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A KSP for polarimetric Space-VLBI with RadioAstron

RadioAstronGround-based

a) b)

Marscher (2014) 
TEMZ model numerical simulations

RadioAstron  provides  the  first  true  full-
polarization capabilities for Space-VLBI.

Our  goal  is  to  exploit  the  unprecedented  high 
angular  resolution  polarization  capabilities  of 
RadioAstron to probe the innermost regions of 
AGN jets and their magnetic fields.

Faraday  rotation  analysis  to  determine  the  3D 
structure of the magnetic field.

Comparison  with  3D  RMHD+emission 
simulations to study the jet formation and high-
energy emission. Testing whether γ-ray flares are 
produced  by  the  interaction  of  moving 
components  and  a  recollimation  shock  at  the 
core.

Goal

Recollimation  shock  model  for  the  core 
(Marscher 2014).
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Early Science
Target Date Band Status

0642+499 9 March 2013 L Lobanov et al. (2015)
AO-1, AO-2, and AO-3 Observations

Target Date Band Correlation Status
BL Lac 29 Sep. 2013 L Yes Imaging
BL Lac 11 Nov. 2013 K Yes Gómez et al. (2016)
3C273 18 Jan. 2014 K Yes Bruni et al. (in prep.)
3C273 13 June 2014 L Yes
3C279 10 March 2014 K No
OJ287 04 April 2014 K Yes Imaging

0716+714 3 January 2015 K No
3C345 30 March 2016 L No 
OJ287 16 April 2016 L No 
OJ287 25 April 2016 K No
3C345 4 May 2016 K No

Scheduled AO-4 Observations
Target Date Band

3C454.3 8 October 2016 K
CTA102 17 October 2016 K
OJ287 7 March 2017 K

A KSP for polarimetric Space-VLBI with RadioAstron



Observations of OJ287 at K-band

RadioAstron observations of OJ287 at 1.3 cm 
were performed in April 4, 2014.

OJ287 was observed together with 12 ground 
antennas including the EVN, KVN, and GBT.

OJ287

RadioAstron 1.3 cm 

April 4, 2014

Ground-space fringes (SNR~50) have been 
detected throughout the whole experiment, 
reaching  ~4  Earth  diameters  in  projected 
length.

Ground-space  fringes  detected  at  a  record 
spacing of 15.2 Earth diameters (April  18th, 
SNR~11.5)  by  the  RadioAstron  Survey  (PI 
Kovalev).  Combination  with  our  KSP 
observations  allows  imaging  OJ287  at  a 
potential angular resolution of ~10 μas.



Observations of OJ287 at K-band

RadioAstron observations of OJ287 at 1.3 cm 
were performed in April 4, 2014.

OJ287 was observed together with 12 ground 
antennas including the EVN, KVN, and GBT.

Ground-space fringes (SNR~50) have been 
detected throughout the whole experiment, 
reaching  ~4  Earth  diameters  in  projected 
length.

OJ287 — RA 1.3 cm
April 4, 2014

Maximum  angular  resolution  for  super-
uniform weighting of 42 μas. No polarization 
detected in preliminary analysis.

Total Intensity

Super-uniform

FWHM 42 μas

PRELIMINARY ANALYSIS
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Uniform  weighting  provides  an  angular 
resolution of 63 μas. Polarization is detected 
near the core area.

The jet bends abruptly at ~0.5 mas from the 
core.



Observations of OJ287 at K-band

RadioAstron observations of OJ287 at 1.3 cm 
were performed in April 4, 2014.

OJ287 was observed together with 12 ground 
antennas including the EVN, KVN, and GBT.

Ground-space fringes (SNR~50) have been 
detected throughout the whole experiment, 
reaching  ~4  Earth  diameters  in  projected 
length.

Maximum  angular  resolution  for  super-
uniform weighting of 42 μas. No polarization 
detected in preliminary analysis.

Uniform  weighting  provides  an  angular 
resolution of 63 μas. Polarization is detected 
near the core area.

Natural  weighting  reveals  that  the  bending 
continues  to  the  south.  EVPAs  in  the  core 
aligned with the jet direction.

OJ287 — RA 1.3 cm Total & Polarized

UniformFWHM 63 μas

NaturalFWHM 124 μas

Total & PolarizedOJ287 — RA 1.3 cm

TotalOJ287 — RA 1.3 cm

FWHM 42 μas
Super 

Uniform

The jet bends abruptly at ~0.5 mas from the 
core.



