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Introduction: 
Size of High-z AGN jet



Do AGN jets evolve cosmologically?

High-z source has size ~103 times smaller  
than Low-z one.
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Figure 2. VLBA continuum image of the phase calibrator J1422+3223 at 1.4 GHz. The restoring beam size is 11.9 × 8.0 mas in position angle 5◦. The contour levels
are at − 3, 3, 6, 12, . . . , 6144 times the rms noise level, which is 54 µJy beam− 1. The gray-scale range is indicated by the step wedge at the right side of the image.
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Figure 3. Uniformly weighted VLA A configuration continuum image of the z = 6.12 QSO J1427+3312 at 8.4 GHz. The restoring beam size is 192 × 188 mas in
position angle − 51◦. The contour levels are at − 2, 2, 4, 8, 16 times the rms noise level, which is 12.3 µJy beam− 1. The gray-scale range is indicated by the step wedge
at the right side of the image.

Column 8 lists the position angles of the fitted Gaussians. The
corresponding intrinsic brightness temperatures of these com-
pact sources are on the order of 107 to 108 K, and are listed in
Column 9.

Based on the VLBA results, the source is composed of two
dominant structures separated by ∼ 31 mas. The stronger of
these is consistent with two Gaussians (components (1) and (3)
in Table 3), while the second dominant source is represented by
one Gaussian (component (2) in Table 3). Including a possible
faint component to the east (component (4) in Table 3) gives a
total flux density of 1.778 ± 0.109 mJy. This value is consistent

with 1.73 ± 0.13 mJy obtained with the VLA FIRST survey
(Becker et al. 1995), and with 1.816 ± 0.021 mJy obtained with
the VLA ELAIS survey (Ciliegi et al. 1999). The 1.4 GHz flux
densities measured with the VLA in 1995 and 1997 (Becker
et al. 1995; Ciliegi et al. 1999) and the VLBA in 2007 (this
paper) are equal to better than 5%, implying that this source is
not highly variable on timescales of years.

We have also synthesized larger images (2′′ × 2′′) using the
VLBA and found no other radio components at !5σ level
(140 µJy beam− 1) in the field other than those seen in Figure 4
and listed in Table 3.

2 S. Frey et al.: High-resolution double morphology of the most distant known radio quasar at z=6.12

J1427+3312 on the linear scales of ∼ 10 − 100 pc. Assuming a
flat cosmological model with H0 = 70 km s−1 Mpc−1, Ωm = 0.3,
and ΩΛ = 0.7, the redshift z = 6.12 corresponds to 0.9 Gyr after
the Big Bang (< 7% of the present age of the Universe). In this
model, 1 mas angular separation is equivalent to a linear separa-
tion of 5.65 pc.

2. VLBI observations and data reduction
We observed J1427+3312 with the European VLBI Network
(EVN) at 1.6 GHz on 11 March 2007 and at 5 GHz on 3 March
2007. The observed frequencies correspond to ∼ 11 GHz and
∼ 36 GHz in the rest frame of the quasar. The a-priori coor-
dinates with nominal uncertainties of 520 mas and 390 mas in
right ascension and declination, respectively, were taken from
Ciliegi et al. (1999). At a recording rate of 1024 Mbit s−1, ten
antennas of the EVN participated in the 7-hour observations:
Effelsberg (Germany), Hartebeesthoek (South Africa), Jodrell
BankMk2 (UK), Medicina, Noto (Italy), Toruń (Poland), Onsala
(Sweden), Sheshan, Nanshan (P.R. China), and the phased array
of the 14-element WSRT (The Netherlands). The data from the
latter array were analysed as well, providing us with simultane-
ous measurements of the total flux density of the source at both
frequencies. Eight intermediate frequency channels (IFs) were
used in both left and right circular polarisation. The total band-
width was 128 MHz in both polarisations. The correlation of the
recorded VLBI data took place later at the EVN Data Processor
at the Joint Institute for VLBI in Europe (JIVE), Dwingeloo, the
Netherlands.

A mJy-level weak radio source, J1427+3312 was observed
in phase-reference mode. This allowed us to increase the co-
herent integration time spent on the target source and thus to
improve the sensitivity of the observations. Phase-referencing
involves regularly interleaving observations between the target
source and a nearby, bright, and compact reference source (e.g.
Beasley & Conway 1995). The delay, delay rate, and phase so-
lutions derived for the phase-reference calibrator were interpo-
lated and applied to J1427+3312 within the target–reference
cycle time of 7 minutes. The target source was observed for
∼ 4.5-minute intervals in each cycle. The total observing time
on J1427+3312 was 3.2 h at both frequencies.

