
“Highlights of the WG-CTh since 2024“ 



WG-CTh - Members

WG-CTh:

Chairperson:

Christof Gaiser  (PTB) 

Members:

Robin Underwood (NPL)

Jonathan Pearce (NPL)
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I. reviewing and reporting on measurements of T – T90 and T – T2000

II. recommending key comparisons in contact thermometry to the CCT

III. reviewing the research and application of primary contact thermometers to 

realize the kelvin

IV. updating the Mise en Pratique of the definition of the kelvin

V. updating the Guides to the Realization of the ITS-90 and the PLTS-2000

VI. reviewing novel contact thermometry techniques

Terms of references of WG-CTh



Activities since 2024

I. reviewing and reporting on measurements of T – T90 and T – T2000

First comparison of thermodynamic temperature 

in the range 4 K to 303 K using three methods 

(AGT, DCGT, RIGT)

AGT 77 K to 303 K

DCGT 

25 K, 70 K to 100 K

AGT 25 K to TPW

AGT13.8 K to 161 K RIGT 25 K to 83 K

AGT 90 K to 303 K AGT 173 K to 303 K

T comparison 

nearly completed



Activities since 2024

I. reviewing and reporting on measurements of T – T90 and T – T2000

new high temperature AGT

developed at 4 labs up to 

700 K or 1300 K



Activities since 2024

I. reviewing and reporting on measurements of T – T90 and T – T2000
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II. recommending key comparisons in contact thermometry to the CCT

Different NMIs are working on alternatives to the mercury triple point   

(mainly CO2 and SF6) for an amended version of the ITS-90 or a new ITS-XX

Huge progress was made during the years, and it is very likely that a first key 

comparison will be recommended within the next years.

In addition, the comparison of primary thermometers performed within DireK-T 

is a precursor of a possible key comparison of thermodynamic temperature…



V. Updating the Guides to the Realization of the ITS-90 and the PLTS-2000

Proposed updates to “the Guide” have been discussed and a sub-

group is working on the implementation.



A subgroup has worked on collation of new data for high-

quality reference points. Work will be continued and 

supported by an invited expert in charge of Eutectics.

Update of WG2 article by Bedford and colleagues 



VI. Reviewing novel contact thermometry techniques

The overall objective is to develop integrated optical practical primary thermometry from 4 K to 500 K to enable in-situ traceability in 

further practical applications. This will be reached through a combination of different technical approaches: with the optomechanical 

sensor, the quantum thermometry below 10 K will provide a quantum reference for the optical noise thermometry (operating in the 

range 4 K to 300 K), whilst using the high resolution photonic (ring-resonator) sensor the temperature range will be extended up to 500 

K. The important issues of the robust packaging over the large temperature range will be addressed, as well as the metrological 

validation of the developed sensors and their future applications. 

Photonic and Quantum Sensors for 

practical integrated primary Thermometry

www.phoqus-t.com



VI. Reviewing novel contact thermometry techniques



Fibre-optic thermometry can improve the measurement of temperature in extreme environments for energy 

providers and the industry sector due to distributed sensing and immunity to electromagnetic fields. The 

project aims to overcome the limitations that prevent the widespread use of fibre-optic thermometry by 

creating a dedicated European metrological infrastructure addressing research (e.g. measurement 

uncertainty), testing (e.g. industrial case studies), calibration (e.g. services and guides), and training (e.g. 

stakeholder workshop).

VI. Reviewing novel contact thermometry techniques



TG on future thermodynamic temperature traceability 

Membership

Jonathan Pearce (Chair), Graham Machin – NPL

Maria-José Martín Hernández – CEM

Aleksandra Kowal – INTIBS

Åge Olsen – JV

Yijie Pan, Kunli Zhou – NIM

Yasuki Kawamura – NMIJ

Andrew Todd – NRC

Christof Gaiser – PTB



Aim until now

• Primary thermometry is now an important method and T is already being disseminated 
by some NMIs

• Practical primary thermometry techniques are being vigorously developed and are likely 
to be used ‘in the wild’ in the not-too-distant future

• In-situ traceability is being developed, mainly through self-validating thermometers

• The metrology framework needs to be formalised and the required developments 
targeted



Future aim

In the first part of the TG-TTT activities, four practical primary thermometry methods 

were evaluated, namely relative primary radiometric thermometry, acoustic gas 

thermometry, Johnson noise thermometry and Doppler broadening thermometry. The 

aim of the next phase is to: Select a wider set of methods in addition to the original four 

(e.g. magnetic field fluctuation thermometry)

• Survey the readiness of the selected techniques

• Map realistic traceability chains for each

• Establish performance benchmarks



Update of the CCT Strategy

Achievements 2021-2025 Future Scan 2025-2030+  

Definition of the kelvin and MeP-K 

ITS-90 remains one of the key outputs of the CCT and the

backbone of global traceable temperature measurement. Non-

uniqueness studies have helped clarify the magnitude of this key

uncertainty.

The operation of the MeP-K-19 to be reviewed by the CCT. The review should examine as a

minimum whether ITS-90 and PLTS-2000 are still fit-for-purpose and continue to meet stakeholder

needs (including examining cost of implementation and need), describe and agree how to

incorporate thermodynamic temperature dissemination, and whether other thermodynamic

temperature measurement approaches should be included.

