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Outline of the talk

Motivation: Determination of core shift.

Sample of sources observed by VLBA.

Astrometric Technique applied to BL Lac. Is a new
approach to the Source Frequency Phase Transfer (SFPR).

Preliminary results.
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Motivation: Study the nature of core jets.

The location at which the jet becomes The radio core is a recollimation shock

optically thin. Therefore its position in the jet at a fixed location.
shifts with observing frequency.

Radio core at different frequencies
(V5 >vg >v3 > >vq)

Central black hole and accretion flow ) L. . s
Moving emission feature Helical magnetic field

Streamline Conical standing shock
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Marscher et al. 2008.
Hada et al. 2011.

It is necessary to have
astrometric measurements at
mm wavelength.
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Sample of sources observed by VLBA.

BL Lac, 3C120, 3C273, CTA102, 0716+714, 3C111 and some other sources
Mrk421, 4C+21.35, 1633+382, 3C279, and 3C454.3.

y-ray emitting AGN at 1.3, 5, 8.4, 15, 22, 43 and 86 GHz.
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Sample of sources observed by VLBA.

BL Lac, 3C120, 3C273, CTA102, 0716+714, 3C111 and some other sources
Mrk421, 4C+21.35, 1633+382, 3C279, and 3C454.3.

y-ray emitting AGN at 1.3, 5, §, 15, 22, 43 and 86 GHz.

Observation Strategy Calibrator 1
Low freq.

T:
Usual phase-reference block arget 5,8,15,22

Calibrator 2

Target GHz
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Sample of sources observed by VLBA.

BL Lac, 3C120, 3C273, CTA102, 0716+714, 3C111 and some other sources
Mrk421, 4C+21.35, 1633+382, 3C279, and 3C454.3.

y-ray emitting AGN at 1.3, 5, 8.4, 15, 22, 43 and 86 GHz.

Observation Strategy el 50 sec
Low freq.

5,8, 15,22
GHz

Target 30 sec
Calibrator 2 50 sec
Target 35 sec

Usual phase-reference block

Ionospheric block Target new C-band wide rec.

7.6 GH
Target 22 GHz ‘

Target 1.3 GHz {4.3 GHz
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Sample of sources observed by VLBA.

BL Lac, 3C120, 3C273, CTA102, 0716+714, 3C111 and some other sources
Mrk421, 4C+21.35, 1633+382, 3C279, and 3C454.3.

y-ray emitting AGN at 1.3, 5, 8.4, 15, 22, 43 and 86 GHz.

Observation Strategy el 50 sec

Low freq.
5,8, 15,22
GHz

Target 30 sec
Calibrator 2 50 sec
Target 35 sec

Usual phase-reference block

Target 1.3 GHz 40 sec
Ionospheric block Target wide band at5 GHz 40 sec
Target 22 GHz 40 sec

Target 927 GHz 30 sec

Target 43 GHz 30 sec
Frequency-phase-transfer block Target 22 GHz 30 sec

Target 86 GHz 30 sec
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Sample of sources observed by VLBA.

BL Lac, 3C120, 3C273, CTA102, 0716+714, 3C111 and some other sources
Mrk421, 4C+21.35, 1633+382, 3C279, and 3C454.3.

y-ray emitting AGN at 1.3, 5, 8.4, 15, 22, 43 and 86 GHz.

Observation Strategy el 50 sec

Low freq.
5,8, 15,22
GHz

Target 30 sec
Calibrator 2 50 sec
Target 35 sec

Usual phase-reference block

Target 1.3 GHz 40 sec
Ionospheric block Target wide band at5 GHz 40 sec
Target 22 GHz 40 sec

Target 927 GHz 30 sec

Target 43 GHz 30 sec
Frequency-phase-transfer block Target 22 GHz 30 sec

Target 86 GHz 30 sec

Target 1.3 GHz 40 sec
Ionospheric block Target wide band at5 GHz 40 sec
Target 22 GHz 40 sec
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Astrometric Technique applied to BL Lac.

Is a new approach to the Source Frequency Phase Transfer (SFPR) in which the
ionospheric contribution is determined from the L (1.3 GHz), WC and K (22GHz) band.

ot(v,t)=ot,, (t)+01,, (V.t)+ot,, (V.t)+0T,,(V,1)+0T,, (V1)

Rioja & Dodson (2011)

=
6’[ . (l‘ ) Tropospheric contribution

57’-1' - (V N4 ) Ionospheric contribution

- 5Tstmc (Vat ) Source structure contribution

oT (V N ) Astrometric contribution

ast

6Tin st (V oL ) Instrumental contribution
—
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Astrometrical Technique applied to BL Lac.

