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Structure of the input data
‘L and output values

Auxiliary input data

a related data

h & related
data

Auxiliary data = exact + the
most accurate data which are to
be evaluated prior the
adjustment: R, m,/m,, atomic
masses.

a related data: h/m, hN, ...
h related data: e, e/h, ...

The lines ( - ) are equations:
e.g., theoretical expressions for
h/?VI, the Lamb shift, ...

Some data are measured, a lot
are derived: m, [kg], m,
[Mev/c?], ...

G is uncorrelated,...



Structure of the input data
and output values

Auxiliary input data:
CI E:OI Rool p’ m /m

o & related data:
h/m,, h*N,

h & related
data: h, e, N,

independent data:
G, k a,

Auxiliary data = exact + the
most accurate data which are to
be evaluated Qno r the
adjustment: R, m,/m,, atomic
Masses.

a related data: h/m, hN, ...
h related data: e, e/h, N, ...

The lines ( - ) are equations:
e.g., theoretical expressions for
h/M, the Lamb shift,

Some data are measured, a lot
are derived: m, [kg], m
[Mev/c?], ...

G is uncorrelated; k, Ay



Example: multiplicative vs.
i additive: R vs. a

= equations: = uncertainties:
m Roo ~ 10-11
h = 0~ 10° - 1010

120° = R,
MmeC = 02 - 104 x 107

ctRoaC+ co0°Rosc = v



Example: multiplicative vs.
i additive: R vs. a

= equations: = uncertainties:
m Roo ~ 10-11
h = 0~ 10° - 1010

mec = 02 5 104 x 10°

ctRoaC+ co0°Rosc = v
“almost’




i Rydberg constant

= hydrogen &
deuterium
spectroscopy

= electron-proton
elastic scattering

= Lamb shift in muonic
hydrogen

few parts in 1012



i o block

= equations:
@2m€c
R =
2h

= input data

m O
o h/me



i o block

= equations: = input data
azmec m O
ROO — 2% C h/me

O me/mp - h/mp



K

i o bloc

= equations:

2

a“MeC

Roo =
= M/m,
= M, inu
= M, In U

2h

= input data

o

n/m,
n/m,
n/m,




i o block

= equations: = input data
Al o x O

m('?C)/12- Ny =1 gmol ™" = h/m,

= h/m

= M, /M p

me/inpu * VM

TP . = output

L mat N u . h_NA
me? | X v x @ x (m('*C)/12- Ny)
h (h-Na)  m('2C)/12 A




i o block

= equations: = input data
Ao o = O
m('?C)/12- Ny =1 gmol ™" = h/m,
o ']/mp
| me/mp . 1/mat
"My '!1 . = output
| mat N U . h_NA

mc Kh NA)) G\ 9@(12 )/ 129




o block

Quantity Symbol Value Uy
inverse fine

structure constant a~! 137.035999 074(44) 3.2 x 10710]
molar Planck constant h- Ny 3.9903127176(28) x 1071 Jsmol ™' [7.0 x 10~1Y]
quantum of circulation h/(2me) 3.636 947 5520(24) x 1074 m?s~! (6.5 x 10710]
Compton wavelength Ao = h/(mee)  2.4263102389(16) x 10712 m 6.5 x 10710]
von Klitzing constant Ry = h/e?  25812.8074434(84) Q 3.2 x 10710]
muon-electron mass ratio my,/me 206.768 2843(52) [2.5 x 107%]




o block

T T
m CODATA-06

——e— R (NPL-88)

—e— r'p_go(lo)(NIST-89)

| T'_g,(10)(NIM-95)

® I R (NIM-95)

—e— R (NIST-97)
—e—— R (NMI-97)
—e——— F'p_go(lo)(KR/VN-QB)
——e—— R (LNE-01)
@1 h/m (Cs)
——&— Av,,
® h/m (Rb)
® a_(UWash-87)
e a_(HarvU-08)
—— He, fs

137.03597

lJ I Ll
137.03600

L) I L}
137.03603

= QED vs. Penning
trap: a,

= recoil spectroscopy
= h/mg,
= h/me

= quantum Hall

standard vs

calculable capacitor:
RK



‘L o block

= QED vs Penning
a4 CODATA-06
trap: a,
i h/m (Cs) .
“ = recoil spectroscopy

&1 h/m (Rb) h /m

———e—— a_(UWash-87) h/mRb
" C
e a_(HarvU-08) ’
1 37.01’35998 . 1 37.0:’36000 ' 137.036002

-1
0

below 1 part in 10°



Quantum Hall effect and a
standard of resistance

Classical Hall effect — S i |-_-.
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o block

T T
m CODATA-06

——e— R (NPL-88)

—e— r'p_go(lo)(N IST-89)

| T'_g,(10)(NIM-95)

o | R (NIM-95)

—e— R (NIST-97)
—e—— R (NMI-97)
—e——— F'p_go(lo)(KRNN-QS)
——e—— R (LNE-01)
@1 h/m (Cs)
——&— Av,,
® h/m (Rb)
® a_(UWash-87)
e a_(HarvU-08)
—o— He, fs

137.03597

L] l L]
137.03600

L) I L)
137.03603

= QED vs. Penning
trap: a.

