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Fig. 1. Sketch of the interaction between Fabry-Perot

cavity and single atom.
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Fig. 2. (color online) The maximum coupling efficiency
as a function of the mode orders | + p. gmax is the
maximum coupling between the atom and the corre-
sponding [ + p mode. go is the maximum coupling

efficiency in the | = 0, p = 0 mode.
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Fig. 3. (color online) Panels (a)—(c) are the ring shape of the electric field distribution in the modes of I =0, p = 1;

l=0,p=3;1=0, p=>5 Laguerre-Gaussian transverse modes, respectively. Panels (d)—(f) are the corresponding

cavity transmission spectra. The parameters of our system are as follows: (go,k,7y) = 21 X (23.9,2.6,2.6) MHz,

Aca = Apa =0, wo = 23.8 pm, R = 100 mm.

W IR T N W B B, 7 RN IE T
AR (2, y). BT IR T H S EERR, WUk i
J6F X R B B s AR DN, R T2 R
BBV 1) 5 7 5 ) A RN R, s sl
AN RS o WP AT — % H L. y NE TR
WALE, 2 NIET FEEREFEMAE, 25 TF%
BERIRRZNT = 29 — vt (19 = 100 pm). HZ
BT 40 B mr N, R AN AL BT v 20 1 b7 5
IR - e B R AR 37 150 BA 1) £ H AN B R AN TR, 38
3% U R 0 1) B H R B A AN R, AR
32 S 0 A B A B nT DA B R 7 R VR g
MfEE. B4a@) Nl =0 p=18HKTF, FTFL
[Fl BE K v = 0.468 m/s hy = 2, 15, 20 pm 4
B VER RGBS RS, MR F My =2 um FEYF
AR (B4 () ), SRt = 0.179 ms
At = 0.248 ms I 2 kb PRI A 2 5 0. 17 24 SR
F My = 15 pm FER (KB4 (a) HE), BAEG
W fy TR) PR AR /. BE— 2, MR T My = 20 pm
N (B4 (a) ), 3 5O A S 0.
B4y Nl =0, p =3 #HRTF, EFLLRFER
v = 0468 m/s Ny = 4, 11, 20 um R & (1)
FEHOERE. B4(c) Nl =0, p= 5T, RFL
FIRERE v = 0.468 m/s Ay = 4, 12, 18 um F

I BT, BRATVED, BEE 7 FIEALE (D
y fH) FIARAK, 3% SV ¥ B H RN B AR AR Ak, AR
3% 5 U PR K H AN B AT DL B T R AL [
I, B iR 2K - e AR AS = i 4 v

Z IS g ] DUA R R S R R TR 2
BETEE .

BB b, a0 R T 18 sh B AR H 5 K -1 B
P37 43 A1 1 [ PR 3 2%, L 0008 I B/ s 6 T 2
1 3% 1 i R 2 A A, B e T PSSR R
WAL B E R R, B 5 @) Nl =0,p =11
X, JRFUARFEREE v = 0.468 m/s My = 16,
16.4, 16.8 pm 73 7] N &I BE SO, 7T LLE 2
JRF My = 16 um FiEH (B 5 (a) FE), HiESH
e A AN E S, (HAEt = 0.213 ms I %1 (Bp
FOALE 2 = 0 pm ) KBS RECEUN. HET
My = 16.4 um TV (B 5 (a) HED), AN IS FIE
2 [B) ) B ) 1) B 46 4, 7E ¢ = 0.213 ms B % )35
W RBUE . UET TR E P B R
%, My = 16.8 um FI&EN (K5 (a) ), HiEH
W) 2 H AN — A Bl5(b) Nl =0,p =31
N, JE 7 CARFERIEEE v = 0.468 m/s My = 10,
10.4, 10.8 pm & FZESHGEE. B 5 (c) Nl =0,
p=5BF, JET BLFEFEIEE v = 0.468 m/s A

224214-4


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

118 F

i Acta Phys. Sin.

Vol. 64, No. 22 (2015) 224214

y = 7.9, 83, 8.7 um &M FLESOGE. TLLE
B E p ERE R, EH N2, mE T
BN AN A, I 56 TE B S I K H | AL
Eu&t:ommeﬂ%@%%ﬁwﬁiﬁﬁ
R4k, T SEBLE 5T A B 2 R AR

FEATUAR} A5° FA) o B T K R - e A JE%T?@

r BN RS, 35 566 1 e g St v 1) K 5 A A
BRI AN B 3 LU R0 4 I B B A
Ak, AL, hmm\— e TR AR I 5 — M R AE
A7 PR 2 18] Py AT LA SE B veoA 23 9 5 WL 1) 159 3 0 H
BE BT B3R w2, HOG R B LT A%

