Chinese Physical Society
ME#!E Acta Physica Sinica :

€D Institute of Physics, CAS

47D MR RBR EERFEF BRI NERR

BHg £F Rk FaFH REWY FHE

Spontaneous evolution of Cs 47D Rydberg atoms at different fine levels

Duan Jun-Yi Wang Yong Zhang Lin-Jie LiChang-Yong Zhao Jian-Ming Jia Suo-Tang
5| 5 & Citation: Acta Physica Sinica, 64, 023201 (2015) DOI: 10.7498/aps.64.023201

7 2% 1413 View online:  http://dx.doi.org/10.7498/aps.64.023201
23 N %% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/12

AT RERCH B BB S &
Articles you may be interested in

AR T FEE O S8 T KR E Wk vt S E
Design and measurement of a magnetic field for precision spectroscopy of helium
VP22 4%.2014, 63(12): 123201 http://dx.doi.org/10.7498/aps.63.123201

U = F AT R UL A AE S B e ) S
Observation of transitions in strontium triplet state and its application in optical clock
PP 2EH%.2012, 61(17): 173201 http://dx.doi.org/10.7498/aps.61.173201

Fe BT M58 /2 AN H] 73 HRIE R AN W LA 7T
Research on the opacity of Fe M-shell unresolved transition array
YE = 4.2012, 61(16): 163201  http://dx.doi.org/10.7498/aps.61.163201

[ 7- HL A B S Stark BE B SRR B0 B AN N 5
Measurement and theoretical calculation for Stark energy and electric dipole moment of Cs Rydberg state
YH % 4.2012, 61(16): 163202  http://dx.doi.org/10.7498/aps.61.163202

e F MBS VIR = Re g 161 1) 520w
Influence of left-handed materials on the spontaneous emission spectrum of V-type three-level atom
YyH 2422012, 61(4): 043203  http://dx.doi.org/10.7498/aps.61.043203


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.023201
http://dx.doi.org/10.7498/aps.64.023201
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I2
http://wulixb.iphy.ac.cn/CN/abstract/abstract59719.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59719.shtml
http://dx.doi.org/10.7498/aps.63.123201
http://wulixb.iphy.ac.cn/CN/abstract/abstract50568.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50568.shtml
http://dx.doi.org/10.7498/aps.61.173201
http://wulixb.iphy.ac.cn/CN/abstract/abstract49747.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract49747.shtml
http://dx.doi.org/10.7498/aps.61.163201
http://wulixb.iphy.ac.cn/CN/abstract/abstract49455.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract49455.shtml
http://dx.doi.org/10.7498/aps.61.163202
http://wulixb.iphy.ac.cn/CN/abstract/abstract45405.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract45405.shtml
http://dx.doi.org/10.7498/aps.61.043203

38 % 4R Acta Phys. Sin.

Vol. 64, No. 2 (2015) 023201

tATDIEHEERBR B EEE FERENR
N NFH"

BiR &

ITE KEAT

FTEF REWH "

(BP9 R T E R E AR E, (7R HOOEE L, K5 030006)

(2014 4£ 9 A 2 HYKE]; 2014 4 10 A 30 HIKEME R )

R FH R A 2 55 WO A B R VA S 3 SR B ATD 3 0, ATDs o KEARAS, WUSE T Ab T HLAE CRAE AR AS 1)
JE TR e 4 5 8 1 B A R AR, TRAROGT EE 1 AN RS 200 24 1)l LA B JL T P I ) R T o DA
SFRE T RIEACRCR. B GR R T PO R Y S B T AR B I R R D R A D el TR R AR R T S

