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Hey = Hip — Bl Phonon fluctuation leads to energetic disorder
n which leads to localization of eigenstates
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This disorder 1s dynamic, 1.e. time-dependent 5
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Exciton Diffusion (Ehrenfest Method)
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Cavity operators do not couple to phonons. Photon
frequency is otff-resonant to phonon frequency.

Polaritons, which are excitonic, have
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Polariton States at various Detuning

photonic excitonic
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Higher Exciton character = Higher Phonon Coupling = Higher Localization
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Group Velocity
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Group Velocity vs Exciton Character
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The wavefront velocity matches the
expected group velocity for exciton
character < 15%.
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Xu', Mandal', Milan, Reichman (arXiv: 2205.01176) 2022
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Experiment & Theory: Group Velocity
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Aim: Simulate a matter system with ~10% sites and 10 cavity modes (~10000 states)
t

1\15 Prk+6k(t) = | dT Ky kaskpprox(t — T)Ppprsk,(E)
0

Momentum Conservation makes K a 3-
dimensional tensor instead of 4-dimentional

decoupled diagonals of density matrix in the
reciprocal space — parallelized simulation

Pkk+3
Prr+2 CPU

Prk+1§ CPU

Prony decomposition of memory kernel + Coarse
Graining Density Matrix.

Mandal, Reichman (in prep) 2023
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Master Equation
| | simulation with
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Expectation: Exciton-Polariton Band Structure is obtained by a (N+1)x(N+1)
Matrix.
N = number of cavity mode branches.

5 _ v ata ~t A Ata o oata ) _
Him = Xk € Cr € + QpQpwy — g(akck + ckak) =) H;




Problem with N+1 Hamiltonian & COLUMBIA UNIVERSITY

(N+1)x(N+1) model do not reproduce exciton polariton dispersion

2N x 2N model reproduce exciton polariton dispersion

GDCh ; Angewandte
The Journal ~~— Forschungsartikel Chemie

of Chemical Physics scitation.org/journalljcp

N+ 1 Hamiltonian Zitierweise: Angew. Chem. Int. Ed. 2021, 60, 1666116667
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Q Q in a strongly coupled multimode microcavity
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Maxwell consideration of polaritonic quasi-particle Hamiltonians
in multi-level systems
Steffen Richter, Tom Michalsky, Lennart Fricke, Chris Sturm, Helena Franke,

Marius Grundmann, and Rudiger Schmidt-Grund
Institut fiir Experimentelle Physik I, Universitit Leipzig, Linnéstr. S, 04103 Leipzig, Germany
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Coupling and decoupling of polaritonic states in multimode cavities

This is an apen access article published under a Creative Commons Non-Commercial No
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Strong Coupling beyond the Light-Line
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Mandal Xu Mahajan Lee Delor Reichman Nano Lett. 2023
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The theoretical models
predicts the experiment

Energy (eV)
Energy (eV)
Energy (eV)

=
o

[
(%2}
h

0 5 10 15

(d) 2.05 (e) 2.05 0.08 0.08 0.05 (f) 0.03

0.05 0.01
2.05 0.01 0.04 0.07
0.01 0.03 0.01 A
- 0.08 0.88
0.07 E
0.01
0.04 Gt
("Xl 0.05 0.03 .
- 0.08 0.07
. - ]
= ofl- m
- 0.05
_— —_— g 0.07 [«ul 0.07 2.33
photon photon photon

Mandal Xu Mahajan Lee Delor Reichman Nano Lett. 2023



: &2 COLUMBIA UNIVERSITY
COnC|USIOn IN THE CITY OF NEW YORK

°
Observed




COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

8 )

)
i)
-
Q
&
)
o]0)
O
D
=
O
-
"
@)
<

Gri

ience

Open Sc



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31

