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Motivation

Racetrack memory Domain wall velocity and Walker 
break down field

Walker limit
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� Domain wall velocity, field dependence etc.  
� Mechanisms of DW nucleation and annihilation
� Types of interactions (dipolar forces, spin orbit coupling, etc) 

involved in DW dynamics

S. S. P.  Parkin et al.,  Science  320, 190 -194 (2008)    



Experimental methods for DW motion

TR-MOKE: C. Nistor et al. 
Rev. Sci. Instrum. 77, 103901 (2006)

GMR: T. Ono et al. 
Science 284. 468 (1999)
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Layout of the Experiment on ADAM reflectometer
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Sample: 100 nm MBE grown Fe film
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H(t)=H0 sin(2πft)

H0 up to 60 Oe

f = 300 ÷1800 kHz

Field applied along the easy axis within the film plane and perpendicular to the wave vector Q.
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Hysteresis loop recorded with 

MOKE setup, Hc ~ 25 Oe
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Hext=120Oe, about 5 times higher Hc



AC- frequency f = 0.3 MHz, H0 = 60 Oe
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Frequency f = 300KHz
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• There are two critical edges

• Diffuse scattering well pronounced 
for both spin states



Evolution of the magnetic state at low frequency
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t0 = 0 – start of AC-field
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Evolution of the specular reflectivity upon AC-field 
frequency

0.6

0.7

0.8

0.9

1.0

1.1

 

R
e
fl

e
c
ti

v
it

y

 Saturation

 f = 300 KHz

 f = 450 KHz

 f = 1800KHz

R
+ 0.4

0.6

0.8

1.0

 

R
e
fl

e
c
ti

v
it

y

 Saturation

 f = 300KHz

 f = 450KHz

 f = 1800KHzR
-

R+ reflectivity R- reflectivity

v-zherne@ill.fr

0.01 0.02 0.03 0.04 0.05
1E-4

1E-3

0.01

0.1

 

R
e
fl

e
c
ti

v
it

y

Incident angle, Radians

R

0.01 0.02 0.03 0.04 0.05
1E-4

1E-3

0.01

0.2

 

R
e
fl

e
c
ti

v
it

y
Incident angle, rad



AC field frequency f = 1.8 MHz, H0= 60 Oe
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• Diffuse scattering intensity is low

• Diffuse scattering is strongly asymmetric  

The state is similar to saturated



Evolution of the reflectivities upon DC field 
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Applied field: Hext= 42 Oe, ~2 times higher Hc

Off-specular scattering due to small domains with 

canted magnetization with respect to H0.



Evolution of the magnetic state at  high frequency
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Py(80nm)/Cr(7nm) stripe-sample
prepared by UV-lithography

MOKE MeasurementsTEM measurements
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length = 12mm (along long edge of Si-substrate)
width = 9 microns 
distance = 14 microns 



Neutron Scattering Experiment on D22
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Frequency F = 500KHz, H  = 40Oe
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Comparison: Theory and experiment
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Conclusions

• First successful AC-PNR experiments.

• At low frequencies magnetization follows AC-field

• At medium frequencies magnetization follows AC-field 
but incoherent re-magnetization process takes place
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• At high frequencies magnetization does not follow AC-
field = similar to the static case.
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Outlook

0.88

0.92

0.96

1.00

 

F
ra

c
ti

o
n

 H
0
=60 Oe

 H
0
=55 Oe

Bias Field H
B
= 25 Oe

v-zherne@ill.fr

200 400 600 800 1000 1200 1400 1600 1800 2000

0.76

0.80

0.84

0.88

 

F
ra

c
ti

o
n

Frequency, KHz


