Clock Metrology:

A Novel Approach to TIME in Geodesy
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The Terrestrial Reference Frame \ ]
/

The terrestrial reference frame (TRF) is the physical realization of a terrestrial reference
system (TRS)

The quantification of global change and applications of positioning and navigation are

based on the TRF _
ased on the Tk ITRF solution DTRF2020
Only the combination of the 4 90°W 0° 90°E

techniques of space geodesy
provides all parameters

Ties are provided by the local
geodetic surveys

Systematic errors are limiting the ¢
achieved accuracy to about a
factor of 5 above the desired
GGOS value of 1 mm (position)
and 0.1 mm/year (velocity)
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We lillustrate this fact by an example on the next slide!
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Closed - Loop Delay Compensation > M
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The Geodetic Observatory Wettzell - a Testbed G M
/

In this research unit...

We demonstrate the concept of clock ties (delay compensation)
We introduce optical clocks to space geodesy
We combine all space geodetic techniques on the observation level (proof of concept)

We demonstrate physical height differences from optical time transfer (ACES)

We provide the theoretical background for a relativistic geodesy

Common
target
(early version)
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Local demonstration that we can provide “clock ties” to the
measurement techniques of space geodesy



The Research Unit (Global Component)

A better handle on
“Time” in GNSS

Closure on common target
(VLBI phase observation)
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GOW Wettzell

P2. Example

d = 360 km

Ah = 530 m

SOC2 Strontium Optical Clock

GFZ Potsdam

Strontium Optical Clock
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The full experiment (p2, p3, ps) /

A\
Time interval comparison GOW — PTB / I\/I
— difference of time intervals T, , T, measured locally by equal clocks - A U

Expected uncertainties (one comparison, T = 2 days):
ELT: V2x3 ps (common-view via ACES)
ELSTAB: ~ 1 ps
Strontium clock @ PTB: <1 ps
Strontium clock @ GOW: 2 ps
Total: ~ 5 ps

(A) repeated determination of AU with uncertainty 0.3 m
(averaging — 0.2 m (limited by SOC2 clock);
— time dependence detectable);
modeling of systematics AGES Clock on ISS (common view)

(B) Integration of physical heights data into a future TRF

Einstein Synchronization

Einstein Synchronization
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