The phase-reference calibrator source we used was
J1422+3223, a compact extragalactic radio source with 1.◦36
angular separation from J1427+3312. The J2000 right as-
cension (α = 14h22m30.s378956) and declination (δ =
+32◦23′10.′′44012) of the reference source in the International
Celestial Reference Frame (ICRF) are available from the Very
Long Baseline Array (VLBA) Calibrator Survey1. The posi-
tional uncertainty is 0.49 mas.

The US National Radio Astronomy Observatory (NRAO)
Astronomical Image Processing System (AIPS, e.g. Diamond
1995) was used for the data calibration and imaging. The vis-
ibility amplitudes were calibrated using system temperatures
regularly measured at the antennas. Fringe-fitting was per-
formed for the calibrator and fringe-finder sources (J1422+3223,
J1407+2827, and J1331+3030) using 3-min solution inter-
vals. The data were exported to the Caltech Difmap package
(Shepherd et al. 1994) for imaging. The conventional hybrid
mapping procedure, involving several iterations of CLEANing
and phase (then amplitude) self-calibration, resulted in the im-
ages and brightness distribution models for the calibrators.

1 http://www.vlba.nrao.edu/astro/calib/index.shtml
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Fig. 1. The naturally weighted 1.6-GHz VLBI image of
J1427+3312. The positive contour levels increase by a factor of√
2. The first contours are drawn at −50 and 50 µJy/beam. The
peak brightness is 460 µJy/beam. The Gaussian restoring beam
is 6.2 mas × 5.0 mas at a major axis position angle PA=29◦.
The coordinates are related to the brightness peak of which the
absolute position is given in the text.

Overall antenna gain correction factors (∼ 15% or less) were de-
termined and applied to the visibility amplitudes in AIPS. Then
fringe-fitting was repeated in AIPS, now taking the clean com-
ponent models of J1422+3223 into account. The residual phase
corrections that resulted from the non-pointlike structure of the
phase-reference calibrator were considered this way. The solu-
tions obtained were interpolated and applied to the target source
data. The visibility data of J1427+3312, unaveraged in time and
frequency, were also exported to Difmap for imaging. The nat-
urally weighted images at 1.6 GHz (Fig. 1) and 5 GHz (Fig. 2)
were made after several cycles of CLEANing in Difmap. The
lowest contours are drawn at ∼ 3σ image noise levels. The the-
oretical thermal noise values were 10 and 12 µJy/beam (1σ) at
1.6 GHz and 5 GHz, respectively.

3. Results and discussion
The source was clearly detected with the EVN at 1.6 GHz, show-
ing a prominent double structure (Fig. 1). The two components
are separated by 28.3 mas, corresponding to a projected linear
distance of ∼ 160 pc. Circular Gaussian brightness distribution
model fitting in Difmap indicates that both components are re-
solved (Table 1). The brightest one has 0.92 mJy flux density
and 5.8 mas angular size (full width at half maximum, FWHM),
and the weaker and more extended one has 0.62 mJy flux den-
sity and 18.6 mas angular size. In the position of the brightest
component at 1.6 GHz, we detected mas-scale radio emission at
5 GHz as well (Fig. 2), fitted by a circular Gaussian model with
0.46 mJy flux density and 3.2 mas angular size. The equatorial
coordinates of the brightness peak are αJ2000 = 14h27m38.s58563
and δJ2000 = +33◦12′41.′′9252. The positional uncertainty is de-

Frey+ 2013

J1427+3312;
z = 6.1@1.6GHz

On the Doppler boosting in J1026+2542 1317

Figure 3. The 8.4-GHz VLA A-array image of the quasar J1026+2542
(experiment AP204, 1991 June 19). The lowest contours are drawn
at ±0.35 mJy beam−1 (∼3σ image noise level). Further positive contour
levels increase by a factor of 2. The peak brightness is 102 mJy beam−1.
The Gaussian restoring beam is 266 mas × 237 mas with major axis position
angle 28◦.

Figure 4. The radio spectrum of J1026+2542. The total flux density data
are from the catalogue compiled from the literature by Vollmer et al. (2010),
supplemented by the 151-MHz measurement from Waldram et al. (1996).
Our new spectral point at the high-frequency end (43 GHz) is marked with an
open circle. The line indicates the fitted power-law spectrum with α = −0.4.

3 J E T PA R A M E T E R S FRO M TH E V L B I DATA

The fitted Gaussian model parameters of the VLBI ‘core’ allow us
to determine the brightness temperature of the source, in the units
of K:

TB = 1.22 × 1012(1 + z)
S

ϑ1ϑ2ν2
, (1)

where S is the flux density (Jy), ϑ1 and ϑ2 are the major and minor
axes of the fitted Gaussian model component (full width at half-
maximum, FWHM, mas). The observing frequency, ν, is expressed
in GHz. The parameters of our resolved elliptical Gaussian ‘core’

component (the first line in Table 1) lead to TB = (1.70 ± 0.13) ×
1010 K. On the other hand, if we use our point-source model from
the six-component model fit, we obtain TB > 9.4 × 1010 K. This
latter value is a lower limit to the brightness temperature due to the
finite resolution of the radio interferometer.

