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Fig. 1. SLi energy level: (a) Experiment setup; (b) MOT cooling and repumping double pass acousto-optical
modulators (AOMs) to achieve frequency shift and amplitude modulation. SMPMF is the single mode polarization

maintained fiber, which is used for space-filtering and beam-shaping.
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Fig. 2. SLi gray molasses cooling energy level. Deep
blue represents strong cooling light, which is §; blue
detuned to transition F = 3/2 — F’ = 3/2. Light blue
represents weak repumping light, which is d2 blue de-
tuned to transition F = 1/2 — F/ = 3/2. §3 = §1—Jo,
03 is the two-photon detuning.
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Fig.3. Temperature and fraction of atoms captured in
6Li D1 molasses as a function of single-photon detun-
ing 01. Here, the capture phase lasts 1.5 ms, d3 = 0,
the intensity of D; cooling and repumping light are
2015 and 21s.
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Fig. 4. Temperature and fraction of atoms captured in
6Li Dy molasses as a function of two-photon detuning
d3. Here, the capture phase lasts 1.5 ms , §;1 = 51", the
intensity of D; cooling and repumping light are 201
and 215.

57 Bl 8 R U i J5 A RS e I [ e
(07 R, T AT R RS s IR S b
X WIUG R B N 200 pK ¥, 23329660 ps 57+ H
PR B TT B W1 46 RS I P, 23 IR R e Dy ¥
K, SR T R AR R 50 pK, TR K INMES
251620 ps A RITBIWILERES W, A RO E
KT T 0 7 . o H& T KO FRA R, JR 73
(R AF 2 [R]85 BEHG N T 27 %, AT DL AR RV AT
2 I A — P SR AR it v B A AS R R T

4 OLi#f = Fod ok 20 i 2N &

GM 7 H G ARG P S s, B — 3R
SITRET 6 IR AR TR, ARG HLAE 1 B 15 2R
THTOCES. X EEREBOLR h— GIRBUE /£
Jeh LIS R A BO bR S, TSI BeE

163201-4


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 16 (2018) 163201

Bl 5 B, ot as it 16 TE i 7 R A 85 (PBS)
RS Ay, — s FDGAR R, AR A8 e
B O AR8EE 26 L.

SEEG F AT AR B E TE O B 2 E R L
Yeh/E GPS VIR, 100 s AR, w] LIS RIS Fa
€M (allan deviation) £)4 3 x 10712, #REFEHIAN
BRI ST I — AR G 1 7 e 1 ) B ok
P BREF L L 58 4 200 nW /mm?, /T 0.0115,
B RIS T 1S 2R i ThR 8 58, REH AR T 1
F B TE] 2 ms.

Double pass

__________ > Toptica
|r ECDL
|
|
I e =
[ clock ‘ ‘ | ‘ ‘ ;
| !___ Optical comb  NBF
| 1
|
|

L Balanced
ow
== _[*=~"| amplified
pass
PDs

Bl 5 Rl xSl e R o sk el
o NBF AR T, NPBS A RIRABUR 153 AL B

Fig. 5. The setup of absolute frequency measure-
ment. NBF is a narrow band filter and NPBS is a

non-polarizing cube beamsplitter.

017 (b)
0
—0.1-
1.0 7

Residual

(a)
0.8

<
o

=]
IS
1

Fluorescence

I
o
1

0 T T T T T T T T
AOM scan/MHz
6 OLi D%k F=1/2 = 3/2 AETHZOLHE ()4t
A EAE, BELN Voigt AL, (b) ATk ZE
Fig. 6. SLi D1 line fluorescence profile and fitting: (a) Red

line is the measurement data, black line is the Voigt func-

tion fitting curve; (b) fitting residual.

BT ) OLi ¥ R 1 1) Dy 8563 an ¥ 6 Fr .
1 T SE6 ¥4 IR 7 B JEAE 50 pK—100 puK Z 1A,
H Doppler 14 56 A B8 56 4278 Br, HOk 448 2 B AR
] Lorentz 2878, — % FH Voigt 2k R i iA, S48+ K
FH VAR 2% 2 BLURN 15 BT 42 B I 20 & Sk AU A 0 B 1S 1

Voigt £ 7 U7 M EL T H: 5.87 MHz R A28 %%, &%
A EAF R JF T2 9541 7.5 MHz. X ({195 5
2 TR A 1 2 0 1 58 L R R OE  ThR R T L b
Jii Jo T FIIEEBR I 95 T B, BRI G R 1 £k e
N 7.4 MHz, 5 SR80 & i 25 R4k

S b I B A5 B A OLi R T (0 Dy 2R BR AT
PZRMF LA, RN T HE, NIST Porto iff 7t 21
(Ref. [14]) 1 Natarajan 2H (Ref. [13]) () & 51 7
Ferh, ATLAE B, FATHE A NIST 4 (Ref. [14])
FEF AT 183 S5 A0 W A — B

F£1  OLi Dy LRIOHZNE
Table 1. Measured frequencies of 6Li D line.

