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Landau Framework (Paradigm): E.g. Chaikin, Lubensky
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Phase transitions without local order parameters: Conventional Landau
Theory

1. Berezinskii-Kosterlitz-Thouless Transition. l
2D classical XY model
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Figure 1. An isolated vortex in the xy model.

Binding-Unbinding of vortices |
I M Kosterlitz and D J Thouless

‘ J. Phys. C: Solid State Phys., Vol. 6, 1973

Dual (nonlocal) order parameter (wWiegmann, 1977)



2. Frustrated 2D nn+nnn Ising Model

Ground-State

Phase Diagram
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FIG. 2. (Color online) Phase diagram of the anisotropic Ising
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3. Kitaev Model (exactly solvable, free Majorana fermions)

Kitaev, Ann. Phys, 2003, 2006
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4. More Examples (you name it):

FQHE

Haldane gapped chain
Mott insulators (1D)
Topological insulators
Heisenberg spin ladders

HUGE (111 literature

Extra tools:

Topological numbers

Berry phase

Entropy of entanglement
Entanglement (concurrence)




Summary-I:

p

Conventional Landau




Kitaev, 2001

Noninteracting Kitaev chain:
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Noninteracting Kitaev chain (contd): DeGottardi, etal (2011)
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Dimerized XY chain:
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String Order Parameter: Refs: den Nijs and Rommelse, PRB (89)

Berg, et al, PRB (08)
GYC and T. Pandey, 2017
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Dimerized XY chain: (contd)

on = T
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Two Decoupled Ising Chains in Transverse Field
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XY _chain: local and nonlocal (String) order parameters

String Order Parameters of the XY chain:
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FIG. 1: (Color online) Phase diagram of the anisotropic
dimerized XY chain. Nonvanishing string and local order pa-
rameters, topological winding numbers are shown in four sec-
tors A,B,C,D of the (4,~) parametric plane. The violet/red
lines v = +4 are the lines of quantum phase transitions (gap-
lessness).



Miao, et al , PRL (2017); 1707.08430

Dimerized interacting Kitaev chain: Ezawa, 1707.03083
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Dimerized interacting Kitaev chain (contd
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n=1 Figure 2: (Color online) The interacting dimerized Kitaev
chain visualized as a two-leg ladder. The in-leg and plaquette
couplings in the ladder are shown according to the Hamilto-
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Dimerized interacting Kitaev chain (contd

SOPs and local OPs:
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Dimerized Two-Leg Ladders:

Refs: Martin-Delgado, et al (96-08)
GYC and T. Pandey, 2017
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FIG. 2: Dimerized two-leg ladder. Bold/thin/dashed lines
represent the stronger/weaker chain coupling J(1 + d) and
rung coupling J1, respectively. Dimerization patterns: (a) -
staggered; (b)- columnar.

Jordan-Wigner Transformation + Mean-Field Approximation:
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String Order Parameters (Staggered Ladders):

Effective Free-Fermionic Hamiltonian (mean-field) in the Majorana representation :
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Two different paths used for String Operators:
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FIG. 4: (Color online) Phase diagram of the two-leg stag-
gered ladder in the parametric plane (J, g/2Jg.6). The vio-
let /red lines J| gp/2Jr = £ are the lines of quantum phase
transitions (gaplessness) separating two phases (B) and (A,C)
characterized by their distinct SOPs and winding numbers.



Model Hamiltonians: Similarities & Extensions

Dimerized XY chain Staggered 2-leg ladder (approximate)
I H(k) = Jeoskl's + Jodsinkl'y + hD's — Jysin kI'4 I H (k) = %JJ_HFI + Jrcoskl's + Jpdsin kl's5
Bogoliubov-de Gennes Hamiltonian of topological SC TI/SC Hamiltonians, Kitaev ladder
(Class DIII)
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String Order Parameters Calculations:

2-leg ladder
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Generalization:
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Ising chains with multi-spin interactions (work in progress)




Conclusions & Future work:

1. Dimerized Kitaev and XY chain:
Exact SOPs and Landau (local) OPs calculation.

Winding numbers.

2. Dimerized Ladders: Mean-Field approximation ->
Similar Program. Analytical results for SOPs (!!)

3. Unifying framework: local and nonlocal OPs, hidden symmetries.
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4. Similar Hamiltonians: chains, ladders, topological insulators/

superconductors.
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5. Work in progress: spin tubes and n-leg ladders.
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THE END

THANK YOU!



