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Plan

 Redefinition of the kilogram & its advantages

 Mise-en-pratique for the kilogram definition

 CCM detailed note on the dissemination process

 Dissemination of the Consensus Value

 Useful documents on the CCM webpage
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Redefinition of the kilogram

26th CGPM, Versailles, November 2018

The kilogram is the unit of mass; it is equal to the 
mass of the international prototype of the kilogram.

The kilogram, symbol kg, is the SI unit of mass. It is 
defined by taking the fixed numerical value of the 
Planck constant h to be 6.626 070 15 x 10–34 when 

expressed in the unit J s, which is equal to kg m2 s–1, 
where the metre and the second are defined in 

terms of c and ∆νCs.

 invariant in time
 universally available
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Mise-en-pratique for the definition of the kilogram: I

unique primary 
realization (in air)

multiple primary 
realizations 
(in vacuum)



5www.bipm.org

Mise-en-pratique for the definition of the kilogram: II

 Practical realization of the definition of the kilogram
• Realization by comparing electrical power to mechanical power
• Realization by the X-ray-crystal-density method

 Dissemination of the mass unit
• Dissemination from a particular realization, CCM.M-K8 to support CMCs
• Dissemination from the BIPM, through an ensemble of mass standards

 Currently focus on the realization and dissemination at 1 kg; may be updated to 
include information on primary methods at different nominal mass values

 Update to take account of new methods and technological improvements
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CCM Recommendation G1 (2017) 

 Inconsistency in the results of the realization experiments at the time of redefinition
 An internationally coordinated dissemination from the NMIs with realization 

experiments and the BIPM
 Dissemination based on the so-called “Consensus Value” as a common basis to 

ensure the continuity, temporal stability and equivalence of the mass unit
 Until dispersion in values between realization experiments becomes compatible with 

their individual uncertainties
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Transition period using a Consensus Value

 Facilitate the smooth transition from traceability derived from the IPK to a point 
where the use of individual realization experiments for realization and 
dissemination becomes viable

 CV managed by the CCM Task Group on the Phases for the Dissemination of the 
kilogram following redefinition (CCM-TGPfD-kg) to ensure stability and continuity

approved by the CIPM at its 
107th meeting in June 2018 
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Dissemination phases 
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Consensus Value and its uncertainty 

 Determination 
• KC for the realization experiment takes place every 2 years 
• CV based on an average of the last 3 KCRVs (to ensure temporal stability)
• initial value based on IPK, Pilot study results, Ref. Value of first KC 

 Dissemination 
• KC piloted by the BIPM 
• CV maintained and disseminated by the BIPM using their Pt/Ir standards 
• BIPM continues to provide calibrations for NMIs but traceability is switched from 

the IPK to the CV following the completion of the 1st KC of realization experiments 

 Uncertainty 
• The uncertainty in the Consensus Value is 20 μg
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Criteria for moving from the phase 2 to phase 3

 A minimum of five consistent realization experiments which:
• Achieve KC results with a relative standard uncertainty of 4 x 10-8 or better
• Demonstrate consistency with the KCRV
• Demonstrate stability by producing consistent (equivalent) results for two 

consecutive KCs

 At least two of the realization experiments meeting the above criteria should have 
uncertainties less than 2 x 10-8

 The consistent set of experiments must include two independent methods of 
realizing the SI unit of mass (e.g. Kibble balance and XRCD experiments)

 The difference between the Consensus Value for the kilogram (determined from 
last 3 KC results) and the KCRV for the final KC is less than 5 x 10-9
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Past traceability to the IPK

Dissemination: phase 0

28 September 1889 … 19 May 2019

Source of traceability
mIPK ≡ 1 kg
𝑢𝑢𝑚𝑚IPK

≡ 0

Uncertainty of BIPM mass calibration

𝑢𝑢stab(𝑡𝑡) ≈ 5 µg

20 May 2019

17th CCM meeting

26th CGPM WMD 2019
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Traceability to h through the IPK

Dissemination: phase 1

20 May 2019 … 31 Jan. 2021

Uncertainty of BIPM mass calibration

𝑢𝑢𝑚𝑚IPK
2 + 𝑢𝑢stab2 𝑡𝑡 ≈ 12 µg

WMD 2019 1st Consensus Value

1 Feb. 2021 …

18th CCM 
meeting

Source of traceability
mIPK = 1 kg

𝑢𝑢𝑚𝑚IPK = 10 µg
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Traceability to h through the IPK