Observations of 3C273 at K-band

RadioAstron observations of 3C273 at 1.3 cm 
were performed on January 18, 2014.

3C273  was  observed  together  with  22  ante-
nnas on the ground array: AT, CD, HO, MP, 
KL, HH, EF, MC, TR, SV, ZC, GB, +VLBA.

A&A proofs: manuscript no. 3C273

Fig. 1: UV coverage for 3C273: only RA baselines giving fringes
are plotted (stripes). The ground global array, covering the Earth
diameter, is visible.

Table 1: Components used to modelfit the core region in
DIFMAP.

Comp. Flux Radius Freq. T

b

[Jy] [mas] [GHz] [K]
A 1.24590 0.287002 22 8.56⇥109

B 2.58145 1.18029 22 1.05⇥109

A 4.76423 0.364897 43 2.02⇥1010

B 1.07640 0.479505 43 2.65⇥109

quency in GHz, and z the source redshift. The obtained values
are also show in Table 1.

This value is well below the one imposed by the inverse
Compton limit (1012 K) and the limit in equipartition conditions
between particles energy and magnetic fields (1011 K). This indi-
cates that the source is in a low-state, as also expected from the
flux density 20-years measurements by the MOJAVE program
(see Fig. 4).

3.2. Spectral index map

4. Discussion

4.1. The multi-wavelength behaviour during the radio

low-state

In the following we compare the multi-wavelength data available
from literature, obtained in the same period of our observations,
with what found in the same bands during periods of high activ-
ity of the source.

Radio emission and morphology variation

During November 1998, the MOJAVE survey recorded the his-
torical peak emission from 3C273. This was ⇠40 Jy at 15 GHz
(see Fig. 5). The map obtained from these observations show a
dominant core component, with a flux density of 35 Jy. We com-
pare with the core total flux density recorded during our observa-
tions, coincident with a low-state of the source. The correspon-
dent core component on our 15 GHz VLBA map has a total flux
density of ⇠7 Jy, resulting in a variation of about 80% in a 16-
years time window. Comparing the di↵erent morphologies of the
two maps, a clear change in the jet emission direction is visible:
the 1998 map shows an elliptical core component, and an ex-
tended emission towards SW at a position angle (P.A.) of about
-50 degrees. Our 2014 map shows an elongated core component,
connected to an extended emission toward the same direction,
but with a P.A. of about -60 degrees. This could suggest a lower
emission beaming towards to observer, responsible of the much
lower emission recorded during the latest observations. This is
also supported by the even larger P.A. visible in the 22 GHz and
43 GHz bands (⇠-70 degrees).

More drastic di↵erences are seen when comparing with pre-
vious RadioAstron observations of 3C273, performed in 2013
during the early-science program (Kovalev et al. 2015). An ex-
ceptionally high brightness temperature was detected (⇠1014 K)
questioning our comprehension of the jet physics. Our observa-
tions, taken about one year after, demonstrate that such a short
time scale can be su�cient to drop the brightness temperate, and
thus the flux density, of 3 order of magnitudes. From a simple
calculation, the structure responsible for such a variation should
have a dimension D < c ⇥ ⌧, where c is the speed of light and
⌧ is the time interval of the variation. This results in a structure
<0.3 pc, that translates into 0.1 mas at the redshift of our source.

The VLBA-BU-BLAZAR program, carrying out a monthly
monitoring of Gamma-ray emitting Blazars at 43 GHz, observed
3C273 on 20 January 2014, just a few hours after our project.
The resulting map is presented in Fig. 6. Observations have been
performed with a much wider bandwidth than ours (???), leading
to a better sensitivity. The same morphology found in our map at
the same frequency is visible, confirming the larger P.A. of the
extended emission at frequencies over 20 GHz. The same pro-
gram has monthly monitored the source from November 2013 to
February 2014, permitting detailed study in this low state.

