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1 Introduction

This is a report to the Technical Committee for Thermometry of EURAMET (EURAMET TC-T) on the
regional key comparison EURAMET.T-K9 of SPRT calibration on the International Temperature Scale of
1990 (ITS-90) [1] from 83.8058 K (the Ar triple point) to 692.677 K (the Zn fixed point). The transfer
standards used are long-stem SPRTs.

EURAMET.T-K9 is an RMO key comparison linked to the CIPM key comparison CCT-K9 [2]. The
comparison is organized in five separate collapsed Stars, each one having a CCT-K9 participant as pilot,
which provides the link to the KCRV of CCT-K9. Four to five participating laboratories are involved in
each Star. The pilots of the five Stars are LNE-Cham, PTB, INRiM, VSL, NPL. LNE-Cnham is also the
coordinator of the comparison, in charge of the collection of the measurement reports from all
participants and the preparation of the final report.

1.1 Participating laboratories

Thirty-one NMI laboratories were originally involved in this comparison, including the pilots of the
five Stars. Table 1.1 reports the list of participating laboratories. There were few changes regarding the
participating laboratories, with respect to the original list included into the comparison protocol (see
Appendix I):

e DPM (Albania) didn’t reply to any of the messages sent by the coordinator and/or the pilot
of Star 5 (NPL) and didn’t perform any of the actions listed in the protocol. It was withdrawn
from the comparison and is not reported in Table 1.1.

e MCAA (Malta) announced its will to abandon this comparison in an e-mail sent to the pilot
of Star 3 (INRiM) on the 18™ of May 2015. It was removed from the list of participating
laboratories and is not reported in Table 1.1.

e The name of MKEH (Hungary) was changed into BFKH. The new name BFKH is used in this
report.

e The name of VMT/FTMC (Lithuania) was changed into FTMC.




Acronym Country Laboratory full name Star number

BEV Austria Bundesamt fiir Eich- und Vermessungswesen 5

BFKH Hungary Government Office of the Capital City Budapest 5

BIM Bulgaria Bulgarian Institute of Metrology 5

BoM North Bureau of Metrology 4
Macedonia

CEM Spain Centro Espafiol de Metrologia

CMmI Czech Czech Metrology Institute 2
Republic

DMDM Serbia Directorate of Measures and Precious Metals 3

DTI Denmark Danish Technological Institute 4

EIM Greece Hellenic Institute of Metrology 5

FTMC Lithuania Centre for Physical Sciences and Technology 4

GUM Poland Central Office of Measures/Gtéwny Urzad Miar 4

HMI Croatia Croatian Metrology Institute 3

IMBiH Bosnia- Institute of Metrology of Bosnia and Herzegovina 3
Herzegovina

INM Romania National Institute of Metrology 5

INRIM Italy Istituto Nazionale di Ricerca Metrologica 3 (pilot)

IPQ Portugal Instituto Portugués da Qualidade 1

1\ Norway Justervesenet - Norwegian Metrology Service 1

LNE-Cnam France Laboratoire National de Métrologie et d'Essais - 1 (pilot,

Conservatoire National des Arts et Métiers (LNE-CNAM) coordinator)

MIKES VTT Finland Centre for Metrology and Accreditation 2

MIRS/ UL- Slovenia University of Ljubljana, Faculty of Electrical Engineering 3

FE/ LMK

NPL United National Physical Laboratory 5 (pilot)
Kingdom

NSAI- NML Ireland NSAI National Metrology Laboratory 2

PTB Germany Physikalisch-Technische Bundesanstalt 2 (pilot)

RISE Sweden Research Institutes of Sweden (formerly SP) 4

ROTH+CO. Switzerland  ROTH+CO. AG 3

AG

SMD Belgium FPS Economy, DG Quality and Safety, Metrology Division 1

SMU Slovakia Slovak Institute of Metrology 2

UME Turkey Ulusal Metroloji Enstitiist 2

VSL The VSL 4 (pilot)

Netherlands

Table 1.1 List of participating laboratories



2 Protocol used in the comparison

2.1 Protocol

Each participating NMI selected two of their own SPRTSs for use in the comparison. NMls calibrated
their SPRTs at every available ITS-90 fixed point within the range of this comparison. Each NMlI selected
only one of the two calibrated thermometers, hereafter referred to as “travelling thermometer”, for
delivering to the pilot of the Star where it was involved. The second thermometer, hereafter referred
to as “backup thermometer”, was kept by the NMI at disposal, in case of troubles with the travelling
thermometer. The travelling thermometer and its initial calibration results were provided to the pilot
laboratory, which assigned an identifier in the format Lij, where i = {1..5} identifies the Star number
and j={1..5} is a progressive value, incremented upon each thermometer arrival to the pilot
laboratory. In case a backup thermometer had to be used, the same identifier as for the travelling
thermometer was employed, appending the suffix ‘S’ (e.g., LijS). Following the calibration realized by
the pilot laboratories, the SPRTs were returned to their respective owners, and each NMI completed a
final set of calibrations at their facility. All measurement results, corresponding uncertainties, and
fixed-point cell uncertainty budgets were reported to the pilot laboratory in a format suggested by
Appendices A to C in the EURAMET.T-K9 protocol (the protocol is included here as Appendix I).

For each thermometer in their Star, the five pilots prepared tables containing results and
uncertainties of the measurements performed at their laboratory facility, in the format suggested by
Appendices A to Cin the EURAMET.T-K9 protocol. Once the full measurement cycle was completed for
all the thermometers involved in a Star, the pilot transferred to the coordinator the whole dataset of
the Star. This included reports of the measurements carried out at the participating laboratories before
and after thermometer travelling, as well as those related to the measurements performed in the pilot
laboratory.

In order to provide a reliable linkage to the CCT-K9 comparison, the protocol of EURAMET.T-K9
requested that pilot laboratories employ the same equipment as that used in CCT-K9. It recommended
also that each pilot use one of the SPRTs involved in CCT-K9.

2.2 Calculating temperature differences with CCT-K9 KCRV

We begin with an explicit derivation of the calculations used in this comparison, reproduced from
the original protocol. In accordance with the notation employed in the original protocol, we identify
each laboratory with the letter Lj, where i is the Star number and j is the laboratory number within the
i-th Star. L; identifies also the travelling thermometer of a given participating laboratory (see Table
3.1). If the backup thermometer is used instead, the identifier is commuted into L;S. Star pilots are
identified with the letter P;.

Resistance ratios, W (see W definition in ITS-90 [1]), were measured at each of the six fixed points
included in this comparison. Each participating NMI L; recorded initial values of Wyjpefore for its
travelling SPRT and W\ before fOr its backup SPRT. The travelling SPRT was then transported to the pilot
laboratory P;, where W\;p; was measured. Finally, the SPRT returned to its NMI for a third and final
measurement Wijaser. In case troubles were identified with the travelling SPRT of a given NMI, a cycle
of measurements was carried out on the backup thermometer, in order to get a full set of values
{Whijs,before , Wiis,pi, Wijs,attert. Here the subscripts ‘before’ and ‘after’ refer to measurements taken at
the NMI facility, respectively before and after travelling to and from the Star pilot. All W values may
have included multiple realizations for each SPRT at each fixed point.

Average W values are calculated by:

_ 1
WLij = 2 (WLij,before + WLij,after) (1)

The temperature difference AT;-r) between the fixed-point realization performed at the pilot P;and
each participating NMI L; is calculated as:



Wiij — Wiij pi
AT i pn = ——2— " L 2
(Lij-PD) dM/r/dT Lij (2)
where dW,/dT represents the sensitivity of the reference function W, defined in the ITS-90 and C;
is a term used to account for uncertainty associated with the travel, handling, or stability of the SPRT.
Its expected value is assumed to be zero, with an associated uncertainty that will be discussed below.

The temperature difference ATj-«crv) between the fixed-point realized by the NMI L; and the KCRV
of CCT-K9 is calculated using the following equation:

AT(ij—kcrv) = AT(Lij—pi) + AT(pi—kCcRV) (3)

where ATpi-kcry) is the difference between the fixed-point temperature realized by the P; Star pilot
and the KCRV of the CCT-K9 comparison. ATpi-kcrv) is retrieved from the CCT-K9 report [2], where it is
named ATwmikcrv (S€€ equation 2.5 in [2]).

2.3 Calculating uncertainties

The standard uncertainties presented in this report are denoted by u. The corresponding expanded
uncertainties, defining an interval estimated to have a level of confidence of 95.45 %, are denoted by
u.

Uncertainty budgets provided by each NMI are used to calculate the uncertainty of each laboratory's
final value AT(j-kcrv). Some NMiIs provided two uncertainty budgets, one associated to the ‘before’
measurement set and the other to the ‘after’ one. Others supplied a single budget, which was
considered valuable for both the ‘before’ and the ‘after’ sets. All the participating NMls classified each
uncertainty contribution in their budgets according to the evaluation method used, i.e. Type A,
evaluated statistically, or Type B, evaluated in any other fashion. Conversely, despite an explicit
request inside the original protocol, almost none of them provided information on whether a
contribution was strongly correlated between measurements (systematic) or fluctuated randomly
(random). This was presumably due to an error in the reporting worksheet templates provided in
appendices B and C of the protocol (see page 132 in this report), where no specific field was available
to enter information on random/systematic breakdown. Therefore, as the uncertainty budgets
established by the participant NMls conformed with the model of page 132, it was decided that the
uncertainty components related to the phase transition realization repeatability, the propagated TPW,
the SPRT self-heating and the heat flux are classified as random, while the others are classified as
systematic. The NMls didn’t raise objections, but some of them required slight adjustments. The
uncertainty budgets reported in Appendix Il display the random/systematic breakdown for each
laboratory.

The uncertainty in WLU, arising from the combined ‘before’ and ‘after’ travelling measurement sets,
is calculated combining the uncertainties provided by the NMI for these two sets. Random components
were treated as completely uncorrelated and combined according to GUM [3] section 5.1.2. Systematic
components were treated as correlated and combined according to GUM [3] section 5.2.2.

This leads to:

o2 (Wu ) _ 1 ulg{(WLij,before) n U}Z{(WLij,after)
J 4 Npefore Nafter

(4)
+ (uS(WLij,before) + uS(WLij,after)>2

2 2



where ug (Wijpefore) and ur (Wijarer) are the random parts of the uncertainties respectively
associated to the ‘before’ and ‘after’ measurements, Nuefore and nNaser (Se€ datasets in sections 3.5 to
3.28) are the number of realizations measured by that particular SPRT at the indicated fixed point
respectively ‘before’ and ‘after’ travelling, and us (Wijpefore) and us (Wijarer) are the systematic
components of the ‘before’ and ‘after’ measurements.

Every SPRT used in the comparison is assigned a transfer uncertainty associated with its
measurements at each fixed point. The transfer uncertainties u (Cy;) are calculated from the shift in
W measured at the NMI before and after transport to the pilot laboratory.

u(Cyy) = 1 |Wiijbefore = Wiijafter| )
L) o3 dW,/dT

In other words, the transfer of the SPRT to and from the pilot laboratory introduces an uncertainty
about the mean value Wy;;, which is bounded by the minimum and maximum measured values,
Wijjpefore and Wi aer, and is assumed to have a rectangular distribution.

The total uncertainty in AT(;;;_p;) is then:

1 _
u(ZLij—Pi) = @w,/dr)? (uz (WLij) +u? (WLij,Pi)) + uZ(CLij) (6)

where u(WLij‘pi) is the uncertainty about the measurement of thermometer L; carried out at the
pilot laboratory P..

The uncertainty associated to the temperature difference AT(ij-kcrv) is:
2 = uf +u? + 2Uf(Lij—pi)(Pi 7
ULij—KkcRV) = U(Lij-Pi) TU(Pi-KCRV) T 2U[(Lij-Pi),(Pi-KCRV)] (7)

where:

o ufpi_KCRV) is the uncertainty associated to the deviation of the temperature of the P; Star
pilot from the CCT-K9 KCRV. ufpi_KCRV) is retrieved from the CCT-K9 report [2], where it is
named u? (ATymi—kcry) (see equation 2.17 in [2]).

®  2uywij-pi),(Pi—kcrV)] IS the covariance associated to AT(y;;_p;y and AT(p;_kcrv), namely
2uwij—pi),Pi-kcrv)] = COV(AT(Lij—pi), AT(pi—kcrv))- This is a term accounting for the
correlation of measurements carried out by each pilot laboratory, respectively in CCT-K9 and
EURAMET.T-K9. The evaluation of this correlation term is detailed in the following section
2.4,

2.4 Estimating correlations between CCT-K9 and EURAMET.T-K9

The link between EURAMET.T-K9 and the CCT-K9 KCRVs is provided by the five pilot laboratories
through equation (3), with the uncertainties expressed in equation (7). The uncertainties of the pilots
are counted in both the first two terms of equation (7) and are likely to be correlated. The third term
of equation (7) accounts for this correlation and we explain here how we evaluate those correlations.

In Equation (3), the term AT(p;_gcry) can be expressed in terms of the quantities reported into
equation (2.5) of the CCT-K9 report [2], which leads to:

AT(pi—kcrv) = cer—kodTpi — cer—koAT (8)



where ¢ct_kolATp; is the temperature realized in CCT-K9 by a given laboratory P; (named ATywmi in
CCT-K9, see equation (2.4) in [2])
and ccr_koAT is the CCT-K9 KCRV (named AT in CCT-K9, see equation (2.6) in [2]).

Therefore, combining equations (2) and (8) we can rewrite equation (3) in the following way:

Wi =W _
AT(Lij—kcrv) = W + CLij + cor-koBTpi — ccT-koAT (9)

The uncertainty associated to AT(;;_kcry) is calculated according to section 5.2.2 (Correlated input
guantities) of the GUM [3]. While W is a unitless quantity, uncertainties in W are expressed in kelvin
(after scaling each uncertainty by the value of dW,/dT at the given fixed point), as is customary.
Therefore, in the subsequent equations the term ur{ W) is employed, where the subscript T indicates
that any uncertainty component related to W is expressed in kelvin:

u(ZLij—KCRV) =
ub(Wiij) + ud (Wi pi) + u?(Crij)
+u? (cer-kobTpi) + u?(cor—koAT) — 2u( cer-koATpir cor-koAT)
—2ur (Wi pi » cor—xoATpi)

+
—2ur(Wyij, Wyijpi) + 2up(Wiij, Cuij) (10)
+2ur(Wiij » cor—xolTpi) — 2ur(Wiij , cor—koATpi)

—2ur (Wi pi » Crij) + 2ur(Wyijipi s ccr-koAT)

+2u(Crij, cor—koATpi) — 2u(CLijs cer—koAT)

The covariances mentioned in the last four lines of equation (10) are all null, because they involve
pairs of uncorrelated variables. Some of these pairs are composed of variables belonging both to
EURAMET.T-K9, which are uncorrelated according to the analysis performed in the previous sections
of this report. Some other pairs are composed of one variable belonging to EURAMET.T-K9 and one of
CCT-K9, which are uncorrelated because the respective random variables are independent. Therefore
the last four lines of equation (10) are equal to zero, while the second line coincides with equation (6)
and the third line matches equation (2.14) in CCT-K9 [2], i.e. u(zpi_KCRV).

Consequently, equation (10) can be rewritten as:

2 2 2
Uliij—kcrv) = UGLij—pi) + Uepikcrv) — 2ur(Wiij pi » cor—koATp:) (11)

Therefore, the correlation term in equation (11) involves measurements performed at the pilot
laboratories P; in the two comparisons, respectively EURAMET.T-K9 and CCT-K9. These laboratories
provided statements (see section 3.3, page 15) about the equipment used for measurements
EURAMET.T-K9, which is substantially the same than the one used in CCT-K9. In addition, they provided
in EURAMET.T-K9 uncertainty budgets nearly identical to the ones of CCT-K9, with few exceptions
where, when a different equipment was employed, an additional uncertainty was introduced to
account for the link between EURAMET.T-K9 and CCT-K9.

Consequently, we considered that the systematic components of the EURAMET.T-K9 uncertainty
budgets provided by the pilot laboratories, us’T(WLij,pi), are fully correlated with those provided by
the same laboratories in CCT-K9, ug(cct-koATp:), leading to:
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wr(Wiijpi» cor—xoATpi) = ust(Wiijpi) - us(cor—koATpi) = uér(Wiijpi) (12)

The approximation in equation (12) is a consequence of the fact that the systematic uncertainties of
the pilot laboratories are nearly identical in EURAMET.T-K9 and CCT-K9, so

usT(Wiijpi) = us(cer—xoATpo)-
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3 Devices used and measurement results

3.1 Devices used

Each participating NMI calibrated two of its own SPRTs, then selected one of them as ‘travelling
thermometer’ for use in the comparison and coordinated its transport to the Star pilot laboratory. A
‘backup thermometer’ was prepared as well, to be used in case of troubles with the travelling
thermometer, as already explained in section 2.1.

The SPRTs used in the comparison are listed in Table 3.1.

Starn.  Laboratory. SPRT ID Manufacturer Model n. Serial n.

1 CEM L13 YIF WZPB 94336

1 IPQ L14 Tinsley 5187SA 280433

1 I\ L12 ISOTECH 670 067

1 SMD L11 Tinsley 5187SA 9540-7

2 CMI L23 Fluke/Hart 5681-S 4219
Scientific

2 MIKES VTT L24 ISOTECH 670SQ 280

2 NSAI-NML L21 Fluke/Hart 5681-S 1516
Scientific

2 SMU L22 Fluke/Hart 5681-S 1875
Scientific

2 UME L25 Fluke/Hart 5681-S 1365
Scientific

3 DMDM L33 Fluke/Hart 5699 0290
Scientific

3 HMI L34 1589

3 IMBIH L35 ISOTECH 670SQ 343

3 MIRS/ UL-FE/ LMK L32 (replaced by Fluke/Hart 5681-S 1408

backup SPRT Scientific
L32S)

3 MIRS/ UL-FE/ LMK L32S Fluke/Hart 5681-S 1559
Scientific

3 ROTH+CO. AG L31 Fluke/Hart 5681 1784
Scientific

4 BoM L45 Fluke/Hart 5683 4234
Scientific

4 DTI L44 Accumac AM1960 1620486

4 FTMC L43 Fluke/Hart 5681 1714
Scientific

4 GUM L41 Fluke/Hart 5681 1710
Scientific

4 RISE L42 ISOTECH 670QS 290

5 BEV L53 5221

5 BFKH L52 268145

5 BiM L51 Vladimir plant NTC-10 520
- Etalon

5 EIM L55 1544

5 INM L54 1640

Table 3.1 SPRTs used in this comparison
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The comparison protocol didn’t prescribe specific procedures that participating laboratories must
apply to stabilize SPRTs in their calibrations. However, one of the duties of the participants (chapter 5
of the comparison protocol, see Appendix |, page 125 of this report) was to provide an uncertainty
budget compliant with CCT-WG3 recommendations. This prescription referred particularly to
document CCT/08-19-rev on “Uncertainties in the realisation of the SPRT subranges of the ITS-90” [6]
(now superseded by the Guide to the Realization of the ITS-90). In [6], paragraphs 9.3 and 9.4 define
(through a list of assumptions) the necessary thermal treatment (annealing) that an SPRT must receive
in order to deliver an uncertainty budget compliant with the recommendations of CCT-WG3.
Therefore, we assume that any participating laboratory applied stabilization procedures compliant
with those recommended by CCT-WG3 in [6].

3.2 Stabilization of SPRTs at the pilot laboratories

Upon receipt at the pilot laboratories, and before calibration, the participant SPRTs were annealed
to ensure their stabilization. Each pilot used its own ordinary annealing procedures.

In Star n. 1, LNE-Cnam annealed the SPRTs at about 480 °C over an 8 h period, after which they were
removed directly from the annealing furnace to the room-temperature environment. They were
measured at the triple point of water once cooled. If the shift in triple point resistance due to the
annealing cycle (difference of the resistance values before and after annealing) corresponded to less
than 0.5 mK, the SPRT was considered stable and ready for calibration. If the shift exceeded 0.5 mK,
the annealing process was repeated. All the SPRTs in Star n. 1 were stable within less than three
annealing cycles.

In Star n. 2, if the difference between the SPRT resistances measured at the laboratory of the
participant and at PTB disagreed by more than 0.5 mK, the SPRTs was annealed for three hours at
430 °C. At the end of the annealing the SPRTs were directly removed from the annealing furnace and
the SPRT resistance was measured after cooling. As long as the change of the SPRT resistance after the
annealing was larger than 0.5 mK the annealing was repeated. At PTB the maximum number of
annealing cycles is five. All the SPRTs with PTB-results reported within Star n. 2 complied with the
specified stability criterium.

In Star n. 3, all SPRTs on arrival at INRiIM were measured first at the triple point of water and then
subjected to annealing process at 480 °C. After annealing, the measurements at triple point of water
were repeated, once SPRTs were cooled. If the shift in triple point resistance due to the annealing cycle
(difference of the resistance values before and after annealing) corresponded to less than 0.5 mK, the
SPRT was considered stable and ready for calibration. If the shift exceeded 0.5 mK, the annealing
process was repeated. Only one SPRT in Star n. 3 wasn’t stable after first annealing process and
submitted to a second cycle.

In Star n. 4, VSL annealed all SPRTs at 450 °C over a period of 3 to 4 hours, after which they were
removed directly from the anneal furnace. After reaching room temperature, the SPRTs were
measured at the triple point of water. The difference in resistance at the triple point of water had to
be smaller than 1 mK. If the thermometer was not stable within this criterion, the annealing procedure
was repeated. All SPRTs in Star n.4 were stable in two or three annealing cycles.

In Star n. 5, at NPL, thermometers were annealed at about 450 °C for a period of 3 h, after which they
were removed directly from the annealing furnace to the room-temperature environment. They were
measured at the triple point of water once cooled. If the shift in triple point resistance due to the
anneal cycle (difference of the resistance values before and after annealing) corresponded to less than
0.1 mK, the SPRT was considered stable and ready for calibration. If the shift exceeded 0.1 mK, the
annealing process was repeated. All the SPRTs in Star n. 5 required three or four annealing cycles.
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Star Lab ID Rrpw,Lij,before Rrew,pireceipt Rrew,piend Rrew,Lijreturn Rrew,Lij,after max.
n. AT
Q Q Q Q Q mK
1 CEM L13 25.3393600 25.3394078%  25.3393754 25.3392339t  25.3393505 1.74
1 IPQ L14 25.2082650  25.2082925 25.2082605 25.2082370t 25.2083540% 1.17
1 I\ L12  25.1906388t  25.1906775 25.1906827  25.1906856 25.1907361%+ 0.97
1 SMD L11 25.1252221 25.1252303 25.1251567 25.1253032% 25.1250759t 2.27
2 CMI L23 25.6128790  25.6128700 25.6128303%  25.6128660 25.6130190%+ 1.89
2 MIKES L24  25.2846328%  25.2846340 25.2848090+  25.2848077  25.2847135 1.76
VTT
2 NSAI- L21 25.4513220  25.4513170  25.4513021 25.4513270%+ 25.4512910t 0.36
NML
2 SMU L22 25.5380121 25.5378230f  25.5378770  25.5378620 25.5380409+ 2.18
2 UME L25 25.4058829  25.4059190 25.4060600%  25.4059689 25.4058701t 1.90
3 DMDM L33  25.5129529% 25.5129048t  25.5129484  25.5129477  25.5129479 0.48
3 HMI L34  25.4398121t  25.4398398 25.4399015%  25.4398323 25.4398588 0.89
3 IMBIH L35  25.2204659t  25.2206023 25.2206473 25.2208147 25.2208983%f 4.32
3 MIRS/  L32S  25.6836862 25.6836416  25.6836967 25.6835982% 25.6836994%1 1.01
UL-FE/
LMK
3 ROTH+ L31  25.2611938%  25.2610813 25.2611560 25.2610203+t  25.2611858 1.74
CO. AG
4 BoM L45  25.1280659%+ 25.1278865%  25.1279847  25.1280222  25.1279975 1.79
4 DTI L44  25.9088490t  25.9088681  25.9089696  25.9090140 25.9090440% 1.95
4 FTMC L43 25.3319350 25.3318777+  25.3321210 25.3322240%+  25.3321900 3.46
4 GUM L41 25.4357206 25.4356486%  25.4357841  25.4357575 25.4358464+ 1.98
4 RISE L42 25.2600224 25.2600045t  25.2600882 25.2601026 25.2601248% 1.20
5 BEV L53 25.5203123 25.5203234%  25.5203180  25.5203167 25.52029961 0.24
5 BFKH L52 24.8565220  24.8565289  24.8565316 24.8565410% 24.85646801 0.73
5 BiM L51 9.9613645  9.9613815% 9.9613791 9.9613715  9.9613635t 0.45
5 EIM L55 25.4355491 25.4355668%  25.4355644  25.4355110 25.4354711t 0.96
5 INM L54 25.5147880 25.5148149%  25.5147106  25.5147060 25.5146680t1 1.47

Table 3.2 Evolution of the resistance at the water triple point of all the SPRTs involved in this comparison. Rrpw,ij,before iS the
resistance measured by the NMlI (L) at the end of the preliminary calibration performed ‘before travelling’ and communicated
to the Star pilot. Rrpw,pi receipt iS the resistance measured by the pilot laboratory P; after annealing upon SPRT receipt and prior
to start the calibration. Rrpw,piend iS the resistance measured by the pilot laboratory P; at the end of the calibration performed
by the pilot. Rrpw,Lijreturn iS the resistance measured by the NMI (L;) upon SPRT return to the NMI and prior to start the final
calibration. Rrpwiiijatter IS the resistance measured by the NMI (L) ‘after’ the end of the final calibration. The last column
max. AT reports the maximum resistance shift expressed in its equivalent temperature. The symbols T and # represent
respectively the minimum and the maximum resistance value measured on each SPRT at the TPW.
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3.3 Data collection at pilot laboratories

Starn. 1
Comparison measurements at LNE-Cnam were performed from September 2015 through July 2016.
The fixed-point cells and the measurement systems were the same used in CCT-K9, in order to provide
a direct link to the KCRV. A single calibration batch of thermometers was measured as part of the
comparison. The batch contained six SPRTs, of which four from the participating laboratories (L11, L12,
L13 and L14) and two from LNE-Cnam. These latter were the same used in CCT-K9. They were included
to provide an additional consistency check with CCT-K9 results.
Detailed information on the equipment used at LNE-Cnam is reported here:
e The cells employed in EURAMET.T-K9 were the same than the ones used for CCT-K9
measurements:
Zinc FP: Zn1;
Tin FP: Sn6;
In FP: In125;
Ga FP: Pyrl136;
H,O TP: HS1047;
Hg TP: Hg5;
Ar TP: Ar2.
e The measurement system used in EURAMET.T-K9 was the same than that employed for CCT-
K9 measurements. It was composed of the following instruments:
Resistance bridge: ASL F900 s.n. 007115/02
Standard resistors: Tinsley model 5685A, s.n. 259326 (100 Q) and 220368 (25 Q)
e Both the CCT-K9 thermometers of LNE-Cham, L&N 1825320 and YSI B91280, were measured
during Star 1 measurements. At all the measured fixed points, they both provided
measurements consistent with CCT-K9 results, within the uncertainties of CCT-K9.

