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BIPM highlights of 2016

¢ Introduction to the BIPM
¢ Liaison work

— with WADA and JCTLM
¢ Laboratory work

— Physical, Time, lonising Radiation and Chemistry departments
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BIPM highlights of 2016

¢ Introduction to the BIPM

¢ Liaison work
— with WADA and JCTLM

¢ Laboratory work

— Physical, Time, lonising Radiation and Chemistry departments

LATER TODAY

¢ Coordination work

— Capacity Building and Knowledge Transfer (CBKT) Programme
— Review of the CIPM-MRA and the KCDB 2.0

¢+ Finance and operations
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Renewal of the Objectives of the BIPM
- under review by the CIPM

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

international measurement comparisons on a shared-cost
basis.

To represent the worldwide
measurement community - aiming
to maximise its uptake and impact
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To be the coordinator of the worldwide
measurement system ensuring it gives
comparable, internationally-accepted and fit-
for-purpose measurement results

Fulfilling our mission and objectives is underpinned by our

work in:

e capacity building, which aims to achieve a global balance
between the metrology capabilities in Member States.

* knowledge transfer, which ensures that our work has the
greatest impact.

Version 6¢



Renewal of the Objectives of the BIPM
- under review by the CIPM

To be a centre for scientific and technical collaboration
between Member States providing capabilities for
international measurement comparisons on a shared-cost
basis.

. e We coordinate international comparisons o national
To represent the worldwide P f

measurement community - aiming
to maximise its uptake and impact

measurement standards agreed to be of the highest priority.

e We establish and maintain appropriate reference standards for
use as the basis of key international comparisons at the highest

e We liaise with relevant
intergovernmental organizations
and other international bodies in
order to develop opportunities for
the application of metrology to
global challenges.

Bureau level and provide selected calibrations from them.
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To be the coordinator of the worldwide
measurement system ensuring it gives
comparable, internationally-accepted and fit-
for-purpose measurement results

e We coordinate activities between the NMIs of Member
. States and the RMOs, including the provision of technical
work in: services to support the CIPM MRA and the infrastructure
e capacity building, which aims to achieve a global balance for the development and promotion of the SI.
between the metrology capabilities in Member States.
* knowledge transfer, which ensures that our work has the
greatest impact.

Fulfilling our mission and objectives is underpinned by our

Version 6¢



Participation in the CIPM MRA

Participation

98 National Metrology Institutes
— 57 Member States
— 41 Associates

4 International organizations
(ESA, IAEA, IRMM, WMO)

plus 156 Designated Institutes

Total: 258 Institutes

CIPM MRA Participation

www.bipm.org



Participation in the CIPM MRA
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BIPM-WADA Workshop

WORLD
ANTI-DOPING
AGENCY

“Standards and Metrology in support of Anti-Doping Analysis” (28-29 Sept 2016)

Secretary of State for Sport,

Thierry BRAILLARD,
Préfet des Hauts-de-Seine,

Pierre SOUBELET
Chair of WADA Technical Commission

LT,

Valerie FOURNEYRON,

Workshop Recommendations

Produce and a prioritized list of CRMs required for anti-doping
analysis (WADA)

Carry out environment scan of opportunity to utilize existing
accuracy based EQAS for measurands in blood/serum (WADA)

Raise awareness in Member States of the need for Measurement
Standards (CRMs) in support of Anti-Doping Analysis (BIPM
&WADA)

Seek to make best use of expertise at NMls, Anti-doping
laboratories, Laboratory medicine reference laboratories for
developing anti-doping analysis

Produce documented examples of MU for
educational/information purposes (WADA with NMI support)

Share best practice on processes for optimizing knowledge
transfer between laboratories (BIPM/NMIs with WADA)

Work towards harmonizing LOD and LOQ calculations (WADA
with NMI support)

100 participants from NMls,
National Anti-doping and Clinical
Chemistry Laboratories




