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Table 1.
ity of Helium.

Cofficients in the expansion of the polarizabil-
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Table 2.  Calculation results of refractive index.

K5 HZ¥ p/Pa PR n -1 5222 HZE p/Pa PR -1
1 101 3.17726 x 10 13 4015 1.25716 x 10°°
2 201 6.29408 x 10 14 7031 2.20149 x 106
3 301 9.42498 x 10 15 10036 3.14235 x 106
4 402 1.25916 x 107 16 20086 6.28879 x 106
5 500 1.56736 x 107 17 30252 9.47123 x 106
6 601 1.88312 x 107 18 40070 1.25445 x 10°°
7 701 2.19523 x 107 19 50035 1.56690 x 107
8 804 2.51819 x 107 20 60098 1.88127 x 10°°
9 901 2.82417 x 107 21 70122 2.19495 x 10°
10 1075 3.36856 x 107 22 80111 2.50751 x 107
11 2020 6.32721 x 107 23 90131 2.82100 x 10°
12 3012 9.43113 x 107 24 100166 3.13494 x 107°
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Fig. 1. Structure diagram of vacuum measuring device based on F-P cavity.
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Table 3. Text results of refractive index.

iz HZFE p/Pa PritHn -1 ig=2 HZ5BE p/Pa PrifHn — 1
1 101 3.93406 x 1078 13 4015 1.23185 x 1076
2 201 7.02328 x 108 14 7031 1.69882 x 1076
3 301 1.01155 x 107 15 10036 2.53943 x 106
4 402 1.32115 x 107 16 20086 5.48760 x 1076
5 500 1.61436 x 107 17 30252 8.46879 x 106
6 601 1.92653 x 107 18 40070 1.13490 x 107
7 701 2.24327 x 107 19 50035 1.42741 x 10°
8 804 2.56659 x 107 20 60098 1.72200 x 107
9 901 2.87352 x 107 21 70122 2.01575 x 107°
10 1075 3.32603 x 107 22 80111 2.30841 x 107®
11 2020 6.27737 x 107 23 90131 2.61473 x 107°
12 3012 9.38649 x 107 24 100166 2.89609 x 10°
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Fig. 2. (a) Comparison between theoretical and measured
values of refractive index in the range of 102-10° Pa; (b) com-
parison between theoretical and measured values of refract-
ive index in the range of 10°-10* Pa; (c) total comparison
between theoretical and measured values of refractive in-

dex in the range of 10>-10° Pa.
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SYTIHR A FIS TR R 1A B 2T BUR IR P
AR BRI AT R A 22 . AT, R SE R
PR
L¢(p) = Li+ AL (p) + ALy (p) , (23)

K, L(p) WG RS B, L o<
R R B ) AL (p) AR 1 S8 K
A, ALy(p) WIERB A T 800 KA Lt
Li(p), ALg(p), ALy (p) &6 T A pR%L.

¥ (23) ACA (14) AN (16) AR 2K
EIE S5 T S Fe3RaA A

e, (2

K, Av, AROCETRIRASRE, o(p) A5
B AMKIIYTHRBIE R L

AV = V; — V5 + Am - Upsg, (25)
Avem  Ap
—(n—1)— 2p 2
p(p)=(n-1) . T3x (26)

R AR SO 3 B4 S R BRI (AT A3, RIA)
T 103—10° Pa EL25 FE 0 N A 256 i H] 5250
B MPTHRIBIE R B, W3k 4 FR.

Xf 4 BRI LG, 1531 78 1075—7031 Pa
JEJEEN, PR B IEREOCT RN AR RS
B2 W)

0 (p) = 3.515 x 10710 . ¢965.05182 + 1.23071 x 10~

(27)

FE 7031100166 Pa 73 FEI, Pt 1E 24
KT HENIERRIEX A

¢ (p) = 1.95025 x 10~ - p +4.03741 x 107, (28)

1 2 AU R ) S BN T R
KARE, AT DAHE S AU He g Bl SO (A AR X A2 1
PSS RIS IE S W NI ES US| 25— S
TARKEII IR N

_ LiAp

AI/G (p) - 3K )

A, L e TR I B, p SRR,
K 2y ULE RO A BUSE R, I SUA T 1 B B0 14
XA A Lo (P)

(29)
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Table 4.  Refractive index correction coefficient.

