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Fig. 1. The EuCl3-6H,0 crystal used in experiments, with
the thickness of 2 mm. The dashed box indicates the area
used in the experiment. Crystal’s axes are shown in the

lower graph, with the C, axis along [010] dirction.

2.1 7F0—>5DOEXEH"]1:E%:HTJ'|‘E|];)”JJ§

S AN 2 B WOy — SRR
FRBO A, i INREBE S S B AR
T, HIHOLL /N T 10 kHz. S RBEE Tl B2
3.5 K BRI, 5 2252 ga e R A i
Sy 18] J& 3 P 58 1. — 4> XU i ) 7P 1 e o) 2%
(AOM 1) ¥ & TH S HT G T, DASEHDEIF G
FRAL SRR . 55—~ FAGE i 14 75 6 8 il
(AOM 2) B FHER Z )5, FIVESGTT SC LB B a5t
HEAJE PG IR &S (Thorlabs PDA10A). M
A~ AOM H—/GHBEEEPIE kA48 (HDAWG,
Zuich Instruments) 3Xzfj.

Crystal

P2 SIS BN B AL OGS 1 580 nm BOLHE—
ASFESLIEHIEE (AOM 1) B, 3 A S BRI 2 58 4 1Y &b
WHER (Crystal) b i iG585 — A5 LR 4% (AOM 2)
iR, e 26t ZR & (PD) 4890

Fig. 2. Illustration of the experimental setup. The 580 nm
laser is modulated by an acousto-optic modulator (AOM 1)
and injected into the crystal sample which is cooled down
to 3.5 K by a cryostat. The output laser beam is controlled
by another AOM (AOM 2) and finally detected by a photo-
diode (PD).
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Fig. 3. The decay curve of two-pulse photon echo amp-
litude with time in EuCl;-6H,0. The optical coherence time
(Ty) is (55.7 + 2.3) ps by fitting the data to a single expo-

nential decay.
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Abstract

Quantum memory is a crucial component for the large-scale quantum networks. Rare-earth-ion doped
crystals have been a promising candidate for the practical quantum memory because of its very long coherence
time. However, doped ions cause unwanted lattice distortion, and consequently reduce the optical depth and the
storage efficiency. The stoichiometric rare-earth crystals have low lattice distortion and high rare earth ion
density, and thus are expected to enable high-efficiency storage. EuCls-6H,O is a promising material for
quantum memory applications because its optical inhomogeneous broadening can be smaller than its hyperfine
splitting and the theoretically predicted spin coherence time is up to 1000 seconds. Despite the numerous efforts
in solid-state quantum memory based on rare-earth ion doped crystals, optical memory and quantum memory
have not been implemented with stoichiometric rare-earth crystals yet. Here, we report the atom frequency
comb optical storage using a EuCly-6HO crystal. A coherence time of 55.7 us is obtained by photon echo
measurements on ‘Fo — 5Dy transition. The two-level atomic frequency comb storage is demonstrated with a
storage efficiency of 1.71% at a storage time of 1 us, showing the potential capability of optical quantum storage
of this material. Based on the analysis of the line shift of “Fy — °Dy depending on the sample temperature, we
highlight the challenge of achieving high-efficiency optical pumping in this material, which imposes a limit on

the achievable efficiency.

Keywords: quantum memory, atom frequency comb, europium chloride hexahydrate
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