Chemistry: International Liaison 2016

ISO REMCO & ISO TC 212

]CTLM CRMs and Reference Measurement BIPM-WADA workshop on
Systems for IVDs “Metrology and Standards for Anti
A database of NMI CRMs in LR Doping Analysis” (2016)
support of IVD industry and Iso WORLD
patient care s . ANTI-DOPING
AGENCY
Joint Workshop on & Addressing issues of metrological
“Peptide and Protein ‘ 53 IAEAr SIRN  traceability and CRMs for stable
Therapeutics and Diagnostics” sﬁm'ﬁ::g" isotope ratio measurements

Yo FEI B F H5 bk

National Institute of Metrology,China

(R World Health

(&% Organization

L e O IUPAC Organic Purity Project

Input into the Expert Committee for
Biological Standardisation: Requirements
for Metrological Traceability

— Project chaired by the BIPM
with participation by 12 NMls

www.bipm.org 9



World Metrology Day joint BIPM and OIML initiative
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Growing impact of World Metrology Day

Bureau
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New publications
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Mass Department - CCM Pilot Study

comparison of future primary realizations of the kilogram
Objectives

L=ONs - & vacuum ’ I
e To test the consistency of independent S ﬂ M_one insii ol
. . Fr comparatel ¥
realizations of the kg — N .

* To test for continuity with the present
e ey BIPM
definition

I. : Ib .I = n
a5 | sorption standards
. travelling (in vacuum)
Status to date : standards vz :

* Measurements close to completion

lvac to air

transfer

|

* Report being prepared

e Results are satisfactory - consistent
with results for h

* No apparent obstacle for redefinition =t —
working standard\/
Bureau (in air)
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Status of the BIPM Kibble Balance (aka watt balance)

*  new open support structure
* new interferometer

e accurately aligned magnet (10 prad)

Evolution of measurement uncertainty

3.E-05 -

2.E-05

1.E-05

0.E+00

-1.E-05

Relative difference against the CODATA 2014 value

-3.E-05 -

2011
rel. std. dev. of 1.4 x 10

ﬁ I'l 2013
* rel. std. dev. of 5 x 107

___________________ T = msiom smms
offset due to limited
alignment capabilities

o

p EF CODATA 2014 2016
H---

u(h)=3x10°

-2.E-05 A

2010

rel. std. dev. of 5.7 x 10°%

present uncertainty ~ 3 x 10®

estimated uncertainty by June 2017 ~ 1 x 10”7

- improved alignment

- noise reduction on force measurement
- larger mass

- operation under vacuum

14



Evolution of uncertainties of watt balance projects

- | BIPM watt balance project

1.E-01

Relative standard uncertainty in h

4 full-time staff Supported by 3 staff
1602 in the electricity team
1.E-03
1E04 -
1.E-05 —=BIPM
1.E-06 Dr Hao FANG Dr Franck BIELSA
-\ Principal Physicist Physicist
e S | >10 years experience 8 years experience
\T\‘L‘E_ (also CCM Exec. Secr.) at BIPM since 2014
0 5 10 15 20 25 30 35 40 45
Development time (number of years)
solid lines: published
dashed lines: projected
Bureau . Dr Shisong LI Adrien KISS
International des R b fell ,
_d t esearc eliow Eng|neer
T POI se 1 year experience (NIM, NIST) 9 years experience
* Mesures at BIPM since 09/2016



The Calculable Capacitor

- for a direct determination of the von Klitzing constant

Objective - a direct electrical measurement
of Ry (and of a) with smallest uncertainty
obtained so far (ie 1 x 108)

First series of measurements: good repeatability
but offset of 2.6 x 10”7 due to alignment error of
electrode bars

Relocated in a new room offering a floor of much
better stability and realigned with geometrical error
of the order of 3 x 107

At present completion of reassembly, new
measurements planned for coming months
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Difference between measurements of the

1pF standard (ppm)

01

01 -

0.2 4

03 -

04

-0.5

-0.6

0 5 10 15 20 25 30

Comparison of the measurements of a 1 pF standard traceable to R,
and to the Calculable Capacitor

Estimated uncertainty

0.31ppminlc
] Egmm
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35 40 45 50 55

Measurement number
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Renovation of the Observatoire

¢ Two-year lab renovation project
— Two renovated labs

— New offices for all staff in the Physcial
Metrology Dept

» Space for visiting scientists
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Active comparison programme in electricity

