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Recent improvements in 
optical frequency standards
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Optical clocks

Oscillator
(Ultra-stable laser)

Reference
(narrow optical transition 

in an atom or ion)

Counter
(Femtosecond comb)

σ ∝ Δf    1
f (S/N)

instability

+ +



ESA studies

Optical frequency synthesizer for space-borne optical frequency metrology
18 months (February 2006 – July 2007)

Feasibility and applications of optical clocks as frequency and time 
references in ESA deep space stations

12 months (July 2006 – June 2007)

Absolute long-distance measurement with (sub)-micrometre accuracy for 
formation flight applications

15 months (October 2006 – December 2007)
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Mission scope

Slide material courtesy of Stephan Schiller

Explore gravity:
• Fundamental physics:

- high precision tests of fundamental aspects of General Relativity
- search for new physics

• Geophysics: gravity field and elevation mapping
- clock comparison measures difference in U
- map out U using movable clocks

Time and frequency distribution on earth and in space (“master clock”):
• Terrestrial use of optical clocks requires a reference clock in a well-defined potential

ΔU/U = 10-9 (corresponds to Δh = 1 cm) results in Δν/ν = 10-18

• Precision navigation in space

• Space VBLI

Optical link between different clocks



Mission scenario

Clock ensemble
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Orbital phase I
Highly elliptic orbit, ~ 1 year duration
Test of Local Position Invariance and 
gravitational redshift

Orbital phase II
Geostationary, several years duration
Master clock for earth and space
users
Geophysics

Slide material courtesy of Stephan Schiller



Measurement of the
gravitational redshift

U

ν1 ν2

Clock ensemble

ν0

2
0

...i
i

U
c

ν ζ
ν
Δ Δ= +

2.10-10

for eccentricty ε = 0.4

Gravitational redshift universality test:   ζ1=ζ2 ? (Local Position Invariance)
- Intercomparison of dissimilar on-board clocks

Absolute gravitational redshift measurement
- Test of higher-order relativistic corrections 

(Linet & Teyssandier 2002, Blanchet et al 2001, Ashby 1998)
- Comparison with a ground clock (via microwave/optical link)
- Requires precise orbit determination (laser ranging)

Slide material courtesy of Stephan Schiller



• Time distribution world-wide
• Comparison of distant clocks (common view)

Time distribution and
clock comparisons

Slide material courtesy of Stephan Schiller
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Gravity (geopotential) 
measurements

Slide material courtesy of Stephan Schiller

Comparison between master and probe clock (via microwave optical link)
Yields information about gravitational potential
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Is there scope to combine cold atom 
sensors and optical clocks in a 
mission to test fundamental physics?

What would be the orbit implications?

Are there things that either technology can do better
than the other?

What peripheral objectives could add value in either case?
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