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I. INTRODUCTION



Plasmons

Holographic Plasmons

a self-sustained oscillation driven by the dynamical polarization T
of the system July 18

it is encoded in the longitudinal dielectric function ¢;

[D. Bohm, D. Pines 1952]
.




Historic Applications

historic applications of plasmonic effects date back over two
millenia, quite prominently in the staining of glass
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Modern Plasmonics

T. Zingg

plasmons have a shorter wavelength compared to an July 18
electromagnetic wave of the same frequency, offering new
technological possibilities

@ color engineering
@ miniaturization
@ biomedical

@ spectroscopy
°

metamaterials with
negative refraction
index

@ solar cells




Co-Dimension

qualitatively different characteristics based on co-dimension of
the device/system

@ co-dim 0
bulk plasmon
— gapped

@ co-dim 1
surface plasmon i
— wax Vk y ~ sio()

e co-dim > 1
localized surface plasmon

Plasmon momentum

lasmons
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Nomenclature & Conventions

[The Theory of Quantum Liquids — Pines, Noziéres]

. . ; . T. Zingg
[Plasmonics: Fundamentals and Applications — Maier] July 18
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Macroscopic Maxwell Equations

equations of motion
dF = 0
dxW = *Jext

decomposition

field strength F describes 'screened’ electric field strength £
and magnetic flux density B

F = ENdt++YBAdt)

induction tensor W = *_1%— describes ‘external’ electric
displacement D and magnetic field strength H

W = DAdt+x YHAdL)

‘internal’ current
J = —{p)dt+j = x dx(F-W)




Linear Response

@ Green function

conductivit
¥ j =o€

o Ui Gy
oj = —— = ——
103 1w

@ ’screened’ density-density response

Xsc = <PP> = Goo

@ ’'physical’ density-density response
Xsc

X = —

€L

dielectric tensor

D = ¢-&




Plasmon Condition and Physical Modes

'plasmon condition’

'internal’ effects inside the system, Jexr = 0, D = 0, but

EL#0
L7 = e (w, k) = 0

'physical’ mode
pole in the response function to ‘external’ fields

2
_Xsc_kUL
X = =~ = ——
€l W €

plasmon condition identifies 'physical’ modes
poles of o, are poles of ¢;

<e—1+.i)-8 = ST

1w W




II. INDUCTION TENSOR
& PLASMONS
IN HOLOGRAPHY



Holographic Correspondence

action [,, L[A,F,g,...]

bulk e.o.m. :
dFpui = 0

dx Wi = *Jpuik
+ other fields

boundary field strength and conserved current

F o~ Foulgy = A ~ Asuiklyy tnAbuk =0
T~ inWhuik

regularity condition in the IR: ®[A,J,...]=0

— T Ao+ 0A] = T'[Ao] + GUSA; + CHRS A5 Ay + ...

v




Boundary Induction Tensor

@ electromagnetism is per definitionem a theory for a
dynamical U(1) gauge field, S = [, L[d A, A, ..]
o Euler — Lagrange eq. for such a theory are generic
dF =0, dxW = xText

consistency with established holographic correspondence for F
and J demands to identify W via
J =« tdx(F-W)
[U. Gran, M. Aronsson, TZ 2017]

kxM

o reproduces identities like (¢ — 1+ Z) - & = <

@ compatible with €; from holographic optics

[A. Amariti, D. Forcella, A. Mariotti, and G. Policastro 2010
[D. Forcella, A. Mezzalira, and D. Musso 2014
[L. Liu and H. Liu 2016

4
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Holographic Plasmons

Plasmon Condition Ziee
(W, k) = 0 +— D=0, Ex#0

due to Maxwell equations, equivalent to

jx:g-x

in terms of boundary quantities
W Ax = Tx|gyy = 0

J is model-dependent in general, but in most holographic
setups considered, J ~ £,A4

'"Holographic’ Plasmon Condition

2 /
w Ay — p(w, k) ~.AX|6M =0
. Gran, M. Aronsson, TZ 2017]
v
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III. APPLICATIONS
& RESULTS



Holographic 'Bulk Plasmons’ (RN)




'Lessons’ for Holographic Graphene

— if relevant, b.c. has to incorporate that §.4 can permeate
more dimensions than 6.7




Toy Model for Holographic Surface Plasmons

@ a perturbation of the internal charge density §p must be
related to a change in the potential

So(t,r) = / SERALCIIN

Ar|r — r'|
@ after Fourier transforming

dp(w, k) = %(M(w, k) <= w?6A+6) = 0

@ same calculation for §p = 0(z)do

— include 'correction factor’ p = 5! into plasmon condition

[U. Gran, M. Aronsson, TZ 2018]




co-dim 1 Dispersion Relation




co-dim 1 Dispersion Relation

Holographic Plasmons
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Transition to Gapped Dispersion
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Transition to Gapped Dispersion
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cf. Quantum Dissipation 7

Holographic Plasmons
T. Zingg

1° order approximation + corrections L

@ dispersion from 'naive’ Caldeira — Leggett model approach

kinetic term potential
2 2,2
we—ckT + Ir(T,,U,,.. ')w + ’U(T,,U,,. . )
—_————
damping

damping/dissipation due to coupling to a bath (of
harmonic oscillators) which is integrated out

@ 'exotic’ dispersion in transitional stages would require a
more intricate combination of bath and potential, e.g.
v+ ilTw
W2 — c2K2 :
1+ iTw




IV. SUMMARY
& OUTLOOK



Summary

@ extended the holographic dictionary to consistently identify
polarization and magnetization in the effective dual field
theory on the boundary

@ plasmons, i.e. poles in the 'physical’ response function x

@ identified ways to improve the holographic description of
2-dim. (resp. co-dim. 1) systems

Outlook

o further refinements of the model

e more sophisticated bulk setup

e effect of couplings to A and F, or polarization, in the bulk
@ investigate the 'microscopics’ of the boundary theory

e form factors

@ sum rules
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