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Whatis the Sine-Gordon Model?

Definition



Classical Solution: The Soliton (Kink)

Initial field profile (t = 0)

u(x,t) = 4 arctan(e? ¥ —*07v))




Classical Solution: The Breather

Spacetime evolution of spin z-component
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u(x,t) = 4 arctan (IT—aﬂ sin(w(t — tg))sech(vV'1 — w?(x — xo)))




Applications of the Sine-Gordon
Model
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Josephson Junctions ID Spin Chains Quantum Field Theory
Describes the propagation of Acts as the low-energy effective Provides a foundational "toy model"
magnetic flux quanta (known as field theory for 1D antiferromagnets for particle physics. It has a famous
fluxons) in long superconducting (e.g.. XXZ spin chain). Solitons duality with the Massive Thirring
junctions. The fluxon is a perfect (spinons) and breathers (magnons) Model, connecting classical solitons
physical realization of the sG soliton. map to the chain's quantum to quantum fermions.
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Excitations in a Spin Chain



Excitations in a Spin Chain



Excitations in a Spin Chain



General Research Workflow — lllustrated Through the Sine—Gordon
Numerical Study



fix-boundary condition

Spacetime evolution of ¢ ( Kink) 5OOSpacetime evolution of ¢ (Kink-Antikink Collision, v=0.5) Spacetime evolution of ¢ (Kink-Antikink Collision, v=0.5)
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Sawtooth initial codnidtion

Spacetime evolution of ¢ (bright n-scaled colorbar) Spacetime evolution of ¢ (bright n-scaled colorbar)
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Results

Comparison of ¢(x) at t = 500.0 Comparison of ¢(x) at t = 2000.0

- dt = 0.01 - dt = 0.01
- dt = 0.001 - dt = 0.001

— dt = 0.0001 - dt = 0.0001
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Results

Comparison of ¢(x) at t =200.0 for different winding numbers

Comparison of ¢(x) at t = 60.0 for different winding numbers

— W = 1.0
- W = 1.0+0.001

—_— W =1.0
- W = 1.0+0.001
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