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Archetypical Space Science VLBI Experiments:

VEGA - 1984
Huygens - 2005

In 30 (altitude from DTWG trajectory)
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Raw fringes on baselines
In 30 mHz band
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Growing interest in Space Science and Planetology communsiéor VLBI contribution
to the scientific return of the planned missions

EJSM TSSM

Future ESA/NASA Flagship missions to
Jupiter/Europa/Ganymede and Saturn/Titan/Enceladus



Venus balloon mission again

Background
%ﬁ radio sources

Orbiter
W

Earth

VLBI
Network
and
Two-way

tracking
stations

Planetary Radio Interferometry and Doppler Expenine

concept

Venus track over radio sky background
for the mission interface week of 2016
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Red crosses — ref. sources from astro2008a (L. Betro
Blue circles - 87GB/PMN sources (C-band)
Green dots - NVSS (L-band) with flux > 20 mJy.

Target-focused astrometric surveys with deeper
sensitivity for the interface areas are neededfirove
phase-referencing quality of S/C VLBI experiments.
Goal to use <50 mJy sources for phase referencing.

That's where the IVS VLBI2010 bandwidth will help!

For the VLBI on S/C the array calibration is the major issue!



Mission to investigate Gravity Theory anomalies and fundamental lpysics

VLBI observations of deep space missions, when comked with radial Doppler,
will Vectorizethe anomalous (Pioneer-type) accelerations



VLBI Science with Moon and Mars exploration landers,
multiple transmitters in-beam



Recent Experiments
with EVN antennas
and
Analytical Coorelator
tools developed
at Metsahovi and JIVE

Ulysses S/C
December 2008
S-band @ Medicina,

Processing @ Metsahovi,
Analysis @ JIVE.

Dynamic spectrum
10 Hz resolution
over 8 MHz band

Venus Express
June 2008
X-band @ Metséhovi :

Sub-milliHz spectral
resolution,
>60 dB dynamic range,
Picosecond level
accuracy of phase/delay
tracking in10-100 s.
Potential of up to 50AU
capability with 14m dish
on VEX-class transmitter

Power density
@ Earth ~ 1000
times less than
that from VEX

Observation and data reduction technology development is ongoing wor



Case study: Several S/C (orbiters and landers) in-beam,
Simulation model for tropospheric fluctuations.

Differential tropospheric fluctuations of electric length are
less than a fraction of a picosecond for angular distances
of 10 arc seconds,
thus allowing a differential positioning accuracy between lander and orbiter
at (sub)-meter level at Jupiter distance

Picture Credit : Dima Duev, Sternberg Astronomlaoatitute of Moscow University,
Summer student project at JIVE, August 2008.



Frequency coverage required ranges from UHF (400 MBE)
through the UHF-H (800 MHz), S- and X- to Ka-band (32GHz)

Simultaneous S/X and X/Ka data capture is essential
Simultaneous UHF/UHF-H/S/X/Ka is desirable
Co-located antennas ? Small for Hi, large for Lo

S/C spectra are fractal, can be sampled with effegte bandwidth
of ~ 100 kHz, but tone separation can be as wide geveral 100’s of MHz

Wider bandwidth is required for array calibration
and it's essential that the calibrator and S/C sigals have to be
sampled and recorded by the same equipment
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