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Brillouin light scattering (BLS)Brillouin light scattering (BLS)
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wavelength range: 102 nm – 101 µm frequency range: 100 – 101 GHz

(elastic and spin waves)

High resolution and contrast are needed
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1988: discovery of the giant magneto resistance (GMR)1988: discovery of the giant magneto resistance (GMR)

Peter Grünberg

Albert Fert
Nobel prize in physics in 2007

Spintronics

PRIN 2020, PE7, “The Italian 
factory of micromagnetic
modeling and spintronics”
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Spin wavesSpin waves



k

• Collective excitations in a system of interacting spins.

a) Strong but short-range exchange interaction
b) Weak but long-range dipolar interaction

𝜕𝑴 𝒓

𝜕𝑡
= −𝛾 𝑴 𝒓 × 𝑯𝑒𝑓𝑓 𝒓 +

𝛼

𝑀𝑆

𝑴 𝒓 ×
𝜕𝑴 𝒓

𝜕𝑡
Landau-Lifshitz-Gilbert 
(LLG) equation 

Precession Energy dissipation 
(damping)
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Spin waves in low dimensional systemsSpin waves in low dimensional systems
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Spin waves in low dimensional systemsSpin waves in low dimensional systems
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2D systems (magnetic thin films)

1D systems (magnetic wires)

0D systems (magnetic dots)
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micro-focused BLSmicro-focused BLS
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Active stabilization of sample 
position and 2D mapping

Lateral resolution down to ~ 250 nm !!

Very good isolation from 
external vibrations is required
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conventional BLS 30μm

average information

micro-BLS ~250nm

local information

H=1.0 kOe

micro-focused BLS on magnetic dotsmicro-focused BLS on magnetic dots
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micro-focused BLS (October 26th 2016, earthquakes)micro-focused BLS (October 26th 2016, earthquakes)
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Magnonic crystalsMagnonic crystals
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Spin wave bands in 1D MCSpin wave bands in 1D MC
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DMI induced SW non reciprocityDMI induced SW non reciprocity

𝑫 = 𝑫
𝒓

→
𝒊𝒋

𝒓𝒊𝒋
× 𝒏           𝑬𝑫𝑴𝑰 = 𝑫 ∙ 𝑺𝒊 × 𝑺𝒋

𝑆 𝑆𝒋𝒓𝒊𝒋

For D>0 the right-handed (RH, or clockwise) 
chirality  associated to spin waves propagating 
along +k (Stokes peak in BLS  spectra) is favoured, 
so their absolute frequency is down-shifted by 
DMI

t0

t0 +Dt
+k

RH
clockwise

For D>0 the left-handed (LH, or counterclockwise)  
chirality associated to spin waves propagating 
along –k  (anti-Stokes peak  in BLS spectra) is 
disfavoured, so their  absolute frequency is up-
shifted by DMI

t0

t0 +Dt
-k

LH 
counterclockwise
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DMI measured by BLSDMI measured by BLS

https://www.ptb.de/empir2018/de/tops/home/



PTRS kick-off meeting, Perugia 10-01-2022Marco Madami

SkyrmionsSkyrmions

CCW 
(0.8 GHz)

BR 
(4.5 GHz)

CW 
(12.8 GHz)
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Grazie dell’attenzione