Starn. 2

The measurements at PTB were carried out between June 2015 and March 2016. Because some
participants announced a delay of the delivery of the SPRTs the calibrations at PTB were carried out
subsequently and separately for each participant. These calibrations were performed in two different
working groups with different equipment, i.e. the calibrations at the Ar and Hg fixed point in PTB-WG
7.43 and the calibrations at temperatures above the TPW in PTB-WG 7.42. For different reasons, the
same equipment was not always used during CCT-K9 and EURAMET.T-K9. In each case, however, it was
ensured that the resistance-ratio bridges and standard resistors used had a valid and traceable
calibration.

The realization of the ITS-90 fixed points at PTB is based on ensembles of fixed-point cells (national
standards) for each fixed-point temperature. The stability of the scale realization is monitored by
mutual cell comparisons at regular time intervals and the replacement of cells if there are indications
of instability or drift. During the time frame of CCT-K9 and EURAMET.T-K9 there were no changes of
the scale realization at PTB. For calibrations, mostly working standards of very high quality are used.
The differences between the fixed-point temperatures of working standards and national scale
realizations are known very precisely and checked at regular time intervals. In the stated uncertainty
budgets these variations and resulting uncertainty contributions are fully included (e.g., the use of
different cells or equipment). To each fixed-point temperature one or two so-called monitor SPRTs are
associated which are only operated at this temperature and the TPW. Although the W values of
monitor SPRTs are not as stable and reliable as the fixed-point temperatures of cells, measurements
with monitor SPRTs are used as an independent consistency check of the temperature stability of cells.

Detailed information on the equipment used at PTB is reported here:
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e The cells employed in EURAMET.T-K9 were:
Zinc FP: ISOTECH/Zn 326
Tin FP: ISOTECH/SnX
In FP: ISOTECH/In22
Ga FP: YSI/Ga213
H>O TP: ISOTECH s/n 902 and 993Q
Hg TP: ISOTECH, S/N M090
Ar TP: INM/CNAM, S/N 26
e The measurement system used in EURAMET.T-K9 was:
Resistance bridges: ASL F900, ASL F18

Starn. 3
Comparison measurements at INRiM were performed from November 2015 through May 2016. Two
calibration batches were measured. The first batch contained SPRTs L31, L32, L33 and the SPRT used
by INRiIM in CCT-K9. This latter was included to provide an additional consistency check with CCT-K9
results. The second batch contained SPRTs L34, L35, L32, L32S and the SPRT used by INRiM in CCT-K9.
During the first batch all SPRTs exhibited a steady increase in TPW resistance during the calibration
process, after an initial decrease due to high temperature exposure. L32 showed a completely different
behaviour. It also decreased initially, as all the others, but then remained essentially constant, unlike
the others. For this reason, a measurement with the backup SPRT, L32S, was considered. However, the
SPRT L32 was re-measured during the second batch, to see the behaviour. Finally, the participant
laboratory preferred L32S to be used over L32.
Detailed information on the equipment used at INRiM is reported here:
e The cells employed in EURAMET.T-K9 by INRiM were the same than the ones used in CCT-K9:
Zinc FP: ZnCo3
Tin FP: SnCo1, SnLei3
In FP: InICAl
Ga FP: GaAlul
H,O TP: IMGC34, NMi006
Hg TP: Hg41l
Ar TP: ArIMGC
e The measurement system used in EURAMET.T-K9 was:
Resistance bridge: ASL F18
Standard resistors: Tinsley 5685A (used in CCT-K9)
e The CCT-K9 thermometer HART 1283 was measured during Star 3 measurements in
EURAMET.T-K9. At all the measured fixed points, it provided measurements consistent with
CCT-K9 results, within the uncertainties of CCT-K9.

Starn. 4
Comparison measurements at VSL were performed from March 2015 to April 2017. From March 2015
to April 2016, the SPRTs L41, L42, L43 and L45 were measured. Also, a SPRT from VSL was included;
this SPRT is the same as used in CCT-K9 to provide an additional consistency check with the CCT-K9
results. From December 2016 to February 2017 the SPRT L44 was measured.
The fixed-point cells and the measurement systems were the same used in CCT-K9, in order to
provide a direct link to the KCRV.
Detailed information on the equipment used at VSL is reported here:
e The cells employed in EURAMET.T-K9 are:
Zinc FP: VSL89T099 (Zn2), VSLO4TO73 (Zn3)
Tin FP: VSL89T48 (Sn1), VSLOAT104 (Sn3)
In FP: VSL89T056 (In1), VSLO4T233 (In3)
Ga FP: VSL89T020, VSL89T021
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H,O TP: VSLO6T003, VSLO8TO05
Hg TP: VSL89T009, VSL89T010
Ar TP: Ar01
These are all the same cells as used in the CCT-K9, except the triple point of water
n. VSLO8TOOS.
e The measurement system used in EURAMET.T-K9 is:
Resistance bridges: MI6010T, MI6015T
Standard resistors: 1 Q Tinsley 5684, 10 Q Tinsley 5684B, 25 Q Tinsley 5684S, 100 Q
Tinsley 5684C
This system is the same used in CCT-K9.
e A CCT-K9 thermometer of VSL was measured in Star 4 as described above.

Starn.5
Comparison measurements at NPL were performed between 20 July 2015 and 10 February 2016, as
a single batch of 5 thermometers. In the case of SPRTs L52, L54 and L55 the same equipment was used
as for CCT-K9. Exceptions at Zn, Sn, In and Ar were made for SPRTs L51 and L53, due to thermometers
being unsuitable for use in NPL primary fixed-point cells. When a non CCT-K9 cell was used, NPL
corrected for the temperature difference between the CCT-K9 cell and the EURAMET.T-K9 cell and
introduced an additional uncertainty on the link to CCT-K9.
Detailed information on the equipment used at NPL is reported here:
e The cells employed in EURAMET.T-K9 were:
Zinc FP: Zn 10/09 (used in CCT-K9), Zn 322
Tin FP: Sn-A (used in CCT-K9), Sn 1/00,
In FP: In 6/01, In 9/08 (used in CCT-K9)
Ga FP: Ga 6 (used in CCT-K9)
H20 TP: B11 50 767, B11 50 768
Hg TP: HglC (used in CCT-K9)
Ar TP: Pond Ar 14341, Pond Ar 10272 (used in CCT-K9)
e The measurement system used in EURAMET.T-K9 was:
Resistance bridge: ASL F900 (used in CCT-K9)
Standard resistors: Tinsley Model 5685A 100 Q
e The CCT-K9 thermometers of NPL were not measured in Star 5, as such measurement was
not mandatory in the protocol.

3.4 SPRT data collected from participating laboratories

NMlIs reported their ‘before’ and ‘after’ W values in a tabular worksheet, as required by the
comparison protocol. In some cases, NMI-reported measurement uncertainties in Appendix A of the
protocol differed from the NMI-supplied uncertainty budget in Appendix C of the protocol. In these
cases, each participating laboratory was asked to determine if either Appendix A or Appendix C
uncertainties should be used.

NMI data sets are compiled along with the corresponding measurements performed at the Star pilot
P; for each SPRT listed in Table 3.1. Each table includes values of W, the associated expanded

uncertainties U, the number of degrees of freedom and the number of realizations, as supplied by
NMls.
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3.5 BEV (Austria) dataset

Fixed point w u dof n. realizations
(mK)
Zn 2.5686663 1.905 oo 1
Sn 1.8926565 1.704 o0 1
. In 1.6097045 1.300 o0 1
Before Pilot 1.1181224 1.100 oo 1
He 0.8441620 1.100 oo 1
Ar 0.2159569 1.000 oo 1
Zn 2.5686642 0.821 12 3
Sn 1.8926594 1.038 446 3
apior 1.6097048 1.005 59 3
Ga 1.1181202 0.141 32 3
He 0.8441621 0.364 12 3
Ar 0.2159624 1.152 5650 3
Zn 2.5686691 1.901 oo 1
Sn 1.8926613 1.634 oo 1
afterpior M 1.6097089 1.298 oo 1
Ga 1.1181197 1.100 oo 1
Hg 0.8441617 1.100 oo 1
Ar 0.2159591 1.000 o0 1

Table 3.5 Data supplied by the participating laboratory BEV ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.6 BFKH (Hungary) dataset

Fixed point w u dof n. realizations
(mK)
Zn 2.5683447 2.190 36 4
Sn 1.8924803 1.580 50 3
Before Pilot In 1.6095859 1.080 43 3
Ga 1.1180982 0.490 157 3
Hg 0.8441970 0.430 50 3
Ar
Zn 2.5683271 0.552 21 4
Sn 1.8924790 0.349 12 3
At Pilot In 1.6095853 0.505 10 3
Ga 1.1180977 0.124 12947 3
Hg 0.8441915 0.153 379 3
Ar
Zn 2.5683480 2.190 36 5
Sn 1.8924868 1.580 50 3
After Pilot In 1.6095921 1.080 43 3
Ga 1.1180993 0.490 157 3
Hg 0.8441961 0.430 50 3
Ar

Table 3.6 Data supplied by the participating laboratory BFKH ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.

19



3.7 BiM (Bulgaria) dataset

Fixed point w u dof n. realizations
(mK)
Zn 2.5686637 3.740 oo 3
Sn 1.8926671 1.600 oo 3
. In 1.6097132 1.580 ©o 3
Before Pilot ¢, 1.1181240 0.780 o0 3
Hg 0.8441590 0.960 oo 3
Ar
Zn 2.5686517 0.866 22 3
Sn 1.8926651 0.718 4737 4
At Pilot In 1.6097101 0.465 101 3
Ga 1.1181172 0.113 688 3
Hg 0.8441584 0.175 28 3
Ar
Zn 2.5686480 3.740 oo 3
Sn 1.8926688 1.600 oo 3
After Pilot In 1.6097134 1.580 oo 3
Ga 1.1181239 0.780 oo 3
Hg 0.8441571 0.960 oo 3
Ar

Table 3.7 Data supplied by the participating laboratory BiM ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.8 BoM (North Macedonia) dataset

Fixed point w u dof n. realizations
(mK)
Zn 2.5681806 2353 24 3
Sn 1.8923830 1.080 27 3
. In
Before Pilot 1.1180860 0.501 39 3
He 0.8442088 0.167 86 3
Ar
Zn 2.5681774 0.840 103
Sn 1.8923832 0.640 24
. In
AtPilot 1.1180840 0.260 159
He 0.8442094 0.220 27
Ar
Zn 2.5681834 3.053 24 3
Sn 1.8923826 0.272 27 3
. In
After Pilot 1.1180864 0.138 39 3
He 0.8442090 0.145 86 3
Ar

Table 3.8 Data supplied by the participating laboratory BoM ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.9 CEM (Spain) dataset

Fixed point w u dof n. realizations
(mK)

Zn 2.5687993 0.878 2365 3

Sn 1.8927373 0.601 9366 3

Before Pilot In 1.6097594 0.785 92040 3
Ga 1.1181327 0.267 1134 3

Hg 0.8441479 0.380 2185 3

Ar 0.2158927 0.647 1761 3

Zn 2.5687975 0.990 226736 3

Sn 1.8927348 0.570 2009 3

At Pilot In 1.6097602 0.550 41888 3
Ga 1.1181305 0.215 3038 3

Hg 0.8441485 0.353 23 3

Ar 0.2158943 0.597 17 3

Zn 2.5687987 0.775 27047 3

Sn 1.8927383 0.881 1196222 3

After Pilot In 1.6097598 0.647 284961 3
Ga 1.1181317 0.220 120 3

Hg 0.8441481 0.244 83863 3

Ar 0.2158922 0.788 1265 3

Table 3.9 Data supplied by the participating laboratory CEM ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.10 CMI (Czech Republic) dataset

Fixed point w u dof n. realizations
(mK)

Zn 2.5688060 0.900 oo 5

Sn 1.8927395 0.600 oo 4

Before Pilot In 1.6097630 0.780 oo 4
Ga 1.1181315 0.320 oo 11

Hg 0.8441476 0.400 oo 6

Ar 0.2158898 0.840 oo 5

Zn 2.5688078 1.300 25 4

Sn 1.8927399 1.040 3 4

At Pilot In 1.6097629 0.900 117 3
Ga 1.1181322 0.240 4 2

Hg 0.8441467 0.400 9 3

Ar 0.2158867 0.640 18 4

Zn 2.5688038 0.900 oo 6

Sn 1.8927384 0.600 oo 5

After Pilot In 1.6097625 0.780 oo 4
Ga 1.1181315 0.320 oo 4

Hg 0.8441473 0.400 oo 5

Ar 0.2158900 0.840 oo 4

Table 3.10 Data supplied by the participating laboratory CMI ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.11 DMDM (Serbia) dataset

Fixed point w u dof n. realizations
(mK)
Zn 2.5687548 2.040 239 3
Sn 1.8927127 1.560 146 3
Before Pilot In 1.6097429 1.940 757 3
Ga 1.1181293 0.720 199 3
Hg 0.8441506 0.720 776 3
Ar
Zn 2.5687529 0.880 107 3
Sn 1.8927108 0.620 20 3
At Pilot In 1.6097415 0.660 5667 4
Ga 1.1181280 0.240 15 3
Hg 0.8441521 0.140 88 3
Ar
Zn 2.5687560 2.040 239 3
Sn 1.8927126 1.560 146 3
After Pilot In 1.6097436 1.940 757 3
Ga 1.1181290 0.720 199 3
Hg 0.8441507 0.720 776 3
Ar

Table 3.11 Data supplied by the participating laboratory DMDM ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.12 DTI (Denmark) dataset

Fixed point w u dof n. realizations
(mK)

Zn 2.5682659 1.240 882 3

Sn 1.8924365 0.680 3354 3

Before Pilot In 1.6095553 1.020 288 3
Ga 1.1180918 0.320 2649 4

Hg 0.8441996 0.440 7716 4

Ar 0.2161398 0.440 185 4

Zn 2.5682711 0.840 320 3

Sn 1.8924393 0.520 573 3

At Pilot In 1.6095557 0.520 17 3
Ga 1.1180917 0.260 179 3

Hg 0.8441994 0.260 27 4

Ar 0.2161454 0.360 14 3

Zn 2.5682637 1.220 406 3

Sn 1.8924350 0.660 12916 3

After Pilot In 1.6095553 0.980 2279 3
Ga 1.1180912 0.320 654 3

Hg 0.8441989 0.440 260 3

Ar 0.2161243 4.598 3 3

Table 3.12 Data supplied by the participating laboratory DTl ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.

DTl measurements performed at the argon triple point after the SPRT return were poorly reproducible,
with respect to those performed before SPRT circulation. DTl informed the Star pilot of this problem
before the end of the measurements. The reason was a failure in DTl argon triple point cell, which was
fixed after the end of the comparison, preventing the realization of a new set of measurements. The
uncertainty budget in Table 3.12 accounts for the poor reproducibility of measurements performed
‘After Pilot’ at the argon triple point.
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3.13 EIM (Greece) dataset

Fixed point w u dof n. realizations
(mK)

Zn 2.5688693 1.820 oo 2

Sn 1.8927768 1.200 oo 2

Before Pilot In 1.6097894 1.740 ©o 2
Ga 1.1181360 0.620 oo 2

Hg 0.8441408 0.580 oo 2

Ar 0.2158544 0.720 oo 3

Zn 2.5688664 0.684 148 3

Sn 1.8927759 0.190 897 3

At Pilot In 1.6097858 0.259 112 3
Ga 1.1181365 0.133 23645 3

Hg 0.8441407 0.161 71 3

Ar 0.2158532 0.193 46 4

Zn 2.5688655 1.620 oo 3

Sn 1.8927740 1.140 oo 2

After Pilot In 1.6097890 1.700 oo 2
Ga 1.1181367 0.480 oo 2

Hg 0.8441404 0.580 oo 2

Ar 0.2158564 0.800 oo 2

Table 3.13 Data supplied by the participating laboratory EIM ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.14 FTMC (Lithuania) dataset

Fixed point w u dof n. realizations
(mK)
Zn 2.5687737 1.660 291 3
Sn 1.8927209 1.320 3780 3
. In
Before Pilot 1.1181255 0.520 572 3
He 0.8441492 0.580 1878 3
Ar
Zn 2.5687768 0.820 153 4
Sn 1.8927232 0.520 172 3
. In
AtPilot 1.1181290 0.320 116 3
He 0.8441493 0.400 6 4
Ar
Zn 2.5687693 1.600 291 2
Sn 1.8927205 1.400 3780 3
. In
After Pilot 1.1181250 0.540 572 3
He 0.8441492 0.560 1878 3
Ar

Table 3.14 Data supplied by the participating laboratory FTMC ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.15 GUM (Poland) dataset

Fixed point w u dof n. realizations
(mK)

Zn 2.5688042 1.190 753 3

Sn 1.8927367 0.670 1268 3

Before Pilot In 1.6097622 0.850 10716 3
Ga 1.1181307 0.420 8311 3

Hg 0.8441465 0.470 79414 3

Ar 0.2158833 0.790 132863 4

Zn 2.5688011 0.880 92 4

Sn 1.8927376 0.660 20 3

At Pilot In 1.6097598 0.400 41 4
Ga 1.1181310 0.240 225 4

Hg 0.8441471 0.220 28 3

Ar 0.2158848 1.300 2 3

Zn 2.5688061 1.270 753 3

Sn 1.8927367 0.670 1268 3

After Pilot In 1.6097616 0.950 10716 3
Ga 1.1181311 0.430 8311 3

Hg 0.8441461 0.480 79414 3

Ar 0.2158863 0.750 132863 3

Table 3.15 Data supplied by the participating laboratory GUM ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.16 HMI (Croatia) dataset

Fixed point w u dof n. realizations
(mK)
Zn 2.5687701 4.671 71 3
Sn 1.8927224 2.044 104 3
. In
Before Pilot 1.1181283 0.961 127 3
He 0.8441490 0.852 131 3
Ar
Zn 2.5687757 0.880 107 3
Sn 1.8927235 0.620 20 3
. In
AtPilot 1.1181296 0.240 15 3
He 0.8441499 0.140 88 3
Ar
Zn 2.5687687 4.669 71 3
Sn 1.8927222 2.042 104 3
. In
After Pilot 1.1181271 0.947 130 3
He 0.8441489 0.853 133 3
Ar

Table 3.16 Data supplied by the participating laboratory HMI ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.17 IMBIH (Bosnia — Herzegovina) dataset

Fixed point w u dof n. realizations
(mK)
Zn 2.5684048 3.612 53 3
Sn 1.8925071 2356 622 3
. In
Before Pilot 1.1181011 1.281 3114 3
He 0.8441846 1.568 5338 2
Ar
Zn 2.5683953 0.880 107 3
Sn 1.8925090 0.620 20 3
. In
AtPilot 1.1181017 0.240 15 3
He 0.8441867 0.140 88 3
Ar
Zn 2.5684038 3.612 53 3
Sn 1.8925045 2.356 622 3
. In
After Pilot 1.1181000 1.281 3114 3
He 0.8441850 1.568 5338 3
Ar

Table 3.17 Data supplied by the participating laboratory IMBiH ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.

