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La détection et l'actuation d'oscillateurs de taille nanométriques constituent des défis importants de la techno-
logie et de la science actuelle. La possibilité de manipuler des oscillateurs macroscopiques dans la limite 
quantique constitue aussi un sujet de recherche très actif. Des résultats marquants ont été obtenus ces dernières 
années, comme l'observation d'un oscillateur mécanique dans son état fondamental, le refroidissement toujours 
dans l'état fondamental par des méthodes optique, et la détection près de la limite quantique.  

Les molécules dispersées dans des matrices à l'état 
solide sont étudiées depuis longtemps par des mé-
thodes optiques qui permettent la détection d'une mo-
lécule unique. Notre groupe a récemment étudié de 
façon théorique la possibilité de coupler un oscillateur 
mécanique à des molécules déposées sur une surface 
(voir figure). On a montré qu'il n’est pas seulement 
possible de détecter le mouvement de l'oscillateur, 
mais aussi de le refroidir par ce couplage [V. Puller, 
B. Lounis, F. Pistolesi, Phys. Rev. Lett. 110, 125501 
(2013)]. Nous avons aussi trouvé que de cette façon, il 
devrait être possible d'obtenir des couplages très im-
portants, qui sortent des régimes normalement étudiés 
[F. Pistolesi, Phys. Rev. A 97, 063833 (2018)]. Nous 
venons aussi de montrer comment on peut générer un 

point exceptionnel dans le spectre de l'oscillateur mécanique [C. Dutreix, R. Avriller, B. Lounis, F. Pistolesi 
(unpublished)].  

 
Dans ce stage plusieurs points pourront être considérés. Un premier objectif est l'étude des effets des fluctua-
tions hors équilibre sur les prédictions d'existence d'un point exceptionnel et sur le comportent de l'oscillateur 
près de ce point. Le stage est purement théorique, il peut avoir une orientation plutôt analytique ou numérique, 
selon l'intérêt du candidat.  
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We investigate theoretically how single molecule spectroscopy techniques can be used to perform fast

and high resolution displacement detection and manipulation of nanomechanical oscillators, such as

singly clamped carbon nanotubes. We analyze the possibility of real time displacement detection by the

luminescence signal and of displacement fluctuations by the degree of second order coherence. Estimates

of the electromechanical coupling constant indicate that intriguing regimes of strong backaction between

the two-level system of a molecule and the oscillator can be realized.
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Introduction.—Perfecting displacement detectors is the
central motivation driving the research in nanomechanics
[1] and a necessary step toward quantum manipulation of
mechanical degrees of freedom. The main strategy is to
couple the mechanical oscillator to a well controlled
quantum system whose state can then be very accurately
measured. A nonexhaustive list of such detection systems
includes single-electron transistors [2], SQUIDs [3], qubits
[4], point contacts [5], optical cavities [6], and microwave
cavities [7]. A wide range of possibilities is opened by the
emergence of a new class of detectors, where the displace-
ment of the nano-oscillator modulates the energy splitting
of a two-level system (TLS) [8,9], which is then measured
via optical resonance spectroscopy. InRef. [8], the displace-
ment (x) of the nano-oscillator is detected by exploiting a
Zeeman split TLS (nitrogen vacancy center) embedded in
the tip of the oscillatormoving in a strongly inhomogeneous
magnetic field.

In this Letter we propose using the single molecule
spectroscopy [10–12] to detect the displacement of nano-
oscillators, such as carbon nanotubes suspended from the
tip of an atomic force microscope (AFM), see Fig. 1. At
liquid helium temperatures, the zero-phonon lines of single
molecule fluorescence excitation spectra are extremely
narrow, since the dephasing of optical transition dipole
due to phonons vanishes. For well chosen fluorophores or
matrix systems [10], such as the dibenzo-anthanthrene
embedded in a n-hexadecane Shpol’skii matrix, the zero
phonon line has a spectral width limited by the lifetime of
the molecule excited state (!10–20 MHz) [11,12]. Under
an external electric field, centrosymmetric molecules such
as dibenzo-anthanthrene usually gain permanent dipole
moments due to distortions induced by the surrounding
solid matrix. This leads to a linear contribution to the
Stark shift, which is usually much stronger than the qua-
dratic contribution. In disordered matrices, such as in poly-
mers, the permanent electric dipole moment can be as large
as 1D and is around 0.3D in a n-hexadecane Shpol’skii

matrix [corresponding to !3 MHz=ðkV=mÞ] [12]. This
allows one to use single molecules as highly sensitive
probes of their nanoenvironment and of local electric
fields [13,14].
By setting a bias voltage between the nanotube (NT)

and the conducting (and transparent) substrate, it is pos-
sible to generate an electric field between the NT tip and
the substrate at the limit of the discharge field Ec ¼
107 V=m [15], with a very large radial gradient of the order
of Ec=R ¼ 1016 V=m2, where R % 1 nm is the NT radius
[16]. Any small displacement of the NTwill thus induce a
large modulation of the molecular Stark shift, allowing an
efficient mechanical and optical transduction. For typical
molecules used in single molecule spectroscopy experi-
ments, this gives an expected electric coupling constant
! % 1019 Hz=m, 4 orders of magnitude larger than the
magnetic coupling constant observed in Ref. [8].
In order to show the capabilities of this detection tech-

nique, we provide explicit predictions for the luminescence
excitation spectrum and the second order photon correlation
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FIG. 1 (color online). Schematic representation of the pro-
posed experiment. (a) Standard far-field confocal microscopy
setup for single molecule detection with a carbon nanotube
suspended from an AFM tip. (b) Modulation of molecular level
splitting during the nanotube oscillations.
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