AL

1.0
0.5 v=0.468 m/s
y=2 um
0 .
0 0.05 0410 0.3 0.40 0.45
=
g Lo ) '
&
2 05 v=0.468 m/s -
‘® y =15 pm
g . . . . . .
g 0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
1.0 T T T T T T T T
0.5 :0468 m/s o
o N ) v
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
Time/ms
1.0 T T / .
0.5 1 v =0.468 m/s
y=4 pm
o 0 0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
2 1.0 T T T T : .
1
2
E 05 v=0.468 m/s T
a y=11 pm
@ . . .
= 0 0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0. 40 0.45
v=0.468 m/s |
y =20 pm
0.30 0.35 0.40 0.45
v=0.468 m/s ]|
y =4 pm
- 0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
9 1.0 T T - . .
&
£ 05 v=0.468 m/s
a y=12 pm
@ 0 . . . 4 .
= 0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
1.0 T T T T T
0.5 v =0.468 m/s
(c) y =18 ym
0 ) ) . . .
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
Time/ms

K4

FEAN AR 7 2K - BT, 5T ISR A5 B 9 I 1R i 5 Dl o

(a)—(c) mHNL=0,p=1;1=0,

p=231=0 p=58AT, LHFv = 0468 m/s AA R E T&MIEFREHGEE RENSEN
(90, ®,v) = 21 % (23.9,2.6,2.6) MHz, Aca = Apa =0, wo = 23.8 ym, R = 100 mm

Fig. 4. The cavity transmission spectra of atom when falling from the different positions in different Laguerre-

Gaussian transverse modes:
v = 0.468 m/s from different positions coupled
p = 5, respectively.
Aca = Apa =0, wo = 23.8 pm, R = 100 mm.

2

The parameters of our system are as follows:

(a)—(c) are the cavity transmission spectra of atom falling with the speed

to the modes of I = 0, p =11 =0,p=3;1=0,

(90, K,7) = 21 x (23.9,2.6,2.6) MHz,
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Fig. 5. The cavity transmission spectra of atom motion trajectories near the edge of the circle in different Laguerre-

Gaussian transverse modes: (a)—(c) are the cavity transmission spectra of atom with the speed v = 0.468 m/s from

the edge of the circle falling in the modes of { =0, p=1;1 =0, p=3;{ =0, p =5, respectively. The parameters of
our system are as follows: (go, k,7) = 21 X (23.9,2.6,2.6) MHz, Aca = Apa =0, wo = 23.8 pm, R = 100 mm.
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Fig. 6. (color online) Panel (a) is the ring shape of the electric field distribution in the mode of I = 3, p = 5

Laguerre-Gaussian transverse mode; panel (b) is the corresponding cavity transmission spectra. The parameters of

our system are as follows: (go, k,7v) = 21 X (23.9,2.6,2.6) MHz, Aca = Apa =0, wo = 23.8 um, R = 100 mm.
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Fig. 7. Panel (a) is the cavity transmission spectra of atomic motion trajectories near the edge of the circle in the
mode of | = 3, p = 5 Laguerre-Gaussian transverse mode; panel (b) is the cavity transmission spectra of atomic
motion trajectories close to the center of the modes in the mode of [ = 3, p = 5 Laguerre-Gaussian transverse mode.

The parameters of our system are as follows: (go, %,v) = 21 x (23.9,2.6,2.6) MHz, Aca = Apa =0, wp = 23.8 pm.
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Abstract

A coupled quantum system composed of cavity field and atoms is one of the main research contents of cavity quantum
electrodynamics. It can be used to realize single atom manipulation and measurement, and has important significance
for studying the interaction between light and the atom, preparing quantum states and quantum entanglement. Current
research work mainly focuses on two aspects. One is to achieve the atom trapping via the feedback control of the trapping
laser intensity. The other is to measure the single atomic motion in a Fabry-Perot cavity by using Hermite-Gaussian
transverse modes. The detection of the atomic trajectories has been realized via the observation of transmission spectra
of the strong coupling system composed of cold atoms and Hermite-Gaussian transverse modes in a Fabry-Perot cavity.
In order to observe the atomic motion trajectories in the cavity, we theoretically study the transmission spectrum of
a strong coupling system composed of cold atoms and Laguerre-Gaussian transverse modes in a Fabry-Perot cavity in
this paper. We calculate the relationship between the coupling coefficient and the mode number of Laguerre-Gaussian
transverse modes. The result shows that with the increase of Laguerre-Gaussian transverse mode number, the maximum
coupling coefficient between the atoms and cavity fields is almost unchanged, so the contrast of the detected spectrum
is nearly independent of the mode number. Analysis shows that Laguerre-Gaussian transverse mode provides more
abundant information about atomic motion trajectory than Hermite-Gaussian transverse mode. The field distribution
of Laguerre-Gaussian transverse mode is ring-shaped. Owing to the ring shape, the atoms dropped at different positions
experience different electric field intensities, and the detected transmission spectra are changed. Therefore, we can
implement the high precision distinguishment of the atomic trajectories by observing the features of the transmission
spectra such as the number of the transmission peaks and their positions. Furthermore, a small deviation of the atomic
motion trajectories, on the edges of the rings of the electric field, may induce great change in transmission spectrum,

and then we can very accurately detect the atomic motion around these positions.

Keywords: microcavity, Laguerre-Gaussian light, atomic trajectories
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