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Semiconductor nanostructures, such as quantum dots, are versatile platforms to realize quantum light sources

albeit the presence of many-body based dissipation and dephasing procesess in the surrounding material [1]. In

contrast, such semiconductor environments might even be an enabling factor for applications. Microscopic

theory beyond typical perturbation approaches helps to unravel such interesting and exciting venues to exploit

intrinsical degrees of freedom to shape and control quantum correlations. Here, we present examples, in which

dissipation, disorder or electron scattering supports or stabilizes the generation of quantum correlations and

statistics in condensed matter systems.

Mainly, we focus on non-Markovian spin-phonon interaction in a monolithic microlens with a single de-

terministically integrated QD (Figure 1, left) [2]. Such a system allows via optical pumping the generation of

highly indistinguishable photons. In particular, the pulse separation reveals a plateau in the visibility curve,

explainable via a non-Markovian colored noise. For short pulse separations, the environment is still corre-

lated and allows for indistinguishable photon emission processes (Figure 1, right). The degree of correlation is

furthermore enhanced, if the reservoir is itself shaped and controlled via a feedback mechanism [3].

In another example, we investigate a Kitaev spin chain in the presence of particle loss (Figure 2). In the

closed system case, the Kitaev chain exhibits Majorana zero modes, which form an important building block in

the field of topologically protected quantum memories. In this work, we investigate the resilience of such Majo-

rana edge modes in the presence of incoherent symmetry-breaking dissipation. We show that strong disorder in

the surrounding magnetic fields can lead to an exponential gain in the edge modes stability compared to the case

of a homogeneous system, i.e. the externally applied disorder partially counteracts the degrading mechanism

and we find a stretched exponential decay instead of purely exponential loss of coherence (Figure 3).

Both examples show, that many-body based system-bath interaction includes interesting degrees of freedom

to tailor and steer quantum correlations, and allows for a wide range of applications in deterministically fabri-

cated semiconductor environments.

[∗] The presented work is done in collaboration with Stephan Reitzenstein, Alexander Thoma, Tobias Heindel

(experiments), and Markus Heyl, Marcello Dalmonte, Yumian Su, and Andreas Knorr (theory).
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