Let us first investigate the case of the resolved VLBI ‘core’,
resulting from our first model fitting (Table 1). If we assume that
the intrinsic brightness temperature (TB, int) of the source is close to
the equipartition value, Teq ≃ 5 × 1010 K (Readhead 1994), we can
derive the Doppler factor δ = TB/TB, int ≃ 0.34 (see e.g. Veres et al.
2010, and references therein). Note that in at least one case, for the
only very high redshift blazar for which the radio jet parameters
have been determined (J1430+4204 at z = 4.72; Veres et al. 2010),
the true intrinsic brightness temperature was in good agreement
with the equipartition value.

The small Doppler factor of δ < 1 here actually indicates Doppler
deboosting, which remains the case even if we take a somewhat
lower value of TB,int = 2 × 1010 K suggested by Kellermann et al.
(2004). Doppler deboosting, i.e. the attenuation of the jet emission,
commonly happens in the receding jet, where δ ≪ 1. Its effect is so
severe that the AGN counterjets mostly remain invisible in VLBI
images. For any given bulk Lorentz factor, there is a limiting jet
viewing angle where δ falls below unity in the approaching jet as
well (Fig. 5).

Using the formulae for the relativistic beaming (e.g. Urry
& Padovani 1995) and the presence of Doppler deboosting in
J1026+2542, we can give an estimate of the jet viewing angle
with respect to the line of sight. For this, we assume & = 15 for the
bulk Lorentz factor. This is an average value in a broad distribution
with & up to ≈30 found for a sample of about 30 quasars by Keller-
mann et al. (2004). We note that Sbarrato et al. (2012) derived & =
14 for J1026+2542 from their SED modelling. However, follow-
ing the model of Ghisellini & Tavecchio (2009), they assumed that
the jet viewing angle is θ ∼ 1/&; therefore, their proposed small
viewing angle and the estimated Lorentz factor are not independent
quantities.

Figure 5. The Doppler factor for the approaching jet in the deboosting
regime, in the range 0 < δ ≤ 1, as a function of the jet viewing angle with
respect to the line of sight (θ ). Different values of the bulk Lorentz factor
are indicated in the range 1 < & < 50; & = 2, 5, 15 and 30 are also marked
with curves.

http://www3.mpifr-bonn.mpg.de/div/vlbi/newsletter/40/
EVN_Newsletter_40_web.htm
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Are the jets confined to dense gas in the early 
universe? 

Comparing local universe, 
・the material density is (1+z)3 times larger. 

・The density of CMB energy is (1+z)4 times larger.

4 G. Ghisellini et al.

Figure 1. Cartoon of the proposed scenario (not to scale). The grey sphere
is the obscuring bubble, pierced by the jet (in orange). The accretion disc
(blue) and the BLR (brown) are unobscured only if the source is observed
down the jet.

self–absorption frequency is νt ∼ 3×1012 Hz (rest frame, see e.g.
Ghisellini & Tavecchio 2015). In the case of a flat radio spectrum,
the self–absorption frequency scales as R−1, where R is the dis-
tance from the black hole. This is the same dependence of the dom-
inant component of the magnetic field B. Therefore in the region
self–absorbing at 7 GHz (rest frame) B should be ∼ 6 mG, and its
energy density UB = B2/(8π) ∼ 1.4×10−6 . SinceUB > U ′

CMB ,
there is no “quenching” of the synchrotron emission of the jet.

4.1 The proposed scenario

To solve the tension between predicted and observed sources, we
propose a scenario that follows the ideas put forward by Fabian
(1999). At redshifts larger than ∼4, jetted sources hosting a black
hole with massM >∼ 109M⊙

1 are completely (i.e. 4π) surrounded
by obscuring material. Only the jet can pierce through this mate-
rial and break out. Observers looking down the jet can see the nu-
clear emission from the accretion disc and the broad emission lines.
For observers looking with viewing angles even only slightly larger
than θj ≈ 1/Γ, the optical emission (including broad lines) is ab-
sorbed, the flux is fainter, and the source cannot enter the SDSS
catalog. The absorbed radiation is re–radiated in the infrared.

Even if the hot spots or the lobes were indeed emitting a radio
flux above the 1 mJy level at the observed 1.4 GHz frequency, there
would be no source in the SDSS to match with if the jet is only
slightly misaligned. The quasi–spherical dusty structure (hereafter
“obscuring” or “dark bubble”) can cover the nuclear region until
the accretion disc radiation pressure blows it away. This can occur
at a threshold luminosity Lth = ηdṀc2.