AR Ji 1 R RO - B T A R

KR B BAERE T, MR TR, OB, Rl

PACS: 32.60.+i, 32.30.-1, 67.85.-d

1 5 =

& BT AR R BB DU, AR RPN
[FTAE G G SEEDPUER, SRR as
WKL, BRI SR, A . B
RS E TRIEE 2RSS T, kA TH
B AR, I KA TN LR = E R, R AR
100—10% K 2 [a]. Jr4Ek, R 78 SLi = 4 Dl
HL B VA IR 1) A A TR SR S Ak, T
TR A EVEE N 0.1—1000 K. 1999 4F, 36 [ ) B~
K219 Rolston /N4 1 R Je 78 5206 & s Fl i 25
L 55 1K) 07 SRS T A B 1 2001 4F, %/
B I T AE A S B R I B2 MK o A v = A LA
TR JF I 5 A e R0 45 B AR g ). 2000
5, VEE Pillet /N B @5 Ik 4 B E I N E WO A
A5 TR R ¥4 36D 2% B 78 07 Ji - A1 39D 25 e B 1 4R
Ji 141 1 E e R R U 5 3 R A S B AR R
B, FF Hiz ARG B0 T AdRe T SRR s . iR
ok, HloeH A AR SRR B i A2 i)
UEHES LB AT T RFEEt o, lnHE A EAEH T

DOI: 10.7498/aps.64.023201

) ML B8 J T 2 e A8 S BOR 1L R T R 4R IR A
FARF R L 0T LUK 7R v 3 AR SR A
A BEL AR RN T F) 5 g v 1) 45

SO U BV JR T VR MBI FOXT 5, A
B LR SOt & 0 R BT B £ 47D g o A14TD5 9
PRSI PAREARAS, % T4 [ 3 B SOR ) A e A
BRI BLAE G S5 A M R B S R A, B %
TR ELAE I3 R, JRATE SE R T PSR 4h e
RATBCRMER, BRAT T AR A 4 B AR A
B, AESLELA FVRANBT AT T AN RIS AN RE S B AE AR
FHERBEESI A FER, BT AR 4 B
R TR IO TR 125 I IR] L 45 B -4 A e
DA S5 T IR (AR ) 22 57

2 L EE

iE HIWO6 ¥ 2 EOR, 78 bR #E 16 B 47 3%
210" Cs i 7, iR E 4150 pK, & ka4
600 pm, fix KR 7% EEH 1010 cm ™2, 256
KHW MR M KR REEE T 58—

* B 5K AT IR R THRI (S 2012CB921600). B 5K H S8R5 4 (S 61378013, 11274209, 61078001) FiliPi% H

RBFEIE S (HEHES: 2012011003-2) ¥ Bh TR L
T #E/E#H. E-mail: zhanglj.sxu@Qgmail.com
© 2015 FEYIEFS Chinese Physical Society

http://wulizb.iphy.ac.cn

023201-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.023201
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 64, No. 2 (2015) 023201

WOk 6 — & 6l I Bk = R BOE 88 (DL100,
Toptica) $& fit, i H ¥ K 852.36 nm, £ % /N T 1
MHz, {81% 76 B 7 7 55 Cs JR 7 Do 28, S50 i
Je A BB 7E R T BT 2k b, TR e A
6S1/2(F = 4) —6P3o(F' = 5) MERE. 5 B
ROGH— 6 EEAEHHOL S (TA-SHG110, Topti-
ca) $2t, K 510 nm, k%5 /N T 2 MHz, K
WIETEE AT IE R 30 GHz. 5 B BRCAF LR
il 2% (AOM) #EAT 1 22 1 i1 J5 16 FH 2 i1 |, AOM
{08 2 R 1 ) E Bk b A B R 2R 9§ (D G645, SRS)
By TTL kb ds i, AlR SO 6 A FE
5 BRI K. B TR = PN FRORE T A
15 mm IR i, o8 bk ekt 2 g, Biar
il f B AR i . A AL — B TR 2 S, TEAR
N EF N 3 us I m AR I T R
AR R [ AR i N — A 55 LI H 3 B b
FEIREE M A R 0 LB R 1o, BB AR R
T AR I 4 R B i e 3k A
TERR BRI EE (MCP), 72 A [ PR ik {5 5 i\ I EL
FET- BI85 %8 (SR250, SRS) #EATHUAE P15, i3k
P K4 (PCI-1714, Advantech) #E/T 4. 246
(I B — & $ Bk R B & 2 28 (DG645, SRS)
P 590 W 1 R, SER s I S PR
JERP 510 nm UK I A9 2 R 1] £ A [R) RS 40 74 1 B
AR R T, ThRBEEL) 3.5 x 103 W-em ™2, JK
%Ki (WSU-30, HighFinesse) Ml &. A SCi# it
DG645 F Bk 2E B 2 A8 28 1 55 2B BOR ek
M5 A R R 3 P IS TR) (6] o xof R 4 £ o
S ) LR T AT I, T LA AR R 1) B E
W 3 e

