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Joint Institute for VLBI in Europe

Founded in 1993 as a central institute of the European VLBI
(Very Long Baseline Interferometry) Network (EVN);

EVN unifies 14 institutes in 12 countries;

JIVE develops and operates the EVN Data Processor — a
purpose-built digital facility (correlator), the world most
advanced VLBI data processor;

JIVE provides to the world-wide community of VLBI
observers (“users”)

JIVE staff conduct cutting edge research in astrophysics and
space science

JIVE — member of NVR since 2009
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= SN2007gr, Paragi et al., 2010
EVN image gallery Nature, 463 516
Methanol maser ring in 2
G23.657-0.127
Bartkiewicz et al. 2005

First Fermi-detected ' \ i
narrow-line AGN,
Giroletti et bal. 2011

\
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“Baby quasar” J1427+3312 near the edge
of the visible Universe, Frey et al. 2008
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» State-of-the-art data processing
of (very large) data streams (~20
Gbit/s, multi Tbit/experiment)

Operations and management of
(globally) distributed networks of
radio astronomy facilities

» Astrophysics and Space Science

Management of (large)
international collaborations (incl.
EC FP 2-7 projects)

JIVE: Space Science legacy

= Several Space VLBI
design studies in 1990s

= Space VLBI missions
VSOP (Japan, 1997-2004)
and RadioAstron (2011-pt)

/

e
VLBI tracking support to

the ESA's Huygens probe

2005

VLBI experiments with
Venus Express, Mars "
Express, Gaia, JUICE, etc. | 77
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Radio interferometry: a one-slide tutorial

= Michelson & Young, 1890’s: measurements of stars’ diametres

= Synthesis of large apertures (by poor and curious people)

|

Large aperture —
high sensitivity

Large size —
high angular resolution

Very
Long
Baseline
Interferometry
(VLBI) -theultimate angular resolution
- baselines up to 10,000 km on Earth

VLBI in Space




Why VLBI in Space?

= . Because THERE ARE celestial radio sources out
there THAT DO NEED a sharper radio view!

= ... and “we do this not because it is easy, but because
itis hard...” (J.F. Kennedy, announcing ...., no, not the
first Space VLBI mission, but rather the US intention to
put a man on the Moon, 1961)
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Three generations of VLBI in Space

1990s 2000s
1986-88

TDRSS-OVLBI, @ 5m

Plus:
KRT-30 (1978-82)
QUASAT (1980s)
IVS (1987-91)
ALFA (1990s)
VSOP-2 (2000s)

B=2.2D¢, 4,

» First Space-Earth VLBI fringes in 1986
» 2.3 and 15 GHz, 3/4 ground-based telescopes, Mk3 (28 MHz /width)

» Adozen of strong quasars detected
Levy et al. 1986, Science 234, 187
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VSOP/HALCA antenna deployment test
& =3




VLBI beyond the Earth diameter: VSOP mission
ISAS, Japan + world-wide collaboration (1997 — 2005)

Angular resolution:

§~A/B

Groundbased VIBE A = 6.cm; B =10000 km => 6 ~1.5 mas

vsor: A =6cm; B=30000km = # =0.5mas

986, Rome: " for db IACG
nt@Agency glt roup ofS e SC|en e)
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VSOP mission legacy

= High quality, high resolution images

of several “famous” sources
(e.g. 3C273, Lobanov & Zensus, 2001) :
Several surprisingly compact galactic OH masers (Slysh et

al. 1999)
Correlation between structural and other properties of
flat-spectrum AGN (Lister et al. 2001)

The highest lower limit of T,= 5.8x2023 K (Frey et al. 2000)

Statistics of sub-mas structures in AGN based on the
VSOP Survey (Horiuchi et al. 2004)

Total of ~700 observations conducted

Link to results: http:\\www.vsop.isas.ac.jp\

RadioAstron — Spektr-R + 10-m antenna

» 0327, 1.6, 5 and 22 GHz
p § + Dual-polarization
* 128 Mbps (Ku-band)
» 2 on-board H-masers
» Apogee (initial) — 343,000 km
 Data reception — Pushchino
Green Bank
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Baikonur,
18 July 2011
02:31 UTC
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Fregat upper stage

FREGAT specs
Height 1.5m

Diameter 3.35m
Lift-off mass up to 6535 kg
Fuel mass up to 5440 kg
Fuel UDMHIN,O,
Main engine thrust  19.6 kN
Number of ignitions up to 20
In-flight life-time up to 48 hrs
Launchers Soyuz

Zenit

Angara

Arian-5

TM Antennae -t Focal Container

Cooling Radiator

Pitched Truss

Y
. \Ins(rumenlal Module

H-maser.

