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2017: 50 years of ﬁrst VLBI frmges
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VLBI fringes on 3C 294 (short baselines), VLBI detections (OH) Haystack—NRAO,
VLBI technology demo observed 1967.06.08
Broten et al. 1967, Science 156, 1592-93 Moran 1968, PhD thesis, MIT

Table 1. Interferometer fringe visibility, S,
21.5 % 107 watt/m* per hertz assumed flux :
for 3C 286 at 610 Mhz; S/S,, assumed ratio [EAVANINe[SN{TaalelaI M\ 3VAXORUN\[O)

of flux to that of 3C 286; F/F,, ratio of
fringe amplitude to that of 3C 286; ~, fringe Bare/ Clark, Ke//ermann/ COhen/ and

visibility. B Jauncey 1967, Science 157, 189-191

Source S/S, F/F,

3¢ 237 0.51 0.37
iC 273B 82 86 0 \ _ :
3C 286 1,00 1.00 : For first-hand history details — see

1C 287 049 o b Moran J.M. 1998, ASP Conf. Ser. v. 144




M3BECTHS BBICHIMX YYEBHbBIX 3ABEREHHN OCTYNHJa B PeNaKLHIO

Tox VI, Mo 4 PARHOPHIHKA 1965 27 smBaps 1964 r.,
nocle popaborTku

14 swBaps 1965 r.

ON RADIOINTERFEROMETER WITH A LARGE BASE
L. I. Matveenko, N. S. Kardashev, G. B. Sholomitsky

The radiointerferometer system without retranslation has been considered. The
signal registration at the intermediate frequency is carried out independently by each
antenna (by recording on a magnetic tape) with subsequent common processing of
these results. The usage of two independent heterodynes imposes the following con-

dition for their frequency stability V-Ef_ﬁ/fh <1.6-1071D (D is the base length in
km). The merits of such interferometer have been discussed.

VLBI in 1963: technically

Table 3. EFEarly VLBI Experiment > .
—== = asaul feasible, but pointless as

Observ.®?  Pub. Ref P Freq Station® B 6 Typed Sys® Source’ Fatef

Date  Date (MHz) (Km) (") all sources ought to be

1964-65 1965 1,2 18 XY 55 62 1 F1 J S "

67/01/17 68/01 3,4 18 XZ 218 16 C  F2 J S resolved?

67/01-02 1988 5 810 GP 2550 004 C M1 Q F

67/02 67/06/23 6 448 AA 02 6% C C Q S

67/03/15 67/07/14 7 610 GG 07 145 C Ml Q S

67/04/13 67/07/01 8 448 AD 3074 004 C C Q S WRONG!

67/05/06 67/07/01 8 448  AO 250 06 C C Q S

67/05/09 67/07/14 T 610 GN 226 04 C Ml Q S

67/06/08 68/09 9 1665  GK 845 004 C Ml Q S

67/06/08 67/08/11 10 1665  GK 845 004 C M1* M s

67/06 67/09/09 11 2295  TW 110 02 I A Q S

67/06/29 1665  GK 845 004 C Ml Q F

67/06/29 1968 12 1665  GK 845 004 C M1* M F

67/07/22 >67/09  13-15 1665  GH 3506 001 C M1 Q/M S

67/07/29 67/10/07 16 448  AD 3074 004 C C Q s

67/08/17 1968 12 1665 GJ 5870 0006 I 1 M F

67/08 70/04 17 610 GP 2550 004 C C Q S

67/10 1969 18 448  AD 3074 004 C C Q S

68/01/27 1968 19 1665 GKHS <7720 0005 C M1 Q/M S
M 111 £, b2
: Moran J.M., “Thirty years of VLB/”,

68/06 1969 18 408 AJ 5127 003 C C Q S

Ga/09 R I R S B B B M 10903, /AUCo #164, ASP ser.144




Space VLBI “conspiracy”

Matveenko, Kardashev, Sholomitsky 1965 (manuscript of 1963)

[Ipennaraemyto cucteMy yaI0OHO TaK»e MCIOIb30BaTh JJIS PaIMOACTPOHOMUYECKUX
Haomogenuu ¢ MC3. Cucrema u3 IByX aHTEHH, yCTaHOBJIEHHbIX Ha MC3,
paboTaronias no ONMCaHHOMY BBIIIE MIPUHITUITY, TO3BOJIUT MOJIYYaTh IPU OOJIBIIINX
0a3ax HE TOJBKO aMILIUTYIHbIE, HO U TPOCTPAHCTBEHHO-()a30BbI€ XapAKTEPUCTUKU
uHTEep(dEepeHIuy, a, CIEA0BATEIIbHO, IETAIBHO UCCIEA0BATh PACIPENCIICHUE IPKOCTH
JUCKPETHBIX HCTOYHUKOB OYE€Hb MAJIbIX YITIOBBIX pa3MepoB. B 3ToM ciryuae
YCTPAHSIOTCSE HOHOC(DEPHBIE U TporochepHbIe (IIYKTyallun, SIBISIOIIAEC OCHOBHBIM
IPENSITCTBUEM HPU U3MEpPEHUU (ha3bl.