852 nmHEL(FIF)

510 nmigehknk

FRLE LY

1 I

3 EREREpM

B 2 Dy 38 A0 I 18] D9 22 I I &K 47D 0 BA
ATD5 /o I KE 40 BE S A HEL BT, B RS 40k

PR 432402 Autler-Townes 43 2211 45 5 1. M &
A LAE | 47D5 )9 L ATD3 o (H 5 E KB L. XEH
TR 7S H R A, SRR RN
4TDs5 )0 F14TD3 0. N [FI BRGNS N (4R 58 FE Sy 110
Forvjrnty = Wnrgr g CUS 1) |0V )], (1)
ERH R T LA IR S, TR T RE
P nl 3) 18 0l ") WBRIZ 9B EE, HF way gy =
(W jr — W) JRRBRIE A, C (5, 15) =& —
MNEGER TG RIOBEG (017 nl)]? ZXF T
AN [F) BRI BRI B e, T AR I o T B LA
&, WERERTHE K A Numerov vk, 78 ST L
THEZERTTRANAR. EALRE, FT
TREARNGOPy )0, Bin' = 6,1 =1, j/ = 3/2; WK
BIF AN ATDg ) MATD;s )0 35, Bin' = 47,1/ = 2,
= 5/2M3/2. THEIRT R (UK MEE L)
n(n) = fo,,(n)/fo,,(n), HEIn = 9.0. ALK
SO A P2 A A TR AT O s R £ S5
AR EA R B R Ly = 7.42,
B S8 T BORUR IR AR ATD5 o A LA 68 J5 5 H0H
47Dy, W 74215, FIRAH 5 SLIRAE ) 2 0 2 i T
L7 R S ) RS AR S B AR R T R OK
L 25 2550 56 R B 5 g 1),

. 80
2 47Dy
X T0fF I
~
H 6ol
E o
< 50+
= 1
& a0t
= |
® os0t
< ]
8 20p 47D3/s HE
> u
o10p . ’ l
8 of
=
= 710 1 1 1 1
19618.80 19618.81 19618.82 19618.83

510 nrni‘gf{ﬁ'fjﬂ’{l‘{v)i’ﬁi/cm’ 1

K2 47Dg/o 147Dy o 25 BT 1B

FATI & T B 68 57 SOE 58 — P OOt ik
TERIALACTE O, Wil 3 Fas. ATRAE ), BEE Bkt
ik otk 58 38, SRR EL 7RIS, 5 & E
LGRS AR AR R B B ZE RN R T
AR (1 52 0, [ A e O3 FL 8 D T 5 PR £ Mk L
A e T PR S 56 R BRATTIE 3 ) 55 — P SR Bk i ik
B4 20 ps.

TR T 47Dy 25 BB B T 15 1 BT AL
1T HAE 080 s N IR] Y AL O, 4n i 4 .

023201-2


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

) I8 % 3R Acta Phys. Sin.

