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Laser-driven quantum
dot exhibits squeezing in
resonance fluorescence
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Ideal two-photon source of a
guantum dot microlense with high
brightness and fast repetition rate

Heindel, AC et al, Nat. Comm. 8, 14870 (2017)
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Time-reordered photon pairs
of a biexciton driven at two-

phOtOﬂ resonance
Bounouar, AC et al, PRL 118, 233601 (2017)

Ideal two-photon source of a
guantum dot microlense with high
brightness and fast repetition rate

Heindel, AC et al, Nat. Comm. 8, 14870 (2017)
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Experimental data
satisfactorially and

1 1 analyctically explained
LIC] = CpCT — §OTCP + §PCTC by Markovian, Lindblad
master equation

Ocp(t) = —3 [H(t), p(t)] + > L[Cup(t)

Schleibner, AC et al, arXiv:1710.03031
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External mirror serves as control device

Michelson Hanbury-Brown
interferometer and Twiss
' APD
N
External ' :
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Ry : Beamsplitter'z APD
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N 90/10 ) ¢
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In principle (many photon, many
emitter limit), to be modelled in a
Lang-Kobayashi approach for the
field amplitude

E = /Np(t) e 1?0

Lang, Kobayashi, IEEE J. Quantum Electron. 16, 347 (1980)
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Lasing in the non-classical regime
(time-local correlation function):
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An incoherently-pumped single
guantum dot exhibits a strong
non-classical output
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guantum dot exhibits a strong
non-classical output
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Experiments on the single quanta level feedback coupling:

* Experiments with cold atoms

Single atom-mirror:
Lock-in Single atom+

) detection _ p\MT 2 mirror cavity

T . <«
Probe

A4 * Dielectric Atom
' mirror mirror

PMT 3
& Lock-in
T detection

PMT 1
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Experiments on the single quanta level feedback coupling:

* Experiments with cold atoms

Single atom-mirror:
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G. Hetet et al, Phys. Rev. Lett. 107, 133002 (2011).
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G. Hetet et al, Phys. Rev. Lett. 107, 133002 (2011).
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Experiments on the single quanta level feedback coupling:

* Experiments with cold atoms
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Theoretical modelling of quantum feedback: |

e |
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Assume a system which couples to an ensemble of
two-level emitters via a structured reservoir

Ba ion

Mirror

F. Dubin et al, Phys. Rev. Lett. 98, 183003 (2007)
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Theoretical modelling of quantum feedback: | - S
- | 3

Trap 3

Assume a system which couples to an ensemble of Ba ion .
two-level emitters via a structured reservoir £
dk My (d}P,, + Phd Mirror :

k( wp T Ep k) PEL)E ‘6) (g‘ g

/ dk: gi(dic + cld))

F. Faulstich, AC et al, J. Mod. Opt. (2018)
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Theoretical modelling of quantum feedback: | - §,
Trap 3

Assume a system which couples to an ensemble of Ba ion %
two-level emitters via a structured reservoir £
dk M, (d\ P, + Pld Mirror + :
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Eliminate the two-level

O O systems and the
| O reservoir to yield an
T O O effective equation of
L motion of Pyragas type

¢ =—(iwe+T) c(t) —iMP+Trc(t—1)O(t — T) —iAB(t)

F. Faulstich, AC et al, J. Mod. Opt. (2018) - Effective Hamiltonian
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F. Faulstich, AC et al, J. Mod. Opt. (2018)

Equation of motion reproduced via: Dorner, Zoller, PRA 66, 23816 (2002)

H/h =wocte + / dk wy, did, + / dk gy sin(kL)(dlc + ¢'d,)

and employing Heisenberg equation of motion _mg = [H, O]

dt

¢ =—(iwg+T) c(t)+Trc(t —1)O(t — T) — iAB(t)
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Equation of motion reproduced via: Dorner, Zoller, PRA 66, 23816 (2002)

H/h =wocte + / dk wy, did, + / dk gy sin(kL)(dlc + ¢'d,)

and employing Heisenberg equation of motion _m(ij_o = [H, O]
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H/h =wocte + / dk wy, did, + / dk gy sin(kL)(dlc + ¢'d,)

and employing Heisenberg equation of motion —ih(ij—o = [H, O]
: :
¢ =—(iwg+T) c(t)+Trc(t — T)O(t — T) — iAB(t)
I = ng%/cl I's = reXp[ing]

Feedback strength (depends on the interaction
element system-bath coupling in the
Hamiltonian)
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Suppression of decoherence via quantum
feedback-stabilized acoustic cavities




Motivation (ii): Good model to Technische Universitcit Berlin ﬂE
. . . . Alexander Carmele. Taiyuan (13.10.2018) . ‘
investigate non-Markovian dynamics email: alex@itp.tu-berlin.de

gosin (kL) Goal: Stabilize an initial given coherence even in the

t\/_’_} l (“:J presence of a reservoir at finite temperature
D — : T 3 g Lot o p pt
P = g)el. H_HS+HR+HLB(b,bT,P@.,Pi)

el =l

Nemet, AC et al, arXlv: 1805.2317
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gosin (kL) Goal: Stabilize an initial given coherence even in the

Q"} l Ny ) presence of a reservoir at finite temperature
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We assume a reservoir at T>0 with non-Ohmic spectral density with delay

J(wy) = sin? (S35 )eier(t=1)