CMC adjustments of about 20 NMIs
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Dissemination of the Consensus Value

Dissemination: phase 2

1 Feb. 2021 … 20XY

Source of traceability
Consensus Value (CV)

𝑢𝑢CV = 20 µg

Uncertainty of BIPM mass calibration

𝑢𝑢CV2 + 𝑢𝑢stab
2 𝑡𝑡 ≈ 21 µg

20XY

Dispersion compatible with individual realizations

18th CCM meeting

1st Consensus Value
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First KC of realization experiments CCM.M-K8.2019

 7 participants: 5 Kibble/Joule 
balances, 2 XRCD 

 Travelling standards of each 
participant: measured in vacuum, 
stability check (not all NMIs due to 
travel restrictions)

 Measurement started in Sept. 2019 
and completed in Feb. 2020

 Final Report published in Oct. 2020
 KCRV calculated as the weighted 

mean of the participants' results 
with uR (xR ) = 7.5 µg

XCRD 
method

36 μg
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Calculation of the first Consensus Value

data directly 
traceable to the 

IPK

extant data from the  
CCM Pilot Study

KCRV of 1st KC

 Consensus Value based on an arithmetic mean of 3 sets of data
 3 data sets are linked together by BIPM Pt/Ir mass standards
 CV expressed in terms of an offset from the BIPM as‐maintained mass unit

1 kg - 2 μg with a standard 
uncertainty of 20 μg

with respect to the mass 
value of the IPK. This means 

that the mass of the IPK, 
based on the consensus 

value is 1 kg - 2 μg.

12 μg

19 μg
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Dissemination of the Consensus Value

 no adjustment to the international mass scale needs to be made, only the 
uncertainty needs to be increased

 adjustments to the CMCs of NMIs may be necessary to take into account the 
increased uncertainty in the CV relative to the current uncertainty in the IPK 

 draft adjustments calculated by an ad-hoc TG of the CCM WGM and circulated to 
the affected NMIs for approval → discussed at the coming WGM meeting
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kilogram realizations vs as‐maintained BIPM mass unit

40 µg
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Comparison of the results in 2016 and in 2019

40 µg

XCRD method

-60 μg -28 μg -14 μg -46 μg
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Next steps

 Repeat the CCM.M-K8 (scheduled to take place every 2 years)
 Determination of the 2nd Consensus Value 

• based on results of CCM Pilot Study, KCRVs of the 1st KC and of the 2nd KC
• check of the temporal stability of the CV

 Dissemination of the 2nd Consensus Value

 Iteration until the decision of the CCM to go into Phase 3

IPK2014 Pilot Study2016 1st KC 2019 2nd KC 3rd KC 4th KC
. . . . 

1st Consensus Value

2nd CV

3rd CV

4th CV
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Dissemination by individual realizations

Dissemination: phase 3

20XY …

Source of traceability
Fixed value of h
𝑢𝑢 (ℎ) ≡ 0

Uncertainty of validated 
realization experiments 

(CIPM MRA)

Dispersion compatible with individual realizations
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Documents on the current CCM webpage
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Documents on the new BIPM website
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Documents on the new CCM webpage: I
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Documents on the new CCM webpage: II



Thank you for your attention !


	The new definition of the kilogram and the current status of mass traceability
	 Plan
	 Redefinition of the kilogram
	 Mise-en-pratique for the definition of the kilogram: I
	 Mise-en-pratique for the definition of the kilogram: II
	CCM Recommendation G1 (2017) 
	 Transition period using a Consensus Value
	 Dissemination phases 
	 Consensus Value and its uncertainty 
	 Criteria for moving from the phase 2 to phase 3
	Dissemination: phase 0
	Dissemination: phase 1
	 Traceability to h through the IPK
	Dissemination: phase 2
	 First KC of realization experiments CCM.M-K8.2019
	 Calculation of the first Consensus Value
	 Dissemination of the Consensus Value
	kilogram realizations vs as‐maintained BIPM mass unit
	Comparison of the results in 2016 and in 2019
	Next steps
	Dissemination: phase 3
	Documents on the current CCM webpage
	Documents on the new BIPM website
	Documents on the new CCM webpage: I
	Documents on the new CCM webpage: II
	Diapositive numéro 26