The [interferometric] system proposed here can be used conveniently
for radio astronomy observations from artificial Earth satellites. A
system consisting of two antennas, placed on satellites, would allow
getting not only amplitudes but also spatial phase parameters of
interference on long baselines, thus enabling investigation of detailed
brightness distribution in discrete radio sources of very small angular
sizes. In this case, ionosphere and troposphere fluctuations that make
phase measurements very difficult are eliminated.



SVLBI science drives

* The quest of high brightness in extragalactic sources

related physics of the innermost regions in AGN
* pro memoria: tackling high T, needs physically long baselines!
" Earth (¥10% km) matches perfectly T, ~10'2 K in ~ 1 Jy source
* Enigmatic (stellar) maser sources known to be
compact

* Above all: pushing the parameter space envelope

(“We do it not because it’s simple but because
it’s hard” — JFK, May 1961)



Three generations of Space VLBI

1986-88

1997 -pt

TDRSS-OVLBI, @ 5m

Design studies:
KRT-30 (1978-82)
QUASAT (1980s)
IVS (1987-91)
ALFA (1990s)
(i)ARISE (2000s)
VSOP-2/Astro-G
Chinese SVLBI

RadioAstron, @d 10m

>2030

‘)

Must be more sensitive!
Must be versatile

Must be more efficient
Must be user friendly

Broader band downlink
Is likely to be driven by
industry:

10 Gbps routine in 2035?



SVLBI space-borne hardware (TRL=?)

Antennas ~10 m and Iarger tests, tests tests...

* “Analogue” instrumentation (yes, tests...)
* HALCA: 22 GHz
* RadioAstron: 5 GHz

Digital instrumentation: well behaving, but

.

Data rate lower than needed



Active H-maser
ASC, ~2008

* Both, PLL (HALCA and RadioAstron) and on-board H-maser (RadioAstron only) worked fine
e So, optimise the cost or operational parameters



Key parameters of SVLBI-l and -l

Mission VSOP (1997) | RadioAstron ARISE VSOP-2
(2011)
S : : Science/ Science/ Science/
Mission Type | Engineering . : : : :
exploration imaging imaging
Aperture 8 m 10 m 25 m 9m
Frequencies | 1.6, 5 0.327,1.6,5, |8, 22,43, 86 |8, 22,43
(GHz) 22
Polarization |LCP Dual Dual Dual
Data Rate 128 Mbps 128 Mbps 8 Gbps 1 Gbps
Apogee Ht. 20,000 km 350,000 km | 40,000 km 25,000 km
Phase Ref.? | NO NO NO YES (8 GHz)
Highest res. |~ 300 pas ~7 nas ~25 pas ~40 pnas




uv-dreams...
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Figure 1,15 U=V Plane Coverage forQUASAT
plus a Higher Orbitwith w=105°
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Figure 1.16 U=~V Plane Lovenge for QUASAT
plus a Higher Orbit with 2
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QUASAT, 1984
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uv- and sky coverage: the reality

VSOP
All-Sky Coverage for Jan 1, 2003

The impact of functional restrictions grossly
underestimated!

For any future SVLBI mission: think about
functional restrictions first
* including dynamic restrictions
(e.g. RadioAstron thermal duty cycle)

RadioAstron
Y 0N LIS TN




“Sociology” of SVLBI

-

3 SVLBI telescopes operational (from ~30 proposed)

Evolving science case
Drive for extremely high resolution remains topical

Demography of (Space) VLBI:
~1500 professional radio astronomers around the world
~400 of them did/do VLBI
~200 of the latter ready to deal with SVLBI
Need to appeal to broad scientific community!

Arguably, SVLBI is the most difficult space science activity...

Is SVLBI a facility (e.g. Hubble) or an experiment (e.g. Planck)?
None of those; something in-between



International (global) cooperation

International cooperation — inescapable in SVLBI
* Both dedicated SVLBI missions — global

The “*ISC’s” (RISC and VISC) — a success?
* “International Steering Committee”
or
" “International Science Counci

|ACG (Inter-Agency Consultative Group) — a single-
trick show

GVWG (Global VLBI Working Group) — a success
that no longer with us

Il)
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International cooperation

International cooperation — inescapable in SVLBI
* Both dedicated SVLBI missions — global

* The “*ISC’s” (RISC and VISC) — a success?
IACG — a single-trick show

GVWG — a success that no longer with us

.
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Summary

* Space VLBI: inevitable, difficult but doable
* Science legacy:
Brightness in AGN is somewhat above theory limits
No “stunning” T values?
* Stellar and mega-masers: brighter than expected?
Refractive scattering at work?

* The first generation SVLBI missions were not yet
true community facilities

* Design optimisation MUST take into account
operational and functional realities

®* The main technical bottle-neck — data downlink
(data rate!)



The pioneers

T

Vladimir Anf eyanov Haruto Hirosawa Nikolay Kardashev

Hisashi Hirabayashi Gerry Levy