Broad emission line variation in the optical band

Gamma emission detected with FERMI

4.2. Summary

5. Conclusions
Acknowledgements.
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3C273 1.3 cm 

Ground-space  fringes  have  been  found  only 
for the last hour of the 16.8 hours experiment, 
yielding  a  maximum  baseline  length  that 
barely exceeds one Earth’s diameter.
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Fig. 3: Map obtained at 22 GHz with the global ground array plus RadioAstron.
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Fig. 4: Radio flux densities at 15 GHz from the MOJAVE monitoring program from 1995 to 2015. The circled point is the nearest
in time to our observations (15 Dec 2013).
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3C273 — MOJAVE light curve
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RadioAstron observations performed during a 
quiescent state of the source.
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Maximum brightness temperatures do not 
exceed 2×1010 K!

Ground-space  fringes  have  been  found  only 
for the last hour of the 16.8 hours experiment, 
yielding  a  maximum  baseline  length  that 
barely exceeds one Earth’s diameter.

RadioAstron observations performed during a 
quiescent state of the source.



Observations of BLLac at L-band

RadioAstron observations of BL Lac at 18 cm 
were performed in September 29, 2013.

BL Lac was observed together with 24 ground 
antennas: SV, ZC, BD, EF, GB, WT, NT, TR, 
JD, ON, UR, KL, SH, EV and the VLBA.

PRELIMINARY ANALYSIS

BL Lac

RadioAstron 18 cm 

Sept. 29, 2013

6.9 DE

Ground-space fringes have been detected up to 
~7 Earth’s diameters in projected length.



Observations of BLLac at L-band

RadioAstron observations of BL Lac at 18 cm 
were performed in September 29, 2013.

BL Lac was observed together with 24 ground 
antennas: SV, ZC, BD, EF, GB, WT, NT, TR, 
JD, ON, UR, KL, SH, EV and the VLBA.

Ground-space fringes have been detected up to 
~7 Earth’s diameters in projected length.

BL Lac
RadioAstron 18 cm 

Sept. 29, 2013

Uniform

Preliminary image

Achieved angular resolution:
   FWHM:  3.36x0.56 mas

5σ sensitivity:
   4     mJy/beam in Total
   7.5  mJy/beam in Polarization

Recovered 4.84 Jy of 5.2 Jy (Effelsberg)

FWHM 0.56 mas

m=16±3%

Highly polarized component with m=16±3%, 
and EVPAs in the direction of the jet.



Observations of BLLac at K-band
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RadioAstron  observations  of  BL Lac at  1.3 
cm were performed in November 11, 2013.

BL Lac was observed together with 15 ground 
antennas: EF, MH, ON, SV, ZC, MC, BD, BR, 
HN, KP, LA, NL, OV, PT, MK.

BL Lac
λ=1.3 cm 

Nov. 11, 2013

RadioAstron baselines

7.9 DE

Gómez et al. (2016)

Ground-space fringes up to projected baseline 
distance of 7.9 Earth’s diameters in projection.
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polarization. 1 minute integration.



Observations of BLLac at K-band (Gómez et al. 2015, submitted)
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RadioAstron  observations  of  BL Lac at  1.3 
cm were performed in November 11, 2013.

BL Lac was observed together with 15 ground 
antennas: EF, MH, ON, SV, ZC, MC, BD, BR, 
HN, KP, LA, NL, OV, PT, MK.
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Long baselines: 4 minutes integration 
combining both polarizations and IFs.

Reliable fringe detection (SNR~50) until the 
tracking station changed from Puschino to 
Green Bank. Gómez et al. (2016)

Ground-space fringes up to projected baseline 
distance of 7.9 Earth’s diameters in projection.



Observations of BLLac at K-band

log10 Tb,min

6 4 2 0 -2 -4 -6

-2

0

2

u @GlD

v
@Gl
D

9 10 11 12 13

RadioAstron  observations  of  BL Lac at  1.3 
cm were performed in November 11, 2013.

BL Lac was observed together with 15 ground 
antennas: EF, MH, ON, SV, ZC, MC, BD, BR, 
HN, KP, LA, NL, OV, PT, MK.

BL Lac
λ=1.3 cm 

Nov. 11, 2013

Reliable fringe detection (SNR~50) until  the 
tracking  station  changed  from  Puschino  to 
Green Bank.

RadioAstron baselines

7.9 DE

Gómez et al. (2015)

Ground-space fringes up to projected baseline 
distance of 7.9 Earth’s diameters in projection.