5 DISCUSSION

Let us assume that the obscuring bubbles exist not only in jetted
sources, but are common to all high redshift quasars, including
radio–quiet ones. The evolution in time of the obscuring bubbles

1 only the quasars with very massive black holes can be detected in the
SDSS

and the central black hole mass could however be different in jetted
and non–jetted sources.

In fact, the presence of a jet could affect the accretion effi-
ciency ηd, defined as Ld = ηdṀc2: part of the dissipation of the
gravitational energy could amplify the magnetic field instrumental
to launch the jet. In other words, while in the case of non–jetted
AGN the gravitational energy is dissipated only through radiation
from the disc (i.e. ηd = η), radio–loud sources could use a fraction
f of the released gravitational energy to heat the disc, and the re-
maining fraction (1 − f) to launch the jet (Jolley & Kuncic 2008;
Jolley et al. 2009):

ηd = f η (9)

This condition could lead to different evolution patterns of the ob-
scuring bubbles. If we assume an Eddington–limited accretion until
the obscuring bubble is blown away by the reached Lth, the mass
growth rate of the black hole is:

Ṁ =
dM
dt

=
1− η
ηd

LEdd

c2
=

1− η
ηd

kM ; k =
4πGmp

σTc
(10)

where mp is the proton mass, σT is the Thomson cross section
and G is the gravitational constant. Therefore the black hole mass
evolves as:

M(t; ηd) = M0 exp

!

1− η
ηd

k t

"

(11)

The threshold luminosity can therefore be expressed as a function
of time:

Lth = 1.3× 1038
Mth(t; ηd)

M⊙

erg s−1

= 1.3× 1038
M0

M⊙

exp

!

1− η
ηd

k tth

"

erg s−1 (12)

from which we can derive how much time it takes for a massive
black hole to reach the threshold luminosity itself

tth =
ηd

k(1− η)
ln

!

Lth

1.3× 1038M0/M⊙

"

∝ f
η

1− η
. (13)

Considering the difference in the use of gravitational energy in jet-
ted and non–jetted AGN, there is a clear difference in the time
needed for a source to blow away the dark bubble: if radio–loud
AGN dissipate in radiation only f = 1/2 of the released gravita-
tional energy, radio–loud AGN can get rid of their dark bubbles in
half time, compared to non–jetted sources.

On the other hand, the black hole mass, at the time tth, is inde-
pendent of f . For illustration, let us compare jetted and non–jetted
sources of equal seed black hole massM0, all emitting at their Ed-
dington luminosity. Jetted sources have black holes that grow faster
(if ηd = fη). Therefore, at any given time, their Eddington lumi-
nosity is larger than that of the radio–quiet ones accreting with the
same total η, but with ηd = η. Fig. 2 shows the growth of the black
hole for different values of η and ηd, assuming that the accretion
starts at z = 20 on a seed black hole mass of 100M⊙. Assuming
a threshold luminosity of Lth = 1047 erg s−1, this is reached first
by the jetted sources. Fig. 2 shows also the case of a total efficiency
η = 0.1. Although we note the same trend (jetted sources with
ηd = 0.05 grows faster), we can note that in this case the threshold
luminosity Lth is reached at much larger redshifts. At z > 4, all
jetted sources would have lost their absorbing bubble, and would
be visible. One could also have jetted sources with η = 0.3 (and
a smaller ηd), but radio–quiet sources with η = ηd ∼ 0.1. In this

c⃝ 2012 RAS, MNRAS 000, 1–??

(Ghisellini+ 2016)

A Confined jet model & observations

FSRQ is majority type of AGNs at z > 4.5 
→ Because of having highly doppler boost 

However, with the large beam size… 
Confined or boosted? (← Which effectes?)

Others
13%

Wide-double
7%

SSRQ
37%

FSRQ
43%

(Coppejans+, 2016)

On the other hand



The environmental effect
Gas density　High 
・Jets form hotspot in the compact    
　region with sharp edge,  
　and no jet outside of the hotspot. 
Gas density　Low 
・Jets form defuse structure 

→ High-frequency　 
→ High-resolution 
→ High-dynamic range observation
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Images & redshift dependence
Only 2 High-z sources were observed at high-freq. so far.

J0906+6930 was detected as 
point-like.

X
(18)

C
(28)

S
(33)

L
(5)
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Table 2. Parameters of the KaVA observations.

