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lopological Insulator

Phase transition Breaking symmetry

Crystal: Broken Magnet: Broken Superconductor: Broken
translational symmetry rotational symmetry gauge symmetry

Topological insulator New quantum phase of matter
absence of symmetry breaking

e.g. Quantum spin Hall state
2D topological insulator

chiral boundary state

Sch of the spin-polarized edge channels spin Hall
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lopological Insulator

3D Topological insulator L. Fu et al. Phys. Rev. Lett. (2007)
Metallic surface state protected against time reversal

invariant perturbations
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lTopological order with symmetry breaking

Unusual collective modes predicted in particle physics

Majorana fermion Axion
Charge neutral Anomalous magnetoelectric effect
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R. Li et al. Nat. Phys. (2010)
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Halt Heulser semimetals
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At the border between trivial and topological states
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Rare earth based RPABI

RPdBI: Promising tunable topological
materials with (multi-)symmetry breaking

Antiferromagnetism Superconductivity
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Sample preparation

Single crystal
Self-flux method
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Magnetic susceptioility
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Neutron diffraction

Magnetic Brag peak Order parameter
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Ho, Tb

the same magnetic structure
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Charge transport
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Charge transport
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Superconductivity
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Superconductivity
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Large but non-saturating
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Superconductivity

Huge field dependence of

magnetic susceptibility
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| ack of heat capacity jump
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Non-centrosymmetric SC

Superconducting paring function
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Nodal SC in half Heusler

Penetration depth

Nodal SC
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Tuning dominant contribution of
singlet/triplet paring states
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~Inite triplet component
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Magnetic superconauctivity

Anticorrelation between Tc and Tn, well-scaled by de Gennes factor
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SC is suppressed by magnetic
- scattering due to local moments
. of f electrons

AFM is induced by RKKY
Nt Interaction

- Another canonical material for
. magnetic superconductor

c.f. Borocarbide
H. Muller et al. Rep. Prog. Phys. (2001)

Chevrel phases
®. Fischer et al. Appl. Phys. (1978)
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BCS-BEC crossover?

TR

25 8 EZ I
e et | ¢ E>do_. £ L do_p
15 Ne 2T I Heo (O) — 2
== | \-\?o ‘012‘014;0.‘6‘0‘.8“ | 27—‘-5 e .

o8| Ao @p: flux quantum s

% es 15 2 ‘

04 1+ /< Pairing

Coherence length

£~10nm  YPdBi

. Pseudogap y |'Bos'3
£ iqui

-

Average inter-electron distance R z

02 K Condensation
de—e N n—l/S ~ 5 nm y ..

w2y w
o oo -
19 —3 Normal = ::.;‘: . ":‘ 2 -~ ¢ 4
T ~ 10 c1Im IFem,; ey 7_:"-?{5);._. Fd
1 e % booats L
e Coe U, Superfluid SR {
~ d A | vete
(Al & - R eoatis Unitarity
0 S l

Exotic superconducting state? =~ e e
M. Randeria et al. Nature Physics (2010)

Yasuyuki Nakajima ® MARYLAND




We have studied superconductivity and magnetism in the
topological half semimetal RPdBI.

. foc type Il AFM with Q = (1/2, 1/2, 1/2)

* Anticorrelation between Tc and Tn, well-scaled by de
Gennes factor

 Anomalous SC: Triplet dominant”? BCS-BEC crossover?

Strong candidate for tunable topological materials with
multi-symmetry breaking
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Combination of topological and symmetry-breaking order
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