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Diamond  Chains

Disclosure:  work in progress, no full literature review,  appreciate advice
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The Aharonov-Bohm (AB) effect



Aharonov-Bohm cages – flat bands

Periodic diamond chains – AB cages

CLS
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The Aharonov-Casher (AC) effect



Periodic diamond chains – Aharonov-Casher AC cages

Note: time-reversal symmetric

L



Periodic diamond chains

AB+AC cages
(ask about AA)       

Each band has definite spin

Full ballistic spin filtering

Need both AB and SOI for filtering!



2010

For asymmetric diamonds- flat band splits and becomes dispersive
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Su-Schrieffer-Heeger (SSH) model

Trivial for v>w – no edge states

Topological for v<w – edge states

dimer

edge
state
E=0

Topology: edge states are robust 



dimer

Majorana?

Edge 
state, 
E=0

SSH model



Zeeman

Continuum vs tight binding



Tunneling matrix for a straight segment with a magnetic field

U Non-unitary!

AA+AB+AC
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Our  Diamond  Chains

trimer

We solve with AB,  AC,  SSH, Zeeman

dimer



Unit cell –

3 spinors,

6 components

AC

AB

SSH
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Limits:

Edge states
with 0 energy

Flat bands

This also happens for any choice 
of site energies and Zeeman field!

Decoupled trimers

Each trimer has 3 eigen energies:



This also happens for any choice of site energies!

Decoupled trimers with 



Limits:

Flat bands

Edge states
with 0 energy

decoupled trimers

Each trimer has 3 eigen energies
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Flat bands in real space – CLS’s,

Minimal CLS requires 2 unit cells,  U=2
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Bloch functions:  each unit cell has 3 sites, each site has a spinor  --- six bands

Dispersive bands in momentum space – Bloch states



Chiral symmetry

or

Diagonalize
FB

Also particle-hole



Role of site energy at b



Spin filtering:
Each band has a well defined spin,
In a direction which depends on 
AB and AC phases.

For the Fermi energy on the otted line 
has “running” solutions with a 
definite spin polarization.
The other spin has only evanescent
Solutions, absent in the infinite 
periodic case.

Ballistic full spin filtering.



Effects of Zeeman field Ovadya Bettoun

Level 
crossing 
due to 
SOI 

B=0.5

B=0
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Edge states    --- Example 1:  semi-infinite chain with SSH and AB, no SOI

Cases(i) and (ii), left boundary condition:

Edge state exists for 

Edge states



AB caging generates broader range for edge states!

No edge state

No edge state

Edge state



Edge states    --- Example 2:  semi-infinite chain with SSH and AC, no AB

AB caging generates broader region with edge states

No 
edge 
state

Edge state
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Scattering

Transmission and reflection 2x2 matrices 



B=0

Long chain also spin filter

Ovadya Bettoun
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Outlook

Symmetry – chirality - topology

More scattering, spin filtering

…





Thank you

감사해요

תודה רבה

Possible room for postdocs


