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Fig. 1. Experimental setup (LO, local oscillator; EOM, elec-
tro-optic modulator; 10, isolator).
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Fig. 2. (a) Temperature readout with time and (b) its Allan deviation.

150601-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 15 (2020) 150601

HAS R

P EFS

W) = 90 min  FTh: /K K
A 299.13

0.05
|
| 0 m
299.12
\I —0.05
m 002" : o 002
02 v 299.11

3 (a) EARERE; (b) BB >1
Fig. 3. (a) Cavity diagram; (b) temperature distribution inside the sample cell.

W2, B E S ULE SGfes, I3 6 i & 78 Bt
IR AR IE, DRGSO R R AR ) I
H—EMmZ, BATFIH Comsol BRI A Py
(A EE 20 A AN 3(b) B, 24P )2 B2 18
FaEE T = 299.130(1) K B, ZEFEA 1N KSR
AR 90 min J&5 (58— LB Fr 75 Bsf 1] ), s
HUD RN 299.11 K, R AR o S PR IR 5
BT FL BEL I 3l B2 A7 AE 67 ppm AU 22, LA
KRG R R IR ZE A T

4) IR 4300 I s AR B 2 2 R R A
R 5 B RIS, P R 2 (A RIS SR
SRR FERIURAAL. LT, TR EIES
SEBYRAAL L) Ny 3 He /s, SE1 58S ] 2
4 0.5 h, TEIX BT N S B 1R R 6 mPa.

5) SOGA R B R OB R A E 1 R
5 RIS AR A 5y, 45 R RO A
7E 1 kHz JuENEsh, B, 78 1 KRR T H TR
A 3 A I e 1 25 6 3 0.01 ppm 1Y R Jj iR 22,

6) HAthi 25 L P Ly 99.999%, i
B 0.001% 128 B AT 238 L S R Y
2R, MIE LA KSR TR X il & 7=k Kk 24
5 ppm WA 1222 ; ULE M RHR B0 R B A 5
JINBY FE AR T S 550, X R 7 = AR K 24 0.1 ppm
A XTI 25 B T 1 mK 01 I s 4 S 8
ULE $IZAK R 80 10 9/K BRI A1, KRE4FE
0.6 mPa 1Y TR 1B,

i LR THe S, X TR R &, 4
SR HARZE TR AN 1 g,

PRI, T3 ) ik A B30 2 s s SR T

%ok B AR W T IEFE p < 100 kPa 1Y
WAE I E T AR ARSI EE R u=
\/(6 mPa)? + (73 x 10~%p)> .

1 BESHECTESAE 1ADKRAE T E SRR
AHXAS G 3 B DTk
Table 1. Uncertainty budget of determined argon

pressures within 1 atm.

ZH AHEE u(p) /ppm AP/mPa
IREET 67
iy # 0.01
RN 5
AR 0.1
Ae 4.0
B: < 0.3
Ap 0.05
B(T) < 10°
FEE K 27
ULE# Ak 0.6
J=San 73 6

i FIOR AT AT, MBI ARTEE: JoR HIA
Wi I EARA B T K K

3.3 F|RMX

MTAFA, 38 A X R 7 A 8 T A 3 LT A
WAL 4R B RECE RS H -2 NIST 1
Egan il Stone 55 ) F| HI7E 633 nm A T illl it T
LANRAESM TSR ASIT IR, H A e
4 35 ppm. {E[E PTB F 4 B BTk
D 7 A 4 B AR RO, [ AT 2 A
TR AR, ORI A 2 ppmlM.

150601-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 15 (2020)

150601

AR T T AR R e X T S A )
e SO ARy, BRSO AT A A s AR
SIFEAF AR TR 25 Av /v, IF
BEERA (1) 8 (11) X EIEE S, 17
Z G S, A5 W R YT S R N A B A
100 ppm Z N, iX 5 H Al HE ) RS FEARAT,
W H AT O A R A2 IR T R R
FE. K4 W TSR T894 mAb, 435 F M
K IH5L A DOSD 453 i /9 AH X% 2% 24 100 ppm
F11920 ppm, AJLUE 025 R 5 MRS
BN RAF AR . K 4 TR S
REB AW H N, — AR RE, ZHE
J1ZR R, RS B A0 0.025%; 24T 4
RN AN R B X ) STk Y 100 ppm B A X
25, X AR L, DR RE TR
SR I R v T R R RO,
DOSD | J& 5 - 52 55 v I 75 14 e 4ig W O 3
BRI 58 B2 1 105343 A, DOSD J5 ik a8 Y
BT KT PSR THAEAS th i, /D
NSO 3T B IR A AL R B S M AR, SR
DOSD 7ERAE S S NI E R B R T RAE
J1, HBEE R0 T i 25 A S H kit
R 75 700 7 9 e 22 W2 2R 30 R i 5
A, X RE S R R KE A G,

