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It is common practise to interprect

 

experiments in dynamics of magnetism in terms of the Landau-Lifshitz-Gilbert (LLG) equation, 
be it with micro-

 

or femtosecond

 

(µs, fs) time resolution, with a damping constant α. This is analogue to a friction constant in mechanics, 
good for engineering, but of little insight what happens on a microscopic scale. On the other hand, long time ago Harry Suhl and others
have discussed the “spin dynamics”

 

like in the cartoon.
In path 1 the uniform motion or switching of M relaxes to the thermal bath with energy dissipa-tion –

 

an irreversible process like in LLG. 
In path 2 the energy stays in the magnetic subsys-tem and scatters between spin wave modes, transverse and longitudinal components of M
are involved. The transverse scattering rates, also called dephasing, are usually faster by orders of magnitude, than the longitudinal rates /1-4/. 
Two-

 

and four-magnon scattering are examples for path 2. Path 3, the magnon-phonon scattering is again irreversible. It has been 
investigated by Raman spectroscopy and laser pump-probe experiments.
Another distinction in spin dynamics is: Does one measure the thermodynamic ground state? 
Or does one see a hot electron-spin gas system for example after a laser pulse or a core hole excitation. 
We also may find that the spin dynamic depends on the wave number k of the spin waves with k ≠

 

0. 
Magnons

 

with short wave length may relax faster than those with k→0.
Different experiments will be discussed like magnetic resonance,

 

X-ray magnetic circular dichroism, 
spin dependent photo emission, laser spectroscopy, etc.
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(transverse)

spin-lattice 
relaxation 

(longitudinal)

Mz =const.

|M|=const.
M spirals on a sphere into z-axis

Spin Dynamics: Damping and Scattering



5/27
Freie Universität Berlin Univ. Duisburg-Essen,  18.-20. Oct. 2010

Gilbert damping versus magnon-magnon scattering.

In nanoscale
 magnetism path 2 

has been discussed 
very very little. 

Mostly an effective damping 
(path 1) is modeled/fitted.

Path 3: 
magnon-phonon scattering, 
see Bovensiepen

 
PRL 2008 
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All these processes…do not preserve 
the magnitude of the uniform mode…

Longitudinal T1

 

and 
transvers

 
T2

 

-
 

scattering 

…the GLL damping term no 
longer applies…
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also dipol-dipol
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Landau-Lifshitz-Gilbert-Equation

Gilbert-damping ~

2-magnon-scattering 

FMR Linewidth - Damping

R. Arias, and D.L. Mills, 
D.L. Mills and S.M. Rezende in
‘  ‘ , 
edt. by B. Hillebrands and K. Ounadjela, Springer Verlag

Phys. Rev. B  , 7395 (1999);

Spin Dynamics in Confined Magnetic Structures

60

viscous damping, 
energy dissipation 

Which (FMR)-publication has checked (disproved) quantitatively this analytical function?

in conventional FMR

2.
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•
 

Gilbert damping
 

contribution: 
•

 
linear in frequency

•
 

two-magnon excitations (thin films):
 non-linear frequency dependence
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K. Lenz et al., PRB 73, 144424 (2006)

ΔH=15 Oe, only!         Ref./1/ : 7 ML Ni / Cu(001)
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  G             H0

(kOe)       (108 s-1) (108 s-1) (10-3) (Oe)
Fe4V2 ; H||[100]   0.270    50.0       0.26   1.26      0
Fe4V4 ; H||[100]   0.139    26.1       0.45   2.59      0
Fe4V2 ; H||[110]   0.150    27.9       0.22   1.06      0
Fe4V4 ; H||[110]   0.045      8.4       0.77   4.44      0
Fe4V4 ; H||[001]   0             0          0.76   4.38      5.8

J. Lindner et al. PRB 68, 060102(R) (2003)
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15 Oe !

two-magnon scattering 
dominates Gilbert damping

by two orders of magnitude:

T2 ~ 0.2 n s vs.  T1 ~ 40 n s

  anisotropic spin wave scattering 
G 

 
isotropic dissipation 

no anisotropic conductivity is need 

K. Lenz et al.  PRB 73, 144424 (2006)
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Reanalyzed in  K. Lenz et al. PRB 2006
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Anonymous referee report on an invited 
conference paper in 2008 /4/:

… Bloch Bloembergen damping in 
eq. (7) is absolutely incorrect. It 
violates thermodynamics. This was 
shown already by Onsager, Landau, 
Ginzburg, and Mori. This point is 
addressed on pages 146-148 in (1).