Vol. 64, No. 2 (2015) 023201

180 |

ol e

120 | L

sor = 47Dy

60 = o 47Dy

40 b

20 | ..i.o'g‘QOOQQQQQOQO

1 ° 1 1 1 1 1 1 1 1

0 5 10 15 20 25 30 35 40 45
E R TE /us

47D3/2547D5/27§£?%%E%§i/ X103
]

(=)

B3 47Dg o Ml 47Dy o A5 FABLR A TR RO
Jik B 1A AE A1

FER TR <108

AL /s

221 (1)
20 |
181 %
16 | L]

14 .*ii

12: h"'ﬁ{

10

47Dy oA BRI T4/ x 103

AT /s

5.0} (c)

4.5 F }-
:

4.0
3.5

§
3.0 F

2.0F

SESTREL X 103

[ V)
ot
—a—
——
L]
—a—
——
—.—
——
—a—
——
——
—a—
-
-
—a—
——
L}
HH

IO 5‘00 1(;00 15‘00 2600 25‘00 3600 3500
AL TE] /ns

K4 47Dg o & RABE T B b2 e v 4 8 1 i 3

H (a) 574 (b) WAL A2 4k; () 0—3.5 us !

BP9 R, 9 o

4 (a) 9 55 B T 1 B I IR A0 1 45 R, T
2.3—28 ys Ju [ NS5 B TR %0 H A U8 BT RBL
R, FEHAGET ] 28 us BF Ik BV (E. Bt 5 V6 A0 BT
[N, o T 57 E R B>, S5 TR H
WA, BG5S RO A B, SR T
AR . P4 (b) S B A AR I T R B
TSR A 1 05 SR, 6 0 1 )5 R P JB - 0 80k
b, F A Z1950 ps. B4 (c) IRTE0—3.5 pus 4l
DB 47D o 25 FELA B2 Ji 1 17) S5 10 (A T8 A O T3 R
B RE, FTLLE R A B AR 5 B R A AR
A7 W A T B I [, AE AL TR0 2.3 us Z 1T H
FLB AR B TR D, I IRR T 2.3 us 5 B T4
THIRBES. R, 47Dy o 25 BLAE R J5 1 1 i B I [R)
2)42.3 ps

50

-.ﬂ"'*.

30} F l} .ii

SR x 108

201 [ .
-
10} * LI
= " s
O 1 1 1 1 1 1
0 20 40 60 80 100
AR /s
160} ()
= "y
—
X
Z 140}
= LS
. 120}
%? q5-:-0..-*
& [
= 1 -
5 00 o
Jr(gl L
2 8ot
m) . =
I~
¥ 60t L
0 20 40 60 80 100
AR /s

K5 47Dy ,o & RAERIFT A s i FE b S5 8 T iR 2k

H (a) 5 T4 (b) RS AL FAIAE 1L

B ROROG R BIILIRAL BN 47D5 ) 5
I, 19 2 B DL 56 2 7 U BBt i 18] (34,
K5, ATBVE I, 5 47Dg ), & BT SR L, (2
FER T 4TDs5 o SRR TIE R L E TR H R
I b E LIS ATD o I ERAG 2, TR 25 I []
BB, 47Dy o A HL A8 8 1 [ 700 B I (] 240
1.5 ys, 55 & T AR W84 1 ILAS LE 47Dy o BER,
PR R PR, S AT A R A BILAE 20 s

023201-3


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

Y18 Z R  Acta Phys. Sin.

Vol. 64, No. 2 (2015) 023201

Ak,

ME 5T LLE B, 47D )0 & 8B ATD;3 o A B A%
B8 I AL B S5 R AR B B SR, P S B AR
) BT R HEL N 14 - 1. [, (R385
MERRIHEAEMZ AR, KB ER I E
Z1N1.16: 1.