= ab initio
0.10 - * DOSD

FAE - HHE)E S /kPa
(e}
£

0.02F %
AR # +
—0.02 10 60 50 100

FUEH /KPa

4 TEIE IS AR S i 22

Fig. 4. Deviation between calculated and measured pressures.

4 % i

I A B30 % VR M D SR AT S %
IO AR B AR Ty, SE T TE 1A KRR
FEL P9 0 MR TR T I S B O u =
\/(6 mPa)? + (73 x 10%p)” . H B, WAHE T EE

SR A AR BE I 22 . SRR, 38 g3 )
Fe# T i Sk 5 DOSD vA A4S 3 B9 (A
TR TSRS GRS R 0 22, 45 R 2
7, MERTTRE AT I Sh A AL R 15 S5 LA
£, R X —IT S SIS RO TR R 744158
SRS, 53R TTRARR 22 100 ppm, %
fii 2 2R 1 T S50 I SRR ) 4 TSR
MR AT ISR AR RN, TR
IS e 7 75 3 B e i Ei A2 R R Rf 1
RS A 2 0L R U TR ) 45 D1 2 B Bk
WS HARARIR R TE—, KRBT T2k E R
ST, HATE S R G0 al AR H A
(28 3R Tt AR BRI 2 e - i A
Fie 3, I PRI RS L — 4R i, %07 IA I
AT DL SRAT B R JE 19 B0 1 (A A 3 2 o
SR AEARK B TAE R, A TR O R B
JEE ) B S B, IR SR, A A
BRI RS B2 42 R 2 10 ppm JKF, 5B
ABRIENG ZE R TS, A b .

S 30k

[1] Gibney E 2017 Nature 551 18
[2] Gu S J 2004 Shanghai Measurement and Testing 31 10 (in
Chinese) [BihAs 2004 i H-EML 31 10]
Tilford C R 1994 Metrologia 30 545
Hendricks J H, Olson D A 2010 Measurement 43 664
Li D T, Cheng Y J, Xi Z H 2018 Journal of Astronautic
Metrology and Measurement 38 1 (in Chinese) [Z5 K, Wik
%, JPRAE 2018 FAUTHIEA 38 1)
[6] Egan P, Stone J, Ricker J, Hendricks J 2016 2016 Conference
on Precision Electromagnetic Measurements Ottawa, Canada,
July 10-15, 2016 pl
[7] Egan P F, Stone J A, Ricker J E, Hendricks J H, Strouse G F
2017 Opt. Lett. 42 2944
[8] Egan P F, Stone J A, Ricker J E, Hendricks J H 2016 Rev.
Sci. Instrum. 87 053113
[9] Egan P F, Stone J A 2011 Appl. Opt. 50 3076
[10] Lanzinger E, Jousten K, Kuhne M 1998 Vacuum 51 47
[11] Viquez P, José G 2005 Ph. D. Dissertation (Berlin: Technische
Universitit Berlin)
[12] Pachucki K, Puchalski M 2019 Phys. Rev. A 99 041803
[13] Puchalski M, Piszczatowski K, Komasa J, Jeziorski B,
Szalewicz K 2016 Phys. Rev. A 93 032515
[14] Gaiser C, Fellmuth B 2018 Phys. Rev. Lett. 120 123203
[15] Thakkar A J, Hettema H, Wormer P E S 1992 J. Chem.
Phys. 97 3252
] Kumar A, Meath W J 1985 Can. J. Chem. 63 1616
| Vogel E, Jager B, Hellmann R, Bich E 2010 Mol. Phys. 108 3335
[18] Glick R E 1961 J. Phys. Chem. 65 1552
| Egan P F, Stone J A, Scherschligt J K, Harvey A H 2019 J.
Vac. Sci. Technol. A 37 031603
[20] Gaiser C, Fellmuth B 2019 J. Chem. Phys. 150 134303
[21] Buckley T J, Hamelin J, Moldover M R 2000 Rev. Sci.