CCEM-K4 Key Comparison of capacitance I
BIPM pilot, protocol finalized, meas. early 2017 S

On-site comparisons : I %T %,',ﬁ“}T,T&,] .ﬁ.",{,z,--,ﬂ,
Josephson voltage standards (BIPM.EM-K10) - JV (Norway) . f AL | !
quantum Hall standards (BIPM.EM-K12) - METAS (Switzerland) ’

for Sept. 2016 - postponed upon request of METAS PEEEEEELEEYlSEEREE SBR R EE50E
Bilateral comparisons g ®
Zener voltage calibrations (BIPM.EM-K11) - DEFNAT (Tunisia)
resistance calibrations (BIPM.EM-K13) - SMD (Belgium) o l’ """" l """"""" B IPM.EV\k-Klﬁ
: - [T (5 ST TR S A W
capacitance calibrations (BIPM.EM-K14) NI llj’%t 77777777777777 e
- NMISA (South Africa) U NSO S
- NIS (Egypt) B
- NSAI (Ireland) S S S
...... and, a large number of calibrations (typ. 50-60 per year) RN JgEE3: EESE

www.bipm.org 18



Time Department
Regular provision of the highest quality time scales

UTC-UTC(PTB) / UTCr-UTC(PTB)

. ©

Weekly « Real-time » Rapid reference for better

UTC through Rapid UTC synchronization to UTC of local
UTC(k)

Stability 5x10* @ 30d
Offset wrt UTC < |3 ns|

Nenoseconds
o] BN N o l\)‘ J>‘ )]

@ T T T T

solution

Monthly UTC through
BIPM Circular T and

_gg—ZOO 56400 56600 SGBOOMJ D57000 57200 57400 57600

CCTF K-001.UTC Ultimate traceability to the SI 5 Uncertainty of f(TT(BIPM15))
| second to NMls ¢
Yearly long-term stable Stability 2x1016 @ 30 d 2_;-}.
TT(BIPM) Accuracy 4x10716 s ’;
2 > &
L W
R
05 * &,“‘ ¢
Bureau 0

1999 2001 2003 2005 2007 2009 2011 2013 2015
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Enhanced distribution of data and results through interactive
Circular-T and Time Department Data Base

ARV EN ER AT EN LAY AL a5

General Participation guidelines Interactive plots GNSS equipment

Calibration

Clocks

In this web site, information can be found on equipment in UTC contributing laboratories
To cbtain these information, go to tabs

General

Laboratories info = laboratories’ location and RMO
Laboratories codes = full list of participating labs and their BIPM codes
UTC/UTCr Contributors = contributing laboratories to LITC and UTCr

Participation guidelines = full documentation and guidelines for UTC and UTCr participation

Interactive plots
UTC(k) and GNSS times = Interactive plot of UTC(k) and GNSS system times wrt UTCAJTCr
GNSS eguipments

all = list of &l @SS equipment whose data are submitted to BIPM
by laboratory = list of GNSS equipment from a given lab

Calibration
all = list of all calibrated GMNSS equipment
by laboratory = GNSS equipment calibeation in a lab
Lo anliing ablagns o o don s ngnl

st mncu ki e wecesens of

www.bipm.org/en/bipm/tai/

CIRCULAR T345
2016 OCTOBER. 10, 14h UTC
EUREAU INTERMATIONAL DES POIDS ET MESURES
CORGANISATION INTERGOUVERNEMENTALE DE LA CONVENTION DU ME
PAVILLON DE BRETEUIL F-#2312 SEVRES CEDEX TEL. +33 14507 70 T0 FAX. +33 14534

