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BIPM highlights of 2017

01 - Introduction to the BIPM

4
02 — Liaison work
2
03 — Laboratory work
e Physical, Time, lonising Radiation and Chemistry departments
2
04 - Finance and Operations
4
05 — Coordination work
* BIPM Capacity Building & Knowledge Transfer Programme
e Review of the CIPM MRA and the KCDB 2.0
L 4
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The objectives of the BIPM

www.bipm.

To represent the worldwide
measurement community aiming
to maximise its uptake and impact

—

To be a centre for scientific and
technical collaboration between
Member States providing

capabilities for international
measurement comparisons ona :
| shared-cost basis.

To be the coordinator of the Fulfilling our mission and objectives is underpinned by our
worldwide measurement system work in:
ensuring it gives comparable and * capacity building, which aims to achieve a global balance between
international Iy-accepted the metrology capabilities in Member States.
measurement results * knowledge transfer, which ensures that our work has the greatest

impact. — - 3



Member States and Associates

As of today, there are: T \“'-'.'

- 58 Member States 'A‘,&“l:'h‘
ﬂ"n &k_

- 41 Associates States and
Economies

The Democratic Socialist Republic of
Sri Lanka became an Associate of the

+ Ethiopia on 15 January 2018

Member States and Associates States/Economies

Ethiopia has completed negotiations with the BIPM
~ to become an Associate of the CGPM. The Associate
»‘ status will began on 15t January 2018.
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BIPM Staff — changes during 2017

Dr Steven Judge, has been appointed as the /i BIPM secondees (2014-2017)
Director of the BIPM lonizing Radiation
Department from 15 August 2017.
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We have 71 staff
from 21 countries.

Dr Patrizia Tavella, has been appointed as
the Director of the BIPM Time Department
from 1 November 2017.

www.bipm.org



02 — Liaison work

Representation of the worldwide measurement
community
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Promotion of the world-wide comparability of measurement
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with international organizations v 2<£ [nternational Atomic Energy Agency
and promotes the world-wide JCTLM /\

comparability of measurement.
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Liaison work: working together on QI

Definition adopted in June 2017
by DCMAS Network (BIPM IAF, IEC, ILAC, ISO, ITC, ITU, OIML, UNECE and UNIDO) + the World Bank.

“The system comprising
the organizations (public and private)
together with the policies, relevant legal and regulatory framework, and practices needed
to support and enhance the quality, safety and environmental soundness of goods, services and processes.

The quality infrastructure is required for the effective operation of domestic markets, and its international
recognition is important to enable access to foreign markets. It is a critical element in promoting and
sustaining economic development, as well as environmental and social wellbeing.

* metrology
* standardization

It relies on s accreditation
Bureau * conformity assessment, and
International des * market surveillance” (in requlated areas)
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International Regulatory Co-operation
and International Organisations

An OECD partnership between 50 International Organizations aims

¢ to foster collective action among 10s and their constituency to
promote quality, effectiveness and impact of international
rules.

¢ This builds greater confidence for domestic regulators and
legislators in international rules and helps support greater
uptake of good quality international instruments in national
legislation

Future OECD case studies (2017-2019)

BIPM, WTO, ASTM International.
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Case Studies of rule-making
practices in 10s (2014-2016)

al Regulatory i ool b g

International

Co ration

nn(ﬁs:gmﬁgna[ The Case of the Food and
Organisations Agriculture Organization

THE CASES OF THE DECD AND THE A0

Nations Economic
Gommission for Europe HealthOrganlzaﬁon

nmm
TheGaso of o Unted > The Case of the World
(UNECE)

@) OECD @) ceco

@) OECD

BETTER POLICIES FOR BETTER LIVES



UNIDO-BIPM-OIML joint publication

(i 5@ TOGETHER THE ROLE OF METROLOGY IN THE CONTEXT OF THE 2030
SUSTAINABLE ALS
DEVELOPMENT “an
M4
.mm * A new brochure highlights the contribution of metrology to the implementation
@l" of the 2030 Agenda for Sustainable Development

* Jointly developed by the UNIDO, the BIPM and the OIML.
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Customs Convention on

the temporary importation of scientific equipment
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Established in 1952 as the Customs Co-operation Council

en 1552 sous le nom de Comseil de coopération douaniére

WORLD CUSTOMS ORGANIZATION
ORGANISATION MONDIALE DES DOURNES

Créée

General Secretariat PG0128E1a
Brussels, 25 July 2006.