™)

L)

150601-6


http://doi.org/10.1038/nature.2017.22911
http://doi.org/10.1038/nature.2017.22911
http://doi.org/10.1038/nature.2017.22911
http://doi.org/10.1038/nature.2017.22911
http://doi.org/10.1038/nature.2017.22911
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.1088/0026-1394/30/6/001
http://doi.org/10.1088/0026-1394/30/6/001
http://doi.org/10.1088/0026-1394/30/6/001
http://doi.org/10.1088/0026-1394/30/6/001
http://doi.org/10.1088/0026-1394/30/6/001
http://doi.org/10.1016/j.measurement.2009.12.031
http://doi.org/10.1016/j.measurement.2009.12.031
http://doi.org/10.1016/j.measurement.2009.12.031
http://doi.org/10.1016/j.measurement.2009.12.031
http://doi.org/10.1016/j.measurement.2009.12.031
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
https://www.doi.org/10.1109/CPEM.2016.7540725
https://www.doi.org/10.1109/CPEM.2016.7540725
https://www.doi.org/10.1109/CPEM.2016.7540725
https://www.doi.org/10.1109/CPEM.2016.7540725
https://www.doi.org/10.1109/CPEM.2016.7540725
http://doi.org/10.1364/OL.42.002944
http://doi.org/10.1364/OL.42.002944
http://doi.org/10.1364/OL.42.002944
http://doi.org/10.1364/OL.42.002944
http://doi.org/10.1364/OL.42.002944
http://doi.org/10.1063/1.4949504
http://doi.org/10.1063/1.4949504
http://doi.org/10.1063/1.4949504
http://doi.org/10.1063/1.4949504
http://doi.org/10.1063/1.4949504
http://doi.org/10.1364/AO.50.003076
http://doi.org/10.1364/AO.50.003076
http://doi.org/10.1364/AO.50.003076
http://doi.org/10.1364/AO.50.003076
http://doi.org/10.1364/AO.50.003076
http://doi.org/10.1016/S0042-207X(98)00132-8
http://doi.org/10.1016/S0042-207X(98)00132-8
http://doi.org/10.1016/S0042-207X(98)00132-8
http://doi.org/10.1016/S0042-207X(98)00132-8
http://doi.org/10.1016/S0042-207X(98)00132-8
https://www.doi.org/10.14279/depositonce-1248
https://www.doi.org/10.14279/depositonce-1248
https://www.doi.org/10.14279/depositonce-1248
https://www.doi.org/10.14279/depositonce-1248
https://www.doi.org/10.14279/depositonce-1248
http://doi.org/10.1103/PhysRevA.99.041803
http://doi.org/10.1103/PhysRevA.99.041803
http://doi.org/10.1103/PhysRevA.99.041803
http://doi.org/10.1103/PhysRevA.99.041803
http://doi.org/10.1103/PhysRevA.99.041803
http://doi.org/10.1103/PhysRevA.93.032515
http://doi.org/10.1103/PhysRevA.93.032515
http://doi.org/10.1103/PhysRevA.93.032515
http://doi.org/10.1103/PhysRevA.93.032515
http://doi.org/10.1103/PhysRevA.93.032515
http://doi.org/10.1103/PhysRevLett.120.123203
http://doi.org/10.1103/PhysRevLett.120.123203
http://doi.org/10.1103/PhysRevLett.120.123203
http://doi.org/10.1103/PhysRevLett.120.123203
http://doi.org/10.1103/PhysRevLett.120.123203
http://doi.org/10.1063/1.463012
http://doi.org/10.1063/1.463012
http://doi.org/10.1063/1.463012
http://doi.org/10.1063/1.463012
http://doi.org/10.1063/1.463012
http://doi.org/10.1139/v85-272
http://doi.org/10.1139/v85-272
http://doi.org/10.1139/v85-272
http://doi.org/10.1139/v85-272
http://doi.org/10.1139/v85-272
http://doi.org/10.1080/00268976.2010.507557
http://doi.org/10.1080/00268976.2010.507557
http://doi.org/10.1080/00268976.2010.507557
http://doi.org/10.1080/00268976.2010.507557
http://doi.org/10.1080/00268976.2010.507557
http://doi.org/10.1021/j100905a020
http://doi.org/10.1021/j100905a020
http://doi.org/10.1021/j100905a020
http://doi.org/10.1021/j100905a020
http://doi.org/10.1021/j100905a020
http://doi.org/10.1116/1.5092185
http://doi.org/10.1116/1.5092185
http://doi.org/10.1116/1.5092185
http://doi.org/10.1116/1.5092185
http://doi.org/10.1116/1.5092185
http://doi.org/10.1063/1.5090224
http://doi.org/10.1063/1.5090224
http://doi.org/10.1063/1.5090224
http://doi.org/10.1063/1.5090224
http://doi.org/10.1063/1.5090224
http://doi.org/10.1063/1.1150716
http://doi.org/10.1063/1.1150716
http://doi.org/10.1063/1.1150716
http://doi.org/10.1063/1.1150716