RadioAstron polarimetric space VLBI observations of BL Lacertae 3
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Fig. 1.— Fourier coverage (uv -coverage) of the fringe fitted data
(i.e., reliable fringe detections) of the RadioAstron observa-
tions of BL Lac on 2013 November 10-11 at 22 GHz. Color marks
the lower limit of observed brightness temperature obtained from
visibility amplitudes (for details, see discussion in Sect. 3.3).

the ground antennas and the SRT. Sensitivity parameters
of the SRT (Kovalev et al. 2014) are measured regularly
during maintenance sessions. Parallactic angle correc-
tions were applied to the ground antennas to correct for
the feed rotation.

2.1.1. Fringe fitting

Fringe fitting of the data was performed by first manu-
ally solving for the instrumental phase o↵sets and single
band delays using a short scan during the perigee of the
SRT, when the shortest projected ground–space baseline
distances (smaller than one Earth’s diameter) are ob-
tained, providing the best fringe solutions for the space
antenna. These solutions were applied before perform-
ing a global fringe search for the delays and rates of the
ground array only.
Once the ground antennas were fully calibrated, they

were coherently combined to improve the fringe detec-
tion sensitivity of the SRT (Kogan 1996). This base-
line stacking was carried out setting DPARM(1)=3 in
AIPS’s FRING task, performing also an exhaustive base-
line search, and combining both polarizations and IFs to
improve the sensitivity. Progressively longer solution in-
tervals were used for the fringe search, from one minute
to maintain coherence of the signal during the acceler-
ation of the space craft in the perigee, to four minutes
to increase the sensitivity on the longer baselines to the
SRT.
The phasing of a group of ground-based antennas al-

lowed us to obtain reliable ground–space fringe detec-
tions up to projected baselines of 7.9 Earth’s diameters
(DE) in length, covering the duration of the experiment
within which Puschino was used as the tracking sta-
tion. No further fringes were obtained to the space craft
once the tracking station changed to Green Bank, which
is presumably due to a di↵erence in clock setting be-
tween the two tracking stations. These were searched
for by introducing trial clock o↵sets for the Green Bank
tracking station, and performing new test correlations
with a larger fringe-search window of up to 1024 chan-
nels and 0.1 sec of integration time in width. However,
no further fringes were detected to the SRT. We also note
that 1.5 hours passed between the last Puschino scan
and the first Green Bank scan, thus increasing the space
baseline length and perhaps reducing the correlated flux

