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HIGHLIGHT(1)



The European measurement infrastructure in the T+F domain is 
internationally competitive and recognized, and it is based on 
high-quality research.

30 institutes residing in 24 EURAMET member states collaborate with 
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30 institutes residing in 24 EURAMET member states collaborate with 
BIPM to realize Coordinated Universal Time. 

They provided data from more than 100 commercial atomic clocks and 
9 primary clocks during the last 12 months.
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End of April 2012
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End of April 2012
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LNE-SYRTE
FO-2

The improvement in clock performance (stability and accuracy)
has been overwhelming during recent years.

But it can only be exploited if the means for comparisons are 
improved at the same pace. 
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improved at the same pace. 

Satellite based comparison techniques are barely capable of
providing the required measurement uncertainty.
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Useable baseline lengths of time and frequency transfer links
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CHALLENGE (1)
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Time instability σx(τ) of  TWSTFT OP and PTB,  (12/2011) analysis by OP; 
blue: standard operation of the network of 10 stations  simultaneously

other plots: operation when only the two stations OP and PTB were transmitting, 
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Red:in use until 2011, Blue:economically affordable in 2012

Green:technically feasible without change of equipment



•Work on the fiber transfer in an advanced state 
in France, Germany, Sweden, UK, Italy, CZ, Austria 

• JRP-11  “SI Broader Scope” from this field
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• One EURAMET project regarding time transfer through optical fibers

• Two EURAMET projects regarding GNSS-based time transfer 

From routine TC work

to HIGHLIGHT (2)
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to HIGHLIGHT (2)



CCTF-2009 Recommendation regarding GNSS receiver calibration

− encourages BIPM to continue GNSS receiver characterization for a 
subset of the laboratories 

−Imposes supplementary work to be done by RMOs
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−Issues: 

−Which institutes see an urgent need?  2012: MIKES, VSL, SIQ

−Which receiver type is best suitable as travelling receiver?

−How do we document the results and make use of them?

Link calibrations made during 2011

ROA – INRiM – PTB

PTB – NPL

PTB – USNO
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PTB – USNO



CERN, CERN, autumnautumn 20112011
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CalibrationCalibration setset--upup in in specialspecial missionmission
SSource: Javier Serrano, CERN, Dario ource: Javier Serrano, CERN, Dario AutieroAutiero, LNGS, LNGS

CERN   NeutrinoCERN   Neutrino
productionproduction OPERA OPERA detectordetector,  ,  LaboratorioLaboratorio

NazionaleNazionale Gran Gran SassoSasso
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Relative time link Relative time link calibrationcalibration::

1PolaRx(LNGS) TR@LNGS C− =

2PolaRx(CERN) TR@CERN C− =

Measurements at each site:
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GPS LNGS CERNC C C= −

GPSPolaRx(CERN) PolaRx(LNGS) C RP(CERN) RP(LNGS)− + = −

Calibration value:

Operational link:



ResultsResults

CGPS,P3= -2.31 ns ± 0.90 ns

A simple calibration  could rule out an error in the comparison
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A simple calibration  could rule out an error in the comparison
of the time references  in CERN and LNGS.

In the meantime, two causes for errors in determining the delay 
between OPERA  Master Clock and the event trigger point were
detected  (Javier Serrano, May 2012).

Likely the books of physics need not be re-written.

VISIONS
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VISIONS



MO9 Roadmaps in preparation of EMPIR

 

Preparation for the next phase – „EMPIR“ 
 

 
 

• proposal for EMRP successor programme expected by EURAMET members, RC, 
Commission, Parliament, partners; option mentioned in Horizon 2020 

 

• agreement to metrology research programme similar to EMRP structured along 
 

• exploiting and serving Basic Science related to metrology 
 

• advanced Metrology meeting the Grand Challenges Energy, Environment 
and Health 

• Innovation: Industrial implementation of advanced metrology for • Innovation: Industrial implementation of advanced metrology for 
increased competitiveness 

 

• including capacity building 
 

• agreement to go for Art185, roughly same size as EMRP, implementation by 

EURAMET making use of established structures and processes 
 

• awareness of the need to open funded participation to non-NMIs/DIs 
 

 

BoD 

Tres Cantos, 7 February 2012 
2

 

TC-TF inherited three Roadmaps from the iMera period:

A coordinator was nominated for the final roadmap editing,

•Ground Clocks – Joseph Achkar (F); 
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•Space Applications– Laurent-Guy Bernier (CH); 

•Time and Frequency Transfer – Andreas Bauch (DE). 



Great Challenges:

Atomic Frequency Standards (AFS) 
and Time and Frequency Transfer (TFT)

play an instrumental role in applications like network synchronization
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play an instrumental role in applications like network synchronization
and monitoring (e. g. the smart grid), and in environmental monitoring
from ground and from space. 

Research and development involves European industry and many 
university institutes, maybe more than the NMIs directly.

Innovation:

A strong need for advanced AFS, preferentially from European
production, will exist in view of continuously operating and upgrading
the European satellite navigation system Galileo 
and the augmentation system EGNOS. 
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and the augmentation system EGNOS. 

Earth exploration and location based services have aside of their 
scientific involvement (climate monitoring, geodesy) also found 
commercial interest, and this trend is going to continue. 



Basic Science:

Time is one of the basic physical dimensions and also the physical 
quantity that can be measured to the highest precision.

It is therefore granted that clocks and frequency standards
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It is therefore granted that clocks and frequency standards
will also in the future play an important role in quantitative tests of
the fundamental principles of physics.