http://doi.org/10.1063/1.1150716
http://doi.org/10.1038/nature.2017.22911
http://doi.org/10.1038/nature.2017.22911
http://doi.org/10.1038/nature.2017.22911
http://doi.org/10.1038/nature.2017.22911
http://doi.org/10.1038/nature.2017.22911
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.1088/0026-1394/30/6/001
http://doi.org/10.1088/0026-1394/30/6/001
http://doi.org/10.1088/0026-1394/30/6/001
http://doi.org/10.1088/0026-1394/30/6/001
http://doi.org/10.1088/0026-1394/30/6/001
http://doi.org/10.1016/j.measurement.2009.12.031
http://doi.org/10.1016/j.measurement.2009.12.031
http://doi.org/10.1016/j.measurement.2009.12.031
http://doi.org/10.1016/j.measurement.2009.12.031
http://doi.org/10.1016/j.measurement.2009.12.031
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
https://www.doi.org/10.1109/CPEM.2016.7540725
https://www.doi.org/10.1109/CPEM.2016.7540725
https://www.doi.org/10.1109/CPEM.2016.7540725
https://www.doi.org/10.1109/CPEM.2016.7540725
https://www.doi.org/10.1109/CPEM.2016.7540725
http://doi.org/10.1364/OL.42.002944
http://doi.org/10.1364/OL.42.002944
http://doi.org/10.1364/OL.42.002944
http://doi.org/10.1364/OL.42.002944
http://doi.org/10.1364/OL.42.002944
http://doi.org/10.1063/1.4949504
http://doi.org/10.1063/1.4949504
http://doi.org/10.1063/1.4949504
http://doi.org/10.1063/1.4949504
http://doi.org/10.1063/1.4949504
http://doi.org/10.1364/AO.50.003076
http://doi.org/10.1364/AO.50.003076
http://doi.org/10.1364/AO.50.003076
http://doi.org/10.1364/AO.50.003076
http://doi.org/10.1364/AO.50.003076
http://doi.org/10.1016/S0042-207X(98)00132-8
http://doi.org/10.1016/S0042-207X(98)00132-8
http://doi.org/10.1016/S0042-207X(98)00132-8
http://doi.org/10.1016/S0042-207X(98)00132-8
http://doi.org/10.1016/S0042-207X(98)00132-8
https://www.doi.org/10.14279/depositonce-1248
https://www.doi.org/10.14279/depositonce-1248
https://www.doi.org/10.14279/depositonce-1248
https://www.doi.org/10.14279/depositonce-1248
https://www.doi.org/10.14279/depositonce-1248
http://doi.org/10.1103/PhysRevA.99.041803
http://doi.org/10.1103/PhysRevA.99.041803
http://doi.org/10.1103/PhysRevA.99.041803
http://doi.org/10.1103/PhysRevA.99.041803
http://doi.org/10.1103/PhysRevA.99.041803
http://doi.org/10.1103/PhysRevA.93.032515
http://doi.org/10.1103/PhysRevA.93.032515
http://doi.org/10.1103/PhysRevA.93.032515
http://doi.org/10.1103/PhysRevA.93.032515
http://doi.org/10.1103/PhysRevA.93.032515
http://doi.org/10.1103/PhysRevLett.120.123203
http://doi.org/10.1103/PhysRevLett.120.123203
http://doi.org/10.1103/PhysRevLett.120.123203
http://doi.org/10.1103/PhysRevLett.120.123203
http://doi.org/10.1103/PhysRevLett.120.123203
http://doi.org/10.1063/1.463012
http://doi.org/10.1063/1.463012
http://doi.org/10.1063/1.463012
http://doi.org/10.1063/1.463012
http://doi.org/10.1063/1.463012
http://doi.org/10.1139/v85-272
http://doi.org/10.1139/v85-272
http://doi.org/10.1139/v85-272
http://doi.org/10.1139/v85-272
http://doi.org/10.1139/v85-272
http://doi.org/10.1080/00268976.2010.507557
http://doi.org/10.1080/00268976.2010.507557
http://doi.org/10.1080/00268976.2010.507557
http://doi.org/10.1080/00268976.2010.507557
http://doi.org/10.1080/00268976.2010.507557
http://doi.org/10.1021/j100905a020
http://doi.org/10.1021/j100905a020
http://doi.org/10.1021/j100905a020
http://doi.org/10.1021/j100905a020
http://doi.org/10.1021/j100905a020
http://doi.org/10.1116/1.5092185
http://doi.org/10.1116/1.5092185
http://doi.org/10.1116/1.5092185
http://doi.org/10.1116/1.5092185
http://doi.org/10.1116/1.5092185
http://doi.org/10.1063/1.5090224
http://doi.org/10.1063/1.5090224
http://doi.org/10.1063/1.5090224
http://doi.org/10.1063/1.5090224
http://doi.org/10.1063/1.5090224
http://doi.org/10.1063/1.1150716
http://doi.org/10.1063/1.1150716
http://doi.org/10.1038/nature.2017.22911
http://doi.org/10.1038/nature.2017.22911
