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Real-space structure of pair Extreme Resilience

to doping on Ce
Magnetic pair: intercell site.
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Conclusions

 (Convergence of magnetism and superconductivity: require
new concepts over and beyond spin fluctuation theory.
TREMENDOUS POTENTIAL FOR DISCOVERY.

115 heavy fermion superconductors suggest a new kind of
pairing: composite pairing, robust against disorder on
magnetic site.

 Could the same phenomenon occur in d-electron materials, at
much higher temperatures?
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A lot of action at the brink of localization.
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Haule and Kotliar 09 (Rank 4 hexa-decapolar)

Rau and Kee ‘12 (Rank 5 pseudo-spin vector)



What is the nature of the 25 Years of Theoretical Proposals

hidden order?

Landau Theory Shah et al. ('00) “Hidden Order”

ltinerant Ramirez et al, ’92 (Quadrupolar SDW)
lkeda and Ohashi 98 (d-density wave)
Okuno and Miyake 98 (composite)
Tripathi, Chandra, PC and Mydosh, '02 (orbital afm)
Dori and Maki, ’03 (Unconventional SDW)
Mineev and Zhitomirsky, ‘04 (SDW)
Varma and Zhu, ’05 (Spin-nematic)
Ezgar et al ‘06 (Dynamic symmetry breaking)
Fujimoto, ‘11 (Spin-nematic)
lkeda et al ‘12 (Rank 5 nematic)
Rau and Kee ‘12 (Rank 5 pseudo-spin vector)
Tanmoy Das ‘12 (Topological Spin-nematic)

Local Barzykin & Gorkov, '93 (three-spin correlation)
Santini & Amoretti, ‘94, Santini ('98) (Quadrupole order)

Amitsuka & Sakihabara (I's, Quadrupolar doublet, ‘94)
Kasuya, 97 (U dimerization)

Kiss and Fazekas ’04, (Rank 3 octupolar order)

Haule and Kotliar 09 (Rank 4 hexa-decapolar)

Rau and Kee ‘12 (Rank 5 pseudo-spin vector)

Pepin et al '10 (Spin liquid/Kondo Lattice)
Kondo Lattice Dubi and Balatsky, 10 (Hybridization density wave)
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U(Rk) = D(R)U(k)

OP B S Name
1 0 Scalar (CDW)
m 1 AFM
Kx 1 Vector (c.f nematic)
KxKykz 3 Octopole
kxky(kx?-ky?) 1 4 Hexdecapole.
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The Giant Ising Anisotropy.
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M. M. Altarawneh, N. Harrison, S. E. Sebastian, et al., PRL (2011).
H. Ohkuni et al., Phil. Mag. B 79, 1045 (1999).

16 spin zeros!

9 (9) =2n+1 Quasiparticle with giant Ising anisotropy > 30.
Pauli susceptibility anisotropy > 900
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“Ising Order: detailed analysis.”
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Since the microscopic Hamiltonian must be Kramers-invariant, V — — V27T
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Unlike magnetism, it breaks double time reversal.
A new kind of order parameter.



Support for hybridization as the order
parameter.
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Landau Theory:

Conventional Landau theory of electron fluids involves
the formation of two body bound-states. When the
two body bound-state carries a guantum number, the
corresponding two body wavefunction transforms
non-trivially under the symmetries of the vacuum, and
IS promoted to an order parameter. Landau order
parameters involve even numbers of electrons and
carry integer spin.
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“Hastatic” order.

In conventional heavy fermion materials a hylbridization
derives from virtual excitations between a Kramers doublet
and an excited singlet. A uniform hybridization breaks no
symmetry and develops as a cross-over.
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“Hastatic” order.

Quasiparticles acquire the Ising anisotropy of the non-
Kramers doublet.

(“Magnetic Higgs Boson”)
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The origin of the anisotropy in the non-linear
susceptibility.
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Landau Theory of Hastatic Order. Il. Origin of the non-linear susceptibility
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Microscopic theory of Hastatic Order
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Consistency with experiment.



Computed g-factor Anisotropy



Nematicity: anisotropic Xxy consistent with
Computed g-factor Anisotropy observed susceptibility anomaly.



Nematicity: anisotropic Xxy consistent with
Computed g-factor Anisotropy observed susceptibility anomaly.

() S ~ 1/2 In (2) natural consequence of
Majorana zero mode in two channel
Kondo physics.



Nematicity: anisotropic Xxy consistent with
Computed g-factor Anisotropy observed susceptibility anomaly.

() S ~ 1/2 In (2) natural consequence of
Majorana zero mode in two channel
Kondo physics.

\



Predictions.



(a) Transverse moment in conduction sea
m~ O(TK/D)~ 0.01uu B



(@) Transverse moment in conduction sea (b) Giant non-linear susceptibility
m~ O(TK/D)~ 0.01uu B anomaly.



(@) Transverse moment in conduction sea (b) Giant non-linear susceptibility
m~ O(TK/D)~ 0.01uu B anomaly.

(c) Collapse of gap to Ising fluctuations
at 1st order transition line.



(d) Resonant Nematicity in STM
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