The contents of the sections of BIPM Chrewdar T are fully deseribed in the & nt * Expl. to BIPM Creular T avad

fexplanatory_supplement_v0.1.pdf

O | - Difference between UTC and ifs local

UTC(K) and comesponding From 2015 July 1, 0n UTC, TALUTC

Date 2016 0h UTC AUG29 SEP 3 SEP 8 SEP 13
MID 57629 57634 57639 57644

Laborastory k [UTC-UTCE) Vns
AQS (Borowiec) wm |2 44 -37 -36
APL (Laurel) w2 1.1 14 1.1
AUS (Sydney) w | 7572 7796 796.8
EEV (When) w2 24.1 258 250
BIM (Sofiya) w | 4525.1 45439 45719
BIRM (Besjing) m |2 1.0 00 20
BY (Minsk) w | 36 38 36
(Cagliasi) w | -15163.0 152583 -15366.6
w2 30 35 37
w2 30 51 10
w2 -131 101 -54
w2 . . .
w | 61584 6354.0 6565.2
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57604 -3.6 +/- 0.4 2.9 2.9

57609 -3.6 +/- 0.4 2.9 2.9 ik

57614 -4.3  +/- 0.4 2.9 2.9 « )

57619 -4.8 +/- 0.4 2.9 2.9 iy A i

57624 -5.5 /- 0.4 2.9 2.9 1 i

57629 -5.4 +/- 0.4 2.9 2.9 ’ i "

57634 -4.4 +/- 0.4 2.7 2.7 g (Y

57639 -3.7 +/- 0.4 2.7 2.7 “ FI

57644 -3.6 +/- 0.4 2.7 2.7 o W g

57649 -3.2  +/- 0.4 2.7 2.7 A ‘

57654 -2.7  +/- 0.4 2.7 2.7 ? b

57659 -1.5  +/- 0.4 2.7 2.7 o W ,

12 ¥ . . - T T
56200 58400 56800 SEBDO §7000 57200 §7400 STE00

MJD

20



New uncertainty evaluation of optical frequencies for
secondary definitions of the second

v Optical transitions recommended Based on the graph theory a second
by the CIPM as SRS are potential method* for solving measurement
candidates to redefine the SI and ratio loops with deviations to
second; they are selected by the zero closure due to noise or
CCTF from measurements of systematic errors has been
frequencies and frequency rations implemented and validated by
reported by NMls; comparison to Margolis and Gill

(Metrologia 52 628-634, 2015)

v" The number of reported
transitions and rations is
increasing, as well as the number
of NMls developing the same
atomic species, making the
system more complex.

JOP [etbating | s Farmmest don P of Mamres Mg
[rerm—r——y SHRCTLD X

On the evaluation of ultra-high-precision
frequency ratio measurements: examining
closed loops in a graph theory framework

Bureau
‘ International des
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Dosimetry — facilities and services

Low-energy x-ray S u m m a ry
radiodiagnosticand —
g mammography
(o | standards — . .
-4 6 on-going comparisons of
: . —> . .
> | Medium-energy x-ray
A national primary standards, on

demand, at the BIPM

137Cs radioprotection
standard

2 on-going comparisons of
national primary standards, on
demand, on-site at the NMI/DI

= Brachytherapy
-g transfer st:?dards > . ) .
8 1 "|Lusansportable) Calibrations of national

secondary standards

www.bipm.org 22



Dosimetry — achievements

New - robot installed for manipulation
brachytherapy sources

Shielding design for,radiation
protection

irradiation room

control room

www.bipm.org

, D,/ (mGy/ Gy)

BIPM.RI()-K4, 2002 SIM.RI(1)-K4
Degrees of equivalence

quivs

and 2005 to 2008 EUROMET.RI(1)-K4
for absorbed dose to water
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Radionuclide Measurements

Reference Instruments Comparisons

POLATOM: K4.F-18, K4.Tc-99m,
K4.Cu-64, K4.C-11

K1.Th-228 (PTB, NIST)

In progress:
————————— -»| Extension of SIR to B emitters
by liquid scintillation counting

www.bipm.org

Pilot study (september’16 —July’17):
- 3H, 14C, 55Fe, 63Ni

- IFIN, IRMM, NIM, NIST, NMlJ, NRC, POLATOM, PTB
(+ ANSTO, BARC, CIEMAT, IRA, MKEH, NPL)

- 1 NIST secondee (September’16 - February’17)
- 1 NIM secondee (February’17 —July’17)