Collation of an update low uncertainty of T-T90 data below 335 K

has been performed and published.

CCT recommendation (T1 2021) “Requirement for new determinations of thermodynamic

temperature above 400 K” is still current and these values are urgently required to help inform the

deliberations about future temperature dissemination routes.

Demonstration and establishment of traceability directly to the

redefined kelvin from ~1300 K to ~3000 K via low uncertainty

thermodynamic temperatures of four new HTFPs (WC-C, Ru-C, Pd-

C and Fe-C). New values HTFP Fe-C, Pd-C, Ru-C and WC-C. This

completes the HTFP additions to the MeP-K annex in May 2024.

Launch new collaborative project, through a new task Group, in WG-NCTh about realising and

disseminating the kelvin by primary thermometry in the temperature range above 505 K to 1235 K:

primary thermometry capability by non-contact thermometry (especially by relative primary

radiometry) between 505 K (tin freezing point) to 1235 K (silver fixed point). Link to parallel TG in

CCT WG CT in high temperature acoustic gas thermometry for temperatures above 303 K (gallium

fixed point) with the target of up to 700 K. The objective is to obtain coherent weighted values for T-

T90 and T, including full uncertainty characterisation.

The redefinition of the kelvin has stimulated research into

practical primary approaches to establish traceability at the point

of measurement; the most advanced of these are Johnson Noise

Thermometry (JNT), Doppler Broadening Thermometry (DBT) and

Ring Resonator Thermometry (RRT) – but there are others

approaches.

Research into these more novel practical primary thermometry approaches – in principle capable of

providing in-situ traceability – will continue in the second half of this decade. By 2030 it will be clear

how successful these approaches might be, but it is likely that the JNT, DBT and RRT (or variant) will

all have been demonstrated at a high TRL.



Actions from the last CCT meeting



Proposed recommendation to the CIPM

recommends

• that CIPM ensures that there are new low-uncertainty evaluations of thermodynamic temperature above 400 K to bring T and any

future TITS closer together fulfilling requirements concerning uncertainty, namely

o the thermodynamic data should not be uncertain by more than a factor of two of the total uncertainty of the realization of the

ITS-90 up to the freezing point of silver and

o ensuring the reliability of primary thermometry (i.e. the data be based on at least two fundamentally different primary

thermometry methods within the MeP-K, where at least one result for each should have a standard uncertainty not more than a

factor of three of the total uncertainty of the realization of the ITS-90),

• that CIPM consult with key stakeholders so that a proper consideration of the cost of the introduction, implementation, and

requirements of a new ITS be evaluated (i.e. a cost-benefit analysis be performed),

• that member state NMIs and DIs stimulate research

o to solve the PLTS-2000 problem below 8 mK so that it could be considered for incorporation into a possible future ITS,

o to improve the operating performance of high-temperature platinum resistance thermometers (where possible working with

manufacturers) and

o to demonstrate one or more viable alternatives to the triple point of mercury for the calibration of both capsule and long-stem

platinum resistance thermometers,

• that, after the above items have been achieved, CCT perform a survey checking if primary thermometry is still only possible in very

few NMIs and, therefore, not a practical way of realizing and disseminating thermodynamic temperature (which would justify a

possible new ITS).

Criteria for the establishment of a new International Temperature Scale



Proposed recommendation to the CIPM

recommends

• that CIPM ensures that there are new low-uncertainty evaluations of

thermodynamic temperature above 400 K to bring T and any future TITS closer

together fulfilling requirements concerning uncertainty, namely

o the thermodynamic data should not be uncertain by more than a factor of two of the total uncertainty of the
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Proposed recommendation to the CIPM

recommends

• that CIPM consult with key stakeholders so that a proper consideration of the

cost of the introduction, implementation, and requirements of a new ITS be

evaluated (i.e. a cost-benefit analysis be performed),

• that member state NMIs and DIs stimulate research

o to solve the PLTS-2000 problem below 8 mK so that it could be considered for incorporation into a possible

future ITS,

o to improve the operating performance of high-temperature platinum resistance thermometers (where possible

working with manufacturers) and

o to demonstrate one or more viable alternatives to the triple point of mercury for the calibration of both capsule

and long-stem platinum resistance thermometers,



Proposed recommendation to the CIPM

recommends

• that member state NMIs and DIs stimulate research

o to solve the PLTS-2000 problem below 8 mK so that it could be considered for incorporation into a possible

future ITS,

o to improve the operating performance of high-temperature platinum resistance thermometers (where possible

working with manufacturers) and

o to demonstrate one or more viable alternatives to the triple point of mercury for the calibration of both capsule

and long-stem platinum resistance thermometers,



Proposed recommendation to the CIPM

recommends

• that, after the above items have been achieved, CCT perform a survey

checking if primary thermometry is still only possible in very few NMIs and,

therefore, not a practical way of realizing and disseminating thermodynamic

temperature (which would justify a possible new ITS).



Thanks to all the members of WG-CTh

and CCT-TG-CTh-TTT

and thank you for your attention!
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