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A KSP FOR POLARIMETRIC SPACE-VLBI WITH RADIOASTRON

Marscher (2014)
TEMZ model numerical simulations
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angular resolution polarization capabilities of
RadioAstron to probe the innermost regions of  :
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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 y-ray flares are
produced by the interaction of moving
components and a recollimation shock at the
core.
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A KSP FOR POLARIMETRIC SPACE-VLBI WITH RADIOASTRON

Early Science
0642+499 9 March 2013 L Lobanov et al. (2015)
AO-1, AO-2, and AO-3 Observations
Band Correlation Status
BL Lac 29 Sep. 2013 L Yes Imaging
BL Lac 11 Nov. 2013 K Yes Gomez 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
0J287 04 April 2014 K Yes Imaging
0716+714 3 January 2015 K No
3C345 30 March 2016 L No
0J287 16 April 2016 L No
0J287 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
0J287 / March 2017 K




OBSERVATIONS OF OJ287 AT K-BAND

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

0J287 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.

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 nas.
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OBSERVATIONS OF OJ287 AT K-BAND PRELIMINARY ANALYSIS

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

0J287 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 pas. No polarization
detected in preliminary analysis.
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OBSERVATIONS OF OJ287 AT K-BAND

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

0J287 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 pas. No polarization
detected in preliminary analysis.

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

The jet bends abruptly at ~0.5 mas from the
core.
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OBSERVATIONS OF OJ287 AT K-BAND

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

0J287 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 pas. No polarization
detected in preliminary analysis.

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

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

Natural weighting reveals that the bending
continues to the south. EVPAs 1n the core
aligned with the jet direction.
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OBSERVATIONS OF 3C273 AT K-BAND 12264028 g 22266 Ghz i | 2004 Jaw W8

RadioAstron observations of 3C273 at 1.3 cm -1 30273 1.3cm |
were performed on January 18, 2014. 7 7
3C273 was observed together with 22 ante- 5 — ™ i
nnas on the ground array: AT, CD, HO, MP, e e
KL, HH, EF, MC, TR, SV, ZC, GB, +VLBA. g | :; - -
Ground-space fringes have been found only s - = i: 7
for the last hour of the 16.8 hours experiment, f R -
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OBSERVATIONS OF 3C273 AT K-BAND

RadioAstron observations of 3C273 at 1.3 cm Clean | map. Array: ACHVRKHEMTHRSSZGBFKLMNOP

f donlJ 18,2014. BT |
were performed on January 30273
3C273 was observed together with 22 ante- ol
nnas on the ground array: AT, CD, HO, MP, -

KL, HH, EF, MC, TR, SV, ZC, GB, +VLBA.

T T =

RadioAstron 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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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.

PRELIMINARY ANALYSIS
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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.

Achieved angular resolution:
FWHM: 3.36x0.56 mas

50 sensitivity:
4 mlJy/beam 1n Total
7.5 mlJy/beam in Polarization

Recovered 4.84 Jy of 5.2 Jy (Effelsberg)

Highly polarized component with m=16+3%,
and EVPAs 1n the direction of the jet.
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OBSERVATIONS OF BLLAC AT K-BAND

RadioAstron observations of BL Lac at 1.3 - BIL |'_ac Nov. 11, 2013 -
cm were performed in November 11, 2013. e A=1.3 cm -

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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OBSERVATIONS OF BLLAC AT K-BAND (GOMEZ ET AL. 2015, SUBMITTED)

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.

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

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

Perigee: Independent solutions for IF and
polarization. 1 minute integration.
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OBSERVATIONS OF BLLAC AT K-BAND

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.

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

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

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.

TABLE 1

INSTRUMENTAL POLARIZATION (D-TERMS) AT 22 GHz

Antenna RCP LCP

m X m X
[70] °] [70] °]

