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Propose a physical canonical setting- with

:‘ alkaline-earth-like fermion atoms - hosting zero
' energy edge Majoranas. o o

localizg (*ingredients already implemented recently in cold
Majoi atoms: spin-orbit + spin-exchange)
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Majorana formalism

- “half” fermions;
- particles are their own anti particles;

(real) Majorana

(complex) fermion fermion
.I.

{CALJ',CALZ = 044 &j — fAY2j—1 ‘I'ip)@j ’Vj — ’]?/j
{%,’Yj} = 20; ;

fermion in a lattice site paired Majoranas



Kitaev model
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Topological with zero energy edge Majoranas: |—| > 2

*A. Y. Kitaev, Physics Uspekhi 44, 131 (2001).
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Kitaev model
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Kitaev model
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Search for zero energy edge Majoranas
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canonical settings?
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Edge Majoranas in Number Conserving Systems

* Edge Majoranas in [ i ]\Af} —0

canonical settings
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Edge Majoranas in Number Conserving Systems

* Edge Majoranas in [ i ]\7} —0

canonical settings

- simble propnosals: ladder chains _ )

(ladder is a simple example, but difficult to physically realize...)

{

Search for a naturally occurring model where a parity symmetry /
pairing correlations is realized in a number-conserving fashion...
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Cold atoms setting

Use alkaline-earth-like fermion atoms (AEAS) in optical lattices with
local orbital + spin degrees of freedom:

(1) combining spin-orbit coupling + spin-exchange interactions a
local parity symmetry occurs naturally in the system;
/,J:Laser

M,

(Il) symmetry is protected by Angular
Momentum Conservation L::;’:\

(iii) spin-exchange acts effectively as
“pairing correlations” ;;’

spin-exchange interactions:

i : — G. Cappellini et al., Phys. Rev. Lett. 113, 120402 (2014)
- -
spin-orbit coupling: E Scazza et al., Nat. Phys. 10, 779 (2014)

M. L. Wall et al., Phys. Rev. Lett. 116, 035301 (2016)
L. FE Livietal., Phys. Rev. Lett. 117, 220401 (2016)

S. Kolkowitz et al., Nature 542, 66 (2017)
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Cold atoms setting

mgp + 1

H = Z(ﬁt’j + I:]W,j + IA{SOJ’)

eOrbital states: {—1,+1}

J
single-particle hopping
spin-exchange interactions
spin-orbit coupling

eNuclear spin: {mp,mpi1}
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Cold atoms setting
mp #1)

Symmetries:

- the number of fermions in each pair
of states coupled by spin-orbit
coupling is conserved modulo 2, due
to the presence of the spin-exchange

interactions.
“local” parit
o sectors: (=), (T, 1) S)fmm%tryy
[(ifa 1)7 (Ta _1)] o
[H, P} _ 0

P = (—1)(2j(”jm1+na‘,¢,—1))



Cold atoms setting
DS m};‘i(l\

Symmetries:

- the number of fermions in each pair
of states coupled by spin-orbit
coupling is conserved modulo 2, due
to the presence of the spin-exchange
Interactions.

NG|

terms breaking the symmetry are not present in the microscopic
dynamics: violate Angular Momentum Conservation




Properties of the ground states

Overall analysis:

map to “ladder chains” +

« Bosonization; R braiding; r;plz_-abelian
statistic

 Lower Band Projected Hamiltonian

« DMRG (density matrix renormalization group);

/

J

Check list of ground state
topological properties

v entanglement spectrum degeneracy

v edge-to-edge correlations

. ground state degeneracy

v spectral analysis: - single particle excitation gap



Properties of the ground states

v Double degeneracy in the entanglement spectrum:
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A. M. Turner et al., Phys. Rev. B 83, 075102 (2011)



Properties of the ground states

Spectral analysis (OBC):

“N sector”



Properties of the ground states

Spectral analysis (OBC):

{

Ap = E°(N,+P) — E°(N,—P)
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Properties of the ground states

Spectral analysis (OBC):

Single particle gap:
exponential decay of
bulk Green function

Asp > 0
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Properties of the ground states

Spectral analysis (OBC):

Single particle gap: E
exponential decay of :
bulk Green function "
;
Asp >0 :
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Conclusions

 Majorana guasi-particles can emerge as edge modes of
AEA's in opticall lattices in the presence of spin-orbit
couplings + spin-exchange interactions;

* The protection of the emergent Z 2 parity symmetry stems
from angular momentum conservation,

* We hopefully expect such results could help to the
observation of Majorana edge modes in the canonical setting,
where all basic ingredients for our recipe have been
experimentally realized over the last two years.



Thanks for the attention!
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