Chinese Physical Society
M!l ﬁ Acta Physica Sinica

. Institute of Physics, CAS

#2/44t Rydberg [& FH#J Autler-Townes 4324
okt AWEF BAA #H0T AFxR REW THYE
Autler-Townes splitting of ultracold cesium Rydberg atoms

Xue Yong-Mei Hao Li-Ping Jiao Yue-Chun Han Xiao-Xuan Bai Su-Ying Zhao Jian-Ming Jia
Suo-Tang

5| {5 & Citation: Acta Physica Sinica, 66, 213201 (2017) DOI: 10.7498/aps.66.213201
{E28 1% View online:  http://dx.doi.org/10.7498/aps.66.213201
AP 4% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/121

piad /\LE?E&E?E

Artlcles you may be interested in

AR TAE RSO 1 BLAE S S U AN B

Rydberg state excitations and double ionizations of different atoms in strong femtosecond laser field
YE = 4.2016, 65(22): 223201  http://dx.doi.org/10.7498/aps.65.223201

498 IR HISHIXOE T
Two-photon radio frequency spectroscopy of 49S Rydberg state

Yy 2242015, 64(16): 163201 http://dx.doi.org/10.7498/aps.64.163201

KA ARG 7> 1 F Re ih 2k

Potentials of long-range cesium Rydberg molecule
PP 22 4%.2015, 64(13): 133202  http://dx.doi.org/10.7498/aps.64.133202

PR RS T 18] A BL/R B AH LA

Van der Waals interaction between high excited states
YE = 4.2014, 63(13): 133201  http://dx.doi.org/10.7498/aps.63.133201

%1 Rydberg J& T~ Stark 25 138 528 X
Observation of the avoided crossing of Cs Rydberg Stark states
PP 2EH%.2013, 62(1): 013201  http://dx.doi.org/10.7498/aps.62.013201


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.213201
http://dx.doi.org/10.7498/aps.66.213201
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I21
http://wulixb.iphy.ac.cn/CN/abstract/abstract68703.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract68703.shtml
http://dx.doi.org/10.7498/aps.65.223201
http://wulixb.iphy.ac.cn/CN/abstract/abstract65039.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65039.shtml
http://dx.doi.org/10.7498/aps.64.163201
http://wulixb.iphy.ac.cn/CN/abstract/abstract64598.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64598.shtml
http://dx.doi.org/10.7498/aps.64.133202
http://wulixb.iphy.ac.cn/CN/abstract/abstract59907.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59907.shtml
http://dx.doi.org/10.7498/aps.63.133201
http://wulixb.iphy.ac.cn/CN/abstract/abstract51728.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract51728.shtml
http://dx.doi.org/10.7498/aps.62.013201

) I8 ¥ 48  Acta Phys. Sin.

Vol. 66, No. 21 (2017) 213201

182t Rydberg /& FH#) Autler-Townes 573%™

gkl MmED BAKRYD #HAED gxEY
RAEHVIT B4 g D)

1) (7% 5otE 7 8 B R A i 2, LIRS BOL L w s, K 030006)
2) (PG R == e 2 W R AU 0, KB 030006)

(2017 4E 6 H 8 HUKHI; 2017 4E 7 H 27 HIRIE4F )

T W T A Rydberg J& 7B B = R8RSt/ Autler-Townes (A-T) 738, )5 7225681 )0 5 —
PR ES 6P3 o M Rydberg BRI = RE R S, s & CILIRIER] T 6P3 )2 (F' = 5) — 34Dj 5 HIERIE,
PRI B AR ARG IS BUE TE 61 )0 (F = 4) — 6P3o(F' = 5) MIRRE, - B0 1 75 g 18 il 85 75 LR OE i i
4, TR Rydberg J51 A-T 73 48 t SO6 T TH BRI, A-T il i X006 o) BRL55 #% 5 6 AOhr B AT i IE
Bt Seb et 5 HS T S AERE AR ELA R 020 < 21 x 9 MHz W5 &13HRET, 7247 AR 20 > 21 x 9 MHz
I, W AT 23 R LR TH S /N 13%. 7 A 22 1) 1 2 I PR 1l THBOR RS & b FE AR 2 360 T ¥k
K Rydberg JiL 74, Rydberg Ji5 ] (A EAR FI 742 1 BORAOIR A T2 prt.