POSITION AS REGARDS RATIFICATIONS AND ACCESSIONS
(as at 1 July 2008)

Customs Convention on the temporary importation of scientific equipment

Entered into force : 5 September 1969
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BIPM Workshop: The Quantum Revolution in Metrology

Themes for the workshop

* Single photon measurements, radiometry with entangled sources,
superconducting particle detectors

* Quantum standards for mass, pressure, vacuum, temperature,
acoustics and vibration.

* Highly entangled systems for metrology, entangled optical clocks

* Advances in quantum electrical standards, single electron transistors

and demonstrations of the quantum metrology triangle
THE FUNDAMENTAL

° Beyond quantum metro/ogy CONSTANTS OF PHYSICS:

WHAT ARE THEY & WHAT IS THEIR
ROLE IN REDEFINING THE 517

135 participants from 20 countries attended the two-day event

23 speakers animated five information packed sessions

56 posters were presented in two sessions

Bureau 7 SEPTEMBER ‘
International des 2017
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03 — Laboratory work

Providing capabilities for international measurement
comparisons
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CCM Pilot Study of future realizations of the kilogram

A pilot comparison of mass calibrations based on methods that will be used to
realize the kilogram after its redefinition.

Participants: * The results are in good agreement for both sets of standards.
. — Four of the five participants agree within one standard deviation
Kibble balances — The fifth agrees at the level of k = 2.
— LNE, France * The uncertainty of the weighted mean is 10 pg for both sets.
— NIST, United States America * The weighted mean agrees with the IPK well within the uncertainty.
— NRC, Canada
285i spheres from the Avogadro coordination project
— PTB, Germany
— NMUJ AIST, Japan R _ -
Dissemination to 1 kg stainless steel Calibration of 1 kg mass standards
0.10 standards in air 0.10 under vacuum with realization experiments
000 . & i PSS P — 000 # 4 Y + kii
.0.10 - : : : : » 0107 $ 100 g, 10 10
-0.20 - i i 100 pg, 10 x 10°® : :.z.:_o_zo I i e, A x
0.30 - ¥ 030 -
0.40 - - " : : ! 0.40 - i ; ; : :
BIPM LNE NIST NMIJ NRC PTB BIPM (IPK) LNE NIST NML NRC PTB
(IPK)
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Status of the BIPM Kibble balance (aka watt balance)

Progress and achievements

» fully operational in vacuum (and air) with 1 kg mass standard and bifilar coil.
* new suspension & mass loading device

* improved alignment

* noise reduction on force measurement

* completion of 2 PJVS systems

* two papers published, one submitted

Present status and outlook

» day-to-day repeatability of several parts in 10’

* type B uncertainty of a few parts in 10’
* expected uncertainty 1 x 107 end 2017 and < 3 x 10® end 2019

Bureau
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Electricity: Overview of the comparison programme

CCEM-comparison of capacitance (CCEM-K4), pilot BIPM, METAS (Switzerland),
NIM (China), NIST (USA), NMIA (Australia), NPL (UK), PTB (Germany), VNIIM Knowledge transfer comparison

(Russia)

Pilot comparison of ac Josephson voltage standards with PTB, in preparation for
a future BIPM comparison

On-site comparisons of
e quantum Hall resistance standards (BIPM.EM-K12) with CMI (Czech Rep.)
e Zener voltage calibrations (BIPM.EM-K11) with NMISA (South Africa)
* resistance calibrations (BIPM.EM-K13) with NMISA (South Africa)

Comparison dates: 3
June 2017 to March 2018

Coordinator: _
SCL, Hong Kong |°

Calibrations of electrical standards for: Austria, Belgium, Bulgaria, Greece,
Hungary, India, Iran, Malaysia, New Zealand, Poland, Portugal, Romania, Saudi
Arabia, Serbia, Singapore, Slovenia, Thailand.

