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ABSTRACT- The dispersion relation and propagation of phonon-polariton modes in Al
doped BaTiOzmetal nano composite system is studied by using Maxwell-Garnett approximation.
The calculation of dispersion relation shows that four modes of propagation exist. By varying the
filling factor, the propagation modes are analysed. It is found that the frequency of the top most
mode decreases with the filling factor of the system. The interfacial mode in the polariton
dispersion represents the transverse optical phonon frequency of BaTiOs. The dispersion moves
towards the higher wave vector region with concentration of metal nanoparticles. This tuning of
polaritonic gap is used for various optical applications.
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LINTRODUCTION

Polaritons are quasiparticles resulting
from strong coupling of electromagnetic
waves with an electric or magnetic dipole-
carrying excitation[1, 2, 3]. Recently, there
has been a lot of interest in the study of
polaritons both in bulk and other superlattice
system, which leads to various applications in
the field of Research and Industrial sector.
Nanocomposites are materials that incorporate
particles into a matrix of standard material
[4].The addition of nanoparticles in thePiezo
electric crystal resultsdrastic changes in their
properties that can include mechanical
strength, toughness and electrical or thermal
conductivity.
In this work, dielectric response of Al doped
BaTliOsmetal nano composite system for
various filling factor is studied using
Maxwell-Garnett approximation. Hence, the

dispersion relation of the phonon-polariton
mode s studied.

2. THEORY

The dielectric
material is given by
(@) = b+ ST (1)

T~ @ —lwy

Where wrq is the frequency of the transverse
optical phonons, €, and ¢, are the high
frequency and static dielectric constants
respectively. Herey is the damping factor.
The bulk metallic dielectric permittivity with
Drude approximation of the nanoparticles
System can be expressed in the following way

[5],

€m = &

function for bulk

2
Wp

(2)

w(w+iy)
Wherew,, is a plesme. frequency.
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The dielectric function of the nanocomposite

system (Al- BaTliOz) by Maxwell-Garnet
approximation [6]is given by,
Eeff 4 ;
—Dem (@) + fe(w
() B DEm(@) + () -

fem (0) + (2 — De(w)
Wheref is the filling factor of the
nanoparticles.

The strong coupling  between  the
electromagnetic wave and the phonon
componentof  piezoelectric  crystal  may

generate the phonon-polariton. The dispersion
relation for this system is given by,
c?k?

_2_=€

(2—Fem (0)+fe(w)
(w) fe (w)+(2-De(w) (4)
Where c is the velocity of light,kis the wave
vector and w isthe frequency.

3. RESULTS& DISCUSSIONS

The phonon-polariton dispersion for
various filling factor of metal nanoparticles of
AldopedBaTiOsmetal nano composite system
is studied.Fig.1.shows the dispersion when the
filling factor is equal to 1, the system is full of
BaTiOzAs in the Literature, it has two modes
of propagation. When =0, it consists of only
metal nano particles and it is represented by
the plasmonic behavior of Al as shown in
Fig.2. The polariton dispersion when the
filling factor is equa to 0.5 as shown in
Fig.3.There are four modes of propagation.
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The lowest mode represents the conventional
mode of propagation and ends with the
transverse optical phonon frequency (w,,) of
BaTiOswhen k—o. The upper mode of
propagation reflects the plasmon frequency
ofAlin the order of 10" Hz. The other
conventional mades of propagation start with
the longitudinal optical phonon
frequency (w,,) of BaliOs; Another
interfacial  modepropagates at a constant
frequency of wrgof BaTiOs;Fig.4. shows the
polariton dispersion when the filling factor
becomes 0.9.

It is found that the frequency of the topmost
mode decreases with filling factor. Thereisno
appreciable change in the other modes of
propagation except the dispersion moves
towards the higher wave vector region with
the concentration of metal nano particles.

CONCLUSION

By varying the filling factor of the
metal nano composite system, the effective
dielectric constant and hence the behavior of
phonon-polariton is discussed. It is concluded
that the frequency of the upper mode increases
with the concentration of metal nano particles.
When the filling factor increasesthe
parameters shift towards lower wave vector
region.
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Figure 1- Polariton dispersion of the nanocomposite based Piezo electric crystal system with filling factor
f=1.
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Figure 2- Polariton dispersion of the nanocomposite based Piezo electric crystal system
with filling factor f=0.
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Figure 3- Polariton dispersion of the nanocomposite based Piezo electric crystal system with filling factor
f=0.5
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Figure 4- Polariton dispersion of the nanocomposite based Piezo electric crystal system with filling factor
f=0.9
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