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Motivation: DLCZ protocol

Detection of a forward-scattered photon 
results in the excitation of  the symmetric 
collective mode defined by
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Writing, storing, and reading of 
a single photon 
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The origin of a grating 
(Indiscernability of the atoms )
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One atom is excited to the collective
atomic mode defined by S+
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Collective mode = Dicke state
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R. H. Dicke, Phys. Rev. 93, 99 (1954)
M. Gross and S. Haroche, Phys. Rep. 93,
301 (1982)

N-atom system  ⇔ N spin-1/2 system with the total spin J = N/2
(assumption: Indiscernability of the atoms with respect to   
photon emission)

Spontaneous emission rate of
the N-atom system:  

Bosonic stimulation
(Superradiant emission)



Raman scattering rate for a cigar-
shaped atomic ensemble
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Single-atom Raman scattering rate

For the reading (Ng = N-1, Ns = 1)
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Spontaneous scattering vs. 
Collective scattering
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The probability that an atom in the collective
mode emits a photon into the solid angle Ω

The ratio between spontaneous and collective
Raman scattering rates:
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Cooperativity parameter of 
Bose condensates

Typical size of a Bose condensate: d = 10 μm
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Typical number of atoms in a Bose condensate: N = 106

Cooperativity parameter for a typical Bose condensate：
310≈Ω≈NNη

Probability of successful retrieval of a single photon:
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BEC is ideal for storage
of a single photon!



cf.) Cooperativity parameter and 
Purcell factor for cavities

⎟
⎠
⎞

⎜
⎝
⎛==

Γ
=

Γ V
QCgR

2

32
0

4
322
π
λ

κ

κδκ
ππ

ωωδσσπ

δ
2

0
22

2
0

2
02

2/2

)(|0,|)(|1,|2

o

A

gkg

eaaggR

⎯⎯→⎯
+

=

−>+<=

=

++h
h

22

/
δκ
π

+
k Normalized 

Cavity line shape
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The ratio between R and spontaneous emission rate Γ (Puecell factor )
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Relation between cooperativity
parameter and superradiance
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Power in the 
end-fire mode

The amplitude of
density modulation:
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Superradiant Raman scattering in a 
Bose condensate

End-fire
mode
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Pulse duration: 100 μs

Y. Yoshikawa, T. Sugiura, Y. T., and T. Kuga, PRA 69 041603 (2004)



Measurement of the cooperativity
parameter(CP) of a Bose condensate
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Superradiance in a Thermal gas

Y. Yoshikawa, Y. T. and T. Kuga, PRL 94 083602 (2005)
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What determines the coherence time?

a) The endfire mode b) matter wave grating
(overlap of the wave packets)

Coherence time is given by the inverse of the Doppler width

Doppler width: 
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Storage (coherence) time 
measurement
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Storage time vs. temperature
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Merits of using a BEC for single 
photon storage

• Large cooperativity parameter (~103) 
(nearly 100% conversion efficiency)

• Long storage (coherence) time (~300μs)
(could be extended by Lamb-Dicke effect)

• Arbitrary angle between the pump and the 
signal light (possibility of simultaneous 
storage of many photons)


