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Thin Films
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any critical, soft, bosonic mode to induce superconductivity?
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nematic fluctuation

Introduce spinors to describe the low energy model: (v. Cvetkovic and O.
Vafek, PRB 88, 134510 (2013) )
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* Two coupling constants A; and A, ( R. Fernandes
and O. Vafek, PRB 90, 214514 (2014) )



Gap Anisotropy

leading pairing instability: intra-
orbital and intra-pocket
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gap anisotropy depends on orbital weight and relative coupling strength
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Small momentum transfer leads to pairing degeneracy: s- and d wave
Foo = © (1A +18412) + 2 (IA2 + |Ag?)” + O(AS
50—2(| s|”+ | d|)+4(| s+ 1AG%)T + O(AY)
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Pairing fluctuation suppressed T.



How to lift the pairing degeneracy? &, k,

Spin orbital coupling: Asocz .S

— Hybridization between two
electron pockets

— Introduce spin triplet pairing.

— Lift degeneracy between s and
d pairing




e Another mechanism to hybridize electron pockets
— Inversion symmetry breaking

* Hybridize dxz and dyz orbitals
* Impact on SCis similar to SOC
— S becomes leading instability



Gap anisotropy revisisted

e Gap anisotropy depends on the relative strength between
SOC/inv and the mismatch of electron pockets
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SOC has little impact on gap anisotropy
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Bulk FeSe
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TRSB in iron-based SC

* Near degeneracy between s and d pairing channels.
* Nematicity is generally incompatible with TRSB
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Momentum-dependent nematicity

e Sign inversion nematicity Uz > 0 dyz .
1 r : M
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Does the sign-inversion nematicity help TRSB SC state?




Pairing interaction

* Inter-pocket pairing interaction: ol
— Intra-orbital pairing: V
— Inter-orbital pairing: W

* SCinsand d channels: -
— s* wave: .
U/ = -w, vl =upl! = w
— d wave: 0 =
Ut =w . Ul = —Upl! = @ t

— st -d degeneracy: V~W




TRSB SC with nematicity
* Pnem~E€r
— Numerical results with fitting the band structure
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Sizable sign-inversion nematicity is compatible with



Conclusion

 Nematic fluctuations with SOC may induce SC in ultrathin
FeSe film and dramatically enhance Tc.

e Sign-inversion nematicity in the bulk FeSe is compatible with
TRSB SC state. It might account for the klnk of the speC|f|c

heat in the superconductivity phe C = y (b)]
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Superconductivity with small nematicity
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Sign-inversion nematicity has little impact on the s-d
pairing degeneracy



TRSB with small nematicity
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Small sign-inversion nematicity has little impact on the
TRSB SC state.
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