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» Strategies:
1) interaction,
2) spinlessness
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» Manipulate the pairing interaction:
target non-phononic mechanism
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Spin-fermion model for J_ + Frustration
For Jrkky~ Jk?N(0) <Jex AFM order

Superconduct  Kondo-Singlet + RVB
or “riding” on singlet+Cooper pair

QSL Sing|epoleman & Andrei (1989)
Senthil, Vojta, Sachdev (2003)
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* No order down
to 20mK

* Gapped quantum
paramagnet
(l)s=0.1 7meV

* Inelastic spectra
peaked at Q=0

Specific heat (J/K mole-Pr)
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e 2-In 2-0ut ice

Kimura et al (2013)

+ Gauge Field (Aa(@)Ab(~0)) ~ 5 (Gus — i)

q
Propagator

* Spin-spin correlatiofEME IR AC )RR i
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* Minimal Coupling * Spin-ice/electron
ks
A(q) - —¢

* Repulsion Electrons are not
against Cooper magnetic
" . RRARRERqual-

spin interaction!

—]}2{ D(fj) (25:0';3 X Q) ’ (:5:0",3’ X q)
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* Separation of scale: ws/EF <<1
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solving the BCS mean-field
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* Pair binding problem with dipole-dipole interacti

. 1
Vaa = 3

[S] SQ — 3(§1 . IA")(S;Q . f’)] o R(‘z)('?’l, 7’2) . 8(2)(81, S;‘_))

Wile]alelgi e e Taliglys (/|7"|1) = 0 unless |r — 1| < I < (r +1)

C D

Cooper pair |‘*> |*‘> | §=0> Cooper pair |$$ =|85=1>

d-e-BH |- B

quadrupolar mode quadrupolar mode
>=|S5=1 =2)
Cooper pair |$*> |*$> | S=0> (s=2) Cooper pair |$$ |S=1> (s=

12-1|< 1 <2+1
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Criteria for Metal

 Structural  Electronic
» Lattice match » Simple isotropic
= A-B,0- Fermi surface
> NO Orphan bonds 4 Wave funCtiOn
penetration

» Odd-# FS around
high symmetry
points
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Metal » Unstable against
exchange.

Semi-conducior Ml {e=UVERVEVY

Little (64), Ginzburg (70), Bardeen
(73)



Topological Superconductivity in
Metal/Quantum-Spin-lce
Heterostructures

metal
J K

<S,Sj>

quantum spin liquid



Topological Superconductivity in
Metal/Quantum-Spin-lce

Heterostructures

menll ° Topological

Ik superconductor riding
on QSL

<S,Sj>

quantum spin liquid



Topological Superconductivity in
Metal/Quantum-Spin-lce

Heterostructures

menll ° Topological

superconductor riding
on QSL

« Selection Rule Dictated
quantum spin liquid Intrinsic Topo SC.

Ik

<S,Sj>



Topological Superconductivity in
Metal/Quantum-Spin-lce
Heterostructures

menll ° Topological

Hx superconductor riding
5,53 on QSL
« Selection Rule Dictated
quantum spin liquid Intrinsic Topo SC.

« Substantial phase
space.
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Topological superconductivity
in group-VI TMDs

Yi-Ting Hsu, Abolhassan Vaezi, E-AK (in preparation)
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Q. What if the band structure is spin-split?
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* Proximity
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SC

Fu & Kane, PRL (2008) .
Experiments: Wang et al Science 336, 52 (2
Xu et al, Nat.Phys 10, 943 (2014)
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- Partially filled crystal-field-split d-bands
- Conduction band|d 2 ): 1,=0

1 —_—
- Valence bandﬁ( dy2_y2) Fildgy)) 1= F1

» Spin-orbit couplingf, . § \\V4 V4
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K
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150~460meV |
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p-doped group VI- TMD!
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* d electrons => expect correlation effects

. n-doped

J.T.Ye et al. (Science 2012) Doping
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Yi-Ting Hsu Mark Fischer Abolhassan Vaezi
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Superconductivity out of
repulsive interaction?

- Kohn-Luttiger: singularity in scattering

amplitude f((j) ::|:|:: (Kohn &Luttinger 196!

- Two-step RG formulation
: Fe-based SC, doped graphene, SrRu

Chubukov & Nandkishore, Raghu & Kivelson (2008 - 2012)

=Non-s wave
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Step I: W -> Ao

* Jintra,0 aNd Jinter,0 at two-loop

gffg?ﬁer(q_; 67) U + Ugflnter( 67)
7

) Ugfzntra( 67)

* ’s <0 -> g(@’s<0 in anisotropic channel

O W

gzntra
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— —)\? q
y = yoLog(Ag/E)

» Divergence if A0 <0
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Two possibilities

» Intra-pocket p+ip ¢ Inter-pocket p’'wave

-T-breaking -Modulated
- C=2 -C=\pm 1 per pocket
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