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SUMMARY
Pulsed field magnetisation leads to trapped field for long times. We model this phenomenon using 1D Maxwell-Ginzburg-

Landau (Abelian Higgs) relativistic, out of equilibrium theory.

EXPERIMENTS AND ANALYSIS
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(a) Schematics of experiment, [1].
(b) Trapped magnetic field in a GdBCO sample (CRIS-

MAT - Caen).

1. Threshold in magnetic field above which the sample
switches to permanent magnetization, [2].

2. Non trivial fixed point in the equations of motion.

MODEL : ABELIAN-HIGGS
• The Lagrangian [4] : x ∈ Ω ⊂ R, t ∈ [0, T ] :
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whereA is the vector potential,ψ the order parameter, Ωd =

(−L,L) b Ω, κ =
λ

ξ
the Ginzburg-Landau parameter.

• Equations of motion:

Att = Axx + 1Ωd
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ψx −Aψ = 0 at x = ±L.

NUMERICAL METHODS

• ODE solver for the time advance, finite dif-
ferences for the space distribution.

• Absorbing Boundary Conditions :
∂A

∂x
= ±∂A

∂t
.

• A = A′ + A0(x− t), (pulse of arbitrary sup-
port).
• Defect function s, [3]{

s(x) = −1, if defect,
s(x) = 1, otherwise.

• xd : space between defect,
a0 : amplitude of the pulse,
wd ∈ (0, 1) : density of defects.

RESULTS
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(a) Average 〈A〉(t) (b) Phase at t = 40000 (c) Vector potential A(x, t) (d) Phase θ(x, t) (e) Modulus ρ(x, t)

• Analysis : ψ = ρeiθ

Att −Axx = Iρ2(
θx

κ
−A),

ρtt − ρxx = ρ(θ2
t − θ2

x) + 2κAρθx + κ2ρ(1− ρ2 −A2),

θtt − θxx =
2

ρ
(θxρx − θtρt)− κAx − 2κA

ρx

ρ
.

→ The interface condition at x = ±L : ρx = 0, θx = κA.
→ Full solution : A = A∞, ρ = 1, θx = κA∞.
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• Parameters of (a), (b), (c), (d), (e) : κ = 1, xd = 0.05, a0 = 3, wd = 0.2.
• Parameters of (f), (g), (h) : κ = 1, xd = 0.01, a0 = 3, wd = 0.6.

(f) Vector potential A(x, t) (g) Phase θ(x, t) (h) Modulus ρ(x, t)

CONCLUSION
Results indicate trapped potential field de-

pendent on defects:

1. The absence of defect leads to a potential
close to zero.

2. The presence of defects trapped a non zero
potential in the superconducting domain.

3. The density of defects enhances the value
of the trapped potential.

A finite element code using the free software
Freefem is being developped and it leads so far
to similar results.
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