Participants from GULFMET
* EMI, United Arab Emirates
* SASO-NMCC, Saudi Arabia

www.bipm.org



Time: Improving the uncertainty of [UTC-UTC(k)]

A new algorithm for the calculation of the uncertainties of g

2817 SEPTEMBER 11, 13h UTC
BUREAL INTERMATIONAL DES POIDS ET MESLRES

ORGANTSATION INTERGOUVERNEMENTALE DE LA CONVENTION DU METRE
- as een eve ope . PAVILLOW DE BRETEUIL F-92312 SEVRES CEDEX TEL. +33 145 67 70 78 FAX. +33 1 45 34 20 21 taigbipm.org

e fully described in the document "Explanatory supplement to BIPM Circular T°

I|-e
.u bl F tp: f.-’f pz nspm s.-’n b." 1 v h].l lon.-'nle ey pl natory_supplement_vB.1.pdf

1 - Difference batween UTC and its local realizations UTC(k) and corres: panding uncertainties.

It correctly takes into account correlations in the uncertainty
propagation. Its implementation is planned by November e e s e et wn s g

Lwora(ory ® [UTC-UTC (k) ] /ns

405 (Barowiec) 6.7 -5.1 -3.9 2.3 -l.8 221 2.6 @5 3.8 3.8
20 17 4PL (Laurel) 2.8 @.8 a.7 1.4 -2.8 8.5 1.6 2.4 19.9 18.9
[ M5 ({Sydnoy) 465.1 457.8 4515 4386 437.0 4413 4368 @.4 5.0 5.9
BEV  (Wien) 55.8 51.4 58.9 446 45,1 39.6 36.2 8.4 2.8 2.8
BIM {Sofiya) 6651.1 6698.8 6723.2 6762.8 6802.7 6B821.6 6864.7 e.7 3.0 3.1
BIRM (Beijing) 10.9 4.8 36.1 7.3 3.8 42.3 7.7 8.7 .8 19
BOM  (Skopje) -840.5  -832.8  -827.9 -B25.4 -8B -B9.0 B39 @7 7.4 T4
BY  {Minsk} -8.9 -1.7 2.3 1.4 -8.5 -1.8 -8.6 1.5 9.3 9.4

A0 (Cagliari) - - - -
UTC (H  (Bern-Wabern) 7.9 108.3 1.2 2.6 8.8 3.5 7.8 8.4 1.9 1.9
(HES (Toulouse) 5.6 16.4 19.6 3.6 5.7 7.5 7.3 84 42 42
ChM {Queretaro) 8.5 3.8 12.2 ENC) 1.4 a.9 -1.1 2.5 11.1 11.4
(WP (Panama) 5.3 -0.9 -15.4 -24, -a2.4 -26.2 -41.5 @6 7.2 7.2
DFNT (Tunis) 18655.6 18858.5 19069.3 19278.8 19467.0 19674.1 19872.3  @.7 20.8 20.1
PY H H H H DLR  (Oterpfaffenhofen) 177.7 2435 8. -7.7 58.5 a1.1 4.4 07 30 31
trongly depend on the time link uncertainties B (e A A R A
DTAG {Frankfurt /M) 49.2 46.6 45.6 45.2 42.4 3.1 9.7 @4 1.7 77
EIM (Thessaloniki) -7.1 12.1 1.9 16.0 7.4 9.8 -77.7 4.8 11.3 12.8
ESTC (Moorduwijk) 8.4 @, a.4 8.4 -84 8.5 -8B 8.4 2B 2.3
WO (Hong Kong) 993.4  1884.5 1014.5 1018.1 1037.8 1848.3 18548 @.4 7.4 7.4

e All the time links connect each contributing laboratory to PTB,
which plays a central role. The uncertainty of PTB is underestimated

Two major changes will be introduced in November 2017

* the pivot for GNSS time links is an “auxiliary time scale” instead of a single
NMI (PTB),

Bureauv e correlations are introduced.
International des
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Time: Improvement of TWSTFT uncertainty

Reduction of diurnal noise in UTC time comparisons 3
through software-defined radio receiver modems in TW stations. ",
e 15 ...]_"III «.l'|'|."
E 1 1I.l‘. Ii|llt" I.L'I
Highlights oo il } iy |
* Pilot study launched end 2016 with the participation of TL, NICT, ,E; 0: WWWWMM
KRISS, NTSC, NIM, PTB, LNE-SYRTE, VNIIFTRI, INRIM, METAS, AOS, 2 SATRE Modem
RISE and NIST “j | o

