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4 Our Approaches and Methodologies

There are 8801 matches of VLBI and Gaia with the probability of false association < 0.0002.

Among them, jet directions have been determined for 4027 objects, i.e. roughly for one half.

The VLBI/Gaia position offsets with respect to jet direction was published by Petrov & Kovalev

(2017a). We have determined Oj and Ot observables for these sources based on that publication

and corrected by subtracting Gaia DR2 minus Gaia DR1 difference, transforming VLBI/Gaia

DR1 offsets in the original publication to VLBI/Gaia DR2 offsets. These objects form the parent

sample that we are going to investigate in detail.

Our approach consists of three tasks:

1. Determine spectral energy distribution (SED) in the sample of 8801 matches using all

ranges from radio to γ-ray. We will use both space-born and ground catalogues. For this

task we do not restrict ourselves with the parent sample and consider all 8801 matches,

anticipating that the number of sources with known jet directions will grow within next

several years owing to new VLBI programs that are currently running.

2. Investigate correlations between Oj, and Ot observables or the position angle with respect

to fluxes, spectral indices and other derived parameters.

3. To model the SED in order to separate the contribution from starlight, accretion disk, and

the jet. To model the distribution of Oj and Ot observables and investigate, whether there

is a contradiction between these two models.

4.1 Determination of the spectral energy distribution

We will used the following datasets to determined flux of the matched objects:

• Galex We will be using Revised GALEX catalog (Bianchi et al., 2017). This catalogues

will provides us the magnitudes of matched objects at 152.8 nm (Far UV) and 231 nm

(near UV). A preliminary analyze identified 51% VLBI/Gaia matches have a counterpart

in GALEX catalogue. Median arc length, 0.83′′, makes final association relatively simple.

We will need to assess the source density at the grid of galactic longitude and latitude, and

using the source density to compute the probability to find an unrelated objects within a

given search radius, similar to what we have done in (Petrov & Kovalev, 2017a). We are

going to scrutinize each source paying special attention to extended sources.

• Rosat We will be using ROSAT all-sky survey bright source catalogue (Voges et al., 1999)

and The ROSAT All-Sky Survey Faint Source Catalogue (RASS-FSC) (Voges et al., 2000)

for getting source fluxes at 0.1–2.4 kev and two hardness ratios that are proportional to

spectral indices in the soft (0.1–0.4 kv) and hard (0.5–2.0 kv) energy bands. A prelimi-

nary analyze identified 30% matches have a ROSAT counterpart within 180
′′. This cutoff

seems a bit excessive and a simple association using this cutoff may have 1–2% fraction of

false association. We will investigate the optimal arc length cutoff using log N–log S for

VLBI/X-ray association, evaluate source density as a function of galactic latitude and the

probability of false association at a given arc length, source flux and warning flags.
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Table 1: Table of frequency ranges for SED computation. Flag: whether a given instrument is

one of space astrophysics missions with NASA significant contribution.

Range Instrument Flag Status

2.2–2.4 GHz VLBI No finished

8–9 GHz VLBI No finished

22 µm WISE Yes Proposed

12 µm WISE Yes Proposed

4.6 µm WISE Yes Proposed

3.4 µm WISE Yes Proposed

Y-filter PanSTTARS No Proposed

Z-filter PanSTTARS, SkyMapper No Proposed

I-Filter PanSTTARS, SkyMapper No Proposed

R-Filter Gaia DR2 No finished

G-Filter Gaia DR2 No finished

B-Filter Gaia DR2 No finished

U-Filter SkyMapper No finished

231 nm GALEX Yes Proposed

153 nm GALEX Yes Proposed

0.1–0.4 kv ROSAT Yes Proposed

0.5–2.0 kv ROSAT Yes Proposed

2.0–7.0 kev Chandra Yes Proposed

0.1–1 Gev Fermi Yes Proposed

1–100 Gev Fermi Yes Proposed

analyze identified 10% VLBI/Gaia matches have a counterpart in PanSTARRS catalogue

within its sky coverage. We will perform similar matching analysis as for GALEX and

WISE.

Table 4.1 summarizes the frequency (energy) ranges for SED computation. We should empha-

size that although the use of Gaia and VLBI data is essential for our project, we do not propose

work related with VLBI and Gaia. VLBI data analysis that includes precise astrometry and imag-

ing is finished and published. Association with Gaia is finished and published. Fluxes at B, G,

and R filters have been extracted during VLBI-Gaia association and do not require extra work.

