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Outline

® Motivation for ultra precise astrometry
® |dentify origins of current astrometric limits
® Review of the status and the future in the field of astrometry

® Requirements to achieve an order of magnitude improvement
(ie ultra precise astrometry) with SKA-VLBI

® Technological solutions to meet requirements




Why we want ultra precise astrometry?

To achieve unique emerqging science goals with next
gener. ation instruments ( Paragi+ 2015, SKA VLB/ Science Cases (Garcia-Miro),
Kobayashi/Heald talks at SKA-VLBI 2022... )

MultiView provides exactly this

Wish list: widely applicable, to many sources and at wider

range of frequencies (100s MHz to 100s GHz), ground&space
= ASTROMETRIC SCIENCE SURVEYS ACROSS RADIO SPECTRUM

® Focus: Implementation of Technological requirements for the
telescope network
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Ultra Precise Astrometry =~ -

Very Long Baseline Interferometry with the SKA
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The quest for accurate astrometry...

Opos ~ GB / SNR (Thermal Noise Limit)

The picture can't be
displayed.

VLBI =»micro-as (uas) astrometry
IF you can remove SYSTEMATICS

@QFL& ECTING AREA

) Long baselines, large collecting areas
to reduce thermal errors

Z) Requires a matching improvement in method

C VJ;, % \\\
‘E (independent atmospheres)




Where we come from (Current arrays):
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See: Precise radio astrometry .. Rioja & Dodson, 2020, AARv
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In NextGen telescope Era

MultiView calibration will out-perform
in-beam at 10’ by a factor ~ 10, reaching
the potential Qf huge collecting areas.
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Empirical: lonospheric Spatial&Temporal Structure Studies (Rioja&Dodson 2021)
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Majority of phase screens are planar — linear
approximation from 3 calibrators acceptable

«  10% (or more) of phase screens show significant curvature — more
than 3 calibrators required \F\\//I;;E'/“:;OOO
« Some showed fast (~10sec) changes in phase
surface, simultaneous observations important
S RMS post-linear fit ~ 1 mTEC ‘
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o Feasibility for ultra-precise astrometry at
@j SKA frequencies
Empirical ionospheric studies for estimating MultiView
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I/c/g?\rhTec:hnological Solutions for ultra precise astrometry with SKA-VLBI

From Rioja & Dodson AARv 2020

}nd new devel#ments for tlle\ next generation of instrum%gts




\IPRAB

Le. =

—~ TECHNOLOGY | [{SRT-Aeerit,

Wide FoV Technologies in large European telescopes W 5

3 a .
Effelsberg & Lovell - CSIRO MKII PAF et B

PAF FoV = 25 x single pixel FoV

SRT - Muﬂlti Beam

= 4.5 GHz 7-feed
under development
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Multi-Pixel Technology: . . “ -
Parkes Saf Sl Current Sites suitable for MultiView—VLBI

FAST 300m:  MB For Ultra Precise Astrometry @ SKA frequencies
Effelsberg 100m: PAF

Jodrell 76m: PAF
WRST 14x25m: TAB e
. It is time to start working towards an end-to-end demonstration

of Multi-Pixel Technology for VLBI
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MeerKAT 64x14m: T
ATCA 6x21m: TAB

Will enable the addressing of a host of innovative
open scientific questions in astrophysics.

S~
Many suitable targets.
Proof of concept of MultiView with MB already demonstrated using Parkes




& SUMMARY

Sl(has implemented all the requirements to perform ultra precise astrometry using
MultiView. Now is the time that the/agrtner antennas start the preparatlons to match this.

Large European antennas and/or tied arrays are therefore crucial to the SKA-VLBI goals

-]

e Ultra precise astrometry with SKA will not work without simultaneous observations of

multiple surrounding calibrators within the sky span of 1 degreeM ET H O \S
IVIE [| VU S

Sufficient calibrators are expected to exist for sensitive baselines

e Key Multi-Pixel Technological solutions exist to widen the FoV of large antennas and tied array:s
(PAFs, MultiBeam, Multiple Tied-Array Beams, Paired Antennas) to enable simultaneous obs.

It is vital that these technologies are demonstrateIEc H N O LOGY

Europe is very well placed to provide these demonstrations (for example Effelsberg, WSRT)

* For small antennas these multiple calibrators will be in-beam: therefore no additional
hardware is required.

_ All details in Rioja&Dodson A&ARv (2020) . Thanks for your attention! -