SRT 9.340.5 21+5 4.5+0.3 72+5

8.840.8 20+4 4.440.2 68+8
BR 1.4+0.7 —73+£18 | 0.84+0.4 —165422
1.44+0.7 —86+23 | 0.7+£0.3 —196+24

EF 9.940.7 —914+4 8.1+0.5 —126+7

9.340.8 —98+3 7.54+£0.3 —130+6

HN 2.3+0.2 174416 | 2.2+0.6 90+6
2.240.4 149+14 | 2.0£0.8 85+11
KP 1.1£0.3 —160+£8 1.1£04 —-167+12

0.940.4 —18245 1.0+0.3 —19448

LA 2.440.6 —62+7 1.0+£0.4 —12448
2.74+0.7 —75+6 0.8+0.6 —1264+11

NL 3.640.5 —43+5 3.840.2 —106+9

3.14+0.6 —43+7 4.0+0.4 —10448

oV 2.0+0.8 118+8 2.3+0.4 1847
2.240.8 9446 2.71+0.4 13+11

PT 1.440.3 —85+11 | 2.0+0.5 —74+9
1.4+0.4 —77+12 | 2.04+0.6 —65+12

MH 1.94+0.9 —116+£8 8.24+1.3 —41+49

2.940.8 —15246 5.54+0.9 —bT7+8

ON 4.1+0.8 —43+4 5.34+0.5 —87+7
4.240.9 —38+£8 5.240.6 —82+12

SV 4.840.3 17947 4.1+0.5 —245

4.7+0.2 178410 | 4.0+0.3 0t4

7C 6.14+0.7 162+13 | 8.3+0.8 16849

8.34+0.6 111410 | 6.9+0.9 16545

MC 0.940.7 109410 | 6.1+0.6 4148
2.64+0.9 87+11 | 5.5+0.9 42411

MK 3.3+0.4 —64+8 2.94+0.3 —135+5

3.510.6 —67+£12 | 2.9+0.5 —130+9

BD 7.710.8 —99+7 6.4+0.6 —179+6

8.1+£0.9 —1034+8 6.7+0.8 —1784+9




OBSERVATIONS OF BLLAC AT K-BAND

Linearly Polarized Intensity (mJy/beam) Linearly Polarized Intensity (mJy/beam)
10 30 50 70 90 10 30 50 70 90

s aaamm Linearly Polarized Intensity (mJy/beam)
10 30 50 70

0.4r

021

0.0

02

Relative Declination (mas)

Relative Declination (mas)
Relative Declination (mas)

-0.6

rWHM21pas

0.2 0.1 0.0 -0.1 -0.2 -0.3 -04
Relative Right Ascension (mas)

§FWHI\/| 100 pas  Natural ¢/ FWHM 31 pas  Uniform

0.5 0.0 -0.5 -1.0 -1.5 2.0 0.5 0.0 -0.5 -1.0
GOm ez et a | [2 D /l 8] Relative Right Ascension (mas) Relative Right Ascension (mas)



OBSERVATIONS OF BLLAC AT K-BAND

Relative Declination (mas)
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OBSERVATIONS OF BLLAC AT K-BAND

VLBA-BU-BLAZAR monitoring data

Relative Declination (mas)

6.76 25.43 44.09

'
[ay
T

Linearly Polarized Intensity (mJy/beam)
62. 81.43

~ Nov.18,2013

|
0.5 0.0 -0.5 -1.0
Relative Right Ascension (mas)

Relative Declination (mas)

0.4

0.2

0.0

-0.2

-0.4

-0.6

Gomez et al. (2016])

BL Lac A=1.3cm Nov.,

Total Intensity

1, 2013

uper -

v FWHM 21 pas niform |
0.2 0.1 0.0 -0.1 -0.2 -0.3 -0.4

Relative Right Ascension (mas)



OBSERVATIONS OF BLLAC AT K-BAND

VLBA-BU-BLAZAR monitoring data
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Monitoring at 43 GHz shows the ejection of new
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after our RadioAstron observations.
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OBSERVATIONS OF BLLAC AT K-BAND

VLBA-BU-BLAZAR monitoring data
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OBSERVATIONS OF BLLAC AT K-BAND

This opens the possibility that the core is a
recollimation shock at ~40 uas for the jet apex,
in a pattern that includes also components K1 and

K2 at ~100 pas and ~250 puas, respectively.
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OBSERVATIONS OF BLLAC AT K-BAND

Unresolved core component has an observed
brightness temperature of Ty>2x1013 K.

Tp<3x104 K

This 1s further supported by estimations from the
visibilities amplitudes and their errors (Lobanov

2015).

From estimated 0=7.2 we obtain an intrinsic
brightness temperature  Tpine>3%1012 K,
suggesting departure from equipartition.
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OBSERVATIONS OF BLLAC AT K-BAND

Rotation Measure (rad/mz)

-3000 -2000 -1000 0 1000 2000 3000
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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 (GOmez et al. 2016).

RadioAstron allows polarization imaging
with angular resolutions of ~20 uas

* 0J287 imaged with an angular resolution of ~40 pas (4 Dg). Fringes detected up
to 15.2 Dg, with a potential angular resolutions of ~10 pas.

* BL Lac imaged at L and K-bands. Ground-space fringes detected up to 8 Dg (7
Dg at L-band), achieving a maximum angular resolution of ~20 pas.

* Evidence for emission upstream the core, and a pattern of three
recollimation shocks (40, 100, 250 uas) that includes the core.

* The intrinsic de-boosted brightness temperature of the core exceeds
3x1012 K, suggesting at the very least departure from equipartition.

* The core area shows a point symmetric structure in RM and EVPAs,
suggesting it 1s threaded by a helical magnetic field.