Source name z Frequency Flux density Restoring beam
(GHz) (mJy) (mas2)

J0906+6930 5.47 22 74 ± 11 1.90 × 0.91
43 < 57 (3σ ) 0.78 × 0.48

J0131−0321 5.18 22 < 53 (3σ ) 1.30 × 0.99
43 < 43 (3σ ) 0.90 × 0.52

J1026+2542 5.27 22 < 29 (3σ ) 1.10 × 1.10
43 < 54 (3σ ) 0.73 × 0.47

sources also failed to show fringes. We then imaged J0906+6930
at 22 GHz in the Caltech DIFMAP package (Shepherd, Pearson &
Taylor 1994). As J0906+6930 is relatively weak, its total flux den-
sity measured with the Very Large Array (VLA) by Romani (2006)
is ∼80 mJy, and the source was marginally detected on KaVA
baselines at 22 GHz; no self-calibration was attempted as it might
introduce a spurious source at the phase centre or increase the flux
density abnormally (Martı́-Vidal & Marcaide 2008). Therefore, we
only performed CLEANing in order to reduce the image noise.
The parameters of KaVA observations, including the flux density
of J0906+6930 and upper limits of J0131-0321 and J1026+2542,
are listed in Table 2.

In order to supplement the new KaVA data, we also re-analysed
archival Very Long Baseline Array (VLBA) data of J0906+6930
taken at 8.4 GHz (project code: BC196) and at 15 GHz (project
codes: BR093 and BG154). Table 3 summarizes the VLBA obser-
vations. All ten antennas participated in the VLBA observations
in 2011 June, 2004 February and 2005 May. Eight telescopes (all
VLBA stations but St. Croix and Pie Town) participated in the 2005
March experiment. The data analysis followed the standard VLBA

data reduction procedure (Diamond 1995). After calibration, we
combined the three 15-GHz data sets in AIPS to make a final im-
age. The combined data set has a nearly circular (u,v) coverage and
enables us to obtain the image shown in Fig. 1(c).

3 R E S U LT S A N D C O M M E N T S O N I N D I V I D UA L
S O U R C E S

3.1 J0906+6930

J0906+6930 (also known as CGRaBS J0906+6930) was discov-
ered as a high-redshift quasar from its optical spectroscopy by
Romani et al. (2004). The redshift of z = 5.47 made the source
the most distant blazar known at that time. It is also the most radio-
luminous quasar at z > 5 (radio loudness S5 GHz/S0.44 µm,rest ∼ 103;
Romani et al. 2004). The source was detected in X-rays with the
Chandra (Romani 2006) and Swift satellites (Evans et al. 2014).
It was once suggested to be a promising γ -ray candidate source;
however, it has not been detected by Fermi so far.

The first VLBI image made with the VLBA by Romani et al.
(2004) at 15 GHz shows a compact core–jet structure extending to
the south-west. The flux densities of the core and jet components are
115 ± 0.3 and 6.3 ± 0.4 mJy, respectively. The separation between
them is less than 1 mas. At 43 GHz, the compact core is detected
with a flux density of 42 ± 1.9 mJy, but the weak jet was only
marginally detected with a flux density of 4.1 ± 1.1 mJy (about
3.7 times the rms noise in the image). We re-analysed three epochs
of archival VLBA 15-GHz data. The observational information is
summarized in Table 3.

Fig. 1 shows the emission structure of the source obtained from
the KaVA and VLBA data. The KaVA image shown in Fig. 1(a) only

Table 3. Summary of the archival VLBA data sets.

Project code ν (GHz) Date Bandwidth (MHz) On-source time Restoring beam

BC196 8.4 2011 Jun 03 128 7 min 2.24 × 0.91 mas2, PA = 20.◦2
BR093a 15.4 2004 Feb 27 16 75 min 1.46 × 0.47 mas2, PA = 0.◦8
BG154 14.4 2005 Mar 22 64 40 min 1.60 × 0.51 mas2, PA = 77.◦6

15.4 2005 May 15 16 120 min 1.45 × 0.43 mas2, PA = −0.◦5

Note. aPublished in Romani et al. (2004).

(a) (b) (c)

Figure 1. VLBI images of J0906+6930. (a) The KaVA image at 22 GHz. The peak intensity is 63.6 mJy beam−1. The restoring beam is 1.9 × 0.9 mas2 at a
position angle of 20.◦7, which is shown in the bottom left-hand corner of the image. The contours are 3 Jy beam−1 × (1, 2, 4, 8, 16). (b) Naturally weighted
15-GHz VLBA image from the observations on 2005 May 15. The peak intensity is 116 mJy beam−1. The restoring beam is 1.45 × 0.43 mas2, at a position
angle of −0.◦4. The lowest contours represent intensity values of ±0.4 mJy beam−1 (three times the rms noise in the image). The contours increase by a factor
of 2. (c) The VLBA image created from the combined 15-GHz data. The peak intensity is 116.0 mJy beam−1. The restoring beam is 0.6 × 0.6 mas2. The
lowest contour is at ±3σ (the rms noise level is 0.25 mJy beam−1), and the contours increase by a factor of 2.

