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Fig. 1. Schematic setup for zero-crossing temperature measurement.

MR G B, A 698 nm AR
A5 2R e WOCHEA T A BRI IS R AR, S 56
Kl 1 F7R. 698 nm #FR7E 4k SOt £ 4 PDH
REE I, FHCLRR OGRS 7S St g s
PR GRS b, SRR A BDE s
HIR R SR T (55%)'Sg—(5s5p)°Py BEMERATE. it
J&, it AOM 4 698 nm kA %S 28 56 O i 4t
RAFFIRFEARE T R FERAT LR, BIApERIT %
2k MR AR A0 320 10 A R T % £ 110 T SR S A A
il AOM A TAEATI ., MTTSEER 87t S ks 4 14 4]
IEE . FESZBG T, faom = faom + JULE, fitom M ER
JAF (552)'Sy—(5s5p) Py BRIEAF | faom N AOM
I TAEIR, forg N ULE BEREHRITR. BT fiom
JEARASHY, B A faom = Afuie (Afson N AOM HY
TAERRAAL R, Afyre N ULE AR AL
fedit), BrLL, Sl MR AR FIRE T fuon WIME, R
B 23 AU A AOM 11 T AR M % B I 1 1 728
TRk, ATfS AOM 1 T AR Z A8 Ak e fe/ ME TGS
I AL A, BV A

3 MELRE M

¥ ULE BRI R B 31.11 °C, a4
AOM 1) TAESIR , 15 F] 1Y 87Sr s &l 4% B 11 o BR
Lk, e 2 s, Hoh ) B2 0 5 B 3R 7R 5
BRI, 21 0 S0 2 VA0 2% PR BICIE 2R M LA il
2. MW R HLA S5 AT, AOM (1) TAES Ny
231126364 Hz, ¥R AYTELELk %R 9 Hz.

FIFH R BE 45 645 53 3 ULE B i e 7
ZANRBE S b, N Tl ULE 53k 3 8 (0 P 4
RE, W AR 5 d 5 FEf T, A E 24
TR BE A6 I A A BRI 2R b BR AT 2k O R
(BPXERE ) AOM 1) TAEM ) BT 1A 1L ¢ R

W 3 frs, Hor, JR6E 2S00 5] Bl 3R 5250 i 4
P, AL RN I 2 WA 2. AR PR
GRS 698 nm MR L TIHOL RS ULE K
FY TR 5 R 30.63 °C, 12224 0.42 °C. 5 ULE
Jis S A AR R IR L AHEA T B, S Hhil) 275 3] R 45
S5 b [ 2 B i DU B S R 9 I R R O
BRSNS A 25 5 03 AE A G, BT DU A IR
B gD BT LA R T B 2 I AL A B, 51
AL TR 2K

0.6

041

0.2

Transition probability

0 s 2 1 1 — mSS. 1
—60 —30 0 30 60
Frequency-231126364/Hz

K2 e BRIT I £

Fig. 2. Normalized excitation spectra of clock transition.
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Abstract

In an experimental system of 8Sr atomic optical lattice clock, the free-running 698 nm diode laser is locked
in an ultra-stable optical reference cavity to obtain the ultra-stable narrow linewidth laser with good short-term
frequency stability. The ultra-stable optical reference cavity, which is usually composed of glass material doped
with titanium dioxide for ultra-low thermal expansion coefficient and two highly reflective fused quartz mirrors,
is called ULE cavity. The cavity length is prone to being affected by mechanical vibration, temperature change,
airflow, etc. The stability of the cavity length determines the stability of the final laser frequency. Near the
room temperature, there exists a special temperature point for the ultra-low expansion glass material, at which
temperature its thermal expansion coefficient becomes zero, which is called the zero-crossing temperature. At
the zero-crossing temperature, the length of the ULE cavity is not sensitive to the temperature fluctuation,
reaching a minimum value, and the laser locked to the ULE cavity has a minimum frequency drift. In order to
reduce the influence of temperature on the laser frequency instability, the zero-crossing temperature of the
ultra-stable optical reference cavity of 698 nm ultra-stable narrow linewidth laser system is measured by using
the clock transition spectrum of the strontium atomic optical lattice clock. The frequency drift and frequency
instability of the 698 nm ultra-stable narrow linewidth laser system at zero-crossing temperature are measured

by using the change of the in-loop locked clock frequency of strontium atomic optical lattice clock. By scanning
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the atomic clock transition frequencies at different temperatures, the clock transition spectra at different
temperatures are obtained. The second order polynomial fitting of the central frequency of the clock transition
spectrum with the change curve of temperature is carried out, and the zero-crossing temperature of the 698 nm
ultra-stable narrow linewidth laser system ULE cavity is measured to be 30.63 °C. At the zero-crossing
temperature, the 698 nm ultra-stable narrow linewidth laser frequency is used for in-loop locking of 3Sr atomic
optical lattice clock. The linear drift rate of the ULE cavity in the 698 nm ultra-stable narrow linewidth laser
system is measured to be 0.15 Hz/s, and the frequency instability of the 698 nm ultra-stable narrow linewidth
laser system is 1.6 x 105 at an average time of 3.744 s. The determination of ULE cavity zero-crossing
temperature for the 698 nm ultra-stable narrow linewidth laser system is of great significance in helping to not
only improve the instability of the laser system, but also increase the instability of 3"Sr optical lattice clock
system. In the future, we will improve the temperature control system of the ULE cavity in the 698 nm clock
laser system, enhancing the temperature control accuracy of the ULE cavity and reducing the measurement
error, thus achieving a more accurate zero-crossing temperature and further improving the frequency instability

of the 698 nm ultra-stable narrow linewidth laser system.

Keywords: ultra-stable optical reference cavity, frequency drift, clock transition spectra, zero-crossing

temperature
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