5?680 5?685 5?690 57695 57 700
MJD

* SDRs proved to significantly reduce the noise of time transfer over
short distances, less over long ones

* Most TW stations have already implemented the technique;

Comparison LNE-PTB

* Next step is the implementation of the SDR in time transfer for UTC Time Deviation
computation Gain factor improvement of 3.7

Bureau
International des
Poids et
T 4 Mesures 18




Chemistry: Greenhouse Gas Standard Comparisons

Atmospheric CO, at Mauna Loa Observatory

L]

CO, in air at atmospheric levels (ccam-k120) —

400 [ Scripps Institution of Oceanography 7 L
NOAA Earth System Research Laboratory

* Increase confidence in measurements of GHG, ensuring data can be
effectively used for decisions on how to tackle climate change

e 46 standards from 16 NMIs/Dls

* Development of unique Primary Reference Standard for CO, at BIPM

PARTS PER MILLION

Jaruary 2017

1960 1970 1980 1990 2000 2010
YEAR

Visiting scientists from:
* NIST, United States America
* NPL, United Kingdom
* NIM, China
* RISE, Sweden
* KRISS, Korea

Calibration methods developed and

published for novel CO, isotope ratio laser
based analysers

vtica
: cl'nernistry

Calibration Strategies for FT-IR and Other Isotope Ratio Infrared
Spectrometer Instruments for Accurate §'>C and 4'®0 Measurements
of CO, in Air

Edgar Flores,* @ Joidle Viallon,' Philippe Moussay,' David W. T, Griffith,” and Robert lan Wielgosz

es (BIPM), Pavillon de Breteuil, F-92312 Sivres Cedex, France

gong, New South Wales 2500, Australia

ABSTRACT: This paper describes cali
conditions that can be applied
isotopic composition of the CO in

www.bipm.org




Chemistry: Comparisons of Organic Primary Calibrators

Primary calibrator comparisons
supporting Sl traceable reference
measurement systems

Calibrators for Diabetes diagnostics (CCQM-K115)

e first peptide purity key comparison on, human C-—

peptide

* 11 NMls have participated
e 70 peptide impurities identified and quantified

Visiting scientists support from:
* NIM, China
* INMETRO, Brazil

NMIJ AIST, Japan

LGC, United Kingdom

NIBSC, United Kingdom

Comparisons with gNMR (CCQM-K55 series)

To develop international guidelines developed under an
IUPAC project chaired by the BIPM with active
participation from eleven NMls and two international
organizations.

Polar
Non-Polar

Solvent: 0,0, DMSO-d, p——
. . = vent: COCL,, CD,0D

]/ Internal Standard .

o
ReferenceData

ISRM Suite for SI-Traceable qNMR

. . i
| OMmTP | BIMSB-d, |
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Chemistry: Capacity Building projects

Metrology for Safe Food and Feed

v’ Enables NMls to provide mycotoxin calibrant
and matrix reference materials and proficiency
test materials to support mycotoxin testing
laboratories within their countries.

Metrology for clean air project

v Allows NMIs to strengthen their gas
standard capabilities and further develop
their national metrology infrastructure in
support of their air quality and emissions

Financial Support from:

* NIM, China measurement communities.
Transfer of knowledge ° NPL, United Klngdom
CB NMI scientists Appiving Providing services ° PTB, Germany
e nowiedse — » TUBITAK UME, Turkey
capabilities €8 M Demonstrating f.eflfmal?lca?abil!tv . NM]SA’ South Africa
BIPM + Expert visitors o s e .I n @ i

from experienced NMis
Skills broadening

CB NMI

nts
e =R
/“\ Comparisens %%
e ———

www.bipm.org 21



lonizing Radiation: Effective cancer therapy

Primary standard (BIPM)
(uncertainty 0.3-0.6%)

Hospitals

(uncertainty 1.5%)
y

Patients

Avoiding under- or over-treatment in external
beam radiotherapy

Accelerators are replacing radioactive sources for
radiotherapy (there are 11000 accelerators compared to
2000 ®9Co facilities).

The new partnership with the CEA’s DOSEO facility
enables BIPM to provide comparisons to underpin
dosimetry primary standards at NMls.

. BIPM staff have characterized the beam (intensity profile, energy,
stability) & developed a protocol for comparisons — a comparison
with KRISS is starting and a comparison with METAS is next.

