Nematic Order on the Surface of threedimensional Topological Insulator[1]
Hennadii Yerzhakov1
Rex Lundgren2, Joseph Maciejko1,3
1

2

University of Alberta
Joint Quantum Institute, NIST/ The University of Maryland, College Park
3 Canadian Institute for Advanced Research

May 2017
[1] RL, HY, JM arXiv:1702.07364 (2017)

Outline
●

Nematic Instability and Motivation

●

Mean Field: general treatment

●

Mean Field: Undoped limit:
●
●

●

Mean Field: Doped Limit
●
●
●

●

Zero-Temperature
Finite Temperature
LG-transition
Spin-momentum locking
Spin susceptibility anisotropy

Beyond Mean Field:
●
●
●

Collective modes
Spin fluctuations
Self-energy at one-loop

Nematic Instability and Motivation
• RL and JM in [2] developed Landau Theory for Helical Fermi
Liquids which suggest possibility of isotropic–nematic transition
in 3D TIs.
• Electron-electron interaction may lead to spontaneous breaking
of rotational symmetry [3], in particular to nematic order.
• Nematic OP is traceless symmetric rank two tensor. As TrQ^3 in
2D is zero, it is expected that isotropic-nematic transition is
continuous.
• No theoretical description for nematic order on the surface of 3D
TIs.
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Model
OKF[4], spinless

Helical

Here

for the undoped case representing momentum cut-off;
for the doped case.

The model Hamiltonian is

●
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Mean Field Theory
Integrating out fermionic field we obtain the following form for the Free energy

●

Here without loss of generality we set

Quasi-particle energy

, elliptical

, circular

After summation over frequency
,

Mean Field Theory for undoped limit (zero chemical potential)
Free energy reduces to
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T=0

Mean Field for doped limit
In the doped limit

, where
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𝑘𝐹 + Λ

is a cut-off momentum around the Fermi surface

𝑘𝐹
𝑘𝐹 − Λ

To leading order in

●

we obtain for energy

, where
is non-interacting density
of states at the Fermi surface.

Thus we found continuous phase transition even at zero temperature. This result is in full compliance
with the results of RL, JM article [2].
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Doped limit. Breakdown of spin-momentum locking
In mean-field
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where

The eigen-state with positive helicity is
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Anisotropy of spin susceptibility
Spin susceptibility was calculated to the first order in

in the presence of a Zeeman term

by using Kubo formula
.

for undoped limit

●

for doped limit at zero temperature in the vicinity of QCP

●

In contrast, for regular nematic
Fermi liquid spin susceptibility is
isotropic.

Collective modes in the doped limit
Following OKF, it is convenient to represent order parameter in terms of Pauli matrices

Performing Hubbard-Stratonovich transformation and expanding the action to second order in
bosonic field
the effective action

with essentially the same bosonic propagator as in the spinless case [OKF].
overdamped

At criticality

undamped

z=3

Collective modes in the doped limit

Nematic fluctuations may induce spin fluctuations in a helical FL. Using Kubo formula

It is shown that
is not equal zero in isotropic phase, the
same is expected for nematic phase.

Electron Self-Energy
At one-loop order fermionic self-energy is
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At the critical point
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In the nematic phase using several approximations the self-energy is estimated to
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- thus we observe non-Fermi liquid behaviour at QCP and in the
Nematic phase

Conclusions
• Owing to strong spin-orbit coupling, nematic order parameter in helical
Fermi liquid involves both momentum and spin, unlike the case of the
spin-degenerate Fermi liquid.
• For undoped limit, we surprisingly found first-order phase transition
which evolves into continuous one at a finite temperature tricritical
point.
• For doped limit, phase transition is continuous even at zero
temperature.
• The consequences of developing nematic order are partial breakdown
of spin-momentum locking, spin susceptibility anisotropy (both limits).
• Nematic fluctuations may induce spin fluctuations.
• Non-Fermi liquid behaviour at QCP and in the nematic phase.

