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Damping form is phenomenological

The value includes many intrinsic and extrinsic

contributions
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Landau-Lifshitz-Gilbert (LLG) equation

Multiplying Gilber equation by x M and re-arranging 
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QUANTUM MECHANICS OF ELECTRON SPIN

The time evolution of observable operator 

Hamiltonian (Zeeman term only) 

Orbital magnetic moment is ignored

𝜔 = 𝛾𝐻

Larmor precession

Landé factor   Borh magneton

Change of angular  ==  Torque 

momentum
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THE QUANTUM DERIVATION OF THE LANDAU-LIFSHITZ-BLOCH 
(LLB)  EQUATION

/LANDAU-LIFSHITZ (LL) EQUATION

Weak coupling with the bath: 

The derivation is based on the density matrix formalism

Hamiltonian:

Direct transformation Raman processesPhonon bathZeeman

Scattering probabilities
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Approximations for the LLB (LLG) derivation:

a) Markov approximation (short memory):

b) Secular approximation: neglect fast oscillating terms

c) Mean field for interactions (ferromagnet):

d) Strong exchange field:

Exchange Applied field Anisotropy 

kex

MFA HHHH H

kex HHH 
P.Nieves et al PRB, 90 (2014) 104428

The quantum derivation of the Landau-Lifshitz-Bloch (LLB)  equation
/Landau-Lifshitz (LL) equation

8



QUANTUM LLB (LL) EQUATION

For S→∞ atomistic coupling to the bath parameter
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Effective field:

Dampings:
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Bose-Einstein distribution

Landau-Lifshitz limit:
Longitudinal field is very large (far from Tc)

It keeps 𝑚 = 𝑚𝑒
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NUTATION
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MAGNETIZATION PRECESSION

𝑑𝑀

𝑑𝑡
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KITTEL FORMULA 
(DIPOLAR INTERACTIONS IN THE SHAPE FACTOR APPROXIMATION

FOR UNIFORM ELLIPSOID)

H

Linearizing LLG around the equilibrium position
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FERROMAGNETIC RESONANCE

P.Dhagat Oregon State University webpage
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FERROMAGNETIC RESONANCE FOR UNIAXIAL 
MAGNET

Equilibrium angle

Applied field angleExternal field Anisotropy field

A.G.Gurevich and G.A.Melkov

“Magnetisation oscillations and waves”
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ANTIFERROMAGNETIC RESONANCE

Spin-flop and spin-flip

transitions

A.G.Gurevich and G.A.Melkov

“Magnetisation oscillations and waves”

Modes in the antiparallel state
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ANTIFERROMAGNETIC RESONANCE

J.Li et al Nature 578 (2020)
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FERRIMAGNETIC MATERIALS

FMR mode Exchange mode

Angular momentum compensation point
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ULTRAFAST SWITCHING IN FEGD FROM SPINWAVE ANALYSIS
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PRECESSIONAL SWITCHING

Perpendicular to M field
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SIGNATURES OF PRECESSIONAL SWITCHING

In-plane

magnetisation
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NATURE |VOL 418 | 1 AUGUST 2002
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•Electrons in magnetic material are spin polarised

•When electrons move through another thin magnetic layer with different M,

they transfer their angular momentum exerting torque on magnetisation

•This can lead to magnetisation precession or switching

Magnetic random Access memories

Spin-torque nano-oscialltors

SPIN-TRANSFER TORQUE
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SPIN-TORQUE NANO-OSCILLATORS

L.Lebrun Nature Comm Nature 8, 15825 (2017) 
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Spin waves == collective motion of spins
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SPIN WAVES

Spinwaves == Low-energy excitations (deviations fro the ground state) for temperatures T<<Tc

Quantized spinwaves ===magnons

𝑆𝑛
𝑥 , 𝑆𝑛

𝑦
≪ 𝑆𝑛

𝑧 ≈ 𝑆,

Collective exchange motion of spins
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EXCHANGE SPIN WAVES
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SPIN WAVES

