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RadioAstron is a project to use the 10 m antenna on board tieated SPEKTR-R spacecraft
launched on July 18, 2011, to perform very long baselinerfietemetry from space (Space-
VLBI). We describe the strategy and highlight the first résolf a P/L/C/K-band fringe survey
of brightest radio-loud active galactic nuclei (AGN) at éliises up to 25 Earth diametenid ).
The survey goals include search for extreme brightnessdgatyres (with a hope to resolve
the Doppler factor crisis and constrain possible mechasishAGN radio emission), study the
observed size distribution of the most compact features@NAadio jets (with implications
to their intrinsic structure and properties of the scatigiinterstellar medium in our Galaxy),
and select promising objects for detailed follow-up obagons, including Space-VLBI imaging.
Our survey target selection strategy is based on resulteroélated visibility measurements at
longest ground-ground baselines from previous VLBI susvelhe current long-baseline fringe
detections include OJ 287 at I, (L-band), BL Lac at 10D (C-band) and 0748126 at
4.3D, (K-band). The L- and C-band fringe detections atlL0 imply brightness temperatures
Tp ~ 1013 K, about two orders of magnitude above the inverse Compioit [This might indicate
that often the jet flow speed is higher than the jet patteredpe
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1. Spaceradio telescope

The 10 m space radio telescope of the RadioAstron projeonstalled on board the dedicated
SPEKTR-R spacecraft. It was launched into a highly ellgdtiorbit on 2011 July 18 from the
Baikonur Cosmodrome by a Zenit-3F rocket (Fig. 1). The agbéielected so its parameters evolve
under the gravitational pull of the Moon to provide a widegarf baseline projections for VLBI
observations of various sky regions during the missiosfifar. As of October 2, 2012, SPEKTR-
R orbital parameters were the following: 206-hour perid@)d0 km perigee, 281000 km apogee,
79 inclination. Regular measurements of the spacecraftimlie and velocity using standard
radiometric techniques supported by laser ranging, doptital imaging and VLBI state vector
measurements [1] allow one to reconstruct its position aldcity with accuracy, typically, no
worse thant500 m. andt-2 cm/s, respectively.

The space telescope is equipped with P (92cm), L (18 cm), @jeand K-band (1.3 cm)
receivers, an on-board hydrogen maser and a high-gainrenggtstem to downlink VLBI data to a
ground station in real time. Currently, the 22 m antenna @Rhshchino radio astronomy observa-
tory (near Moscow, Russia) serves as the ground data atiguistation. The second RadioAstron
data acquisition station is under construction on the ldise National Radio Astronomy Obser-
vatory’s 43 m telescope at Green Bank, West Virginia, USA.

Figurel: SPEKTR-R assembled at Lavochkin Association (left) anthitsch from Baikonur (right).

2. AGN survey strategy

A fringe detection survey of radio-bright active galactieckei (AGN) is being conducted as
part of the RadioAstron Early Science Program. The surveylsgimclude search for extreme
brightness temperature3y}, with a hope to resolve the Doppler factor crisis [2] and stoain
possible mechanisms of AGN radio emission [3], study theenkesl size distribution of the most
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compact features in AGN radio jets (with implications toithetrinsic structure and properties of
the scattering interstellar medium in our Galaxy), andcgdeomising targets for detailed follow-
up observations, including Space-VLBI imaging.

The survey target selection is based on the results of eteckhvisibility measurements on
longest ground-ground baselines from the existing VLBVeys including the S/X-band VLBA
Calibrator Surveys (VCS)1to6[4, 5, 6, 7, 8, 9] and the Redeand Development VLBA program
(RDV) [10, 11, 12], K,-band observations of the MOJAVE program®- and W-band results of the
Boston University groupand [13], respectively. We also consulted the list of hifjhsources
observed at C-band by the VLBI Space Observatory Progranr®@®)$14, 15, 16].

Results of many ground-based VLBI surveys are summarizétkifRadio Fundamental Cat-
alog®. The “unresolved X-band flux” parameter listed in this cagals used to set scheduling
priorities of sources. Among sources with comparable le¥einresolved flux density that satisfy
RadioAstron visibility constrains, the preference is gite sources for whiclii) correlated vis-
ibility at S, X, Ky, and Q bands measured from the ground is not falling rapidlly imcreasing
baseline(ii) we can obtain both shork(5D,) and long space—ground baselines within one or a
few SPEKTR-R orbital revolutions(iv) VSOP measured;, > 10'? K, (v) there is a W-band de-
tection. We try to schedule the preferred sources first witbhfge to maximize the detection rate at
the early stages of the survey.

