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Fig. 1. Schematic diagram of experimental setup (a) and energy levels (b).

184202-2


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

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 18 (2022) 184202

Fo yeo RS o) BIFEAS [a) B TEIR, Yo I P
NS Z AR, AR B 2RI 1.

XEFAE AR T 18] L EE 735 v # 0 B9 51T
5, (3) IR LA % B 51 iz 3 S EU i
# P BUE NIRRT S o SR I 0 9 1E
Jr i), (3) AR A OGS A ELAR T AP A 4 KR

KT we, t A8 R we, t — kev, 78R 5.t + 2kev . AT
|

s G H IR AR, Y ¢ SR m&#E, Bl
(3) KA wt B wet — kv RZ, 47 s M5
FAEH, wst V28R wet + kv (ke(s) = wes)/c A
IUEEL, ¢ MNTEES P REE, R w., ~ we, >
e, T ket = keo = ko). PRI, FHTE iR,
RAEG SRR T 205 s 6 s SCAHEAE
FHR % BESAT po BN po IFRASARN

-1

PL= * * % * ) (6&)
(A0, +iyea) — ey (925, +025,4) 0, (23, + 92, B)
o “ (Al‘gl - Alcl) + ifyab (Alsl - Ai‘z) + if)/ab
~1
P2 = (6b)

Qc, (025 4028 A)

Qc, (02, 4+ 02:,B)

(Agz + i’Yca) -

Horp AL (o) = Ds(en) — kv R s (c;) AR Z R F
AR RIE, AL () = Asien) + kA 55( o) HERIH
RIE. MG B Jy24 RARZR MG TP AL R &
X, AR T2 85 RN 25 8 R e 3N, TS
IR s, (sy) YEIEMALR Ny

i) = C / " i) (0)dv, (7)

Hor C = NpZ,/(eoh) (o2 H 25 B4 HLH 2L,
|

|
Bk B e A, NJE Cs TR FREIRE N Ty I
MR TR L, pea BRED a) — |c) MBI BR AT 4E
Fiot); f(v) = /m/2nksT exp(—mu? 2k T) 7 7
W # AT R AL (m 2R B, kg MPEIRZL S
HHO). MEMARE x =X +ix", xS IR
A BOHE SR iR, R xR CRR .

SR F- R G R GE, 5,(s0) YR ST 8 A
@ﬁﬂg [32,33]

2

(1 - T) Yin (8)

Toson) = 1+ 1r2r2 = 2recos{[(As — Aq) + (wsl/2L)X'|L/c}’

Horp r ARREEE R SR, yin N IR FE,
k= exp(—wslx" /) {REK R T N IR TR & L
WhiFE, L IEE B, Ag 55 B XS
Jir - BRIE L IR AR

& 2 EHEAL T A BRGSO T,
Js T 3 T sy ST sy S HAEASE 1) €8 F30RIT W WAL
Pk, DL ESREETE. SAUA o S NIRRT
SER, BT s IR o SEFR LR, X T
1R R R v I T, X F RG22
AL — AL = A, — Ay, BIAT LU R ACE TR 5
. R R FEE SO (A, = Ay =0), BN
FRIL W] I  TE ORISR 55 R, R LAY
1 EIT 25007, Q& 2(a) FIE 2(b) HRYZLEASLL TR,
PRI 2 A0 38 M G4 T )R- BRAE Tl (Aq = 0)
A, S A T8 A8 B G AR 08, AnfE] 2(c)

LIS IR, SR, s, JERERS ¢ Xt
ARG, B MR AL — A, = A, — A+
2kv, BV 2kv AREIRAS, AN 2 BOEF 3R, X
i s PN S o T ) 8 B 1 G2 12 1 S
FRORIIR IS5 R, AN 2(a) FIE 2(b) o AY 5 {6
HELRFTR. XA ¢ 6 R BDCH M, B T
JEFXF s SRR B, PRI AE SR T BRAE oy, B
BHHE SRS ARESE I R8¢, WE 2(c)
WOBLITR. RZ, YA o BEH TR
ARG, PIEIRFXT s SO s, a8 A I 1
HORI S, W 2(d) A 2(e), s, SIS S
REB S RGEM s JEIIPE S8 M, DLIE 2(f).
I, Y B — R A OLERE, R TR FIZ
W RN, N R R B AR A B ONR & hz, B
HASHA R E S b ae i 7 R4,

184202-3


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

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 18 (2022) 184202

0.02

—0.02

()