MNRAS 468, 69–76 (2017)Downloaded from https://academic.oup.com/mnras/article-abstract/468/1/69/3001960
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on 28 May 2018
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Fig. 1.—HET/LRS spectrum of Q0906!6930.

Fig. 2.—VLBA snapshot images of Q0906!6930. Left: Emission at 2 cm
wavelength, with a peak flux of 115 mJy beam"1 and contours at ( mJyn2
beam"1, , 1, …). A jet shows clearly at . Right: Emissionn p 0 P.A. p 225!
at 7 mm (gray scale with a hard stretch) and contours from the 2 cm image
overlaid. The jet appears marginally detected at the ∼3 j level. The convolving
beams are shown in each panel (top right).

Fig. 3.—Multiwavelength SED for Q0906!6930, from nonsimultaneous
data (open circles). The optical continuum flux is plotted with a line (short-
dashed ) extended to show the slope. The X-ray upper limit is from the RASS.
For the EGRET band we show the brightest epoch flux and the mission-
averaged upper limit. For comparison we plot the SED of 3C 279 ( filled circles)
Hartman et al. (2001), shifted to . A Comptonized spectrum (syn-z p 5.47
chrotron self-Compton, dot-dashed line; BLR ! Compton, dotted line) is
plotted to guide the eye. The combined spectrum (solid line) includes the
effects of EBL absorption.

spectrum has a dispersion of 4 pixel"1 and an effective resolutionÅ
of 16 , covering 5200–10,000 .˚ ˚A A
In the spectrum Lya is strong but absorbed; we estimate a

preabsorption rest equivalentwidth (EW)of 50–60 .The redshift,Å
, is best constrained by the N v and O ivz p 5.47" 0.02

lines; the O iv rest EW is 22 , and the kinematic width isÅ
km s"1. The UV continuum luminosityW p 5000" 500FWHM

at 1350 is ergs s"1 (we use47Å lL ≈ 5# 10 H p 711350 0
km s"1 Mpc"1, , and ). C iv is not clearlyQ p 0.27 Q p 0.73m L

detected, so if we use the O iv kinematic width in the Vestergaard
(2002) UV M-L relationship, we obtain logM p 6.2!

. This3 "1 2 44 "1 0.7log [(W /10 km s ) (lL /10 ergs s ) ] ≈ 10.2FWHM 1350
is near the upper end of masses inferred for high-z sources, and
formation of such a high M black hole after ∼1 Gyr is difficult
to understand. There are several candidate C iv absorption-line
systems redward of Lya. Two candidate systems with apparent
damped Lya lines are marked. The presence of intervening ab-
sorption raises the possibility that Q0906!6930 is lensed, which
could inflate our estimate of the black holemass.However,CLASS
finds no radio lens, there is no extended emission visible on the
POSS, and the source appears pointlike in a short prespectrum
acquisition image. Improved optical/near-IR spectroscopy is
needed to tighten up the mass estimate and to improve the iden-
tification of the absorption systems as strong C iv doublets.

2.2. Very Long Baseline Array Observations and Source
Spectral Energy Distribution

To search for evidence of compact jet structure that would
support the blazar designation of Q0906!6930, we obtained
snapshots with the Very Long Baseline Array (VLBA) at 2 cm
and 7 mm wavelengths (Fig. 2). With 10 stations recording two
8 MHz bandpasses at 15.36 GHz, we obtained an average of 60
minutes of on-source per baseline under nominal observing con-
ditions on 2004 February 27 (MJD 53,062). We used 0716!714
to calibrate phases and delays prior to self-calibration of the
blazar, using AIPS. We constructed deconvolved images with
natural weighting of the data (half-power beamwidth 1.55#

mas at "2!). The rms background noise in the image was0.47
∼10% above the thermal noise limit of 0.18 mJy. The 7 mm
observations recorded ∼41 minutes on-source per baseline on
2004 March 3 (MJD 53,067), tuned to 43.21 GHz. About 30%
of the data could not be self-calibrated because of rapid (K1
minute) tropospheric fluctuations. In addition, we obtained no
usable data from the Los Alamos antenna because of weather
and from one polarization-baseband combination recorded at the
Saint Croix antenna. The half-power beamwidth was 0.55#

mas at "3!.7 for natural weighting.0.30
The compact core was unresolved at both wavelengths. In

the 2 cm image a clear jet component is seen at P.A. p
. For a two-component Gaussian model we fitted a225! " 1!

core flux of mJy and a jet flux of mJy.115" 0.3 6.3" 0.4
The jet is marginally detected in our 7 mm image with a max-

imum!0.2 beams from the position of the 2 cm peak, although
it is only comparable to the largest peaks in the image back-
ground. The two-component fit gives a core flux mJy42" 1.9
and jet flux mJy, for a 3.7 j detection.4.1" 1.1
Our combined EGRET likelihood analysis finds a nominal

