Helical crystals: band structure, multicritical behavior
and topological defects
Physico- Nuclear

Yachniesl R.A. Nivazov?!, D.N. Aristov!:2, V.Yu. Kachorovskiil sorse
Institute lloffe institute Institute
2NRC K| — PNPI

0]10]0101010101010]1010101010]10101010101010101010101010101010101010101010101010

i loffe

Petersburg

Motivation

 Exist at the edge of 2D Caiidictaiiea
. . channel with
topological insulators | up-spin charge Array of antidots on the
* Electrons with .dlfferent Spins e 62 2D 7
propagate N opposite
directions
. . 1. Maier, H.; Ziegler, J.; Fischer, R.; Kozlov,
!DrOteC.ted by time reversal D.; Kvon, Z. D.; Mikhailov, N.; Dvoretsky,
Inversion S. A. & Weiss, D. Ballistic geometric
resistance resonances in a single surface
- of a topological insulator Nat. Commun.
G=0.01e2h o N Z Conductance (2017)
0f Ak IR S e K — channl it 2. PhD thesis Ziegler, J. (2018).
; I fﬂ, 1ol ; well cﬁ:r;:g:ri e Quantum transport in HgTe topological
g[ T=30mK < | insulator nanostructures.
10°F = 3
S \ "o 05 6o o5 10] Topological insulator:
€ WGt aen T VeV IV
| | : quantum well based on
HgTe/(Hg,Cd)Te
NN, [Konig et. al. Science (200/)]
! 0—1 .0 0.5 0.0 0.5 1.0 1.5 2.0
(Vg = Vinr) /' V
Crystal dispersion
()
det|e' — T(kL =¢)| =0
e(q) 9 ¢ — dimensionless energy
q —quasi-momentum Unitary and T-invariant 98 f
e | | e | | 0 / f r L —ring length 7
(cos (3 sin (5 + ng) + sin o sin(7y + q)) (COS S sin (5 — ng) — sinasin(q — fy)) g ; 0 —pr f* ¢ — magnetic flux
| R 2 2 I el 0 = Dynamic phase
— sin sin“ o cos 2 cos” awcos2mp —cose) =0 _ 3 . .
T ) 6 ( v gb ) l r f t 0 difference is added to
t = cosa, the phase y
There are special vqlues .of the magnetlc fluxp =0;1/2, r=[sinacos B, e — v+ kL1 — kol 2 anale between spin
at which Dirac points appear — —and veen spin -
f =sinasin quantization axes in neighboring
T T _ _ edge states
B=0o0r ¢=0 B+40and ¢ # 0 a — tunneling between rings
z T y = /2 symmetrical case
W 0 9 0 : : : :
transfer matrix passing the entire ring
-3 -3
v =70 v=0
- 7 0 w - -7 T 0 - i Electron interaction
2 2 2 2
{q {q It is known that the interaction renormalizes “the junction” between helical states. And what
about a set of junctions? Renormalization - taking into account virtual processes Ap < | < It
T At high temperature T > % & It < L: junctions are renormalized separately
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2 further L < [ < It renormalization of the effectively homogeneous Luttinger fluid.
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Attractive fixed points:
L1: Independent rings
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FP2: Independent shoulders
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Dispersion manipulation: changing magnetic field and gate voltage

Localized states
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Change sign of 8¢ — gap reopening FP3: Spin-flip channels
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