AL (1 S 56 ) % 1R 47D A BL AR TR T N A
FHEAE A HE 7 AH BLAE A, O 3 R A PR ARl A )
MR, S0 5% Hh o B TR) P9 7= A IR TR 2,
EH T B A S AL DA R s I 28R R S [ 4
B AR IR T R AR R, R T RIS A R
FOHE R H e R 2N 51 34 F, W & A Dl s 1961,
ABBCAE T HE B IS [8] ¢ R AE T LB R R T 1O H HE
B, A IE B T HOT LR IR A Ny = BNt Dy,
B A, 3R BT SRR S AR R A A S A
MR 2 5 # RT3, N oy E HEb
WILEHY B B AR 5 T4 The = n2/(20y/ McsRY)
FERA TR 5] B Al R R (20 A R
B, Mo MR TR, Ry AR THEE. BT
L5 R 1 B B AR ERAR /DS, DR 7 e B i R v
HL T 3RS 7 BRI B, DR 7 B R T
FIRWIES T =2 ERBIE R — NP RE N,
MEB T HAES RN, el & ofmls
e, MBI R g e 12

2 N;e?

Ui= \/;41'(507"’ @)
e N THATE, eo NETNM TR XNHHAPIK
fFIRBNRE DN T U 7, SRR AREBER
B R Rk, SR BT e
T, 1590 S 1 B A 62 i PR R AR i AT AE
ARFEL RTINS [) A TR P55 B8 T4 b e 7 b5 BLAR IR
TR LB R AT DL R
A(N — N;)vye10g

2
Tlwg

FC: ’ (3)

Horb o, = m(agn?)? 2 5T L B RERE AR, ao ABK
SRR, n R TR 1R wo 4 MO 5 T
e P X SRE K FEE R4, N — N Sy 38 B L o
T 1 LA R T K, A N5 R A R T 1
HOAP) 0, et 20 T 15 5 T R B PR .
SCHRTE P MRS AT2S 10E  T 805 # R T B
], DKL B A o B T AR, R
BETIRN

I,=

AN (1 — BtintL'ac)Vre10g
Tlw? '

(4)

] DL B 5 24 Rl Ji P 2 5 5 0 4 1 BLAE B8 R 1
BN IEE, SR EHRR BA KRR, FNLE
R T, BTG R T B AN R, TR e A
(R AL B 5 BN A, 7 AR S BHAR R Uy BN,
WA IRAE S P b 2 5 R BT 5 R 5 #H
X E vt WAL _E3 R R B 20 I ) S 6
25 SR P A 2 ) TR I TR A E R P
s DRI, JRATTE B8 A R AR S A n LA AR
TR AL 7.42, (B2 P AEAIZS B Bt
o R 88 B A AR R B EUAR L R T 4 A A
BB R PR, R, BT TR R 2
BRI T R AR ER TR LG, BEE Y14
RS, T = FEURESS P A 1 R
JE R DR B, A R B IR P R A B RN
Wi 5 2 g B ARk, DR R AR K 55 R
JEA R 5 T B SRR A PR, B 28 R e A 3 1)
B TR R R AR A T AT 3 AR R R,
BT HONU A B B0 R AR 7 R A S B AT [
TE AR AT, AT I S0 28 SR v 0 48 2 1 AR ) B K e AL
HIFEAT AR KX .

4 #

RICHTE T WU AN ATD3 )0 F147D5 o 1) A
BT B A S TR o E i R E
A T TAG WO I AR NS AR AR TR T
BN IR], X P T ARSI B R A (55 B T
PRI LB A M B R AR, I RSB P F il
PR SR I G5 REAT T 5 T KRS

SE

[1] Killian T C, Kulin S, Bergeson S D, Orozco L A, Orzel
C, Rolston S L 1999 Phys. Rev. Lett. 83 4776

[2] Killian T C, Lim M J, Kulin S, Dumke R, Bergeson S
D, and Rolston S L 2001 Phys. Rev. Lett. 86 3759

[3] Robinson M P, Laburthe Tolra B, Noel Michael W, Gal-
lagher T F, Pillet P 2000 Phys. Rev. Lett. 85 4466

[4] Amthor T, Reetz-Lamour M, Westermann S, Denskat J,
Weidemiiller M 2007 Phys. Rev. Lett. 98 023004

