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Motivation #1: Superconductor / topological insulator heterostructures
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Effective model: lﬂ,yj + Z ikl ViV + - “Majorana-Hubbard models”
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Motivation #2: Kitaev honeycomb model

Hamiltonian:
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Hamiltonian:
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Motivation #2: Kitaev honeycomb model

Hamiltonian:
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Majorana representation: Fractionalization:
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spin 4 Majoranas
with gauge constraint

with |d;;, H| =0 = static Z, gauge field!
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Beyond Kitaev spin-1/2

Spin-orbital generalization:

0% 2X2 v =0*Q@7TP 4x4

spin 4 Majoranas . . 6 Majoranas
spin + orbital

with gauge constraint with gauge constraint

[Chulliparambil, et int., LJ, Tu, PRB "20]



SO(3) Kitaev-Heisenberg spin-orbital model

Hamiltonian:
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with [d;;, H] = O still static!

[Seifert, Dong, et int., LJ, PRL '20]



SO(3) Kitaev-Heisenberg spin-orbital model

Hamiltonian:

with [d;;, H] = O still static!

Phase diagram:
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SO(N) Majorana-Hubbard models

Genera tors

// " Somy
H = th’JCI Cj T JLL 1 TLab 1 TLab J) with ¢; = (ct, ..., cN)"

(ij) (ij) a<b

Hamiltonian:

“Majorana analog of SU(N)
Hubbard-Heisenberg model”
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SO(N) Majorana-Hubbard models

Hamiltonian:

Phase diagram:
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... on honeycomb lattice

... and similar on n-flux square lattice



Quantum phase transitions

Effective model (MSM-to-AFM transition):
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Quantum phase transitions

Effective model (MSM-to-AFM transition):
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Bosons only:
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Bosons -
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+ “few"” fermions | \\

7
/
\
\

N\

(-] — (N} O B en o .

E NN\ N\ i

NNl

T \) T

Ay /€ O_< R —— \/\ 0(4)Vect0r:_

; \\‘*\\‘ :\\\

-0.01 ﬂ/////////l\\\\ O(4) tensor
il

- N
g )\\§\§$\

_002 ' | l !
-0.04  -0.02 0 0.02

[LJ & Seifert, PRB '22]



Bosons
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Bosons
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Bosons
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Conclusions

SO(N) Majorana-Hubbard models
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