+
i

LOFAR Observations of High-Redshift Blazars
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Scientific Motivation

Where are the distant Radio Galaxies?

\» Blazar Blazars and Radio Galaxies:

@ two populations differ due to
line of sight (unified model)
@ intrinsically same properties

@ ratio between populations
should be roughly constant
with distance

BUT: Observations find a lack of
Radio Galaxies for high-z
dit: adopted f Al Si t (St Stat a
iersity MOJAVE program 1 oo Stee (Volonteri et al 2011)

Radio galaxy
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Scientific Motivation

Where are the distant Radio Galaxies?

\» Blazar Why the difference?

@ Radiation from different
Radio galaxy ; components is direction
dependent

@ Radio Galaxies dominated
by isotropic radiation

@ Blazars dominated by highly
credit: adopted from Aurore Simonnet (Sonoma State e
University), MOJAVE program beamed radiation
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Scientific Motivation

Where are the distant Radio Galaxies?

Possible reason CMB quenching
Ghisellini et al. 2014; J. Wu et al 2019

@ CMB energy density
Ucmp (1 + 2)4

Radio galaxy

@ forz > 4:
Ucwms can exceed Ug

@ e~ cool preferentially off via IC
scattering with CMB instead of
synchrotron

@ e close to the core: much

credit: adopted from Aurore Simonnet (Sonoma State hlgher UB
University), MOJAVE program

= Blazars remain visible
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Scientific Motivation

Where are the distant Radio Galaxies?

> Blazar How can we test it?

@ lower energy e~ have longer
cooling time
Radio galaxy : — long wavelengths less
affected
@ pick suitable Blazars
e high-z
e expected to be luminous

in long wavelengths
@ visible by instrument

credit: adopted from Aurore Simonnet (Sonoma State

University), MOJAVE program = Search for extended structure
with LOFAR (ILT)
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The Experiment

Straightforward! ...
Right?

Unfortunately no
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The Experiment

The Observation

@ Took place in Q4/2015

@ Frequency range: 120 - 160 MHz (LOFAR HBA)

@ Integration time: 4 h each target

@ With International Stations = resolution < 1 arcsec

Target z
1026+2642 | 5.304
1420+1205 | 4.034
151045702 | 4.309
2220+0025 | 4.205

8/16



The Experiment

Big Data

Turns out dealing with it is pretty hard

"C" 1S FOR CODING. "C” 15 FOR COMPLING...| | "C” 15 FOR COMPUTER | | "C* IS FOR COOKE
CRASHING. BREAK.
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The Experiment

The Long Baseline Pipeline for LOFAR

developed by Long-Baseline-Workgroup
https://github.com/Imorabit/lofar-vibi
https://lofar-vlbi.readthedocs.io/en/latest

currently being tested

planned to be in an official final state at the end of 2020
input is Prefactor processed LOFAR data

https://github.com/lofar-astron/prefactor

= Fully automatic calibration and imaging pipeline
(except for defining parset files)!
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https://github.com/lmorabit/lofar-vlbi
https://lofar-vlbi.readthedocs.io/en/latest
https://github.com/lofar-astron/prefactor

The Workflow

ALL DATA
Radio Observatory
Pre-processing

- Bandpass

CALIBRATOR - ALL STATIONS
Pre-factor processing

Effects to transfer:
- Polarisation alignment
- Clock.

averaging to 16
channels / SB

TARGET - DUTCH STATIONS
Pre-factor processing

Apply effects from calibrator

s

TARGET - DUTCH STATIONS
Optional: ddf-pipeline

Apply effects from prefactor |
(calibrator and target)

Phase-only calibration
ing skymodel

using sky

Effects to transfer:
- Phase solutions
- Rotation measure (all stations)

Direction dependent calibration

Effects to transfer:
- direction dependent full jones

image / catalogue if LoTSS does
not exist for sky direction

Apply effects:
- Clock (calibrator)
- Amplitudes (calibrator)
- Common Rotation Angle (RMextract)
- Phases for CS/RS (target) y

Create field-specific catalogue
- Download from LBCS
- LoTSS or manual catalogue.

Prepare Target Direction

Solve for dispersive delays

TARGET - ALL STATIONS
LOFAR-VLBI Pipeline

Apply effects:
- Dispersive delay (in-field calibrator)

Self-calibration / Imaging
(pipeline or user defined)

Final imaging step: Apply ST0O1
station solutions to core stations
and image with u-v cut to remove
core-core baselines

Prepare Target Direction

Lm%u

Combine core stations into

L. Morabito/Documentation
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LOFAR observation of 1510+5702
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credit: G. Ghisellini et al. 2015
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The Workflow - How far are we?

TARGET - DUTCH STATIO)

ALL DATA
Radio Observatory
Pre-processit

CALIBRATOR - ALl

TARGET - DUTCH STATIONS
Pre-factor processing

s

Effects to transfer:
- Phase solutions
- Rotation measure (all stations)
1

Optional: ddf-pipel
Apply effects from

N0t exist for sky direction

Apply effects:
- Clock (calibrator)

- Amplitudes (calibrator)
- Gommon Rotation Angle (RMextract)
S (Jarget)

Solve for dispersive delays

TARGET - ALL STATIONS
LOFAR-VLBI Pipeline

Apply effects:
- Dispersive delay (in-field calibrator)

Prepare Target Direction

Lphass o dacion

Combine core stations into
ST001 station

y

Final imaging step: Apply ST0O1
station solutions to core stations

and image with u-v cut to remove
core--core baselines

L. Morabito/Documentation
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The Experiment

The Workflow - How far are we?

Current Project status:

Clean I map. Array: LOFAR
BEAM_O at 0.140 GHz 2015 Jun 15

8000

4000

@ during most calibration
steps observation seems
fine

2000

o

@ we can detect the target,
although its very faint

Relative Declination

—6000  —4000 2000

@ in the last steps most int.
stations show poor
calibration

T — poor resolution

6000 4000

@ wider field shows present
Preliminary image of 1510+5702 issues in phases
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The Experiment

The Workflow - How far are we?

(m

Relative Declination

. BEAMLO at 0.140 GHz 2015 Jun 15
o T T ™

Clean I map. Array: LOFAR

Preliminary image of 1510+5702

Current Project status:

@ during most calibration
steps observation seems
fine

@ we can detect the target,
although its very faint

@ in the last steps most int.
stations show poor
calibration
— poor resolution

@ wider field shows present
issues in phases
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Summary

Problem: lack of detected radio galaxies at high-z
Possible explanation: CMB quenching
Can be tested with deep LOFAR observations

Current status looks promising to deliver usable results
Long Baseline Pipeline seems to work as expected mostly -

though some bug fixing still needs to be done

Replicate procedure on other sources
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