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Hanle effect of 6s? 1S(-6s6p°P; 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
need sufficient spectroscopic information of relevant energy levels. The excited energy level 6s6p®P; is very
important in the experiment of laser cooling and trapping barium atoms. Hanle effect was examined both
theoretically and experimentally for the 652 1So to 6s6p *P; transition at 791 nm. 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

656p 3P, state to lower states were obtained and found to be in good agreement with other reports.
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BF R RO TE SR BN FOR BN, WE SRR ERE. F— AR R R AR
TESMEMAKRSHE 1~ FEZMNAE, BESE Ca. St ETH Yb EFHEMG 9 B85
BT 107 MARSEE, LATESHIEREENNENE, B5—FH, BRBaHT5 Ca. St —kR
BRLER. HEILAERZ M RT R A T W B/ GE X H W RSOt R A S S, HET
Ba JET4j Ca . Sr F—HMBERSH (Ba 85K °D; SEERHLRE °P; BK, MERMRLERETF
#13D; BT °P;), Mt Ba JRFHBOCAH S NEERI T AN E 200, EFREABULRE | HwERY
Ba RERAYASREME, B 655d°Dr BR—ALRE, BAEBKWNHM (WH 67s19), 655d 2D, BIHET 657 'S
RBGEB A A 1085 nm, BT HRMRRIEN A (49 2 mHz), F Ik Ba R F R8P IR A H iRk
—. ELIERERETLEE, NRTHGERSAMELE 01 BXae. M ~E%H 656p 'Pi-6s2 'Sy BK
EHEAT Ba RTFAH P gy R TRHAZ AR, BHBEMNEREEE, FRTNERHFEBEM
KBRS, WERER. KIS XS, MXEHRAE TR TREEE, HLRiiBARiE Ba
FREKTHHLSH BB HHUE. Ba HTHESE 652 1S, (J =0) FIMES 6s6p °P1 (J = 1) WERITTE
Ba FFHBOEHH G NEHRERE. N Ba FTMAED °P, 5, 48— EMEHREHAFHMERE
RLFaZ 6s5d °D; Ml 6s5d °Dy b, NFIARABXETRS, XERETEME Ba BFHHE A TRES
HFRERFITHOR MG NS 3EH 1So B2 °P) SEKTHK X 791 nm, WEKFOLBREH BT 12,

2RISR Hanle BN G SC R BOX B L BBt 5 &, 1B B0OKEE D 75 Ba BT
Riy ey F . (HIEHFT 656p °P; REREMIMIRET, RIRIEES Hanle VA A R REL H EREY
GiR, FEMTRI, 7RI AL SAMOCH 4 791 nm MEOLR T 596 B RA T4
%, % MHz 4%, X 54580 Hanle 300 i SEHRSOEHUE FIASHUR O BRAR He, SO6 R IR 28 58 X
FRAH B K, B CHE T RITESE T HENUBOCL HAOERE K51 Hanle BV HFFRER. A
Hanle (R 8 JBBE i %, 1837 Hanle MUV FEIRE 56 £ B HRMBOCA TR —BBER, FHITE
LRBEH T HMAES 656p°P1 SR A RWH R, HERSHISIHTHER 13 Mgy g 100 3477 i,

2 £ B

Ba JF T35 657 'S0 (J = 0) FIKAETS 6s6p *P1 (J = 1) MM BTG MM 1 BT, Heb °Py &
5 5Dy M °Dy BEHMBRITH A S B4 2775 nm A 2923 nm, 7ERLINER. % Ba BT EERK (T1.7%)
MIFE 5Ba #EAFER, BT "*Ba AR A M, FHLTRFAEE SRS,

TSRS KT, EEEARE m=0. +1 ZATHE ALRELREETE +1 fl -1 B4
MEBSHTRE (m = 0 M TS RRBNE, FILTLIZR), F7EE E TR FISOEA S 77 B
2 Sy o T PR T . ’

SRS EIE 3 PR, TR, T IRERELE 800°C 245, METP % Ba BT HENH
Fop R I BARBOR ISR 791 nm FADBBARFIR, HBBEOINE, IRFLRET HE
HAN 10 mm L4, —SREERERETR A S EFREE ST, AR EMERELRER LA T 791
BOCBMEST, B — RO E E R TS BRSO KBS B TR, T Hanle SOV WM, #
W2 568 Y6 LA LT 5 M A B8 7 DR 77 14 3 B 7 1D, 56 P R BT — B ST
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Fig.2 Schematic diagram of the Hanle effect experiment, including the

Fig.1 Diagram of energy levels and . . L . .
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Fig.3 Diagram of the experimental setup. PMT is photomultiplier tube for detecting fluorescence
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Fig.5 Diagram of energy levels for unclosed BREEFR, ffERRSEN FTHEFEERER.
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Fig.6 Fitting the Hanle effect signal. § = 2rgupB/h. The intensities of incident laser in (a), (b), (¢) and (d)
are 1.3 mW/cm?, 1.9 mW/cm?, 2.5 mW/cm? and 3.4 mW/cm?, respectively

Table 1 Lifetime and transition probabilities of 6s6p *P; state to lower states

This work Other experiments
Lifetime 6s6p P, 1.4x107%s 1.35 x 107% s (Ref.[13])
Transition 8p; — 18 0.29 x 105 7! 0.299 x 10° s™' (Ref.[12])
probabilities 8Py - 3Dy 0.42 x 10% s™!(total) 0.123 x 10° s™! (Ref.[12])
8P, — °Dy 0.42 x 10° s~ ! (total) 0.318 x 10° s™! (Ref.[12])
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