http://doi.org/10.1038/nature.2017.22911
http://doi.org/10.1038/nature.2017.22911
http://doi.org/10.1038/nature.2017.22911
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.3969/j.issn.1673-2235.2004.06.001
http://doi.org/10.1088/0026-1394/30/6/001
http://doi.org/10.1088/0026-1394/30/6/001
http://doi.org/10.1088/0026-1394/30/6/001
http://doi.org/10.1088/0026-1394/30/6/001
http://doi.org/10.1088/0026-1394/30/6/001
http://doi.org/10.1016/j.measurement.2009.12.031
http://doi.org/10.1016/j.measurement.2009.12.031
http://doi.org/10.1016/j.measurement.2009.12.031
http://doi.org/10.1016/j.measurement.2009.12.031
http://doi.org/10.1016/j.measurement.2009.12.031
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
http://doi.org/10.12060/j.issn.1000-7202.2018.06.01
https://www.doi.org/10.1109/CPEM.2016.7540725
https://www.doi.org/10.1109/CPEM.2016.7540725
https://www.doi.org/10.1109/CPEM.2016.7540725
https://www.doi.org/10.1109/CPEM.2016.7540725
https://www.doi.org/10.1109/CPEM.2016.7540725
http://doi.org/10.1364/OL.42.002944
http://doi.org/10.1364/OL.42.002944
http://doi.org/10.1364/OL.42.002944
http://doi.org/10.1364/OL.42.002944
http://doi.org/10.1364/OL.42.002944
http://doi.org/10.1063/1.4949504
http://doi.org/10.1063/1.4949504
http://doi.org/10.1063/1.4949504
http://doi.org/10.1063/1.4949504
http://doi.org/10.1063/1.4949504
http://doi.org/10.1364/AO.50.003076
http://doi.org/10.1364/AO.50.003076
http://doi.org/10.1364/AO.50.003076
http://doi.org/10.1364/AO.50.003076
http://doi.org/10.1364/AO.50.003076
http://doi.org/10.1016/S0042-207X(98)00132-8
http://doi.org/10.1016/S0042-207X(98)00132-8
http://doi.org/10.1016/S0042-207X(98)00132-8
http://doi.org/10.1016/S0042-207X(98)00132-8
http://doi.org/10.1016/S0042-207X(98)00132-8
https://www.doi.org/10.14279/depositonce-1248
https://www.doi.org/10.14279/depositonce-1248
https://www.doi.org/10.14279/depositonce-1248
https://www.doi.org/10.14279/depositonce-1248
https://www.doi.org/10.14279/depositonce-1248
http://doi.org/10.1103/PhysRevA.99.041803
http://doi.org/10.1103/PhysRevA.99.041803
http://doi.org/10.1103/PhysRevA.99.041803
http://doi.org/10.1103/PhysRevA.99.041803
http://doi.org/10.1103/PhysRevA.99.041803
http://doi.org/10.1103/PhysRevA.93.032515
http://doi.org/10.1103/PhysRevA.93.032515
http://doi.org/10.1103/PhysRevA.93.032515
http://doi.org/10.1103/PhysRevA.93.032515
http://doi.org/10.1103/PhysRevA.93.032515
http://doi.org/10.1103/PhysRevLett.120.123203
http://doi.org/10.1103/PhysRevLett.120.123203
http://doi.org/10.1103/PhysRevLett.120.123203
http://doi.org/10.1103/PhysRevLett.120.123203
http://doi.org/10.1103/PhysRevLett.120.123203
http://doi.org/10.1063/1.463012
http://doi.org/10.1063/1.463012
http://doi.org/10.1063/1.463012
http://doi.org/10.1063/1.463012
http://doi.org/10.1063/1.463012
http://doi.org/10.1139/v85-272
http://doi.org/10.1139/v85-272
http://doi.org/10.1139/v85-272
http://doi.org/10.1139/v85-272
http://doi.org/10.1139/v85-272
http://doi.org/10.1080/00268976.2010.507557
http://doi.org/10.1080/00268976.2010.507557
http://doi.org/10.1080/00268976.2010.507557
http://doi.org/10.1080/00268976.2010.507557
http://doi.org/10.1080/00268976.2010.507557
http://doi.org/10.1021/j100905a020
http://doi.org/10.1021/j100905a020
http://doi.org/10.1021/j100905a020
http://doi.org/10.1021/j100905a020
http://doi.org/10.1021/j100905a020
http://doi.org/10.1116/1.5092185
http://doi.org/10.1116/1.5092185
http://doi.org/10.1116/1.5092185
http://doi.org/10.1116/1.5092185
http://doi.org/10.1116/1.5092185
http://doi.org/10.1063/1.5090224
http://doi.org/10.1063/1.5090224
http://doi.org/10.1063/1.5090224
http://doi.org/10.1063/1.5090224
http://doi.org/10.1063/1.5090224
http://doi.org/10.1063/1.1150716
http://doi.org/10.1063/1.1150716
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 69, No. 15 (2020) 150601

