Magnons and
Plasmons



Ferromagnetic magnons - simple cubic

The dispersion relation in one dimension:
no =4J|S|(1-cos(ka))

The dispersion relation for a cubic lattice in three dimensions:
ho =2J |S|£z —Zcos(lz-g)j
5

The magnon contribution to thermodynamic properties can be calculated
similar to the phonon contribution to the thermodynamic properties.



Magnons

simple cubic 3-T)

E=g-2 (cos(kxcz) +cos(f,a)+ cos(kza))
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Dispersion relation is o
mathematically equivalent to tight -
binding model for electrons. 7 X M r R
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There 1s a maximum frequency
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Long wavelength / low temperature limit

Dispersion relation: ho =~ 2JSk*a’

The density of states: D(w) o« Jo
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Magnons are bosons: <nk > - ho
exp SR
kT
. :]9 hoD(w)dw T2
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Neutron magnetic scattering

_ | | G K
Neutrons can scatter inelastically from magnetic material and create K
or annihilate magnons
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Fig. 5.7 Schematic magnon and phonon dispersion curves. The magnon
curve has been compressed by a factor of order 10 for illustrative purposes.
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Antiferromagnet magnons
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Antiferromagnet magnons

ho = 4|J|S |sin(ka)|

80
;‘ 60—
:*:E 20 RbMnF,
0 |
0 0.2

Wavevector k, in AL

Brillouin zone boundary is at k = 7/2a

0.4



Antiferromagnet magnons

ho =4S [sin(ka)|

Mathematically equivalent to phonons in 1-d
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Student project

Make a table of magnon properties like the table of phonon properties

Magnons
1-D 3-D low
1-D ferromagnetic magnons antiferTomagnetic|temperature
magnons Timit
Equations of motion in mean field theory |7
s Py
e =S exp[i(tpa - ar)]
Figenfunction solutions S; Mi
A= 475 (1- cos(fa))
E000000000000
7000000000000

A000000000000 I e bCC
5000000000000 N . f

@ [radés] 4000000000000

Dispersion relation 3000000000000 ( 1 O h Cp

2000000000000

1000000000000

]

ke

Calculate w(k)

25

0

15 DiE)

1 student / column



Longitudinal plasma waves
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There 1s no magnetic component of the wave.

Plasma waves can be quantized like any other wave
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Electron energy loss spectroscopy
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Relative intensity
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Electron energy loss spectroscopy
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Transverse optical plasma waves

The dispersion relation for light

2
2 EQ _
EE U)W =75 =
C
For a free electron gas
2
)
g=1-—
),
2
_p 2 A2p,2
1-— |o" =c’K
w Plasmons

k> *

1.0

08

0.6

04

02

0.0

1 2 3 4 5 6 7 8 9
w [1017 rad/s]




Surface Plasmons

Waves in the electron density at the boundary of two materials.

Surface plasmons have a lower frequency that bulk plasmons. This
confines them to the interface.
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Surface Plasmons

High-resolution surface plasmon imaging of gold
nanoparticles by energy-filtered transmission electron
microscopy

PHYSICAL REVIEW B 79, 041401 R 2009

Surface plasmons on nanoparticles are efficient at
scattering light.

Green and blue require different sized
particles.




Nature Photonics

Organic plasmon-emitting diode
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Surface plasmons are hybrid modes of longitudinal electron
oscillations and light fields at the interface of a metal and a
dielectric'?. Driven by advances in nanofabrication, imaging
and numerical methods™*, a wide range of plasmonic elements
such as waveguides™, Bragg mirrors’, beamsplitters®, optical
modulators? and surface plasmon detectors'® have recently been
reported. For introducing dynamic functionality to plasmonics,
the rapidly growing field of organic optoelectronics'' holds
strong promise due to its ease of fabrication and integration
opportunities. Here, we introduce an electrically switchable

100nm Al (cathode)

30 nm Alg, (electron transporting layer)

| 13nm BCP (exciton blocking layer)

30 nm 6 wit% PtOEP:Alq, (emissive layer)

20 nm TPD (hole transporting layer)
60 nm Au (anode)

Surface plasmons are used for biosensors.
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Plasmon filter
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Plasmon modes on
the other side of
the metal films are
excited.



Polaritons

Transverse optical phonons will couple to photons with the same ® and k.

photon dispersion
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Light Bragg reflects off the sound wave; sound Bragg reflects off the light wave.



