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Outline

» Representations of polarisation
— geometric and statistical

» Radio pulsar polarisation
— rotating vector model
— orthogonally polarized modes
— high-precision timing

* Polarimetric calibration



7/24/15

Electromagnetic Plane Wave

Idealized: monochromatic




Why does
absolute phase
"~ not matter?

-—

» 3 degrees of freedom
— Amplitudes of v, & v,
— Relative phase 6

Simple Demo

http://webphysics.davidson.edu/physlet_resources/dav_optics/examples/polarization.html
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Coherency Matrix

<e, e *>+<e e *>=§, (total intensity)

* <e e*>-<e e*>=S8, (can be non-zero)

<e, e *>=<a, a, exp(jo, - j§,)>
=<a, a, [cos(Ap) + jsin(Ap)]>

<e,e,*>=8,+jS; will be

— zero when X and y are uncorrelated

— purely real when Ap =0 or

— purely imaginary when Ap = 7/2 or -71/2
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Stokes Parameters - 4 vector

S3

Sy=1 total intensity
Ip / S =(S,.5,.,5;) polarisation vector
2X

S, All have units of intensity
2y p = 18I/I degree of polarisation
S

Stokes Parameters - Ellipse

2x v N




Stokes Parameters - Intensities

S3

/Ip 2/ S1= Ayp=0 — Ay=90
e 82 =Ay=ss — Ay=1ss
Zwﬂ S3 = Ay=45 — A\y=—_u5

S

Stokes Parameters - Relation

P = Sk O'k/2
Sk:Tr(O'kp)

10 10
90 =101 1=\ 0-1
01 0—i
2= 110 3=\ 0
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Rotating Vector Model
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Stokes Parameters - Cylindrical
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Rotating Vector Model
AT
« Like magnetic i*\ib\/
declination on Earth | /
o f
* Pulsar magnetic
field axis not aligned | 00
spin axis
1?0
u
line of sight
sin o sin (¢ —
tan (w/ o wb) — & (¢ (]50)

sin { cos o — cos { sin o cos (¢ — ¢p,)
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2000

Declination (degrees east)

http://qgeomaq.usgs.gov

International Geomagnetic Reference Field (IGRF)
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P.A. (deg.)

Flux Density (mly)
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Orthogonally Polarized Modes
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4106 Pulses
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High-precision Pulsar Timing

Template Matching

P(¢) = aS(¢+ @) +

o)
- L

/ .l P(v) = aS(v)e™ + §(v)b

e v M WWW Wﬁ m o

A//
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P.A. (deg.)
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Frequency Domain

« High frequency power yields greatest
constraint on slope, @
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Postfit Residual (sec)
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Polarimetric Calibration
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Calibration

e’ =Je Jones matrix, J
/I J T
p =JpJ
Sl = MfSk Mueller matrix, M

1
MFE = §Tr(az-Jak J

7

Jones Matrix
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Matrix Template Matching

Template Matching

P(¢) = aS(¢+ @) +

T
m G

/ | P(v) = aS(v)e ™ + 3(v)b

I A M WWW Wﬁ m ol

A//
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Matrix Template Matching

* Replace scalars with matrices

P(v) = aS(v)e2me

p,(Vm) — Jpo(Vm)JT exp(—i27wmgp)

* 6 new degrees of freedom
* 4 times the number of constraints

7/24/15

24



Systematic Timing Error (us)
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J1024—-0719 0.74 211 34
[J1045-4509 _ 0.88 1.48 338
J1600—-3053 090 1.39 115
J1603—7202 0.85 1.556 142
[J1643—1224 0.91 1.40 266]
J17134-0747 0.85 1.58 6
[J1730—2304 0.71 1.70 198]
| J1732—5049 0.96 1.38 185]
J1744—1134 1.56 6.43 105
J1824—-2452A 0.88 2.56 18
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Arrival Time Comparison

Method or (us)  X°/Niree

[FA-STI 1.9 2.2
METM-STI 1.4 2.1
[FA-MTM 0.92 1.1
METM-MTM 0.89 1.0

« 278 observations spanning ~7 years

C,(f) =YCs(f)X"

oT; 0

Yh=_"J1 _p "I

J O0by. / O0by
Pa"PB
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ABSTRACT

A new method of polarimetric calibration is presented in which the instrumental response is derived from regular
observations of PSR J0437—4715 based on the assumption that the mean polarized emission from this millisecond
pulsar remains constant over time. The technique is applicable to any experiment in which high-fidelity polarimetry
is required over long timescales; it is demonstrated by calibrating 7.2 years of high-precision timing observations
of PSR J1022+1001 made at the Parkes Observatory. Application of the new technique followed by arrival time
estimation using matrix template matching yields post-fit residuals with an uncertainty-weighted standard deviation
of 880 ns, two times smaller than that of arrival time residuals obtained via conventional methods of calibration and
arrival time estimation. The precision achieved by this experiment yields the first significant measurements of the
secular variation of the projected semimajor axis, the precession of periastron, and the Shapiro delay; it also places
PSR J1022+1001 among the 10 best pulsars regularly observed as part of the Parkes Pulsar Timing Array (PPTA)
project. It is shown that the timing accuracy of a large fraction of the pulsars in the PPTA is currently limited by
the systematic timing error due to instrumental polarization artifacts. More importantly, long-term variations of
systematic error are correlated between different pulsars, which adversely affects the primary objectives of any
pulsar timing array experiment. These limitations may be overcome by adopting the techniques presented in this
work, which relax the demand for instrumental polarization purity and thereby have the potential to reduce the
development cost of next-generation telescopes such as the Square Kilometre Array.
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Summary

 Instrumental polarization introduces
correlated systematic timing error

» Long-term stability of MSP polarization
can be used to calibrate instrumentation

« Matrix Template Matching can be better
than quadrupling integration length

Tutorial

» Stage 1: do it yourself — python-based
exploration of calibration data
— Get data and tutorial from USB drive

» Stage 2: use psrchive — calibrate data
and compare TOAs

— Stage 2.a — introduction to psrchive
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