(uncertainty needed: better than 5%)

www.bipm.org
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lonizing Radiation: Radiotherapy dosimetry (Gy)

Significant improvement in the traceability chain for patient dosimetry in
radiotherapy using medium energy X-rays

A new absorbed dose to water standard has been developed for
medium-energy x-rays.

 An innovative new primary BIPM standard for medium energy X-ray
therapy has reduced the measurement uncertainty from 3% to 0.7%.

 The new standard is very stable, easier to implement than calorimetry.

® AAPM TG-61 Exradin A12
1.04 4 B IAEA TRS-277 Generic thimble
e The first comparison using the standard has been carried out with the
PTB. o o
5
3 1.00 r
Q’ D S p o l. ________ we=="
098 -
The KCRV is taken to be the ..
BIPM determination. 10 08 06 04 02 00 02 04 06

. log(Cu HVL)
www.bipm.org 23



lonizing Radiation: Radioactivity (Bq)

: Short lived
Long lived gamma
; gamma
emitters .
emitters
*  High precision «  High precision * Demand for *  Demand for e« Demand for
ionization scintillation medical medical environmental
chambers (SIR) detector applications applications, and
*  Established *  Established *  Scoping studies environmental, decommissioning
1973 2009 completed decommissioning, applications

nuclear forensics e Work to start in
. Work to start 2018 2018+

\ | SIRTI was taken to NRC (Canada) for a comparison
| exercise for 11C (used for medical imaging) and is

B .
ok currently en route to ANSTO (Australia)

International des
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04 - Finance and operations
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The BIPM's work involves hosting international meetings

24th CGPM Cost (k euro)
246
/ \ 207\
139
134 6 / 137\ -
87 85

2010 2011 2012 2013 2014 2015 2016 2017
4066

No of participants 3567

2806 2720
2357
_— I 2250 I 2130 I
-

New partnership with the

in Sevres

» fully equipped meeting rooms, and

Centre international d’études pédagogiques (CIEP)

* overnight accommodation for 90 students.

Number of meeting participants in 2017

Workshops 67
232

Joint Committees
185

Directors of NMIs
120

2,764

Participants
in2017

CCWGs
1,557

26



05 — Coordination work

Ensuring that measurement results are comparable and
internationally-accepted
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Joint Committee for Traceability in Laboratory Medicine

Database of higher-order reference materials,
measurement methods/procedures and services

Talks in the
session after
lunch

Vitamins and v
Non-Elect

Non-Pepti
Metabolites a

Infec!

. b

Coagulation Factors -
Blood Groupings

Blood cell counting !

20 0 40 50 60 70 80 90 100 110 120

Number of entries in 2017

130 140 150 180 170 180

JCTLM

The Review of the CIPM MRA

W WA
2 a L 321 .
— (I P (31
o [ o]
3 =1 B
"
T

b8 %

mm Russia
® Japan

il ttaly
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Highlights — in more detail in the following talks

BIPM Capacity Building & Knowledge Transfer Programme

Chemistry: Capacity Building projects

The aim of the BIPM CB&KT programme is to increase the effectiveness with which Member
States and Associates engage inthe world-wide coordinated metrological system.

Objectives

A Menu' of activities

Metrology for Safe Food and Feed

PTE. German

®—o—a B—p

WWWDDM.O0 EH

WAWDOM 0T

Y
TUBTAL UME, Turney
NMIZA, South Afric

2016 Financial Statement - main points

Pension reforms October 2016

oo

10000

U000

000 |

000 |

- . * Income: inline with forecast €13,494k

| & 1 1 " Contributions €12,178k
t Sk Subserprons €955
Other €381«
| |  Ooes e
| + Staff costs: €6,091k (2015: €6,256k)
! * Current vl cont = Emited pay awards in 2016,
- selected “contracting out”™ of site reception
Comtribn o 1o the and security services.
| Povuion Fordd - note 330 medtures 1o imit the loag-term
« Copnal nowrnd pension fabiity = neat 3

:':“‘“‘"‘ * CAPEX: in budget€1,601k
2013 014 201% 2016 -y [Future morease in mest Savr years due to

software /website reneval projects)

