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Ultrafast Demagnetization after Laser Excitation 
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E. Beaurepaire, PRL, 76, 4250 (1996) C. D. Stanciu, PRL, 99, 047601 (2007) 



Theory of Ultrafast Demagnetization 

Electron-Phonon Scattering with Spin Flip 

 

 Electron excitation with laser pulse d sp, spin 

conserving (ballistic transport of electrons 1nm/fs) 

 

 

 

 

 thermalization electron-electron scattering, spin 

conserving 

 

 

 Electron – phonon/impurity scattering with spin-flip 

probability  aEY (Elliot-Yafet Scattering). 

 predicts a critical slowing down of the 

magnetization for T TC (slower remagnetization) 

 Controversy over the size of spin flip probability 
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Theory of Ultrafast Demagnetization 

Superdiffusive Spin Transport 

 

 Electron excitation with laser pulse d sp, spin conserving 

 Cascading process by inelastic electron-electron scattering (3) 

 Mobile sp-electrons differ in life time and velocities for majority and 

minority electrons. 

• lifetimes: t  30 fs – 5 fs (depending on E-EF),   tup/tdown   

1.2-2 (depending on E-EF) 

• Velocities: v  1 nm/fs 

 

 

 

 

 We need sub 100 nm spatial resolution 

 and sub 100 fs temporal resolution 
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Sample System  Pd(20)/[Co(4)/Pd(2)]20 Al(30) Å 
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Au 5000 Å 

  

Si3N4 membrane 300 Å 

Pd 30 Å  

Pd 2 Å  

Al 30 Å  

transparent window 

Co 4 Å  

Co 4 Å  

protective cap 

multilayer  

20 repeats 

Co 4 Å  

Pd 2 Å  out of plane 

magnetization 

FTH gold mask 

object hole 

             Au 5000 Å  

reference hole 
 ∅ 50 nm 



Sample System  Pd(20)/[Co(4)/Pd(2)]20 Al(30) Å 
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4 µm 

worm domain pattern 

domain size ~70 nm 
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Local enhancement by a standing wave 
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Elliptical object hole (a = 1.2 µm, b = 0.6 µm) 

45 degree angle of incidence 

P-polarized 

800 nm 

Lumerical software 



Magnetic Contrast via XMCD Effect 
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Experimental Hall 
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DIProI endstation 



Experimental setup 
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CCD 

beamstop 
sample holder 

X ray 

optical excitation 



Fourier Transform Holography  

@FERMI Trieste, Italy 

with seeded and circular polarized soft X-ray pulses 
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probe beam:   l=20.8 nm 

   E < 0.1 µJ (< 1E10 ph/s) 

   t < 100 fs 

  3500 shots/hologram @ 10 Hz 

 

pump beam:   l=780 nm 

   E = 0.2 µJ (1.3 mJ/cm²) 

   p-polarization 

   t < 100 fs 

 

 

 



Reconstruction by Fourier Transform  

of difference holograms : 

magnetic domain patterns 
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C. von Korff Schmising et al., Phys. Rev. Lett.,112, 217203 (2014) 

spatial resolution < 70 nm 



Variance matrices 

Coherent Imaging of Ultrafast Demagnetization Dynamics | C. von Korff Schmising | Science@FEL | PSI Sept. 2014  
13 

70x70 

nm² 
70x70 

nm² 
70x70 

nm² 
70x70 

nm² 
70x70 

nm² 
70x70 

nm² 

 













n

i

i

n

i

i

xx

xx
n

1

1

21
var



Variance images 
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Ultrafast demagnetization: 

time range:   de-magnetization 

  re-magnetization 

15 
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200x200 nm² 



Transient Change of the lateral magnetic profile 
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Remagnetization:  

intensity dependent remagnetization rate tRE 
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Demagnetization 

Nanoscale spin structure after optical excitation 
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B. Pfau et al., Nat. Comun., 3,1100 (2012) 



 

Demagnetization: 

intensity dependent demagnetization rate tDE 

Coherent Imaging of Ultrafast Demagnetization Dynamics | C. von Korff Schmising | Science@FEL | PSI Sept. 2014  
19 

digitize domain patter (Ms = ±1) 

simulate local reduction of magnetic contrast according to enhanced excitation pattern. 

simulate broadening of domain walls by 30 nm 
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calculate corresponding variance matrix 

0 2.5 5 7.5

-1

-0.8

-0.6

-0.4

-0.2

0

time (ps)

K
e

rr
 a

n
g

le
 (

n
o

rm
.)

a)

0 4 8

1

3

t R
E (

p
s
)

f (mJ/cm2)

b)

0 200 400 600

0

0.2

0.4

0.6

0.8

1

radius (nm)

la
t.
 m

a
g

n
. 
(n

o
rm

.)

 

 c)

0.35 ps

0.6 ps

0.85 ps

1.2 ps

0 0.4 0.8 1.2
60

90

120

150

time (ps)

w

 (

n
m

)

e)

300

330

360

x 0
 (

n
m

)

d)

x (µm)

y
 (

µ
m

)

f)

0 0.5 1

0

0.5

1

0 200 400
-1

0

1

profile (nm)

X
M

C
D

 c
o

n
tr

a
s
t

g)

0 200 400
0

0.5

1

 w

  30 nm

radius (nm)

ra
d

ia
l 
in

te
g

ra
te

d
 v

a
r.


 x

0
  40 nm

h)

calculate radial integration 
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Conclusion 
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Perspectives 

 Coherent imaging ultrafast demagnetization with sub-100nm spatial and 100fs 

temporal resolution. 

 Changes of the lateral magnetic profile during re-magnetization  due to intensity 

dependent re-magnetization rates. 

 Evidence for ultrafast lateral spin transport in agreement with superdiffusive spin 

transport. 

 

 Optimization of the electric field enhancement of the excitation (e.g. by plasmonic 

antennas etc.) 

 Element specific study of all optical switching in complex magnetic materials. 

Exploration of the fundamental spatial limits of light induced magnetization dynamics.  


