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MOTIVATION & CONTEXT

Limited Sensitivity and ASTROMETRY (with PR):
Limited antenna size

Receiver system temperatures

Limited instrumental coherence

Uncertainties in orbit determination=>» A¢=2n(AB/A)0
Source switching complicated

Atmospheric propagation effects

=>» Short atmospheric coherence time Ty,
Sources intrinsically weaker, in general



MOTIVATION & CONTEXT

Limited Sensitivity and ASTROMETRY (with PR):
Limited aperture (efficiency)
Receiver system temperatures

Limited instrumental coherence
Uncertainties in orbit determination=>» A¢=2n(AB/A)0

Source switching complicated
Atmospheric propagation effects

Astrometry with VSOP/HALCA
1997: 1038+528A/B@1.6 GHz (33 apart); 1998: 1308+326/8@5 GHz (14.3’ apart)
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The Many Faces of the Propagation Medium
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Wish list:
» Widely applicable:

Where we o to many sources and /S):

o at wider range of frequencies
(100s MHz to 100s GHz),

 Ground&Space
" * Robust against weather conditions trmai[. a5, ___@DR1001)]
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In NextGen telescope Era
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- THE IONOSPHERIC PROBLEM
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\ « Majority of phase screens are planar — linear
—L approximation from 3 calibrators acceptable

-4 10% (or more) of phase screens show significant curvature — more -y
q' than 3 calibrators required

« Some showed fast (~10sec) changes in phase
surface, simultaneous observations important
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THE IONOSPHERIC PROBLEM
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Troposphere “in action”
A POsP

\@A Fluctuations in water vapor component (=turbulences) dphase fluctuations
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é@ﬁ SFPR” Fact Sheet:

Basis:

« SFPR uses lower frequency phase solution to correct higher
frequency data

« Offers a solution when non-dispersive troposphere dominates
error contribution; all non-dispersive errors corrected

« Dispersive errors corrected.

Outcomes: astrometric registration between frequencies (A-

Domain of Application:

» Frequencies 22GHz and above; ground and space VLBI; continuum and spectral line

Optimum Performance: Simultaneous observations of multiple frequencies, integer ratio

Key Technology: Multi-frequency Receivers, or Very Wide Band Receivers
(Han+2008,2013,2017 CTR) or BRAND (Flygare+2019))

Empirical Demonstrations: Rioja+(2011a (VLBA), 2015 (KVN@130GHz),

KSP KVN ES(Se-Hyung Cho, Youngjoo Yun+): Kim+2018, Yoon+2018, Cho+2018,

Yang+(2020); Algaba+2015 & Zhao+2018 FPT? (iMogaba); Dodson+2018 (MFPR);

Zhao+2019 (KaVA); Abellan+2018,Wu+2018

Feasibility Studies for ngVI_A/space VLBl/submm VLBI:Rioja+ 2011b,Rioja+Dodson 2020,

Dodson+Rioja ngVLA Community Study, Rioja,Dodson,Asaki 2022




0 )
“MultiView” Fact Sheet: o.* ™

Basis:

* Use observations of >~ 3 calibrators surrounding the target
and a 2D interpolation in the visibility domain to provide
corrections at the position of the target.

» Three calibrators allows for a planar fit to errors; more,
higher order terms.

» Precisely eliminates most systematic residual error
contributions: atmospheric propagation and antenna
position (i.e. relevant for space VLBI)

Outcome: Astrometry ‘a la’ PR & increased sensitivity

Domain of Application: All regimes:

high and especially low frequencies, ground and space
VLBI

Optimum Performance: Simultaneous obs. of target and
nearby calibrators

Key Technology: Multiple TABs (for arrays) & Multi Beam

or PAFs (for large dishes
g ©' PAFS (for large dishes)




7 Technological Solutions for ultra precise astrometry
£

l RAFA In the Era of High Angular Resolution Radio Astronomy

Wtiple K
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Wish list:
» Widely applicable:
o to many sources and

o at wider range of frequencies 29 ~_
(100s MHz to 100s GHz), T
 Ground&Space

» Robust against weather conditions

= ASTROMETRIC SCIENCE SURVEYS
ACROSS RADIO SPECTRUM

From Rioja & Dodson AARv 2020
iments for the next generation 3( instrume)(s
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ﬁ Summary & Conclusions

» Bona fide Precise Astrometry adds a new dimension to your research,
with positions, proper motion, distances, and
direct registration of temporal and frequency monitoring.

» Reviewed atmospheric origins and resulting astrometric limits
For current and future VLBI arrays

» Three pillars are required to achieve ultra-precise astrometry:
greater Collecting Area, new Methods and enabling Technology

» Introduced two solutions to the limits:
Source/Frequency Phase Referencing combined with Multi-Band receivers
and MultiView combined with PAFs technology

> Applicable to all regimes, ground VLBI & Space VLBI, across the spectrum

» Developments of new calibration methods and new instruments are providing
a leap in the astrometric performance .

D, 6




Summar Conclusions ange'
CRAR\ y & hnolodi€s are @ gaM€ ch
Techn
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enel
Next & osmons proper motlon dlstances and

A pathway to BOOSTING PERFORMANCE for space VLBI with
next gen atmospheric/orbit errors calibration methods and
enabling technology

=>» ultra high angular resolution,

ultra high sensitivity,
ultra high bona fide astrometric precision,

across electromagnetic spectrum.

Will enable the addressing of a host of innovative ectrum

> | open scientific questions in the “Physics of Relativistic providing
Jets on All Scales” and much more.
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