Is a new approach to the Source Frequency Phase Transfer (SFPR) in which the
ionospheric contribution is determine from the L (1.3 GHz), WC and K (22GHz) band.

ot(v,t)=ot,, (t)+01,, (V.t)+ot,, (V.t)+0T,,(V,1)+0T,, (V1)

= Rioja & Dodson (2011)
5’[ . (l‘ ) Tropospheric contribution
57’-1' - (V L ) Ionospheric contribution This term is not Includes the
relevant in this i
™ 5Tstmc (Vat ) Source structure contribution core shift

kind of sources.
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Astrometrical Technique applied to BL Lac.

Is a new approach to the Source Frequency Phase Transfer (SFPR) in which the
ionospheric contribution is determine from the L (1.3 GHz), WC and K (22GHz) band.

ot(v,t)=0rt,,, (1)+07,,,(V.H)+0T

e (Vi)+ot, (v,t)+ 0T, (V.1)

= Rioja & Dodson (2011)
5’[ . (l‘ ) Tropospheric contribution
57’-1' - (V,lL ) Ionospheric contribution This term is not Includes the
™ STs;mc (Vat ) Source structure contribution r,elevant in this core shift
kind of sources.
oT > (V N ) Astrometric contribution
o We have to calibrate
6Tin st (V ) 5 ) Instrumental contribution

5Tinst (V ’t ) 5Ttr0p (t) 67,'0”0 (V 9t )

Molina Sol Natalia
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Instrumental contributions

OT. (V,1t) Calculating instrumental contributions in a scan and using this
. to calibrate all the experiment.
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Instrumental contributions

OT. (V,1t) Calculating instrumental contributions in a scan and using this
. to calibrate all the experiment.

Ionospheric contributions = | This is the novel part of this technique I

The delay varies
5Ti0”0 (V,t) - with A2 g
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Instrumental contributions

OT. (V,1t) Calculating instrumental contributions in a scan and using this
. to calibrate all the experiment.

Ionospheric contributions = | This is the novel part of this technique I

The delay varies
5Ti0”0 (V,t) - with A2 g
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Tec (Total electron content) values
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We have obtained TEC values.

We have calculated a new table at each frequency that contain the

ionospheric corrections.
o {J



High-precision VLBI astrometric measurements using SFPR observations of BLLAC. Molina Sol Natalia

SN Tables with ionospheric corrections Example for HN antenna

K band- 22 GHz

WC band 4.3- 7.6 GHz
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Pico Seconds

SN Tables with ionospheric corrections

Plot file version 416 created 25-SEP-2015 16:57:36
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Example for HN antenna
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SN Tables with ionospheric corrections Example for HN antenna

K band- 22 GHz

WC band 4.3- 7.6 GHz
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We have determined ionospheric corrections
from TEC values.

We want to test if these corrections have
removed the ionospheric terms.
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We have determined ionospheric corrections
from TEC values.

We want to test if these corrections have
removed the ionospheric terms.

4

We have applied the solution tables obtained to the
data

Recalculate TEC values
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N
o
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N
o
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We have determined ionospheric corrections % 5 e
from TEC values. £y Tk
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calibration.
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N
o

) — BR
We have determined ionospheric corrections % 5 e
from TEC values. i v
i —NL
-5 — OV
We want to test if these corrections have o ~ s
removed the ionospheric terms. '
Day fraction
15 . . . .
Residual ionospheric contributions — BR
Tec Residual are 10 N
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D 5 -
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Except for MKand g o w — MK
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~
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Doing more iterations 0.3 0.4 0.5 0.6
could improve this Most of the ionospheric
calibration.

contribution has been
o removed. o
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Tropospheric contributions

We have to calculated the tropospheric
5Ti0n0 V,t) s contribution with a GFF in Aips.

We have removed all the contributions

6Tinst (V ’t ) 5Ttr0p (t) 6Ti0n0 (V ’ l )
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Map obtained at 22 GHz

Clean RR map.

Map without
autocalibration
steps.
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Calibrating data at 43 GHz
0T A (v,t) » Fring in Aips

! We know TEC values

ot (V,t) >

Delay (nano sec)

0.00 0.05 0.10 0.15 0.20 0.25

wavelength (m)
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High-precision VLBI astrometric measurements using SFPR observations of BLLAC.

Calibrating data at 43 GHz
0T A (v,t) » Fring in Aips

ot (V,t) >

Delay (nano sec)

0.00 0.05 0.10 0.15 0.20 0.25

wavelength (m)

OT (t The tropospheric phase contributions are

rop proportional to the observing frequency
Frequency- ieh
phase-transfel‘ ¢Ttr0p (vl ) * R = ¢Ttr0p (v2 ) R= low
1%

b 07, (22GHz)- R =91, (43GH?)



e Instrumental
contribution obtained
from a Fring for 43 GHz
data.

 Ionospheric contributions
obtained from TEC
calculations from the fit of
the data at L (1.3 GHz),
WC and K (22 GHz) band.

« Tropospheric
contribution calculated
from 22 GHz data.

