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Challenges of Long BaselinesChallenges of Long Baselines

• Low sensitivityLow sensitivity

 

•  Small field of viewSmall field of view

•  High ionospheric delaysHigh ionospheric delays
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Challenges of Long BaselinesChallenges of Long Baselines

• Low sensitivityLow sensitivity

 

LOFARLOFAR superterp + core stations superterp + core stations

- coherently added station signals- coherently added station signals

- used as single phased array- used as single phased array

- reference station- reference station
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Challenges of Long BaselinesChallenges of Long Baselines

 

•  Small field of viewSmall field of view

• Low sensitivityLow sensitivity

Need of Need of calibrator cataloguecalibrator catalogue

- UV-shift to calibrator necessary- UV-shift to calibrator necessary

- strong point-like sources- strong point-like sources

- survey has been proposed- survey has been proposed
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Challenges of Long BaselinesChallenges of Long Baselines

 

•  High ionospheric delaysHigh ionospheric delays

- common self calibration not- common self calibration not

possiblepossible

• Low sensitivityLow sensitivity

•  Small field of viewSmall field of view
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The ionospheric delayThe ionospheric delay
(dispersive delay)

ionospheric delay is caused by the total electron content (TEC) of the ionosphere

• typical values @ 150MHz:

• within a frequency range of 3MHz 

• Ionosphere varies up to several TECs per hour 
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(Neal Jackson)

Effelsberg (HBA)

Delay evolution of different sources in the same fieldDelay evolution of different sources in the same field
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The clock issueThe clock issue

- - corecore stations have a  stations have a singlesingle clock clock

- - remoteremote and  and internationalinternational stations stations

    have their have their ownown clock  clock 

  (synchronized via (synchronized via GPSGPS signals)signals)

✗ additional delay                 →
✗ clock difference is drifting  → 
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Total delayTotal delay

Let's assume we have:Let's assume we have:

✗ higher delaydelay → decorrelation + phase wraps

✗ averaging bandwidth very limited

need for seperating clock TEC

            trusted source for delays
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Getting the total delayGetting the total delay

- AIPS: FRING
➢ fit also for rates

(solutions more stable if significant changes within 

solint)
➢ takes all baselines for fitting (global fringe-fitting)
➢ solves for delays for each spectral window

separately (assuming constant delay within spw)
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Getting the total delayGetting the total delay

- AIPS: FRING
➢ fit also for rates

(solutions more stable if significant changes within 

solint)
➢ takes all baselines for fitting (global fringe-fitting)
➢ solves for delays for each spectral window

separately (assuming constant delay within spw)

  

Task in order to get clock + TEC:

solve for delays at least for three different 

spectral windows

solutions by AIPS  serve as an input for a 

model 
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AIPS FRING

PSR J0332+5434

bandwidth of spectral window: 3MHzsolution interval: 2min

how to separate

Clock + TEC ?
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The delay modelThe delay model

TECTEC

(dispersive delay)(dispersive delay)
total delaytotal delay clockclock

✔  one fit for each timestep 
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timestep
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delay of spw 1

delay of spw 2
delay of spw 3

timestep
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delay of spw 1

delay of spw 2
delay of spw 3

bandwidth of spw 1

timestep
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real datareal data

fit resultsfit results

PSR J0332+5434
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PSR J0332+5434

take clock first

real datareal data

fit resultsfit results
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time [days]

HJD [s]

PSR J0332+5434

✔ now we have already a model for the clock (drift).

linear clock drifts

➢ Separate ionospheric delay part:
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time [days]

MJD [s]
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PSR J0332+5434

use splines to track 

ionospheric changes 

smoothly
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time [days]

MJD [s]
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use splines to track 

ionospheric changes 

smoothly

PSR J0332+5434

✔  a model for the clock

✔  a model for the TEC

plausability check?

go the way back – what is the 

expected delay given a certain 

clock and TEC evolution?
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bandwidth of spectral window: 3MHzsolution interval: 2min

total delay tracked

reasonably well

PSR J0332+5434

AIPS FRING
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Clock contribution is

significant!