∼1.5 j excess of g-ray photons at the radio position. In the viewing
period with the most significant detection, VP0220, the source
produced cm"2 s"1 ( MeV)."7(1.12" 0.76)# 10 g E 1 100
However, if other sources beyond the standard 4 j 3EG sources
are present in this region, the fit flux is even lower. At this point
it is best to employ the mission-averaged upper limit 4#

( MeV)."8 "2 "110 g cm s E 1 100
We can collect the existing data into a crude spectral energy

distribution (SED; Fig. 3). Compared to the well-known blazar
3C 279 placed at , Q0906!6930 has a brighter UVz p 5.47

Peak 63.6 mJy/bm
r.m.s. 0.25 mJy/bm

22 GHz 43 GHz

100 pc

Peak 42 mJy/bm
r.m.s. 0.2 mJy/bm

J0906+6930; z=5.47

(Romani+, 2004)(Zhang+, 2017)
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The purpose

Whether the evolution of AGN jet is 
caused by environmental effect. 

We observe High-z AGN jets at high-freq. and discuss the 
dependence between size of radio structure and redshift.



Observation: 

JVN/EAVN large survey



JVN/EAVN observations

JVN survey 
・Purpose:  
　　Select the suitable sources  
　　for EAVN observation. 
・Target: 522 sources with z > 3 

EAVN imaging 
・Purpose: Obtain the VLBI images. 
・Target:  
　　The sources detected by JVN.

