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Fig. 1. Schematics of one dimensional arrays of coupled cavity under the environmental effects: (a) The

coupling of the system to a bath; (b) effective treatment in a quasi-boson picture where the system can be

regarded as a chain of quasi-bosons. The decay rates of a and b cavity modes is v, and ~3, respectively. The

decay rates of energy |2) and |3) are v2 and ~3.
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Fig. 2. (color online) The single-photon transmission spectrum as a function of detuning d, for the dissipative
case. The parameters are set as follows: (a) and (b) for the dissipative cavity case: v, = (0, 0.3, 0.35) (red,
blue, green line). In (a) w2 = 1, but for (b) w2 = 2. The other parameters are gy =1, n =1, §, =0, wq = 1,
€=4,7 =0.3, 74 = 0.3, v3 = 0.3.
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Fig. 3. (color online) The single-photon transmission spectrum as a function of detuning d, for the dissipative
case. The parameters are set as follows: (a) and (b) for the dissipative atom case v = 0, v2 = (0, 0.3, 0.35)
(red, blue, green line); (c) and (d) for the dissipative cavity case v2 = 0, vo = (0, 0.3, 0.35) (red, blue, green
line). In (a) and (c) w2 = 1, but for (b) and (d) w2 = 2. The other parameters are g, =1, n =1, §, = 0,
we =1, =2, =0.3, v3 =0.3.
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Fig. 4. (color online) The reflection spectrum and effective potential versus the detuning and photon number:

(a) ¢ = 0.36, v2 = 0; (b) v2 = 0.36, v¢ = 0; (c) v2 = 0.36, 7o = 0. The other parameters are g, = 1,

YW =0,73=0,w2=3 wag=1,8§=2.
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HIE ARG GBI, 7T LCRIMEE(E R A TS
RN BB, B iR U
PSS W S U B AR w, RAE, X TR
2 o XF S E L p(wr). BBE SN R 2R 37 1 A ) R
i WA — NI TR, er M eq 70 BN G TR 8L
S b OB, 122 St K0 2 WU

H = waalao —l—/dwr?“TT
+/ﬁwmwmﬁw+ﬂq, (A1)

Herr e AT 2359 FE 3 BOBER O w, I 2 0 3 R R AR
BAF, EATH RN B KR [r(wr), rT (wr)] = 6(wr — w)h),
n(wy) RIESES 2 MG E. 7GR
RN
6) = caahl0) + [ dwrpwre,o),  (a2)
Hrp|0) RAREEE, REWHEARMETTE
H|¢) = wlg), (A3)

How NRGRER NI, 4671 (A1), (A2) 1 (A3)
Fx (A3) K5 (0|ao A1 (0| BL AR, AT LS 3 T 1
TR

Wa€a + / dwrp(wr)n(wr)er = weq, (A4)
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wrer + 1" (wr)ec = wer. (A5)
v 3 . 1 1
B 57 (A4) sF (A5) 3 IF A A limy, o+ el P =
ind(z) 132!
2
Weq = Wa€a + / dwrmea
W — Wy

= Wa€q + {]z;/dwrM —inn(w.)|*|ea. (AB)

w— wy
LA AR AR, |n(wr)|?/ (@ — wr) < w, ATEL
WKL TR 5.
2 2
p/ dewr ‘|Z(f2),| ~ P/ don )L i,

Wa — Wr

(A7)

X w = wp AL HET FEREAT AT IE S, T DABB AR K
P39 5 10 I (O AR 5 fi i, M P 5 2R AT RAEARL AT 45 2

in|n(w,)* = injn(wa)| = iv. (A8)
M5 R IR A R 5SROI 7T LK (A6) NS N
(wa + dwa — 17)eq = wea, (A9)

H1 T Owa FIXS T wa Jo/INEE, BRI AT DRSS 25 B R HL
WCBE wa, PRI R EE 37 2 R ) R GE 0N — D S

(A10)

/ .
Wy = Wq — 17,

W TR R T 5 5 5H A I IS 1O 0 10 A A
I S P A e — A B, AR b T — AR
b I, R PO O A TR S T BN
BT 25 (YL T8 I 77 A 0 R 7443 B
e 3275, EREBEH B LR [, d = 1+ i7/we ~ 1)
PEWE T R T, JiTR (A3) o s R R A 41 P 28
R0 2 5 00 W 1 T B A 6 0 R Hogr, %4 2
AT REN

Heitlp) = wac'clp). (A11)

YT HEAE A TR 1 5, HT Jaynes-Cummings
A o JET 1R T B SR R VR AT (B TO62E P O IR
HBRETT), AR P ETELRF, ERAVE R T RS
FEERA R EECTFIEFEAE SHELF I, WKL
s P AL R A 2SI ANME B €0 TR BRI AR RN R T, H
AAESHALN wi = w; — iy AHBRIE TR B .

