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= Motivation & introduction:

= Pulsar magnetospheric emission
= PSR B0823+26
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Motivation & AST(RON

= Magnetic fields are ubiquitous throughout the Universe:
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= Pulsars as probes, e.g., magnetqsphere, ionosphere, GMF
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ASTRON
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High precision LOFAR RMs \\K\\
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Introduction: Pulsar emission \ ASTRON

Examples of emission characteristics on numerous timescales:

Nulling, subpulse drifting Mode-changing
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Related to changes in current flows in pulsar magnetosphere
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Introducing: B0823+26
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= Despite 'normal’ parameters & long-term pulse stability:
= nulling, sub-pulse drifting, mode-changing

P-Pdiagram
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LOFAR (Low Frequency Array) @ LoFAR AST(RON

= Low Band Antennas (LBAS) High Band Antennas (HBAS)

* 10-90 MHz 110-240 MHz
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= Overview (van Haarlem et al. 2013), Pulsar modes (Stappers et al. 2011)
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LOFAR beam-formed obs
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Large fractional bandwidth and collecting area: high sensitivity

1.

o

©
[o)]
T

Flux (normalised)
o
=Y

0.2

| PSR B1133+16

P.A. (deg.)
60

—60

Flux
0.5

P.A. (deg.)

—60

0.0

180

)

[=)]

o
T

Frequency (MHz)
=
o

120

. N

NN

I L Il 1

Flux

P.A. (deg.)

Flux

0.0

Charlotte Sobey

0.2 0.4 0.6
Pulse Phase

1.0

| LOFAR Community Science Workshop | 08.04.2014

0.46

[
by b |

IR

[ PSR B0834+06

0.48 0.5

Pulse Phase

0.52

60

ol
i
UL

|

1

ARTLIEEEIE
| 'ul

T i
AL

0.5
T

| PSR B1133+16

1
0.48 0.5
Pulse Phase

0.52

0.54

60
T

~ [ PSR B1919+

21

0.46 0

1
.48 0.5
Pulse Phase

1
0.52

0.54

T T T T T T T T
o i
~ @ [T !
> .l}‘ 1o, 4 Hhy
4 .""‘"——.,_J‘o' '. f | { "W e t
©
~ O I —
<
o 8 L ]
! | | ’ Il |
T T T T T T T
T PSR J1012+5307 |
x
=)
L
T T T T T T
o L -
—~ ©
&
[
Z ot | . ]
' [ LR P ] TP TR |
<<
o 3L ]
Lt ] Il n | | |
T T T T T
" [ PSR B1237+25 |
x
S
[
1 " 1 L 1 " 1 1
0.46 0.48 0.5 0.52 0.54
Pulse Phase
T T T T T T
o L -
O L ey H oy
o .
O L et
Z ot , i
< | )
a9 '
© f b 4
! | "0“”!.” i “I | n | |
T T T T T
[ PSR B2217+47 1
5 0l i
o ©
o
1 1 Il 1 Il
0.46 0.48 0.5 0.52 0.54

Pulse Phase

[A. Noutsos et al., in prep.]



LOFAR polarisation observation
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Mode-change during 3-min observation, within one single pulse!

LOFAR 143 MHz
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LOFAR total intensity observation &

ASTRON

Long ‘nulls’ actually sporadic & weak quiet-mode emission state

LOFAR 143 MHz
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Simultaneous observations

& Lorar ASTRON
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Simultaneous observations & ASTRON

= Mode-change broadband behaviour & visible scintillation

Effelsberg 2630 MHz i e
sl ,;l»w""..‘. f .A.S e *\0_%'.‘. /ﬁ.d .

s T
L

NNNNNNNN

L] - -
e 20 _‘... N °:: L ‘,_90.' e
=T - s -

9t | ’
Lovell 1530 MHz s,

log(S/N)

B ot e P R o
’

. C % -‘._".’- PR :
T 2t e \.. . .
*

LOFAR 150 MHz A e S A S St 5,15 80 St patn e, |

0.00 0.65 o.io O.IIS 0.120 0.I25 O.éO
Time (MJD-56389.58)

Charlotte Sobey | LOFAR Community Science Workshop | 08.04.2014



Single pulse studies & AST(RON

=  Simultaneous mode-change & nulling (bright mode ~2%)

Lovell 1530 MHz WSRT 350 MHz LOFAR 150 MHz
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ASTRON

Single pulse studies

(~50%)
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LOFAR spectra
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= Mode-separated LOFAR spectra: S occ v™ ¢
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Single pulse studies xk\\\ ASTRON

= Bright mode LRFS: P3=5.26P0 (Good agreement w/ Weltevrede+2007)
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Single pulse studies
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Bright mode: pulse number - correlation coefficient
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&
Pulsar magnetosphere models \ ASTRON

= Probing meta-stable states with mode-changers

Mode Change
Null / RRAT(?)

[Timokhin 2010]

=  Argument for multi-pass pulsar surveys, e.g., RRATs, efc.
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Future prospects & AST(RON

= LOFAR observations of B0823+26:
= Longer polarisation observations (RM, RVM)
= LBA observations (spectra)

= LOFAR observations of extreme nulling/mode-changing
= Similar to B0823+26, or line-of-sight geometry important?

= More interesting discoveries in multi-pass surveys, e.g.,
LOTAAS (c.f. S. Cooper’s talk, T. Coenen PhD thesis, 2013)
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Summary & ASTRON

= Pulsars are useful tools for studying magnetic fields in
astrophysical plasmas - over many orders of magnitude

= LOFAR provides high quality pulse profiles and precise RMs
= Pulsars show plethora of magnetospheric emission phenomena

= Thank you for listening!
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