BT -
g P -3 3
&"é&.ﬂ‘ i"f ﬁs’;;_\,o“f FFE F

Systeme International de Référence « BIPM.RI(I)-K1.Sn-113
for y-emitting radionuclides ) BIPM.RI(I1)-K1 S umma ry greea ctog for activity of "Sn
ki S|R 4 L M -1 Sr-88
( ) ( > 607 emitters) g : e ; Dagrees of squivalonce for ecirvatent activity of ®8e
2 lonization chambers + 5 22%Ra sources . . % ° * i o 9 = «
: Measurements: Reports: 1 on-going comparison for - 1 - 3 -
-New holder for SIR I S : . . s 8 | e
B S i il activity of y emitters (>60), on . "l I } | + " i
I - K1.Th-228 (PTB, NIST) & " -108 =
| - Sikn calibration vs SiR for $Cu - SIR2Ra stability in “Evidence against demand, at the BIPM (S'R) : i as ] ik
I NRC: **Ba solar influence on nuclear decay ¥ .
| NMISA: S7Co i czgrli's;gglrs (Physics Letters B 761 (2016
—-—LNMRU-I-RDM -~ o . e T T [ PoLATOM
£ 1 on-going comparison for
lntefmatl‘ilonaI"Re'f:renceml:acillty BIPML.RI(11)-K4 activity of short-lived vy - 2
or short lived y emitters = ey . . ;f
Pl emitting radionuclides, on gl " g
SIR transfer instrument (SIRTI) 54Cu(12.7h) demand, on-site at the N'V”/D| 3 {*{{»* s — E: i
Comparisons: Reports: F oz = Rl
NIS1":K4p.F—18,K4,Cu—54 m:swmm_ NPL, ENEA] (S|RT|) (99mTc, 18F, 64CU, s o NIST result wiimproveafter 2016 S = s
Currently in progress: K1.Tc-99m (VNIIM, ENEA). KCRV update 11C... ) o0 1—SIBU comparison DA Astats) »




Chemistry Department

_Air Quality and Greenhouse Gas Standard Comparisons

-
amM cal Journal of Molecular Spectroscopy
- OZO N E * iTs3 Inn and Tanaka 1953 s
cLem'stry - 5L ) Volume 327, September 2016, Pages 105-121 .
* DR 64 DeMore and Raper 1984 New Visions of Spectroscopic Databases, Volume
* G 68 Griggs 1968
2 MHM 85 Mauerbserger of al, 1585
ﬂ Browse the Journal Articles ASAP Current Issue Multimedia Submission & Rev ¥ MBH::'S“ :ohna 808 Mann '9::6 Absorpt'on CrOSS-Sectl(}nS Of ozone In the UItraVIOIEt and VISIbIe
L auertserger ¢t al 1 v .
2 N Mt as wey | SPECHral regions: Status report 2015
Art[c[e * Yrer 58 B . . i s = Stanhalint . a Ts el and 1e-Randa
. MED 89 Malicet ot a1, 1989 Johannes Orphal , Johannes Staehelin®, Johanna Tammmen®, Geir Braathen®, Mane-Renée De
* YPF92 Yoshino et al. 1002 Backer®, Alkiviadis Bais', Dimitris Balis', Alain Barbe®, Pawan K_Bhartia®, Manfred Birk", James B
= - - * DBCM 92 Daumont et al 1992 Burkholder®, Kelly Chancel, Thomas von Clarmann®, Anthony Cox*, Doug Degenstein’, Robert Evans',
Ozone cross-section measurement by gas phase titration Sty y— - i
* s Jean-Mane Ftaud™, David Flittner®, Sophie Godin-Beekmann®, Viktor Gorshelev®, Aline Grabien™, Edward
: : (== an BIPM 15 Viallon of al, 2015
Joele Viallon, Philippe Moussay, Edgar Flores, and Robert lan Wielgosz Hare?, Chnistof Janssen', Erkki Kyrola®, Thomas McElroy®, Richard McPeterss, Maud Pastel®, Michael
Anal. Chem., Just Accepled Manuscript 'Y GPT-NO Petersen" ', Inna Petropaviovskikh' **, Benedicte Picquet-Varraull™, Michael Pitts®, Gordon Labow?, Maud
DOI: 10.1021/acs analchem 6b03299 * BIPM 16 GPT-NO2 Rotger-Languereau®, Thierry Leblanc®, Christophe Lu|:| ! [mm
Publication Date (Web): October 11, 2016 —— T T T T T T Redondas™, Michel Van Roozendael*, Stanley P San(=24) l HUAE @ NAUSE ko?,
Copyright © 2016 American Chemical Society 1050 1100 1150 1200 1250

