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Fig. 1. (a) Schematic diagram of an optical system com-
posed of two optical cavities and the atomic ensemble;
(b) realistic setup of that optical system with the double-
cavity orthogonal structure.

PR (R3] el 38 =2 oy DAL R o LA 4, 2
HI TR TG Th CER A3t ) 32 S G 7R,
Ji S L TT DA DR T Ol 22 TR AR LA,
AT R 6 4 f 7 5 i 5 R ] I s B S A
A EAER]. T RGAE PG @ i SRR Ot r
HEAT AT BURE G, T SE T = 1 T 4.

TEAS 22 498 38 o 184 T 32 e 9 Bl 1) D6 28 DA
M5 I TSR R J BOGFREAVER]. PRI A3y
wo , FEIHRN Ky (K ), PIEENB A FIERKESFa(b)
AT af (b7) SR, hia] —RE R ¥ 110 Bt
&lg) KRS o) ZIAIMBRT AR (H & EIA) £
RN we (7). BN wy, 1Y 55 Ha AR 373 14 41 1 Sy
e (e ), M a(b) HI—SBIEHE (F— M A/
Hh ) RN 75 — i 4 S IS 5.

KT WA w, W HERE BT, XA = ARG
W RE I A N R

H =hA (a'a+b'b) + h(A+6) 0.
+ goh (aTJ, + a0+) + goh (bTU, + b0+)

+J (aTb + bTa) + ik (EpaaT - sgaa)

+ iR (pp BT — D) (1)
H gy = g = g0 WES AL T Z BIAES REL,

wo N N
== 24 hY :F‘ a
Gab = Heg 2h50‘/a,b s Megj‘j)??&l_ﬂ%*&%ﬁ, V,b

FERR. A = wy — w16 = we — wo X B [ 4
S I A B U e — e,
Epb = Ep, 11O PRI B AR AR 7 . JE AR
AR BB o= |g) (e| A1 L F+ B AT
oy = le) (gPRAAR. Wi 0. = ((040-) = (0-04))
NFE |e) Fll|g) 22 18] AR Jar 22

R824 22 B it AR A - B 2 7 3z s 5 R
q=(q)(q=a,bo_), I BAESHHE SRS
o, = —1F, RS RIHEATT IS Bian
3 (2047,

_igO (pr + Epa)

7T M[T+ (AT )| +262

o= (epb + €pa) _ '(pr - €pa) ’
2[1J+(1A+n)+2]\g40] 207 = (A +w)]

b— (€pb + €pa) _— (b — Epa) 7
2|:iJ+(iA+K)+2Ag40:| 207 = (iA+w)]

(2)
HPM=2(A+8)+7, ku=ry =K.

113701-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 % 3R Acta Phys. Sin. Vol. 69, No. 11 (2020)

113701

AR A - 1 0GR B0l 2 FaRRRAS AR, P
AN R ] AR

Eouta = 2KA — Epg,

Eoutb = 2kb — Epb- (3)
DUPRE I ) A AR R B8R -
. _5outa_2"{7a_ i0
a — Ep - sp )
= S0 _ 2RD (4)
€p €p

U — Ak H 3R 1, = [a | A I, = |i)® 7T AR
WP S AR LTz oM.

3 ZRMitw

H T3 o P PR AR X R 0 0 i A PRI 37 2 [1] 114
FHXSARAE 0 URE, BT IAS SCRIFFE LA TR AR 15 B0
N ARG 7R A T )R 2 R R 2 T Y G
R, INTIBFFEAXIFREL. FTHFTE B0 R 12
JEF B8 R A 3 & L M 2 TR A
TREZFIS, REUe B IEE SR AR 58 5%

I.(I)

15
2.0
(c)
1.5
Z 10
~
— J=0
0.5 ——— J=3k
""" J=6k
0 . .
—15 =10 -5 0 5 10 15

&l 2
3n m 3n
6= (b)) O=m;(d) 6=7 (bIK), 6=

MBEFEE J=0,36,6r, IH—LE B8R E L (L,) M AR A/ 78 L1
(aflg). HbZ 508 gy =2k, y =2k, k=1

AR T TWHE. MERE T, ZET KK
JRF-SEBRREUCR I A/ N LT, 38 3 7 U 22 7]
SIAJETFREZE, DSt nl JE I AT T B 4.