X ##17): Rydberg Jii ¥, Autler-Townes 7332, 6 = 6EK R4

PACS: 32.80.Ee, 42.50.Hz, 32.60.+i

15 =

Autler-Townes (A-T) 4> %, R {E AC Stark
RUNE, 8 G SLIRAE AT B B2 1 B BR AT
PR S RIS, RO AT 5T M S A
SEHRAE TR 7 T (OCS) MBRIE £ k47 1) 1.
BE B OGBS R, NATTE 28 it B 57
HORIEJE T ORI A-T 4 2 B 78 201, 78 #R
TR SEIG T, 22 RN AR RS e T Sk
B B ARG JE B OB SRR MR B, AT
PAIRAS pK H 2 oK B 5T, A7 9
ES RIS I ON: KL LIRS PN LW =L i
[ AH A (40 H R JBR 8325 B (electromagnetically
induced transparency, EIT) fll A-T 4354 [6:7] 25) 32

DOI: 10.7498/aps.66.213201

PETEAM LS. MITEARFEMA T IR T
A-T 7 ZEFEIT N FIWF 7L, 25T A-T FEIT 203
(8L LB AF ) T PR B K R, i SR b
o 19590 E A AR oy (100 1) 2

Rydberg J& ¥ (FETHn > 1) HARZMEF
MIVERR, WR R AR R AR A K (L n?) KARM B
E FH 3 (L0t FIAR AL 3K (A nT) 25 121 4k
Rydberg i T HIBF F0 52 2] T 72 B19%7F. Rydberg
JE - 18] (1) AH B A FH 51 62 0380k BH 28 25080, kv
Rydberg J& 7 BT 78 8 138 85 1110 5 A % i A
i %) Rydberg #& B A %5 6y £ (29 n®) K451 1
HEE B RS Rydberg MR = A6 R
g5, R RS EIT A A-T Y63 (1 i Rk
$E. SCHR (15, 16] R Bk ez B & 5 15898 T Ry-
dberg B BE 7 R G810 A-T 7 2503, DeSalvo % [17]

* EKE RO (S 2017YFA0304203) B K B AR} 564G (HEAES: 11274209, 61475090, 61775124) K VL2535 F 61T H]
BAR JETHRI (L5 IRT13076) [H 5K H 48Rl 56 4 5 2 10 5 (HEHE5:11434007) AL PEE 9 S5 4 (HkfE5: 2014-009) ZEBIER

H

T #E/EH. E-mail: zhaojm@sxu.edu.cn

© 2017 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

213201-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.213201
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 21 (2017) 213201

TESZIG FEL S ST 1 A2 Rydberg i -2 [H]
(RAH BAE AT A-T 73 245 15200, Rydberg EIT 2
7 — BRI Rydberg JR 7 138 7% 181 R
F#8% Rydberg EIT o] s2HL % 1 A 119 Fndk
2 MBI PO Il &%, 7R T &SI, R Ry-
dberg EIT A-T XUBS2 I 1 AU L 37y 1) v G 55 00
22,

A SR Rydberg R -1 1 6 5 48 02, BF 5%
Y i Rydberg i B 1 = BE R 1 (K A-T 70 2
. HJ5 T 61 /9-6P3/2-34D5 5 JE i Rydberg J5
YRR =R R AR, SEg a0 IR A O T ) 2%
(acousto-optic modulator, AOM) SEILFRIM ' A5 2
FIH, K ST 1H 28 (single photo counting
modules, SPCM) Il 533 5 PRI 3R A5 G B
34D5/, Rydberg =REJJE T 1 A-T 73 261, I
B A-T 7RI R SR80 H LR BOE EL, 53
WA —EL

) EBEE

SO0 % EH R B BB 1 (a) Brow, B B0
A EN AR IRAT IR E £ 9100 uK A 0% LN

Le,
0.
[6P3/2) A, 1 [2)
o, =
P
[6S1/2) — [1)

1010 cm ™3 PR HEJE TR AL SR T 65, o (F =
4)-6P3/5 (F' = 5)-34Dj o 4 1B #: B Rydberg —
B ARG, WEL(b) iR WG S#HEEH
XPNSAE T4 E TR, SRIDEH — &k
SR %8 (852 nm, DLpro, £ %% 100 kHz) $24it,
TEH T 6S12(F = 4) — 6P3(F' = 5) KL,
ERFH RO R ER Y Fw, = 10 pm. R
T B A5 2R ) FE A 4% e 3 A A 22 1 5 ik e A
6S1/2(F = 4) — 6P35(F' = 5) WEKILZ I, X
T AOM LRGSR 434, FhE 6 hiEs:
AL IR SRR IOE 28 (510 nm, TA-SHG110,
2% 1 MHz) $24, A0 R t EIT Fassift 5 iz 129
BUELE 6P )0 (F' = 5) — 34Dy o KT, #AHTE
JEF A L A R AR we = 30 pm.