With pension
freeze

Aanet wahor peagection [t J016]
Lomg barm retirn o waset of LT3 %

NEEENR

oy
SEERSREERERERL W

Without
pension freeze

WWWDDM.OE

Contribution rates
Pre-2010 198%instepsof 1.5% or 2%

Post-2010 1BE%instepsof 15%or 2%
Post 2017  15.4%(frem 1/1/2017)

Colculations aiso caried out for the effect of a
freeze on pensions in payment (based

Proposed impiementstion
= 1Jan 2017 [active staff) / 1 Jan 2018
{freeze of pensions)
= Anactuarial review in 2019 to consider:
introducing an option to change sectons,
whether the pension freeze i3 st
required, and the final contribution rates.

www.bipm.org
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50t Anniversaries

50 years of quantum metrology

metrologia

Ho. d

Vel 3 (ctohir 1667

On the Use of the AC Josephsom Effect to Maintain Standards of Eleetromotive Foree®

BN Tavror
RCA Laboratoris, Prineston, New Jemsay
and
W.H. Parker, DN, Luxceresre, and A DeEvevsremy

Departesent of Physies snd Leborai for Eeseerch on the Stravtore of Matter, Univessity of Penmsylvania,
1AI-T'F'?—iIni.d.l:i]:llllu. Pernsylvanis, U.8.A,

Feeenlwed Juns &, 1987

Ahgtract

Tt s shvawn how & particular phesomenan arising from the
ne Josepbsan eflact bn snpercondicton can be ased to i
nwm.pml-iwlylimpll el inexpeeslve means for (1) king
o the sonstaney in thme of reference standards of alectro-
mutive forve, omd (2} relobing the refirence stagdard of ane
coumtry to that of another country, thereby contributing Lo
a hetter mternational assignment of the volt. The reaulia of
rocent high ¥ (d ppm} ta of the ph CRaIL
in question eod the tlve ease with which the techniques
in thiss meanrements can be extended to the 4 ppm
lewed will b prasimtod ks ewidente thet thes: twe goals con be
reached fn the nesr fotems,

For the past six years, NBS hee ntilized the gyro.
magnetio ratlo of the peoton f3p] to check on the
constaney of the United States walt. To within
the 1 ppm uncertainty of the measurements, NES finds
that the United States legal volt has mot changed
during this period [2]. However, the meny importent
implications of this result have not yet bson acted
upon ainoe constanoy checks using v, bave not been
duplicated by either BIPM or the other national
laborutories maintaining ptandards of emf.

reference
This is primarily dus to the expenss and eomplexities
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Ahgtraet For the past six years, NBS hae utilized the gyro-

Tt da shawn ba urticular pheno arising from the 0gnetic ratla of the peoton (pp) to check on the

e J&nm:’iiﬁ;;jupm;duthr-w:a g::d tumh' xmnn’ of the 'L'nil'.e-i;‘ States valt. To within

& comparatively ainrple ancd inexpeeslve mens for (1) g e | ppm uncertainty of the measurements, NBS fircds

oen the panetanoy in time of refirence standards of lectro-  ypos 3o Upited States legal wolt hss not changed
mative rm-ﬁ:n:‘m t;!::ms the ndfemu;u tt,ab!q;]ﬂgr ng during this period [2). H oT, the m

3 y uring period [2]. However, many importent

T o e St T | T e Iuﬁ of implications of this result bave not yet been acted

n upon ainoe constanoy checks using v, bave not been

& hetter international assignmert of the volt. The re
rocent high ta of the ph

d ppm} o
in qeestion snd the NE'F. eaee with which the techniques :
ity thoss Easnrements can ke sxtended ta the 1 ppm duplicated by either BIPM or the other national

- laborutories maintaining refersnce standards of emf.
thet th -]
l;':‘i’..:}l'#’?mmtf.:"“’“ thase o gouls ean This s primarily dus to the expenss and complexities
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50 years since the definition of the second

The Sl unit of time which had been based on the
ephemeris second since 1960 was re-defined.

On 13 October 1967, the General Conference on
Weights and Measures (CGPM) took the

decision
. |

""The second is the duration of 9 192 631 770

periods of the radiation corresponding to the
transition between the two hyperfine levels of

the ground state of the caesium 133 atom""

Resolution 1 of the 13th CGPM (1967).
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Marie Curie - 150th Anniversary
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LABORATOIRE CUMTE.
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QUANTITE DE RADIUM CONTENUE DANS L'APPAREIL.
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