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Characterizing the single-photon properties of a heralded single photon
α is a heralded auto-correlation parameter used to characterize the properties of a signal
photon.  
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, where P3 is the Stokes photon count, P31 and P32 are the twofold coincidence

counts between the Stokes photon and the two anti-Stokes photons, separated by a beam splitter,
and P123 is the threefold coincidence count. For an ideal single-photon state, α tends to zero, for a
classical field, α1, based on the Cauchy-Schwarz inequality1. A pure single photon has α=0 and a
two-photon state has α=0.5. Therefore α<1.0 violates the classical limit and α<0.5 suggests
near-single-photon characteristics. In our experiments, α=0.074±0.0012 before storage and
α=0.29±0.02 after storage for about 150 ns, confirming that the single-photon nature was
preserved during storage2.

Storing a nanosecond short pulses
The maximum storage bandwidth of our memory was studied. The pulse width of pump 1
laser was changed by using an arbitrary function generator AFG 3252 to change the pulse width of
the generated anti-Stokes photons. The pulse widths of the anti-Stokes photons were reduced as
much as possible. Because the timing sequence was controlled by the software of card PCI 6602,
AOM and AFG 3252, the final width of the anti-Stokes photon at FWHM was about ~7 ns under
the limit of our system (see Fig. S1). The results on storing anti-Stokes photons are given in Fig.
S2, where Fig. S2(a) is the input signal without a coupling laser and atoms trapped in MOT B, Fig.
S2(b) is the storage data and Fig. S2(c) is the recoded noise, where anti-Stokes photons were
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blocked, with an opened coupling laser and atoms trapped in MOT B. The storage efficiency was
10.3%. The measured second-order cross-correlation (gs1,s2(τ)) for the retrieved anti-Stokes and
Stokes photons was about 13.6, showing the large nonclassical correlation between them. The
practical timing pulse width of the measured cross-correlated function was larger than the timing
pulse width of the anti-Stokes photons, because of the influence of the life-time of the atomic level,
|4>. The stronger Rabi frequency of the pump 2 laser could be used to reduce the time pulse width
of the cross-correlated function3–5. If the resolution of the timing controller could be improved,
then the system could store a pulse with a smaller timing pulse width (<7 ns) in the quantum
regime.

Fig. S1: Measurements of the timing pulse width of the anti-Stokes photons excited by a pump 1
laser. The coincidence counts between the trigger from AFG 3252 and the detection events of the
anti-Stokes photons were recorded. The red line is the fitted curve, found using: y=y0+A
exp[−2((t−tc)/w)2], where w=6.3; y0=4.6; tc=47.5; and A=492.9.
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Fig. S2: a, Coincidence between the anti-Stokes and Stokes photons without storage. b,
Coincidence between the Stokes and retrieved anti-Stokes photons. c, Coincidence from noise.

Storing a photon under far-off resonance conditions
Here, the memory performance under far-off resonance conditions is further studied. The
frequencies of pump 1 and the coupling lasers were changed to make them far-detuned, +200
MHz from the atomic transition of |1>−>|4>. Thus, the generated anti-Stokes photons were also
far-detuned by +200 MHz from the atomic transition of |2>−>|4>. The power of the coupling laser
was increased as much as possible to perform Raman storage at the single-photon level. With an
atomic absorption bandwidth of 5.8 MHz and an almost negligible Doppler linewidth at an atomic
temperature of 100 μK, the detuning of the atomic bandwidth ratio was 34.5. During storage, the
width of pump 1 laser was 50 ns, the power of the coupling laser was 110 mW with a beam waist
of 2 mm, corresponding to a Rabi frequency of 17.6 Γ (where Γ is the decay rate of level |4>). At
the same time, a home-made F-P cavity filter was inserted into the filtering system (3 filters were
used in the previous experiments). The final extinction ratio of about 109:1 was enough to reduce
the scattering noise from the coupling laser. The results are shown in Fig. S3. Fig. S3(a) shows the
coincidence between the anti-Stokes and Stokes photons without a coupling laser and the trapped
atoms in MOT B. Fig. S3(b) shows the storage data and Fig. S3(c) is the recoded coincidence with
the anti-Stokes photons blocked, the coupling laser opened and atoms trapped in MOT B. The
measured gAS,S(τ) for the retrieved signal was 5.6. The signal to noise ratio could be improved if
more filters were used to reduce the noise. The noise in Fig. S3(b) is Raman scattering from the
few atoms in level |2> that were excited by the anti-Stokes photons.

NATURE PHOTONICS | www.nature.com/naturephotonics

3
© 2015 Macmillan Publishers Limited. All rights reserved

3

SUPPLEMENTARY INFORMATION

(a)
(a)

DOI: 10.1038/NPHOTON.2015.43

(b)
(b)

(c)
(c)
Fig. S3: a/b, Coincidence between the anti-Stokes and the Stokes photons with a single photon
Fig. S3: a/b, Coincidence between the anti-Stokes and the Stokes photons with a single photon
detuning of +200 MHz before/after storage. c, The recorded noise.
detuning of +200 MHz before/after storage. c, The recorded noise.
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