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2. Theory of SPRIGT [1]

Since 2019, the base units of International System of Units have been redefined using universal constants. For the unit of thermodynamic temperature, the 
kelvin was redefined by fixing the value of the Boltzmann constant. This change allows for more accurate temperature measurements below 25K, which is 
crucial for metrology and various fields like frontier science, space science, and medical science. To implement the new kelvin below 25 K, the Consultative 
Committee for Temperature recommends three gas thermometry methods: acoustic gas thermometry, dielectric-constant gas thermometry, and refractive-
index gas thermometry. Researchers, from LNE-CNAM, INRiM, PTB, NRC and TIPC-CAS, have made significant progress in this field. 
To this end, TIPC-CAS and LNE-CNAM joint lab have jointly proposed a novel Single-pressure refractive-index gas thermometry technique, which we called 
SPRIGT. Based on this method, our joint lab has made substantial progress on thermodynamic temperature measurements below 25 K with uncertainties 
better than 0.17 mK, presenting a very promising picture.
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4. Results of SPRIGT in 5K-25K

3. SPRIGT system

❑ Lorentz–Lorenz equation
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❑ n2 can be estimated by the ratio of resonance frequenciesRIGT
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❑ If p is fixed at 2 temperatures
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SPRIGT

2. Advance of the “ab initio” calculation of gas thermal-properties 
1. Ratio is used to reduce the absolute pressure and T effect

3. High-accuracy of microwave resonance frequency

SPRIGT has the potential to realize high-accuracy T measurement

The first SPRIGT system at TIPC-CAS, which can
measure thermodynamic temperatures T from 5 K to 25 K
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Stability 10 μK

Resonator
 for microwave

Accuracy ppt( 10-12) level

Pressure measurement 
and control system
Stability  0.16 ppm 
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No. 
Standard  

uncertainty component / μK 

T = 24.555 35 K T = 13.804 28 K T = 5.000 21 K 

30 kPa 60 kPa 90 kPa 120 kPa 30 kPa 60 kPa 90 kPa 120 kPa 30 kPa 60 kPa 90 kPa 120 kPa 

1 Reference temperature 160 160 160 160 50 50 50 49 6 5 5 4 

2 Temperature stability 7 8 10 8 4 5 5 3 2 2 2 2 

3 Microwave self-heating 2 2 2 2 2 2 2 2 2 2 2 2 

4 Vacuum frequency 114 57 38 29 41 20 13 10 4 2 1 1 

5 Frequency under pressure 134 55 35 24 40 18 11 8 5 2 1 1 

6 Compressibility 43 43 43 43 13 13 13 13 2 1 1 1 

7 Absolute pressure < 1 < 1 < 1 < 1 42 35 33 33 28 24 23 24 

8 Hydrostatic head < 1 < 1 < 1 < 1 5 4 4 3 10 8 7 6 

9 Pressure stability 2 2 1 1 2 1 1 1 1 < 1 < 1 1 

10 Second dielectric virial coefficient < 1 < 1 < 1 < 1 26 53 79 106 37 73 109 141 

11 Third dielectric virial coefficient < 1 < 1 < 1 < 1 1 2 5 10 2 9 21 39 

12 Second density virial coefficient < 1 < 1 < 1 < 1 7 15 22 30 29 65 111 175 

13 Third density virial coefficient < 1 < 1 < 1 < 1 < 1 2 4 8 15 72 197 447 

14 Fourth density virial coefficient < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 1 9 40 133 
15 Mode consistency 1 < 1 1 1 34 51 61 69 25 34 30 14 
16 Molar electric polarizability < 1 
17 Molar magnetic susceptibility < 1 

18 Total uncertainty for each isobar 242 184 174 170 99 101 121 145 63 129 258 520 

* Weighted mean for 4 isobars 165 μK (0.165mK) 70 μK (0.070mK) 55 μK (0.055mK) 

* Consider correlation 
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The total standard uncertainty of thermodynamic temperature is better than 
0.17mK for 5K-24.5K [2, 3], which is the lowest uncertainty in this 
temperature range so far. Furthermore, we repeated these measurements 2.5 
years later, in 2021, and found good repeatability of TSPRIGT-T90 and T with 
difference within ±0.1mK[4].

5. Preliminary results of SPRIGT in 2K-5K

We have redesigned a new SPRIGT system with a GM cryocooler and a 
closed-cycle helium-4 Joule-Thomson cryocooler. Our preliminary 
uncertainty budget for 2K to 5K suggests a combined standard uncertainty 
better than 0.13mK. And the preliminary T-T90 data from 2K to 5K looks 
promising. Each point is measured at several pressures. For example, at 2K, 
we only use pressures below 1.5 kPa, about half of the vapor pressure, to 
avoid possible condensation. We are continuously testing for repeatability 
and verifying the accuracy of these data.

SPRIGT is one promising primary gas thermometry to implement the new kelvin below 25K, which has been realized down to 2 K preliminarily at TIPC-
CAS. Our work should provide valuable input data for any future revisions of the International Temperature Scale. In future, SPRIGT still has potential to be 
used for even lower temperature measurements by using helium-3 working gas and improving the accuracy of low-pressure measurements. 

New SPRIGT system for 2 K – 5 K

➢ Advantage

Uncertainty budget of T 
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