Kittel formula (dipolar interactions in the shape factor approximation)
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SPINWAVES IN SYSTEMS WITH DMI
Non-reciprocal propagation

P.Borys PhD 2015

K.Di et al Phys. Rev. Lett. 114 (2015), 047201
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MAGNETOSTATIC SPINWAVES
Magnetostatic energy generates magnetic poles (long wavelengths)

Group and phase velocities are not equal

Dipolar

Damon-Eshbach mode
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QUANTIZED MODES IN NANOMAGNETS

0 1 2
0

4

8

12

16

20

q

n = 2

n = 3
n = 4

n = 5

n = 1

H

PSSW

 

 

F
re

q
u

en
cy

 (
G

H
z)

q (10
5
 cm

-1
)

30



PY DOTS IN IN-PLANE STATE
B.Pegeau PhD
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EXCITATION MODES IN NANOMAGNETS
Vortex state in Py disc

M.Bues PRL (2004) 

Amplitude

Phase

G.Kakazei et al
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Dynamics:  two modes

Gyrotropic  &    Breathing
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MAGNONICS

Spinwaves are used to transport and process information

Advantages:  Easily reconfigurable spectrum 

with external fields and spin-polarized currents 
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PY NANODOTS

G.Kakazei

Et al
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MAGNONIC CRYSTALS

V.V. Kruglyak et al
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Thermalization processes occur via magnon-magnon interactions
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THERMAL MAGNONS

Magnons are bosons (S=1) and fulfill Bose-Enstein statistics
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TEMPERATURE-DEPENDENT SPECTRUM

Exchange stiffness calculation
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Different damping of different k-modes



CALLEN-CALLEN LAW FOR TEMPERATURE-
DEPENDENCE OF MAGNETIC PARAMETERS

P.Asselin et al PRB B 82, 054415 (2010)
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MOTION OD DOMAIN WALLS UNDER MAGNON CURRENTS
DW motion

Magnonic spin 

current

Hot region Cold region

Angular 

momentum

Linear momentum

J. Sinova – PRB 92, 
100408(R) (2015)

Z. Li – PRB 86, 
054445 (2012)

∇xT = 0.008 K/nm
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SPINWAVE ROLE DURING THE
MAGNETISATION REVERSAL

In the vicinity of the nucleation the spinwave instabilities occur.
Spinwaves generation becomes chaotic and the system thermalizes through the 
distribution of energy over all degrees of freedom

At the nucleation reversal the chaos is suppressed and the energy is transferred to 
the main eigenmode

H=-0.99 HK

k=0 k=6

O.Chubykalo et al

Phys Rev B 65 (2002) 184428.
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EQUILIBRATION OF MAGNONS AFTER STRONG 
(LASER) EXCITATION

43

GdFe switching 

Ni 

demagnetisation

J.Barker, Sci Rep (2013)

M. Djordjevic PRB (2007)
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Creation of

Boze-Enstein condensate

By pumping of resonant phonons



MESSAGES

• MAGNETISAITON DYNAMICS IS CHARACTERIZED BY MAGNETISATION PRECESSION (FMR)

• SPINWAVES ARE MAGNETIC EXCITATIONS, THEIR SPECTRUM DEPEND ON GEOMETRYAND MAGNETIC 

PARAMETERS

• THEY CAN BE CONTROLLED BY MAGNETIC FIELDS AND GEOMETRY AND  ARE PROMISING FOR MANY 

ICT APPLILCATIONS

• SPECIAL SPINWAVES IN NANOELEMENTS DUE TO MAGNETOSTATIC ENERGY AND DIFFERENT 

GROUND STATE (SD, VORTEX, SKYRMION), INFLUENCE OF GEOMETRY AND INTERACTIOSN

• MAGNONS ARE BOSONS AND OBEY THERMAL STATISTICS, RESPONSIBLE FOR DECREASE OF 

MAGNETISATION AND TEMPERATURE-DEPENDENT MAGNETIC PARAMETERS

• IMPORTANCE OF SPINWAVE NONLINEARITIES FOR THERMALIZATION AND MAGNETISATION REVERSAL
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