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What is a helical liquid?

phase of matter with spin-momentum locking

time reversal symmetric
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What is interesting about helical liquids?

o Edge states of topological insulators

gapped bulk
2D                                                                                3D

gapless edges
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What is interesting about helical liquids?

o Ballistic conduction protected by time reversal symmetry
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What is interesting about helical liquids?

o Can host Majorana bound states

superconductor

1 2
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Theoretical predictions of helical phases

weak spin-orbit
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thickness of the 

quantum wellcritical thickness 
~ 6.3 nm

CdTe

CdTe

HgTe



Helical liquid basics
An alternative route... 
Model

SYNTHETIC HELICAL LIQUID IN A QUANTUM WIRE
Mariana Malard

Effective theory and results
Estimates
Conclusions
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HgTe quantum well
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More recently: InAs/GaSb quantum well

Experimental realizations of 1D helical liquids
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2D topological insulators



holographic 1D helical liquids

Is it possible to engineer an 1D helical liquid in an 1D system?

Experimental realizations of 1D helical liquids
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quantum wire 
in a semiconductor quantum well with strong spin-orbit 

+
transverse magnetic field

Experimental realizations of 1D helical liquids

𝐵
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 quasi-helical

 breaks time reversal symmetry

 Conduction will not be ballistic

quantum wire 
in a semiconductor quantum well with strong spin-orbit 

+
transverse magnetic field

Experimental realizations of 1D helical liquids
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Can one do better?
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Idea: replace the magnetic field by electric fields!

+ Dresselhaus

spin-orbit interaction

modulated Rashba

spin-orbit interaction

+ electron-electron 

interactions
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Advantages of an electric field over a magnetic field:

o Preserves time reversal symmetry and ballistic
transport.

o Gives you a true-helical liquid, not a quasi-one.

o Can be easily generated and applied locally.
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hopping and chemical potential

e-e interaction

+

uniform Rashba and Dresselhaus interactions 

+

modulated Rashba interaction

+

modulated chemical potential

+
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 = 2/Q
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modulated Rashba interaction

modulated chemical potential



modulated Rashba interaction

rapidly oscillating
vanish upon integration 

in the continuum limit
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modulated Rashba interaction
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 = 2/Q

Has an interesting effect!
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Has an interesting effect!



Gap out a doublet of Fermi points,

leaving behind a helical liquid in the other doublet.

+    
uniform Rashba and Dresselhaus

+    

e-e interactions 
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modulated Rashba interaction



Switch to a basis that diagonalizes H0 + HDR in spin space.

Take the low energy and continuum limit. 

Bosonize.

Integrate out quadratic modes.

Perform perturbative RG.
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sine-Gordon 
potential

relevant
when K < ½

helical Dirac 
hamiltonian

mass parameter 

(spin-orbit interactions)

Luttinger liquid parameter 

(e-e interactions)

supressed
when K < ½

Gaps out the
2nd branch
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branch 1

branch 2

dressed Fermi velocity 
(spin-orbit interactions 

and e-e interactions)

dressed Fermi velocity 
(spin-orbit interactions 

and e-e interactions)
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insulating phase

branch 2
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conducting helical liquid
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branch 2

conducting helical liquid



Q-modulated Rashba spin-orbit interaction

primary source of the pinning potential

Dresselhaus spin-orbit interaction

induces spin-flipping terms 
in the pinning potential
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e-e interaction

makes the potential 
relevant 
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designers
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Are you aware of Kramers theorem, 
Dr. Malard?
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Kramers
theorem

Time-reversal
symmetry

Rules out helicity in 
a 1D band structure
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Breakdown of time reversal symmetry, as it must be.

o But only in the insulating branch, which spontaneously
develops a spin density wave.

o The helical liquid keeps its inherent time-reversibility!

What’s the trick then?
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ballistic HL protected by TRS 

TRS breaking insulating channel. . .
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Luttinger liquid with spin-orbit
interactions and e-e interactions



Fair enough...
But will it work in the lab?
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Top-2 practical requirements:

 Sufficiently strong e-e interactions so that K < ½

 large enough gap to block thermal excitations
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Case study: quantum wire patterned in an InAs quantum well

 Sufficiently strong e-e interactions so that K < ½

   μm 1     

         

          

 

12    with

     2/1    









d

K

r

distance between the 

back gate and the wire

relative permittivity of the 

dopant and capping layers

Helical liquid basics
An alternative route... 
Model

SYNTHETIC HELICAL LIQUID IN A QUANTUM WIRE
Mariana Malard

Effective theory and results

Estimates
Conclusions



K 5.3for      

                 

   meV 3.0         







TTkB

 large enough gap to block thermal excitations
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We have unveiled a scheme for fabricating a synthetic HL in an interacting
quantum wire using electric fields only and exploiting an interplay between
the Dresselhaus and a modulated Rashba spin-orbit interactions.

 This synthetic HL is of a different type than existing varieties being neither
holographic nor quasi-helical.

 Its realization is well within present-day experimental capabilities.

 The simplicity and robustness of our proposed setup makes it a handy testing
system for exploring the physics of 1D HLs.
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Thank you!

Tack!

Find the full work:

 PRB 89, 201403(R) (2014)

 arXiv: 1311.4716v1