30



3.18 INM (Romania) dataset

Fixed point w u dof n. realizations
(mK)

Zn 2.5688539 2.600 1056 4

Sn 1.8927670 2.200 2719 4

Before Pilot In 1.6097809 2.000 758 4
Ga 1.1181368 0.600 5037 5

Hg 0.8441419 0.500 1797 4

Ar 0.2158611 1.200 242 4

Zn 2.5688511 1.454 63 4

Sn 1.8927677 1.142 7 3

At Pilot In 1.6097802 0.443 1786 3
Ga 1.1181353 0.240 624 3

Hg 0.8441422 0.261 28772 3

Ar 0.2158668 0.910 16 3

Zn 2.5688549 2.600 1056 4

Sn 1.8927679 2.200 2719 4

After Pilot In 1.6097828 2.000 758 4
Ga 1.1181362 0.600 5037 5

Hg 0.8441416 0.500 1797 4

Ar 0.2158610 1.200 242 4

Table 3.18 Data supplied by the participating laboratory INM ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.19 IPQ (Portugal) dataset

Fixed point w u dof n. realizations
(mK)

Zn 2.5688030 1.610 5032 3

Sn 1.8927410 1.253 1594 3

Before Pilot In 1.6097660 1.730 6683 3
Ga 1.1181300 0.719 198 3

Hg 0.8441470 0.750 236 3

Ar 0.2158840 0.797 302 3

Zn 2.5688024 0.998 14862 4

Sn 1.8927357 0.511 38506 3

At Pilot In 1.6097615 0.574 5447 3
Ga 1.1181306 0.208 3778 3

Hg 0.8441481 0.500 6 3

Ar 0.2158858 1.342 3 3

Zn 2.5688120 1.634 3145 3

Sn 1.8927370 1.284 1096 3

After Pilot In 1.6097620 1.759 3715 3
Ga 1.1181310 0.721 196 3

Hg 0.8441470 0.800 181 3

Ar 0.2158850 0.844 224 3

Table 3.19 Data supplied by the participating laboratory IPQ ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.20 JV (Norway) dataset

Fixed point w u dof n. realizations
(mK)

Zn 2.5685906 2.840 6 2

Sn 1.8926158 1.780 30 2

Before Pilot In 1.6096764 2.000 625 2
Ga 1.1181149 0.900 625 2

Hg 0.8441683 1.000 75 2

Ar 0.2159968 1.860 1435913 2

Zn 2.5685903 1.125 959 4

Sn 1.8926148 0.527 17384 3

At Pilot In 1.6096786 0.627 2590 3
Ga 1.1181145 0.197 6022 3

Hg 0.8441688 0.369 13 3

Ar 0.2159938 0.477 70 3

Zn 2.5685911 2.840 6 2

Sn 1.8926141 1.780 30 2

After Pilot In 1.6096753 2.000 625 2
Ga 1.1181146 0.900 625 2

Hg 0.8441681 1.000 75 2

Ar 0.2159961 1.860 1435913 2

Table 3.20 Data supplied by the participating laboratory JV ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.21 MIKES VTT (Finland) dataset

Fixed point w u dof n. realizations
(mK)
Zn 2.5684501 1.880 oo 1
Sn 1.8925392 1.278 oo 1
. In
Before Pilot 1.1181037 0.886 oo 1
He 0.8441819 0.756 oo 1
Ar 0.2160609 1.376 oo 1
Zn 2.5684514 1.320 28 5
Sn 1.8925391 1.100 3 4
. In
At Pilot Ga 1.1181058 0.240 15 2
He 0.8441803 0.440 7 3
Ar 0.2160623 0.660 13 3
Zn 2.5684510 1.924 oo 3
Sn 1.8925391 1338 oo 3
. In
After Pilot 1.1181041 0.920 oo 3
He 0.8441822 0.742 oo 3
Ar 0.2160632 1.578 o0 3

Table 3.21 Data supplied by the participating laboratory MIKES VTT ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.22 MIRS/ UL-FE/ LMK (Slovenia) dataset

Fixed point w u dof n. realizations
(mK)

Zn 2.5688039 0.843 51 3

Sn 1.8927385 0.484 2952 3

Before Pilot In 1.6097618 0.528 1069 3
Ga 1.1181323 0.182 109 3

Hg 0.8441460 0.210 212 3

Ar 0.2158826 0.254 611 3

Zn 2.5688037 0.880 107 3

Sn 1.8927398 0.620 20 3

At Pilot In 1.6097612 0.660 5667 3
Ga 1.1181318 0.240 15 3

Hg 0.8441469 0.140 88 3

Ar 0.2158844 0.500 9 3

Zn 2.5688053 0.843 51 3

Sn 1.8927383 0.484 2952 3

After Pilot In 1.6097613 0.528 1069 3
Ga 1.1181325 0.182 109 3

Hg 0.8441463 0.210 212 3

Ar 0.2158828 0.254 611 3

Table 3.22 Data supplied by the participating laboratory MIRS/ UL-FE/ LMK ‘before’ and ‘after’ thermometer travelling, and
data of measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.23 NSAlI—NML (Ireland) dataset

Fixed point w u dof n. realizations
(mK)
Zn 2.5687620 1.800 244016 3
Sn 1.8927138 1.440 oo 3
. In 1.6097420 1.920 ©o 3
Before Pilot ¢, 1.1181286 0.600 o0 3
Hg 0.8441520 0.660 oo 3
Ar
Zn 2.5687693 1.300 31 4
Sn 1.8927167 0.980 6 4
At Pilot In 1.6097466 0.900 31 4
Ga 1.1181288 0.240 1 3
Hg 0.8441518 0.340 25 3
Ar
Zn 2.5687617 1.800 244016 3
Sn 1.8927135 1.440 oo 3
After Pilot In 1.6097421 1.920 oo 3
Ga 1.1181285 0.600 oo 3
Hg 0.8441512 0.660 oo 3
Ar

Table 3.23 Data supplied by the participating laboratory NSAI — NML ‘before’ and ‘after’ thermometer travelling, and data
of measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.24 RISE (Sweden) dataset

Fixed point w u dof n. realizations
(mK)

Zn 2.5685195 1.340 121 3

Sn 1.8925781 1.040 62 3

Before Pilot In 1.6096519 1.120 84 3
Ga 1.1181100 0.540 162 3

Hg 0.8441744 0.540 162 3

Ar 0.2160270 1.680 55 3

Zn 2.5685196 0.960 36 3

Sn 1.8925800 0.620 37 3

At Pilot In 1.6096522 0.360 60 3
Ga 1.1181106 0.240 191 3

Hg 0.8441750 0.240 27 3

Ar 0.2160237 0.260 40 3

Zn 2.5685196 1.340 121 2

Sn 1.8925778 1.040 62 2

After Pilot In 1.6096512 1.120 84 2
Ga 1.1181098 0.540 162 2

Hg 0.8441745 0.540 162 2

Ar 0.2160281 1.680 55 2

Table 3.24 Data supplied by the participating laboratory RISE ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.25 ROTH+CO. AG (Switzerland) dataset

Fixed point w u dof n. realizations
(mK)

Zn 2.5687337 1.520 2524 3

Sn 1.8926993 1.140 3572 3

Before Pilot In 1.6097360 1.680 445611 3
Ga 1.1181275 0.600 21359 3

Hg 0.8441537 0.780 57582 3

Ar 0.2159173 0.720 335 3

Zn 2.5687300 0.880 107 3

Sn 1.8926996 0.620 20 3

At Pilot In 1.6097339 0.660 5667 3
Ga 1.1181263 0.240 15 3

Hg 0.8441537 0.140 88 3

Ar 0.2159211 0.500 9 3

Zn 2.5687335 1.520 2524 3

Sn 1.8926981 1.140 3572 3

After Pilot In 1.6097354 1.680 445611 3
Ga 1.1181266 0.600 21359 3

Hg 0.8441528 0.780 57582 3

Ar 0.2159178 0.720 335 3

Table 3.25 Data supplied by the participating laboratory ROTH+CO. AG ‘before’ and ‘after’ thermometer travelling, and data
of measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.26 SMD (Belgium) dataset

Fixed point w u dof n. realizations
(mK)

Zn 2.5688131 1.299 120 6

Sn 1.8927291 0.935 150 3

Before Pilot In 1.6097558 0.790 350 3
Ga 1.1181302 0.323 380 5

Hg 0.8441474 0.192 320 3

Ar 0.2158872 0.627 400 4

Zn 2.5687935 1.275 1213 3

Sn 1.8927309 0.515 43834 3

At Pilot In 1.6097594 0.583 11823 3
Ga 1.1181301 0.209 2321 3

Hg 0.8441477 0.806 26 3

Ar 0.2158919 0.644 8 3

Zn 2.5687986 1.227 120 4

Sn 1.8927339 0.925 150 3

After Pilot In 1.6097589 0.784 350 3
Ga 1.1181306 0.318 380 4

Hg 0.8441470 0.188 320 3

Ar 0.2158852 0.623 400 4

Table 3.26 Data supplied by the participating laboratory SMD ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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3.27 SMU (Slovakia) dataset

Fixed point w u dof n. realizations
(mK)
Zn 2.5686033 1.540 89 2
Sn 1.8926173 0.808 156 2
Before Pilot In 1.6096827 0.790 100 2
Ga 1.1181154 0.262 12 2
Hg 0.8441724 0.576 157 2
Ar
Zn 2.5685965 1.300 48 4
Sn 1.8926196 0.900 125 4
At Pilot In 1.6096806 0.900 156 4
Ga 1.1181163 0.240 4 3
Hg 0.8441682 0.320 73 3
Ar
Zn 2.5686039 1.524 89 2
Sn 1.8926178 0.829 156 2
After Pilot In 1.6096830 0.796 100 2
Ga 1.1181155 0.267 12 2
Hg 0.8441725 0.585 157 2
Ar

Table 3.27 Data supplied by the participating laboratory SMU ‘before’ and ‘after’ thermometer travelling, and data of

measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.

After the end of the comparison SMU noticed that the inner well and the graphite crucible of their zinc
cell were damaged. The failure occurred during the comparison measurements when zinc was in the
liquid state. Zinc was contaminated and the fixed-point temperature was affected by anomalous

deviations.
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3.28 UME (Turkey) dataset

Fixed point w u dof n. realizations
(mK)
Zn 2.5687532 1.488 oo 3
Sn 1.8927085 0.996 o0 3
. In 1.6097401 1.014 o0 3
Before Pilot 1.1181276 0.400 oo 3
He 0.8441538 0.440 oo 3
Ar 0.2159144 0.768 oo 3
Zn 2.5687534 1.300 23 3
Sn 1.8927087 0.900 44 3
At Pilot In 1.6097412 0.900 44 3
Ga 1.1181280 0.240 4 3
He 0.8441524 0.520 6 3
Ar 0.2159129 0.800 9 4
Zn 2.5687517 1.488 oo 3
Sn 1.8927084 0.996 oo 3
afterpior M 1.6097404 1.014 oo 3
Ga 1.1181269 0.400 oo 3
Hg 0.8441545 0.440 oo 3
Ar 0.2159142 0.768 o0 3

Table 3.28 Data supplied by the participating laboratory UME ‘before’ and ‘after’ thermometer travelling, and data of
measurements performed by the Star pilot. U is the expanded uncertainty at the k = 2 level.
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4 Results of the comparison

Tables and plots from section 4.1 through section 4.6 summarize the deviations ( ATuj-«crv)) of NMI
results from the KCRV of CCT-K9 at each fixed point. Tables and plots from section 4.7 through section
4.30 provide the same results, organized by laboratory. Error bars in all of these plots show the
uncertainty ( Uiijikcry ) in the value AT j-kcry) at the k = 2 level.

4.1 Zinc

The results of this comparison at the zinc point are summarized in Table 4.1 and Figure 4.1.

Laboratory ATj-kcrv) Ulij-kcrv)
mK mK
BEV -0.80 1.62
BFKH 3.74 1.08
BIM -0.59 3.27
BoM 3.86 1.71
CEM 1.43 0.98
cMI 0.85 1.41
DMDM 0.11 1.71
DTI 0.73 1.37
EIM -1.47 1.69
FTMC 1.01 1.80
GUM 3.69 1.35
HMI -2.39 4.35

Laboratory AT - kerv) U(vij-kerv)
mK mK
IMBIH 1.97 2.77
INM -0.85 2.44
IPQ 2.48 2.22
I\Y 1.19 1.19
MIKES VTT 1.45 2.11
MIRS/ UL- -0.35 0.89
FE/ LMK
NSAI-NML -0.45 1.92
RISE 2.52 1.33
ROTH+CO. 0.41 1.59
AG
SMD 4.55 2.82
SMU 3.72 1.39
UME 1.42 1.69

Table 4.1 Deviations ATj-kcrv) measured at the zinc point. Uncertainties are displayed at the k = 2 level
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Figure 4.1 Deviations ATij-kcrv) measured at the zinc point. Error bars represent uncertainty Uij-kcrv)
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4.2 Tin
The results of this comparison at the tin point are summarized in Table 4.2 and Figure 4.2.

Laboratory AT(ij- kcrv) U(uij-kcrv) Laboratory AT - kerv) U(uij-kerv)
mK mK mK mK
BEV -0.05 1.81 IMBIH -0.78 1.52
BFKH 1.33 1.35 INM 0.01 2.10
BIM 0.87 1.14 IPQ 1.17 1.40
BoM 0.43 0.91 i\ 0.34 0.64
CEM 1.10 0.96 MIKES VTT 0.29 1.74
CMI 0.02 1.26 MIRS/ UL- -0.31 0.64
FE/ LMK
DMDM 0.58 1.24 NSAI-NML -0.53 1.55
DTI -0.42 0.46 RISE -0.02 0.72
EIM -0.05 1.22 ROTH+CO. -0.16 1.22
AG
FTMC -0.13 1.21 SMD 0.45 1.27
GUM 0.29 0.51 SMU -0.27 0.98
HMI -0.22 1.84 UME 0.20 1.01

Table 4.2 Deviations ATyjj- kcrv) measured at the tin point. Uncertainties are displayed at the k = 2 level
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4.3 Indium

The results of this comparison at the indium point are summarized in Table 4.3 and Figure 4.3.

Laboratory ATj-kcrv) Ulij-kcrv)
mK mK
BEV 0.21 1.58
BFKH 0.69 1.17
BIM 0.56 0.86
BoM
CEM 0.48 0.75
CMI 0.02 0.89
DMDM 0.46 1.76
DTI -0.13 1.06
EIM 0.59 1.63
FTMC
GUM 0.54 0.84
HMI

Laboratory  ATjj-«xcrv) UlLii-kcrv)
mK mK

IMBiH

INM 0.13 1.79

IPQ 1.30 1.80

Y -0.07 0.48

MIKES VTT

MIRS/ UL- 0.08 0.58

FE/ LMK

NSAI-NML -1.13 1.98

RISE -0.19 0.56

ROTH+CO. 0.44 1.72

AG

SMD 0.11 0.96

SMU 0.64 0.92

UME -0.19 1.12

Table 4.3 Deviations ATyjj- kcrv) measured at the indium point. Uncertainties are displayed at the k = 2 level
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Figure 4.3 Deviations AT ;- kcrv) measured at the indium point. Error bars represent uncertainty Uyij-kcrv)
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4.4  Gallium
The results of this comparison at the gallium point are summarized in Table 4.4 and Figure 4.4.

Laboratory AT(Lij_ KCRV) U(Lij-KCRV) Laboratory AT(Lij —KCRV) U(Lij—KCRV)
mK mK mK mK
BEV 0.14 0.70 IMBIH -0.25 0.64
BFKH 0.20 0.42 INM 0.23 0.49
BIM 1.66 0.44 IPQ -0.39 0.68
BoM 0.42 0.66 I\ -0.30 0.56
CEM 0.07 0.48 MIKES VTT -0.53 0.76
CMI -0.22 0.40 MIRS/ UL- 0.18 0.34
FE/ LMK
DMDM 0.32 0.61 NSAI-NML -0.12 0.62
DTI -0.19 0.41 RISE -0.32 0.46
EIM -0.10 0.49 ROTH+CO. 0.23 0.69
AG
FTMC -1.08 0.62 SMD -0.28 0.49
GUM -0.16 0.48 SMU -0.27 0.36
HMI -0.44 0.84 UME -0.24 0.40

Table 4.4 Deviations ATjj- kcrv) measured at the gallium point. Uncertainties are displayed at the k = 2 level
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Figure 4.4 Deviations ATij-kcrv) measured at the gallium point. Error bars represent uncertainty Uijxcrv)



4.5 Mercury
The results of this comparison at the mercury point are summarized in Table 4.5 and Figure 4.5.

Laboratory AT(Lij_ KCRV) U(Lij-KCRV) Laboratory AT(Lij —KCRV) U(Lij—KCRV)
mK mK mK mK
BEV 0.00 0.87 IMBIH -0.28 0.55
BFKH 1.30 0.33 INM -0.05 0.37
BIM -0.02 0.55 IPQ 0.48 1.00
BoM -0.20 0.67 i\ 0.60 0.74
CEM 0.65 0.78 MIKES VTT 0.55 0.80
CMI 0.31 0.44 MIRS/ UL- 0.00 0.31
FE/ LMK
DMDM -0.17 0.68 NSAI-NML 0.07 0.60
DTI -0.11 0.47 RISE -0.20 0.45
EIM 0.03 0.56 ROTH+CO. 0.07 0.82
AG
FTMC -0.09 0.67 SMD 0.63 1.03
GUM -0.27 0.47 SMU 1.16 0.59
HMI -0.05 0.27 UME 0.55 0.57

Table 4.5 Deviations ATjj- kcrv) measured at the mercury point. Uncertainties are displayed at the k = 2 level
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Figure 4.5 Deviations AT ;- kcrv) measured at the mercury point. Error bars represent uncertainty Uyijxcrv)



4.6 Argon
The results of this comparison at the argon point are summarized in Table 4.6 and Figure 4.6.

Laboratory AT(Lij_ KCRV) U(Lij-KCRV) Laboratory AT(Lij —KCRV) U(Lij—KCRV)
mK mK mK mK

BEV -0.66 1.53 IMBIH

BFKH INM -0.98 1.06

BIM IPQ -0.47 1.68

BoM i\ 0.45 1.09

CEM -0.60 1.20 MIKES VTT 0.04 1.52

CMI 0.84 1.03 MIRS/ UL- -0.17 1.16
FE/ LMK

DMDM NSAI-NML

DTI -3.89 2.57 RISE 0.06 1.57

EIM 0.86 0.88 ROTH+CO. -0.60 1.32
AG

FTMC SMD -1.49 1.16

GUM -0.82 1.55 SMU

HMI UME 0.42 1.05

Table 4.6 Deviations ATjj- kcrv) measured at the argon point. Uncertainties are displayed at the k = 2 level
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Figure 4.6 Deviations AT i kcrv) measured at the argon point. Error bars represent uncertainty Uyijkcrv)



4.7 BEV —results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn -0.80 1.62
Sn -0.05 1.81
In 0.21 1.58
Ga 0.14 0.70
Hg 0.00 0.87
Ar -0.66 1.53

Table 4.7 Deviation AT - kcrv) at each fixed-point measured at BEV. Uncertainties are displayed at the k = 2 level.
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Figure 4.7 Deviation ATy kcrv) at each fixed-point measured at BEV. Error bars represent uncertainty Uijkcrv)



4.8 BFKH —results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn 3.74 1.08
Sn 1.33 1.35
In 0.69 1.17
Ga 0.20 0.42
Hg 1.30 0.33

Ar

Table 4.8 Deviation ATj-kcrv) at each fixed-point measured at BFKH. Uncertainties are displayed at the k = 2 level.
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Figure 4.8 Deviation AT - kcrv) at each fixed-point measured at BFKH. Error bars represent uncertainty Uij.kcrv)



4.9 BIM —results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn -0.59 3.27
Sn 0.87 1.14
In 0.56 0.86
Ga 1.66 0.44
Hg -0.02 0.55

Ar

Table 4.9 Deviation AT - kerv) at each fixed-point measured at BIM. Uncertainties are displayed at the k = 2 level.

BIM
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Figure 4.9 Deviation ATy kcrv) at each fixed-point measured at BIM. Error bars represent uncertainty Ugij-kcrv)



4.10 BoM —results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn 3.86 1.71
Sn 0.43 0.91
In
Ga 0.42 0.66
Hg -0.20 0.67
Ar

Table 4.10 Deviation AT ;- kcrv) at each fixed-point measured at BoM. Uncertainties are displayed at the k = 2 level.
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Figure 4.10 Deviation ATj;-kcrv) at each fixed-point measured at BoM. Error bars represent uncertainty Uijkcrv)



4.11 CEM —results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn 1.43 0.98
Sn 1.10 0.96
In 0.48 0.75
Ga 0.07 0.48
Hg 0.65 0.78
Ar -0.60 1.20

Table 4.11 Deviation AT ;- kcrv) at each fixed-point measured at CEM. Uncertainties are displayed at the k = 2 level.

CEM
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Figure 4.11 Deviation ATj;-«crv) at each fixed-point measured at CEM. Error bars represent uncertainty Uyij-kcrv)



4.12 CMI —results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn 0.85 1.41
Sn 0.02 1.26
In 0.02 0.89
Ga -0.22 0.40
Hg 0.31 0.44
Ar 0.84 1.03

Table 4.12 Deviation AT ;- kcryv) at each fixed-point measured at CMI. Uncertainties are displayed at the k = 2 level.

CMI
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Figure 4.12 Deviation AT;-kcrv) at each fixed-point measured at CMI. Error bars represent uncertainty Uij-kcrv)



4.13 DMDM - results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn 0.11 1.71
Sn 0.58 1.24
In 0.46 1.76
Ga 0.32 0.61
Hg -0.17 0.68

Ar
Table 4.13 Deviation AT ;- kcry) at each fixed-point measured at DMDM. Uncertainties are displayed at the k = 2 level.

DMDM
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Figure 4.13 Deviation ATj;-kcrv) at each fixed-point measured at DMDM. Error bars represent uncertainty Ujj.kcrv)



4.14 DTl - results

Table 4.14 Deviation AT ;- kcry) at each fixed-point measured at DTI. Uncertainties are displayed at the k = 2 level.
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mK mK
Zn 0.73 1.37
Sn -0.42 0.46
In -0.13 1.06
Ga -0.19 0.41
Hg -0.11 0.47
Ar -3.89 2.57

Sn

DTI

In

Ga

Hg

Ar

Figure 4.14 Deviation ATj;-kcrv) at each fixed-point measured at DTI. Error bars represent uncertainty U ijkcrv)
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4.15 EIM —results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn -1.47 1.69
Sn -0.05 1.22
In 0.59 1.63
Ga -0.10 0.49
Hg 0.03 0.56
Ar 0.86 0.88

Table 4.15 Deviation AT ;- kcry) at each fixed-point measured at EIM. Uncertainties are displayed at the k = 2 level.
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Figure 4.15 Deviation ATj;-kcrv) at each fixed-point measured at EIM. Error bars represent uncertainty Ugij-kcrv)



4.16 FTMC —results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn 1.01 1.80
Sn -0.13 1.21
In
Ga -1.08 0.62
Hg -0.09 0.67
Ar

Table 4.16 Deviation AT ;- kcry) at each fixed-point measured at FTMC. Uncertainties are displayed at the k = 2 level.

FTMC
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Figure 4.16 Deviation ATj;-crv) at each fixed-point measured at FTMC. Error bars represent uncertainty Uyij-kcrv)



4.17 GUM —results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn 3.69 1.35
Sn 0.29 0.51
In 0.54 0.84
Ga -0.16 0.48
Hg -0.27 0.47
Ar -0.82 1.55

Table 4.17 Deviation AT ;- kcry) at each fixed-point measured at GUM. Uncertainties are displayed at the k = 2 level.

GUM
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Figure 4.17 Deviation ATj;-kcrv) at each fixed-point measured at GUM. Error bars represent uncertainty Uyij-kcrv)



4.18 HMI —results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn -2.39 4.35
Sn -0.22 1.84
In
Ga -0.44 0.84
Hg -0.05 0.27
Ar

Table 4.18 Deviation AT ;- kcry) at each fixed-point measured at HMI. Uncertainties are displayed at the k = 2 level.
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Figure 4.18 Deviation ATj;-crv) at each fixed-point measured at HMI. Error bars represent uncertainty Uijkcrv)



4.19 IMBiH — results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn 1.97 2.77
Sn -0.78 1.52
In
Ga -0.25 0.64
Hg -0.28 0.55
Ar

Table 4.19 Deviation AT ;- kcry) at each fixed-point measured at IMBIiH. Uncertainties are displayed at the k = 2 level.
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Figure 4.19 Deviation ATj;-kcrv) at each fixed-point measured at IMBiH. Error bars represent uncertainty Uyij-kcrv)



4.20 INM —results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn -0.85 2.44
Sn 0.01 2.10
In 0.13 1.79
Ga 0.23 0.49
Hg -0.05 0.37
Ar -0.98 1.06

Table 4.20 Deviation AT ;- kcry) at each fixed-point measured at INM. Uncertainties are displayed at the k = 2 level.
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Figure 4.20 Deviation ATj;-kcrv) at each fixed-point measured at INM. Error bars represent uncertainty Uijxcrv)



4.21 IPQ—results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn 2.48 2.22
Sn 1.17 1.40
In 1.30 1.80
Ga -0.39 0.68
Hg 0.48 1.00
Ar -0.47 1.68

Table 4.21 Deviation AT ;- kcryv) at each fixed-point measured at IPQ. Uncertainties are displayed at the k = 2 level.
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Figure 4.21 Deviation ATj;-kcrv) at each fixed-point measured at IPQ. Error bars represent uncertainty Ugij-kcrv)



4.22 IV —results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn 1.19 1.19
Sn 0.34 0.64
In -0.07 0.48
Ga -0.30 0.56
Hg 0.60 0.74
Ar 0.45 1.09

Table 4.22 Deviation AT ;- kcry) at each fixed-point measured at JV. Uncertainties are displayed at the k = 2 level.
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Figure 4.22 Deviation ATj;-kcrv) at each fixed-point measured at JV. Error bars represent uncertainty Uij-kcrv)



4.23 MIKES VTT — results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn 1.45 2.11
Sn 0.29 1.74
In
Ga -0.53 0.76
Hg 0.55 0.80
Ar 0.04 1.52

Table 4.23 Deviation AT ;- kcry) at each fixed-point measured at MIKES VTT. Uncertainties are displayed at the k = 2 level.