0.06

m

0 ﬂ/\r\‘JL e B g NN
—150—-100 =50 O 50 100 150
Signal detuning A;/MHz

—150—-100 =50 O 50 100 150
Signal detuning A;/MHz

B2 BEELE AR 5Ok s o6 (L0 ASLR) il s 0 (B (L) MG BT ' WK " MBS T BT 5 D600 5 2% 3k 1 A8 4k
(a), (b) HA o SEAEFHES I 5 F % (d), (e) BB e VEFIBTI ' F1 ' (c), (F) 0 BIXHI HA o JeHRA o EMIBTAY T. FEITH
BRAEN: (a)—(c) F, ¢, = 20MHz, 2cy = 0; (d)—(f) F, 26, =0, 2c, = 20 MHz . HAUSLI BN : r =7, = 0.9, Vo =
14.4 MHz, v, = 0.3 MHz, L = 526 mm, [ = 75 mm, A¢; = Aey = Ag =0

Fig. 2. Theoretical plots of the dispersion y’, absorption x'" and cavity transmission 7" of the input s, (red solid lines) and input s,

(blue dashed lines) versus signal frequency detuning: (a), (b) ' and x" for only ¢, used; (d), (e) x' and x'' for only ¢, used; (c), (f) T

corresponding to only ¢; and only ¢, corresponding to panel (a), (b) and (d), (e), respectively. The parameters used in the calcula-
tion are §2.; = 20 MHz, £2., = 0 for panel (a)—(c); £2¢, = 0, 2., = 20 MHz for panel (d)—(f). The other parameters are r = ¥, =
0.9, Y,0 = 14.4 MHz, 7, = 0.3 MHz, L = 526 mm, [ = 75 mm, Ae, = Agy = Aq = 0.
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(a)—(c) 6,= 0; (d)—(f) 6, = 20 MHz; (g)—(i) 6, = 40 MHz. EEHHABHN 2., = 2., = 20 MHz, HABSHSE 2 i

1

Fig. 3. Theoretical plots of x', " and T of the input s; (red solid lines) and input s, (blue dashed lines) versus signal frequency de-

tuning for different frequency difference 6, when coupling lights ¢; and ¢, are used simultaneously: (a)—(c) 6, = 0; (d)—(f) 6, =
—20 MHz; (g)—(i) 6, = —40 MHz. The parameters used in the calculation are 2., = 2., = 20 MHz, and other parameters are the

same as in Fig. 2..
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Fig. 4. (a), (c) Experimental measured cavity transmission for only light ¢; (a) and light ¢, (¢) used. (b), (d) The transmission in-

tensity at the atom resonance center (A, = 0) when light ¢, is as pulsed light. Red curves (1) are the cavity transmission of light s;,

blue curves (2) are those of light s,, gray lines (3) and black lines (4) are the intensity of lights ¢; and ¢,, respectively. The main ex-

perimental parameters are: Po;, = Pe, = 10mW, Py, = Ps, = 1.5mW, T, = 28.5 °C, §. =

Ay = 0.
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Fig. 5. Experimental measured cavity transmission for lights ¢, and ¢, simultaneously used. The main experimental parameters are:

(a) A, = 6e = 0; (b) A,
in Fig. 4.
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Table 1. Output truth table of double dark-state peaks under different §,.
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Abstract

Owing to the potential applications in all-optical quantum information processing and quantum optical
networks, magnet-free optical non-reciprocity transmission has attracted great interest and has been studied in
many fields, such as parity-time-symmetry enhanced nonlinearity, optomechanical systems, photonic crystal,
cold atomic Bragg lattices, chiral quantum optics, and hot atoms. In particular, the random thermal motion of
hot atoms can be a useful resource to realize optical non-reciprocity. Here in this work, based on the
susceptibility-momentum-locking of atomic thermal motion and the strong coupling characteristics of cavities, a
magnetic-free optical reciprocity-nonreciprocity transmission conversion scheme is designed and realized through
the atom-cavity compound system. Theoretical and experimental analysis show that the coupling field
conditions determine the nonreciprocity of the system. Under the action of single traveling-wave field, the
nonreciprocity in hot atoms depends on the propagation direction of the coupling field due to the Doppler effect.
Therefore, by changing the opening and closing of the opposite coupling field, the two-way single channel
optical nonreciprocal transmission based on intracavity electromagnetically induced transparency can be
controlled. When the two coupling fields propagate simultaneously in the opposite directions, however, the
cavity transmission changes from single-dark-state to double-dark-state peaks, in which the reciprocity outputs
depend on the frequency difference between the two coupling fields. By tuning the frequency difference, the two-
way multi-channel reciprocal-nonreciprocal transmission regulation based on double dark polar peaks can be
realized. The study can be applied to all-optical quantum devices and quantum information processing, such as

optical transistors, optical switching and routing, and quantum gate manipulation.

Keywords: optical non-reciprocity, double-dark state, Doppler shift, all-optical switching
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