Vacuum metrology based on refractive index of gas®
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Abstract

With the development of vacuum technology, subject to the influence of directional flow and uneven
temperature, the thermodynamic equilibrium state is destroyed. In this case, the pressure reference is not
suitable for characterizing the vacuum state. To ensure the long-term stability and reproducibility of the
measurement system, vacuum metrology will be characterized by gas density. The precisive measurement of gas
refractive index based on a Fabry-Perot cavity can be used to derive the gas density. This kind of an optical
measurement of vacuum links macroscopic dielectric constants of gases with microscopic polarization parameters
of atoms and molecules. It replaces the physical standard based on the mercury pressure gauge with the
quantum standard. In this paper, we discuss the reverse process from refractive index to gas pressure, and use
the laser-locked Fabry-Perot cavity method to measure the refractive index of argon gas. The contribution of
related parameters to the uncertainty of determined gas pressure is analyzed. The influences of material
parameters and experimental parameters such as gas molar susceptibility, molar susceptibility, dielectric second
Virial coefficient and temperature on gas pressure accuracy are analyzed. The result shows that the uncertainty

in our measurement of argon within 1 atm is u = \/ (6 mPa)” 4 (73 x 10~%p)* . Currently, the uncertainty mainly
comes from the measurement deviation of gas temperature inside the cavity. After repeating the measurement a
few times, the results show that the statistical uncertainty of refractive index is within 100 ppm, which is
limited by the accuracy of the pressure gauge used here. In addition, we compare the dipole calculated by the ab
initio method with that by the DOSD method. The results show that the dynamic polarizability obtained by
the ab initio method is consistent with our experimental results. In conclusion, these experimental results show
that the measurement of gas pressure based on the gas refractive index has high repeatability and accuracy. If
the temperature control and corresponding measurement accuracy of the gas are further improved, this method
can also be used to obtain high-precision microscopic parameters such as the polarizabilities of atoms and
molecules. In the future work, we will focus on improving the temperature control and the design of the cavity
to reduce cavity leakage and deflation. It is possible that the measurement accuracy of the gas pressure will be
increased to 10 ppm level, which is the same level as the current standard pressure gauge and will become a

new standard for pressure measurement in the future.
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