MIKES VTT
4.00

AT\ keryy» MK
= g w
o o o
S} S S

o
o
o

-1.00

-2.00
Zn Sn In Ga Hg Ar

Figure 4.23 Deviation ATj;-crv) at each fixed-point measured at MIKES VTT. Error bars represent uncertainty Uijkcrv)
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4.24 MIRS/ UL-FE/ LMK —results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn -0.35 0.89
Sn -0.31 0.64
In 0.08 0.58
Ga 0.18 0.34
Hg 0.00 0.31
Ar -0.17 1.16

Table 4.24 Deviation AT ;- kcrv) at each fixed-point measured at MIRS/ UL-FE/ LMK. Uncertainties are displayed at the k = 2
level.
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Figure 4.24 Deviation AT - crv) at each fixed-point measured at MIRS/ UL-FE/ LMK. Error bars represent uncertainty Uy
KCRV)
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4.25 NSAI-NML - results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn -0.45 1.92
Sn -0.53 1.55
In -1.13 1.98
Ga -0.12 0.62
Hg 0.07 0.60

Ar
Table 4.25 Deviation AT ;- kcry) at each fixed-point measured at NSAI-NML. Uncertainties are displayed at the k = 2 level.
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Figure 4.25 Deviation ATj;-kcrv) at each fixed-point measured at NSAI-NML. Error bars represent uncertainty Uijkcrv)
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4.26 RISE —results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn 2.52 1.33
Sn -0.02 0.72
In -0.19 0.56
Ga -0.32 0.46
Hg -0.20 0.45
Ar 0.06 1.57

Table 4.26 Deviation AT ;- kcry) at each fixed-point measured at RISE. Uncertainties are displayed at the k = 2 level.
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Figure 4.26 Deviation ATj;-crv) at each fixed-point measured at RISE. Error bars represent uncertainty Uijxcrv)



4.27 ROTH+CO. AG —results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn 0.41 1.59
Sn -0.16 1.22
In 0.44 1.72
Ga 0.23 0.69
Hg 0.07 0.82
Ar -0.60 1.32

Table 4.27 Deviation AT ;- kcrv) at each fixed-point measured at ROTH+CO. AG. Uncertainties are displayed at the k = 2 level.
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Figure 4.27 Deviation ATj;-kcrv) at each fixed-point measured at ROTH+CO. AG. Error bars represent uncertainty Uyijxcrv)

68



4.28 SMD —results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn 4.55 2.82
Sn 0.45 1.27
In 0.11 0.96
Ga -0.28 0.49
Hg 0.63 1.03
Ar -1.49 1.16

Table 4.28 Deviation AT ;- kcrv) at each fixed-point measured at SMD. Uncertainties are displayed at the k = 2 level.
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Figure 4.28 Deviation ATjj-«crv) at each fixed-point measured at SMD. Error bars represent uncertainty Uyjj.kcrv)



4.29 SMU —results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn 3.72 1.39
Sn -0.27 0.98
In 0.64 0.92
Ga -0.27 0.36
Hg 1.16 0.59

Ar

Table 4.29 Deviation AT ;- kcry) at each fixed-point measured at SMU. Uncertainties are displayed at the k = 2 level.
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Figure 4.29 Deviation ATj;-kcrv) at each fixed-point measured at SMU. Error bars represent uncertainty Uyij-kcrv)



4.30 UME — results

AT(ij- kerv) Uluij-kcrv)

mK mK
Zn 1.42 1.69
Sn 0.20 1.01
In -0.19 1.12
Ga -0.24 0.40
Hg 0.55 0.57
Ar 0.42 1.05

Table 4.30 Deviation ATy;-kcry) at each fixed-point measured at UME. Uncertainties are displayed at the k = 2 level.
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Figure 4.30 Deviation AT ;- kcrv) at each fixed-point measured at UME. Error bars represent uncertainty Uij-kcrv)



5 Degrees of equivalence (DoE)

The complete bilateral equivalence matrices for each fixed-point comparison are listed here. In these
tables, the elements above the diagonal are the pair differences “A” (row — column) expressed in mK,
and the expanded (k=2) uncertainty of the pair difference “u,”, also in mK. The elements below the
diagonal are QDE, g5 confidence intervals [4, 5], calculated as

(—4.05-|A|>
QDEgos = |A] + (1.654 +0.3295 x e\ ) X Uy (1)

5.1 Dok table at the Zinc fixed point

BEV BFKH BIM BoM
BEV -4.53 +1.95 -0.21 +3.65 -4.65 *2.36
BFKH 6.14 4.33 £3.45 -0.12 +2.03
BIM 3.59 7.16 -4.44 *3.69
BoM 6.59 1.99 7.48
CEM 3.78 3.51 4.83 4.05
CMmI 3.42 4.35 4.40 4.83
DMDM 2.86 5.30 3.87 5.74
DTI 3.27 4.45 4.26 4.93
EIM 2.64 6.86 4.00 7.31
FTMC 3.80 4.45 4.69 4.89
GUM 6.22 1.70 7.19 2.16
HMI 5.46 9.81 6.34 10.09
IMBiH 541 4.21 6.09 4.57
INM 2.88 6.79 4.02 7.17
INRIM 2.13 4.63 3.41 5.27
IPQ 5.53 3.30 6.32 3.69
A% 3.64 3.87 4.65 4.38
LNE-Cnham 2.13 4.63 3.41 5.27
MIKES VTT 4.43 4.24 5.25 4.64
MIRS/ UL-FE/ 2.02 5.24 3.35 5.79
LMK
NPL 2.13 4.63 3.41 5.27
NSAI-NML 2.55 6.00 3.73 6.42
PTB 2.13 4.63 3.41 5.27
RISE 5.04 2.63 6.02 3.12
ROTH+CO. AG 3.08 4.92 4.06 5.37
SMD 8.03 3.36 8.70 3.51
SMU 6.28 1.73 7.24 2.17
UME 4.14 3.96 5.05 441
VSL 2.13 4.63 3.41 5.27

Table 5.1 DoE at the Zinc fixed point (part 1)
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CEM CMI DMDM DTI
BEV -2.22 +1.90 -1.65 +2.15 -0.90 +2.36 -1.52 +2.12
BFKH 2.31 +1.46 2.88 +1.78 3.63 +2.03 3.01 +1.75
BIM -2.01 +3.42 -1.44 +3.57 -0.69 +3.69 -1.32 +3.55
BoM 2.43 +1.97 3.00 +2.22 3.75 +2.42 3.13 +2.20
CEM 0.57 *1.72 1.32 +1.97 0.70 *1.69
CMI 2.01 0.75 +2.22 0.13 +1.97
DMDM 2.95 2.60 -0.62 +2.19
DTI 2.10 1.94 2.46
EIM 4.50 4.14 3.56 3.99
FTMC 2.17 2.26 2.97 2.28
GUM 3.64 4.44 5.38 4.55
HMI 7.48 7.01 6.35 6.87
IMBiH 3.07 3.70 4.55 3.81
INM 4.45 4.04 3.45 3.89
INRIM 2.23 2.02 1.69 1.86
IPQ 3.06 3.79 4.68 3.90
1\ 1.58 1.93 2.80 1.99
LNE-Cham 2.23 2.02 1.69 1.86
MIKES VTT 2.29 2.74 3.58 2.83
MIRS/ UL-FE/ 2.86 2.58 2.09 2.42
LMK
NPL 2.23 2.02 1.69 1.86
NSAI-NML 3.65 3.27 2.75 3.12
PTB 2.23 2.02 1.69 1.86
RISE 2.46 3.26 4.20 3.37
ROTH+CO. AG 2.56 2.26 2.36 2.15
SMD 5.59 6.30 7.16 6.41
SMU 3.70 4.50 5.43 4.60
UME 1.92 2.42 3.30 2.51
VSL 2.23 2.02 1.69 1.86

Table 5.1 DoE at the Zinc fixed point (part 2)
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EIM FTMC GUM HMI
BEV 0.68 *2.34 -1.81 +2.42 -4.48 +2.11 1.59 +4.64
BFKH 5.21 +2.00 2.73 +2.10 0.05 +1.73 6.13 +4.48
BIM 0.88 +3.68 -1.60 +3.74 -4.28 +3.54 1.80 +5.44
BoM 5.33 +2.40 2.84 +2.49 0.17 +2.18 6.24 +4.67
CEM 2.90 £1.95 0.41 £2.05 -2.26 +1.67 3.81 $4.46
CMI 2.33 +2.20 -0.16 +2.29 -2.83 +1.96 3.24 +4.57
DMDM 1.58 +2.40 -0.91 +2.48 -3.58 +2.18 2.49 $4.67
DTI 2.20 +2.17 -0.28 +2.26 -2.96 +1.93 3.12 +4.56
EIM -2.48 +2.47 -5.16 +2.16 0.92 14.66
FTMC 4.51 -2.68 +2.25 3.40 +4.71
GUM 6.94 4.53 6.08 +4.55
HMI 491 7.27 9.82
IMBiH 6.11 3.73 4.26 8.60
INM 3.15 4.37 6.84 5.70
INRIM 2.86 2.50 4.80 5.97
IPQ 6.24 3.82 3.36 8.88
1\ 4.36 2.14 3.98 7.29
LNE-Cham 2.86 2.50 4.80 5.97
MIKES VTT 5.14 2.84 4.30 7.81
MIRS/ UL-FE/ 2.70 3.01 5.37 571
LMK
NPL 2.86 2.50 4.80 5.97
NSAI-NML 3.14 3.63 6.07 5.88
PTB 2.86 2.50 4.80 5.97
RISE 5.76 3.35 2.73 8.65
ROTH+CO. AG 3.79 2.64 5.00 6.61
SMD 8.73 6.30 3.50 11.21
SMU 6.99 4.58 191 9.87
UME 4.85 2.54 4.04 7.65
VSL 2.86 2.50 4.80 5.97

Table 5.1 DoE at the Zinc fixed point (part 3)
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IMBiH INM INRiM IPQ
BEV -2.77 £3.21 0.06 +2.93 -0.80 +1.62 -3.27 +2.75
BFKH 1.77 +2.97 4.59 $2.67 3.74 +1.08 1.26 +2.47
BIM -2.56 *4.29 0.27 *4.09 -0.59 +3.27 -3.07 +3.95
BoM 1.88 +3.26 471 +2.99 3.86 $1.71 1.38 +2.80
CEM -0.55 +2.94 2.28 +2.63 1.43 10.98 -1.05 +2.42
CMmI -1.12 +3.11 1.71 +2.82 0.85 *1.41 -1.62 +2.63
DMDM -1.87 3.26 0.96 +2.99 0.11 #1.71 -2.37 +2.80
DTI -1.25 %3.09 1.58 +2.80 0.73 +1.37 -1.75 +2.61
EIM -3.44 +3.24 -0.62 +2.97 -1.47 +1.69 -3.95 +2.79
FTMC -0.96 *3.30 1.87 +3.04 1.01 £1.80 -1.47 +2.86
GUM 1.71 +3.08 4.54 £2.79 3.69 +1.35 1.21 +2.60
HMI -4.36 +5.15 -1.53 +4.99 -2.39 +4.35 -4.87 +4.88
IMBiH 2.83 +3.69 1.97 £2.77 -0.51 +3.55
INM 5.87 -0.85 +2.44 -3.33 +3.30
INRIM 4.25 2.89 -2.48 +2.22
IPQ 3.61 6.05 4.30
1\ 3.32 4.28 2.17 3.37
LNE-Cham 4.25 2.89 CCT-K9 4.30
MIKES VTT 3.56 4.96 3.18 3.58
MIRS/ UL-FE/ 4.71 2.74 1.09 4.79
LMK
NPL 4.25 2.89 CCT-K9 4.30
NSAI-NML 5.20 3.14 2.08 5.34
PTB 4.25 2.89 CCT-K9 4.30
RISE 3.19 5.66 3.62 2.54
ROTH+CO. AG 4.20 3.68 1.75 4.32
SMD 5.84 8.48 6.88 5.03
SMU 4.30 6.89 4.87 3.41
UME 3.35 4.72 2.81 3.37
VSL 4.25 2.89 CCT-K9 4.30

Table 5.1 DoE at the Zinc fixed point (part 4)
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I\Y LNE-Cham MIKES VTT MIRS/ UL-FE/ LMK
BEV -1.98 *2.01 -0.80 +1.62 -2.24 +2.66 -0.45 +1.85
BFKH 2.55 +1.61 3.74 +1.08 2.29 +2.37 4.08 *1.40
BIM -1.78 +3.48 -0.59 +3.27 -2.04 +3.89 -0.24 +3.39
BoM 2.67 +2.09 3.86 +1.71 241 +2.72 4.20 *1.93
CEM 0.24 +1.54 1.43 +0.98 -0.02 +2.33 1.77 +1.33
CMI -0.33 #1.85 0.85 $1.41 -0.59 +2.54 1.20 +1.67
DMDM -1.08 *2.09 0.11 *1.71 -1.34 +2.72 0.45 +1.93
DTI -0.46 +1.82 0.73 £1.37 -0.72 +2.52 1.07 +1.64
EIM -2.66 *2.07 -1.47 +1.69 -2.92 +2.70 -1.13 +1.91
FTMC -0.18 *2.16 1.01 +1.80 -0.43 +2.77 136 +2.01
GUM 2.50 +1.80 3.69 +1.35 2.24 +2.51 4.03 *1.62
HMI -3.58 #4.51 -2.39 +4.35 -3.84 +4.83 -2.04 +4.44
IMBiH 0.78 +3.01 1.97 +2.77 0.53 +3.48 232 291
INM -2.04 £2.72 -0.85 +2.44 -2.30 £3.23 -0.51 +2.60
INRIM -1.19 #1.19 CCT-K9 -1.45 +2.11 0.35 +0.89
IPQ 1.29 £2.52 2.48 +2.22 1.03 £3.06 2.82 +2.39
\Y 1.19 #1.19 -0.26 +2.42 1.54 +1.49
LNE-Cham 2.17 -1.45 +2.11 0.35 +0.89
MIKES VTT 2.42 3.18 1.79 +2.29
MIRS/ UL-FE/ 2.76 1.09 3.68
LMK
NPL 2.17 CCT-K9 3.18 1.09
NSAI-NML 3.50 2.08 4.24 2.08
PTB 2.17 CCT-K9 3.18 1.09
RISE 2.80 3.62 3.14 4.19
ROTH+CO. AG 2.43 1.75 3.23 2.27
SMD 5.88 6.88 6.01 7.34
SMU 4.04 4.87 4.35 5.43
UME 2.07 2.81 2.66 3.34
VSL 2.17 CCT-K9 3.18 1.09

Table 5.1 DoE at the Zinc fixed point (part 5)
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NPL NSAI-NML PTB RISE
BEV -0.80 *1.62 -0.35 +2.51 -0.80 *1.62 -3.32 +2.10
BFKH 3.74 +1.08 4.19 £2.20 3.74 +1.08 1.22 +1.72
BIM -0.59 *3.27 -0.14 +3.80 -0.59 *3.27 -3.11 +3.53
BoM 3.86 +1.71 4.30 $2.57 3.86 +1.71 1.34 +2.17
CEM 1.43 +0.98 1.88 *2.16 1.43 10.98 -1.09 +1.65
CMI 0.85 +1.41 1.30 #2.39 0.85 +1.41 -1.67 +1.94
DMDM 0.11 #1.71 0.56 *2.57 0.11 #1.71 -2.41 +2.17
DTI 0.73 +1.37 1.18 +2.36 0.73 +1.37 -1.79 +1.91
EIM -1.47 *1.69 -1.02 +2.56 -1.47 *1.69 -3.99 +2.15
FTMC 1.01 +1.80 1.46 *2.63 1.01 £1.80 -1.51 +2.24
GUM 3.69 +1.35 4.14 £2.35 3.69 +1.35 1.17 +1.90
HMI -2.39 #4.35 -1.94 +4.75 -2.39 +4.35 -4.91 +4.55
IMBiH 1.97 +2.77 2.42 +3.37 1.97 £2.77 -0.55 +3.07
INM -0.85 *2.44 -0.41 +3.11 -0.85 +2.44 -3.37 +2.78
INRIM CCT-K9 0.45 £1.92 CCT-K9 -2.52 +1.33
IPQ 2.48 +2.22 2.93 +2.93 2.48 +2.22 -0.04 +2.59
\Y 1.19 #1.19 1.64 *2.26 1.19 *1.19 -1.33 #1.79
LNE-Cham CCT-K9 0.45 £1.92 CCT-K9 -2.52 +1.33
MIKES VTT 145 *2.11 1.90 *2.85 145 $2.11 -1.07 +2.49
MIRS/ UL-FE/ -0.35 +0.89 0.10 $2.12 -0.35 +0.89 -2.87 +1.60
LMK
NPL 0.45 £1.92 CCT-K9 -2.52 +1.33
NSAI-NML 2.08 -0.45 +1.92 -2.97 +2.34
PTB CCT-K9 2.08 -2.52 +1.33
RISE 3.62 4.89 3.62
ROTH+CO. AG 1.75 2.93 1.75 3.82
SMD 6.88 7.81 6.88 4.60
SMU 4.87 6.12 4.87 2.79
UME 2.81 3.97 2.81 2.87
VSL CCT-K9 2.08 CCT-K9 3.62

Table 5.1 DoE at the Zinc fixed point (part 6)
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ROTH+CO. AG SMD SMU UME
BEV -1.20 *2.27 -5.35 +3.26 -4.52 +2.13 -2.22 +2.34
BFKH 3.33 +1.93 -0.82 +3.02 0.01 +1.76 2.32 +£2.00
BIM -0.99 *3.64 -5.14 +4.32 -4.31 +3.56 -2.01 +3.68
BoM 3.45 +2.34 -0.70 +3.30 0.13 +2.21 2.43 +2.40
CEM 1.02 +1.87 -3.13 +2.99 -2.30 #1.70 0.00 +1.95
CMI 0.45 +2.13 -3.70 +3.16 -2.87 +1.98 -0.57 +2.20
DMDM -0.30 *2.34 -4.45 +3.30 -3.62 +2.20 -1.32 +2.40
DTI 0.32 +2.10 -3.83 +3.14 -3.00 +1.95 -0.69 +2.17
EIM -1.88 +2.32 -6.03 +3.29 -5.20 +2.18 -2.89 +2.38
FTMC 0.61 +2.40 -3.54 +3.35 -2.71 +2.27 -0.41 +2.47
GUM 3.28 +2.09 -0.87 +3.13 -0.04 +1.94 2.27 +2.16
HMI -2.79 *4.63 -6.94 +5.18 -6.11 +4.56 -3.81 +4.66
IMBiH 1.57 %3.20 -2.58 +3.95 -1.75 +3.10 0.55 $3.24
INM -1.26 +2.92 -5.41 +3.73 -4.58 +2.81 -2.28 +2.97
INRIM -0.41 *1.59 -4.55 +2.82 -3.72 +1.39 -1.42 +1.69
IPQ 2.07 +2.73 -2.08 +3.59 -1.25 +2.62 1.06 +2.78
\Y 0.78 +1.99 -3.36 +3.06 -2.53 *+1.83 -0.23 +2.06
LNE-Cham -0.41 +1.59 -4.55 +2.82 -3.72 +1.39 -1.42 +1.69
MIKES VTT 1.04 *2.64 -3.11 +3.52 -2.28 *2.52 0.02 *2.70
MIRS/ UL-FE/ -0.75 *1.83 -4.90 +2.96 -4.07 +1.65 -1.77 +1.91
LMK
NPL -0.41 *1.59 -4.55 +2.82 -3.72 +1.39 -1.42 +1.69
NSAI-NML -0.85 *2.50 -5.00 +3.41 -4.17 +2.37 -1.87 +2.56
PTB -0.41 *1.59 -4.55 +2.82 -3.72 +1.39 -1.42 +1.69
RISE 2.11 +2.08 -2.03 +3.12 -1.20 +1.92 1.10 +2.15
ROTH+CO. AG -4.15 +3.24 -3.32 +2.11 -1.02 +2.32
SMD 6.81 0.83 +3.15 3.13 +3.29
SMU 5.06 3.48 2.30 +2.18
UME 2.93 5.84 4.10
VSL 1.75 6.88 4.87 2.81

Table 5.1 DoE at the Zinc fixed point (part 7)
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VSL

BEV

BFKH

BIM

BoM

CEM

CcMI
DMDM

DTI

EIM

FTMC
GUM

HMI
IMBiH
INM
INRIM

IPQ

1\Y
LNE-Cnam
MIKES VTT
MIRS/ UL-FE/
LMK

NPL
NSAI-NML
PTB

RISE
ROTH+CO. AG
SMD

SMU

UME

VSL

Table 5.1 DoE at the Zinc fixed point (part 8)

-0.80 +1.62
3.74 +1.08
-0.59 +3.27
3.86 +1.71
1.43 +0.98
0.85 +1.41
0.11 *1.71
0.73 +1.37
-1.47 +1.69
1.01 +1.80
3.69 £1.35
-2.39 #4.35
1.97 +2.77
-0.85 *2.44
CCT-K9
248 +2.22
1.19 +1.19
CCT-K9
145 +2.11
-0.35 +0.89

CCT-K9
-0.45 +1.92
CCT-K9
2.52 +1.33
0.41 +1.59
455 $2.82
3.72 #1.39
1.42 +1.69
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5.2 DoE table at the Tin fixed point

BEV BFKH BIM BoM
BEV -1.38 +2.26 -0.92 +2.14 -0.48 +2.03
BFKH 3.23 0.45 +1.76 0.90 +1.62
BIM 2.69 1.94 0.45 *1.46
BoM 2.20 2.24 1.67
CEM 2.84 1.68 1.52 1.77
CMI 2.16 2.82 2.25 1.71
DMDM 2.47 2.26 1.74 1.53
DTI 1.97 291 2.30 1.69
EIM 2.15 2.87 2.30 1.75
FTMC 2.14 2.94 2.37 1.81
GUM 1.96 2.23 1.62 1.06
HMI 2.54 3.42 2.87 2.36
IMBiH 2.71 3.78 3.22 2.67
INM 2.72 3.37 2.85 2.39
INRIM 1.78 2.43 1.81 1.18
IPQ 3.11 1.92 1.86 2.13
1\ 2.03 2.21 1.61 1.10
LNE-Cham 1.78 2.43 1.81 1.18
MIKES VTT 2.55 2.85 2.33 1.94
MIRS/ UL-FE/ 1.95 2.86 2.26 1.66
LMK
NPL 1.78 2.43 1.81 1.18
NSAI-NML 2.52 3.55 2.99 2.45
PTB 1.78 2.43 1.81 1.18
RISE 1.92 2.61 2.01 1.42
ROTH+CO. AG 2.15 2.98 2.41 1.85
SMD 2.38 2.40 1.86 1.54
SMU 2.06 2.97 2.38 1.81
UME 2.09 2.51 1.93 1.40
VSL 1.78 2.43 1.81 1.18

Table 5.2 DoE at the Tin fixed point (part 1)
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CEM CMmI DMDM DTI
BEV -1.15 +2.05 -0.07 +2.20 -0.63 +2.19 0.37 £1.87
BFKH 0.22 +1.65 1.30 +1.84 0.75 +1.83 1.74 +1.42
BIM -0.23 +1.49 0.85 *1.69 0.30 *1.68 1.29 +1.23
BoM -0.67 *1.32 0.41 +1.55 -0.15 +1.54 0.84 +1.02
CEM 1.08 +1.58 0.52 *1.57 1.52 +1.07
CMI 2.38 -0.56 +1.76 0.44 +1.34
DMDM 1.83 2.03 0.99 £1.32
DTI 2.40 1.56 2.08
EIM 2.43 1.72 2.07 1.46
FTMC 2.50 1.73 2.14 1.39
GUM 1.71 1.42 1.43 1.27
HMI 3.03 2.22 2.64 1.89
IMBiH 3.37 2.44 2.98 1.72
INM 3.00 2.41 2.63 2.27
INRIM 1.89 1.23 1.60 0.80
IPQ 1.67 2.70 2.15 2.80
1\ 1.71 1.51 1.44 141
LNE-Cham 1.89 1.23 1.60 0.80
MIKES VTT 2.46 2.16 2.16 2.20
MIRS/ UL-FE/ 2.36 1.53 2.03 0.80
LMK
NPL 1.89 1.23 1.60 0.80
NSAI-NML 3.14 2.23 2.75 1.60
PTB 1.89 1.23 1.60 0.80
RISE 2.11 1.42 1.79 1.10
ROTH+CO. AG 2.54 1.75 2.18 1.38
SMD 1.97 1.94 1.75 1.98
SMU 2.50 1.67 2.15 1.10
UME 2.05 1.61 1.73 1.54
VSL 1.89 1.23 1.60 0.80

