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Fig. 1. Sketch of the output light fields in a double-

cavity optomechanical system.

AR SR FH o B gtk 95900 {1 v R BB 5
Mgt M) & MR, iRk
A G AT AR IR Y

Dy lwom] = [ dw'e W pWE W), (@)
o, T AR O 55, 1

ag g
o' = (w-3)] -0~ («+ 3)]
7 :
(5)
ot 0[w] AR R EL, o it a3s B 5, w N
OB p L . Tk e T TR R K o
KT IR A
D, 0, 7] = \% /w T e W, (6)
Hrfws = w2, m R w; (0%t ),
ARSI T AR D' 2 s [ B At 1 D' 3 2 ) 1 2 4
FTCAAT L 7 = 75 = 0. FIXTECE ki 550 H ks
DS w, o, 0] A1 DS [—w, o, 0] 22 [8] ) B 7 21 4 i

flw) =

En = max[0, — In 27], (7)
Hrp
n:\}i\/E—\/ZQ—detV, (8)
Pl
Y =det B+det B’ —2detC, (9)
B J 4 x A KIIERE V (052 X8 Vi = (it +
ajag), Hha = {&,p1,22,p2}", Ha =
D; + D} D; — D}
Ll p; = L 9% 2 Ml B, B'fl
7 Hlp NeT x 2 [ A
C 5KV FIREREN

[5)
V= . (10)
cT B

3 ez e By 2 g 1

R H A7 1 (9) 2R 23 3l 518 7 5 9R  1) ith
By PR AR o LA ARMH SRS G > Gs
X4t 3 2 1) 24 28 ) 5 .

eI AT 2R 1 st T8 2Ry X Y 28 (1) 5
M, X HEERIR A S (G > k), HFMSH
G =Go=G =5x%x10° k1 = kg = k = 10° LA
Mo — 0. %o — 0, Hi 637 8 5 a-F
TR, TR 25 1 H L A3 22 w B g L Ol 37 I A 2.

104203-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 10 (2018) 104203

B2 45t 1 AE D)5 3R 1 st FROE 2y AN FIUE T, B
v =1 (AL, v = 102(HEEEL), v = 10
(G0 R I 1% G 2 TRV 2N 9 En B S DR 3%
LR w/k 2. B2 0 AL fEo — 0
FISRAE TR, 2t e I B O AR O i R
W (fEEF 2% R/ T, RN w = 0), I DG
W 1A b R, 2 YRR A v L AR w BB A
Wrigk N, H HA En(w) = En(f;u) piBuRARCATIFSIR
e SRR 248 En(0) ~ m(ﬁ), i T L6
FE i G v SR 50 S JE SRR AR 3,
IR B ol TR 2y i O TR ) A g
KM, v = LI, En(0) =~ 16.81, v = 10?
i, En(0) ~ 12.21, v = 10* &, En(0) ~ 7.60. i
24 H 6 3 B b0 B G ' o i ) S R A
I, 732 3% - 1) th T4 38~y %o 21 20 (1) 5 1) 328 34T U
N T IFRA DL (G < k), 4R i
1 LA R R DX, W 2 BB AR /),
B2 gt 7y = 10% WSS G 2 gih 22, WHR
sk, HZHOh: G1 = Go = G = 2 x 104,

K1 = ko = Kk = 10°.

—4 -2 0 2 4
w/k

2 fio — 0 ISR, 1%k T ib ol ~ BUR M
i, S e < W21 98 En B8 6 O w/k
izt A %KM (G =5k =5 x 10%), v = 1(4
58, 4 = 102(IEEHEL), 7 = 104 (L), i
BHEMET (G =k/5 =2 x 10%), v = 102 (B 5uLk)
Fig. 2. Under the condition of ¢ — 0, the output
entanglement En is plotted with the change of center
frequency of output fields w/xk for different mechanical
decay v: for strong coupling (G = 5k = 5x10%), v =1
(red solid line), v = 10? (blue dashed line), v = 10%
(green dotted line); for weak coupling (G = /5 =
2 x 10%), v = 10? (black solid line).
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Fig. 3. The output entanglement En is plotted with
the change of center frequency of output fields w/k for
different filter bandwidth o: & = 103 (red dashed line),
o = 10* (blue dotted line), o = 10° (green solid line).
Other parameters: v =1, G1 = G2 = G = 5 x 10°,

K1 = ko = k = 10°.
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Fig. 4. With strong coupling, the output entangle-
ment En is plotted with the change of center frequency
of output fields w/k for different values of G2/Gi:
G2/G1 = 1 (red dashed line), G2/G1 = 0.95 (blue
dotted line), G2/G1 = 0.90 (black solid line). Other
parameters: v = 1, o = 103, k = 10%, G1 = 5k.
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Fig. 5.  With weak coupling, the output entangle-
ment En is plotted with the change of center frequency
of output fields w/k for different values of G2/Gi:
G2/G1 = 1 (red dashed line), G2/G1 = 0.95 (blue
dotted line), G2/G1 = 0.90 (black solid line). Other
parameters: v =1, 0 = 103, Kk =105, Gy = Kk/5.
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Abstract

Radiation pressure in an optomechanical system can be used to generate various quantum entanglements between
the subsystems. Recently, one paid more attention to the study of quantum entanglement in an optomechanical system.
Here in this work, we study the properties of output entanglement between two filtered output optical fields by the
logarithmic negativity method in a double-cavity optomechanical system. Our calculations show that the decay rate
of the mechanical resonator, the bandwidth of filter function, and non-equal-coupling will evidently affect the value of
the output entanglement. In particular, under the parameters of equal-coupling and zero filter bandwidth, the output
entanglement in the vicinity of resonant frequency (w = 0 in the rotating frame) will decease with mechanical decay
rate increasing. But under the parameters of equal-coupling and non-zero filter bandwidth, the output entanglement
will be suppressed if the center frequency of output field is in the vicinity of the resonant frequency. However, the
output entanglement can be enhanced if we adopt a non-equal-coupling to counteract the suppression effect of the filter
bandwidth. Furthermore, we find that there are three peaks in the whole center frequency domain of the output field if
we adopt strong non-equal-coupling. This is because the normal mode of Hamiltonian Hin will split into three normal
modes in this case. Our results can also be used in other parametrically coupled three-mode bosonic systems and may

be applied to realizing the state transfer process and quantum teleportation in an optomechanical system.
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