…I am not able to accept the paper…
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3. Magnon scattering
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FOUR-MAGNON SCATTERING

11, p 21, p

TWO-MAGNON SCATTERING

11, p
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22 , p 33, p

THREE-MAGNON SPLITTING THREE-MAGNON CONFLUENCE

By courtesy of B. Hillebrands
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dqHq

pf

Hf

BLS spectrum of magnon excitations 
around the pumping resonator

p
FMR2

f
f

Bose-Einstein 
condensate 
of magnons

S.O. Demokritov et al., 
Nature 443, 430 (2006)

BLS spectrum of magnon gas By courtesy of B. Hillebrands

Microwave photons split into pairs of 
phase-correlated magnons

 
-

 creating a condensate of magnon  
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Pump-free evolution of 
Bose-Einstein condensate of magnons
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By courtesy of B. Hillebrands

Decay and rise time is in the order of 40 ns.
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New paper 
online July 2010
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By courtesy of

Nonlinear mixing of 2 signals 
with increasing power
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New frequencies come from sum or difference terms see  PRB 81,  054436 (2010)



20/27
Freie Universität Berlin Univ. Duisburg-Essen,  18.-20. Oct. 2010

1.
 

Introduction
2.

 
2-magnon scattering, FMR linewidth

3.
 

(3-) 4-magnon scattering, BLS, XDMR
4.

 
magnon-phonon scattering, 
pump-probe experiments

5.
 

X-FEL, LCLS

1.
 

Introduction
2.

 
2-magnon scattering, FMR linewidth

3.
 

(3-) 4-magnon scattering, BLS, XDMR
4.

 
magnon-phonon scattering, 
pump-probe experiments

5.
 

X-FEL, LCLS  



21/27
Freie Universität Berlin Univ. Duisburg-Essen,  18.-20. Oct. 2010

Uwe

 

Bovensiepen

Te

 

may be larger than TC 
as consequence M = 0

Rise time for Te    

 
100 fs

Electron gas cools down,
 Tl

 

increases in 
 

1-3
 

ps

4. Laser irradiation creates a hot electron gas.



22/27
Freie Universität Berlin Univ. Duisburg-Essen,  18.-20. Oct. 2010

Ultrafast Laser-induced Demagnetization

Beaurepaire, et al., PRL(1996)Vaterlaus, et al., PRL(1991)

Gd Ni


 
< 1ps~100     80ps+_

τM

 



 
1 –

 
100 ps, slow

 
for

 
Gd because

 
of small

 
SOC
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close to TC

 

the phonon damping rate is strongly 
reduced

optical phonons decay into acoustic magnons

phonon-magnon scattering dominates the damping 
of optical phonons…
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Hot electrons may change the electron configuration of Co or Fe ions 

and that in turn will change the magnetization and MAE 

as well as SRT, and the spin wave spectra.

“
 

Right after the laser pulse the magnetic moments

start to precess
 

around the new effective field …

which decays to its equilibrium value with a 

characteristic time of  τ
 

= 20 ps.”
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Time-resolved XMCD at femto-slicing source

fs
 

evolution Ni electronic and magnetic structure
C. Stamm, et al., Nat. Mater. 6, 740 (2007) 

X-ray Magnetic Circular Dichroism

5.  XMCD, X-ray FEL, LCLS By courtesy of Andreas Scherz, SSRL
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60 fs



 

100 fs

Co0.5

 

Pd 0.5

New experiments at BESSY        nature LETTERS, May 2010
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Koopmans, et al., Nature mat. (2009)

Incoherent Process

Koopmans et al., PRL (2005)

Coherent Process

Zhang, Hübner, PRL (2000)
Bigot et al., 
Nature phys. (2009).  

Microscopic channels for ultrafast 
transfer of angular momentum?

Three-Temperature Model By courtesy of Andreas Scherz
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3

LasersX-rays

X-rays
Lasers

X-ray Laser

Combining high temporal and spatial resolution
By courtesy of Andreas Scherz, SSRL

X-ray laser at 
LCLS is running

 these days

Performance is 
excellent, 
undulator

 
at 

LINAC works 
better than 
expected

Time resolution 
may be better 
than 10 fs

 
!!
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Summary:  
Thermodynamic ground state

•Todays
 

analysis of spin-wave dynamics should not assume
 |M|

 
= const, i. e. T=0 assumption. 

•
 

Long wavelength spin-waves relax slowly with  G ~
 

ns
 2-magnon scattering with Γ~

 
10-100 ps

•All spin wave excitations need a second scattering –dephasing-
 constant. Not only a damping constant for energy dissipation.Thank you

•For a spin flip the shortest wave length is λ
 


 

a, very fast. 
•Hot electrons may change the magnetization within 100 fs.

Hot electron gas, non-equilibrium

For this part see:
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