s 5 Pepijn Veelkind®, Jogle Viallon', Camille Viatte”, Georg Wagner®, Mark Weber®, Robert | Wielgosz', Claus
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Chemistry Department
_Air Quality and Greenhouse Gas Standard Comparisons

- N
amM ml Journal of Molecular Spectroscopy
. OZONE — e
cLem.stry - 5L e Volume 327, September 2016, Pages 105-121
i * DR 64 § DeMore and Raper 1964 b New Visions of Spectroscopic Databases, Volume Il
b * G 68 Griggs 1968
R MHM 85 Mauerbserger of al, 1585
ﬂ Browse the Journal Articles ASAP Current Issue Multimedia Submission & Rev o L MM 86 Wolen 400 Makia 1908 Absorption cross-sechons Of ozone in the UItraVIOIEt and VISIbIe
* MBHM 86 Mauverbserger ¢t al. 1986 B ;
T N Mt as wey | SPECHral regions: Status report 2015
i 4 YFEP 88 Yoshino et al. 1988
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= - = * DBCM 92 Daumont et al 1992 Burkholder®, Kelly Chancel, Thomas von Clarmann®, Anthony Cox*, Doug Degenstein’, Robert Evans',

Ozone cross-section measurement by gas phase titration
Y g p * 1 BREMEN 14 Gurshley ot al. 2014 Jean-Marie Flaud™ David Flittner®, Sophie Godin-Beekmann®, Viktor Gorshelev®, Aline Gralien™ Edward
: e BIPM 15 Vialion of al. 2015 = 3 3 B =

Joele Viallon, Philippe Moussay, Edgar Flores, and Robert lan Wielgosz Hare?, Chnistof Janssen', Erkki Kyrola®, Thomas McElroy®, Richard McPeterss, Maud Pastel®, Michael
Anal Chem., Just Accepted Manuscript » GPT-NO Petersen" ', Inna Petropaviovskikh' **, Benedicte Picquet-Varraull™, Michael Pitts®, Gordon Labow?, Maud
DOI: 10.1021/acs analchem 6b03299 R 3 BIPM 16 GPT-NO2 Rotger-Languereau®, Thierry Leblanc®, Chrislophe Le|l| IVI I I(‘l
Publication Date (Web): October 11, 2016 —TrT T Redondas™, Michel Van Roozendael*, Stanley P San(=24) I; HUAE _-@ AU ko?,

Copyright © 2016 American Chemical Society 1050 1100 1150 1200 1250 ) - i
Pepijn Veelkind®, Jogle Viallon', Camille Viatte”, Georg Wagner®, Mark Weber®, Robert | Wielgosz', Claus
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scientist (W) Jperiod

C ARBON D | OXI DE EE=—S. Maxwell (NIST) 1 Sept 2015 — 29 Feb 2016
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Chemistry Department
Primary Organic Calibrator Comparisons

CCQM-K55.c,d: Supporting gNMR development
for Primary Reference Materials at NMls

W. Zhang (NIM) 15Feb 2016 -15Aug2016 [ EI
B. Garrido (INMETRO) 1 Sept 2016 — 28 Feb 2017
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Chemistry Department
Primary Organic Calibrator Comparisons

CCQM-K55.c,d: Supporting gNMR development CCQM-K115: Reference Systems to Differentiate
for Primary Reference Materials at NMis between Type | and Type Il Diabetes
} T 3 — o ApE— o 16 ! Mass fractions of structurally related impurities in a hCP
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' acetyl-hCP(6-31): 8.76
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Lab visits at 13:00 today

Quantum electrical Primary carbon
standards and the & dioxide measurement
calculable capacitor facility
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