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Hanle Effect of 6s2 1S - 6s6p3P, transition of barium atom
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Abstract:

Barium atom is one of candidates for optical atomic clock. Laser cooling and trapping the atom needs
sufficient spectroscopic information of relevant energy levels. The excited energy level 6s6p 3P1 is
very important in the experiment of laser cooling and trapping barium atoms. Hanle effect was
examined both theoretically and experimentally for the 6s2 1S0 to 6s6p3P1 transition at 791nm. A

theoretical model was developed to include the influence of linewidth and intensity of probe laser on the

fluorescence of Hanle effect. By fitting the experimental measurement with the model, lifetime and
transition probabilities of 6s6p3P1 state to lower states were obtained and found to be in good
agreement with other reports.

Keywords: spectroscopy lifetime Hanle effect linewidth Ba atoms optical atomic clock

WekE H#A 2011-04-11 &[5 H # 2011-05-18 M %% i & 4 H # 2012-05-22
DOI:
FHETH :

EKBAR AL (10827404) FIE FKIERIAF IR K (2005CB724501)
BWAER: A4 Wdb N, BFRGE, FEMNFHART. & 7E LR T EE SRS .

fEE A RPEE WIHCN, LA, BT AR F 5 FY)EL. E-mail: genhuayu@wipm.ac.cn

YE#F Email: mszhan@wipm.ac.cn

S HCHEAT AT 2 IOV 01 55 N AR R SR R RE L N A3 dn RERIT ) LR M5 2 - Balii s

2% k-

[1] Hong F L, Takamoto M, Higashi R, et al. Frequency measurement of a Sr lattice clock using an SI-
second-referenced optical frequency comb linked by a global positioning system (GPS) [J]. Opt.
Express., 2005, 13 (14):5253-5262

¥ I RE
AIAE R
F Supporting info
k PDF(773KB)
F [HTML4A 3]
b 27 CHR[PDF]
F 2 3R
M55 = it
FAEASCHER G AR
b ADAFR )55
b NG B A
b 5IHASC
F Email Alert
b0 RS
bW A
AR SRR AR OGS
(i
b REZL AT
F HanleZ{ ™
(S
F BaJi T
b TSR
AN AH R
(N
kA5
(SN
P AW

I

PubMed
F Article by Yu,G.H
F Article by Zhong,J.Q
F Article by Yu,j
F Article by Dan,M.S




[2] Ido T, Loftus T H, Boyd M M, et al. Precision Spectroscopy and Density- Dependent Frequency Shifts
in Ultracold Sr [J]. Phys. Rev. Lett., 2005, 94(15):153001

[3] Marion H, Pereira D S F, Abgrall M, et al. Search for Variations of Fundamental Constants using
Atomic Fountain Clocks [J]. Phys. Rev. Lett., 2003, 90(15):150801

[4] Blatt S, Ludlow A D, Campbell G K, et al. New Limits on Coupling of Fundamental Constants to
Gravity Using 87Sr Optical Lattice Clocks [J]. Phys. Rev. Lett., 2008, 100(14):140801

[5] Ludlow A D, Zelevinsky T, Campbell G K, et al. Sr Lattice Clock at 1 x 10-16 Fractional Uncertainty
by Remote Optical Evaluation with a Ca Clock [J]. Science, 2008, 319(5871):1805-1808

[6] Wilpers G, Oates C, and Hollberg L. Improved uncertainty budget for optical frequency
measurements with microkelvin neutral atoms: Results for a high-stability 40Ca optical frequency
standard [J]. Appl. Phys. B, 2006, 85(1):31-44

[7] Barber Z W, Hoyt C W, Oates C W, et al. Direct Excitation of the Forbidden Clock Transition in
Neutral 174Yb Atoms Confined to an Optical Lattice [J]. Phys. Rev. Lett., 2006, 96(8):083002

[8] Barber Z W, Stalnaker J E, Lemke N D, et al. Optical Lattice Induced Light Shifts in an Yb Atomic
Clock [J]. Phys. Rev. Lett., 2008, 100(10):103002

[9] De S, Dammalapati U, Jungmann K, et al. Magneto-optical trapping of barium [J]. Phys. Rev. A.,
2009, 79(4):041402

[10] Dzuba V A, Ginges J S M. Calculations of energy levels and lifetimes of low-lying states of barium
and radium [J]. Phys. Rev. A., 2006, 73(3):032503

[11] Deng L Z, Yin J P. Generation of cold or ultracold atomic beams and their applications [J]. Chinese
Journal of Quantum Electronics (F¥HF2%#), 2005, 22(1): 1-12 (in Chinese)

[12] Chen L, Xiong Z Y, Wang L, et al. Tapered amplified diode laser injected by distributed feedback
laser [J]. Chinese Journal of Quantum Electronics (& ¥ H T 2%#k), 2010, 27(1): 15-20 (in Chinese)

[13] Dzuba V A, Flambaum V V, Ginges J S M. Calculation of parity and time invariance violation in the
radium atom [J]. Phys. Rev. A, 2000, 61(6):062509

[14] Brust J, Gallagher A C. Excitation transfer in barium by collisions with noble gases [J]. Phys. Rev.
A, 1995, 52(3):2120-2131

