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Fig. 1. Schematic configuration for the system: (a) The coupling of system to a bath; (b) the effective treatment

in a quasi-boson picture, where the system can be regarded as a chain of quasi-bosons; (c) the internal structure of

the A-type three-level atom.
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Fig. 2. (color online) The single photon transmission
spectra in the system of coupled cavity array nonlo-
cally coupled to a three-level atom in the ideal situ-
ation. A; = 0, Az = 1.5 (all is in units of coupling
constant £): (a) The photon transmission spectrum
under different driving field strength (2; (b) the photon

transmission spectrum under different g1; go = 0.5.
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Fig. 3. (color online) The single photon transmission

spectra at the situation of cavity field frequency detun-
ing from the atom in the ideal environment. Ag = 1.5,

go = g1 = 0.5 (all is in units of coupling constant ).
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Fig. 4. (color online) The atomic dissipation effects

on the single photon transmission spectra in the non-
ideal situation, A; = 0, A2 = 1.5, go = g1 = 0.5,

~Ye =73 = 0 (all is in units of coupling constant &).

VAR IR AR FEAAS. 5 30k [32,33) HR I 45 SR AR A,
B A RE B R R B T3 SR I A, (130
TIBHHE A TN 0, TS238 5 1 25 (8 BT b
(ST R A A 1, BB 4 AN B e 4 U
3.2.2 EFHHBLE R A

A5 s B B R RE IR PR AN i O RE IR L f
fis 4 1 v s 8 DA R fs R s 2 D P R 4 R
Yo, 5 e 2 18] RS B 5 B RE B X T B s
FRRE BRI 5 /N, AT LUKE L 208 i B4 7R 1K HLIRAT
FHE SR I FEBCR B, DA SRR & i B 51 v s A
HOn B B B L. 4 R I REELR K
INEIFEIAIS, B A FERCR 6 2 6 T3 5
HIEAE 2RI, BHEA R AESAE, WK 5 (a) Frs.

1.0

0.8}
0.6
0.4f:

0.2

0
—-2.0

92.0 I —1I.O I OI lI.O I 2.0
wW—we

Kls (MTRE) EBBELT, BBt &
wmsgm, A =0, Ay = 1.5, go = g1 = 0.5,
v2 =3 =0 (B N HUES, HAhSEHRAE € LifkR
1FHUE)  (a) ARBESFEBE TG FRES g, Hd
N = 10; (b) #E J1& Fe 41 AN 5 B9 Jl A 80RO 7 1B G
W, Hiye =0.01

Fig. 5. (color online) The caviy dissipation effects on
the single photon transmission spectra in the non-
ideal situation, A; = 0, Ay = 1.5, go = g1 = 0.5,
~v2 = 3 = 0 (all is in units of coupling constant £ ex-
cept the parameters of N): (a) The photon transmis-
sion spectra under different cavity dissipation rates.
N = 10; (b) the photon transmission spectra under
different numbers of the cavity in coupled cavity ar-

ray, 7. = 0.01.
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Fig. 6. (color online) The dissipation of the system ef-
fects on the single photon transmission spectra in the
nonideal situation, A; =0, A2 = 1.5, go = g1 = 0.5,
v3 =0, N = 20 (all is in units of coupling constant &

except the parameters of N).
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Abstract

In this paper, we discuss the transport properties of a single photon, which is in a coupled cavity array system where
the two nearest cavities nonlocally couple to a A-type three-level atom, under the condition of ideal and dissipation,
respectively. By employing the quasi-boson picture, the transmission amplitude of the single photon in an open system
is investigated analytically. The system where the coupled cavity array nonlocally couples with the three-level atom
demonstrates several advantages. Compared with other systems, this system has many parameters to manipulate the
single photon transport properties. Moreover, the system of the coupled cavity array that nonlocally couples with the
three-level atom may have a wider range of application because the single photon transmission spectrum in this system
has three peaks. Furthermore, it has characteristics of its own. At the same value of Rabi frequency (2, changing the
coupling strength between the atom and one cavity of the coupled cavity array shows that there exists an fixed point
where the transmission rate is always 1, and the point is corresponding to the frequency of the photon w. — 2. In the
nonideal case, it is shown that the dissipations of the cavity and the atom affect distinctively the transmission of photons
in the coupled cavity arrays. When considering only the dissipation of the atom, the atomic dissipation increases the
dips of the single photon transport spectrum, while the peaks have no observable changes. When considering only the
dissipation of the cavity, the peaks of the single photon transmission amplitude are diminished deeply, while the cavity
dissipation does not have any effect on the dips. In addition, with both the cavity dissipation rate and the number of the
cavity increasing, the photon transmission spectrum peaks decrease. A comparison of the dissipative cavity case with
the dissipative atom case shows that the incomplete reflect near the peak is mostly caused by the cavity dissipation,
and that the incomplete reflect near the dip is mostly caused by the three-level atom dissipation. Specifically, when
considering both the atom and the cavity dissipation at the same time, the dips of the single photon transport spectrum
are affected by both the atomic and the cavity dissipation. Instead, with the cavity dissipation rate increasing, the
photon transmission spectrum dips are reduced. But for the peaks of the single photon transport spectrum, the dips
are always determined by the cavity dissipation rate and the number of the cavity, while the atomic dissipation has no

significant influence on them.

Keywords: coupled cavity array, three-level atom, nonlocally coupling
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