[5] Amthor T, Reetz-Lamour M, Giese S, Weidemiiller M
2007 Phys. Rev. A 76 054702

[6] Zhang L J, Feng Z G, Zhao J M, Li C Y, Jia S T 2010
Opt. Ezxpess 18 11599

[7] Robert-de-Saint-Vincent M, Hofmann C S, Schempp H,
Giinter G, Whitlock S, Weidemdiiller M 2013 Phys. Rev.
Lett. 110 045004

[8] Zhang H, Wang L. M, Chen J, Bao S X, Zhang L J, Zhao
J M, Jia S T 2013 Phys. Rev. A 87 033835

023201-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1103/PhysRevLett.83.4776
http://dx.doi.org/10.1103/PhysRevLett.86.3759
http://dx.doi.org/10.1103/PhysRevLett.85.4466
http://dx.doi.org/10.1103/PhysRevLett.98.023004
http://dx.doi.org/10.1103/PhysRevA.76.054702
http://dx.doi.org/10.1364/OE.18.011599
http://dx.doi.org/10.1364/OE.18.011599
http://dx.doi.org/10.1103/PhysRevLett.110.045004
http://dx.doi.org/10.1103/PhysRevLett.110.045004
http://dx.doi.org/10.1103/PhysRevA.87.033835

32 % R Acta Phys. Sin. Vol. 64, No. 2 (2015) 023201

[9] Zhu X B, Zhang H, Feng Z G, Zhang L J, Li C Y, Zhao [11] Tong D, Farooqi S M, Stanojevic J, Krishnan S, Zhang
J M, Jia S T 2010 Acta Phys. Sin. 59 2401 (in Chinese) Y P, Coté R, Eyler E E, Gould P L 2004 Phys. Rewv.
(R, skby, WEN, ki, 2255, REW, 0 Lett. 93 063001
2010 YHEAR 59 2401] [12] Robicheaux F 2005 J. Phys. B 38 S333

[10] Wang L M, Liu X M, Zhang H, Che J L, Yang Y G, (13] Zhang L J, Feng Z G, Li A L, Zhao J M, Li C Y, Jia S
Zhao J M, Jia S T 2012 J. Phys. Soc. Jpn. 81 104302 T 2008 Chin. Phys. Lett. 25 1362

Spontaneous evolution of Cs 47D Rydberg atoms at
different fine levels®

Duan Jun-Yi Wang Yong Zhang Lin-Jie! Li Chang-Yong
Zhao Jian-Ming  Jia Suo-Tang

(State Key Laboratory of Quantum Optics and Quantum Optics Devices, Institute of Laser Spectroscopy, Shanxi University,

Taiyuan 030006, China)

( Received 2 September 2014; revised manuscript received 30 October 2014 )

Abstract

The spontaneous evolution from Rydberg atoms in different fine states to plasmas is investigated. Two-photon
excitation is used to excite ultracold cesium atoms from 6S;/; to 47D3/2 and 47D5/, Rydberg states, respectively. The
ramp electric field is used to ionize the Rydberg atoms and drive the ions to the micro-channel plate detector. In this
experiment, the atom number of 47D5/,, state, which has a high oscillator strength compared with 47D3/,, is about 7
times larger than that of 47D3,, state. Based on the different initial atom numbers of two fine states, the evolutions of
plasma and Rydberg atoms are observed. The initial ionization time of Rydberg atoms and avalanche ionization rate
of different states are presented. The initial ionization of Rydberg atoms is ascribed to the combining effect of state
transfer from repulsive interaction to attractive interaction induced by the blackbody radiation and superradiation and
Rydberg atoms collision. Moreover, the avalanche ionization and production of plasma are explained as being due to the

rapid collision between Rydberg atoms and electrons in a local potential trap produced by positive ions.

Keywords: ultracold Rydberg atoms, ultracold plasma, transition probability, conversion ratio
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