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IONOSPHERE 

It’s a dynamic inhomogeneous medium,  
with electron density varying as a function of 

position and time. 

The spatial variations in electron density cause local refraction of the wave as it 
travels through the ionosphere, causing: 
 
•  Propagation delay, that integrated along the LoS results in a phase rotation 

given by 
 θ𝑖𝑜𝑛   ∝  𝑛 𝑒 𝑑𝑙 

•  Faraday rotation (rotation of the plane of polarization) 

Depend on  
absolute TEC  

along the LoS 

θ𝑓𝑎𝑟 = RM λ2 

The effects are function of position, time and frequency. 



CALIBRATION SCENARIOS 

Large FOV of elements + small array: 
All lines of sight go through the same 
propagation path but there may be 
considerable differences in 
propagation conditions towards 
distinct sources within the FOV. 

Large FOV of elements + large array: 
The LoS towards each source may 
experience propagation conditions 
that differ for different elements in the 
array. 

Distinct complex gain corrections for 
each source and each receiving 
element. 

Same direction dependent 
complex gain for all 
elements. 

Selfcalibration/imaging depends on relative TEC which varies rapidly. 

L
o

n
sd

al
e 

20
04

 



GOALS: 

• Determine the properties of the large 

scale ionosferic TEC distribution by 

looking in two different directions 

 

 

• Measure the ionospheric RM using an 

intrinsically polarized source in the field 

(PSR J0218+423)  



L2010_07096: 

• Phase center  : +02:22:39.6       +43:02:07.7   (3C66 FIELD) 
• Duration  (hrs) :  6.00 
• Observation time span : 2010-04-24 T08:40:00 – 2010-04-24 T14:39:58  
• Integration time : 3 sec 
• Numbers of antenna : 27 (HBA) 
• Frequency range : 126 – 174 MHz 

247 subbands 

SB10.MS 
SB11.MS 
.. 
.. 
.. 
SB17.MS 

Frequency range: 127.8 – 129.38 MHz 

LOFAR DATA 

~30 Km 

~15 arcsec 



LOFAR imaging pipeline: 

• Initial flag and compression 

      

• BlackBoard Selfcal 

      

• Imaging with casa 

     

• Clean components as new model 



FLAGGING and COMPRESSION 

NDPPP 

AO 
flagger 
(André 
Offringa) 



BlackBoard Selfcal ( BBS ) 

BBS requires: 

1. A file that describes the layout of the cluster nodes ( eg. 

Sub4.clusterdesc ) 

2. A .vds/.gds file that describes the contents and location of 

the MSs 

3. A sky model that defines what BBS will attempt to replicate 

during calibration 

4. A parset file that defines the series of operations that BBS 

has to perform 

Strategy.UseSolver = T 
…. 
Step.solve.Solve.CalibrationGroups = [n] 

It is possible to run BBS  

 

• on a single SB  

  

• distributed way on 

several SBs 



IMAGING : CASA software 

Task : CLEAN 

Widefield mode with 64 
wprojection planes 

Briggs weighting with 
robust parameter -2 



Peak: 3.17 Jy 
noise~8.4 mJy 

DR~ 377.4 

FIRST 

IMAGE 

3C66 



BETTER 

IMAGE 

3C65 

Peak: 5.22  Jy 
Noise ~ 5.2 mJy 

DR = 1005 

PSR 
J0218+423 



LAST  

IMAGE 

peak = 4.9 Jy 
noise~ 6 mJy/Beam  
 

DR = 816 



DIRECTIONAL DEPENDENT BBS 

• Changes in the catalog file: 
 
# (Name, Type, Patch, Ra, Dec, I) 
# Define source patch (patch position is ignored) 
 , , 3C66, 02:22:25.5, +43.00.48 
 , , 3C65, 02:23:43.6, +40.01.16 
 
#Define CLEAN components for the patch 
Pixel…., POINT, 3C66, …, …, … 
… 
Pixel…., POINT, 3C65, … , …, … 

• Changes in the parset file: 
 
Strategy.Steps = [solve, correct] 
 
Step.solve.Model.DirectionalGain.Enable = T 
… 
Step.correct.Model.Sources = [3C66] (or [3C65]) 
Step.correct.Model.DirectionalGain.Enable = T 



DIRECTIONAL DEPENDENT BBS 

NEXT STEP: 
 
 
New step in the BBS strategy: 
 
Strategy.Steps = [solve, subtract, correct] 
….. 
Step.subtract.Operation = SUBTRACT 
Step.subtract.Model.Sources = […] 
Step.subtract.Model.DirectionalGain.Enable = T 
 
 



CONCLUSIONS 

• Software still needs 

improvements 

 

• We can go on testing the 

directional dependent BBS 

 

• 3C66 field is a good field to 

study the ionospheric RM  




