Towards satellite-suited noise-free quantum memories
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The use of satellites equipped with quantum memories as transmission links between the nodes of a
quantum network could push the current distance limit for quantum key distribution QKD [1]. Atomic
vapours constitute an ideal system, since they do not pose the need to use strong magnetic fields or
large cryogenic systems. We realise a satellite-suited quantum memory in Caesium vapour, based on
electromagnetically induced transparency (EIT) on the D1 line. Here, the Caesium atoms act as three-
level Lambda systems (inset Fig.1a). A signal/control laser configuration on the |g)-|e) and the |s)-|e)
transitions respectively, is used in order to transfer the incoming signal pulse onto a spatially-distributed,
long-lived, coherent superposition of the states |g) and |s), referred to as a spin wave [2].

Using this technique we demonstrate the storage of a signal pulse in the memory and its retrieval
after up to 3 us (Fig.1a). Current memory efficiencies are Nviemory = 25%. Straightforward technological
improvements will allow us to further enhance these efficiencies. Furthermore, the prevalent noise
source in this memory is collision-induced fluorescence close to the signal laser frequency (Fig.1b).
We obtain a signal-to-noise level of unity for input signal pulses containing fi; = 0.013 photons, which
to our knowledge is significantly lower than in state-of-the-art EIT-based warm vapour memories. In
future work we plan to minimise the existing noise while boosting the memory efficiency, and to pair
our memory with a single-photon source [3,4] in order to achieve low-noise storage of single photons.
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Figure 1. a) Memory efficiency measured as a function of storage time. As a visual guide, a Gaussian decay is plotted. Inset:
three-level Lambda system with signal laser S on the |g)-|e), and control laser C on the |s)-|e) transitions of the Cs D1 line. b)
Noise detected on a single-photon counter, while scanning the frequency of one of the etalons used for spectral filtering over
two spectral ranges (fgsgr = 25.6 GHz), while keeping another etalon on resonance with the signal frequency. Large peaks at 0
and 25.6 GHz detuning correspond to leaked control-laser contributions, and small peaks are fluorescence noise near the signal
frequency. Reference vertical dashed lines show the control (red) and signal (blue) laser frequencies.
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