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Throughout its history, Quantum Optics has approached the study of quantum system following 
a simple paradigm: understand, control and use quantum degrees of freedom in nature. In this 
talk I will show how this successful approach, which traditionally has been applied to the case of 
atom-photon interactions, extends nowadays to more exotic systems comprising, for instance, 
the dynamics of levitated mesoscopic particles in the quantum regime.  
  
I will focus on two examples to show how this very same approach can be applied successfully 
to two very different situations. 
First, I will talk about subwavelength atomic arrays, i.e. ordered ensembles of atoms placed at a 
subwavelength interatomic separation. These systems exhibit strong collective response to light 
stemming from the dipole-dipole interactions between the atoms. I discuss how such a strong 
collective response can be harnessed both for studying light-matter interaction in non-conven-
tional regimes and as a platform for quantum science and technology [1,2].  
Second, I will consider levitated mesoscopic particles and discuss their role for fundamental and 
applied quantum physics. In particular, I focus on a particular examples of a levitated diamond 
with embedded NV centers. I show how by controlling the internal dynamics of the NVs it is 
possible to  generate a superposition state of the mesoscopic particle being in two orientations 
at once [3]. 
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<latexit sha1_base64="Y+fPWZuXGeMC8on8HQe0CXkd720=">AAACBXicbVDLSsNAFL3xWeur6tLNYBFclaSIj13BhbrRVuwD2hAm00k7dDIJMxOhhK5duNXPcCdu/Q6/wl9w2mZhWw9cOJxzL/fe48ecKW3b39bS8srq2npuI7+5tb2zW9jbb6gokYTWScQj2fKxopwJWtdMc9qKJcWhz2nTH1yN/eYTlYpF4lEPY+qGuCdYwAjWRqrdeYWiXbInQIvEyUgRMlS9wk+nG5EkpEITjpVqO3as3RRLzQino3wnUTTGZIB7tG2owCFVbjo5dISOjdJFQSRNCY0m6t+JFIdKDUPfdIZY99W8Nxb/89qJDi7clIk40VSQ6aIg4UhHaPw16jJJieZDQzCRzNyKSB9LTLTJJj+z5v7h1ruWURJ7Sg/NRyYhZz6PRdIol5yz0mmtXKxcZlnl4BCO4AQcOIcK3EAV6kCAwgu8wpv1bL1bH9bntHXJymYOYAbW1y8kHZjb</latexit>N
<latexit sha1_base64="w9tw4w1wkITdx1f4GKmKfGoEsOk=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgqiRFfOwKLtSVrdgHtCFMppN26CQTZiZCCV27cKuf4U7c+h1+hb/gtM3Cth64cDjnXu69x485U9q2v63cyura+kZ+s7C1vbO7V9w/aCqRSEIbRHAh2z5WlLOINjTTnLZjSXHoc9ryh9cTv/VEpWIietSjmLoh7kcsYARrI9WbXrFkl+0p0DJxMlKCDDWv+NPtCZKENNKEY6U6jh1rN8VSM8LpuNBNFI0xGeI+7Rga4ZAqN50eOkYnRumhQEhTkUZT9e9EikOlRqFvOkOsB2rRm4j/eZ1EB5duyqI40TQis0VBwpEWaPI16jFJieYjQzCRzNyKyABLTLTJpjC35v7hzruRIok9pUfmI5OQs5jHMmlWys55+axeKVWvsqzycATHcAoOXEAVbqEGDSBA4QVe4c16tt6tD+tz1pqzsplDmIP19QsxJZjj</latexit>V<latexit sha1_base64="G27TcSLDdNS78Uvo65ibOLQZAvg="></latexit>n1

<latexit sha1_base64="CrlTskS9ZE3halayjvPaBNb6M64="></latexit>n3 <latexit sha1_base64="G27TcSLDdNS78Uvo65ibOLQZAvg="></latexit>n1

<latexit sha1_base64="YOeuQhDTTv257TTWM6rhfZ16tNs=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoOgl7AbRD1GPKgnYzAPSJZldjKbDJndWWZmhSUEPHrwqp/hTbz6G36Fv+DkcTCJBQ1FVTfdXX7MmdK2/W1llpZXVtey67mNza3tnfzuXl2JRBJaI4IL2fSxopxFtKaZ5rQZS4pDn9OG378a+Y1HKhUT0YNOY+qGuBuxgBGsjVT1T7x8wS7aY6BF4kxJAaaoePmfdkeQJKSRJhwr1XLsWLsDLDUjnA5z7UTRGJM+7tKWoREOqXIH40uH6MgoHRQIaSrSaKz+nRjgUKk09E1niHVPzXsj8T+vlejgwh2wKE40jchkUZBwpAUavY06TFKieWoIJpKZWxHpYYmJNuHkZtbcVW+9aymS2FM6NR+ZhJz5PBZJvVR0zoqn96VC+fJpklUWDuAQjsGBcyjDDVSgBgQCeIFXeLOerXfrw/qctGasab77MAPr6xfVRZmq</latexit>

b)

<latexit sha1_base64="kXEeJ4y0ujeGhxGqAkU+beWbvac=">AAACF3icbZC7TsMwFIYdrqXcUhhZXCokppJUFTAwFDEAEwXRi9REkeM4rVXnItsBRVElXoOBFR6DDbEy8hS8Au5loC2/ZOnXf87ROf7cmFEhDeNbW1hcWl5Zza3l1zc2t7b1wk5TRAnHpIEjFvG2iwRhNCQNSSUj7ZgTFLiMtNz+xbDeeiBc0Ci8l2lM7AB1Q+pTjKSKHL2ArOKZVbSYGvGQYxxVHL1klI2R4LwxJ6YEJqo7+o/lRTgJSCgxQ0J0TCOWdoa4pJiRQd5KBIkR7qMu6SgbooAIOxudPoAHKvGgH3H1QglH6d+JDAVCpIGrOgMke2K2Ngz/q3US6Z/aGQ3jRJIQjxf5CYMygkMO0KOcYMlSZRDmVN0KcQ9xhKWilZ9ac3N37VzyKIkdIVP1I0XInOUxb5qVsnlcrt5WS7XzpzGrHNgD++AQmOAE1MAVqIMGwOARvIBX8KY9a+/ah/Y5bl3QJnx3wZS0r19Z1p8s</latexit>

a<⁄0/2

Fig.1. a) Schematic illustration of a subwavelength array of two-level atoms. At subwavelength inter-
atomic separation strong dissipative and coherent dipolar interaction dominates the optical response 
of the system. b) Electrically levitated nano diamond with embedded NV centre. The applied magnetic 
field couples the NV spin to the rotation of the particle.
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