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Optical cavity - Quantum dot system
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Figure: Representation of an optical cavity quantum dot system [5]
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Closed System: JC Hamiltonian

The optical cavity-quantum dot system can be modeled using the Jaynnes-
Cummings Hamiltonian:

e — ‘*’7 (gt—s + ééT) +webib_ +g(364 +4T6_). (1)

Where 4" and 3 are the ladder operators associated with the quantum har-
monic oscillator and are associated with the cavity states while 6 and 6_
are operators associated with the quantum dot and allow transitions be-
tween the quantum dot states.
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Closed system: Morse oscillator

The Morse potential is similar to the harmonic potential in certain value

ranges:
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Figure: Morse potential and its eigenenergies compared to the harmonic potential
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Closed system: Morse Hamiltonian

The Hamiltonian associated with the Morse oscillator can be written sim-

ilarly to that associated with the harmonic oscillator by defining particular
staircase operators:

Ay = “’7 (Z\TZ\ + Z\Z\T) Fwebib_ + g(Ady + Ale). (2)

Where,

Alln) = /1= xo(n+ 1)V +1|n+1) (3)

Aln) = /1= xonvn|n—1).
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Closed system: Eigenenergies
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Figure: Comparison of the energies of the first nine varieties. We take the following
value for the parameters: g = 0.1, w./g = 1000 and xo = 0.05.
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Closed system: Fractional composition
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Figure: Fractional composition of the polariton states of nine varieties. We take the
following values for the parameters: g = 0.1 y w./g = 1000
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Closed system: Energy levels harmonic case
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Closed system: Energy levels Morse case
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Figure: Energy levels
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Open system: Master equation (harmonic case)

The hamiltonian takes the following form:
F/T = FI‘IC—’_Z wiB:-rB,'-‘r-Z )\,'C/AI]LdAf—l-Z gli(§T6i+§B:-r)+Z g2,-(c7,T6_+c7,-aﬁr)
i i i i

The Von - Neumman equation is:

/6 = [’I:IT? ﬁ]
From which the following master equation can be derived:
dp N v P K
= — H %) — Lo ) —ko_ O - s(p 4
g = e, Pl + 5 Lo (D) + 5 Lo (P) + 5L5(D) (4)
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Open system: Emission spectrum

We calculate the following spectrum:

_ Lo _Lo
% 0.6 % 0.6
g 0.2 E 0.2

0.0 J 0.0

750 800 850 900 950 1000 1050 990 995 1000 1005 1010
w/g w/g

(a) Emission spectrum taking the (b) Emission spectrum taking the
following parameters: g = 0.1, following parameters: g = 0.1, v/g = 0.1,
v/g =0.1, k/g =0.1, P/g = 0.05, k/g =0.1, P/g = 0.05, w./g = 1000 y
we/g = 1000 y wx/g = 800 wx/g = 1000

Figure: Spectrum of the system (a) off-resonance y (b) in resonance.

Emission properties of an optical cavity-quant June 21, 2022



Open system: Master equation (Morse case)

The hamiltonian is:
A+ =Apy +Zw,bTb +Z)\ did; + Zgz, T6_+diy)  (5)
+ Z (AT #i(A)b; + A/%T(n)b*) (6)
The Von - Neumman equation takes the following form:
ipT = [Hr, p1]-
From which the following master equation can be derived :

= —i[Aum. p] — {ke(A)FTF + kao(A)FFT, A}+{/§Tﬁ/§ ks(A)} (7)
+{FHFT, ka(A)} + 5 - (p) + ﬁ (D), (8)
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Open system: Emission spectrum
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Figure: Emission spectrum. We take the following parameters v/g = 0.1, P/g = 0.05,
Xxo = 0.05, we/g = 1000, g = 0.1 y wx/g = 800
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Open system: Emission spectrum
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Figure: Triplets around w/g = 700 y w/g = 700 due to the transitions |4+) — |3+)
(straight red (a)), |3—) — |2—) (red curve (3)), |3—) — |2+) (green curve(a)), [2+) —
|1—-) (green (b)), |2—) — |1—) (red (b)) y |1+) — |GO) (blue (a)). We take the following
parameters: wc/g = 1000 y g = 0.1, wy/g = 800.
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Open system: Emission spectrum
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Figure: Triplet centered at w/g = 800 by taking wx/g = 800.
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Open system: Emission spectrum
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Figure: Transitions |2+) — |1+) (red (a)), |2—) — |1+) (green(a)), |1—) — |GO)
(blues), |3+) — |2—)(green (b)) y |3+) — [2+)(roja (b)). We take the following
parameters: w./g = 1000y g = 0.1.
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Open system: Emission spectrum
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Figure: The same transitions as in the 9 and their respective spectra using g = 0.5. We
took we/g = 200, wx/g = 160, v/g = 0.02, and P/g = 0.01. The appearance of the
central peak that completes the quintuplet is highlighted.
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Conclusions

@ Considering the radiation as a Morse oscillator generates that the phe-
nomenology of interest comes out of resonance, creating a set of fre-
quencies of interest associated to the transitions of the Morse oscillator.

@ When the quantum dot takes the value of any of the mentioned fre-
quencies, polaritons are created in a single variety, while the others
behave as the uncoupled basis.

@ The emission spectrum of the system is composed of a series of equidis-
tant peaks associated to the frequencies of the Morse oscillator. If any
variety presents polariton states, a series of new peaks are created
which, together with some of the peaks mentioned above, constitute a
set of triplets centered on the frequency of the quantum dot.

Emission properties of an optical cavity-quant June 21, 2022



Bibliography |

[@ O de los Santos-Sénchez, J Récamier, and R Jauregui.
Markovian master equation for nonlinear systems.
Physica Scripta, 90(7):074018, 2015.

[§ Santiago Echeverri-Arteaga.
Interaccién radiacién-materia mediada por fonones en la
electrodindmica cudntica de cavidades.
Master’s thesis, Universidad Nacional de Colombia, 2019.

ﬁ Luisa M. Hurtado-Molina, Saravana Prakash Thirumuruganandham,
Santiago Echeverri-Arteaga, and Edgar A. Gémez.
Formation of spectral triplets induced by parity deformation in a
quantum dot—cavity system.
Physica B: Condensed Matter, 604:412698, 2021.

Emission properties of an optical cavity-quant June 21, 2022



Bibliography Il

ﬁ JI Perea, D Porras, and C Tejedor.
Dynamics of the excitations of a quantum dot in a microcavity.
Physical Review B, 70(11):115304, 2004.

ﬁ R Stassi, A Ridolfo, S Savasta, R Girlanda, and O Di Stefano.
Delayed-choice quantum control of light-matter interaction.
EPL (Europhysics Letters), 99(2):24003, 2012.

Emission properties of an optical cavity-quant June 21, 2022



	Introduction
	Physical system
	Closed system
	Open system

	conclusions
	Bibliography

