
The Difficulties of Storing Single Photons in an EIT Quantum Memory, When
Four-Wave-Mixing is Present

Christopher O’Brien,1, 2 Nikolai Lauk,2 and Michael Fleischhauer2

1Department of Physics and Astronomy and Institute for Quantum Studies and Engineering,
Texas A&M University, College Station, TX 77843, USA

2Physics Department, Technical University Kaiserslautern, D-67663 Kaiserslautern, Germany

A reliable quantum memory (QM) for photons is
one of the essential ingredients for quantum com-
munication and optical quantum computing. One
optical quantum memory implementation, electro-
magnetically induced transparency (EIT) [1] has
been used to store weak coherent pulses in hot Ru-
bidium gas with storage times of Ts = 1ms and
storage efficiencies of ηm = 45% [2], as well as in
cold Rb magneto-optical traps, with storage times
of Ts = 1ms, and ηm = 78% [3].
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FIG. 1. (a) Level scheme for the four-wave mixing pro-
cess. (b) Plot of the transmission coefficients for EIT
(dashed) and 4WM (solid). The parameters were cho-
sen to emphasize the spectral behavior.

The storage efficiency of EIT QM is limited by
two considerations. First the spatial pulse size Lp

must fit entirely inside of the medium Lp = Tpvg <
L. Secondly, the spectral width of the pulse ∆ωp

must fit within the transmission window, ∆ωp �
ωEIT '

√
Dvg/L. The two requirements compete

with each other and both can only be satisfied at
large optical depth

√
D � 1.

However, with high optical depth, non-linear pro-
cesses need to be considered. In particular, a four
wave mixing process (4WM) where the control field
also acts as a far-detuned field on the signal tran-
sition spontaneously generating a new idler field.
This idler field then moves population into the spin
state, which is pumped by the control field to the
excited state as shown in Fig. 1(a). The medium
is still transparent to the signal pulse due to EIT,
but now there is gain from the extra population in
the excited state, as shown in Fig. 1(b).

EIT with 4WM has the advantage of signal gain
which could be used to compensate losses in the
medium, naturally enhancing the storage of classi-
cal signal pulses. But the goal of a quantum mem-
ory is single photon storage, where gain is a liability
since it is always accompanied by additional noise.
We therefore address the case of a single photon
propagating in an EIT medium with 4WM, by de-
veloping a full quantum model for pulse propaga-
tion which we use to calculate the memory fidelity
of EIT with 4WM [4]. We also study the main noise
contributions due to 4WM, signal photons gener-
ated directly from the vacuum and noise introduced
from a non-zero excited state population, showing
that 4WM introduces a clear upper limit on the op-
tical depth that can be used for quantum storage.
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