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Spin-Mechanics with Levitating Diamonds 
 
Experiments on trapping particles containing atoms with a spin degree of freedom have 
shown remarkable progress in recent years [1].  
 
In our team, we have developed a micro-electrostatic trap for diamond particles containing 
defects whose spin can be coherently polarized and manipulated with microwaves (see fig. 1). 
These defects are molecular systems consisting in the association of a nitrogen atom and a 
vacancy (NV center). Thanks to a coupling mechanism of the spin of the NV centers in the 
diamond with the oscillation of the diamond in the trap, we have been able to demonstrate an 
efficient cooling mechanism of the angular motion of the latter [2].  
 
 

It is in fact theoretically possible to control 
this motion until it is cooled to the ground 
state of the harmonic oscillator.  
The objective of the internship (and later of 
the thesis) will be to levitate ultra-pure 
diamond particles and employ instead the 
coupling of the motion to nuclear spins to 
move towards this regime.  
 
The perspectives offered by this type of 
experiments range from the detection of weak 
magnetic fields to the observation of quantum 
effects on macroscopic objects.  
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of green laser and a maximum of 20 dBm of microwave
power can be brought to the ring to drive the electronic spins.
More details on the experiment, such as the number of NV
centers and the diamond shape and size, are presented in
Refs. [25,31] and Sec. I of the Supplemental Material (SM)
[32]. Compared to the experiment performed in Ref. [25],
the ring trap is 4 times smaller. We measured it to be 180 μm
in diameter, which means that both the confinement and
microwave powers at the trap center are greatly increased.
Using such a tiny ring trap is crucial for reaching angular
stability under vacuum.
Before realizing experiments with levitating particles, an

in-depth study of the spin properties of NVs from diamonds
that are cast on a quartz plate was realized beforehand. It is
presented in Sec. II of the SM [32]. Since at present we
cannot compare the properties of the same particle in and
out of the trap as was done in Ref. [41], such a charac-
terization step was mandatory to estimate the influence of
the trap on the NV photophysical properties.
To realize spin coherent control, we apply a magnetic

field that lifts the degeneracy between the state jms ¼ "1i.
As discussed in Sec. II of the SM [32], crystal strain
partially lifts the degeneracy between the jms ¼ "1i state
and possibly also between the four orientations of the NV if
anisotropic. Applying a magnetic field will thus ensure an
addressing of a more homogeneous class of NV centers.
This will in turn reduce the ESR linewidth and improve
the measured coherence time. Applying a magnetic field,
however, means that the measurement must be realized on
angularly stable particles (see Secs. II and III of the SM
[32]). Figure 2(a) shows an ESR taken under atmospheric
pressure in the presence of a magnetic field of about 50 G.
Eight distinctive dips are observable, corresponding to the

projection of the magnetic field over the four NV quantiza-
tion axes inside the levitating diamond crystal. When
comparing this with typical ESR widths and contrasts
obtained with deposited diamonds [32], we conclude that
the diamond does not rotate over the course of the meas-
urement. This angular stability was interpreted in Ref. [31] to
be due to a trapping mechanism akin to that of the center of
mass when the shape of the diamond particles is asymmet-
rical (a SEM image of the diamonds is shown in Sec. I of the
SM [32]). Here, the laser and microwave signals are just
below the saturation of the transition; we then expect the
ESR width to be determined mainly by the coupling to the
diamond strain and coupling to impurities [42,43]. Each
ESR dip is indeed well approximated by a Gaussian function
with an average width σ of about 8 MHz. We thus expect T#

2

times of about 50 ns.
Another important quantity is the lifetime of the spin

population in the jms ¼ 0i state, the so-called T1 time,
which can be as long as milliseconds in bulk diamonds at
room temperature. For optomechanical experiments involv-
ing spins, ideally the population lifetime time should equal
half of the transverse coherence time for an optimum spin
coupling to the motion coupling [8,27]. It is thus important
that the T1 time is as large as possible, and possibly limited
by electron to phonon processes, as can be the case in pure
bulk diamonds [44,45]. Figure 2(b) shows a measurement
of the T1 time of NV centers in the levitating diamond. The
typical parameters of a sequence are detailed in Sec. II of
the SM [32]. The evolution of the PL as a function of the
waiting time shows exponential decay of the photolumi-
nescence, indicating that the NV centers remain in the
jms ¼ 0i state for more than 3 ms. Such a long T1

highlights two features of this experiment: in our diamonds,
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FIG. 1. Schematics of the experiment. A charged micron-sized
diamond containing NV centers is levitating in a Paul trap. The
spin properties of the NV centers are analyzed using confocal
microscopy with both oscillating and static magnetic fields. The
trap can be operated under vacuum or atmospheric conditions.
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FIG. 2. (a) Electronic spin resonance spectrum, (b) longitudinal
spin relaxation, and (c) Rabi oscillations from NV centers in a
diamond monocrystal levitating in a Paul trap under ambient
conditions.
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Figure 1 : Levitating diamond with embedded  
individual spins 


