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Fig. 1. (color online) Energy levels related cooling of

Strontium atoms.
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Fig. 2. (color online) The laser system for 1D optical

lattice.
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Fig. 3. Time sequence for 1-D optical lattice based on
Blue MOT and Red MOT.
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Fig. 4. (a) Images of trapped atoms in 1D optical
lattice corresponding to the different time t; (b) the
distribution of trapped atoms along the horizontal di-
rection of EMCCD.

it 3o X AN [R] I SE ¢ 3 S 5 e T AR AT Ak
H, i HEEHSHELS SRy =
Ae 7 4y AT BHRA A, 153 — 416 bk A i
2179270 ms, 4015 P 3 op ] m AR SE R AU,

130601-4


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 13 (2015) 130601

Lo BRI i 2. AR IR AT R I AE ¢ 3 A
BRVA T B 5 DG U AR B SR BN, of BT 1B 4 ()
P PG SR B BR 5, B35 B i A 4 5L 1
K H kB> O TR T 5 S AR ]
FAAE— € HIA LR AR, S b 1998 T T 2
B 7 FRETRS] (1.5 x 1077 Pa).

4000 +
3500 +
3000 +
2500 +
2000 +

1500 +
1000 +

JEF IR /arb. units

500 |- ®
0

0 100 200 300 400 500 600
f$18] /ms

5 —HELaE AR SR TG R EEREERIIIN AE ¢ fAE 1L

Hh £

Fig. 5. Atomic fluorescence intensity in 1D optical
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Fig. 6. Number of trapped Sr atoms in 1D optical

lattice as a function of the single lattice laser power.
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Fig. 7. (a) Different TOF signals of atoms in 1-D optical lattice versus release time At; (b) temperature of

atoms as a function of the single lattice laser power.
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Abstract

The optical lattice clock with neutral atoms occupies an outstanding position in the research field of atomic clocks,
demonstrating the great potential of its performance (like the uncertainty and the stability). At present, the optical
lattice clock has realized a 1078 level of its uncertainty. In this paper, we present the realization of loading bosonic
atoms ®3Sr (strontium, alkaline-earth metals) into a one-dimensional (1D) optical lattice in our laboratory. The optical
lattice where the atoms are trapped can make the energy level shift, called Stark shift. But there is the special optical
lattice operating at the “magic” wavelength for clock transitions (5s%) *So—(5s5p) Py, which can make the same Stark
light-shift for both of them, indicating a zero light-shift relative to the clock. In our experiment, Sr atoms are cooled
in a two-stage cooling and its temperature can be as low as 2 uK. Then these cold atoms are confined in the Lamb-
Dicke region by the lattice laser output from an amplified diode laser operating at the “magic” wavelength, 813 nm.
Experimentally, it is straightforward to provide 850 mW of lattice power focused to a 38 pm beam radius. After the
cold atoms have trapped in the optical lattice, the lifetime of atoms in 1D optical lattice is measured to be 270 ms. The
temperature and the number are about 3.5 pK and 1.2 x 105 respectively. Besides, effects of the power of the lattice laser
on both the number and temperature are analyzed. The number changes linearly with the laser power, while there is no
obvious influence on the temperature by the power. This original and special approach for atoms trapped in the optical
lattice can provide a long interrogation time for probing the clock transition. Furthermore, it may be the foundation for

developing our optical lattice clock of strontium atoms.
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