Fes B p/Pa TEIEREL o(p) s KA p/Pa TEIEREL o(p)
1 1075 4.25267 x 107 13 40070 1.19548 x 106
2 2020 4.98394 x 107 14 50053 1.39494 x 106
3 3012 4.46381 x 10°? 15 60098 1.59267 x 106
4 4015 2.53114 x 10°® 16 70122 1.79205 x 106
5 7031 5.02669 x 107 17 80111 1.99100 x 106
6 10036 6.02924 x 107 18 90131 2.06270 x 10°©
7 20086 8.01189 x 107 19 100166 2.38851 x 10°©
8 30252 1.00244 x 10°°

Mo =2EC® B g g, SRR L R
i

¥ (30) AN (4) 2R (5) e 9 R R
BER)— BRI, I 200 5 B — B 3Rk X B O
BRI, RIVAT A5 3 S ) B SOk A AR X A2 £k
TSR RIA:

2k NAT

ALg(n—1) = AR (n—1). (31)
A
 2kgNAT
T O9AK (32)

K, K8 ULE #HRH IR &
WIRTA5 3805 SR Br SO (AR AR X 22 4k
TR RIE
ALg(n—1)=¢-(n—1), (33)
K, e BEENERBIESE, EARLEZIT,
HAH A 3.12 x 102

5 &

ACE SR AREC ST, T
— PR R I BE IR A 38 | B R Ak 3 RN 4 FEL 3R 4
RO B S T A ST S R NS 5 U B T
B NIRRT SRR R IB AT
BT A5 1 4 S5 2 S (B 1 AH N AN B 2 BE R 6.27
10712, HJGFFHE T F-P BEOGIE IR B AY 2 43 I
BEHE, A 102—10° Pa i Bl N A9 23T S 28047
i, P A E B 9.59 x 108, FeJa XA
ST HRISAE AN XS HopT, 75 ST
I N B Y 2R R B A S R R iR
JEE AT AR, PRI R S B U S S B ) L AS bR

B RIEET TBIE, 155 105—10° Pa HL25
JEE N 45 0 R BT S R IE R B HG T
N UERZE, It — DA UAR R S8
AR, 15 B A B B A A2 e
PrarRp R R, R HMERBIES e = 3.12 x
102 FELUR A F-P 3R i i S0 S R g
gorb, AIA A SO 45 145 e 0 i T 93T SR IE
F RO R MR LR TR AL, THER B 20
I 5 A (0 R0, AT AT 3 i o B A AR
71, BEE R T 15 R TR T RS M TORIER
TV BN BLE BT ik s A JE, S
BOTRRERESRE i, KR rT A AR B U (A
G) LB b A 2 U S RS B S8, I
T A BB I RN A E R, SCBA
ZETHRBTRIE.
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Refractive index measurement of nonpolar rarefied gas in
quantum vacuum metrology standard”
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Abstract

In the face of the historical change of international measurement system, the classical physics based
physical standard corresponding to many measurement parameters develops toward "natural standard", namely
quantum standard. In order to further improve the reproducibility and accuracy of vacuum value, the latest
research uses quantum technology to realize the measurement and characterization of vacuum value. In this
method, Fabry- Perot cavity is used to accurately measure the refractive index of the gas. The density can be
calculated by the refractive index and inversed to obtain the corresponding vacuum value. The measurement of
the gas refractive index is the key to the accuracy of the vacuum value. The macroscopic permittivity of
nonpolar gases is related to the microscopic polarization parameters of atoms through quantum dynamics. In
recent years, with the rapid development of ab initio theory and methods on the electromagnetic and
thermodynamic properties of monatomic molecules, the calculation accuracy of relevant parameters was
constantly improved, which can further reduce the measurement uncertainty of the above methods. In this
paper, the theoretical value of helium refractive index is calculated accurately based on the first principle with
known pressure and temperature. The relationship between gas pressure and refractive index is obtained, and
the relative uncertainty of the theoretical value of refractive index is 6.27 x 107'2. Then, the refractive index of
helium in a range of 102-10° Pa is measured by the vacuum measuring device which is based on Fabry-Perot
cavity, and the uncertainty of measurement is 9.59 x 10-%. Finally, the discrepancy between the theoretical and
measured values of helium refractive index is compared and analyzed. It can be concluded that the the
uncertainty of helium refractive index measurement originates from the deformation of the cavity caused by
helium permeation. Therefore, solving the problem of helium permeation is the key to establishing a new
vacuum standard. In this paper, the change of cavity length caused by helium penetration in the cavity is
corrected. The refractive index coefficient is corrected at various pressure points in a vacuum range of 10>-10° Pa,
and its pressure-dependent expression is obtained The variation of cavity length caused by gas pressure is
further quantified. The relationship between the change of cavity caused by gas pressure and that caused by the
refractive index is obtained. The correction parameter of cavity length is calculated to be 3.12 x 1072 In the
future experiment of helium refractive index measurement by means of Fabry-Perot cavity, the refractive index
correction coefficient at each pressure point given in this paper can be used to correct the refractive index
measurement results, thereby eliminating the influence of helium penetration on the refractive index

measurement, and obtaining the gas pressure with high accuracy.

Keywords: vacuum metrology, Fabry-Perot cavity, refractive index of gas, helium permeability
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