This map is obtained without
any autocalibration.
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cesidua map. Array: BHKLMNOPS M .

SLLAC at 43785 Gia 2013 dul 05 This is work in progress
We have to improve some points:
* Iterations to obtain a better

ionospheric determination.
Better tropospheric calibrations
using autocalibrated solutions
at low frequency.

(mas)

We have a detection
at 43 GHz !!!

That implies that we have
successfully remove at a first
order term the ionospheric and
tropospheric contributions.

~lination

5

L
E
v

This is a 43 GHz image referred
to 22 GHz image.

Right Ascension (mas) We can measure the core shift
Map center: RA: 22 02 43.291, Dec: +42 16 (2000.0) between the two frequencieS.

Displayed range: —0.769 - 2.89 Jy/beam

We didn’t use an external
calibrator to do this calibration.
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Summary

* Multiwavelength observations suggest that at mm wavelength the core
may correspond to a recollimation shock.

* To test this we are performing astrometric observations of a sample of y-ray
emitting AGN at 1.3, 5, 8.4, 15, 22, 43 and 86 GHz with VLBA.

 We are using a new approach to the Source Frequency Phase Transfer
technique for astrometry  in which the ionospheric contribution is
determined from the ionospheric block with observations at L (1.3 GHz),
WC and K (22GHz) band.
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Summary

Multiwavelength observations suggest that at mm wavelength the core
may correspond to a recollimation shock.

* To test this we are performing astrometric observations of a sample of y-ray
emitting AGN at 1.3, 5, 8.4, 15, 22, 43 and 86 GHz with VLBA.

 We are using a new approach to the Source Frequency Phase Transfer
technique for astrometry  in which the ionospheric contribution is
determined from the ionospheric block with observations at L (1.3 GHz),
WC and K (22GHz) band .
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Summary
Multiwavelength observations suggest that at mm wavelength the core
may correspond to a recollimation shock.
To test this we are performing astrometric observations of a sample of y-ray
emitting AGN at 1.3, 5, 8.4, 15, 22, 43 and 86 GHz with VLBA.
We are using a new approach to the Source Frequency Phase Transfer
technique for astrometry  in which the ionospheric contribution is

determined from the ionospheric block with observations at L (1.3 GHz),
WC and K (22GHz) band.

The fit of the data taken in the ionospheric block can effectively provide a
reliable calibration of the ionospheric term.

Combine this with frequency phase transfer at
higher frequencies allow us to obtain a reliable
calibration of the 43 GHz data.
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Summary
Multiwavelength observations suggest that at mm wavelength the core
may correspond to a recollimation shock.
* To test this we are performing astrometric observations of a sample of y-ray
emitting AGN at 1.3, 5, 8.4, 15, 22, 43 and 86 GHz with VLBA.
 We are using a new approach to the Source Frequency Phase Transfer
technique for astrometry  in which the ionospheric contribution is

determined from the ionospheric block with observations at L (1.3 GHz),
WC and K (22GHz) band.

* The fit of the data taken in the ionospheric block can effectively provide a
reliable calibration of the ionospheric term.

* Combine this with frequency phase transfer at
higher frequencies allow us to obtain a reliable
calibration of the 43 GHz data.

* This map is related at 22 GHz data so it is possible
to measure a core shift between images at these
frequencies.

* In this new implementation we didn’t use an
external calibrator.



High-precision VLBI astrometric measurements using SFPR observations of BLLAC. Molina Sol Natalia

Summary
Multiwavelength observations suggest that at mm wavelength the core
may correspond to a recollimation shock.
* To test this we are performing astrometric observations of a sample of y-ray
emitting AGN at 1.3, 5, 8.4, 15, 22, 43 and 86 GHz with VLBA.
 We are using a new approach to the Source Frequency Phase Transfer
technique for astrometry  in which the ionospheric contribution is

determine from the ionospheric block with observations at L (1.3 GHz), WC
and K (22GHz) band.

* The fit of the data taken in the ionospheric block can effectively provide a
reliable calibration of the ionospheric term.

* Combine this with frequency phase transfer at
higher frequencies allow us to obtain a reliable
calibration of the 43 GHz data.

* This map is related at 22 GHz data so it is possible
to measure a core shift between images at these
frequencies.

 In this new implementation we didn’t use an
external calibrator.

« This work is in progress and we expect to obtain astrometric solutions at
86 GHz. y
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Ay
TIMERANGE

L-band (1.3 GHz) L-band (1.3 GHz), ionospheric
instrumental delays contribution calibrated

calibrated
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L-band (1.3 GHz) L-band (1.3 GHz), ionospheric
instrumental delays contribution calibrated
calibrated

We have to calculated the
tropospheric contribution with
a GFF
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High-precision VLBI astrometric measurements using SFPR observations of BLLAC.
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Calibrating data at 43 GHz
5Tinst (v,t) » Fring in Aips o -
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