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Fig. 1. (a) Scanning electron microscope (SEM) image of
PIEu?*:Y,Si05 crystal (doping level: 0.07%) fabricated by
focused ion beam milling. In the top view of the D;xb
plane, the width (D, axis) and length (b axis) of the trian-
gular nanobeam structure are 2 pm and 20 pm, respect-
ively. Two slopes at 45° relative to the surface of the crys-
tal are milled at both ends of the triangular nanobeam. (b)
Energy-level diagram for the ground state "F, and the ex-
cited state °Dy of site-1 ®'Eu* ions in Y,SiOj crystal at the

geomagnetic field.
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Fig. 2. Experimental setup. The yellow line represents the transmission path for 580-nm laser and the blue curve represents a single-

‘ Laser

mode fiber. PBS, polarization beam splitter; BS, beam splitter; AOM, acousto-optic modulator; AWG, arbitrary waveform generat-
or; SPD, single photon detector; A\/2 represents a half-wave plate. The 580-nm laser is modulated by AOMs and collected with a
single-mode fiber. The cage system within the dotted box includes a diffuse source which is a white-light source to illuminate the
crystal surface through BS,. The blue shadowed area indicates a cryostat with the sample and Helmholtz coils inside. The signal
light emitted from the sample is transmitted through the cage system again and spatially filtered by a slit at the another side of

BS;. If the flip mirror is turned on then the sample can be imaged on the camera, otherwise, the signal is detected by a SPD after

being gated by a double-passed AOM.
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Fig. 3. (a) Fluorescence decay for the "F, — °Dj transition of »'Eu®t in the Y,SiO5 nanobeam. The black dots are the fluorescence

data and the red curve is fitted by a single exponential decay. Error bars indicate one standard deviation with the same meaning in

whole paper. (b) Fluorescence excitation spectrum for the 'F, — °Dj transition of ®Eu?" in the Y,SiO5 nanobeam. The black dots

are fluorescence data, and the red curve is fitted by pseudo-Voigt function according to Eq.(1).

516.8478 THz.
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Fig. 4. (a) Pulse sequence for measuring the optical homogeneous linewidth of "!Eu?" in the Y,SiOy nanobeam. Preparation process

initializes the atomic population for each repeat of measurements. 40 ms after the preparation process, we apply the excitation

pulses which are three Gaussian pulses with a duration of 0.15 ms with equal frequency spacing. 10 ps after the excitation, the

detection gate opens for 2 ms to detect the fluorescence signal. (b)—(d) Fluorescence signal depending on the frequency spacing of

excitation pulses, with excitation powers of 220 nW (b), 440 nW (c) and 660 nW (d). Solid lines are fitted in accordance with

Lorentzian lineshape.
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Fig. 5. (a) Pulse sequence for measuring spin coherence lifetime of 'Eu®* in the Y,SiO5 nanobeam. The spin-echo sequence (RF
pulses m/2 —m—mn/2) are applied by the Helmholtz coils after the preparation process. The phases of the RF pulses are
0° —90° — 0° . After the RF pulses, the sample is excited by a chirp pulse with a duration of 500 ps and a bandwidth of 3 MHz,
and then fluorescence signal is detected with a 2-ms window. (b) Spin nutation measurement on the |+£1/2)g <> |£3/2)g trans-
ition of ®'Eu®t in the Y,SiO5 nanobeam. The red curve is fitted by damped sine lineshape. (¢) Fluorescence-detected spectrum for
|£1/2)¢ <« |£3/2)g transition. The orange curve is fitted by pseudo-Voigt lineshape. (d) Fluorescence signal as a function of the

total time of the spin-echo sequence.
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Optical and hyperfine spectroscopic investigations on
europium ions doped in yttrium orthosilicate waveguides
fabricated by focused ion beam milling”
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Abstract

Quantum memory is a crucial element in large-scale quantum networks. Integrated quantum memories
based on micro-/-nano structures, such as waveguides, can significantly enhance the scalability and reduce the
consumption of optical and electrical power. "Eu’":Y,SiO; stands out as an exceptional candidate material for
quantum memory, because it possesses a spin coherence lifetime of 6 h and an optical storage lifetime of 1 h.
Here we employ focused ion beam technology to fabricate a triangular nanobeam on the surface of a Y,SiOj
crystal. The width and length of the nanobeam are 2 pm and 20 pm, respectively. The optical lifetime and
inhomogeneous broadening of 'Eut in the triangular nanobeam are measured by fluorescence spectroscopy.
The optical lifetime is (1.940.1) ms and the optical inhomogeneous broadening is (1.58+0.05) GHz at a doping
level of 0.07% for »Eu?*. The hyperfine transition spectra are measured by using optically detected magnetic
resonance and spin inhomogeneous broadening of (19+3) kHz is obtained. Furthermore, we analyze the
coherence properties of optical and hyperfine transitions, respectively, via transient spectral hole burning and
spin echo measurement. We obtain an optical homogeneous linewidth down to (2243) kHz, which is still limited
by the instantaneous spectral diffusion. The spin coherence lifetime under the geomagnetic field is (5.140.6) ms.
The results demonstrate that 'Eu* ions embedded within the 2 pm triangular nanobeam essentially retain the
same optical and hyperfine transition properties as those observed in bulk crystals. Consequently, this research
lays a foundation for studying the integrated quantum memories based on "'Eu’* ensembles and the detection
of the single " Eu3* ion based on the focused ion beam technique.
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