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Ramsey Interferometry with a Levitated

Thermal Mesoscopic Object

Diamond bead trapped in an optical trap. The bead contains a spin-1 NV

center. ,
No cavity,

no cooling,
no 1nitial
state preparation
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Borrowing an idea from COW  |0>



Coupling between the spin and the motion

Calling (0,0,0) the position of the minimum of the potential, let us
consider the magnetic field of a magnetized sphere with magnetic
dipole m=(0,0,m,) placed at the position (0, O, z,). Expanding it up to
first order around the center of the trap, the magnetic field is:
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The zeroeth order term in B gives a Zeeman splitting between
|+1>and |-1>.



Coupling between the spin and the
motion

The linear term in the expansion gives the following coupling
between the spin and the vibrational motion:
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Spin-dependent displacement in
a gravitational field

In the limit case of infinite w, and w, the Hamiltonian
describes a conditional displacement of the trapping
potential, whose direction depends on the value of S, :
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The interferometric scheme

Suppose that the oscillator is initially in a coherent state |p>
and that the spin is in the eigenstate |S_z=0>:
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Step 1: apply a very rapid mw pulse which transforms the
state of the spin according to:
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So that we obtain the superposition of two states which
oscillate in opposite directions.




Evolution of an arbitrary coherent state
(at the time period 7' 1t comes back!)
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Evolution

Step 2: the state evolves for time T equal to the period of the
oscillator; the oscillation is different according to the spin, but at
t=T the vibrational state is the same for both |+1> and |-1>

so that the spin state is separated from the vibrational state
and is (up to a global phase):
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m = 10"(-17) Kg, omega z =100 kHz, Delta x=1 pm, Delta t ~ 1 mu s,
Gradient ~ 10"4 T/m, we have Delta phi~ 1



Measuring the phase shift due to
gravitational potential difference

Step 3: apply the same very rapid mw pulse as in step 1,
which, in the absence of the phase difference A¢ transforms
the state of the spin according to:
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The presence of A¢ gives a modulation of the population of |
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Free particle in an inhomogeneous magnetic field (acceleration +a or —a)
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Free flight scheme able to achieve 100 nm separation among superposed

components:
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10710 amu mass can be placed in a superposition of states separated by
100 nm.



A Schematic of two matter-wave interferometers near each other
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Consider two neutral test masses seld 1n a superposition, each
exactly as a path encoded qubit (states [L> and |[R>), near
each other.
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The above state is maximally entangled when A¢rr +
AquL ~ Tl.
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For
d— Azxr << d,Ar,
we have
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For
d— Azr << d,Ar,

we have

GmlmgT
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AQRrr ~ >> A¢rLr, Aorr, APrr

For mass ~ 10”(-14) kg (microspheres), separation at
closest approach of the masses ~ 100 microns (to prevent
Casimir interaction), time ~ 1 seconds, Delta phi {RL} ~ 1
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Spin Correlation Functions Certifying Entanglement




What does 1t imply 1n the context of low energy effective field
theory?
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Superpositions of distinct (?) coherent states of the gravitational field



Conclusions

Long term motive: Enhancing the domain of investigation
of the quantum superposition principle
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