TABLE 1
Instrumental polarization (D-terms) at 22 GHz

Antenna RCP LCP
m � m �

[%] [�] [%] [�]
SRT 9.3±0.5 21±5 4.5±0.3 72±5

8.8±0.8 20±4 4.4±0.2 68±8
BR 1.4±0.7 �73±18 0.8±0.4 �165±22

1.4±0.7 �86±23 0.7±0.3 �196±24
EF 9.9±0.7 �91±4 8.1±0.5 �126±7

9.3±0.8 �98±3 7.5±0.3 �130±6
HN 2.3±0.2 174±16 2.2±0.6 90±6

2.2±0.4 149±14 2.0±0.8 85±11
KP 1.1±0.3 �160±8 1.1±0.4 �167±12

0.9±0.4 �182±5 1.0±0.3 �194±8
LA 2.4±0.6 �62±7 1.0±0.4 �124±8

2.7±0.7 �75±6 0.8±0.6 �126±11
NL 3.6±0.5 �43±5 3.8±0.2 �106±9

3.1±0.6 �43±7 4.0±0.4 �104±8
OV 2.0±0.8 118±8 2.3±0.4 18±7

2.2±0.8 94±6 2.7±0.4 13±11
PT 1.4±0.3 �85±11 2.0±0.5 �74±9

1.4±0.4 �77±12 2.0±0.6 �65±12
MH 1.9±0.9 �116±8 8.2±1.3 �41±9

2.9±0.8 �152±6 5.5±0.9 �57±8
ON 4.1±0.8 �43±4 5.3±0.5 �87±7

4.2±0.9 �38±8 5.2±0.6 �82±12
SV 4.8±0.3 179±7 4.1±0.5 �2±5

4.7±0.2 178±10 4.0±0.3 0±4
ZC 6.1±0.7 162±13 8.3±0.8 168±9

8.3±0.6 111±10 6.9±0.9 165±5
MC 0.9±0.7 109±10 6.1±0.6 41±8

2.6±0.9 87±11 5.5±0.9 42±11
MK 3.3±0.4 �64±8 2.9±0.3 �135±5

3.5±0.6 �67±12 2.9±0.5 �130±9
BD 7.7±0.8 �99±7 6.4±0.6 �179±6

8.1±0.9 �103±8 6.7±0.8 �178±9

Notes. Listed values correspond to the fractional amplitude, m,
and phase, �, of the instrumental polarization for each antenna
and polarization in the first (top row) and second (bottom row)
IF.
density below the sensitivity threshold. The obtained
fringe-fitted data visibility coverage of the Fourier do-
main (uv -coverage) is shown in Fig. 1.
After the fringe fitting the delay di↵erence between

the two polarizations was corrected using AIPS’s task
RLDLY, and a complex bandpass function was solved
for the receiver.

2.1.2. Polarization calibration

The instrumental polarization (D-terms) was obtained
using AIPS’s task LPCAL (Leppanen et al. 1995). Ta-
ble 1 lists the instrumental polarization derived for each
telescope, with E↵elsberg as the reference antenna. Er-
rors in the instrumental polarization were estimated from
the dispersion in the values obtained by performing inde-
pendent data reductions while using di↵erent reference
antennas, as well as comparison with values obtained
for calibrator sources (2021+614 and 1823+568). Es-
timated values for the ground antennas are also subject
to antenna performance and weather conditions at the
sites, which in some cases may lead to larger than usual
instrumental polarization values. Amplitude and phase
stability across the two IFs confirms the reliability of the

D-terms  for  RadioAstron  are  particularly 
consistent across IFs, and show an amplitude 
of ~9% for RCP and below 5% for LCP.

Confirmation  of  RadioAstron  polarization 
capabilities at 22 GHz.
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Core?

Monitoring at 43 GHz shows the ejection of new 
component M1 in 2013 November 23, or 12 days 
after our RadioAstron observations.

VLBA-BU-BLAZAR monitoring data

40 μas
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Monitoring at 43 GHz shows the ejection of new 
component M1 in 2013 November 23, or 12 days 
after our RadioAstron observations.

VLBA-BU-BLAZAR monitoring data

40 μas
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With a proper motion of μ=1.76±0.06 mas/yr, the 
estimated  position  during  our  RadioAstron 
observations is ~50 μas upstream of the core.

Core
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40 μas

K1 (stationary)

K2 (stationary)

Core

Up

This  opens  the  possibility  that  the  core  is  a 
recollimation shock at ~40 μas for the jet apex, 
in a pattern that includes also components K1 and 
K2 at ~100 μas and ~250 μas, respectively.
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RMHD simulations reproduce the relative distance 
between  components  Core,  K1,  and  K2  as 
recollimation shocks.
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This  is  further  supported  by  estimations  from  the 
visibilities  amplitudes  and  their  errors  (Lobanov 
2015).
From  estimated  δ=7.2  we  obtain  an  intrinsic 
brightness  temperature  Tb,int>3×1012  K, 
suggesting departure from equipartition. 
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Region of  enhanced RM and EVPA transition associated 
with recollimation shock K2.

Cohen et al. (2014)

The Astrophysical Journal, 787:151 (10pp), 2014 June 1 Cohen et al.

Figure 3. R.A.–Decl. tracks for the components, relative to the core at (0, 0).
The circle at r = 0.25 mas is for convenience. The cluster of black points is
component 7, which we identify as a recollimation shock. The E–W uncertainty
is ±0.1 mas. The dashed line at P.A. = −166.◦6 is an axis that connects the
core and the mean of component 7. The solid black triangles are for the 43 GHz
component S10. See text.

the observing frequency, since it is usually regarded as the
photosphere (i.e., the τ ≈ 1 region in a smoothly varying
jet; see e.g., Sokolovsky et al. 2011; O’Sullivan & Gabuzda
2009b, Kovalev et al. 2008). The measured core shift in BL
Lac, between 8 and 15 GHz, is of order 50 µas (Pushkarev et al.
2012). Further, the core may prove to be a compound structure
when viewed at a shorter wavelength, with more resolution and
less opacity. This is the case for BL Lac, as we now show.