Table 5.2 DoE at the Tin fixed point (part 2)
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EIM FTMC GUM HMI
BEV 0.00 +2.18 0.08 $2.18 -0.34 +1.88 0.17 +2.58
BFKH 1.38 #1.81 1.46 +1.81 1.04 £1.44 1.54 +2.28
BIM 0.92 +1.67 1.00 *1.66 0.59 +1.25 1.09 +2.16
BoM 0.48 +1.52 0.56 $1.51 0.14 +1.05 0.65 +2.05
CEM 1.15 #1.55 1.23 +1.54 0.82 +1.09 1.32 +2.07
CMI 0.07 +1.75 0.15 *1.74 -0.26 +1.36 0.24 +2.22
DMDM 0.63 +1.73 0.71 £1.73 0.29 +1.34 0.80 +2.21
DTI -0.37 £1.30 -0.29 +1.29 -0.70 +0.69 -0.20 +1.89
EIM 0.08 *1.71 -0.33 +1.32 0.17 $2.20
FTMC 1.68 -0.42 +1.31 0.09 $2.20
GUM 1.45 1.51 0.50 *1.91
HMI 2.17 2.16 2.11
IMBiH 2.35 2.27 2.39 2.58
INM 2.38 2.38 2.18 2.76
INRIM 1.19 1.21 0.71 1.84
IPQ 2.75 2.83 2.12 3.29
\Y 1.54 1.61 0.81 2.19
LNE-Cham 1.19 1.21 0.71 1.84
MIKES VTT 2.18 2.23 1.79 2.67
MIRS/ UL-FE/ 1.44 1.38 1.27 191
LMK
NPL 1.19 1.21 0.71 1.84
NSAI-NML 2.15 2.08 2.17 2.43
PTB 1.19 1.21 0.71 1.84
RISE 1.39 1.39 1.05 1.96
ROTH+CO. AG 1.70 1.69 1.55 2.17
SMD 1.98 2.04 1.38 2.54
SMU 1.59 1.55 1.47 2.05
UME 1.63 1.68 1.12 2.21
VSL 1.19 1.21 0.71 1.84

Table 5.2 DoE at the Tin fixed point (part 3)
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IMBiH INM INRIM IPQ
BEV 0.73 +2.37 -0.06 +2.77 -0.05 *1.81 -1.22 +2.29
BFKH 2.11 +2.03 1.32 +2.49 1.33 £1.35 0.15 +1.94
BIM 1.66 +1.90 0.86 *2.39 0.87 +1.14 -0.30 +1.81
BoM 1.21 +1.77 0.42 £2.29 0.43 +0.91 -0.74 +1.67
CEM 1.89 +1.80 1.09 *2.31 1.10 *0.96 -0.07 +1.70
CMI 0.81 +1.97 0.01 $2.45 0.02 +1.26 -1.15 +1.88
DMDM 1.36 *1.96 0.57 $2.44 0.58 +1.24 -0.59 +1.87
DTI 0.37 +1.59 -0.43 +2.15 -0.42 +0.46 -1.59 +1.48
EIM 0.73 +1.95 -0.06 +2.43 -0.05 *1.22 -1.22 +1.86
FTMC 0.65 +1.94 -0.14 +2.42 -0.13 +1.21 -1.30 +1.85
GUM 1.07 *1.61 0.27 *2.16 0.29 +0.51 -0.89 +1.49
HMI 0.57 +2.38 -0.23 +2.79 -0.22 +1.84 -1.39 +2.31
IMBiH -0.79 +2.59 -0.78 +1.52 -1.95 +2.07
INM 2.96 0.01 +2.10 -1.16 +2.53
INRIM 2.04 2.07 -1.17 +1.40
IPQ 3.66 3.25 2.33
\Y 2.48 2.24 0.87 2.10
LNE-Cham 2.04 2.07 CCT-K9 2.33
MIKES VTT 2.99 2.72 1.80 2.73
MIRS/ UL-FE/ 1.86 2.24 0.84 2.75
LMK
NPL 2.04 2.07 CCT-K9 2.33
NSAI-NML 2.18 2.77 1.83 3.43
PTB 2.04 2.07 CCT-K9 2.33
RISE 2.15 2.18 0.71 2.49
ROTH+CO. AG 2.25 2.40 1.24 2.86
SMD 2.87 2.56 1.51 2.29
SMU 2.03 2.33 1.10 2.85
UME 2.49 2.31 1.07 2.39
VSL 2.04 2.07 CCT-K9 2.33

Table 5.2 DoE at the Tin fixed point (part 4)
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I\Y LNE-Cham MIKES VTT MIRS/ UL-FE/ LMK
BEV -0.39 *1.92 -0.05 +1.81 -0.34 251 0.26 +1.92
BFKH 0.99 +1.49 1.33 #1.35 1.03 £2.20 1.64 +1.49
BIM 0.53 +1.30 0.87 *1.14 0.58 +2.08 1.19 +1.31
BoM 0.09 +1.11 0.43 $0.91 0.14 +1.96 0.74 +1.11
CEM 0.76 +1.15 1.10 *0.96 0.81 +1.99 1.41 #1.15
CMI -0.32 +1.41 0.02 £1.26 -0.27 +2.15 0.33 +1.41
DMDM 0.24 +1.39 0.58 *1.24 0.28 +2.13 0.89 +1.39
DTI -0.76 %0.79 -0.42 +0.46 -0.71 +1.80 -0.10 +0.79
EIM -0.39 *1.37 -0.05 +1.22 -0.34 *+2.12 0.26 *1.37
FTMC -0.47 +1.37 -0.13 +1.21 -0.42 +2.12 0.18 +1.37
GUM -0.06 *0.82 0.29 #0.51 -0.01 +1.81 0.60 +0.82
HMI -0.56 +1.94 -0.22 +1.84 -0.51 +2.53 0.09 +1.94
IMBiH -1.12 *1.65 -0.78 +1.52 -1.08 +2.31 -0.47 *1.65
INM -0.33 £2.20 0.01 $2.10 -0.28 +2.73 0.32 $2.20
INRIM -0.34 *0.64 CCT-K9 -0.29 *1.74 0.31 +0.64
IPQ 0.83 +1.54 1.17 +1.40 0.88 +2.24 1.48 +1.54
\Y 0.34 +0.64 0.05 #1.85 0.65 *0.90
LNE-Cham 0.87 -0.29 +1.74 0.31 *0.64
MIKES VTT 1.82 1.80 0.60 +1.85
MIRS/ UL-FE/ 1.40 0.84 2.15
LMK
NPL 0.87 CCT-K9 1.80 0.84
NSAI-NML 2.26 1.83 2.77 1.70
PTB 0.87 CCT-K9 1.80 0.84
RISE 1.17 0.71 1.95 1.10
ROTH+CO. AG 1.65 1.24 2.27 1.38
SMD 1.41 1.51 2.13 1.94
SMU 1.58 1.10 2.24 1.15
UME 1.20 1.07 1.98 1.50
VSL 0.87 CCT-K9 1.80 0.84

Table 5.2 DoE at the Tin fixed point (part 5)
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NPL NSAI-NML PTB RISE
BEV -0.05 #1.81 0.48 *2.39 -0.05 *1.81 -0.03 +1.95
BFKH 1.33 #1.35 1.86 +2.06 1.33 £1.35 135 +1.53
BIM 0.87 +1.14 1.40 *1.93 0.87 +1.14 0.90 *1.35
BoM 0.43 +0.91 0.96 £1.80 0.43 +0.91 0.45 t1.16
CEM 1.10 *0.96 1.63 *1.83 1.10 *0.96 1.12 +1.20
CMI 0.02 +1.26 0.55 £2.00 0.02 +1.26 0.05 +1.45
DMDM 0.58 +1.24 1.11 +1.99 0.58 +1.24 0.60 +1.43
DTI -0.42 *0.46 0.11 #1.62 -0.42 +0.46 -0.39 +0.86
EIM -0.05 *1.22 0.48 *1.97 -0.05 *1.22 -0.03 +1.42
FTMC -0.13 #1.21 0.40 £1.97 -0.13 +1.21 -0.11 +1.41
GUM 0.29 +0.51 0.82 *1.64 0.29 +0.51 0.31 +0.89
HMI -0.22 +1.84 0.31 $2.41 -0.22 +1.84 -0.19 +1.97
IMBiH -0.78 *1.52 -0.25 +2.18 -0.78 +1.52 -0.76 +1.69
INM 0.01 +2.10 0.54 $2.61 0.01 +2.10 0.03 +2.22
INRIM CCT-K9 0.53 £1.55 CCT-K9 0.02 +0.72
IPQ 1.17 +1.40 1.70 +2.09 1.17 £1.40 1.19 +1.58
\Y 0.34 +0.64 0.87 *1.68 0.34 +0.64 0.36 *0.96
LNE-Cham CCT-K9 0.53 #£1.55 CCT-K9 0.02 +0.72
MIKES VTT 0.29 *1.74 0.82 $2.33 0.29 *1.74 0.32 +1.89
MIRS/ UL-FE/ -0.31 +0.64 0.22 *1.68 -0.31 +0.64 -0.29 +0.97
LMK
NPL 0.53 £1.55 CCT-K9 0.02 +0.72
NSAI-NML 1.83 -0.53 *1.55 -0.51 #1.71
PTB CCT-K9 1.83 0.02 +0.72
RISE 0.71 1.94 0.71
ROTH+CO. AG 1.24 2.07 1.24 1.41
SMD 1.51 2.64 1.51 1.70
SMU 1.10 1.87 1.10 1.29
UME 1.07 2.27 1.07 1.30
VSL CCT-K9 1.83 CCT-K9 0.71

Table 5.2 DoE at the Tin fixed point (part 6)
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ROTH+CO. AG SMD SMU UME
BEV 0.11 +2.19 -0.50 +2.21 0.22 +2.06 -0.25 +2.07
BFKH 1.49 £1.82 0.87 £1.85 1.60 *1.67 1.12 +1.68
BIM 1.03 *1.67 042 *1.71 1.14 *1.50 0.67 *1.52
BoM 0.59 +1.53 -0.02 +1.56 0.70 +1.34 0.23 *1.36
CEM 1.26 *1.56 0.65 *1.59 1.37 %1.38 0.90 *1.40
CMI 0.18 +1.75 -0.43 +1.79 0.29 +1.60 -0.18 +1.61
DMDM 0.74 +1.74 0.13 *1.77 0.85 +1.58 0.37 *1.60
DTI -0.26 +1.31 -0.87 +1.35 -0.15 +1.09 -0.62 +1.11
EIM 0.11 #1.73 -0.50 +1.76 0.22 +1.57 -0.25 +1.58
FTMC 0.03 +1.72 -0.58 +1.75 0.14 +1.56 -0.33 +1.57
GUM 0.45 +1.33 -0.17 +1.37 0.56 +1.11 0.08 +1.13
HMI -0.06 *2.21 -0.67 +2.23 0.05 +2.08 -0.42 +2.10
IMBiH -0.62 *1.95 -1.24 +1.98 -0.51 *#1.81 -0.99 +1.83
INM 0.17 +2.43 -0.44 +2.46 0.28 +2.32 -0.19 +2.33
INRIM 0.16 +1.22 -0.45 +1.27 0.27 +0.98 -0.20 #1.01
IPQ 1.33 +1.86 0.72 £1.89 144 *1.71 0.97 +1.73
\Y 0.50 +1.38 -0.11 +1.42 0.61 +1.17 0.14 *1.20
LNE-Cham 0.16 +1.22 -0.45 +1.27 0.27 +0.98 -0.20 +1.01
MIKES VTT 0.45 +2.13 -0.16 +2.16 0.56 +2.00 0.09 +2.01
MIRS/ UL-FE/ -0.15 +1.38 -0.76 +1.42 -0.04 +1.17 -0.51 +1.20
LMK
NPL 0.16 +1.22 -0.45 +1.27 0.27 +0.98 -0.20 #1.01
NSAI-NML -0.37 +1.98 -0.98 +2.01 -0.26 +1.84 -0.73 +1.85
PTB 0.16 +1.22 -0.45 +1.27 0.27 +0.98 -0.20 #1.01
RISE 0.14 +1.42 -0.47 +1.46 0.25 +1.22 -0.23 +1.24
ROTH+CO. AG -0.61 +1.76 0.11 #1.57 -0.36 +1.59
SMD 2.08 0.72 +1.61 0.25 +1.62
SMU 1.55 2.05 -0.47 +1.41
UME 1.71 1.66 1.65
VSL 1.24 1.51 1.10 1.07

Table 5.2 DoE at the Tin fixed point (part 7)
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VSL

BEV

BFKH

BIM

BoM

CEM

CcMI
DMDM
DTI

EIM

FTMC
GUM

HMI
IMBiH
INM
INRIM

IPQ

1\Y
LNE-Cnam
MIKES VTT
MIRS/ UL-FE/
LMK

NPL
NSAI-NML
PTB

RISE
ROTH+CO. AG
SMD

SMU

UME

VSL

Table 5.2 DoE at the Tin fixed point (part 8)

-0.05 #1.81
1.33 #1.35
0.87 +1.14
0.43 +0.91
1.10 *0.96
0.02 +1.26
0.58 +1.24
-0.42 *0.46
-0.05 *1.22
-0.13 #1.21
0.29 +0.51
-0.22 +1.84
-0.78 *1.52
0.01 +2.10
CCT-K9
1.17 +1.40
0.34 +0.64
CCT-K9
0.29 *1.74
-0.31 +0.64

CCT-K9
-0.53 #1.55
CCT-K9
-0.02 +0.72
-0.16 +1.22
0.45 +1.27
-0.27 +0.98
0.20 +1.01
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5.3 Dok table at the Indium fixed point

BEV BFKH BIM BoM
BEV -0.49 £1.97 -0.35 £1.80
BFKH 2.15 0.14 +1.45
BIM 1.89 1.44
BoM
CEM 1.80 1.43 1.13
CMI 1.81 1.89 1.56
DMDM 2.36 2.11 1.92
DTI 1.97 2.12 1.81
EIM 2.35 1.98 1.82
FTMC
GUM 1.87 1.44 1.18
HMI
IMBIiH
INM 2.35 2.36 2.12
INRIM 1.60 1.66 1.27
IPQ 3.07 2.40 2.39
1\Y 1.71 1.81 1.44
LNE-Cnam 1.60 1.66 1.27
MIKES VTT
MIRS/ UL-FE/ 1.66 1.70 1.34
LMK
NPL 1.60 1.66 1.27
NSAI-NML 3.42 3.71 3.46
PTB 1.60 1.66 1.27
RISE 1.81 1.95 1.59
ROTH+CO. AG 2.33 2.09 1.89
SMD 1.82 1.84 1.52
SMU 1.98 1.46 1.24
UME 2.05 2.22 1.92
VSL 1.60 1.66 1.27

Table 5.3 DoE at the Indium fixed point (part 1)
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CEM CMmI DMDM DTI
BEV -0.27 £1.75 0.19 *1.81 -0.25 £2.36 0.33 +1.90
BFKH 0.21 +1.39 0.67 +1.47 0.24 +2.11 0.82 +1.58
BIM 0.08 +1.14 0.54 +1.24 0.10 +1.96 0.68 t1.36
BoM
CEM 0.46 *1.17 0.02 +1.91 0.61 +1.30
CMI 1.43 -0.44 +1.97 0.15 +1.38
DMDM 1.88 2.11 0.58 2.05
DTI 1.68 1.38 2.30
EIM 1.77 2.12 2.36 2.33
FTMC
GUM 1.11 1.53 1.91 1.78
HMI
IMBiH
INM 2.02 1.97 2.53 2.10
INRIM 1.10 0.87 1.94 1.06
IPQ 2.43 2.93 2.93 3.14
1\Y 1.29 1.00 2.06 1.14
LNE-Cnam 1.10 0.87 1.94 1.06
MIKES VTT
MIRS/ UL-FE/ 1.19 1.04 1.96 1.24
LMK
NPL 1.10 0.87 1.94 1.06
NSAI-NML 3.35 2.94 3.76 2.86
PTB 1.10 0.87 1.94 1.06
RISE 1.44 1.11 2.18 1.17
ROTH+CO. AG 1.85 2.07 2.42 2.26
SMD 1.39 1.29 2.08 1.47
SMU 1.21 1.68 1.97 1.92
UME 1.79 1.46 2.39 1.51
VSL 1.10 0.87 1.94 1.06

Table 5.3 DoE at the Indium fixed point (part 2)
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EIM FTMC GUM HMI
BEV -0.38 +2.27 -0.33 £1.79
BFKH 0.11 +2.01 0.16 +1.44
BIM -0.03 £1.85 0.02 1.20
BoM
CEM -0.10 +1.80 -0.06 £1.13
CMI -0.57 +1.86 -0.52 $1.22
DMDM -0.13 +2.40 -0.08 £1.95
DTI -0.71 £1.95 -0.66 *1.35
EIM 0.05 +1.84
FTMC
GUM 1.81
HMI
IMBiH
INM 2.54 2.10
INRIM 1.95 1.23
IPQ 2.75 2.40
1\Y 2.07 1.41
LNE-Cnam 1.95 1.23
MIKES VTT
MIRS/ UL-FE/ 1.96 131
LMK
NPL 1.95 1.23
NSAI-NML 3.83 3.44
PTB 1.95 1.23
RISE 2.20 1.56
ROTH+CO. AG 2.34 1.88
SMD 2.08 1.49
SMU 1.84 1.24
UME 2.42 1.89
VSL 1.95 1.23

Table 5.3 DoE at the Indium fixed point (part 3)
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IMBIH INM INRIM IPQ
BEV 0.07 +2.39 0.21 +1.58 -1.09 £2.39
BFKH 0.56 +2.14 0.69 +1.17 -0.60 $2.15
BIM 0.42 +1.99 0.56 +0.86 -0.74 £1.99
BoM
CEM 0.35 +1.94 0.48 0.75 -0.81 £1.95
CMI -0.11 +2.00 0.02 +0.89 -1.28 $2.01
DMDM 0.32 +2.51 0.46 1.76 -0.84 $2.51
DTI -0.26 *2.08 -0.13 +1.06 -1.42 $2.09
EIM 0.45 +2.43 0.59 +1.63 -0.71 £2.43
FTMC
GUM 0.40 +1.98 0.54 +0.84 -0.76 £1.99
HMI
IMBiH
INM 0.13 +1.79 -1.16 $2.54
INRIM 1.77 -1.30 £1.80
IPQ 3.26 2.78
1\Y 1.86 0.49 2.90
LNE-Cnam 1.77 CCT-K9 2.78
MIKES VTT
MIRS/ UL-FE/ 1.85 0.59 2.78
LMK
NPL 1.77 CCT-K9 2.78
NSAI-NML 3.47 2.76 4.62
PTB 1.77 CCT-K9 2.78
RISE 1.94 0.65 3.03
ROTH+CO. AG 2.50 1.89 2.93
SMD 2.00 0.96 2.87
SMU 2.21 1.40 2.34
UME 2.17 1.16 3.23
VSL 1.77 CCT-K9 2.78

Table 5.3 DoE at the Indium fixed point (part 4)
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i\ LNE-Cnam MIKES VTT MIRS/ UL-FE/ LMK
BEV 0.28 £1.65 0.21 £1.58 0.13 £1.68
BFKH 0.76 £1.27 0.69 £1.17 0.62 £1.31
BIM 0.63 +0.99 0.56 10.86 0.48 11.04
BoM
CEM 0.55 +0.90 0.48 10.75 0.41 £0.95
CcMI 0.09 £1.01 0.02 10.89 -0.06 *1.06
DMDM 0.53 £1.82 0.46 *1.76 0.38 £1.85
DTI -0.06 1.16 -0.13 $1.06 -0.20 +1.20
EIM 0.66 +1.70 0.59 £1.63 0.51 £1.73
FTMC
GUM 0.61 +0.97 0.54 10.84 0.46 £1.02
HMI
IMBiH
INM 0.20 +1.86 0.13 £1.79 0.06 +1.88
INRIM 0.07 +0.48 CCT-K9 -0.08 +0.58
IPQ 1.37 +1.86 1.30 +1.80 1.22 +1.89
1\Y -0.07 $0.48 -0.15 +0.76
LNE-Cnam 0.49 -0.08 +0.58
MIKES VTT
MIRS/ UL-FE/ 0.79 0.59
LMK
NPL 0.49 CCT-K9 0.59
NSAI-NML 2.74 2.76 2.90
PTB 0.49 CCT-K9 0.59
RISE 0.76 0.65 0.94
ROTH+CO. AG 2.01 1.89 1.92
SMD 1.11 0.96 1.10
SMU 1.57 1.40 1.47
UME 1.22 1.16 1.34
VSL 0.49 CCT-K9 0.59

Table 5.3 DoE at the Indium fixed point (part 5)
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NPL NSAI-NML PTB RISE
BEV 0.21 +1.58 1.33 £2.53 0.21 +1.58 0.40 +1.68
BFKH 0.69 +1.17 1.82 +2.30 0.69 +1.17 0.88 +1.30
BIM 0.56 +0.86 1.68 £2.16 0.56 +0.86 0.75 1.03
BoM
CEM 0.48 0.75 1.61 £2.12 0.48 0.75 0.67 +0.94
CMI 0.02 +0.89 1.15 $2.17 0.02 +0.89 0.21 +1.05
DMDM 0.46 1.76 1.58 +2.65 0.46 1.76 0.65 +1.84
DTI -0.13 +1.06 1.00 $2.24 -0.13 +1.06 0.06 +1.19
EIM 0.59 1.63 1.71 £2.57 0.59 +1.63 0.77 +1.73
FTMC
GUM 0.54 +0.84 1.67 £2.15 0.54 +0.84 0.73 1.01
HMI
IMBiH
INM 0.13 +1.79 1.26 +2.67 0.13 +1.79 0.32 +1.88
INRIM CCT-K9 1.13 £1.98 CCT-K9 0.19 0.56
IPQ 1.30 $1.80 2.42 12.67 1.30 +1.80 1.48 +1.88
1\Y -0.07 £0.48 1.06 £2.04 -0.07 £0.48 0.12 +0.74
LNE-Cnam CCT-K9 1.13 +1.98 CCT-K9 0.19 +0.56
MIKES VTT
MIRS/ UL-FE/ 0.08 +0.58 1.20 $2.06 0.08 +0.58 0.26 +0.81
LMK
NPL 1.13 £1.98 CCT-K9 0.19 0.56
NSAI-NML 2.76 -1.13 +1.98 -0.94 $2.06
PTB CCT-K9 2.76 0.19 0.56
RISE 0.65 2.64 0.65
ROTH+CO. AG 1.89 3.73 1.89 2.14
SMD 0.96 3.05 0.96 1.23
SMU 1.40 3.57 1.40 1.72
UME 1.16 2.82 1.16 1.24
VSL CCT-K9 2.76 CCT-K9 0.65

Table 5.3 DoE at the Indium fixed point (part 6)
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ROTH+CO. AG SMD SMU UME
BEV -0.23 +2.34 0.10 +1.85 -0.43 £1.83 0.40 +1.94
BFKH 0.25 +2.08 0.59 +1.51 0.05 +1.49 0.88 +1.62
BIM 0.12 +1.93 0.45 +1.29 -0.08 £1.26 0.75 1.42
BoM
CEM 0.04 +1.88 0.37 £1.22 -0.16 £1.19 0.67 +1.35
CMI -0.42 +1.94 -0.09 $1.31 -0.62 +1.28 0.21 +1.43
DMDM 0.02 *2.46 0.35 +2.00 -0.18 £1.99 0.65 +2.09
DTI -0.57 $2.02 -0.23 $1.43 -0.77 $1.40 0.06 +1.54
EIM 0.15 +2.37 0.48 +1.89 -0.06 £1.88 0.78 +1.98
FTMC
GUM 0.10 +1.92 0.43 +1.28 -0.10 £1.25 0.73 +1.40
HMI
IMBiH
INM -0.31 +2.49 0.03 +2.03 -0.51 $2.02 0.32 +2.12
INRIM -0.44 £1.72 -0.11 £0.96 -0.64 £0.92 0.19 +1.12
IPQ 0.85 +2.49 1.19 +2.04 0.65 +2.02 1.48 +2.12
1\Y -0.51 +1.79 -0.18 £1.07 -0.71 £1.04 0.12 +1.22
LNE-Cnam -0.44 £1.72 -0.11 10.96 -0.64 $0.92 0.19 +1.12
MIKES VTT
MIRS/ UL-FE/ -0.36 +1.82 -0.03 $1.12 -0.57 $1.09 0.27 +1.27
LMK
NPL -0.44 £1.72 -0.11 £0.96 -0.64 £0.92 0.19 +1.12
NSAI-NML -1.57 $2.62 -1.23 £2.20 -1.77 $2.18 -0.94 $2.28
PTB -0.44 £1.72 -0.11 £0.96 -0.64 £0.92 0.19 +1.12
RISE -0.63 $1.81 -0.30 #1.11 -0.83 +1.08 0.00 +1.25
ROTH+CO. AG 0.33 +1.97 -0.20 £1.95 0.63 +2.06
SMD 2.04 -0.53 $1.33 0.30 +1.48
SMU 1.95 1.64 0.83 +1.46
UME 2.35 1.56 2.03
VSL 1.89 0.96 1.40 1.16

Table 5.3 DoE at the Indium fixed point (part 7)
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VSL