Other fields of science that require continuous improvement in AFS 
and TFT are geodesy, radio-astronomy, space exploration, 
and gravity wave detection. 

Triggers

Targets

Roadmap: Ground Clocks and Atomic Frequency Standards (AFS) 2012

Experimental 

realization

New definition
of the SI second

Cold atom fountains
with 2-4x10-16 uncertainty in 

routine operation 

Laboratory
AFS

Optical frequency standards
with 10-18 uncertainty 

Miniaturized
AFS

Chip-scale  atomic clocks widely integrated in user
equipment instead of high-performance quartz oscillators  

Nuclear FSImproved microwave AFS 

Optical  frequency standards with < 10-16 rel. uncertainty 

Use of  “secondary 
representation of the second“ 
based on optical transitions in 

TAI

Stationary and  transportable optical  AFS with < 10-17 rel. uncertainty

Relativistic geodesy with  transportable optical AFS

Great challenges: AFS in support of emerging applications in energy (networks) and environment (monitoring)

Innovation: AFS for signal generation in deep space tracking networks, GNSS and SBAS ground stations 

Basic Science: AFS in support of (relativistic) geodesy, radio-astronomy, and realization of UTC

Miniaturized AFS with
< 10-14 rel. uncertainty 

Routine use of femtosecond combs

Femtosecond combs miniaturized /  in UV range

Improved ground stations
for space exploration

Metrological 

application of 

basic science and  

technology

Enabling 

science and 

technology

2010 2015 2020 2025

Knowledge of the geoid at cm level in many locations at NMIs

Investigation of new reference systems: isomers of nuclei //cold molecules //highly charged ions)

UV & X-Ray technology (lasers, coherent spectroscopy, high harmonic generation)

Quantum information processing used in AFS

New generation of LO “in the laboratory”

Ultra Violet & X-Ray metrological systems

Optical  frequency standards with < 10 rel. uncertainty 

Chip scale atomic clocks

Stationary and  transportable optical  AFS with < 10 rel. uncertainty

Use  of new generation of LO “in the field” 
(replacing or complementing H-masers)

New generation of ultra-stable lasers

Spin squeezing & Quantum Information Processing

Miniaturized  AFS with laser cooled atoms



Triggers

Targets

Roadmap: Space Applications of T&F Metrology 2012

Great challenges : Better clocks as sensors  in space for emerging applications in environment  monitoring

Innovation : 2nd generation Galileo,  support of commercial space services for Earth exploration

Basic Science:  more  accurate Deep Space Tracking of probes, solar system exploration, tests of fundamental physics , 

detection of gravity waves 

Experimental 

realization

Atomic Clock 

Ensemble in SpaceTime Transfer by Laser 

Link  on JASON

Laser Interferometric Space Antenna

1E-16 1E-17

1E-12 1E-13

1 ps @ 300 s
10 ps @ 10 d 0.1 ps @ 300 sNoise floor of

Time Transfer

Accuracy of primary 

standards in space

Stability of space 

miniaturized clocks

(@ 1 s)

Metrological 

application of 

basic science  and 

technology

Enabling 

science and 

technology

2010 2015 2020 2025

realization

Advanced laser and photonics technology

Higher order relativistic corrections

Space qualification of optoelectronics, clock technology (conventional and laser cooled), ultra fast and low noise electronics

Space qualified 

optical low noise oscillators

Space qualified microwave 

(cold atom) clocks
Optical space clocks

inertial sensors

Advanced space  <--> ground TFT with microwave or optical link

Link  on JASON GALILEO 2nd generation

STE-QUEST

Real-time ionosphere, troposphere, 

orbit  and clock corrections

Space atomic clock and advanced TFT in GEO orbit

Triggers

Targets

Roadmap: Time and Frequency Transfer (TFT) 2012
Great challenges: TFT in support of emerging applications in energy and environment

Innovation: TFT for time synchronization of deep space tracking networks, supporting operations of GNSS 

Basic Science: TFT in support of clock development, geodesy, radio-astronomy, space exploration, and realization of UTC

Deployment of dedicated  payloads for space to ground TFT transfer using optical and RF signals

World-wide multi-technique TFT network

Space 

techniques 

Ground 

techniques

FT uncertainty < 10−17, 
TT uncertainty < 1 ns

Pan-European FT uncertainty < 10−18, time transfer
uncertainty < 100 ps

World wide rel. FT uncertainty < 
10−15 and TT uncertainty < 1 ns

TFT during the ACES campaign

World wide rel. FT uncertainty
< 10−16 and time transfer uncertainty < 200 ps

Experimental 

realization

Metrological 

application of 

basic  science and 

technology

Enabling 

science and 

technology

2010 2015 2020 2025

TWSTFT using nominal and high chip rates, bi-modulated signals and/or carrier phase technique

Establishment of long-range optical fiber connections in Europe

Multi GNSS full operational capability, providing signals 

with improved characteristics

Reduction of noise and systematic effects in 

TFT equipment

GNSS TFT using code and carrier, including geodetic processing techniques and products

TFT through optical fibers (via stabilized 

carrier signals and modulated carriers)

Proof of concept

Space to ground and Space to space TFT using laser pulses and modulated laser signals

Improved photonics components for optical signal generation and transmission

Use of VLBI for TFT

TFT through optical fibers (via stabilized carrier signals and 

modulated carriers)

Routine operation and scientific application
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