Introduction

(http://www.bipm.org/en/measurement-units/new-si/)

Future revision of the SI Ongoing work | Communication and debate; draft documents FAQs; More info.

The New S| based on fixed values of:
* Planck constant, &

* Avogadro constant, N,

* elementary charge, e

* Boltzmann constant, &

I International
D1 System of Units

Resolution 1 of the 24" meeting of the CGPM:

Invites:

 CODATA to continue to provide adjusted values
of the fundamental physical constants . ..
since these CODATA values and uncertainties
will be those used for the revised S|

e SI road-map '@ (updated 2014)

e Resolution 1 of the CGPM (2014): On the future revision of the International System of Units, the SI

e Resolution 1 of the CGPM (2011): On the possible future revision of the International System of Units,
the SI
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TGFC LSA Methodology

 Collect all data
— Older data form previous LSAs
— Include new data since the last LSA

* Preliminary review of the data

— Check for up-to-date input and corrections, full
uncertainty analysis, and internal consistency

— Select acceptable data by lowest uncertainties

« Assess relation with other input data
— Supersedes previous results?

— Covariance - sort by common uncertainty
components



TGFC LSA Methodology (cont.d)

Run mini LSA for each of the main constants
and use “standard” statistic tools to
investigate “goodness of fit”

— Chi squared (x?), Probability of reduced x?, Birge
ratio R, Maximum Normalized Residuals (MNR),
Maximum Normalized Difference (MND), etc.

¥? = Z i _U;m)z XZ/U Vi — Ym) (Vi — Ym)

O (0% +02)™

« Adjust expansion factors, include/exclude
specific data

— 1% self sensitivity test

* Run “final” multi-variant LSA, argue, re-run
LSA, etc.

 Minimize total ‘disagreement’



2014 Input data related to the
Gravitational constant

6.670 6.672 6.674 6.676 6.678
| | ! |
Xz: 318 — 104G
—e— NIST-82
DOF: 13 —e— TR&D-96
Prob. y?: 6.8 x1013 % ¢ LANL-o7
UWash-00 o
RB: 4.95 BIPM-01 e
o {  UWup-02
e— MSL-03
Max. reduced residuals: . | HUST-05
¢4 UZur-06
'12'41 9.14 ° |  CODATA-06
e HUST-09
Fe4  JILA-10
| o |  CODATA-10
BIPM-14 e
° |  LENS-14
| UCI-14 | e |
|
6.670 6.672 6.674 6.676 6.678

G/(1071 m? kg1 s72)



2014 Input data related to the
Boltzmann constant

6.4 6.|5 6.|6 6.7
2 5.50 i 107%k
DOF: 7 : ° |  AGT NIST-88(Ar)
Prob. XZ: 60.0% | ® |  AGT LNE-09(He)
RB; 0.89 : ® | AGT NPL-10(Ar)
Max. reduced residuals: —e— AGT LNE-11(Ar)
-1.28, 1.55 —o— CODATA-10
° | AGT NIM-13(Ar)
-4 AGT NPL-13(Ar)
@ | DCGT PTB-15
—e— AGT LNE-15(He)
‘CODATA-14’ Rel. Unc.: 4.8 x 107 o1 ’CODATA-14
| | |
6.7

6.4 6.5 6.6
[k/(10~23 J/K) — 1.380] x 10%



2014 Input data related to the
Planck con7sotant

6.8 . 7.2
|
i | 107"h
: ° | K2Ry NIST-98
X 8.49
DOF: 4 —e— NA(®8Si) IAC-11
Prob. x?: 7.52% i KR, NRC-14
Ryg: 1.45
Max. reduced residuals: | o |  K2Rx NIST-15
1.98, 1.86
eo— Na(?*®Si) TIAC-15
ICODATA'14’ Rel. UnC.: 1_2)( 10_8 o+ 'CODATA-14’
|
6.8 7.0 7.2

[h/(10734J s) — 6.6260] x 10°



LETTER

High-precision measurement of the atomic mass of
the electron

S. Sturm', F. Kohler"?, J. Zatorski', A. Wagner', Z. Harman"?, G. Werth?, W. Quint?, C. H. Keitel' & K. Blaum'

doi:10.1038/nature13026

* Factor 13 more accurate than 109 A (e)
other data r
 Silicon and carbon frequency CODATA 2010
ratio measurements correlated | -
* Need to review 10onization MPIK-14
energies of carbon and silicon 2g
-0.100 0.100 0.300 0.500 0.700

