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Towards Realization of Ultra-Low Temperature Scale

Hisashi NAKAGAWA

Abstract
The Provisional Low Temperature Scale from 0.9 mK to 1 K, PLTS-2000, was adopted by the Comité International des
Poids et Mesures (CIPM) in October 2000. The PLTS-2000 is defined by the relation of *He melting pressure to

temperature and expands to lower temperature range by a factor of about 3 from 0.65 K, the lower limit of the International

Temperature Scale of 1990 (ITS-90). In recent years use of ultra-low temperature condition below 1 K is rapidly increasing,

because *He-*He dilution refrigerators which can stably and continuously maintain temperatures around a few tens mK have

been commercialized. In ultra-low temperature region important discoveries and useful devices are often produced.

Therefore it has been required that an internationally accepted ultra-low temperature scale below 1 K is established. In this

paper backgrounds of the PLTS-2000 and techniques to realize the PLTS-2000 are reported. And also this paper describes

the future plans about realization of ultra-low temperature standards and calibration services based on the PLTS-2000 at

National Metrology Institute of Japan (NMI]).
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Fig. 1 Temperature range of internationally agreed temperature
scales below 300 K (ITS-90YYand PLTS-2000).
Minimum temperatures which have been ever achieved in
various materials ?'¥ are also shown. The arrows show
the available temperature range wusing a dilution
refrigerator (D.R.) and an adiabatic  nuclear
demagnetization refrigerator (N.D.R.).
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Fig. 2 The adiabatic nuclear demagnetization refrigerator and the
measurement system for *He melting pressure curve.
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Fig. 3 Low temperature thermometers and fixed points. The
lines give a rough indication of application ranges of
various methods. The dashed lines and the solid lines
show primary and secondary thermometers, respectively.
A coulomb blockade thermometer can be used as both of
primary thermometer and secondary thermometer
(dashed dotted line).
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4 . ; .
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Fig. 4 The phase diagram of *He in zero magnetic field with
temperature on a logarithmic scale. Several fixed points on
the melting pressure curve are also shown (circle with
dot).
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IIFIEEE ICEAE T, 591.31 cm®/mol D —E % & 5%
77, WRHeD = v Fa = S, oc T OIRERFED
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B2 b, ZOREL T CIHREOT ha v —

Solid
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Molar Volume [¢cm3/mol]

Solid State

0.8

0.4
T/'K

Fig. 5 Molar volume of solid *He and liquid *He at the melting
pressure are shown as a function of temperature®” 29, The
broken line shows that the *He is cooled down from 1 K at
a pressure of 3.4 MPa.
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Fig. 6 °He melting pressure curve (solid line) and its sensitivity

(dotted line) ®.
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Coaxial cables
@ : Sintered Ag

- (a) Capacitor plates
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(c) *He chamber
Silver-plated

(e) Filling line

(d) Heat exchanger Gold-plated
Fig. 7 Schematic cross section of °He melting curve
thermometer.
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Fig. 8 (a) Comparison of laboratory temperature scales against
the PLTS-2000. H: Halperin®®, G: Greywall’®, F:
Fukuyama et al.*?, NIST: NIST-98*, N: UF-95*, PTB:
PTB-96' 4, (b) Absolute differences below 25 mkK,
including a comparison with a thermodynamic calculation,
“PLTS-2000 calc” using the Clausius-Clapeyron equation
with values for the entropies derived from measured heat
capacities and molar volumes of the liquid and solid phases
along the melting curve (for details see reference 6).
(Reprinted by permission © 2002 by Springer and
author(s). From R. L. Rusby et al., J. Low Temp. Phys. 126,
641.)
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The Provisional Low Temperature Scale from 0.9 mK to 1
K, PLTS-2000 is defined by the following equation relating
T .

2000 *

the melting pressure p of *He to temperature

+9.
p/MPa=3a(T,,/K)
=3
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a,=-1.3855442x10™"
a,=4.5557026x10"
a,=-6.4430869x10"
a, =3.4467434x10°

a, =—-4.4176438x10°
a, =1.5417437 x10'
—3.5789853x10'

a, =
a, =7.1499125x 10
a, =—1.0414379x10°

a, =1.0518538x10°
a, =—6.9443767 x10'
a, =2.6833087 x10'
a, =-4.5875709 x 10°

The fixed points of the PLTS-2000:

Fixed point p/MPa T,/ mK
Minimum 2.93113 315.24

A 3.43407 2.444

B (A-B) 3.43609 1.896

S (Néel) 3.43934 0.902
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