FETOR, AV TR G T RE 51 5 FREEAR FLAE FH I L.
WO, B2 g2 R BA RS ET AR
MAREE. RREL5EMEREN, RTRGMREME
WERAAMBAER. RATE BGPTSR,
BT AL ER EAR S T T — AN 5075 B B AU R 8,
BABEMETFH S5 HFSRSEAAHLER, 7+ EREEANER
AHFRFERE va. cHIXTHRRSGINEGRR, BRI

Rt B AN X EATTA AR LR A R AR . O T
ot 2 2 5 BUR T2 R & SOZ RN E S, (EIRAT AT L
MY RAA T, I HACIRA RGN A A gt

NI SR G S S AR S oL BB
E I — A RINSHEEH S MES RS, BT R
JiE AT [ AORE RIS, BT U3 B JA) 3042 8 ) 51 PO AR A
BN 1 IR RACRT DA AN T, AR AT BRI ] RUBE P, 507D
R BN JE B RE IR AN 20 0T JE A PR 0 F) A A 7 A B I
(RIFEIR, PR AR R R RS & R ST IR A 2L,
FEREBEOMEZES, AR MRS W] AR B2 — MEB (T8

i A LSS AR SR AL AL o) 5 2

g(r)

CT(wf + ) =V x (V x 4) =0, (A12)
L, KR IBR A 23 A
o = 5 [ dreatr) - ()1
~y [ drleot)  slgi05
—a (A13)

PRI, FRATTRT LA BRI 73 11 K 1) F e 2 i

Hegr = wy, ZB;Bj —aw, Z Z’;E;‘-
J

(4,3")

(A14)

A BT B 007 3, BIBRR L E A, R
WU A DL N T i A

H = Hc + Ha + Hi, (A15)
Hc = Zw;&;&j + wbi)}gj
J
— ¢y (al,,a; + He),
J
Hp = whe™® + wha™?,
Hy = ga6 o + g»6>°b + Hec., (A16)
HAw, = we — iYe, W = wp — i, wh = w2 — ive,

wh = w3z —ivs, & =& — ik, K = aYa.

G, JATTAESE (7 B R R T R G ek Btk A7
— UL BLFERUIE 90, BT (A1) SR THER A
TR AT, HAE B 25 [R] 3R AR s 3 T M ], 2
B(1)) = Ea e~ watch|0), Hhe, R RGIHE —MERET
PIMEAR IR, AiZREUrT LA, A I (A 3 AL, 3 A v
W7 B b i H0 BB RGE. HULFER, 5
T e et 4 |G(t)) P — A TR T e, B (A2)
2 B I TR) R IR e 0T B e e 770t FEMES (B TR
RN T, AL |p(t)) A — FlHEBE (quasinormal-mode)
= fH Je# (damping basis).
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Single photon transport by a quantized cavity field
driven cascade-type three-level atom in a dissipative
coupled cavity array”
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Abstract

In this paper, a new kind of quasi-boson method is used to eliminate the coordinates of the environment and
redescribe the dissipative system by using an effective Hamiltonian; the localized mode and the interaction between
cavities can be renormalized. Based on the quasi-boson approach, the single photon transport in one-dimensional
coupled cavity array, with a driven cascade-type three-level atom embedded in one of the cavity, is investigated under
the influence of the environment. The single-photon transmission and the reflection amplitudes are obtained analytically.
And the additional effective potential induced by the interaction between the atom and the cavity is also derived. The
effects of the controlling parameters on the reflection and transmission amplitudes are discussed with considering the
dissipation. It is shown that the decay rates of the atoms and the cavity both reduce the reflection spectrum. But the
dissipation of the atom has a significant influence on the reflection amplitude compared with the cavity decay under
the same conditions. Due to the irreversible loss of energy, the photon number is non-conservative. Furthermore, the
single-photon can be almost reflected by the three-level atom in the dissipative case when one adjusts the detuning and
photon number of the quantized cavity field. The investigation will be of benefit to the realization of photon transport in

a real experiment, which is also helpful for manipulating the photons in quantum information and quantum simulation.

Keywords: environment effect, coupled cavity array, quasi-boson approach, single-photon transport
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