PSR J0332+5434

AIPS FRING
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PSR J0332+5434

Does our delay model recover the phases?

solint: 2min

Phase solutions withPhase solutions with CALIB CALIB

delay modeldelay model

delay model splinesdelay model splines
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PSR J0332+5434

Does our delay model recover the phases?

AIPS CALIB

+ unwrap

solint: 30s

solint: 2min

delay modeldelay model

delay model splinesdelay model splines

Phase solutions withPhase solutions with CALIB CALIB
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ConclusionsConclusions
delay-calibration successfull:delay-calibration successfull:

➢  Separation of Separation of Clock/TECClock/TEC is possible on long baselines is possible on long baselines

➢  FRINGFRING recovers more signal than common  recovers more signal than common phase calibrationphase calibration

➢  GlobalGlobal fringe-fitting fringe-fitting

➢  Fit for Fit for delaysdelays + + ratesrates → more robust parameter set → more robust parameter set

but:but:

➢  calibrator survey of sufficently bright calibrator survey of sufficently bright point-like sourcespoint-like sources on  on 

  long baselines is neededlong baselines is needed
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Thank you forThank you for

your attention!your attention!
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(Neal Jackson)

Effelsberg (HBA)
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✔ increase sensitivityincrease sensitivity

✔  reduce amount of datareduce amount of data
✔  limit field of viewlimit field of view

✗  slow and unhandy ifslow and unhandy if

  using huge data setsusing huge data sets

✗  slow and unhandy ifslow and unhandy if

  using huge data setsusing huge data sets
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The modified approachThe modified approach

✔ less data to handle withless data to handle with

  use use modelmodel to obtain solutions to obtain solutions

      for for allall subbands  subbands 

  Clock / TEC separationClock / TEC separation
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The modified approachThe modified approach

Script:Script:
•  solve  for  clock +  TECsolve  for  clock +  TEC
•  create create parmdbparmdb-file-file

✔ Calibration applicationCalibration application

        with proper beam modelwith proper beam model

        possiblepossible
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The modified approachThe modified approach

 - consequences - consequences

What do we have?What do we have?

Long baselinesLong baselines

small field of viewsmall field of view higher resolutionhigher resolution

simplersimpler more detailledmore detailled
sky model sky model 

requirementsrequirements

• „ „nice“ calibrators (e.g. pulsars are perfect)nice“ calibrators (e.g. pulsars are perfect)
•  fairly reasonable sky modelfairly reasonable sky model

What is needed?What is needed?

limit calibration tolimit calibration to

a certain a certain UV rangeUV range
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The modified approachThe modified approach

 - consequences - consequences
Compromise:Compromise: use only small chunks of frequency and fit the  use only small chunks of frequency and fit the 

rest with a modelrest with a model

Advantage:Advantage: handy and fast, obtain  handy and fast, obtain higher SNRhigher SNR per single  per single 

solution (which is typically hard to get)solution (which is typically hard to get)

Disadvantage:Disadvantage: only only rough calibrationrough calibration possible, assumption of a possible, assumption of a

constant delay within a frequency range is constant delay within a frequency range is wrongwrong (strictly  (strictly 

speaking)speaking)
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The modified approachThe modified approach

 - consequences - consequences
Compromise:Compromise: use only small chunks of frequency and fit the  use only small chunks of frequency and fit the 

rest with a modelrest with a model

Advantage:Advantage: handy and fast, collect  handy and fast, collect more SNRmore SNR per single  per single 

solution (which is typically weak)solution (which is typically weak)

Disadvantage:Disadvantage: only only rough calibrationrough calibration possible, assumption of a possible, assumption of a

constant delay within a frequency range is constant delay within a frequency range is wrongwrong (strictly  (strictly 

speaking)speaking)

ApproximateApproximate answer answer

→ solution space is

better constrained
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create create parmdbparmdb::

use use BBSBBS to apply: to apply:

((nono solve step) solve step)