B, AR N ep = e, epp = g, BT, 1,
(Iy) &R0 . a1 S8, T L R AR
R R TR 2 S A 2 A i AR I S R
AL 2 9 R 0 =0,m/2,m, 3n/2 H. B% %F 50 B N
J = 0,3k, 6k I}, B 708 1, (1,) B&E AR A
AL T

Kl 2(a) s 7E P IE S A BRI 37 2 [0 R A7 76 M
XIARDE, Bl = 0, PN IE—fkk 3758 5 1, 71 1, 4
6], ToAE B BB, v] UL, 7630 3R XU B T
AN (Wil Je—ig i, Rl 7R IEA & [F)
Bf, 5J = 0(ZLAEL) WAL, J £ 0 HRm
MM A TEH] 0, BIIHFATE BAR LT 9 AH T 58 22
WL, T B o T RGN AR IR BRI 4 4 4
SR TG R, HAE RO B A = 0, Bk
it iR AR . XU B e Tl BT 7R P
F 22 [) ) % 2 A 3R T T 5 S8 W AH 375 5
M T Y T BB R KRR, R RREEE

Ia(lb)

2.0 ,.
(d) "

Ia(Ib)

n -
(a) 6=0; (b) 9:5 (a &),

Fig. 2. Normalized output field intensities I, vs. normalized input field detuning A/k with tunneling strength J = 0, 3k, 6k :

3 3
(a) 6=0; (b) 0= g(cavity-a) 0= g(cavity—b); (¢c) O6=m; (d) 6= g (cavity-b), 0 = En(cavity—a). Other parameters are

go =2k, y=2K, k=1.
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Fig. 3. Normalized output field intensities I, (red-line) and
I, (blue-line) wvs. the relative phase 6 with A = 4.88k.
Other parameters are J =6k, go =Kk, vy =2k, k= 1.
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Abstract

In recent years, it has been a hot research topic to study the interaction between atomic ensemble and
cavities, and many researches have been done in this regard. In such a system, some atoms are trapped in the
cavity, which can be used to study their dynamic characteristics, e.g., the evolution of photon numbers and
photon transition. The Jaynes-Cummings model is an important model for studying the dynamic characteristics
of the cavity-atom system, which is based on the interaction between a single two-level atom and the cavity
field. Recently, coherent photon control in cavity under specific conditions has become an important part of
quantum computing and communication. It is worth noting that the tunable photon transmission and all-optical
switches based on the cavity have already aroused much interest and have been used in many areas. The
quantum information and networks are mostly rooted in complex optical devices, which may show nonreciprocal
or asymmetric photon transport. In this paper, we demonstrate that by using an optical closed-loop system the
unconventional photon transport can be realized with two mutually perpendicular cavities coupled through
external fiber and a two-level atom placed on the intersection. This three-mode system supports two orthogonal
propagation directions, that is to say, and the interactions among probe fields are mutually perpendicular.
Without ignoring the spontaneous decay of the natural atom, the complex and controllable quantum
interference induced by the efficient hybrid interaction of the light, cavity modes, and the atom in such a
closed-loop structure can result in a few interesting symmetric and asymmetric photon transport behaviors, i.e.
coherent perfect synthesis and coherent perfect reflection. Aside from these compelling properties, the group
velocity can also be modulated, i.e., fast and slow light effect. All of these processes can be dynamically
controlled by using the probe field phase difference, the tunneling coupling between two cavities and the
coupling between the cavity and the atom. Importantly, due to so many advantages, such a tunable scheme can
be readily extended to some optical devices, e.g., the switch and the router that is challenging to conventional

optical devices.
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