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Pulsars
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Pulsars...
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Pulsars
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..Why they’re less boring than you think!

Timing:
Pulsars as objects:
@ Accurate clocks
@ Stellar evolution _ .
@ Theories of gravity
@ Equations of state

/| @ QGravitational waves

@ Plasma physics
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Measuring the magnetic structure of the MW!.,
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The Galactic Magnetic Field

@ Crucial role in many interesting astrophysical processes:

@ Deflection of High Energy Cosmic Rays
@ Star formation and evolution of molecular clouds
@ Hydrostatic balance in the ISM

~ [CFHT]
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GMF components
@ Modelled:

@ Turbulent, small-scale fields (10-100 pc) i.e. SNR
@ Regular, large-scale fields (> 1 kpc)

[Stepanov et al. 2008]
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Pulsar RM
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Pulsar Rotation Measures: Theory

® Faraday rotation of plane of linear polarisation occurs when
emission traverses the cold, magnetised ISM

® Magnitude of rotation dependant on RM and wavelength:
APA = RM A(A2%)

@ RM related to magnetic field and electron density:
RM = 0.810 [9,n.(s) B(s) - ds

® Combining with DM gives parallel component of B:
<B;> = 1.232 (RM/DM)
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Pulsar RM
o

Pulsar RMs: Advantages

@ Magnetosphere contributes zero net Faraday rotation
@ Distributed throughout Galaxy

@ Many are highly linearly polarised

| @ Combining Dispersion Measure with n, model -> distance

I Effelsberg 1.4 GHz

P.A. (deg.

...........
||||||||||||||||||

| J2043+2740 1360.0 MHz

~ —60 0 60 120

Normalised Flux Density

......................

[A. Noutsos]
Charlotte Sobey Max-Planck-Institut fir Radioastronomie
Pulsar rotation measures and the large-scale magnetic structure of the MW 21st July 2011




Pulsar RM
o

Pulsar RMs: Latest results
@ Fitting latest results to GMF models (i.e. Nota & Katgert 2010):

@ Related to optical spiral arms

@ Most closely resembling QSS of Stepanov et al. ‘08

@ Each Arm-Interarm interface shows clear field reversals...

[Noutsos et al. 2008]
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Pulsar RM
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Pulsar RMs: Improvements

@ Limitations of the method:
@ Simplistic to assume average <B,;> and n,
@ Distances from DM may introduce 10-20% errors
® Turbulent fields (e.g. HII regions, SNRSs)

® Amplification of noise - integral quantities

How can this be improved?...
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Wavelets
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Wavelet Analysis

@ Filter noise due to small-scale fluctuations

@ Minimise noise amplification

Current RMs

(]
T

Y (kpc)

X (kpe) [R. Stepanov]
@ Works well with regularly OR randomly distributed data where
gaps do not exceed V> wavelet scales...

® Combine with extragalactic sources...
® Increase number of known pulsars with RM data
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Future

Future Prospects...

@ @ @ ®

Short-term: Observations with Effelsberg
Long-term: Discover more pulsars — follow up with polarisation

HTRU survey underway — galactic disk, shorter A
LOFAR survey to begin soon... - higher latitudes, longer A
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Future

LOFAR Observatlons

: 1 : | ! ! |
l
! lw!f' iy, m - S —
e e |
M_JL 1_ L N/ h
- | o e - / ,,,,,, , e e
1

N /LWJUMEF“ wﬂmmw
W WWWL
W”W WJULNJLWJK JL |

Eb&“ﬂu?

sy

.o
181 218

Uﬁﬁmww

mmmmm

. W‘JM Mﬂ B -."""_"“'f“““ -:..fw mwwmm | “'““"\’M

L e Dok -

Charlotte Sobey Max-Planck-Institut fir Radioastronomie

Pulsar rotation measures and the large-scale magnetic structure of the MW 21st July 2011



Future
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LOFAR: Calibration & Ionosphere
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Conclusion
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Conclusions

@ Measuring Galactic Magnetic Field (GMF)

@ Pulsar Rotation Measures are efficient method

® Wavelet Analysis used to deconvolve large-scale

@ Future: Observing known pulsars: Effelsberg, LOFAR

® Future: Discovering new pulsars, obtaining RMs
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Thanks for listening!!
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