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Different regimes in creep and depinning
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Lemerle et al, 1998: early experiments

Experiments on PMA Pt/Co/Pt The famous v ∼ exp(−H−1/4)
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Lemerle et al, 1998: early experiments

Experiments on PMA Pt/Co/Pt The roughness exponent ζ
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Jeudy et al, 2016: Universal description

and µ = 1/4.
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What is the real nature of creep dynamics?

First scenario
• A single Lopt exists
• Below Lopt, pure thermal motion occurs
• Back-forth motion over equilibrium barriers

Second scenario
• Forward motion over Lopt up to Lav

• Lopt acts as a mainshock as in EQ
• Reorganization should show depinning

critical exponents
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E. Ferrero et al., 2017: Spatiotemporal patterns

G. Durin Earthquake-like dynamics of magnetic domain walls



Creep of domain walls
Experiments

Results and discussion

Creep and depinning
Universality
Spatiotemporal patterns

E. Ferrero et al., 2017: Spatiotemporal patterns
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E. Ferrero et al., 2017: Spatiotemporal patterns
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The Samples: FeCoB/MgO films

Stack: Si/SiO2/Ta(5nm)/Co20Fe60B20(1nm)/MgO(2nm)/Ta(3nm)

• Films annealed at 300oC
• High Perpendicular Magnetic Anisotropy
• Hc ∼ 10 mT

• Constant acquisition rate: 5 frames/s
• Pixel size: ∼ 0.3 µm

• v ∼ 40 ÷ 160 µm/s

Field (mT) H/Hc(%) Sets
0.13 1.25 14
0.14 1.35 8
0.15 1.44 4
0.16 1.54 4
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Creep motion: a sequence of measurements (8 sets)
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Creep motion: how to determine the DW position
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How large is the optimal Length Lopt?

From Kim et al., Nature 458, 740 (2009)

Lopt = Lc

[
ucµ

2ζ(µ+ 1)

](2+µ)/3 (Hdep

H

)(2+µ)/3

where Lc =
√

σζ
MsHdep

∼ 100nm

⇒ Lopt ∼ 380 − 400 nm (similar to CoPt)

Lopt is of the order / smaller than the pixel size
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Clustering of pixel-scale events
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Clusters of correlated events
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Clusters of correlated events
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Size distribution, S(q), and roughness
A qKPZ realization in experiment
DW velocity, and DMI

Critical exponents of qEW and qKPZ classes

ζ τ 1 + 2ζ k
Size Structure Length

roughness distrib. factor distrib.
equilibrium 2/3 4/5 7/3 2/3

qEW - depinning 1.25 1.11 3.50 1.25
qKPZ - depinning 0.63 1.26 2.26 1.42

Clusters should follow the depinning exponents!
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Cluster size and longitudinal length distributions

G. Durin Earthquake-like dynamics of magnetic domain walls

P(S) ∼ S−τ P(l) ∼ l−k
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Roughness and structure factor
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⟨S⟩ ∼ l1+ζ S(q) ∼ q1+2ζ
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Universality class: a qKPZ example
ζ τ 1 + 2ζ k

Size Structure Length
roughness distrib. factor distrib.

equilibrium 2/3 4/5 7/3 2/3
qEW - depinning 1.25 1.11 3.50 1.25
qKPZ - depinning 0.63 1.26 2.26 1.42
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The interfacial Dzyaloshinskii-Moriya Interaction (DMI)

Néel wall

Bloch wall

Y X

Z

G. Durin Earthquake-like dynamics of magnetic domain walls



Creep of domain walls
Experiments

Results and discussion

Size distribution, S(q), and roughness
A qKPZ realization in experiment
DW velocity, and DMI

The interfacial Dzyaloshinskii-Moriya Interaction (DMI)

G. Durin Earthquake-like dynamics of magnetic domain walls



Creep of domain walls
Experiments

Results and discussion

Size distribution, S(q), and roughness
A qKPZ realization in experiment
DW velocity, and DMI

The interfacial Dzyaloshinskii-Moriya Interaction (DMI)

G. Durin Earthquake-like dynamics of magnetic domain walls



Creep of domain walls
Experiments

Results and discussion

Size distribution, S(q), and roughness
A qKPZ realization in experiment
DW velocity, and DMI

The interfacial Dzyaloshinskii-Moriya Interaction (DMI)

G. Durin Earthquake-like dynamics of magnetic domain walls



Creep of domain walls
Experiments

Results and discussion

Size distribution, S(q), and roughness
A qKPZ realization in experiment
DW velocity, and DMI

The interfacial Dzyaloshinskii-Moriya Interaction (DMI)

G. Durin Earthquake-like dynamics of magnetic domain walls



Creep of domain walls
Experiments

Results and discussion

Size distribution, S(q), and roughness
A qKPZ realization in experiment
DW velocity, and DMI

Refined calculus of velocity for chiral domain walls?
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Final remarks

• Creep is NOT an equilibrium process (on large scales)
• The system is not moving between equilibrium states (as

believed), but follows a correlated dynamics similar to
seismic swarm of earthquakes!

• Why qKPZ?
• Creep with DMI, and chiral domain walls?

Thank you very muh for your attention!
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