
screening currents, finite size effects, correlated disorder/inhomogeneities, ...

➢ Non-linear IVs do not imply BKT
 → Why JS from non-linear IV are smeared out?  

 → What if we mess up with symmetries and v-av pairs? 

...Moiré potential?  ...Majorana zero modes?

 → What if we mess up with symmetries and v-av pairs? 

...Moiré potential?  ...Majorana zero modes?

¿GV?¿GV? Role of vortex pinning? 
  → Change of dynamics… 
(another Flat Club topic?) 

Role of vortex pinning? 
  → Change of dynamics… 
(another Flat Club topic?) 

¿LR?¿LR?

¿GV?¿GV?
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