[15] Scielzo N D, Guest J R, Schulte E C, et al. Measurement of the lifetimes of the lowest 3P1 state of
neutral Ba and Ra [J]. Phys. Rev. A, 2006, 73, 010501

[16] Laksbmi P A, Agarwal G S. Optical Hanle effect in fields of arbitrary strength and bandwith [J].
Phys. Rev. A, 1981, 23(5):2553-2562

[17] Avan P, Cohen-Tannoudji C. Hanle resonances for a J=0 to J=1 transition excited by a fluctuating
laser beam [J]. J. Phys. B, 1977, 10(2):171-185

[18] Atvars A, Auzinsh M, Gazazyan E A, et al. Implementation of a double-scanning technique for
studies of the Hanle effect in rubidium vapor [J]. Eur. Phys. J. D, 2007, 44(3): 411-417

[19] Brink G, Glassman A and Gupta R. Lifetime measurement of the (5d6p) 3D3 state of barium by
dye-laser spectroscopy [J]. Opt Commun, 1980, 33(1):17-22

[20] Demtroder W. Laser spectroscopy : Basic concepts and instrumentation [M]. 3nd ed. Berlin :
Springer, 2003. 680-689

[21] Kastler A. The Hanle effect and its use for the measurements of very small magnetic fields [J].
Nucl. Instrum. Methods, 1973,110:259-265

[22] Guo B, Guan H, Qu W C, et al. Preliminary frequency measurement of the electric quadrupole
transition in a single laser-cooled Ca+ ion [J]. Front. Phys. China, 2009, 4(2): 144-154

[23] Qi R, Yu X L, Li Z B, Liu W M. Non-Abelian Josephson effect between two F=2 spinor Bose-Einstein
condensates in double optical traps [J]. Phys. Rev. Lett, 2009, 102: 185301

[24] Liang Z X, Zhang Z D, Liu W M. Dynamics of a bright soliton in Bose-Einstein condensates with
time-dependent atomic scattering length in an expulsive parabolic potential [J]. Phys. Rev. Lett, 2005,
94: 050402

[25] Andreev S V, Namozov B R, Koudinov A V, et al. Spin depolarization of holes and lineshape of the
Hanle effect in semiconductor nanostructures [J]. Phys Rev B, 2009, 80: 113301

[26] Ji A C, Liu W M, Song J L, Zhou F. Dynamical creation of fractionalized vortices and vortex lattices
[J]. Phys. Rev. Lett. 2008, 101: 010402

[27] Sahli A, Melliti A, Maaref M A, et al. Spin lifetime from the Hanle effect and fine structure of
excitonic levels in InAlAs/AlGaAs quantum dots [J]. Phys Status Solidi B, 2007, 224:2622-2628

AT i RA S

1. RS A5 B SRR T FL.Cs(7DI)+H2 1 S W 5 A S W lf 80 B A R 0 5[] &7 F 1274,
2008,25(6): 670-674

2. ZFEBEW] FLAERN SREEZR D oCig B AR R 355nmBEAE A R A FE 2RI 2 0 1 B B TR T 0] BT
BT 244, 2008,25(6): 675-680

3. B PALIHSO4: VO2+HIEPRIE RO MBS I FL[I]. &1 #1241k, 2009,26(4): 394-397

4. S RS ORLE ERAEIR IR 22060 7T [I]. & 5744, 2010,27(1): 1-5

5. WA e BREAR ITL AN S AR BRI A T RS IWEFE ] &7 724440, 2010,27(6):
737-742



6. Ji77 WiIkdie P E 7R AR N ECECT I BB IENTSI]. =k, 2010,27(6): 650-654

7. ERGE SRE W S0 B SR A I BT R R B e R I BRE F AE [D]. BT H TR, 2010,27
(6): 665-668

8. XSIGEy AR whigHE VNAR TISHE VI AR R R YR O B B RS 1 P 4 o HERS I T v A [I].
wT TR, 2011,28(1): 12-18

O. K ELRANVE, B VIR, 435 2R INEE TR (199Hg+) B FZeemantl &SN [I]. B F TR,
2011,28(1): 19-24

2011,28(2): 129-135

11. HIER THEE sk DR A X888 MoK XIEEE. NAR/NGE K 8 10 A4 25 4L 2 ) e AL T Tt 51
[J]. T HT%W, 2011,28(6): 715-719

12. JBUEEHr, B BN, -, T RA W, SRDAL, B B U AR .Cag (BO,), MARSIILIE M), 1 1274,
2011,28(2): 210-217

13. TR By E] 5K BT 052 9K R IR TROCOROEIE R AR U T H, SEE I R S L[] =T
Hi 721k, 2011,28(6): 720-725

14. [ i Mo 2Bk FiE AL AR T D2 ZE FADOFSRREIZ A & ] 4 DT 9L [9]. 1 Ha 1244,
2012,29(1): 1-7

15. H#, #om, BT, THEK, A, RYE Er:GSGG S RMEIEME T T MO MR R [9]. BT
2R, 2012,29(1): 45-51

Copyright by & FHL P24