= recoil spectroscopy
= h/mg,
= h/me

= quantum Hall

standard vs

calculable capacitor:
RK



i Needs for a "theory” for QHE

Ry (52
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« universal R, = Ry

s relation to o

RH — RK — h’/€2



i Needs for a “theory” for QHE

Ry (£2)
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i Needs for a “theory” for QHE

= steps R,
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i h block

known from a block = input:
= h
62 s O
B (y =
dmeghc = N,
. h'N, = output
= M,
N h/me

= Hp



‘L h block

Quantity Symbol Value Uy
Planck constant h 6.626 069 57(29) x 1073+ Js [4.4 x 107°]
elementary charge e 1.602 lfb 50 (3”}) x 10719 C 2.2 x 107%]
Avogadro constant Ny 6.022 141 29( 7) % 10% mol ! (4.4 x 1078]
Faraday constant F=e-Nsg 96485.3365(21) C mol_1 2.2 x 107%]
electron charge to
mass quotient e/ me 1.758 820 088(39) x 10 Ckg™!  [2.2 x 1078
electron
gyromagnetic ratio Yo = 2. /R 1.760859708(39) x 101 s~ 1 T—1 [2.2 x 107¥]
electron mass Me 9.109 38291(40) x 103! kg [4.4 x 107%]
0.510 998 928(11) MeV /2 2.2 % 107%]
proton mass my 1.672621 777(74) x 10727 kg [4.4 x 1079]
038.272046(21) MeV /2 2.2 % 107%]
Bohr magneton ip = eh/2m. 097’ 400 968( zo) x 10726 JT1 2.2 x 1078]
nuclear magneton  uy = eh/2m, 5.05078353(11) x 10727 JT 1 2.2 x 107¥]
Josephson constant Ky =2e/h —183 597.870(1 ) x 109Hz V1 2.2 x 107%]




i h block

) ' I ' I M Ll
m CODATA-06
: ° | T'_ (hi)(NPL-79)

P-90

: . 1 Fo,

———e——— K (NMI-89)
—e— KR (NPL-90)
————e———i K(PTB-91)

: o i T'__ (hi)(NIM-95)

P-90

o1 K 'R (NIST-98)
® K 'R (NIST-07)
—e— KR (METAS-11)
® N, (*Si)
—e— KR (NPL-12)

I I I
6.62607-10°* 6.62608-10°* 6.62609:10

h [J-s]

)
6.62606-10



h block: the most important

data

) ' I ' I M Ll
m CODATA-06
° | T'_ (hi)(NPL-79)

P-90

® 1 Fo,

———e— K(NMI-89)
—e—1 K "R (NPL-90)
————e——— K (PTB-91)

o i T'__ (hi)(NIM-95)

P-90

o1 K 'R (NIST-98)
® K 'R (NIST-07)
—e— KR (METAS-11)
® N, (*Si)
—e— KR (NPL-12)

I I I
6.62607-10°* 6.62608-10°* 6.62609:10

h [J-s]

)
6.62606-10

= CODATA-06

KR (NPL-90)
—e— KR (NIST-98)
e+ KR (NIST-07)
o N, (*Si)

2
e K’R(NPL-12)

6.626066-10

T T T T T T
6.626070-10° 6.626074-10°**

h [J-s]




h block: the most important
i data
= watt ballance

~=—  CODATA-06 . Avogadro constant
e KR(NPLOD) from ehrhiched Si

—e— KR (NIST-98)

e+ KR (NIST-07)

e N, (“Si)

‘ 2
- KR (NPL-12)

6.626066-10 6.626070-10°* 6.626074-10°
h [J-s]



Josephson effect and qu
Ll volt stardard aiin

Voltage Unit: Representation
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watt-ballance

WE Principle (1): static phase / weighing mode

WE Principle (2): dynamic phase / velocity mode

I-jdfxB = mg I :
B
f : Upg = v+ [d(xB

£ m

U,- ==
= {QHE & JV3) e ——

R

WE Principle (3): combination of modes

onlyif G, =G

e

[| *=—

U
G(B.() = % =

\, v 4 %, v 4 f \

static dynamic

= | Ul=mgv

electrical mechanical

power power
B. Jeanneret, Les Houches, 2007




“L watt-ballance

WE Principle (1): static phase / weighing mode

28 h chase / velocity mode
— | K J = —/ Ry = _2->
WE Pri h nation of €
Onlyif G, = G, wi =v-[d(xB
v
L - = UlFmgv