An Tao+ 2018

● 6.7 GHz 　● 8.4 GHz 　● 22 GHz　● 43 GHz

©  Yosuke. F

Japanese VLBI Network

Mizusawa 20m ●●●

Ogasawara 20m ●●●Ishigaki 20m ●●●

Iriki 20m ●●● Hitachi 32m ●●●

Takahagi 32m ●●●Kashima 34m ●●●

Yamaguchi 32m ●● Gifu 11m ● Usuda 64m ●●

● 6.7 GHz ● 8.4 GHz ● 22 GHz©  Yosuke. F

Mizusawa 20m
●●●●Japanese VLBI Network

Mizusawa 20m ●●●

Ogasawara 20m ●●●Ishigaki 20m ●●●

Iriki 20m ●●● Hitachi 32m ●●●

Takahagi 32m ●●●Kashima 34m ●●●

Yamaguchi 32m ●● Gifu 11m ● Usuda 64m ●●

● 6.7 GHz ● 8.4 GHz ● 22 GHz©  Yosuke. F

●●●
Kashima 34m

Japanese VLBI Network

Mizusawa 20m ●●●

Ogasawara 20m ●●●Ishigaki 20m ●●●

Iriki 20m ●●● Hitachi 32m ●●●

Takahagi 32m ●●●Kashima 34m ●●●

Yamaguchi 32m ●● Gifu 11m ● Usuda 64m ●●

● 6.7 GHz ● 8.4 GHz ● 22 GHz©  Yosuke. F
Usuda 64m

●●

Japanese VLBI Network

Mizusawa 20m ●●●

Ogasawara 20m ●●●Ishigaki 20m ●●●

Iriki 20m ●●● Hitachi 32m ●●●

Takahagi 32m ●●●Kashima 34m ●●●

Yamaguchi 32m ●● Gifu 11m ● Usuda 64m ●●

● 6.7 GHz ● 8.4 GHz ● 22 GHz©  Yosuke. F

Hitachi 32m
●●●

Japanese VLBI Network

Mizusawa 20m ●●●

Ogasawara 20m ●●●Ishigaki 20m ●●●

Iriki 20m ●●● Hitachi 32m ●●●

Takahagi 32m ●●●Kashima 34m ●●●

Yamaguchi 32m ●● Gifu 11m ● Usuda 64m ●●

● 6.7 GHz ● 8.4 GHz ● 22 GHz©  Yosuke. F

Takahagi 32m
●●●

Japanese VLBI Network

Mizusawa 20m ●●●

Ogasawara 20m ●●●Ishigaki 20m ●●●

Iriki 20m ●●● Hitachi 32m ●●●

Takahagi 32m ●●●Kashima 34m ●●●

Yamaguchi 32m ●● Gifu 11m ● Usuda 64m ●●

● 6.7 GHz ● 8.4 GHz ● 22 GHz©  Yosuke. F

Ishigaki 20m
●●●●

Japanese VLBI Network

Mizusawa 20m ●●●

Ogasawara 20m ●●●Ishigaki 20m ●●●

Iriki 20m ●●● Hitachi 32m ●●●

Takahagi 32m ●●●Kashima 34m ●●●

Yamaguchi 32m ●● Gifu 11m ● Usuda 64m ●●

● 6.7 GHz ● 8.4 GHz ● 22 GHz©  Yosuke. F

●●●●
Iriki 20m

●●

Japanese VLBI Network

Mizusawa 20m ●●●

Ogasawara 20m ●●●Ishigaki 20m ●●●

Iriki 20m ●●● Hitachi 32m ●●●

Takahagi 32m ●●●Kashima 34m ●●●

Yamaguchi 32m ●● Gifu 11m ● Usuda 64m ●●

● 6.7 GHz ● 8.4 GHz ● 22 GHz©  Yosuke. F

Yamaguchi 32m

Japanese VLBI Network

Mizusawa 20m ●●●

Ogasawara 20m ●●●Ishigaki 20m ●●●

Iriki 20m ●●● Hitachi 32m ●●●

Takahagi 32m ●●●Kashima 34m ●●●

Yamaguchi 32m ●● Gifu 11m ● Usuda 64m ●●

● 6.7 GHz ● 8.4 GHz ● 22 GHz©  Yosuke. F

Ogasawara 20m 
●●●●

Japanese VLBI Network

Mizusawa 20m ●●●

Ogasawara 20m ●●●Ishigaki 20m ●●●

Iriki 20m ●●● Hitachi 32m ●●●

Takahagi 32m ●●●Kashima 34m ●●●

Yamaguchi 32m ●● Gifu 11m ● Usuda 64m ●●

● 6.7 GHz ● 8.4 GHz ● 22 GHz©  Yosuke. F

●
Gifu 11m

Japanese VLBI Network



JVN survey 
・Purpose:  
　　Select the suitable sources  
　　for EAVN observation. 
・Target: 522 sources with z > 3 

EAVN imaging 
・Purpose: Obtain the VLBI images. 
・Target:  
　　The sources detected by JVN.

JVN/EAVN observations

(←Now!)
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Observation: 

JVN/EAVN large survey



→ 522 sources 
were selected

The selection of targets
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♦ Selection criteria 
 ・Redshift is higher than 3. 
 ・Estimated flux at 8.4 GHz from FIRST is higher than 4 mJy. 
 ・No VLBI detection.
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Yamaguchi Hitachi

Total time 70 hr (7 epoch)
Frequency 8192 - 8704 MHz
Bandwidth 512 MHz (Ch1)

Pola. RHCP
Tsys

(@EL)
~ 50 K

(40 deg)
~ 30 K

(85 deg)
Resolution 10 mas
Sensitivity 3 mJy (7σ; 6 min)
Correlatior GICO3 (Yamaguchi)
Obs. date

(UT)
2017/12/05 16:45 - 03/15 (1 ep)
2018/06/28 03:15 - 13:15 (2 ep)

Yamaguchi Hitachi

• 2 epoch observations ware conducted.
• 143 targets were surveyed in the obs.
This survey will be finished until next spring.

JVN survey



Result: 

Interim report of 
JVN survey



74 out of 143 sources were detected over 7σ!! 

• ~10mJy is majority. 
• z > 4 → 7 sources, 3 < z < 4 → 68 sources

Detected sources
N

um
be

r

0

10

20

30

Flux density (mJy)

5 15 25 35 45 50-

Corr. flux

0

5

10

15

20

25

Spectral index

-1.0 0.0 1.0

Spectral index
1.4 - 8.4 GHz

0

50

100

150

200

250

Redshift

3.0 3.4 3.8 4.2 4.6

Redshift

Our sample
74 sources

Pr
elim

ina
ry

Pr
elim

ina
ry Pr

elim
ina
ry

Pr
elim

ina
ry Pr

elim
ina
ry

Pr
elim

ina
ry



74 out of 143 sources were detected over 7σ!! 
• The sources 
detectable by EAVN, 
22GHz -> 13sources 
43GHz -> 10 sources

Estimated flux densities @ 22/43 GHz
N

um
be

r

0

5

10

15

0 15 30 45 0 15 30 45

S22GHz S43GHz• KVN - Tianma 
• VERA - Tianma

• KVN - Tianma 
• VERA - Tianma 
• NRO45 - Tianma

Estimated flux density (mJy)

m
Jy 

(7σ
@
43G

H
z)

KVN VERA Tianma NRO45
KVN 42.7/63.7 95.2 15.4 36.4
VERA 53.9 53.9/141.4 22.4 54.6
Tianma 11.9 14.7 - 8.4
NRO45 - - - -

mJy (7σ@ 22GHz)



To be observed

✓Question: Do the structures of AGN jets depend on redshift? 
✓JVN／EAVN obs.:  

We plan to do new large surveys to obtain high-quality images of High-
z sources with, 

① High-frequencies 
② High-resolution 
③ High-dynamic range 

　  by EAVN 
✓Now:  

Doing JVN survey to select suitable sources for the EAVN observation. 
→ Currently, 74 sources were detected.

Conclusion

522 sources
72 sources
detected

143 sources