All four RadioAstron bands (P, L, C,

and K) are employed in the survey, with the =

main focus on L, C, and K bands. Most ol —— u:<: NNy s - =
observations are done in a dual-band mode: [ T° Y—\) < / Shulas
C+L or C+K. The space radio telescope is ¢ | [/ ~ Q"Z 1 rJ,_“:"T
observing simultaneously at two bands while % | | ; INS A
ground telescopes are divided in two sub- N L .nJ_ r\:,—:}
arrays or switching between two bands dur- 7 L U ,'\";: - y
ing experiment. A typical AGN survey ob-
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servation consists of four 10 minute—long

scans Or? a target source, Sepérated frorr}:igure 2: Possible space-ground uv-coverage for
other series of scans by 40-60 minutes Nec-4rigus sky positions computed for 206 hours (one

essary to satisfy the spacecraft's thermal con-prpital revolution) starting on December 15, 2012,
straints and slew to a next target. The main00:00 UT. Included telescopes: RadioAstron, EVN,

factors affecting the scheduling include: Sun LBA, Arecibo, GBT, Usuda. Also marked on the plot:
avoidance angle 9Qplus a limited solid an- Galactic plane, Sun avoidance regions, satellite’s or-
gle centered on anti-solar direction), satel- bital plane, perigee, apogee, and perpendicular to the
lite visibility to the tracking station (TS), TS orbital plane directions.

visibility to the satellite’s high-gain antenna,

target source visibility for ground telescopes, avaiigpibf ground telescopes during the time pe-
riod when all the constrains are met. An example all-sky ovecage computed with the above
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constraints (except the last one) is presented on Fig. 2 [bhegpresents a period of rather favor-
able observing conditions.

Ground telescopes participating in the AGN Early Sciencegfam observations include
Arecibo 300 m and NRAO GBT 100 m (USA), ATCA 6x22 m, Parkes 64Mopra 22 m, Hobart
26 m, Tidbinbilla 70 m (Australia), Effelsberg 100 m (GermggrEvpatoria 70 m (Ukraine), Har-
tebeesthoek 26 m (South Africa), Jodrell Bank 70 m (UK), Mewi 32 m and Noto 32 m (Italy),
Shanghai 25 m and Urumgi 25 m (China), Svetloe 32 m, Zelersitaya 32 m, Badary 32 m (Rus-
sia), Torun 32m (Poland), Usuda 64 m (Japan), WSRT 14x25 nth@édands), Yebes 40 m and
Robledo 70 m (Spain), as well as arrays: EVN, Kvazar-KVO, BA.

3. First results

While the first months of the survey
were marked by continuing development
of correlation techniques, choosing optimal
space telescope observing modes and debug-
ging the satellite VLBI data downlink sys-
tem, the observations provided some record-
breaking results. Fringes to the space tele-
scope at L- and C-band were detected on
baseline projections of about 10, for four 000
blazars: 0748126, 0OJ 287, 3C 273, and “De,” 100 100
BL Lacertae. The Arecibo, GBT and Ef- e
felsberg telescopes were serving as a ground

arm of the interferometer in these experi- Figure 3. Interferometric signal _from the quasar
. 0748+126 detected between RadioAstron and GBT
ments. At K-band, fringes between the space

(K-band) at the projected baseline 08B,,. The plot
telescope and the GBT were detected ONshows the signal to noise ratio as a function of resid-

0748+126 at baselines up to 408; (Fig. 3).  yal delay and rate after delay-model subtraction and
Some of the current long-baseline fringe de- fringe fitting.
tections are presented in Table 1.

While the P-band is actively used for RadioAstron obseovetiof pulsars, no P-band space—
ground fringes on AGN were detected so far, most probablhalmz of the limited number of
attempts. This band was considered low-priority becauskeointerstellar scattering most promi-
nent at longer wavelengths and the lower angular resoletompared to other RadioAstron bands.
However, detection of L-band fringes at DQ, suggests, that interstellar scattering might not al-
ways prevent low-frequency fringe detections at long baseland more P-band AGN observations
should be attempted.

Signal-to-Noise Ratio
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4. Summary

The RadioAstron space interferometer is exploring angsdates that were never accessible
before at centimeter wavelengths. The L- and C-band frirmgeations at 1@, imply brightness
temperatured, ~ 10" K (about two orders of magnitude above the inverse Comptoit JiL7]).
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Table 1: Some of RadioAstron long-baseline detections as of Jar(xr$
Ground Brax Bmax/A A /Brmax z
Source telescope D) (MA) (mas)

L-band @ =18cm)

0J 287 Arecibo 300 m 10 708 0.29 .BO6
C-band f =6cm)

BL Lac | Effelsberg 100 m 10 2124  0.10 .0B86
K-band @ = 1.3cm)

0748+126 GBT 100 m 4.3 4215 0.05 .889

Column designation: (1) source name, (2) maximum baseline at which fringes weoad,
(3) ground telescope, (4) angular scale, (5) baseline @hié (as listed in the MOJAVE database).

These brightness temperature values may be reconciledthvétetandardt/e™ incoherent syn-
chrotron radiation model if the emission is Doppler-boddte a factor o5 = [ (1— B cosh)] 1 ~
100. Herd andp are the bulk Lorentz factor and velocity (in the unitpbf the emitting plasma
and @ is the angle between the plasma flow direction and the linégbt.sLarge values od de-
rived from the RadioAstrod, measurements combined with the inverse Compton limit aegiim
are inconsistent with typical values &fderived from ground-based VLBI kinematic data [18, 19].
This might indicate that often the jet flow speed is highenttiee jet pattern speed. More observa-
tions at long baselines are planned to probe the randg f10'41° K. Surprisingly, interstellar
scattering is not preventing fringe detection at long bassleven at L-band.
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