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Ionosphere

Images have 3 arcmin resolution

Ger de Bruyn & LOFAR EoR team

Good ionosphere Bad ionosphere



  

The best image you can ever get 
in selfcal

Station lobes

Ionospheric 
disturbance + Faraday 

rotation



  

Interferometry

- Ionosphere
- Troposphere
- Beam
- Sky
- Faraday rotation
- Electronics
- etc

TRUTH 
domain

Measurement 
domain

time

freq

baseline

time

freq

baseline
Direction

Non-linear 
operator h

?

Hamaker et al. 1994

« Calibration & imaging 
algorithms »



  

«Third» generation calibration and 
imaging

Geometry

…. A pretty difficult problem to invert (a post-processing adaptative optics)

(1)- Wirtinger optimisation for Direction Dependent Calibration 
Tasse 2014
Smirnov & Tasse 2015

(2)- Imaging and deconvolution taking into account
- Direction Dependent effects (Beam, ionosphere, etc)
- Sources' spectral properties
- Variable PSF
- … and many more cool stuff 

Beam Ionosphere

Measurement
(1011-1012 points)

SkyCalibration Calibration

Hamaker et al. 94

kMS/DDFacet (Tasse et al. 2018)

?...



  

RIME Calibration

Jones 
Matrices 
values

Cost 
function

The Jacobian

« Classical » Hessian
(Real/Imaginary 
differentialtion)



  

Wirtinger derivative definition « reorganises »  the 
process and data : the Jacobian and Hessian  
become sparse and compact

Wirtinger Optimisation: Jacobian & 
Hessian

« Classical » Hessian Wirtinger Hessian

(Read Tasse 2014, 
           Smirnov & Tasse 2015) 

Those Blocks 
are (Nd x Nd)



  

Wirtinger derivative definition « reorganises »  the 
process and data : the Jacobian and Hessian  
become sparse and compact

Wirtinger Optimisation: Jacobian & 
Hessian

Wirtinger Hessian

(Read Tasse 2014, 
           Smirnov & Tasse 2015) 

The fantastic property of Wirtinger 
Jacobian and Hessian for the RIME:

 We can cut it in two !!!

- The result just needs to be devided by 2 !

- Very non trivial to prove

- Full Wirtinger-Jacobian LM with lambda=0
is the same as
- Half Wirtinger-Jacobian LM with lambda=1



  

DDFacet 
… A facet based imager

(1) Produces a single tengential plane ! 
(no « noise jumps » thanks to the kalman 
filter, and facetting mode) – largely 
insprired from Kogan&Greisen 2009

(2) Does full polarisation DDE correction

(3) Baseline Dependent Averaging
     90 % of the data can be            
compressed 
     (collaboration with                                
O.Smirnov and M. Atemkeng)

(4) Does tesselated images

(5) Does take time-freq-baseline-
direction dependent beam into account

(6) Continuity between facets

(7) Takes variable PSF into account 
(DDE, Smearing/Decorrelation)

(8) Mosaicing (!)

(9) Does spectral deconvolution 
(Spectral indices + taking beam into 
account) - 8a : Hybrid Matching Poursuit

- 8b : SubSpace Deconvolution



  

Application à LOFAR



  

The LOFAR Two-meter Sky Survey : 
LOTSS (Tier-1)

● ≈5” resolution 
● ≈100 uJy/beam sensitivity 
● 48 MHz bandwidth 
● 3170 8hr pointings to cover 

the northern sky 



  

LOTSS : LOFAR Two-meter Sky 
Survey



  

Tier-1 LOFAR Survey : to be observed
48 Pbytes of Raw data → ~39Eiffel towel size dvd stacks



  

Without DDE 
correction

DDE correction estimated 
by Wirtinger-Kalman filter 
[No self-calibration here]

The best one can 
get with DI self 

calibration

Wirtinger calibration
Tasse 14, Smirnov&Tasse15, Tasse+ 17



  

Without DDE 
correction

With Wirtinger 
calibration and 

imaging ~ 100 uJy/Beam rms

Wirtinger calibration
Tasse 14, Smirnov&Tasse15, Tasse+ 17



  

Wirtinger calibration
Tasse 14, Smirnov&Tasse15, Tasse+ 17



  

LOTSS – First Data Release

VLA

Extended 
configuration



  

LOTSS – First Data Release

VLA 

Compact 
configuration



  

LOTSS – First Data Release

LOFAR

M106



  

LOTSS – First Data Release



  

Session interactive



  

The LOFAR extragalactic surveys 
Key Science Project

PI: Röttgering

Core team: Best, Brüggen, Brunetti, 
Chyży, Conway, Haverkorn, Heald, 
Jackson, Jarvis, Lehnert, McKean, 
Miley, Morganti, Scaife, Tasse, White, 
Wise 

The 2019 « paper splash » : 

More than 25 papers published together 
(already on ArXiv!!)



  

Application à MeerKAT



  

COSMOS field with kMS/DDF
Credit : Ian Heywood for 
MeerKAT/Mightee collaboration



  

Chandra Deep Field South with 
kMS/DDF Credit : Ian Heywood for 

MeerKAT/Mightee collaboration



  

Merci !
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