- 30 - ZEAIER 20224 % 42 % % S

Slir

doi: 10.11823/j.issn.1674-5795.2022.05.04

E*’b\ﬂf\lm Ejﬂ,~Egll\\Hﬁﬂ-’$2H )I-”J-E
iR REFIAR

/%2%1,2,3, g{{m’élij’ lab,,,.123 /%i/i\‘/‘ﬂ)il'z, %,T 1,2’ :g\—r‘:;é/\lj*
(LHEHFREFNENZEHACAFTARE BIEEEF L2 THEERE L LR E,H L KX 430071;
2HERFEREENENFZSEACNFAL R FERFREFHATE L LR E, #HdL KX 430071 ;

3. EMFR AF, AL 100049)

HOE.: Al AR K & 28 Ultra—Low—Expansion (ULE) &k hn T % 48 F s, 8 I8 E =4 & &
B M 72 Bt IR R R IR AT AR VR A B Z 0 S0 B, AR R K IR R Y I B AR A AR O B AT P R
Bl XEER ERWKBEEATHREBAZTERBRE LB ARTIELNEZNETEEEE X, AXEK
T FEF A 2 F 89 Pound—Drever—Hall (PDH) 35k ¥ #8470 2L A< JE 78, A28 7 Bt & F M fe 45 Ar oy ] & 7 X,
VW AN-28 T B2 IR A0k ORAR I & R b el B 0k = R AR I 0 B I IK 08 R & 7k, B AT T el
B fE R A R TARJR I, I BEAT T L A6 IR . R B AT E K IR S A @ B T R R R A R T m 34T T &
G REE, N RAMEBHOER RN - R EREFL,

KR FE T o7y, HAK; PDHAES; MEESLEE; EBKEE AR

hESES: TB9 XHERFRIRAD: A MXEHRS: 1674-5795(2022)05-0030-08

Review of precision measurements of the zero—thermal—expansion

temperature of ultra—stable cavity
YUAN Yi'*?, ZHANG Han'*?, WANG Dehao'*?, YUAN Jinbo'?,
CAO Jian'?, HUANG Xueren'*
(1.State Key Laboratory of Magnetic Resonance and Atomic and Molecular Physics, Innovation Academy for Precision
Measurement Science and Technology, Chinese Academy of Sciences, Wuhan 430071, China;
2.Key Laboratory of Atomic Frequency Standards, Innovation Academy for Precision Measurement Science and Technology

Chinese Academy of Sciences, Wuhan 430071, China;3.University of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Processing an ultra—stable cavity using ultra—low—expansion (ULE) material with an ultra—low coefficient of thermal ex-
pansion and controlling its temperature at the zero—thermal—expansion is the key to obtain a low—frequency drift rate. The measurement
of the zero—thermal—expansion temperature of the ultra—stable cavity plays a key role in the research field of ultra—stable lasers. The
ultra—stable laser with a low drift rate at the zero—thermal-expansion temperature is of great significance for the precise measurement
of the energy level transition spectral lines. This paper expounds the basic principle of PDH (Pound—Drever—Hall) laser frequency sta-

bilization based on an ultra—stable cavity, introduces the methods to measure the important specifications of an ultra—stable laser, and
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introduces in details the three methods to measure the zero—thermal—expansion temperature of the ultra—stable cavity, including refer-

ence cavily beat frequency method, femtosecond optical comb measurement method, and the optical clock measurement method. Then

the paper analyzes their operating conditions and working principles, and completes the experimental verifications. Finally, the paper

summarizes and prospects the future development direction of the precision measurements of zero—thermal-expansion temperature. It

provides a reference for the further development of the ultra—stable laser technology.

Key words: atomic and molecular physics; ultra—stable cavity; PDH frequency stabilization; frequency drift rate; zero—thermal—

expansion temperature
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Fig.1 Principle of PDH frequency stabilization technique
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Fig.2 Scheme of ultra—stable laser performance evaluation
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Fig.3  Variation curve of thermal expansion coefficient of ULE
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