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|: Introduction and Motivation
1.) Atom quantum optics and advantages of semiconductor nanostructures
2.) Cluster expansion approach in the siAgjfi®ton regime

|I: Mathematical induction method
1.) General set of equations of motion
2.) Examples (1+2): ighonon cavity feeding and induced antibunching

lII: Photonprobability cluster expansion (PPCE)
1.) Photon probability expansion and modified Hartfemck factorization rule
2.) Examples (3+4): Electricallgiven single photon emitter

IV: Conclusions
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Atom cavityQED,
solved by the JayneSummings modél

C Isolated twelevel system (no losses)

C Oneelectron assumption

C One interaction: electrosight

a¢KS &aAYLX Sad FdzZ te |jdz yir

analytically solvable, e.g.
Hy = hwoc c+ hwva =k hwca

Hy_pt = —hM(ala.c' + ala,e ) — reYa.i(t) = cos?(M"” N+ 1t)

/4

1E. Jaynes and F. Cummings, Proc.IEEE 51, 89 (1¢
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lSingle photon server

Singlephoton server with just one atom,
Hijlkema et al., Nat. Phys. 3, 253 (2007)

Typicalrealizationbasedon:
(i) Trappedatoms
(i) Atom beam

Entanglement source for quantum repeaters,
Chen et al., Phys.Rev.Lett. 99, 18505 (2007)
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Advantageous semiconductor QD properties for future technological
applications in microcavity systems:

C Fixed position, tailorable coupling strengths and frequencies,
C Cavitysystem ultrasmall,

C Electrical pumping,

I_, Semiconductor QbavityQED:

Theoreticalsimulationsfor deviceoptimizationare desirable

BUT:
more interactions J

andadditionallossmechanismsieedto be considered
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1.) more interactions (electrephonon, electrorelectron)

2.) number of carriers may not be fixed haya.c
.
hela.cci
Ih@Oi = HH; O]
-k
For norMarkovian description, ey a.cdc

Hierarchy problem

4

equation of motion approach

Typical approach: Factorization / truncation scheme via cluster expansion

(alacTc) = (aTa){cc) + (aT)(a){cl){c)...

/
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&g(ala(:) = 2Im Mi(a,laccTﬂ
O (aia&*) = —iM (aiac) —iM ((aiaccTc ) — (alaUcTc ))
Assuming Fock photons, no coherent contributions:

O (aiaccw = —iM (aiac) — M (CTC ) ((aiac) — (a,iand))

2 o3k
3 _
. . i = 0.6
Vacuum Rabi oscillation (N=0) are 2 L \
not approximated good enough !! 2 o4 \
/ (=
)
5 \
E \ = cluster-expansion 2nd order| |
&f 0.2k \ _/, == Jaynes-Cummings-Model
1 | ! | 1 | ! 1

|
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8t(alac> = 2Im Mi(a,laccTﬂ
O (aia&*) = —iM (aiac) —iM ((aiaccTc ) — (alaUcTc ))

Assuming Fock photons, no coherent contributions:

Oy (aiaccw = —iﬂ%ﬂf (CTC ) ((aia&\ - (a,iand))

. 2nd order
But: 0.8
Rabi oscillations with N=50 are — (s
well approximated !! =04l
o2k
O 10 20
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Weak coupling regime ‘
(e.g. resonance fluorescence,
biexciton cascade) ——

N\ \/
-
Strong coupling regime t
(dynamics weakly correlated)

(e.g. laser, superradiance effects)

Strong coupling regime —o—
(dynamics strongly correlated ) ‘

(e.g. single photon emitter) L —
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Technological application of single photons Folie:10
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Sincesinglephoton of interestfor technologicakpplication
() improvedmeasurement

(i) quantumcryptography . . \
(i) guantuminformation processingentanglemeny O O /;

New approaches for device simulations become necessary

s

(i): mathematical induction method (atoittrike QDS)

(i1): photonprobability cluster expansion (electrical pumping)
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(1) mathematical induction method
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:

o 2um Photons

2 €« P

= Photons a’”afiM « (J()>>

: v ’

: : e

©

3 Q(t) Phonons =
_ f tg D i f

H = ‘Yw,ala,+ hw.ala. ala.+ala,)
+hwgc'e ala.cl +ala,c)

+hy_ wioblb, + ala, (Ggbe + 95°8) + aba, (950 +
q

QD, assumed as al@vel system with one electron,

interacts with th€ cavity photons, ,@sical pu@

Theoretical Physics

*bz)

Marquez et al., Appl.Phys.Lett. 78 (2001)
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Using product rule for operators 0; (aia m = (&;

alacc‘tc) b];bq Hcle (&g aiacbgb )

and generalized commutation relations:

A, F(B)] = [A, BJF'(B)

for every possible combination of

GPS .— ala cTPeShimpn
phonon, photon, and electron operators: m,n vUyC

p,s ._ T Tp S_J[m_n

d Eman = Q€ C blke

an B
TPS = al g PO
their dynamics, e.g. ,

az‘(Tr%&n) —

= il (p = e = (m — W)z i+ 9~ J ()
_ Zp ﬂI<E£1 ?1 .5> —iM <E§15,;—1> (0%.5;% (<E£15n> (pr s ))
— 1 ( nn+1> <Tp8

.
I 15' s
m~+1, n) 7 m gy < m— 1n> LN Ge

n n—1
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For example, in the case of {oBonon assisted vacuum Rabi oscillatioEs&g =0):
00 00 00 00 00
Ezo, — Ejox— Ego <4 Eoi|<— Eo2
< 10 <« 10
T20 TilTo
P 11

y

PES = poyPcs|

numerically solvable up to
arbitrary accuracy,
reproducing analytical
solutions of the IBM and JCM

Phonon interaction:€«—

Photon interaction: €<—
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Probing witht -pulse at 300K: «@(w) x Re

oy

36,4 L

Detuning [meV]
|
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Absorption « [arb. units]
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Frequency [fs™']
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Modified Rabi frequency at the Stokpssition (2): T J
(temperature dependence weak) R - — -l :
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Effective oscillator strength (0 K) via Hudrlgys factor:
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Quantum beating at resonance position

1

Quantum beating at resonance position (1):

Detuning [meV]
' ]
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Tef
Impact on intensityintensity correlation function: g(Z)(t,’T = 0) — _(c(:;;;:)

FOCK STATE: S
= o4\ VAN NVVAN

initially one fock photon in Nf’boz'_g R

the cavity and an excited QD AR A
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