Independent 43 GHz VLBA observations of BL Lac were
made by J05 and by MD05 over partly overlapping intervals
between 1998 and 2003. Jorstad et al. (2005) show that BL
Lac had three permanent components in the inner region: the
43 GHz core itself and two components to the south, labeled
A1 and A2 (see J05, Figure 16). Mutel & Denn (2005) obtain a
similar result; they see the same three components and call them
C1, C2, and C3. S03 call the two northern components C1 and
C2. To avoid confusion we will exclusively use the designations
A0, A1, and A2 for the 43-GHz components, to refer to the core
and the two components labeled A1 and A2 by J05. At 43 GHz
A1 is substantially stronger than A0. We assume that A0 is the
43 GHz core of BL Lac, and A1 and A2 are stationary shocks
in the jet. It is unlikely that A1 is the core and A0 is part of a
counter-jet, because the Lorentz factor of the beam is of order 3
or more, and therefore there is an expected ratio of 103 or more
between the flux densities of the jet and the counter-jet.

Jorstad et al. (2005) list the separations of A1 and A2 from
A0 as 0.10 and 0.29 mas, respectively (J05, Table 5). S03 show
that the P.A. from A0 to A1 is variable, between about −153◦

and −190◦. It was this swing in P.A. that led them to suggest a

Figure 4. Position angle vs. epoch for component 7.

periodicity. At 15 GHz, the angular resolution of the VLBA is
insufficient to separate A0 and A1, and together they form the
core at 15 GHz. The variable P.A. between A0 and A1, however,
does mean that the 15 GHz core moves on the sky. The motion
depends on the 15 GHz flux density ratio between A0 and A1;
this is unknown, but at 43 GHz A1 is substantially stronger than
A0 (J05, MD05). In any event, the position shift will mainly be
in the R.A. direction and the sky motion will be !60 µas y−1.
This is consistent with the proper motion measured at 8 GHz
from 1994 to 1998: 20.4 ± 6.6 µas yr−1, at P.A. = −16 ± 16◦

(Moór et al. 2011). The accuracy of our position measurements
is estimated to be ±0.1 mas, so we ignore the possible shifts in
the apparent core position.

2.2. The Quasi-Stationary Component

At 15 GHz BL Lac contains a quasi-stationary component,
C7, seen in Figure 2 at about 0.26 mas from the core. In Figure 3,
an R.A.–Decl. plot, C7 is seen as the tight cluster of points with
a centroid at r = 0.26 mas and a position angle P.A. = −166.◦6.
This is close to the location of the 43 GHz component A2 from
its core, r = 0.29 mas, P.A. ≈ −166◦. We therefore identify C7
with the 43 GHz component A2. The small difference in radius
at the two frequencies can be attributed to the compound nature
of the core as described above.

The 15 GHz restoring beam of the VLBA for BL Lac,
calculated with naturally weighted data, is roughly 0.9×0.6 mas
(FWHM) at P.A. = −9◦, so that the separation between the
core and C7 is less than the beam size. Such super-resolution
generally leads to a non-unique model, whose utility depends
on the SNR and on the true level of complication in the field. In
our case the SNR is high, and from the 43-GHz observations we
know that there is only a small number of compact components
in the field. Hence we have an apriori case that superresolution
is reasonable. We also justify our superresolution by the good
agreement for the positions of components C7 and A2 at 15 and
43 GHz.

In Figure 4 we show the P.A. of C7 relative to the core as a
function of time. The P.A. is stable after about 2009.5, and the
scatter there is an indication of the noise in the measurements,
which appears to be about ±3◦. There is no periodicity that is
apparent on scales from 1 to 12 yr, but longer periods are not
excluded. MD05 (their Figure 3) show the combined S03 and
MD05 data at 43 GHz for the P.A. close to the core. Their data
closely match ours for the overlap period, 1999.0–2002.0, with a
lag of a few months for the 15 GHz data. This good agreement is
further justification for superresolution, and for using ±0.1 mas
as a conservative estimate of the error in the positions of the
components.

4

MOJAVE

Component  swings  in  position  angle,  triggering  Alfvén 
waves in the jet ridge line, like waves on a whip (Cohen et 
al. 2014), interpreted also as a recollimation shock.
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The core area shows a point symmetric structure in RM and 
EVPA,  as  shown in  the  2D histograms as  a  function  of 
position angle wrt the core in the selected area.

