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KIAA in PKU
● 44 graduate students, may increase to 75

● 120 top undergraduate students in China

● Collaborating or seeking collaboration with other astronomical 
research facilities in China, which are leading radio and long-
wavelength projects in China. 

● Seek for a broader international
 collaboration

● Provide research and 
educational opportunities

http://KIAA.pku.edu.cn



  

Polarization calibration

● Well known problem for radio astronomers, 
especially for pulsar researches

● How to calibrate efficiently without interrupting observation?

● Can we calibrate historical data without cal signal?

● Driven by Large European array of pulsars (LEAP), which
is a phased array aiming at provide high 
quality pulsar timing data. BW 128MHz, 
baseband data, usually use 1MHz 
channelization

– Telescope mounting are very different.

– Polarization calibration helps to improve
the SNR of fringe solutions

– Aiming at GW detection, the high precision PSR timing 
need polarization calibration

1.http://www.epta.eu.org
2. http://www.leap.eu.org

http://KIAA.pku.edu.cn/


  

Pulsar as calibrator

● Certain millisecond pulsars have stable polarization 
properties.

● The polarization properties is already known.

● We can match the observed Stokes parameters to the known 
template to get the instrumental parameters.

http://www.epta.eu.org/


  

Basics notations

Polarization is encoded in the coherency matrix (Stokes parameters ): 

The most general linear transformation for the electric field is by Jones matrix J

There are totally 2x2 complex elements in J. Thus 8 parameters are enough to describe 
all possible linear transformation.

The transformation by Jones matrix applied to Stokes parameters are described by 
Muller matrix. It is different presentation for the same transformation group.

However, the number of free parameters for M is 7, although the number of matrix elements 
becomes 16.



  

A few example

Rotation

Gain and phase

Leakage



  

Decomposition

Jones matrix can be factorized as

Absolute gain

System phase
Differential gain and delay

Leakage

The A,B,C,D are all complex so we have 8 variable, but the 
system phase |A| is not measurable, so we have 7 free 
parameters. We use the following form for the differential gain 
and leakage:

This is similar to the Hamaker decomposition.



  

Signal modeling

For each channel, we need 7 parameters. 
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Iterative techniques

● Step0: From a uncalibrated polarization profile

● Step1: Align profile with template 

● Step2: Fit for the system parameters 
--non-linear least square

● Step3: Calibrate the polarization and get a new profile

● Step4: repeat 1-3, until converge

● Step5: calculate the Jones/Muller matrix

● Jones/Muller matrices are applied to the raw baseband data 
(video data) or integrated data (audio data) respectively.



  

Results
Uncalibrated 1022+12 data, for 8 one hour integration, the 
polarization is not stable

Uncalibrated

Template

Un caled



  

After calibration



  

Calibrate several telescopes



  

How sensitive the calibration depending on the template?

What happens, if we use a very wrong template?
---Still get correct answers!



  

How is this possible? 

S
caled

=M
pa

-1 M
calib

 M
sys 

M
PA

 S
src

● As far as the calibration residual matrix (M
calib

 M
sys

) is not 

commutated with M
PA

, the information that polarization is time-

invariant helped to solve both the S
src

 and M
calib

.  The intrinsic S can 

then be regard as a prior in the fitting. 
● However, there are degeneracies, certain type of matrices 

commutate with M
PA. 

 One can show that an extra auxiliary 

observation of a unpolarized source or source with known V/I will be 
enough to break such degeneracy. 



  

Apply the solution to data at different epoch

● Apply the solution found in August data to July 
data.



  

High coherency can be achieved for LEAP

Coherency > 95%



  

Recap and remarks

● We can use pulsar as cal to do polarization calibration. 
This could be valuable for new constructed telescopes to 
measure the system response. (TianMa, Yunnan 40-m, 
QTT, FAST, etc.)

● This can be insensitive to the template one uses.
● The results is stable, and the solution can be generalized 

to nearby epochs.
● It could be applied to the historical archive data, if you have 

a bright pulsar along with.
● Benefit future SKA calibration scheme 



  

Thanks!
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