[4.(e)— 0.000 548 579 909 4] x 102



2014 Input data related to the
Fine-structure constant

599.83 599.85 599.88 999.90 999.93 599.95
| | | | |

X 5.82 T
DOF: 2

a. Harvard-08/“QED-10"” +—e—
Prob. y*: 5.8%
RB: 1.71 h/m(Rb) LKB-11 | ®
Max. reduced residuals: CODATA-10 0|
1.51,1.70

a. Harvard-08/“QED-14”  }-e—

h/m(Rb) LKB-11/14 |}——e—|

® | h/m(Cs) Berkeley-13

‘CODATA-14" Rel. Unc.: 2.3 x 1010 “CODATA-14” o+

| I I I I
599.83 599.85 599.88 599.90 599.93 599.95

(! —137.03) x 10°




Rydberg constant, muonic hydrogen, and the
proton radius

The proton rms charge radius measured with
electrons: 0.8770 4 0.0045 fm
muons: 0.8409 4 0.0004 fm

up 2013« — . electron avg.
® +scatt. JLab
up 2010 | ! ® '+ scatt. Mainz
© . H spectroscopy
1 | | 1 1 1 1 | | 1 1 1 | 1 1 1 1 | 1 1 1 | | 1 | 1 1 1 | 1 | 1 1 | 1 1
0.83 0.84 0.85 0.86 0.87 0.88 0.89 0.9

Proton charge radius R [fim]
RP, Gilman, Miller, Pachucki, Annu. Rev. Nucl. Part. Sci. 63, 175 (2013). ch



Qv.-

<

i

o

N

2 1._________________ =y h
Q B |

>

O

2

N

W L
‘ .“ﬁ ‘ ... : z 3
| __ ,
| i

i
o]
c
=
v
()
S
O
Ll
O
-
<
=
<
o
O
o)




BUI‘GCIU Search facility:

T'"Le;{'d":f,"“' s http://www.bipm.org/extra/codata-tgfc/ L

* Mesures & | Site map | News | Contact us

ABOUT US WORLDWIDE METROLOGY INTERNATIONAL EQUIVALENCE MEASUREMENT UNITS SERVICES PUBLICATIONS MEETINGS

ilslugelelifeife]s@ Membership | Recommended values of the fundamental constants | Contact info.

The purpose of the CODATA Task Group on Fundamental Constants (TGFC) is "to periodically provide the scientific and technological
communities with a self-consistent set of internationally recommended values of the basic constants and conversion factors
of physics and chemistry based on all of the relevant data available at a given point in time."

The CODATA-TGFC is not constituted under the auspices of the BIPM, but because of the close linkage between the SI units and
fundamental constants, it enjoys a close relationship with the CCU and the BIPM; this portal, created as a working website for the Task
Group, is an example.

The public section of this website provides information about the activities of the Task Group on Fundamental Constants including meeting
dates, meeting minutes, and membership.

CODATA internationally recommended values of the Fundamental Physical Constants (2010 LSA)

The next meeting of the TGFC will take place on 31 August and 1st September 2015 at the BIPM.

Members of the CODATA Task Group on Fundamental Constants
Group photograph (November 2014, BIPM)

Meeting reports

Paper on the 2010 LSA ‘@

CODATA-TGFC Working Documents* & (TGFC members only)

ooo

oo

More information on CODATA: http://www.codata.org/

&



‘ On the road to redefinition
B Joint CCM and CCU roadmap for the new Sl

Now Redefinition
com @ccu | |
Comadals
: CGPM @ Metrologia special edition
Mise en prat/que (mep kg) CCM (withéreferences for the miep)
- mep kg ' :
approved : : .
T updated mep: kg
initial pilot study (kg); approved
(preparation, measurements & report) cCM
' ccu SSM
N IBIIPINII ?:trferglﬁrx ] l Trw CCM 5 .
calibration wlth IPK tp IPK Consultation / announcement
| | @ccu
RCD v | a I eubllsh consistent results CCM
: IIIIIIIIIIII !ll IIIIIIII‘:‘I‘E’:I> R1&2 |
BIPM pool establlshed and characterlzed s : ) CIPI\.EII-\
IIIIIIIIIIIIIIII»ﬁ H
5 G) Pool Ilnked to experiments 01.07.2017 CODATA :
'l EEEN IEIMIRIPIKII\II()IV\L in-d-[\l-exvflul'- -p-r(zje-czs- ] > ClOSing date : (ﬂnal LSA)E
: : ' for new data v
. NMI directors . meetlngs  mmmEmm
:Convocatio CGPM

E_E_E_E_E_

‘ Conditions from CCM Recommendation G1 (2013)



Critical Closing Dates for Data

1 July 2017

Closing date for data for special CODATA constants
adjustment to determine exact values of h, e, k, and
N, for 2018 revised Sl (International System of
Units).

BY this date data must be published or

available in a preprint accepted for
publication.




Critical Closing Dates for Data

1 July 2018

Closing date for data for CODATA constants
adjustment to determine new set of CODATA
recommended values consistent with the revised Sl
(replaces 31 December 2018 normal closing date).

By this date data should be published or
available in a preprint for publication.



