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Fig. 1. (a) Level structure of "F, 7 5D transition for the 1513+ at site 1in the Y,SiO; under a zero magnetic field. f, =
516.8472 THz, f; = fy + 34.5 MHz, f, = fy — 20.9 MHz. (b) Pulse sequence measuring the spin transition |+1/2)s — |£3/2)g. The
preparation includes the process of class cleaning and polarization. The frequency of these pulses is corresponding to the frequency
of the arrows of the same color in Fig (a). Every pulse during the preparation is a chirp pulse with a duration of 1 ms and a band-
width of 4 MHz. A Gaussian pulse, with a duration of 1 ms, is generated by the Coil 10 ms later after the end of preparation. A
chirp pulse, with a duration of 1 ms and a bandwidth of 3.8 MHz, is applied to the sample 10 ps later after the RF pulses. The gate
is turned on, 10 ps later after the pumping pulse, to provide a 2 ms detection window for the single photon detector. (¢) Y,SiOs

boule, and the sample is taken from the center of the crystal in the blue rectangular area.
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Fig. 2. Diagram of experiment set-up. The 580 nm laser
(yellow line) is modulated by a double-pass acousto-optic
modulator (AOM) to control its frequency and intensity.
The modulated laser pulse passes through the sample in a
cryostat. The laser passing through the sample is detected
by a photo detector (PD) to measure the absorption spec-
trum. At the same time, the fluorescence (red line) of the
sample excited by the laser is filtered by a polarizing beam
splitter (PBS). The fluorescence collected in the reverse dir-
ection enters a single-photon detector (SPD) through a gate
consisting of two acousto-optic modulators. The radio-fre-
quency excitation signal is generated by an AWG and amp-

lified by a radio frequency amplifier.
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Fig. 3. (a) Optical absorption spectrum for the "F, — °D, transition of Eu* ions at site 1 in Y,SiO; with variable doping concentra-

tions. (b) Fluorescence excitation spectrum for the F, — °D, transition of the 0 ppm sample, and the black squares represent the

data points, red curve is the fitting curve. (c) Optical inhomogeneous linewidth fitted as a function of Y'Eu" concentrations.

[*51Eu3*] is the concentration of ''Eu3t ions. I} opt-inh is the optical inhomogeneous linewidth. Black squares stand for the data

points. Red and blue lines represent linear fits of 0-10* and 104103, respectively. The fitting equations are depicted in the graph,

accompanied by arrows indicating their corresponding lines.
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weights pl and p2 represent the contributions of the Lorentzian component in the pseudo-Voigt fitting, corresponding to the

optical absorption and spin transition, respectively.
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Fig. 4. (a) Spin transition spectrum for the ground-state |+1/2)g — |£3/2)¢ transition of 'Eu* ions in Y,SiO5 with variable dop-

ing concentrations. (b) Fitting curve of concentration-dependent variation in the spin inhomogeneous broadening. [**Eu3*] stands

for the concentration of ¥'Eu®* ions. Iypin.inn represents the spin inhomogeneous linewidth. Black squares are the data points, and

the red and blue lines represent linear fits ranging from 0-10* and from 10 %103, respectively. Fitted equations are illustrated for

their respective lines in the graph.
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Concentration-dependent optical and spin inhomogeneous
linewidth of europium-doped yttrium orthosilicate crystals”
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Abstract

The transportable quantum memory is a feasible solution for realizing the long-distance quantum
communication, which requires a storage lifetime of the order of hours. The isotope-enriched P'Eu?*:Y,SiO;
crystal is a promising candidate for this application. However, its optical storage efficiency and spin storage
lifetime are limited by the wide inhomogeneous linewidth. In this work, we successfully grow isotope-enriched %
Eu**:Y,Si0; crystals with varying doping concentrations by utilizing the Czochralski method. The optical
inhomogeneous broadening and spin inhomogeneous broadening are measured by the optical absorption
spectroscopy and optically detected magnetic resonance tests, respectively. Notably, in the undoped samples, we
identify a baseline level of inhomogeneous linewidths, happening at (390 4+ 15) MHz for optical inhomogeneous
broadening and (4.6 + 0.2) kHz for spin inhomogeneous broadening. Our findings reveal that the point defects,
induced by the doping ions, significantly contribute to the inhomogeneous broadening. For every increase of 106
in doping concentration, the optical inhomogeneous broadening increases by 0.97 MHz, and the spin
inhomogeneous broadening increases by 0.014 kHz. Furthermore, we discuss the influence of dislocations on
inhomogeneous broadening and propose potential strategies to further mitigate these effects. These
advancements are expected to promote the development of ultra-long-lifetime transportable quantum memory

applications.
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