BEV

BFKH

BIM

BoM

CEM

CcMI
DMDM
DTI

EIM

FTMC
GUM

HMI
IMBiH
INM
INRIM

IPQ

1\Y
LNE-Cnam
MIKES VTT
MIRS/ UL-FE/
LMK

NPL
NSAI-NML
PTB

RISE
ROTH+CO. AG
SMD

SMU

UME

VSL

Table 5.3 DoE at the Indium fixed point (part 8)

0.21 £1.58
0.69 +1.17
0.56 *0.86

0.48 #0.75
0.02 +0.89
0.46 *1.76
-0.13 £1.06
0.59 *1.63

0.54 10.84

0.13 +1.79
CCT-K9
1.30 #1.80
-0.07 +0.48
CCT-K9

0.08 +0.58

CCT-K9
-1.13 +1.98
CCT-K9
-0.19 %0.56
0.44 £1.72
0.11 +0.96
0.64 #0.92
-0.19 *1.12
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5.4 Dok table at the Gallium fixed point

BEV BFKH BIM BoM
BEV -0.06 +0.81 -1.52 +0.82 -0.28 +0.96
BFKH 0.80 -1.46 +0.60 -0.22 +0.78
BIM 2.19 1.95 1.24 +0.79
BoM 1.08 0.88 1.89
CEM 0.84 0.68 2.13 1.03
CMI 1.03 0.91 2.37 1.28
DMDM 0.97 0.76 1.96 0.90
DTI 1.00 0.88 2.34 1.25
EIM 0.95 0.83 2.29 1.19
FTMC 1.99 1.90 3.37 2.25
GUM 1.00 0.88 2.35 1.25
HMI 1.48 1.41 2.87 1.74
IMBiH 1.18 1.09 2.55 1.43
INM 0.85 0.63 1.96 0.88
INRIM 0.74 0.55 2.02 0.97
IPQ 1.33 1.24 2.71 1.59
1\ 1.18 1.08 2.55 1.44
LNE-Cham 0.74 0.55 2.02 0.97
MIKES VTT 1.53 1.45 291 1.78
MIRS/ UL-FE/ 0.76 0.53 1.93 0.86
LMK
NPL 0.74 0.55 2.02 0.97
NSAI-NML 1.05 0.95 241 1.29
PTB 0.74 0.55 2.02 0.97
RISE 1.15 1.03 2.50 1.40
ROTH+CO. AG 0.97 0.80 2.10 1.01
SMD 1.12 1.01 2.48 1.38
SMU 1.06 0.93 2.40 1.32
UME 1.05 0.92 2.39 1.30
VSL 0.74 0.55 2.02 0.97

Table 5.4 DoE at the Gallium fixed point (part 1)
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CEM CMI DMDM DTI
BEV 0.08 +0.84 0.37 0.80 -0.18 +0.93 0.33 +0.81
BFKH 0.14 +0.64 0.43 +0.58 -0.12 +0.74 0.39 +0.59
BIM 1.59 +0.65 1.88 +0.59 1.34 +0.75 1.85 +0.60
BoM 0.36 +0.82 0.64 +0.77 0.10 +0.90 0.61 +0.78
CEM 0.29 #0.63 -0.25 +0.77 0.26 *0.63
CMmI 0.81 -0.54 +0.73 -0.03 +0.58
DMDM 0.90 1.15 0.51 +0.74
DTI 0.78 0.57 1.12
EIM 0.74 0.67 1.06 0.65
FTMC 1.79 1.47 2.12 1.51
GUM 0.79 0.63 1.12 0.62
HMI 1.30 1.00 1.61 1.03
IMBiH 0.98 0.74 1.30 0.75
INM 0.74 0.98 0.78 0.95
INRIM 0.48 0.56 0.82 0.53
IPQ 1.13 0.83 1.45 0.86
1\ 0.98 0.69 1.30 0.72
LNE-Cham 0.48 0.56 0.82 0.53
MIKES VTT 1.34 1.03 1.66 1.06
MIRS/ UL-FE/ 0.62 0.84 0.74 0.82
LMK
NPL 0.48 0.56 0.82 0.53
NSAI-NML 0.85 0.75 1.16 0.74
PTB 0.48 0.56 0.82 0.53
RISE 0.93 0.63 1.27 0.66
ROTH+CO. AG 0.89 1.12 0.92 1.09
SMD 0.91 0.63 1.24 0.65
SMU 0.83 0.54 1.18 0.56
UME 0.82 0.56 1.16 0.57
VSL 0.48 0.56 0.82 0.53

Table 5.4 DoE at the Gallium fixed point (part 2)
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EIM FTMC GUM HMI
BEV 0.24 #0.85 1.23 +0.93 0.30 +0.84 0.58 *1.09
BFKH 0.30 +0.64 1.28 *0.75 0.36 +0.64 0.64 +0.94
BIM 1.76 +0.65 2.74 £0.76 1.82 +0.65 2.10 #0.95
BoM 0.52 +0.82 1.50 +0.91 0.58 +0.82 0.86 +1.07
CEM 0.16 *0.68 1.15 +0.78 0.22 +0.68 0.50 +0.97
CMI -0.13 +0.63 0.86 +0.74 -0.07 +0.63 0.21 +0.93
DMDM 0.42 +0.78 1.40 +0.87 0.48 +0.78 0.76 +1.04
DTI -0.10 +0.64 0.89 +0.75 -0.03 +0.63 0.25 $0.94
EIM 0.99 #0.79 0.06 +0.68 0.34 +0.97
FTMC 1.64 -0.93 +0.79 -0.65 +1.04
GUM 0.68 1.57 0.28 +0.97
HMI 1.15 1.51 1.09
IMBiH 0.85 1.56 0.80 1.10
INM 0.90 1.96 0.95 1.47
INRIM 0.51 1.59 0.56 1.13
IPQ 0.98 1.45 0.93 1.06
1\ 0.83 1.47 0.78 1.02
LNE-Cham 0.51 1.59 0.56 1.13
MIKES VTT 1.18 1.36 1.12 1.12
MIRS/ UL-FE/ 0.77 1.85 0.82 1.37
LMK
NPL 0.51 1.59 0.56 1.13
NSAI-NML 0.78 1.68 0.77 1.19
PTB 0.51 1.59 0.56 1.13
RISE 0.78 1.40 0.72 0.97
ROTH+CO. AG 1.03 2.08 1.08 1.56
SMD 0.77 1.46 0.71 1.00
SMU 0.69 1.40 0.63 0.95
UME 0.68 1.45 0.63 0.99
VSL 0.51 1.59 0.56 1.13

Table 5.4 DoE at the Gallium fixed point (part 3)
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IMBiH INM INRiM IPQ
BEV 0.40 #0.95 -0.09 +0.85 0.14 +0.70 0.53 +0.97
BFKH 0.46 +0.77 -0.03 +0.64 0.20 +0.42 0.59 +0.80
BIM 191 +0.78 1.43 +0.65 1.66 +0.44 2.05 #0.80
BoM 0.67 +0.92 0.19 +0.82 0.42 +0.66 0.81 +0.95
CEM 0.32 +0.80 -0.17 +0.68 0.07 +0.48 0.45 #0.83
CMI 0.03 +0.76 -0.46 +0.63 -0.22 +0.40 0.16 +0.79
DMDM 0.57 #0.89 0.09 +0.78 0.32 0.61 0.71 #0.91
DTI 0.06 +0.76 -0.42 +0.64 -0.19 +0.41 0.20 +0.79
EIM 0.16 #0.81 -0.33 +0.69 -0.10 +0.49 0.29 #0.83
FTMC -0.83 +0.89 -1.32 +0.79 -1.08 +0.62 -0.70 +0.92
GUM 0.10 #0.80 -0.39 +0.68 -0.16 +0.48 0.23 +0.83
HMI -0.18 %1.06 -0.67 +0.97 -0.44 +0.84 -0.05 +1.08
IMBiH -0.49 +0.80 -0.25 +0.64 0.13 #0.93
INM 1.15 0.23 +0.49 0.62 +0.83
INRIM 0.78 0.64 0.39 +0.68
IPQ 0.95 1.30 0.94
1\ 0.84 1.15 0.77 0.87
LNE-Cham 0.78 0.64 CCT-K9 0.94
MIKES VTT 1.12 1.51 1.16 1.04
MIRS/ UL-FE/ 1.03 0.59 0.47 1.19
LMK
NPL 0.78 0.64 CCT-K9 0.94
NSAI-NML 0.91 1.01 0.66 1.03
PTB 0.78 0.64 CCT-K9 0.94
RISE 0.78 1.10 0.70 0.81
ROTH+CO. AG 1.26 0.83 0.81 1.41
SMD 0.80 1.08 0.68 0.85
SMU 0.72 1.01 0.57 0.78
UME 0.74 1.00 0.57 0.82
VSL 0.78 0.64 CCT-K9 0.94

Table 5.4 DoE at the Gallium fixed point (part 4)
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Y LNE-Cnam MIKES VTT MIRS/ UL-FE/ LMK
BEV 0.45 #0.89 0.14 +0.70 0.67 £1.03 -0.04 +0.78
BFKH 0.51 +0.70 0.20 $0.42 0.73 +0.87 0.02 +0.54
BIM 1.96 +0.71 1.66 +0.44 2.19 #0.88 1.48 +0.56
BoM 0.72 +0.87 0.42 0.66 0.95 +1.01 0.24 +0.75
CEM 0.37 #0.74 0.07 +0.48 0.60 +0.90 -0.12 +0.59
CMI 0.08 +0.69 -0.22 +0.40 0.31 +0.86 -0.40 +0.53
DMDM 0.62 *0.83 0.32 +0.61 0.85 +0.98 0.14 +0.70
DTI 0.11 +0.70 -0.19 041 0.34 +0.87 -0.37 +0.54
EIM 0.21 0.74 -0.10 +0.49 0.44 +0.91 -0.28 +0.60
FTMC -0.78 +0.84 -1.08 +0.62 -0.55 +0.99 -1.26 +0.71
GUM 0.15 *0.74 -0.16 +0.48 0.37 +0.90 -0.34 +0.59
HMI -0.13 #1.01 -0.44 +0.84 0.09 +1.14 -0.62 +0.91
IMBiH 0.05 #0.85 -0.25 $0.64 0.28 +1.00 -0.43 +0.73
INM 0.54 +0.74 0.23 $0.49 0.77 +0.91 0.05 +0.60
INRIM 0.30 *0.56 CCT-K9 0.53 *0.76 -0.18 +0.34
IPQ -0.08 *0.88 -0.39 +0.68 0.14 +1.02 -0.57 0.76
1\ -0.30 +0.56 0.23 #0.95 -0.48 +0.66
LNE-Cham 0.77 0.53 +0.76 -0.18 +0.34
MIKES VTT 1.03 1.16 -0.71 +0.84
MIRS/ UL-FE/ 1.03 0.47 1.40
LMK
NPL 0.77 CCT-K9 1.16 0.47
NSAI-NML 0.89 0.66 1.22 0.89
PTB 0.77 CCT-K9 1.16 0.47
RISE 0.71 0.70 0.97 0.97
ROTH+CO. AG 1.27 0.81 1.61 0.76
SMD 0.73 0.68 1.02 0.95
SMU 0.65 0.57 0.96 0.87
UME 0.68 0.57 1.01 0.86
VSL 0.77 CCT-K9 1.16 0.47

Table 5.4 DoE at the Gallium fixed point (part 5)
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NPL NSAI-NML PTB RISE
BEV 0.14 #0.70 0.27 +0.93 0.14 +0.70 0.46 +0.84
BFKH 0.20 +0.42 0.33 #0.75 0.20 +0.42 0.52 +0.62
BIM 1.66 +0.44 1.78 +0.76 1.66 +0.44 1.98 +0.63
BoM 0.42 +0.66 0.55 #0.91 0.42 +0.66 0.74 +0.81
CEM 0.07 %0.48 0.19 +0.78 0.07 +0.48 0.38 +0.66
CMI -0.22 +0.40 -0.10 +0.74 -0.22 +0.40 0.09 +0.61
DMDM 0.32 #0.61 0.44 +0.87 0.32 0.61 0.64 +0.77
DTI -0.19 #0.41 -0.07 0.75 -0.19 +0.41 0.13 +0.62
EIM -0.10 +0.49 0.03 +0.79 -0.10 +0.49 0.22 +0.67
FTMC -1.08 +0.62 -0.96 +0.88 -1.08 +0.62 -0.76 +0.78
GUM -0.16 +0.48 -0.03 +0.79 -0.16 +0.48 0.16 +0.67
HMI -0.44 *0.84 -0.31 +1.04 -0.44 +0.84 -0.12 +0.96
IMBiH -0.25 +0.64 -0.13 +0.89 -0.25 +0.64 0.06 *0.79
INM 0.23 +0.49 0.36 *0.79 0.23 +0.49 0.55 0.67
INRIM CCT-K9 0.12 +0.62 CCT-K9 0.32 +0.46
IPQ -0.39 +0.68 -0.26 +0.92 -0.39 +0.68 -0.07 +0.82
1\ -0.30 0.56 -0.18 +0.84 -0.30 +0.56 0.01 #0.73
LNE-Cham CCT-K9 0.12 #0.62 CCT-K9 0.32 $0.46
MIKES VTT -0.53 +0.76 -0.41 +0.99 -0.53 +0.76 -0.21 +0.89
MIRS/ UL-FE/ 0.18 +0.34 0.31 $0.71 0.18 +0.34 0.50 *0.58
LMK
NPL 0.12 +0.62 CCT-K9 0.32 +0.46
NSAI-NML 0.66 -0.12 +0.62 0.19 +0.78
PTB CCT-K9 0.66 0.32 +0.46
RISE 0.70 0.85 0.70
ROTH+CO. AG 0.81 1.13 0.81 1.23
SMD 0.68 0.83 0.68 0.67
SMU 0.57 0.76 0.57 0.58
UME 0.57 0.76 0.57 0.61
VSL CCT-K9 0.66 CCT-K9 0.70

Table 5.4 DoE at the Gallium fixed point (part 6)
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ROTH+CO. AG SMD SMU UME
BEV -0.09 +0.98 0.42 +0.85 0.42 +0.78 0.39 +0.80
BFKH -0.03 +0.81 0.48 +0.65 0.48 +0.55 0.45 +0.58
BIM 1.43 +0.82 1.94 +0.66 1.93 +0.56 1.90 +0.59
BoM 0.19 +0.96 0.70 +0.83 0.70 +0.75 0.67 $0.77
CEM -0.17 +0.84 0.34 +0.69 0.34 +0.60 0.31 #0.62
CMI -0.45 +0.80 0.05 #0.64 0.05 +0.54 0.02 +0.57
DMDM 0.09 #0.92 0.60 +0.79 0.59 #0.71 0.56 *0.73
DTI -0.42 +0.81 0.08 *0.64 0.08 +0.55 0.05 0.57
EIM -0.33 0.85 0.18 +0.69 0.18 +0.61 0.15 #0.63
FTMC -1.31 +0.93 -0.81 +0.79 -0.81 +0.72 -0.84 +0.74
GUM -0.39 +0.84 0.12 +0.69 0.12 +0.60 0.09 #0.62
HMI -0.67 %1.09 -0.16 +0.97 -0.16 +0.91 -0.19 +0.93
IMBiH -0.48 +0.94 0.02 +0.81 0.02 +0.74 -0.01 +0.76
INM 0.00 +0.85 0.51 #0.69 0.51 +0.60 0.48 +0.63
INRIM -0.23 +0.69 0.28 +0.49 0.27 +0.36 0.24 +0.40
IPQ -0.62 +0.97 -0.11 +0.84 -0.11 +0.77 -0.14 +0.79
1\ -0.53 +0.89 -0.03 +0.75 -0.03 +0.67 -0.06 +0.69
LNE-Cham -0.23 +0.69 0.28 $0.49 0.27 +0.36 0.24 +0.40
MIKES VTT -0.76 +1.03 -0.26 +0.91 -0.26 +0.85 -0.29 +0.86
MIRS/ UL-FE/ -0.05 *0.77 0.46 0.60 0.46 +0.50 0.43 +0.53
LMK
NPL -0.23 +0.69 0.28 +0.49 0.27 +0.36 0.24 +0.40
NSAI-NML -0.35 +0.93 0.15 #0.79 0.15 +0.72 0.12 +0.74
PTB -0.23 +0.69 0.28 +0.49 0.27 +0.36 0.24 +0.40
RISE -0.55 #0.83 -0.04 +0.68 -0.04 +0.59 -0.07 +0.61
ROTH+CO. AG 0.51 #0.85 0.51 +0.78 0.47 +0.80
SMD 1.21 0.00 +0.61 -0.03 +0.64
SMU 1.15 0.60 -0.03 +0.54
UME 1.13 0.62 0.53
VSL 0.81 0.68 0.57 0.57

Table 5.4 DoE at the Gallium fixed point (part 7)
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VSL

BEV

BFKH

BIM

BoM

CEM

CcMI
DMDM
DTI

EIM

FTMC
GUM

HMI
IMBiH
INM
INRIM

IPQ

1\Y
LNE-Cnam
MIKES VTT
MIRS/ UL-FE/
LMK

NPL
NSAI-NML
PTB

RISE
ROTH+CO. AG
SMD

SMU

UME

VSL

Table 5.4 DoE at the Gallium fixed point (part 8)

0.14 #0.70
0.20 +0.42
1.66 +0.44
0.42 +0.66
0.07 %0.48
-0.22 +0.40
0.32 #0.61
-0.19 +0.41
-0.10 +0.49
-1.08 +0.62
-0.16 +0.48
-0.44 *0.84
-0.25 +0.64
0.23 +0.49
CCT-K9
-0.39 +0.68
-0.30 0.56
CCT-K9
-0.53 +0.76
0.18 +0.34

CCT-K9
-0.12 +0.62
CCT-K9
-0.32 +0.46
0.23 #0.69
-0.28 +0.49
-0.27 0.36
-0.24 +0.40

103



5.5 DoE table at the Mercury fixed point

BEV BFKH BIM BoM
BEV -1.30 +0.93 0.02 £1.03 0.20 *1.10
BFKH 2.07 1.32 +0.64 1.50 +0.75
BIM 1.01 1.85 0.18 +0.87
BoM 1.15 2.12 0.92
CEM 1.61 1.35 1.46 1.70
CMmI 1.12 1.45 0.91 1.17
DMDM 1.13 2.10 0.91 0.94
DTI 0.99 1.88 0.73 0.82
EIM 1.02 1.80 0.77 0.97
FTMC 1.09 2.01 0.86 0.95
GUM 1.10 2.04 0.85 0.81
HMI 0.90 1.70 0.60 0.77
IMBiH 1.15 2.11 0.91 0.86
INM 0.93 1.76 0.65 0.80
INRIM 0.86 1.57 0.54 0.76
IPQ 1.58 1.68 1.44 1.67
1\ 1.54 1.37 1.38 1.62
LNE-Cham 0.86 1.57 0.54 0.76
MIKES VTT 1.53 1.46 1.37 1.61
MIRS/ UL-FE/ 0.91 1.67 0.62 0.83
LMK
NPL 0.86 1.57 0.54 0.76
NSAI-NML 1.04 1.80 0.82 1.02
PTB 0.86 1.57 0.54 0.76
RISE 1.04 1.96 0.78 0.80
ROTH+CO. AG 1.18 1.96 0.98 1.17
SMD 1.75 1.56 1.62 1.85
SMU 2.03 0.71 1.85 2.10
UME 141 1.29 1.23 1.48
VSL 0.86 1.57 0.54 0.76

Table 5.5 DoE at the Mercury fixed point (part 1)
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CEM CMI DMDM DTI
BEV -0.65 +1.17 -0.30 +0.98 0.17 #1.11 0.11 #0.99
BFKH 0.65 +0.85 1.00 +0.55 1.47 £0.75 1.41 +0.57
BIM -0.67 +0.96 -0.33 #0.71 0.15 +0.88 0.09 #0.72
BoM -0.85 #1.03 -0.51 +0.80 -0.03 +0.96 -0.09 +0.82
CEM 0.35 +0.90 0.82 *1.03 0.76 0.91
CMI 1.09 0.48 +0.81 0.41 0.64
DMDM 1.67 1.15 -0.07 +0.82
DTI 1.51 0.94 0.81
EIM 1.41 0.86 0.95 0.76
FTMC 1.59 1.06 0.94 0.80
GUM 1.67 1.11 0.83 0.72
HMI 1.38 0.78 0.75 0.54
IMBiH 1.71 1.16 0.88 0.78
INM 1.41 0.83 0.79 0.59
INRIM 1.29 0.67 0.75 0.50
IPQ 1.28 1.12 1.65 1.50
1\ 1.05 1.01 1.59 1.42
LNE-Cham 1.29 0.67 0.75 0.50
MIKES VTT 111 1.01 1.59 1.42
MIRS/ UL-FE/ 1.34 0.75 0.81 0.59
LMK
NPL 1.29 0.67 0.75 0.50
NSAI-NML 1.40 0.86 1.00 0.82
PTB 1.29 0.67 0.75 0.50
RISE 1.59 1.03 0.80 0.66
ROTH+CO. AG 1.52 1.03 1.15 0.99
SMD 1.27 1.27 1.82 1.67
SMU 1.32 1.46 2.08 1.89
UME 0.96 0.85 1.46 1.27
VSL 1.29 0.67 0.75 0.50

Table 5.5 DoE at the Mercury fixed point (part 2)
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EIM FTMC GUM HMI
BEV -0.03 +1.04 0.10 #1.10 0.27 %0.99 0.05 #0.91
BFKH 1.27 *0.65 1.40 +0.75 1.57 +0.57 1.35 +0.42
BIM -0.05 +0.79 0.08 +0.87 0.25 #0.73 0.03 #0.62
BoM -0.23 +0.87 -0.10 +0.95 0.07 +0.82 -0.15 +0.73
CEM 0.62 *0.96 0.75 #1.03 0.92 0.91 0.70 +0.82
CMI 0.27 +0.71 0.40 +0.80 0.57 +0.65 0.36 +0.52
DMDM -0.20 +0.88 -0.08 +0.95 0.10 #0.83 -0.12 +0.73
DTI -0.14 +0.73 -0.01 +0.82 0.16 +0.66 -0.06 +0.54
EIM 0.13 +0.87 0.30 #0.73 0.08 +0.62
FTMC 0.89 0.17 +0.82 -0.04 +0.72
GUM 0.91 0.87 -0.22 +0.54
HMI 0.63 0.71 0.67
IMBiH 0.96 0.92 0.71 0.74
INM 0.67 0.75 0.71 0.45
INRIM 0.55 0.68 0.66 0.28
IPQ 1.40 1.57 1.66 1.38
1\ 1.33 1.51 1.59 1.29
LNE-Cham 0.55 0.68 0.66 0.28
MIKES VTT 1.33 1.51 1.58 1.30
MIRS/ UL-FE/ 0.63 0.75 0.74 0.42
LMK
NPL 0.55 0.68 0.66 0.28
NSAI-NML 0.81 0.94 0.97 0.69
PTB 0.55 0.68 0.66 0.28
RISE 0.83 0.82 0.65 0.59
ROTH+CO. AG 0.98 1.09 1.13 0.88
SMD 1.57 1.74 1.84 1.56
SMU 1.80 1.99 2.05 1.74
UME 1.18 1.37 1.43 1.12
VSL 0.55 0.68 0.66 0.28

Table 5.5 DoE at the Mercury fixed point (part 3)
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IMBiH INM INRiM IPQ
BEV 0.28 *1.03 0.05 #0.95 0.00 +0.87 -0.48 +1.32
BFKH 1.58 +0.64 1.36 +0.49 1.30 %0.33 0.82 +1.05
BIM 0.26 *0.78 0.03 +0.66 -0.02 +0.55 -0.50 +1.14
BoM 0.08 +0.87 -0.15 +0.77 -0.20 0.67 -0.68 +1.20
CEM 0.93 #0.95 0.70 +0.86 0.65 +0.78 0.17 +1.27
CMI 0.59 +0.70 0.36 #0.57 0.31 +0.44 -0.18 +1.09
DMDM 0.11 #0.87 -0.12 +0.77 -0.17 +0.68 -0.66 +1.21
DTI 0.17 +0.72 -0.05 +0.59 -0.11 +0.47 -0.59 +1.10
EIM 0.31 #0.78 0.09 +0.67 0.03 +0.56 -0.45 +1.14
FTMC 0.19 +0.87 -0.04 0.76 -0.09 +0.67 -0.58 +1.20
GUM 0.01 #0.72 -0.21 +0.60 -0.27 +0.47 -0.75 +1.10
HMI 0.23 0.61 0.00 +0.45 -0.05 +0.27 -0.53 +1.03
IMBiH -0.23 +0.66 -0.28 +0.55 -0.76 +1.14
INM 0.77 -0.05 +0.37 -0.54 +1.06
INRIM 0.73 0.37 -0.48 +1.00
IPQ 1.70 1.41 1.31
1\ 1.63 1.33 1.20 1.23
LNE-Cham 0.73 0.37 CCT-K9 131
MIKES VTT 1.63 1.33 1.21 1.26
MIRS/ UL-FE/ 0.81 0.48 0.31 1.34
LMK
NPL 0.73 0.37 CCT-K9 131
NSAI-NML 1.02 0.73 0.60 1.38
PTB 0.73 0.37 CCT-K9 131
RISE 0.71 0.64 0.58 1.59
ROTH+CO. AG 1.17 0.91 0.82 1.50
SMD 1.87 1.59 1.48 1.43
SMU 2.10 1.79 1.65 1.63
UME 1.49 1.17 1.02 1.13
VSL 0.73 0.37 CCT-K9 131

