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(quantum bits) are a promising alternative to superconducting or thin film on a sapphire substrate. The Er ions 4, m = +1 EE | I " I~ ;1536-57i7nm
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earth spin qubits have gained attention due to their narrow energy Single Er ions are identified by observing Sclrz;atic £ tovel emeray sveter By ey Lon e c / VAR 62
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and near-infrared. However, the lifetime of spin coherencies suffers tunable thin film cavity, capable of enhancing transitions with state |3>.. On the right is a figure depicting the energy levels of v nd
from interactions between the rare-earth qubits and noisy the spontaneous emission rate of the Erbium.lt1 B~ = l N\ 1 l P .
environments. Here, we demonstrate a rare-earth spin qubit sensor Candidates for hosting nanostructures are 1500 1550 1600 1650 1520 1540 1560
embedded on an active resonant cavity on-chip. A single erbium ion Er:'YSO and Er:OCl nanocrystals, and \ / e / Wavelength (nm) Wavelength (nm)
IS chosen as a spin qubit. By placing the device In the vicinity of a Graphene nano tubes/fullerenes. VO2 has a E_r__!g_qﬂ__ @ ~ . B Field \\ / / |
resonant cavity structure, Purcell enhancement occurs, increasing temperature dependent metal-insulator { —— Left: In red, Is a spectrum of the broadband femtosecond
spin coherence lifetimes. Our cavity utilizes a thin film of VO2 transition. By controlling the temperature of the  REAREEET _ ,%\ pulsed laser, collected directly. In Green, a spectrum collected
deposited onto a gold back-mirror on a sapphire substrate. Vanadium device, the refractive index of the thin film can v by focusing broadband laser onto a gold-backed 0.02% Er:YSO
Oxide Is an active material whose index of refraction Is controllable be adjusted to create the proper conditions for crystal.
by a metal-insulator phase transition. We drop cast Er ions onto the Purcell Enhancement. This metal-insulator | o |
V02 surface and tune the cavity by adjusting its temperature. NMR || transition can also be used 10 destioy the s s pe o b i oo oo s A s o e s || RIGNE: In order to observe only the fluorescence of the Erbium
information of the ensemble is obtained by placing the device in an guantum state of the ensemble. purple arrow, when the cavity is tuned an enhancement of the fluorescence and YSO, the sample spectrum Is scaled, and then divided by
optical cryostat, applying an external magnetic field, and observing occurs. Additionally, the cavity can be tuned to increase the probability of the direct laser spectrum, producing the plot on the right. The
fluorescence lifetime and spin relaxation rate using a pulsed laser and pump-Erbium interactions. figure is zoomed in to show fluorescence at 1536.57 nm.
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can control the lifetime of coherencies and that the signal can be Experimental Setup
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observing anti-bunching in the photoluminescent signal of an '
ensemble of Er ions, a single 1on may be identified and selected as a N N \&
qubit. The quality of this qubit depends on its local environment. XY Translation 2™ floor breadboard —J— N ol
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of the florescence re-enters the microscope and is then subjected to a
Czerny-Turner monochromator. To obtain a spectrum the grating Is
rotated, an optical power related voltage Is created by an InGaAs
detector, measured using a lock-in amplifier, and then plotted vs
grating angle. The lifetime of the fluorescence can be measured
using a single photon detector, in the absence of an external B field.
By modulating the phase of the laser beam, using an external
magnetic field, and two single photon detectors, a spin echo
measurement can be conducted to measure the T, coherence
lifetime. Further, the signal may be enhanced by placing the qubits
onto the surface of a controllable VO2 cavity, which when tuned,
Increases the probability of light-qubit interactions, as well as directs
more fluorescence into the QUEST system. Magneto-Optical Cryostat
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