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Introduction
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M : Magnetization
W, Z, flux

Wp = —1: excited

Fluxes fluctuate
strongly in IGP
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CSL: Chiral Spin Liquid (Gapped Majorana topological Insulator)
IGP: Intermediate Gapless phase (Superconducting Majorana Metal)

Question

What is the nature of the emergent IGP?
The mechanism for gapless spectrum?

Deconfined fermions (spinons) in QSLs

1

S; = Ef;fao-aﬂfi,ﬂ’ a,pell,l}

Z, real (Majorana) fermion f; Ji+ AfiT j;.T +H.c.

Relation to gapped spinons with topological order?

Neutral Fermi surface?

U(1) complex spinon?
or
A Fermi surface of Z, real (Majorana) fermion?

Reference: A. Kitaev, Annals of Physics 321 , 2 (2006).

Wp=+1: flux vac.
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Metal from Flux disorder

A guess

Let’s penalize flux: H = Hy;0,— K 2 W,—h 2 o/
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Flux should be responsible!

From a chiral spinon insulator ...
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MZM trapped
by pi-flux

An ensemble of flux configurations
Each flux traps a Majorana mode

... to a Majorana metal
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Proliferation of fluxes leads to large overlap between
tapped Majorana modes (d Majorana metal!

Reference: C. R. Laumann el al, Phys. Rev. B 85, 161301 (2012)
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Majorana Fermi surface from Kitaev spin liquid

A mean field ansatz

Flux and Majorana fermions become entangled

WiGp) = D wir| F) ® | M)
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Majorana fermions traveling through flux disorder

The effective ensemble of tight-binding Majorana

H = Z licci+H.c., for random T

Emergent superconducting Majorana metal of class D

Reference: C. R. Laumann el al, Phys. Rev. B 85, 161301 (2012)

Clean limit
Gapped TI

Flux disorder -> metal
(avg. trans. symm.)
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Within the IGP (Superconducting Majorana Metal),
the shape of the Majorana FS at zero energy can be
tuned by magnetic field, which controls the intensity
of Z, flux fluctuation.

Majorana and spin response

fractionalize
¢ — Majorana

Flux has ‘glassy’ dynamics,
response 1s governed by Majorana fermions

Relating the many-body spectrum to TB Majoranas
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Majorana ‘Fermi surface’

Low-energy spectrum of the Four-Majorana
dynamics governed by the shape of Majorana FS
reproduces the four-spin dynamics by iIPEPS

: . N0 — O Q
dimer operators : D = o;'0}},,

(D(0) - D) ~ (M| c(O)c;y (Ociciy | Mp))
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4-majorana correlation (TB)
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