Table 5.5 DoE at the Mercury fixed point (part 4)
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Y LNE-Cnam MIKES VTT MIRS/ UL-FE/ LMK
BEV -0.60 +1.14 0.00 +0.87 -0.55 +1.18 0.00 +0.93
BFKH 0.71 +0.81 1.30 +0.33 0.75 +0.86 1.30 +0.45
BIM -0.62 +0.92 -0.02 +0.55 -0.57 +0.97 -0.02 +0.64
BoM -0.80 +1.00 -0.20 0.67 -0.75 +1.04 -0.20 +0.74
CEM 0.05 *1.07 0.65 +0.78 0.10 #1.12 0.65 +0.84
CMI -0.29 +0.86 0.31 #0.44 -0.25 +0.91 0.30 $0.54
DMDM -0.77 +1.00 -0.17 +0.68 -0.73 +1.05 -0.18 +0.75
DTI -0.70 +0.87 -0.11 +0.47 -0.66 +0.92 -0.11 +0.56
EIM -0.56 +0.93 0.03 +0.56 -0.52 +0.97 0.03 +0.64
FTMC -0.69 #1.00 -0.09 +0.67 -0.65 +1.04 -0.10 +0.74
GUM -0.86 +0.88 -0.27 +0.47 -0.82 +0.93 -0.27 +0.57
HMI -0.65 *0.79 -0.05 +0.27 -0.60 +0.84 -0.05 +0.41
IMBiH -0.88 +0.92 -0.28 +0.55 -0.83 +0.97 -0.28 +0.63
INM -0.65 *0.82 -0.05 +0.37 -0.61 +0.88 -0.06 +0.48
INRIM -0.60 +0.74 CCT-K9 -0.55 +0.80 0.00 #0.31
IPQ -0.11 +1.24 0.48 £1.00 -0.07 +1.28 0.48 +1.05
1\ 0.60 +0.74 0.04 £1.09 0.59 +0.80
LNE-Cham 1.20 -0.55 +0.80 0.00 +0.31
MIKES VTT 1.07 1.21 0.55 *0.86
MIRS/ UL-FE/ 1.25 0.31 1.26
LMK
NPL 1.20 CCT-K9 1.21 0.31
NSAI-NML 1.32 0.60 1.31 0.68
PTB 1.20 CCT-K9 1.21 0.31
RISE 1.51 0.58 1.51 0.66
ROTH+CO. AG 1.44 0.82 1.44 0.87
SMD 1.25 1.48 1.29 1.52
SMU 1.34 1.65 1.43 1.71
UME 0.92 1.02 0.97 1.09
VSL 1.20 CCT-K9 1.21 0.31

Table 5.5 DoE at the Mercury fixed point (part 5)
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NPL NSAI-NML PTB RISE
BEV 0.00 *0.87 -0.07 +1.06 0.00 +0.87 0.20 +0.98
BFKH 1.30 +0.33 1.24 +0.69 1.30 %0.33 1.50 +0.56
BIM -0.02 +0.55 -0.09 +0.82 -0.02 +0.55 0.18 +0.71
BoM -0.20 +0.67 -0.27 +0.90 -0.20 0.67 0.00 +0.81
CEM 0.65 *0.78 0.58 +0.99 0.65 +0.78 0.85 +0.90
CMI 0.31 +0.44 0.24 +0.75 0.31 +0.44 0.51 +0.63
DMDM -0.17 +0.68 -0.24 +0.91 -0.17 +0.68 0.03 +0.82
DTI -0.11 +0.47 -0.17 +0.76 -0.11 +0.47 0.10 +0.65
EIM 0.03 #0.56 -0.04 +0.82 0.03 +0.56 0.23 +0.72
FTMC -0.09 +0.67 -0.16 +0.90 -0.09 +0.67 0.11 +0.81
GUM -0.27 +0.47 -0.34 +0.77 -0.27 +0.47 -0.07 +0.65
HMI -0.05 %0.27 -0.12 +0.66 -0.05 +0.27 0.15 +0.53
IMBiH -0.28 +0.55 -0.35 +0.81 -0.28 +0.55 -0.08 +0.71
INM -0.05 #0.37 -0.12 +0.70 -0.05 +0.37 0.15 +0.58
INRIM CCT-K9 -0.07 +0.60 CCT-K9 0.20 #0.45
IPQ 0.48 +1.00 0.42 £1.17 0.48 +1.00 0.68 +1.09
1\ 0.60 *0.74 0.53 +0.95 0.60 +0.74 0.80 +0.86
LNE-Cham CCT-K9 -0.07 0.60 CCT-K9 0.20 +0.45
MIKES VTT 0.55 #0.80 0.49 +1.00 0.55 +0.80 0.76 +0.92
MIRS/ UL-FE/ 0.00 +0.31 -0.06 +0.68 0.00 +0.31 0.21 +0.55
LMK
NPL -0.07 +0.60 CCT-K9 0.20 #0.45
NSAI-NML 0.60 0.07 +0.60 0.27 +0.75
PTB CCT-K9 0.60 0.20 #0.45
RISE 0.58 0.90 0.58
ROTH+CO. AG 0.82 1.01 0.82 1.06
SMD 1.48 1.55 1.48 1.76
SMU 1.65 1.79 1.65 1.97
UME 1.02 1.17 1.02 1.36
VSL CCT-K9 0.60 CCT-K9 0.58

Table 5.5 DoE at the Mercury fixed point (part 6)
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ROTH+CO. AG SMD SMU UME
BEV -0.07 +1.20 -0.63 +1.35 -1.16 +1.05 -0.55 +1.04
BFKH 1.23 +0.89 0.67 £1.08 0.14 +0.67 0.75 0.66
BIM -0.09 +0.99 -0.65 +1.17 -1.18 +0.81 -0.57 +0.80
BoM -0.27 %1.06 -0.83 +1.23 -1.36 +0.89 -0.75 +0.88
CEM 0.58 *1.13 0.02 +1.30 -0.51 +0.97 0.10 +0.97
CMI 0.24 +0.94 -0.33 +1.12 -0.86 +0.73 -0.25 0.72
DMDM -0.24 +1.07 -0.80 +1.24 -1.34 +0.90 -0.73 +0.89
DTI -0.17 %0.95 -0.74 +1.13 -1.27 +0.75 -0.66 +0.74
EIM -0.04 +1.00 -0.60 +1.18 -1.13 +0.81 -0.52 +0.80
FTMC -0.16 *1.06 -0.73 +1.23 -1.26 +0.89 -0.65 +0.88
GUM -0.34 +0.95 -0.90 +1.14 -1.43 +0.75 -0.82 +0.74
HMI -0.12 +0.87 -0.68 +1.07 -1.21 +0.64 -0.60 +0.63
IMBiH -0.35 +0.99 -0.91 #1.17 -1.44 +0.80 -0.83 +0.79
INM -0.12 +0.90 -0.69 +1.10 -1.22 +0.69 -0.61 +0.68
INRIM -0.07 +0.82 -0.63 +1.03 -1.16 +0.59 -0.55 +0.57
IPQ 0.42 +1.29 -0.15 +1.44 -0.68 +1.16 -0.07 +1.15
1\ 0.53 *1.11 -0.04 +1.27 -0.57 +0.94 0.04 +0.93
LNE-Cham -0.07 +0.82 -0.63 +1.03 -1.16 +0.59 -0.55 +0.57
MIKES VTT 0.49 £1.15 -0.08 +1.31 -0.61 +0.99 0.00 +0.98
MIRS/ UL-FE/ -0.06 *0.88 -0.63 +1.08 -1.16 +0.66 -0.55 +0.65
LMK
NPL -0.07 +0.82 -0.63 +1.03 -1.16 +0.59 -0.55 +0.57
NSAI-NML 0.00 +1.02 -0.57 +1.20 -1.10 +0.84 -0.49 +0.83
PTB -0.07 +0.82 -0.63 +1.03 -1.16 +0.59 -0.55 +0.57
RISE -0.27 +0.94 -0.83 +1.13 -1.37 +0.74 -0.76 +0.73
ROTH+CO. AG -0.56 +1.32 -1.10 #1.01 -0.49 +1.00
SMD 1.66 -0.53 #1.19 0.08 *1.18
SMU 1.93 1.52 0.61 +0.82
UME 1.32 1.16 1.29
VSL 0.82 1.48 1.65 1.02

Table 5.5 DoE at the Mercury fixed point (part 7)
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VSL

BEV

BFKH

BIM

BoM

CEM

CcMI
DMDM
DTI

EIM

FTMC
GUM

HMI
IMBiH
INM
INRIM

IPQ

1\Y
LNE-Cnam
MIKES VTT
MIRS/ UL-FE/
LMK

NPL
NSAI-NML
PTB

RISE
ROTH+CO. AG
SMD

SMU

UME

VSL

Table 5.5 DoE at the Mercury fixed point (part 8)

0.00
1.30
-0.02
-0.20
0.65
0.31
-0.17
-0.11
0.03
-0.09
-0.27
-0.05
-0.28
-0.05

+0.87
+0.33
+0.55
+0.67
+0.78
+0.44
+0.68
+0.47
+0.56
+0.67
+0.47
+0.27
+0.55
+0.37

CCT-K9

0.48
0.60

+1.00
+0.74

CCT-K9

0.55
0.00

+0.80
+0.31

CCT-K9

0.07

+0.60

CCT-K9

-0.20
0.07
0.63
1.16
0.55

+0.45
+0.82
+1.03
+0.59
+0.57
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5.6 DoE table at the Argon fixed point

BEV BFKH BIM BoM
BEV
BFKH
BIM
BoM
CEM 1.90
CcMI 3.01
DMDM
DTI 5.69
EIM 2.97
FTMC
GUM 2.14
HMI
IMBiH
INM 1.92
INRIM 1.93
IPQ 2.25
1\Y 2.66
LNE-Cnam 1.93
MIKES VTT 2.51
MIRS/ UL-FE/ 2.11
LMK
NPL 1.93
NSAI-NML
PTB 1.93
RISE 2.55
ROTH+CO. AG 1.98
SMD 2.42
SMU
UME 2.61
VSL 1.93

Table 5.6 DoE at the Argon fixed point (part 1)
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CEM CcMI DMDM DTI
BEV -0.07 +1.94 -1.50 +1.84 3.23 £2.99
BFKH
BIM
BoM
CEM -1.43 +1.58 3.30 +2.83
CcMI 2.73 4,73 £2.76
DMDM
DTI 5.63 7.00
EIM 2.68 1.33 6.98
FTMC
GUM 1.96 3.18 5.54
HMI
IMBiH
INM 1.74 3.03 5.20
INRIM 1.59 1.68 6.00
IPQ 2.03 2.93 5.94
1\Y 2.38 1.65 6.64
LNE-Cnam 1.59 1.68 6.00
MIKES VTT 2.26 2.32 6.39
MIRS/ UL-FE/ 1.83 2.29 6.04
LMK
NPL 1.59 1.68 6.00
NSAI-NML
PTB 1.59 1.68 6.00
RISE 2.31 2.33 6.43
ROTH+CO. AG 1.76 2.81 5.67
SMD 2.27 3.61 4.72
SMU
UME 2.33 1.65 6.60
VSL 1.59 1.68 6.00

Table 5.6 DoE at the Argon fixed point (part 2)
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EIM FTMC GUM HMI
BEV -1.52 +1.76 0.16 $2.17
BFKH
BIM
BoM
CEM -1.45 +1.49 0.22 £1.96
CcMI -0.02 +1.36 1.66 +1.86
DMDM
DTI -4.75 +2.71 -3.08 $3.00
EIM 1.68 +1.78
FTMC
GUM 3.14
HMI
IMBiH
INM 2.97 1.86
INRIM 1.58 2.09
IPQ 2.90 2.34
1\Y 1.59 2.83
LNE-Cnam 1.58 2.09
MIKES VTT 2.27 2.66
MIRS/ UL-FE/ 2.23 2.26
LMK
NPL 1.58 2.09
NSAI-NML
PTB 1.58 2.09
RISE 2.28 2.71
ROTH+CO. AG 2.76 2.04
SMD 3.55 2.28
SMU
UME 1.58 2.78
VSL 1.58 2.09

Table 5.6 DoE at the Argon fixed point (part 3)
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IMBIH INM INRIM IPQ
BEV 0.32 +1.86 -0.66 *1.53 -0.19 £2.27
BFKH
BIM
BoM
CEM 0.38 +1.60 -0.60 £1.20 -0.12 £2.07
CMI 1.82 +1.48 0.84 +1.03 1.31 +1.97
DMDM
DTI -2.91 £2.77 -3.89 $2.57 -3.42 $3.07
EIM 1.84 +1.38 0.86 +0.88 1.33 £1.90
FTMC
GUM 0.16 +1.87 -0.82 £1.55 -0.35 $2.29
HMI
IMBiH
INM -0.98 $1.06 -0.51 $1.99
INRIM 1.85 0.47 +1.68
IPQ 2.18 1.89
1\Y 2.68 1.36 2.58
LNE-Cnam 1.85 CCT-K9 1.89
MIKES VTT 2.55 1.50 2.44
MIRS/ UL-FE/ 2.10 1.19 2.09
LMK
NPL 1.85 CCT-K9 1.89
NSAI-NML
PTB 1.85 CCT-K9 1.89
RISE 2.60 1.54 2.49
ROTH+CO. AG 1.82 1.69 2.11
SMD 1.82 2.45 2.71
SMU
UME 2.63 1.29 2.53
VSL 1.85 CCT-K9 1.89

Table 5.6 DoE at the Argon fixed point (part 4)
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1\ LNE-Cnam MIKES VTT MIRS/ UL-FE/ LMK
BEV -1.11 +1.88 -0.66 *1.53 -0.71 £2.16 -0.49 £1.92
BFKH
BIM
BoM
CEM -1.04 £1.62 -0.60 £1.20 -0.64 £1.94 -0.42 £1.67
CMI 0.39 +1.50 0.84 +1.03 0.79 +1.84 1.01 #1.55
DMDM
DTI -4.34 +2.79 -3.89 12.57 -3.94 +2.98 -3.72 $2.82
EIM 0.41 +1.41 0.86 +0.88 0.82 +1.76 1.03 £1.46
FTMC
GUM -1.27 +1.89 -0.82 £1.55 -0.86 *2.17 -0.64 £1.94
HMI
IMBiH
INM -1.43 +1.52 -0.98 11.06 -1.02 $1.85 -0.81 *1.57
INRIM -0.45 +1.09 CCT-K9 -0.04 £1.52 0.17 #1.16
IPQ -0.92 $2.01 -0.47 11.68 -0.52 $2.27 -0.30 $2.05
1\Y 0.45 +1.09 0.41 +1.88 0.62 +1.60
LNE-Cnam 1.36 -0.04 $1.52 0.17 +1.16
MIKES VTT 2.00 1.50 0.22 +1.92
MIRS/ UL-FE/ 1.95 1.19 1.92
LMK
NPL 1.36 CCT-K9 1.50 1.19
NSAI-NML
PTB 1.36 CCT-K9 1.50 1.19
RISE 2.02 1.54 2.15 1.97
ROTH+CO. AG 2.46 1.69 2.32 1.91
SMD 3.25 2.45 3.11 2.67
SMU
UME 1.49 1.29 1.96 1.90
VSL 1.36 CCT-K9 1.50 1.19

Table 5.6 DoE at the Argon fixed point (part 5)
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NPL NSAI-NML PTB RISE
BEV -0.66 *1.53 -0.66 *1.53 -0.73 £2.19
BFKH
BIM
BoM
CEM -0.60 +1.20 -0.60 £1.20 -0.66 £1.98
CMI 0.84 +1.03 0.84 +1.03 0.77 +1.88
DMDM
DTI -3.89 +2.57 -3.89 $2.57 -3.96 $3.01
EIM 0.86 +0.88 0.86 +0.88 0.79 +1.80
FTMC
GUM -0.82 £1.55 -0.82 £1.55 -0.88 £2.20
HMI
IMBiH
INM -0.98 +1.06 -0.98 $1.06 -1.04 +1.89
INRIM CCT-K9 CCT-K9 -0.06 £1.57
IPQ -0.47 +1.68 -0.47 +1.68 -0.54 £2.30
1\Y 0.45 1.09 0.45 +1.09 0.39 +1.91
LNE-Cnam CCT-K9 CCT-K9 -0.06 *1.57
MIKES VTT 0.04 %1.52 0.04 +1.52 -0.02 £2.19
MIRS/ UL-FE/ -0.17 +1.16 -0.17 $1.16 -0.24 £1.95
LMK
NPL CCT-K9 -0.06 £1.57
NSAI-NML
PTB CCT-K9 -0.06 £1.57
RISE 1.54 1.54
ROTH+CO. AG 1.69 1.69 2.37
SMD 2.45 2.45 3.16
SMU
UME 1.29 1.29 1.98
VSL CCT-K9 CCT-K9 1.54

Table 5.6 DoE at the Argon fixed point (part 6)
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ROTH+CO. AG SMD SMU UME
BEV -0.07 £2.02 0.83 +1.92 -1.09 £1.85
BFKH
BIM
BoM
CEM 0.00 1.79 0.90 +1.67 -1.02 £1.59
CMI 1.43 +1.68 2.33 +1.55 0.41 +1.47
DMDM
DTI -3.30 +2.89 -2.40 12.82 -4.32 £2.77
EIM 1.45 +1.59 2.35 t1.46 0.44 +1.37
FTMC
GUM -0.22 +2.04 0.67 +1.93 -1.24 £1.87
HMI
IMBiH
INM -0.38 +1.69 0.51 +1.57 -1.40 $1.49
INRIM 0.60 *1.32 1.49 +1.16 -0.42 £1.05
IPQ 0.12 +2.14 1.02 +2.04 -0.90 $1.98
1\Y 1.05 +1.72 1.94 +1.60 0.03 +1.51
LNE-Cnam 0.60 *1.32 1.49 +1.16 -0.42 £1.05
MIKES VTT 0.64 2.02 1.54 +1.92 -0.38 £1.85
MIRS/ UL-FE/ 0.42 +1.76 132 +1.64 -0.60 *1.57
LMK
NPL 0.60 *1.32 1.49 +1.16 -0.42 £1.05
NSAI-NML
PTB 0.60 *1.32 1.49 +1.16 -0.42 £1.05
RISE 0.66 *2.05 1.56 +1.95 -0.36 *1.89
ROTH+CO. AG 0.90 +1.76 -1.02 £1.69
SMD 2.35 -1.92 £1.56
SMU
UME 2.41 3.20
VSL 1.69 2.45 1.29

Table 5.6 DoE at the Argon fixed point (part 7)

118



VSL

BEV

BFKH

BIM

BoM

CEM

CcMI
DMDM
DTI

EIM

FTMC
GUM

HMI
IMBiH
INM
INRIM

IPQ

1\Y
LNE-Cnam
MIKES VTT
MIRS/ UL-FE/
LMK

NPL
NSAI-NML
PTB

RISE
ROTH+CO. AG
SMD

SMU

UME

VSL

Table 5.6 DoE at the Argon fixed point (part 8)

-0.66 +1.53

-0.60 *1.20
0.84 +1.03

-3.89 *2.57
0.86 *0.88

-0.82 +1.55

-0.98 *1.06
CCT-K9
-0.47 *1.68
0.45 £1.09
CCT-K9
0.04 £1.52
-0.17 *1.16

CCT-K9

CCT-K9
0.06 +1.57
-0.60 *1.32
-1.49 #*1.16

0.42 +1.05
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List of acronyms

CCT Comité Consultatif de Thermométrie - Consultative Committee for
Thermometry

CIPM Comité International des Poids et Mesures - International Committee for
Weights and Measures

CIPM-MRA CIPM Mutual Recognition Arrangement

DI Designated Institute participating in the CIPM-MRA

EURAMET The European Association of National Metrology Institutes

EURAMETTC-T  Technical Committee for Thermometry of EURAMET

FP Fixed point

ID Identifier

ITS-90 International Temperature Scale of 1990

KCRV Key Comparison Reference Value

NMI National Measurement Institute

RMO Regional Metrology Organization

SPRT Standard Platinum Resistance Thermometer

TP Triple point

TPW Triple Point of Water

w SPRT resistance ratio as defined in the ITS-90: W = R (Ttixed-point) / R (273,15 K)
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Appendix | Protocol of EURAMET.T-K9

EURAMET.T-KD final protocol
Regional key comparison

ITS-90 SPRT Calibration from the Ar TP to the Zn FP

Following the (argumented) requests from FYR Macedonia and Albania, the coordinator
and the pilots have accepted the following (02/04/2015):

BoM leaves the NPL star and joins the VSL star
DPM leaves the VSL star and joins the NPL star

A new contact name for DPM is Kreshnik hakrama (k_hakrama@yahoo.com)

1 Objective
This comparison is designed to compare the realization of the ITS-90 through the calibration of
SPRTs. The range of temperature covered in this comparison is from the triple point of Ar
(83.8058 K) to the freezing point of Zn (692.677 K). The transfer standards used will be long-
stem SPRTs.

This protocol matches closely the corresponding CCT-K9 key comparison protocol.

2 Topology of the comparison

The comparison is organized in five separate collapsed stars, each star having a CCT-K9
participant as pilot linking the measurements of 4 to 6 other participants (see Figure 1). LNE-
CNAM was chosen as coordinator of the comparison and charged with the preparation of the
protocol, the collection of the measurement reports from all participants and the preparation of
the final report.
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FE fLMK};il )

Figure 1: Pictorial view of the comparison topology with pilots and other participants.
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3. Participants
The pilots of the 5 stars are:

e Star 1: LNE-Cnam (France)

e Star2: PTB (Germany)

« Star3:  INRIM (Italy)

e Star4: VSL (Netherlands)

e Star 5:  NPL (United Kingdom)

The names, postal and e-mail addresses of the pilots are given in appendix D.
The other participants in each star are listed in appendix E.

The names, postal and e-mail addresses of the participants are given in appendix F.

4. Projected Timeline

Protocol Agreement February, 2015
Transfer Standards Sent to the pilots June, 2015
Transfer Standards Returned to NMIs December, 2015
Transfer Standards Re-Measured by NMIs June, 2016
Draft A Report Completed December, 2016

5. Duties of the participants
Each participant will provide the following:

¢ 2 1TS-90 calibrated SPRTs

o The participant will select his own SPRTs based on his own criteria for
suitability and will convey the selection criteria to the Pilot Laboratory in his
star,

o The participant will calibrate the two selected SPRTs,

After calibrating the two selected SPRTs, the participant will deliver one of
the two calibrated SPRTs to the pilot of his star.
(here is the slight difference with the CCT-K9 protocol. A second thermometer is prepared and immediately kept at
disposal in case of trouble with the transfer standard, particularly in case of carrier problems)

o Each participant will repossess their thermometer and will make a re-
calibration.

o SPRTs are to be measured at every available fixed-point over the range of the
comparison including the In FP and Ga MP

¢ Calibration results supplied in 7 (FP)for each Fixed Point (FP) with all corrections
applied by the NMI such that the W (FP) values are equivalent to the ITS-90

assigned temperature values for 0 mA. Uncertainties, u(/¥), may be specific to each
SPRT.

o Appendix A gives a reporting worksheet
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¢ The measurement equation used to compute each calibration result with an indication
of which inputs vary randomly for each realized equilibrium and which inputs are
systematic across all equilibriums for each fixed point within this comparison
o Any quantities in the measurement equation that are a mixture of random and
systematic effects for each SPRT should be broken into constituent parts that
are either purely random or purely systematic within this comparison.
An example of an SPRT measurement is given in Appendix B

4 Uncertainty budget compliant with CCT WG3 that includes degrees of freedom
associated to each component

o A template for the uncertainty budget is given in Appendix C
Sources of uncertainty may be added or deleted as needed
An NMI/DI may choose to supply their own uncertainty budget (CMC
and WG3 compliant) that includes degrees of freedom for each source of
uncertainty

(NMI/DI are encouraged to use the template, but if it prefers it may supply its
own, taking care to not forget any uncertainty components (for this point, the
suggested budget can be a help)

¢ Heat Flux (Immersion) profile for each fixed-point cell using the SPRTs of this
comparison

o [R(FP), 0 mA] and corresponding [immersion depth (sensor midpoint), cm]

4 All results and required information will be e-mailed to the pilots and to the
coordinator.

If you have questions about any aspect of the protocol or if you are not sure how to report
something that is requested, please contact the coordinator prior to submitting your report. After
reviewing all submitted reports, the pilots and/or coordinator will contact you if there is
anything that is unclear or if any additional information is needed to complete the analysis of the
data.

