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We suggest an all-optical quantum memory scheme which requires neither synchronization and 
temporal manipulation on the control field and medium nor the presence of the Stark or Zeeman 
effect in the atomic medium. The scheme is based on the off-resonant Raman interaction of a signal 
quantum field and a strong control field in a three-level atomic medium (Fig. 1) in the case, when the 
control field has a spatially varying frequency across the beam, called a spatial chirp. We show that 
the effect of such a spatial chirp is analogous to the effect of a controllable reversible 
inhomogeneous broadening (CRIB) of the atomic transition used in the CRIB quantum memory 
scheme. We find that for the optimal conditions the proposed spatial-chirp memory scheme is 
capable of almost one hundred percent efficiency in the retrieval of the stored quantum signal. 
 
The proposed quantum memory scheme is also analogous to the recently suggested Phase Matching 
Control(PMC) quantum memory method, in which a temporal modulation of the refractive index [1] 
or control field wave vector [2, 3] maps the incoming signal photon into spin wave distribution via 
phase matching condition. In the present model, PMC is realized by the phase evolution of the 
spatially chirped control automatically, thus no additional temporal modulation is required. This is 
especially useful for real application of quantum memory where the arrival time of the signal photon 
is not definitely predicted.   
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Figure 1. (a) Energy diagram of the off-resonance Raman interaction in a three-level Λ system. β is 
the frequency gradient of the control field, and L is the medium length. (b) Transverse excitation 
setup in which the propagation directions of the signal and control fields are perpendicular to each 
other. 

(a) (b) 

Speaker: Xiwen Zhang
Session: Poster Session
See program for placement.

PQE-2014 Abstract Processed 10 December 2013 0


