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‣ Non-Centrosymmetric Superconductors (NCS)


‣ Novel EM response 


‣ Fluctuations 

Plan



‣ Lack of an inversion center.


‣ Large class: weakly correlated,  
strongly correlated,  
two-dimensional materials, and  
topological superconductors.


‣ Unusual pairing phase  
and non-trivial transport 
properties.


‣ Lack of inversion allows for  
singlet-triplet mixing.

NCS



‣ Bulk asymmetry induces a Anti-symmetric Spin Orbit Coupling 
(ASOC)


‣ Exact nature depends strongly on the symmetry of the crystal. 

Spin-Orbit Coupling

H(k) =
k2

2m
+ ⃗γ( ⃗k ) ⋅ ⃗σ γ(− ⃗k ) = − γ( ⃗k )



‣ BCS model with spin orbit coupling term 
 
 
 

‣   (cubic O,  ) 


‣ Goal: Focus on EM response, Construct GL  
   

γ ( ⃗k ) = γ0
⃗k Li2Pt3B
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Samoilenka, Babaev

Ref: PRB 102, 184517 (2020) 



‣ Adds   term, generic feature of NCS 
 

⃗J ⋅ ⃗B
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Ref: arXiv 1609.05953

 γ ∝ γ0 ν ∝ μB𝒟a = i∇ − ⃗A − (γ + aν) ⃗B
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‣ Simplify GL equations: Take London limit (  const) 
 
 
 
 

‣ Current induced magnetisation


‣  contributes to current itself    new currents now allowed


‣  Meissner effect modifies: a spiral decay 

|ψ |2

⃗B ⟹

Meissner Effect

∇2 ⃗B =
1
λ2

⃗B ⟹ B ∼ e−x/λ B̃ = Bz + iBy = −
iηκc

2η̃2
H̃eiηx ∝ e−η2x+iη1x




NCS

∇ × (χ2 ⃗B + γ ⃗j) + ⃗j = 0 ⃗j = ∇ϕ + ⃗A + γ ⃗B




EM


1
4π

∇ × ( ⃗B − 4π ⃗M) = ⃗j 


BCS

⃗j = ∇ϕ + ⃗A

∇ × ⃗B + ⃗j = 0



‣  
 
where    
controls handedness and  
period of rotation of the  
spiral.

Bz + iBy ∝ e−η2x+iη1x

η1 ∝ γ ( ∝ γ0)

Meissner effect in NCS

Ref: PRB 102, 184517 (2020) 

Usual Meissner Response



‣  

Vortex States

Magnetic field profile around a vortex in NCS. 
Ref: Phys. Rev. B 102, 184516 

BCS
Fig Ref:  The Open University



‣ Inter-vortex interaction is non-monotonic with several minimas  
 vortices can form bound states for these distances.


‣ This can be understood due  to competition between current-
current interaction in transverse direction vs longitudinal direction.

⟹

Inter-vortex interaction 



‣ Can be traced to  coupling


‣ Apply   linear term in , band centre shifts along 


‣ Energetically favourable to form Cooper pairs through the new 
center of the band as opposed to pairing through the Γ point.


‣  +    


‣ spatially inhomogeneous order parameter  associated with a 
current carrying state.

⃗J ⋅ ⃗B

Bx ⟹ kx kx

| ⃗k , + ⟩ | ⃗−k + ⃗q , + ⟩ ⟶ < aka−k+q > ≠ 0 ⟶ Δei2 ⃗q ⋅ ⃗r

∼

Physical reason

H(k) =
k2

2m
+ ⃗γ( ⃗k ) ⋅ ⃗σ + μB

⃗B ⋅ ⃗σ

⟹ ϵ± ≅ k2/2m ± γ0 |k | + ̂γ ⋅ ⃗B
̂γ( ⃗k ) = (kx, ky, kz)/ |k |



‣ ASOC, couples  with , allows for additional longitudinal current 
in parallel to .


‣ Interesting properties: spiral Meissner effect, spiralling vortex 
structure,  and vortex bound states.


‣ It is then reasonable to ask : What other properties does SOC 
influence? 

⃗j ⃗B
⃗B



‣ GL theory  “mean field description”, not universally applicable.


‣ Superconducting fluctuations above   precursor effects of the 
SC in normal phase.


‣ Observables: , , ,  etc. may increase considerably in the vicinity 
of the transition temperature.  
 

→

Tc →

σ CV χ

Fluctuations 



‣ To explore ASOC’s influence, it’s fertile to look at fluctuational 
contributions to magnetic susceptibility, .


‣ Since fluctuation induced diamagnetism eventually leads to 
meissner effect as we reduce the temperature, we can expect it to 
be small wrt diamagnetic susceptibility of a superconductor. 


‣ However, it can be comparable to the value of diamagnetic/
paramagnetic susceptibility of a normal metal.


‣ For a clean 3d superconductors, ,  Pauli-
paramagnetism.

χfluc

χfluc(T ≫ TC) ∼ − χP

Fluctuational Susceptibility



‣ Take Free energy


‣ Specialise to  and with weak fluctuations, one gets:T > Tc

Calculations
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‣ NCS result:- 

‣ BCS result:- 
 
 

‣ Corrections due to quartic terms,  modification etc needs to be 
taken into account.


‣ Non-linear response of  has been observed to affect resistivity in 
NCS systems, asymmetric response (Wakatsuki etal, Sci. Adv., 6, 13, 
(2020))

Tc

⃗B

Result

As stated in Physrev.180.527

χ =
−TVe2

6 [ξ +
6B2γ2

ξα1.5
+ . . . . ]

At low field 



‣ Inversion breaking can lead to novel EM response in SCs.


‣ Coupling between  and  is a consequence of ASOC.


‣ Fluctuations feature ASOC’s effect  can contribute to observables, 
expt relevant.

⃗j ⃗B

→

Summary



Thank you for your patience!
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Review slides



ASOC form for different symmetries




Inequalities



ASOC vs Gap




Scalings





Phys. Rev. B 102, 184516 



‣ SOC, coupling  with , allows for additional longitudinal current in 
parallel to .


‣ Interesting properties: spiral meissner effect, spiralling vortex 
structure,  and inter-vortex bound states spawn on account of SOC.


‣ It is then reasonable to ask : What other properties does SOC 
affect? 


‣ Recent experiment…. (In the fluctuation….reg)

⃗j ⃗B
⃗B









a = α δ = ξ ⋅ α2









Thank you for your patience!


