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Fig. 1. Photo of "Li cooled atomic vacuum measurement device.
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Fig. 2. Loss rate coefficient k versus trap depth U for the

collision system.
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Fig. 3. Schematic diagram of the “Li cold atom measurement apparatus.
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Fig. 4. Photo of Li cold atom clusters in 3D MOT vacuum

cavity.
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Fig. 6. Timing sequence of the cold atom loss rate measure-
ments in MOT and MT.
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Table 1. Comparison of the loss rate coefficient K
measured by the ab initio first principle experiment and

the calculated value of the semiclassical theory.
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Table 2.  Sensitivity factors of extractor gauge relative to

N, by cold atom calibration.
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Fig. 8. Curve of loss rate I, versus cold atom measure-

ment vacuum pressure p.
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25%), FoAth R 5T i R A N E B A R4
— 5, MR ER 2N T 5%.

H V8 TN 1) 4 P AR 1) R AE0RE IR R
N, FEMATIH—fLIE, FIE &2 3CHk [28-30] Hh3&
T G i S I K A HEAS 2 A R A AT T

220601-6


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
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. 73, No. 22 (2024)

220601

FEXE, Undk 2 P S5, ¥ IRl e EAT 21 1
A TR AR REEE T AL STk AA
ARG 1) — Sk, T K22/ T 8%, Mt la] 2 56
R T V& Ty LA 0 ) A 1 R ] S
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20F

R U e S
S et

+H2
—o— Ny
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1.5}

1/CF
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Fig. 9. Curve of the sensitivity factor of the extractor gauge

versus the vacuum pressure of the cold atom measurement.

4.4 REFEZNENHEESHITME

FEDL L SEIRAIFGT A A L AR I AN
TPE T ik B X% T~ 28 0 o 45 SR A T AN A
AP TAL . BE TR I B A ) AR R S 5k
B, 454 (1) A (7) X, 78 R A ) A
B p = f(Doss, Imots kioty Turs Dhvags ks, T, w) , Bl

_ Loss - (I'vt — Twaj) -k - T
Ivior - kot

AJ UL, ¥ D LS I AN O B R TR T
PR Dogs M5 A BYANHE B 5 B0 2R R REN Ko
T 2t P B A 2R 38 D F Dy 5 VA RIASI R JE
S — PRI B SE AH R R R B Ko, 71 AR E
JE | BEEHF A Dvor TIARIANTE BE ; PR %L
SRR kg IANEE BE; SURFIREE TSI
AN S B 5 I i 38 AS I L A5 I 80 w 51 AR
FERE. B THE 1x10°0 Pa HA5 50 P RBUR R
B Koss B, REBFH ) Majorana JEBRARIH 2R Ny,
LU 4050 2K 238 Dve /0 3 A5, PRI W] 2008 L5

M. D0 g A AR B 28 BT A6 A
Doss It - kg - T
T ot - ke ©)
T2 AN S B3 (BN AR DG, DRI ARD 5 1

PRAEANHAAE B ue, +(p) M

ts(p) = [ (Tiows) + 12 (Thar) + uf (Tior) + 1 (kic)

1/2
+u?(kg) + uZ(T) + u?(w) ) (10)

JELF 5 AR AN 5 FE e (Doss) HEE AN
B OCHRAFAE TR S I K A& AN e

+w. (8)

#3 WETHENEAERILEE

Table 3. Summary of cold atom vacuum measurement uncertainties.
AN E BEA U WE I AN 5E BE Sy
10% Pa 0.03%@Ny; 0.02%@Ar
A% 107 Pa 0.07%@N,;0.05%@Ar;0.05%@He;0.04%@H,
WRBARTEFE ur(Doss) 10 Pa 0.04%@Ns; 0.1%@Ar; 0.02%@He;0.04%@H,
10° Pa 0.06%@N;0.04%@Ar;0.07%@He;0.08%@H,
B 0.6%
) AZ% 1.6%@N,; 1.7%@Ar; 1.5%@He; 1.5%@H,
PURFAHEE ur(Dir) B 0.6%
) AZ% 0.05%@Ny; 0.07%@Ar; 0.09%@He; 0.06%@H,
PURFARHEE ur(Tvor) Bk 0.6%
1204 ORI e (Fior) — 0.8%@Ny; 0.3%@Ar; 2.4%@He; 1.9%@H,
YR 2B S H B E L we(kp) — AT
AR TFIRSEAHNE BE e (T) B3 0.3%
108 Pa 2.5%@No; 2.5%@Ar; 2.0%@He; 2.7%@H,
107 Pa 0.5%@Ny; 0.7%@Ar; 0.6%@He; 0.8%@H,
HIRAZ R TRERE ur(w) AR 10 Pa 0.07%%@1\;2;0.07‘7%Ar;0.08(§:2@He;0.1%%@1—122
10°° Pa AT
108 Pa 3.3%@Ny; 3.2%@Ar; 3.6%@He;3.8%@H,
R 10 7 Pa 2.2%@Ny; 2.2%@Ar; 3.1%@He;2.8%@H,
10 Pa 2.1%@Ny; 2.0%@Ar; 3.0%@He;2.7%@H,
10° Pa 2.1%@N,; 2.0%@Ar;3.0%@He; 2.7%@H,
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INSTRUMENTATION AND MEASUREMENT

Ultra-high vacuum measurement based on
Li cold atoms manipulation”
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Zhang Ya-Fei Jia Wen-Jie  Feng Cun Zhang Rui-Fang

(Science and Technology on Vacuum Technology and Physics State Key Laboratory,
Lanzhou Institute of Physics, Lanzhou 730000, China)

( Received 29 August 2024; revised manuscript received 30 September 2024 )

Abstract

The redefinition of the International System of Units (SI) promotes the transformation of the vacuum
measurement system toward quantization, and the quantization of vacuum parameters is one of the most
leading, prospective and subversive research directions in the field of international vacuum metrology, and the
quantum vacuum measurement is based on the quantum effect of the microscopic particle system, and the use
of optical means and the theory of quantum mechanics to realize the precision measurement of the vacuum
parameters. We develop a lithium-cooled atom vacuum measurement apparatus, which mainly consists of a Li
atom trap system and a continuous expansion vacuum system. In this work, an experimental study of ultrahigh
vacuum measurement is carried out by manipulating ‘Li atoms and utilizing the loss characteristics of lithium
cold atoms in magneto-optical and magnetic traps, and the results show that for the four commonly used gas
molecules in vacuum, namely Ny, Ar, He, and H,, in the vacuum range of (3x108-4x1079) Pa, the maximum
measurement uncertainty is 7.6%-6.0% (k = 2) based on "Li cold atoms, and the cold atom vacuum
measurement results are in good agreement with those of the traditional ionization vacuum gauges, and their
relative sensitivities are in good agreement with those of the ionization vacuum gauges, and the maximal
deviation of the relative sensitivity factor is less than 8%, which verifies the accuracy and reliability of the cold-
atom quantum vacuum measurements. The research results are of great significance in promoting the
development of new cross-generation vacuum measurement technology and meeting the needs of space science

exploration, ultra-precision measurement and high-end equipment manufacturing.
Keywords: ultra-high vacuum measurement, cold atom, magneto-optical trap, magnetic trap
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