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The population of high-z radio-
emitting AGN

u Blazars: jet inclination angle ≤ 1/Γ
u ⇒ For every blazar there are ~2Γ( non-beamed radio AGN 

(Volonteri et al. 2011) ⇒ can trace the population of all jetted 
AGN

u Number of radio AGN calculated from Swift/BAT luminosity 
function << number estimated from the known z≳4 blazars 

Abdo et al. 2011, ApJ, 736, 131

SED Is it a blazar? VLBI imaging

Perger et al. 2018, MNRAS, 477, 1065



Radio interferometric 
observations

u European VLBI Network (EVN): mas-scale resolution

u E-MERLIN: 100 mas-scale resolution 1.5 GHz
5 GHz
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Are they blazars?



Hodge et al. 2011 AJ, 142,3 

Γ = 13 − 10
Viewing angle: 3° − 8°

Sbarrato et al. 2015, MNRAS 466, 2483
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J2220+0025
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1.5 GHz e-MERLIN

5 GHz e-MERLIN

! ≈ −0.2

! ≈ −1.2



Peak: 81.7mJy/beam
Rms: 0.154 mJy
FIRST image

Sbarrato et al. 2015, MNRAS 466, 2483
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z=4.034

! = −0.76 ± 0.04

VLSS, GMRT, Texas, NVSS, FIRST, VLASS, GB6
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17.3 kpc

e-MERLIN 1.5 GHz EVN 1.7 GHz

Cao et al. 2017, 
MNRAS 467, 950

!" = (1.6 ± 0.7) , 10-K at 5 GHz



e-MERLIN 1.5 GHz e-MERLIN 5 GHz

! = −0.47 ± 0.01

! = −1.00 ± 0.01



e-MERLIN 1.5 GHz

Figure 1: Left panel: EVN 1.7-GHz image of J1420+1205 from [4]. The first contours are drawn at
±0.3mJy beam�1 (±5� image noise level). The positive contours increase by a factor of 2. The synthe-
sized beamsize is 3.8mas⇥ 3.2mas at a position angle 62�. The peak brightness is 10.41mJy beam�1.
Right panel: Radio images of J2220+0025 (z=4.205) from [4]. Background map is made with the VLA
in A configuration at 1.4 GHz by [11]. The circular Gaussian restoring beam size is 1.008 (FWHM),
shown in the lower left corner of the image. The first contours are drawn at ±0.3mJy beam�1, the
peak brightness is 40.05mJy beam�1. The positive contours increase by a factor of 2. The + symbols
indicate the positions of the two components seen in the 1.7-GHz EVN dirty map of J2220+0025. In
the inset, the 5-GHz EVN map is shown, where only component C was detected. Here, the data from
baseline longer than 50M� were excluded. The first contours are drawn at ±5� (0.19mJy beam�1)
image noise level. The positive contours increase by a factor of 2. The beam size is 8.3mas⇥ 4.4mas
at a position angle 141�. The peak brightness is 1.92mJy beam�1.

Figure 2: EVN 1.7-GHz
image of J1548+3335 from
[6]. Image peak brightness is
8.7mJybeam�1, 1� rms noise
is 0.1mJy beam�1. Restor-
ing beam is 3.4mas ⇥ 9.4mas.
The cross indicates the SDSS
optical position, its size repre-
sents the optical positional ac-
curacy.
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EVN 1.7 GHz

Coppejans et al. 2016, 
MNRAS 463, 3260
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J1548+3335
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!" = (1.8 ± 0.1) + 10,K

observed

0.57 GHz 5.7 GHz

. = −0.71 ± 0.05

WENSS, GMRT, NVSS, FIRST, VLASS

Brightest X-ray source 
in the Snios+ 2020 
sample 

2(2 − 10keV)
= 23.2×109:erg/s



e-MERLIN 1.5 GHz

e-MERLIN 5 GHz
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J1548+3335 J1420+1205 J2220+0025

An & Baan, 2012, ApJ, 760, 77



+ another X-ray bright non-
blazar

“SGR/eROSITA uncovers the most X-ray luminous quasar at z>6”
Medvedev et al. 2020, MNRAS, 497, 1842

EVN 5 GHz map
!" = (7.7 ± 0.7) * 10,K 

Frey et al., 2011, A&A, 531, L5

J1429+5447

-(2 − 10keV) = 2.645.675.8×10:;erg/s

<-~10:> erg/s



Summary

u VLBI can confirm or falsify the blazar nature

u E-MERLIN can map the hot spots, lobes and jets –
the 100 mas-scale structure, can reveal CSO/MSO-
like features

u But where does the X-ray emission come from
u Hot spot?

u Inner region produces beamed X-ray, outer region 
produces radio structure? 

This researched has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 730562 (RadioNet), the Hungarian National 
Research, Development and Innovation Office (OTKA K134213 and 2018-2.1.14-TÉT-CN-2018-
00001).



Stay tuned ...

1.7 GHz and 5 GHz EVN 
observations of 13 z>4 radio AGN
FIRST flux densities: 4 mJy - 71 mJyPreliminary map

z=4.123

Krezinger et al. 2021 in prep.


