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Fig. 1. The relevant level structure of the fermionic 87Sr.
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Fig. 2. Lifetime of the atoms trapped in the 1D optical

lattice.

it A% A7 i 5 [ P [ SR 5/ 4K AR 2 29
HIRAFAE e B SGE N T . 3N REXE
BEATRE— DA 1) IS0 AR O R R
ORI AN B A R B R T HOH; 2) BRI
G5 BOARRIE A%, DL JERTT SR e 1 2
R, RECRTERRS G 3) H AT RGUR A
JOCIE A BB s UA i - AR B A, RO
UM AR ECOR, 25 275 e i A e R i
OGP /N AR T A HOG 3%

2.3 SR spEIT g LR

SE G AR AR K 698 nm 1 6 Al
A 2 AR O B3R BRI R R 6 U8, B
64 X B R T 5s? 1S (F = 9/2) —5s5p 3Py
(F = 9/2)BkiE. it PDH a4 i) 77925 698 nm
WOLB e 1 — N HE SRS 40 B OFS 412 2 400000) FY
ULE 2% L. 8¢ 511 698 nm 064k 7615 3 Hz
B, SEIL T 698 nm WOGHE A LR TE e e i .
3 B AR 6 47 698 nm IO AL # B MOT [X
BT 5 RO E A, 698 nm EOGLE Sk 0 6 R
WIEA28 300 pm, HARSE T 7 Ep &GS 6 1R
PRI7 M 2 18] By, Je R 0, B A& 61 Imk 77 17 B
55 R H 7 1) i i B G377 1)~ AT, SRERG R an &l 3

070601-3


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

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 7 (2018) 070601

| F-P
cavity
plias
813 nm
laser

OFC
L%m

HR@813 nm

Jeetii i
PERSIE
SR 20%

ULE
cavity

K3 DL RGOEMM RS IR NN SR
Fig. 3. Experimental setup of the Sr optical lattice clock.
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Abstract

We demonstrate a spin-polarized clock transition spectrum of the 37Sr optical lattice clock. The clock transition
5s2 1Sy — B5s5p 2Py of isotope 87Sr has a hyperfine structure due to non-zero nuclear spin, inducing ten m-polarized
transitions from each individual m, state under the condition of a bias magnetic field along the probing polarization
axis. In this experiment, atoms are driven to a certain m, state by a circular-polarization pump light to maximize the
atomic population, which is beneficial to the stability and uncertainty evaluation of the optical lattice clock. After two
stages cooling and trapping, about 3.5 x 10° atoms are trapped in the red magneto-optical trap with a temperature
of 3.9 uK. A grating-feedback external cavity diode laser with a tapered amplifier is used to build the optical lattice
with a “magic-wavelength” of 813.426 nm. Both waists of the counter-propagating lattice beam along the horizontal
direction are overlapped to form a one-dimensional (1D) optical lattice. The lifetime of the atoms trapped in the 1D
optical lattice is 1600 ms. The clock laser at 698 nm is a grating-feedback diode laser, which is locked to an ultra-low
expansion cavity by the Pound-Drever-Hall technique to stabilize the frequency and phase. As a result, the linewidth of
clock laser is narrowed to Hz level. By the normalized shelving method, we obtain a resolved sideband spectrum of 87Sr
5s2 1Sy — 5s5p 2Py transition. According to the spectrum, the lattice temperature along the longitudinal direction is
approximately 4.2 pK. After that a linewidth of 6.7 Hz of the degenerate clock transition is obtained at a probing time
of 150 ms by utilizing a three-dimensional (3D) bias magnetic field, which is used to eliminate the stray magnetic fields.
Then a small bias magnetic field of 300 mGs is applied along the polarization axis of the lattice light to achieve the
spectrum of Zeeman magnetic sublevels of the clock transition. Furthermore, the m, = +9/2 and m, = —9/2 magnetic
sublevels are picked to be respectively pumped by the o*-polarized and ¢~ -polarized light at 689 nm, a variable liquid
crystal wave plate is employed to switch on both polarizations. Finally, the spin polarized clock transition spectrum is
obtained at the interrogating pulse of 150 ms, and the linewidths of the m, = +9/2, m, = —9/2 magnetic sublevel

transitions are 6.8 Hz and 6.2 Hz respectively.

Keywords: strontium optical lattice clock, observation of clock transition, the spin-polarized spectrum
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