The focus of this task is to associate VLBI objects with space-born detectors and build reliable

SED. Exploratory nature of our project dictates selection of broad range of observables that can

be used to reveal the dihotomy between jet-dominated and accretion disk domimanted radio-loud

AGNs.

We will collect redshifs for the parent samples first using NASA/IPAC Extragalactic Database

(NED) and then performing a thorough literature search for the redshifts that are not yet in the

NED. Currenyly, approximately 40% objects from the VLBI have known redshifts.

We will establish AGN classification, such as quasar, BL Lac, galaxy, using Extragalactic

Database (NED) and then performing a thorough literature search using SDSS and other sources
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• histograms of dependence of colors at different ranges similar to those presented in Fig-

ure 5;

• relationships between Oj and Ot obserables against fluxes and colors.

• relationships between Oj and Ot obserables against source compactness in optic and radio,

• relationships between Oj and Ot obserables against distance derived from redshifts.

The dataset used in the blind search will be subdivided by the source classes and other char-

acterisitcs, such as the presense of interactig galaxy.

Blind search is aiming to find basic relationships, including those that are not expected. Re-

sults of blind search will augment the list of relationships for guided search.

4.3 Guided search of dependencies of AGN properties on VLBI/Gaia offsets

In addition to blind search, we are going to perform a guided search based on our expectation

of what kind of dependncies we can find. We expect that sources with negative Oj observaable

have less powerful optic jets than those with large positiive Ojand they have large share of termal

emission from the accretion disk. Ths SED that includes IR, optical, UV, and soft X-ray emission

is supposed to help to identify the contribution of the Big Blue Bump. This was one of the

motivations of using GALEX and ROSAT data for our study.

(Not completed) Comm 1

• a

4.4 Modeling the SED

(Not completed) Comm 2

5 Deliverables

(Not completed) Comm 3

6 Expected significance of the proposed work

(Not completed) Comm 4

The goal of our project is to bring new observables, Oj and Ot into the mainstream of

AGN astrophysics.

7 Management plan

(Not completed) Comm 5
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7.1 Data sharing plan

The major results of this project will be accessible as electronic attachments to peer-reviewed

publications. In addition, to provide a wide visibility of results to the community, we will maintain

the project web site that will contain these results as well as auxiliary data products . . . Examples

of our past data-sharing practices can be found at http://astrogeo.org
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10 Summary of Work Effort

Table of Personnel and Work Effort

The following table reflects the level of support in FTE units required of all personnel (including

unfunded co-investigators) necessary to perform the proposed investigation, regardless of whether

these individuals require funding from this proposal.

Name Role Institution PY 1 PY 2 Total

Leonid Petrov PI ADNET Systems 0.33 0.33 0.67

Alexander Plavin collaborator Astro Space Center 0.67 0.67 1.33

Yury Kovalev collaborator Astro Space Center 0.10 0.10 0.20
⋆ — no budget is requested for foreign collaborates Alexander Plavin and Yury Kovalev. Alexan-

der Plavin and Yury Kovalev. are funded at 1.0 FTE level from Lebedev Astro Space Center.

The proposed work level is appropriate to perform the investigation on the basis of previous

investigations and experience.

PI Leonid Petrov will manage the project. He is responsible for retrieval of all space-born

and ground-based observational data, cross-matching the sources from the parent sample with

objects in the datasets under consideration and evaluation of the probability of false association.

Leonid Petrov will compute the SED. He will be performing computation of dependencies of of

VLBI/Gaia offset parameters and evaluation of their significance. Leonid Petrov will develop

SED models.

Collaborator Alexander Plavin, the 2nd year Ph.D. student, will investigate various relation-

ships in VLBI/Gaia/ offset parameters with flux densities and spectral indices. He will be evalu-

ating significance of these relationships. He will be reporting to prof. Yuri Kovalev.

Collaborator professor Yuri Kovalev will be involved in interpretation of relationships of

VLBI/Gaia offset parameters and he will coordinate work of Alexander Plavin.

All team members will participate in writing the project report and a journal publication.

Coordination of the project will be done mainly via email and telephone. The team will gather at

the AAS and COSPAR meetings for face-to-face communication.
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