SLi Dy & Frequency (MHz) Reference

446789502.616(8) Ref.[13]

F=3/21/2  446789504.193(30) Ref.[14]
446789503.080(35) This work

446789528.716(10) Ref.[13]

F=3/2-3/2  446789530.215(30) Ref.[14]
446789529.198(36) This work

446789730.821(26) Ref.[13]

F=1/21/2  446789732.437(30) Ref.[14]
446789731.316(50) This work

446789756.942(16) Ref.[13]

F=1/21/2  446789758.491(30) Ref.[14]
446789757.476(29) This work
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Fig. 7. Comparison between theory and experiment
for SLi 2819 hyperfine-splitting[14:13:18:19] The ver-
tical line indicates the accurate theoretical value calcu-
lated through g; measured by atomic beam magnetic
resonance (Ref. [20]).

163201-5


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 16 (2018) 163201

T T

Ref.[14] L3

Ref.[13] | — -

Ref.[18] ]

Ref.[21] | —— B

This work [ ]
1 1
25.8 26.0 26.2 26.4

Frequency/MHz

8 SLiMRA 2Py o BIRSANLE g Al [13,14,18,21]
R 2 iE I B TR Hylleraas 55843 3 (1 v 4% fE #1611
Fify B

Fig. 8. Comparison between theory and experiment
for 6Li 2P1/2 hypcrﬁnc—splitting[l&14’18’21]. The ver-
tical line indicates the accurate theoretical value cal-

culated by the explicitly correlated Hylleraas basis set
(Ref. [3]).
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SPECIAL TOPIC — Physics in precise measurements

Precise measurement of °Li transition frequencies and
hyperfine splitting”
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Abstract
In this paper, we report a precision measurement of hyperfine splitting and absolute frequency of D; line in cold °Li
atoms. The gray molasses is realized in the experiment and the tempreature is cooled to about 50 pK, which is lower than
the Doppler cooling limit, 140 pK. By use of an optical comb, the absolute frequencies and corresponding hyperfine split-
ting are measured. We obtain frequencies of 446789503.080(35) MHz, 446789529.198(36) MHz, 446789731.316(50) MHz
and 446789757.476(29) MHz for the D line. The results are in reasonable agreement with the theoretical calculations and
consistent with earlier measurements. They could provide an important foundation for future frequency measurement,

« constant and nuclear radius.

Keywords: Li cold atoms, gray molasses, optical comb, precision measurement

PACS: 32.10.Fn, 37.10.De, 42.50.Gy, 42.62.Eh DOI: 10.7498/aps.67.20181021

* Project supported by the National Key Research and Development Program of China (Grant No. 2017YFA0304201),
the National Natural Science Foundation of China (Grant Nos. 11734008, 11374101, 91536112, 116214040), Shanghai
Outstanding Academic Leader, China (Grant No. 17XD1401500), and Shanghai Major Research Projects of Basic Research,
China (Grant No. 17JC1400500).

1 Corresponding author. E-mail: hbwu@phy.ecnu.edu.cn

163201-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1103/PhysRevA.52.2682
http://dx.doi.org/10.1103/PhysRevA.75.052508
https://doi.org/10.1103/PhysRevLett.107.023001
https://doi.org/10.1103/PhysRevLett.107.023001
http://dx.doi.org/10.1209/0295-5075/27/1/008
http://dx.doi.org/10.1103/PhysRevA.87.063411
http://dx.doi.org/10.1103/PhysRevA.87.063411
https://doi.org/10.1364/JOSAB.18.000666
https://doi.org/10.1364/JOSAB.18.000666
http://dx.doi.org/10.1140/epjd/e2003-00001-5
http://dx.doi.org/10.1088/0953-4075/41/3/035001
http://dx.doi.org/10.1088/0953-4075/41/3/035001
http://dx.doi.org/10.1007/BF01680407
http://dx.doi.org/10.1007/BF01680407
http://dx.doi.org/10.1103/PhysRevA.74.012502
http://dx.doi.org/10.1103/PhysRevA.84.042511
http://dx.doi.org/10.1063/1.4985544
http://dx.doi.org/10.7498/aps.67.20181021

	1引    言
	26Li冷原子的激光冷却和俘获
	Fig 1

	3灰色黏胶冷却(gray molasses)
	Fig 2
	Fig 3
	Fig 4


	46Li频率和超精细分裂测量
	Fig 5
	Fig 6
	Table 1
	Fig 7
	Fig 8


	5结    论
	References
	Abstract