Star Sensors
| T T Antenna
Haca Solar Panels
| (disposed in XY plane)
/ Spacecraft Bus
“Navigator"
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Orbital period ~9.5 days

Apogee: 330 000 - 360 000 km
Perigee: 10 000 — 50 000 km
Inclination: 51.6 degr

Spectral band
[GHz]

[em]

IF bandwidth (dual-pol)
[MHz]

Minimum fringe spacing
on baseline 300 000 km
[nas]

Total flux densit/
polarisation flux density
sensitivity, 16 [mJy]
(GBT, 5 min total and

s 11

33/7|3/0.7|5/ 0.7

K
18.372-
25.132
1.19-1.63
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Ground-based segment:

KVAZAR (Russia), Evpatoria (Ukraine), Effelsberg (DE), Medicina (IT), Yebes (ES),
WSRT (NL), GBT, Arecibo, VLA (USA), Usuda (JP), Tianma (China). Parkes (AU) etc.

i

Poccumcknit 6opToBOM aKTUBHBIN BOAOPOAHbIN CTAHAAPT
ycnewHo paboTaeT Ha opbuTe yxe > 2.5 neT!

1.

SNR

PeanusoBaHo bonee anutenbHoe, 4eM Ha 3emMre, HakomnmneHue curHana.
2. KorepeHTHOe ncnonb3oBaHWe BCen 4OCTYMHOM NOMOChHI.

3. Koppensauusa 1 6ut npotme 2 6UT.
Pe3ynsTUpYOLLMIA BbIMIPLILL YYBCTBUTENBHOCTU MHTEPdEPOMETPA: 2 pasa.

raes03ad, 2013+370, Effelsberg-RadioAstron, K-band

100

2012-05-12T07:20:01 - 2012-05-12T07:29:29

100
Solution interval (s)

17/05/2014
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AGN survey statistics update

18 cm: 27 ED 0048-096 (RA-GBT) — 349,000 kwm;
6 cm: 23 ED 0716+714 (RA-Ef);
1.3 cm: 15 ED 0235+164 (RA-GBT).
The new record of formal angular resolution: 14.5 pas;

Correlated and post-processed 720 experiments, significant detections
are found for 80 AGNs in 270 experiments.

Typical T, so far are still in the range 102 to >10" K. Requires high
Doppler boosting (typical 8~10-100) if relativistic electrons.

raks01kt (01.12.2013) BL Lac, 6.2 cm, SRF-EY, raes03hu (15.12.2012)
0048-097, 18 cm, RadioAstron-GBT (27 Earth Diameters) 28 Nov 2012, B=19ED, 20 min 02354164, 1.35 cm, RadioAstron-GET (15 Earth Diameters)

First polarization imaging results
the high-z quasar 0642+449: 18 cm on 9 March 2013

Anderson, Bruni, Lobanov, et al.

Relative Right Ascension (mas)

17/05/2014
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= New Space VLBl initiatives
Chinese SVLBI project
under consideration

Shanghai, 2011.09.13

New "old” ideas in Europe (wrt the ISS beyond 2020)

"'1

Lunar Infrastructure for Exploration (LIFE)

Lunar Infrastructur for Exploration [LIFE]
Initial Mission

08.01.2013

17/05/2014
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LRX — Basic Design

One Module: Mass ~2 kg, Power 7.5 W, Data rate: 1 Mbit/s (M:M) 2 kb/s (M:E)
(Some of these numbers are scalable with observing bandwidth)

Lunar LOFAR: distributed array of radio sensors

First prototype phase:
Antennas, power, computer,
communication, dispatcher
Weight ~ 1t (payload)
Needs one Ariane V launch

Start with ~100 tripoles
Collecting area:

A~ 0.125 km2 @ 3MHz

(27 football fields ~400 m dish)

Separation D =1 km
Resolution ~1.6° (10 MHz)

Expand with additional mission(s)

Importance of a demonstrator —
modeling underway (PhD project)
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