UGB, A VA H R S50 usJE, 3T ER
JEAFE A 6100 ps, A 18] 38 1 XU 1) AOM SE 3
TRIEHA  H , 6676 B £18.0 MHz. 4
TN RN G 5 R TR R SR 0 3 2R 1 5
Wi, 00 56 1 h 2 200 pW, X AR BE T R
2, = 21 x 1.05 MHz. SZ46 K ] SPCM Il #i%
SRR A-T 355,

<€<—— 200 ps —>

Coupling 100 ps
|
| |
Probe I 100 ps
| |
150 us
| |
I ] l ] 1 S
T 1 T 1 1 =
0 Time/ps

K1 (MARE) (a) S8R, 510 nm KRS 6 852 nm HYFR I o A Xd N G5 1 A T8 14 46 J5 5 F¢ i L,
SPCM M & 1 1 = J5 i& § BRI 6343 A-T 43 2635 (b) #: Rydberg JR B 6 2 = G R R () 5280
AR, SRWHE 650 ps A, F a5 HINEITIF 100 ws, 11EF) A U0E 11 AOM SEBLRNDE IR AE 654 /o

(F =4) — 6Py (F' =5) BRITHHEMAH

Fig. 1. (color online) (a) Sketch of the experimental setup, the 510 nm coupling and 852 nm probe lasers

are counter-propagated into a cold cesium atom cloud, the transmission of the probe beam is detected with

a SPCM to observe an A-T spectrum; (b) diagram of a three-level atom; (c) time sequences, after turning

off the trapping laser 50 us, both the coupling and probe beams are switched on for 100 us, during which the

frequency of probe laser is swept with a double-pass AOM over the ground transition 6S; /2 (F=4)— 6P3/o

(F' = 5).
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Fig. 2.
{2, = 21 x 1.05 MHz and different Rabi frequencies of the
coupling laser of 2. = (a) 2 x 0 MHz, (b) 21 x 6.50 MHz,
and (c) 21 x 18.64 MHz, respectively. Short-dashed lines

are Gaussian double-peak fittings and solid lines for the

(color online) Measurements of spectra with

simulations with the density matrix equation.
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Fig. 3. (color online) Measured A-T splitting as
a function of coupling Rabi frequency with (2, =
2 x 1.06 MHz. Black solid line is the linear fit-
ting with equation, y = az, the fitting parameters
a = 0.87 £ 0.01, are dashed line for a = 1.
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Abstract
Autler-Townes (A-T) splitting, known as an AC Stark effect, shows a change of an absorption/emission spectral
line of a probe beam when an oscillating field is tuned in resonance with the atomic or molecular transition. The A-T
splitting is observed in different three-level atoms and widely investigated in a vapor cell and in a magneto-optical trap
(MOT). The A-T splitting plays an important role in the atom-based microwave electric-field measurements where a
cascade three-level system involving Rydberg state is adopted.
In this work, an A-T splitting is observed in an ultracold cesium Rydberg gas, which is cooled down to about 100 pK

~3 in a conventional MOT by using the laser cooling technology. We present the

and center density is about 10'° cm
A-T spectrum in a ladder three-level atomic system involving a 34Dy, Rydberg state. The cesium ground state (6S;2),
excited state (6P3/2) and Rydberg state (34D5/2) constitute a Rydberg three-level system. A coupling laser, locked to the
Rydberg transition by using a Rydberg electromagnetically induced transparency signal that is obtained from a cesium
room-temperature vapor cell, couples 6P3/5 (F' = 5) — 34D5/» Rydberg transition. A weak probe laser, stabilized to
a ground-state transition by using a polarization spectroscopy, is swept, covering the transition 6S1/o (F =4) — 6P3/2
(F' = 5) with a double-passed acousto-optic modulator. The probe and coupling lasers are counter-propagated through
the MOT center. The power of probe light is 200 pW, corresponding Rabi frequency (2, = 2m x 1.05 MHz. During
the experiment, 50 s after turning off the trapping laser, both the coupling and probe beams are switched on and last
100 ps. The A-T spectrum as a function of the probe detuning is detected with a single-photon counter module detector.
We use Gaussian multiple peak fitting to obtain the positions of the A-T peaks and the A-T splitting. The measured A-T
splitting is proportional to the Rabi frequency of the coupling light. We numerically solve the density matrix equations
to obtain the A-T spectrum, and the calculations reproduce A-T spectra well. The measured A-T splitting shows good
agreement with the theoretical calculation for Rabi frequency of the coupling light 2. < 2t x 9 MHz. The A-T splitting
is less than the calculation for the case of £2. > 21 x 9 MHz, the deviation is mainly attributed to the increased dephasing
rate induced by the strong interaction between Rydberg atoms, whose number increases with the coupling laser Rabi
frequency. In this work, the adopted method for the cascade three-level system involving Rydberg state is also suitable

for A- and V-type cases.

Keywords: Rydberg atom, Autler-Townes splitting, ladder three-level system
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