Note:
The thermometer numbers are assigned to NMI/DI SPRTs by loop and arrival date.

Example:

Third thermometer received in loop 4: L43 (each pilot is in charge to identify the laboratory
associated with the thermometer L43, and to give to the laboratory the same name that the name
of the thermometer)

The pilot in loop 4 is named P4. So the thermometer L43 is belonging to the participant 3 in loop
4.

It leads to a given number of Pi (i=1 to 5) and Lij (i=1 to 5), (j=1 to x depending of the number
of participants in a loop)

In case the second thermometer is needed, the letter S will be added to the code. Example L43S
will be the second thermometer sent by the participant 3 to the pilot of the loop 4.

| EURAMET.T- K9 Final Protocol-2.docx,

A

Supprimé : EURAMET.T- K9

final protocol.docx

125



6. Duties of the coordinator:

To identify the participants in each loop

To prepare the protocol (with the help of the pilots)

To send the protocol to all the participants for agreement

To register the comparison and to keep contact with CCT and EURAMET at the
different stages of the comparison

To be informed of the state of progress of the comparison in the different stars / to
communicate with the pilots (and participants) in case of delays or any other issues.
To receive all the results of measurements, but the pilots will exploit the
measurements made in their loop.

To write the draft A and draft B, using the entries of the pilots and with the help of
the pilots.

To exchange with all the participants concerning draft A and draft B.

7. Duties of the pilots:

To liaise with NMI/DI participants in their star regarding receipt and return of the
SPRTs

To check the initial value of R (TPW) of the SPRT delivered by each participant,
before and after annealing, against the final value reported by each participant. In the
case of significant discrepancy, to consult with the participant and/or the coordinator
before proceeding with the calibration

To carry out the calibration of the SPRTSs using the same equipment as was used in
CCT-K9, or equipment which is known to be compatible with that equipment. It is
recommended that one of the SPRTs used by the Pilot in CCT-KO9 is also included in
the calibration experiments

To prepare tables of results and uncertainties for the Pilot’s calibration of the
Participants’ SPRTs in accordance with Appendices A, B and C, and to calculate the
differences AT(Lij — Pi) and uncertainties u(Lij — Pi) (see below)

To send this information to the Coordinator

8. Other instructions

| EURAMET.T- K9 Final Protocol-2.docx,

Advice on handling the SPRTs: The SPRTs must be handled with care and only by
qualified metrology personnel. Hand-carriage of the SPRT from the participant lab to
the pilot lab and viceversa is recommended and under the responsibility (and costs) of
the participant.

Instructions for reporting the results: The templates in Appendices A, B and C
should be used for reporting the results.

Timetable for communicating the results to the pilot: The participants must report
the results of their measurements to the pilot at the time they deliver the SPRT to the
pilot. In case the results of the recalibration (measurements performed after the return
of the SPRT from the pilot lab) significantly deviates from the initial measurements,
the participant must notify the pilot lab and deliver the recalibration measurements
not later than the end of December 2015.

’
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* Financial aspects of the comparison: each participating institute is responsible for
its own costs for the measurements and transport of the SPRTs to and back from the
pilot laboratory.

9. Method of Analysis and link to the CCT-K9 KCRY value.

For the EURAMET.T-K9 comparison, for each fixed points, and each NMI/DI, the fixed-point
realization temperature differences from the KCRV and the associated uncertainty will be
calculated using the following equations:

For each laboratory Lij in star i

AT(L:‘/-KCRV) = AT(LU—Pi) + AT(PE-KCRV)

2 _ 2 2
Urij-kervy = Y(Lij-piy + U pi-kcrry
The two values, AT, ., and up,_y ., Will be available from the CCT-K9 report.

ar TP, ST (EP),)
(Lij=Pi) — Lij
dw, | dT

C,; is a term used to account for uncertainty associated with the travel, handling, or stability of

the SPRT and is taken to have a value of C,; = 0and a standard uncertainty, u.,_, of

_ abs [W(FP)L:/M’/WE B W(FP)LIM/[EI‘ ]

Uc,

! (dw,_1dT).A/12
{ Supprimé : EURAMET.T- K9
, 7| final protocol.docx
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Appendix A: Measurement Reporting Worksheet

Participating NMI/DI |

Before sending SPRTs to Pilot Laboratory
W (FP) u[W (FP)],mK n Comments (if any)

Zinc
Tin

Indium

Gallium

Mercury

Argon

“n, Number of equilibria realized

Final R(TPW) :' TPW Uncertainty:

On return to participating NMI

On Receipt R(TPW) l:l

W(FP) u[W (FP)],mK n® Comments (if any)

Zinc

Tin

Indium

Gallium

Mercury

Argon

“'n, Number of equilibria realized

rnatreew) [ ]

Fixed-Point Cell Information
Type /manufacturer/serial number L (cm)™  Open or sealed cell  Traceability

Zinc
Tin

Indium

Gallium

Mercury

Argon

' Maximum thermometer Immersion depth into the substance measured to the thermal centre of the SPRT sensing element, cm
Measurement System
Resistance Ratio Bridge Model

Reference Resistor Model

Resistor Enclosure Stability, mK

Supprimé : EURAMET.T- K9
, 7| final protocol.docx
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R(WTP) values during the calibration process:

All the R(WTP) values and the moment when they are measured according to the
measurements at the other fixed points (zinc, tin, indium, gallium, mercury, argon), are
requested, in a table.

Supprimé : EURAMET.T- K9
, 7| final protocol.docx
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Appendix B: Corrections applied to the measured values

The ratio value W(FP;) at the fixed point FP; is given by the ratio of the SPRT resistance R(FP;)
at the fixed point FP; to the SPRT resistance R(TPW) at the triple point of water. The SPRT
resistance measured at the fixed point FP; (and the SPRT resistance R(TPW) measured at the
triple point of water) must be corrected for the self-heating effect, the hydrostatic head effect and
the residual gas pressure effect (see respectively section 2.1, 2.2 and 8.4 of CCT/08-19-rev
document on “Uncertainties in the Realization of the SPRT Subranges of the ITS-907).

With:

Rumeas(FP;) the resistance measured at fixed point FP;
ARq, the self-heating correction to the resistance

ARnpyqr the hydrostatic head correction to the resistance
AR, the residual gas pressure correction to the resistance
R(FP;) is computed as:

R(FP,) = Rmeas(FPi) + ARsh + ARhydr + ARp

The applied corrections can be expressed in terms of temperature by simply dividing each one of
them by the SPRT sensitivity coefficient (dR/dT)gp; at the temperature of the fixed point FP;:

ATsh = ARm/(d]{/dT)Fpl
ATilydr = ARhydr/(dR/dT)FPi
ATP = ARP/(dR/dT)rpl

The applied corrections, expressed in terms of temperature, should be reported by the
participants using the two tables below.

Before sending SPRTs to Pilot Laboratory

self-heating hydrostatic pressure
correction Uorrection coITection  Ucomection  COITECHON  Ugorrection
mK mK mK mK mK mK
R (Zn)
R (Sn)
R (In)
R (Ga)
R(Hg)
R (Ar)
Supprimé : EURAMET.T- K9
e { final protocol.docx
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After sending SPRT to Pilot Laboratory

self-heating hydrostatic pressure

correction Ucorrection correction  Ucomection  COITECHON  Ueorrection

mK mK mK mK mK mK
R (Zn)
R (Sn)
R (In)
R (Ga)
R (Hg)
R (Ar)

Supprimé : EURAMET.T- K9
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Appendix D:

Name, postal and e-mail addresses of the coordinator:

France LNE-Cnam

Yves.hermier@cnam.fr

Métiers (LNE-CNAM)
rue du Landy 61
93210 La Plaine Saint Denis

Laboratoire National de Métrologie et D'Essais - Conservatoire National des Arts et

Name, postal and e-mail addresses of the pilots

France LNE-Cnam | Sparasci, Fernando

fernando.sparasci@cnam. fr

Martin,Catherine
catherine.martin@cnam. fr

Métiers (LNE-CNAM)
rue du Landy 61
93210 La Plaine Saint Denis

Laboratoire National de Métrologie et D'Essais - Conservatoire National des Arts et

Germany PTB

joachim.fischer@ptb.de

Rudtsch, Steffen

Physikalisch-Technische Bundesanstalt (PTB)
Abbestrafle 2-12,
DE-10587 Berlin

Italy INRIM Fernicola, Vito C.

v.fernicola@inrim.it

p.steur@inrim.it

Istituto Nazionale di Ricerca Metrologica (INRIM)
Strada delle Cacce 91
IT-10135 Torino

TWI11 OLW Teddington, Middlesex

Netherlands VSL Peruzzi, Andrea Barendregt, Conny
aperuzzi@vsl.nl cbarendregt@vsl.nl

Thijsseweg 11

2629 JA Delft

United NPL Machin, Graham Pearce, Jonathan

Kingdom graham.machin@npl.co.uk | jonathan.pearce@npl.co.uk

National Physical Laboratory (NPL)

Hampton Road

EURAMET.T- K9 Final Protocol-2.docx,

- { Mis en forme : Allemand

(Allemagne)

(Allemagne)

- { Mis en forme : Allemand

- { Mis en forme : Allemand

(Allemagne)

- { Mis en forme : Allemand

(Allemagne)
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Appendix E:

NMi/DI participants in each loop.

Loop 1: Loop 2: Loop 3: Loop 4: Loop 5:
LNE-Cnam PTB INRIM VSL NPL
(France) (Germany) | (Italy) (Netherlands) (United Kingdom)
MIKES Roth+Co.AG SP MKEH
(Finland) (Switzerland) (Sweden) (Hungary)
SMD CMI MCCAA DTI EIM
(Belgium) (Czech (Malta) (Denmark) (Greece)
Republic)
CEM UME HMI GUM BIM
(Spain) (Turkey) (Croatia) (Poland) (Bulgaria)
IPQ SMU MIRS/UL- VMT/FTMC BoM
(Portugal) (Slovakia) FE/LMK (Lithuania) (FYR Macedonia)
(Slovenia)
Vv NSAI NML IMBiH DPM BEV
(Norway) (Ireland) (Bosnia- (Albania) (Austria)
Herzegovina)
DMDM INM
(Serbia) (Romania)

| EURAMET.T- K9 Final Protocol-2.docx,

’
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Appendix F:

Name, postal and e-mail addresses of the participants.

Albania DPM

Spahiu, Iska
iska.spahiu@dpm.gov.al

General Directorate of Metrology (DPM)
Rruga : Autostrada Tirane-Durres, km 8, Kashar, AL- Tirana

Austria BEV

norbert.hoerhager-berl@bev.gv.at

[ Code de champ modifié

Bundesamt fiir Eich- und Vermessungswesen (BEV) Arltgasse 35 AT

Belgium SMD

Miruna.Dobre@economie.fgov.be

[ Code de champ modifié

FPS Economy, DG Quality and Safety, Metrology Division (SMD) Boulevard du Roi Albert II 16 BE-

1000 Brussels
Bosnia- IMBiH Hodzic, Nedzadeta [  code de champ modifié
Herzegovina nedzadeta.hodzic@met.gov.ba

Institute of Metrology of Bosnia and Herzegovina (IMBiH) Augusta Brauna 2 BA-71000 Sarajevo

Bulgaria BIM

s.nedialkov@bim.government.bg

[ Code de champ modifié

s.spasova@bim.government.bg

Bulgarian Institute of Metrology (BIM) 52B, G.M. Dimitrov blvd. BG-1040 Sofia

Croatia HMI

Zvizdic, Davor
davor.zvizdic@fsb.hr

[ Code de champ modifié

danijel.sestan@fsb.hr

Croatian Metrology Institute

(HMI) Ulica grada Vukovara 78 HR-100

00 Zagreb

Czech
Republic

CMI

Strnad, Radek
rstrnad@cmi.cz

__ - 7 Mis en forme : Allemand
“ (Allemagne)

Czech Metrology Institute (C

MI) Okruzni 31 CZ-638 00 Brno

77777 N - [ Code de champ modifié

The address of sending of the instruments is :
Radiova 3, 102 00 Praha 10, Czech Republic

Mis en forme : Allemand
(Allemagne)

Denmark DTI Nielsen, Mikkel Bo

[ Code de champ modifié

mbn@dti.dk jnn@dti.dk

- ‘[ Mis en forme : Allemand

Danish Technological Institute (DTI) Teknologiparken, Kongsvang A

11¢ 29 DK-8000 Arhus C [ (Allemagne)

T Mis en forme : Allemand

Finland MIKES

Heinonen, Martti

e L

martti.heinonen@mikes.fi

Habhtela, Ossi { (Allemagne)

ossi.hahtela@mikes.fi - crde de champ modifié

Centre for Metrology and Accreditation (MIKES) Tekniikantie 1 FI-02151 Espoo |

EURAMET.T- K9 Final Pro

tocol-2.docx,
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FYR
Macedonia

BoM

Petrusova, Olgica
olgica.petrusova@bom.gov.mk

Bureau of Metrology (BoM)

Bull. Jane Sandanski 109 a MK-1000 Skopje R.

Greece EIM

miltiadis.anagnostou@eim.gr

kokkini@eim.gr

[ Code de champ modifié \

[ Code de champ modifié \

Hellenic Institute of Metrology (EIM) Industrial Area of Thessaloniki

Thessaloniki

Block 45, GR-57022 Sindos,

Hungary MKEH

Turz6-Andras, Emese

o HRAATAARAS, Sy ]

thurzo-a@mkeh.hu

[ Code de champ modifié ]

Hungarian Trade Licensing Office (MKEH) Németvolgyi ut 37-39 HU-1124 Budapest XII.

Ireland NSAINML

White, Mary
mary.white@nsai.ie

d.maclochlainn@nsai.ie

[ Code de champ modifié \

NSAI National Metrology Laboratory (NSAI NML) Claremont Avenue, Glasnevin Ireland

Lithuania VMT/FTMC

mik@pfi.lt

[ Code de champ modifié \

Centre for Physical Sciences

and Technology (VMT/FTMC) A.Gostauto str. 11 LT-01108 Vilnius

Malta MCCAA

joseph-anthony.bartolo@mccaa.org.mt

Nicola Testa

nicola.testa@mccaa.org.mt

[ Code de champ modifié ]

Standards & Metrology Institute (MCCAA) Kordin Business Incubati

Kordin PLA 3000

on Centre, Industrial Estate,

Norway JV

rab@justervesenet.no

aao(@justervesenet.no

L Code de champ modifié \

Justervesenet - Norwegian Metrology Service (JV) Fetveien 99 2027 Kjeller

Poland GUM

Grudniewicz, Elzbieta

o VWIS, e ]

e.grudniewicz@gum.gov.pl

Wetna, Andrzej

a.welnal

[ Code de champ modifié \

Central Office of Measures/Gtowny Urzad Miar (GUM) ul. Elektoralna 2 00-950 Warszawa

Portugal IPQ

efilipe@ipq.pt

iloio@ipg.pt
sgentil@ipq.pt

| Code de champ modifié )

Instituto Portugués da Qualidade (IPQ) Rua Antonio Gido 2 2829-513

Caparica Portugal

Romania INM

Neagu, Marius
marius.neagu@inm.ro

eciocirlan@yahoo.com

[ Code de champ modifié ]

National Institute of Metrology (INM) Sos. Vitan-Barzesti 11 042122

Bucuresti

Serbia DMDM

Simic, Slavica

slavicasimic@dmdm.rs

Stepanovic, Vladan
vladanstepanovic@dmdm.rs

Directorate of Measures and Precious Metals (DMDM) Mike Alasa 14 11 000 Beograd

Supprimé : EURAMET.T- K9
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Slovakia SMU

krempasky@smu.gov.sk

Peter Paulasek
koval@smu.gov.sk
peterpaulasek@gmail.com

[ Code de champ modifié

[ Code de champ modifié

Slovak Institute of Metrology (SMU) Karloveska 63 842 55 Brat

islava

Slovenia UL-FE

jovan.bojkovski@fe.uni-lj.si

[ Code de champ modifié

University of Ljubljana, Faculty of Electrical Engineering (UL-FE) Trzaska 25 1000 Ljubljana

Spain CEM

del Campo, Dolores
ddelcampo@cem.minetur.es

Garcia, Carmen
mcgarciaiz@cem.minetur.es

Centro Espaiiol de Metrologi:

a (CEM) C/del Alfar 2 28760 Tres Cantos (Madrid)

Sweden Sp

[ Code de champ modifié

o ‘[ Mis en forme : Allemand

Technical Research Institute

of Sweden (SP) 50115 Boras Sweden

< | (Allemagne)

{ Mis en forme : Allemand
(Allemagne)

Switzerland | Roth + Co.
AG

Senn, Remo

OEL A ]

r.senn@rothcoag.ch

- [ Code de champ modifié

Roth + Co. AG (Roth + Co. AG) Wiesentalstrasse 20 CH-9242 Oberuzwil

Turkey UME

murat.kalemci@tubitak.gov.tr

ali.uytun@tubitak.gov.tr

( Code de champ modifié

Ulusal Metroloji Enstitiisii (UME) Baris Mah. Dr. Zeki Acar Cad. No:1 TR-41470 Gebze, Kocaeli

| EURAMET.T- K9 Final Pro
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Appendix Il Detailed uncertainty tables

The following tables contain detailed uncertainties supplied by each NMI using the “Appendix C:
Suggested Uncertainty Budget for the Determination of the W-Value of an SPRT” from the original
EURAMET.T-K9 protocol, along with the uncertainties determined at the pilot laboratory.

The columns named “Type” provide indication about the classification of the uncertainty (either

Type A or Type B). An additional information is supplied in brackets, to indicate whether an uncertainty
component is related to either a random (R) or a systematic effect (S).
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[I.L1 BEV (Austria) — detailed uncertainties
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II.L2  BFKH (Hungary) — detailed uncertainties
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[1.3  BiM (Bulgaria) — detailed uncertainties
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1.4 BoM (North Macedonia) — detailed uncertainties

buijjannay 1 4ds 191fb pup a10faq pawdofiad spuawainsnaw 4of pijoa ‘pog Aq paidd,
I I I

ns 39bpnq Auip14a2un 8°J| 3|1qoL
(Jp @A1393)40 Buisn ‘z=)

| | |
_ | _ _ _ _
| EV6T | 6TET | _ v16°0 | €560 | Ayurenaoun papuedxy
_ _ _ _ _ Auienazun
| 1670 | 6590 | _ LSV'O | LLYO | pJepueis paulquo)
| | | | o200 | |
(s) 4 _ ¥¥0°0 ﬂ €€0°0 _ _ - _ “ aJnssaid seo
| | | _ _ _ uonepAXQ 1d LHdS
_ | _ _ _ _ 93eyea| uonensu|
(¥) a | L0T°0 | 1020 | _ 1610 | 81Z0 | Xn|4 1esH
(¥) g | 6ET0 | v80°0 | _ €L00 | LEOO | 8uileay-y|as 14ds
(¥) g | 66 897°0 | 66 920 | | 66 S1C°0 | 66 Y44l | MdL pa1ededo.d
| | | _ L0008 _
(s)g | 9100 | €100 | _ - 1700 | peay-211e1504pAH
(S)a | ¥95°0 | 962°0 | | 9¢T’0 | 86T°0 | saiundw| [earway)
| | | | | | Aaunigess
(S)a i 0S€0 7 0S2°0 i _ 0ST'0 _ 0ST'0 _ SINEEVIERVENETEN
(24n1espenb
_ ” _ _ _ _ JV ‘AlJesulj-uou
(s) g | 0SC°0 | 002°0 | | 0ST'0 | 0ST'0 | ‘Aujigeieadal) o8pug
| | | _ _ _ Avjigeleaday uonezijeay
(Wv | € 650 | € 18€°0 | | € 6€C0 | € v0T'0 | uoljysued] aseyd
P yw p nw P w p yw P yw P yw
adA) uz us uj eo 8H ay

146



14dS NOg UO TSA 10 paulwiaiap 196png A1uip1iadun 6°l 3|qo.L

(4p 2n13094 Buisn ‘z=Y)

| | | | I I
ﬂ ov8'0 _ 090 ﬂ 0450 _ 0S¢0 _ 0¢co “ 0St'0  Awienaoun papuedxy
_ _ _ _ Auienasun
| €01 6170 _ ve [4440] | S S8¢0 _ 6GT 9¢T0 _ LT (49N _ 1% 9¢C’'0  pJepuels psulquo)
7 i 7 _ _ _ (syusawainseaw
” _ ” “ “ _ uJniaJ Suunp
(s)a | 1% 810 _ S LTC0 | 1% €800 _ 1% vv0°0 _ € ¥90°0 | = 00T'0  P3ienjeAd) xnjj 1eaH
(S) g | o €V0°0 | ©° €€0°0 | o 6700 | = 0v70°0 | 700°0 | ©° 000'0 @4nssaid sen
(S) 4 | 124 1474%Y _ VL 00T'0 | vL €800 _ vL 9600 _ VL 1700 _ VL 0700 uonededoid MdL
(S) g | 6¢ 9500 _ 6¢ €500 | 6¢ ¢s0'0 _ 6¢ 100 _ 6¢ 100 _ 6¢ TT0'0  93plq oljeJ duelsisay
(S) 4 7 6V ¥£0°0 _ 67 1S0°0 7 67 00 _ 61 8¢0°0 _ 6V 1¢0°0 _ 6V ¢00'0  403SisaJ piepuels
| | | _ _ _ (uonejodesixa)
(S) g | 6¢ £60°0 | 6¢ ¢60°0 | 6¢ 0600 _ 6¢ ¢c0'0 _ 6¢ 1¢0°0 _ 6¢ 0200  3uneay-|as LYdS
| | | | | | (uaLino)
(S) g | o S00°0 | = 900°0 | o S00°0 | ©° 7000 | 700°0 | °° ST0'0  3uneay-J|as 1YdsS
(S) 4 | oo L200 | ©° ¢co0 | oo €€0°0 | = 100 | T£0°0 | °° TEO'0  Pesy dnelsolpAy
(s) 4 | oo c1eo | ©° SLT0 | o L200 | ©° 6400 | 100 | ©° ZE0'0  sanundwy [ea1way)
_ _ _ _ jJuswaJinsesaw
W) v | LS S00°0 _ 6T 7000 | LS 600°0 _ LS 7000 _ LS €000 _ LS ¢00'0  dduelsisal 1 HdS
(¥) v | C €500 | ¢ S¢00 | ¢ S¢C0 | ¢ 8€00 | ¢ 1¢00 | ¢ G6T'0  Aujigeleadau uonezijeay
P qw P Aw P qw P Aw P Aw P Aw
adA) uz us uj eo 8H ay

147



1.5 CEM (Spain) — detailed uncertainties
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1.6 CMI (Czech Republic) — detailed uncertainties
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[I.L7 DMDM (Serbia) — detailed uncertainties
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1.8 DTI (Denmark) — detailed uncertainties
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EIM (Greece) — detailed uncertainties
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[1.L10 FTMC (Lithuania) — detailed uncertainties
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[1.L11 GUM (Poland) — detailed uncertainties
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[1.12 HMI (Croatia) — detailed uncertainties
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[1.13 IMBiH (Bosnia — Herzegovina) — detailed uncertainties
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[1.L14 INM (Romania) — detailed uncertainties
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[1.L15 IPQ (Portugal) — detailed uncertainties
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[1.L16 JV (Norway) — detailed uncertainties
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[1.L17 MIKES VTT (Finland) — detailed uncertainties
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11.L18 MIRS/ UL-FE/ LMK (Slovenia) — detailed uncertainties
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[1.L19 NSAI—-NML (Ireland) — detailed uncertainties
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[1.20 RISE (Sweden) — detailed uncertainties
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[1.21 ROTH+CO. AG (Switzerland) — detailed uncertainties
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