In agreement with RMHD 
simulations of jets with a 
helical  magnetic  field  by 
Porth et al. (2011).

The  polarization  structure  is  consistent  with  the 
existence of a helical magnetic field threading the jet.
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Similar  point  symmetric  structure  in  RM  and  EVPA 
around the core found in 3C454.3, interpreted as produced 
by a helical magnetic field (Zamaninasab et al. 2013).

Zamaninasab et al. (2013)

Helical magnetic field in the quasar 3C 454.3 3347

Figure 7. Same as Fig. 6 for 2009 September 22 observations.

Figure 8. 1σ error values corresponding to the maps presented in Fig. 6,
estimated from the uncertainty of the least-χ2 fits.

12.1 and 15.4 GHz. Details of their analysis are described in Hovatta
et al. (2012). Considering the rather short time gap between our
2005 observations and this RM map (with different resolution but
higher signal-to-noise ratio in polarized flux), we found very good
agreement between the RM estimates at these epochs. The galactic
RM value of −33.5 rad m−2 (Taylor, Stil & Sunstrum 2009) was
subtracted from all the observed values.

In addition to the Faraday rotation estimates, we have stud-
ied changes of the degree of linear polarization of each pixel
as a function of the observing frequency. It is expected that if a
source contains a mixture of radiating material and thermal plasma

Figure 9. Same as Fig. 8 for 2009 September 22 observations.

Figure 10. Faraday rotation map of 3C 454.3 based on quasi-simultaneous
observations at 8.1, 8.4, 12.12 and 15.37 GHz performed on 2006 March
9 (left) and its corresponding 1σ uncertainties for each pixel (right, see
Hovatta et al. 2012 for details).

(responsible for the Faraday rotation) the degree of polarization
decreases with increasing wavelength (Burn 1966). Depolarization
also occurs if there are variations in the foreground Faraday screen
across the observing beam (Burn 1966; Laing et al. 2008). Burn
(1966) derived a functional form for the case of a variable fore-
ground Faraday screen, and found that emission tends to depolarize
with increasing wavelength as below:

m(λ) = m0 exp(−kλ4), (2)

where m, represents the degree of linear polarization and
k = 2|∇RM|2. We have estimated the values of k for each pixel
in our image by performing a least-squares fit to the linear function
ln [m(λ)] = ln [m0] − kλ4. It is usually expected that fractional lin-
ear polarization decreases with increasing wavelength (k ≥ 0, Burn
1966). However, we noticed that a significant number of pixels
show negative values (k ≪ 0). Hovatta et al. (2012) reported nega-
tive values for k in nine isolated, optically thin components in four
MOJAVE sources: 3C 454.3, 3C 273, 1458+781 and 1514−241.
This so-called inverse-depolarization behaviour is interpreted by
Homan (2012) as indirect evidence for the presence of a helical
magnetic field and internal Faraday rotation in such sources. Our
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Comparison between cm-space 
VLBI and  mm-ground VLBI 
(GMVA, EHT) holds a great 

potential for Faraday rotation and 
opacity studies at similar angular 

resolutions.



Summary
• Eleven  RadioAstron  observations  carried  out  within  our  polarization  KSP 

during AO-1, AO-2, and AO-3. Continued observations throughout AO-4.
• Confirmed polarization capabilities of RadioAstron for observations at 18 cm 

(Lobanov et al. 2015) and 1.3 cm (Gómez et al. 2016).
RadioAstron allows polarization imaging 

with angular resolutions of ~20 μas
• OJ287 imaged with an angular resolution of ~40 μas (4 DE). Fringes detected up 

to 15.2 DE, with a potential angular resolutions of ~10 μas.
• BL Lac imaged at L and K-bands. Ground-space fringes detected up to 8 DE (7 

DE at L-band), achieving a maximum angular resolution of ~20 μas.
• Evidence  for  emission  upstream  the  core,  and  a  pattern  of  three 

recollimation shocks (40, 100, 250 μas) that includes the core.
• The  intrinsic  de-boosted  brightness  temperature  of  the  core  exceeds 

3×1012 K, suggesting at the very least departure from equipartition.
• The core area shows a point  symmetric structure in RM and EVPAs, 

suggesting it is threaded by a helical magnetic field.