Y

electrical mechanical
power power

mic

1 bl
RxK2 4

B. Jeanneret, Les Houches, 2007




h block: the most important
i data
= watt ballance

~=—  CODATA-06 . Avogadro constant
e KR(NPLOD) from ehrhiched Si

—e— KR (NIST-98)

e+ KR (NIST-07)

e N, (“Si)

‘ 2
- KR (NPL-12)

6.626066-10 6.626070-10°* 6.626074-10°
h [J-s]



i Monocrystale of 28S;

monocrystale ~ 1 kg isotopic composition
m 285i: 92%
= 29Si: 5%
= 30Si: 3%




i Monocrystale of 28S;

monocrystale ~ 1 kg isotopic composition
= 28Sj: 929 99.985%
n 29Si: 5%
n 30Sj: 3%




i Monocrystale of 28S;

monocrystale ~ 1 kg isotopic composition
= 28Sj: 929 99.985%
n 29Si: 5%
n 30Sj: 3%




Monocrystale of 23S

Isotopic composition
= 28Sj: 929 99.985%
n 29Si: 5%

n 30Sj: 3%




i Monocrystale of 28S;

monocrystale ~ 1 kg iIsotopic composition
<« %




h block: the most important
i data
= watt ballance

~=—  CODATA-06 . Avogadro constant
e KR(NPLOD) from ehrhiched Si

—e— KR (NIST-98)

2
@ K 'R (NIST-07)

@ N, (S = problem remains

‘ 2
- KR (NPL-12)

6.626066-10 6.626070-10°* 6.626074-10°
h [J-s]



h block: the most important

i data

= watt ballance

~=—  CODATA-06 . Avogadro constant
e KRR from ehrhiched Si
—e— KR (NIST-98) I ]

2 ——=—— CODATA-02
KR (NIST-07)
” ——e—— KR (NPL-90)
@ N,(*Si) 2

e K R(NIST-98)

: . | 2 - N
| KR (NPL-12) C oD

B

P ' a3 ' a4 @fRK(MST-m)
6.626066:10 6.626070-10 6.626074-10

hJs)] @ o




h block: the most important

i data

- = watt ballance

~=—  CODATA-06 . Avogadro constant
e KR(NPL9O) from ehrhiched Si
—e— KR (NIST-98) I
@ K R (NIST-07) 1 IR ]
O nes N e

(h-hcopaTa)hcopata (PPD)

-300 -200 -100 0 100 200
€ x =11 > NRC-1, 2012
NIST-3,2007 8 IAC, 2010
6.626 068 6.626 069 6.626 070 6.626 071

h (1074 Js)



Progress

Fractional uncertainty

-t T T rI1rrrvrr+ry7TrrTrrT T T
1970 1980 1990 2000 2010
Year



1
2010

2000

1990

1
1
1040:

Ajuiepasun |euonoel

1980

1970

Year



i Progress

Quantity -(2006) A A/u,(2006)  u-(2010)  w,.(2010)/u, (2006)
R 6.6 x 10712 1.1 x 10712 0.17 5.0 x 10712 0.76
me/my, 4.3 x 10719 0.1 x 1071 0.03 4.1 x 10710 0.95
o 6.8 x 10710 442 x 10~1Y 6.50 3.2 x 10710 0.47
h 50x 1078 92x 1078 1.84 4.4 x 107° 0.88
k 1.7x 1076 —1.2x 106 —0.68 9.1 x 10~7 0.53
G 1.0x 107*  —0.7x 10~ —0.66 1.2 x 10~ 1.2




i Progress

Quantity -(2006) A A/u,(2006)  u-(2010)  w,.(2010)/u, (2006)
R 6.6 x 10712 1.1 x 10712 5.0 x 10712 0.76
me/my, 4.3 x 10719 0.1 x 1071 4.1 x 10710 0.95

o 6.8 x 10710 442 x 10~1Y 3.2 x 10710 0.47

h 50x 1078 92x 1078 4.4 x 107° 0.88

k 1.7x 1076 —1.2x 106 9.1 x 10~7 EL

G 1.0x 107*  —0.7x 10~ 1.2 x 10~ ( 1.2 )

N — g



+ better accuracy
+ two methods
+ sensitivity to 5 loops

— 6-sigma jump



+ natural-silicon
discrepacy resolved

+ better accuracy for
Avodagro

- new discrepancy

NPL — NRC
NIST-3



Do we need a new definition?
‘L The most probably, yes, we do!
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Do we need a new definition?
i The most probably, yes, we do!
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Are we ready for the new
definition?

+ natural-silicon
discrepacy resolved

+ better accuracy for
Avodagro
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