Due to the lineaer coupling between the acoustic cavity mode and the reservoir, an

exact solution exist R A A
b(t) = F()b(0) + / G (£)7(0)dk

In the linear regime, the system dynamics can be exactly evaluated via a Feynman-
Vernon influence functional or Suzuki-Trotta expansion
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With given initial conditions, the dynamics can be evaluated
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Our figure of merit is the survival time of an initial introduced (t) = ’(P(t»‘Q
coherence, e.g. via an delta pulse Kﬁ(o))‘z
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With given initial conditions, the dynamics can be evaluated

bp(t) = exp{( / (t)dty — © / / B tg)]dtzdt1> (O)P(O)}ﬁpm)

Our figure of merit is the survival time of an initial introduced (t) = ’(P(t)MQ
coherence, e.g. via an delta pulse Kﬁ(o))‘z
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Delay time and phase-matching allow very long coherence times
initial coherence at room temperature up to 200ps Nemet, AC et al, arXIv: 1805.2317
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Quantum Pyragas control —
Two-photon purification of quantum light emission
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However, for open quantum system case dynamics, the model is too detailed in the bath
description:

H/h =wycle + / dk wy, d;g,dk, + /dk G Sin(kL)(d};c +c'd,)

within the interaction picture H(t) = — ihgo (CT [/ dk(1 — ey q, ei(”kwo)t] —~ h.c.)

Pichler, Zoller PRL 116, 93601 (2016) Lu, AC et al, PRA 63, 63840 (2017)
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However, for open quantum system case dynamics, the model is too detailed in the bath
description:

H/h =wycle + / dk wy, d;ﬂl,dk, + /dk Gk Sin(kL)(d};c +c'd,)
within the interaction picture H(t) = — ihgo (CT [/ dk(1 — ey q, ei(“’kwo)t] —~ h.c.)
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Pichler, Zoller PRL 116, 93601 (2016) Lu, AC et al, PRA 63, 63840 (2017) 21--. TN
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Schrodinger equation yields reversible dynamics.
Example: Driven and decaying two-level system.

W(n +1)) = exp [—mmL (0" +07) - mw_mf(n)} (n))

0.8 — —

0.6 - —

e
=
I
I

Population

=
(3
|
|

0 I 50 . | 100 150
time

Pichler, Zoller PRL 116, 93601 (2016)
Lu, AC et al, PRA 63, 63840 (2017)
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Schrodinger equation yields reversible dynamics.
Example: Driven and decaying two-level system.

O+ 1)) = exp [—mmL (67 +07) — \/mw_mf(n)} (n))

0.8 — —
iy Wl Ti :
0l | Time-reversal yields
initial state. Full
g | /\/\/\’\M M/V\/\/\ | information of the
504 7 reservoir in state.
E I | Numerical exact
ﬂ? 0al | solution and

dissipatively driven-
correlation included.

0 I 50 . | 100 | 150_
time

((n — 1) = ((n)] exp {@AmL (07 +07) = VT Ato_AR (n)}

Pichler, Zoller PRL 116, 93601 (2016)
Lu, AC et al, PRA 63, 63840 (2017)
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Pulsed and decaying two-level system.
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Nearly perfect single photon emission for n-pulse W | >FR
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Pulsed and decaying two-level system.

Nearly perfect single photon emission for n-pulse
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tr K. Fischer et al., Nat. Phys. 13, 649 (2017)
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Feedback-stabilized discrete time crystal dynamics
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lllustration of a discrete time-crystal

N
He=(Q )Y of
i=1
o1 ~ i(07)
(ﬂf)—ﬁ;(—l) 5

If driving is perfect €=0, the
magnetization shows a single peak in

the Fourier spectra. Perfect periodicity.
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The spin chain of N spins returns despite o5 L 99T
imperfect rotation back to its initial state.
Figure of merit and observable < 04}
(staggered magnetization): = = 0 i
Yao et al, Phys. Rev. Lett. 118, 030401 (2017) :\:: .
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Hr=(Q—€¢)) of

=1

The spin chain of N spins returns despite 0 0.5 |
imperfect rotation back to its initial state.
Figure of merit and observable 04 |

(staggered magnetization):
Yao et al, Phys. Rev. Lett. 118, 030401 (2017)
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The spin chain of N spins returns despite o5 L 00 ' ' ' ' ]
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Figure of merit and observable 04 L~ |
(staggered magnetization): = = |
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The spin chain of N spins returns despite o5 L 05 ' ' ' |
imperfect rotation back to its initial state. |
Figure of merit and observable . 04| B } l
(staggered magnetization): f5 = 0
Yao et al, Phys. Rev. Lett. 1718, 030401 (2017) ’é 03 L ~ ‘ |
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Time-crystal in the presence of losses

Lazarides and Moessner, Phys. Rev. B 95, 195135 (2017)

Periodicity is lost when Markovian
reservoir (bath) is coupled to the
chain. Thermalization within chain is
prevented due to many-body
localization but thermalization with
bath is inevitable
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Time-crystal in the presence of losses

Lazarides and Moessner, Phys. Rev. B 95, 195135 (2017)

Periodicity is lost when Markovian
reservoir (bath) is coupled to the
chain. Thermalization within chain is
prevented due to many-body
localization but thermalization with
bath is inevitable
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Time-crystal in the presence of losses

Lazarides and Moessner, Phys. Rev. B 95, 195135 (2017)

But non-Markovian dissipation, such
as quantum feedback interaction
allows self-stabilizing system-
reservoir dynamics and prevents
again thermalization.

Droenner, AC in preparation (2018)
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But non-Markovian dissipation, such
as quantum feedback interaction
allows self-stabilizing system-
reservoir dynamics and prevents
again thermalization.

Droenner, AC in preparation (2018)
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Thank you for the attention!




