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Intro
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DFG Research Unit 1254

Magnetisation of Interstellar and Intergalactic Media:
The Prospects of Low-Frequency Radio Observations

RGeS

Kick-Off Meeting, Irsee, October 2010
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Intro
o

Outline

@ First polarisation profiles of pulsars with LOFAR HBA

MKSP & PWG (TKSP)

® Why? Pulsars and polarisation

®@ Observation details

@ Resulting profiles

@ Application of RM Synthesis
@ Investigation of current data

®@including Ionosphere

PSR J2219+4754 PSR B0329+54

ASTRON Daily Image 16" February 2011

Charlotte Sobey

Max-Planck-Institut fur Radioastronomie

First pulsars in polarisation with LOFAR

Wed 21st September 2011




Polarisation
o

Pulsars and polarisation...

outer Galaxy

@ Many areas of research:

@ Determining Faraday Rotation, RM

SOUT‘CG

RM = 0.810 j ne(s)@ ds

recewer

@ Magnetic field structure of M.W
@ Deflection of HECRs, heat transport

@ Highly polarised, ISM only, many l.o.s

@ Emission mechanism, Pulsar orientation
@ ISM: Scattering, Scintillation...

[Noutsos et al. 2008]
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Polarisation
[ ]

RM Synthesis... Quick intro...

@ Plane of linear polarisation modified ,,_2((7\)

by Faraday rotation, y(A) = y, + RM A? I A

@ But PA known to modulo m radians... N

d

/f e [Wikipedia]

@ RM synthesis: Burn (1966), Brentjens & De Bryn (2005)

Observed complex polarisation vector: P(1%) = ple?x

Substitute RM for Faraday depth (¢): = ff@m’ﬂdcp
"9

,—2ipA? dA?

LOFAR: Low frequency and large bandwidth (~48 MHz)!/
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Observations

[
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[

Polarisation observations - 'survey’

@ ‘Survey’ of bright pulsars in raw voltage mode (after I ‘survey’)...
@ Coherent addition of Superterp stations (12 sub-stations)
@ Frequency = 136.322 MHz
® Bandwidth = 6.250 MHz

(180,60)
* LOFAR HBA

(180,.60)
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Observations

Example Profile.... 80823+26
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Observations

LOFAR Observations 1

B0136+57 B0329+54 B0525+21 B0809+74 B0823+26

o 1
@
oL [=] oL
== RN = © 4 -~ @ -~ % v N 3
i ' | @ ey @ [ w0 ~ @
© 3 o ! o © r B
E ot Z o | 2o ~ ot ey £ gF
N S 4 < < oL
L o b o
“¢. P.A. (deg 2 g ‘ ¥ Zgl 3
I [ [l I 2
} 1 - } t t t } t } § t t t I | -y |
at J0139+5814 136.322 MHz o [ 1033245434 130.859 MHz J0528+42200 136.322 MHz - J0B814+7429 136.322 MHz o [ J0B26+2637 136.322 MHz
ot B ! P q
= Flux | °
5 © ol
S L =1 =]
E E 3 E 5
B 7 = = E =
o
= - -
g = =L
=)
=) =
1 1 1 1 Il 1 Il Il 1 L L L
0.1 0.2 0.3 0.8 0.85 0.9 0.95 1 0.3 0.35 0.4 0.45 0.1 0.15 0.2 0.25
Pulse Phase Pulse Phase Pulse Phase Pulse Phase Pulse Phase
T T =]
oL = = R = Qb T
-~ [ P T ] o ~ °f
3 7 W ! ~8F 3 2 |
'g b % F] ; %\, ﬂg ot ' ’;)
— O — O E B \ — O _g_
< < . e < < o
a9 Y=} = or ' a ool <
3t Bt ™ g 3t T g
i ‘ | e | | i ‘ ‘ ‘ : i i T ‘ ,
! ! ! 2] o T T T
L JoB37+0610 136.322 MHz J0953+0755 136.322 MHz J1136+1551 136.322 MHz S f J1239+2453 136.322 MHz S [ 1150045531 e e
5 e L
= L
N <+
o =4
E &= = B =
s - o
=) =
-
(=1
|
\
\
\ iy
L o e ° %
1 1 Il 1 1 1 1 Il Il Il Il 1 1 L L 1 1
0.3 0.35 0.4 0.45 0 0.1 0.2 0.3 0.4 0.8 0.85 Loy 0.75 0.65 0.7 0.75 1 1.02 1.04 108 1.08

Pulse Phase Pulse Phase Pulse Phase Pulse Phase Pulse Phase

0834+06 B0950+08 B1133+16 B1237+25 B1508+55

Charlotte Sobey Max-Planck-Institut flir Radioastronomie

First pulsars in polarisation with LOFAR Wed 21st September 2011



RM synthesis
(

RM synthesis 1
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Observations

LOFAR Observations 11

B1642-03 B1839+56 B1919+21

B1541+09

B1929+10
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RM synthesis
o

Residual Faraday Dispersion Function (Normalised)
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nthesis II

81541+09

—5EI 1] 55

Blel+46

1

B1642-03

1
i W\m}\m mﬂf"ﬂ/ o |

""'Jrul *Jlll.;: :I::r :'E':ﬂulh I : i \LJT:H%:‘MII: :'. J: _:'JI: " I||II Il“
Yy T
|”| :I :I‘I,
B1839+56 B1919+21

—5I:I 4] 55

Charlotte Sobey

Polarised Pulsars:

TR 50

82217+47

=50 o S L0
—

gl iy Ly
il Liy [ Bl
LN} ”\I:II"'.P
Yoo L f

; : I| : .;II

Bl929+10

82306+55

0 5&

B2315+21

5EI [4) 5&

Observations & applications

ﬂl

atl 146 150

FWHM =
6.9 rad m3

Max-Planck-Institut fir Radioastronomie
Wed 14th September 2011



Observations

Crab Pulsar Giant Pulses

@ 6 CS, 10 min " A, e
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@ Freq = 121.08 MHz ISR S -
@ BW = 3.125 MHz X7l
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@ dt = 82 MS [Jessner et al. 2010]
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RM synthesis

RM stability... BO834+06

@ 12 CS, 10 min @ BW = 6.250 MHz
® Freq = 122.650 MHz @ FWHM = 6.9 rad m?2 |
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Analysis
o

RM stability... BO834+06 (II)

® SS = Sunset
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@ T[C,N,A] = Twilight [Civil, Nautical, Astronomical]
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Analysis
([

Ionospheric effects

[Brltlsh Geologlcal Survey 2010]

source

RM=0810f .~ n n.(s)B(s).ds

TECU = 10!° e m™ =
IB| =~ 50,000 n”T £
O = +65 deg

[Stappers et al. 2011i
RM variation of ~1 rad m2 = 10 TEC
More sensitive than GPS data

Future calibration essential...
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Conclusion
o

Conclusions

@ @ @ @® @

SKA

@ Pulsar discoveries (1000s)

Pulsar polarisation observations with LOFAR HBASs!
Observations, analysis and investigation...
Ionospheric variation - calibration...

LOFAR future: discoveries of ~250 by 12.12.12!
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