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Introduction

Al wire network + Co dot array

Checkerboard field modulation lifts the degeneracy of vortex configuration.
The role of the domain excitation in the transition of FFXY model

Phase Ordering Transition

β : 1/4 1/2

Suppression of domain excitation
smaller drop of a

P II. 17

Domains are too small to destroy phase order.
Only vortex pairs can cause the phase disordering.

Experiment : solid curves
Calculation : dotted curves

T < Tkink Tkink < T

Domain without free kinks
= Unable to destroy phase order

Kink transition (Tkink) 
||

nucleation of free kinks

Appendix : KTB-like Transition and the Effect of Checkerboard Field

β = 0
• Tc < TKTB
• Drop of a > universal jump

KTB-like transition

Summary

Note
Details can be seen  in
J. Phys. Soc. Jpn., 76, 094707 (2007).
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β = 1/2
• Universal jump

KTB transition

β : 1/4 1/2
• Tc stayed at TKTB.
• a below Tc : decreased

Apply in-plane magnetic field

T < Tkink Tkink < T

If a > 3, KTB transition is not triggered.
a decreases to 3 after kink transition 

and then KTB transition occurs.

Degeneracy
||

Ising spin

Excitation : (a) vortex, (b) domain, (c) kink

Sudden drop of a KTB transition is triggered.

Causing phase disorder around domain

Domain with free kinks
= Able to destroy phase order

• α = 0 --- KTB transition at TKTB
• Universal jump : Jump of  a from 3 to 1

• α = 1/2 --- KTB-like transition at Tc
• Tc < TKTB
• Jump of a (Larger than universal jump)

Absorb large vortex pairs
Reduction of a below Tc is decreased.

Superconducting transition of wire network consists of two transitions

Mean Field Transition

B//

ϕ
TMF

Mean field transition
= Development of |ψ |

Tc
Phase ordering transition

= Transition of XY model

Normal state
|ψ| = 0

Superconducting state |ψ | > 0
θ : orderedθ : disordered
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The change of transitions due to the checkerboard field modulation was investigated.
• Little-Parks oscillation

---The change agreed with calculation.
•Phase ordering Transition

• β = 0
Tc < TKTB and  drop of a > universal jump

KTB-like transition
• β : 0 1/4

Tc was increased and a below Tc changed more slowly.
KTB-like transition modified by the suppression of domain size

• β : 1/4 1/2
Tc = TKTB and a below Tc was decreased.

KTB transition modified by the presence of small domains
• β = 1/2

Universal jump
KTB transition

T < Tkink Tkink < T

β : 0 1/4
• Tc was increased.
• a below Tc : slower changeI-V characteristics = power law dependence (V ~ I a)

a (T) shows the nature of the transition

β : 0 1/4 • Tc is increased.
• a below Tc changes more slowly.

• Tc stays at TKTB.
• a below Tc is decreased.

ψ = |ψ | eiθ : GL order parameter

Oscillation of TMF
= Little-Parks oscillation

β = 0

β = 1/2

β = 0 • Tc < TKTB
• Drop of a > universal jump

Antiphase domain excitation
The transition is complicated.

Field Modulation

Affected by magnetic field
α = number of vortices per unit cell

a = 1/2 : Fully frustrated XY (FFXY) model

β = modulation of α

a >1 (nonlinear) ordered (T < Tc)

a =1 (ohmic) disordered (Tc < T )

Phase ordering transition

KTB transition in the presence of domains

β = 1/2 --- No domain (usual) KTB transition
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α = 0 --- KTB transition
α = 0 --- Not understood

Good agreement

KTB-like transition? (KTB transition triggered by kink pair dissociation)
--- No clear experimental evidence
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