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Pulsar timing at low frequencies
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Pulsar timing
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lteratively, the parameters in the timing models are updated and refined, yielding
more and more accurate ToA modeling
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Pulsar timing

I
Observed —AMMNMWM

| |
(Cross-correlation : : :
with a template) i i :

I I I
| | 1

Model _/\ J\ A

I i
I I
I I
I I
I I
I I
H H o H

:|:—-—-—-—-—->—-—-—-—-—

~""
Residuals

Shaifullah

0

Prefit Residual (sec)

—5%x107°

MSP |1939+2134
[ I [
i e BN
P
r
B o _
i
-'f
g
_f
i ’ _
&
i o
| | |
—2000 0 2000
MJD—-52757.3

lteratively, the parameters in the timing models are updated and refined, yielding
more and more accurate ToA modeling
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Why is it difficult?

Observing pulsars at low frequencies is difficult, especially because of the
effects of the ionized interstellar medium (IISM):

x Dispersion — {2
x Scattering/scintillation — 4

x Faraday rotation — {2
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Why is it difficult?

* Frequency evolution of the pulsar profile;
x Dispersion measure (DM)/scattering variability;
x Chromaticity of the lISM dispersive effects;

x Syncrotron emission from the Galactic background
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Why is it difficult?

* Frequency evolution of the pulsar profile;
x Dispersion measure (DM)/scattering variability;
x Chromaticity of the lISM dispersive effects;
x Syncrotron emission from the Galactic background

.. PAUCITY OF PULSAR TIMING STUDIES AT LOW FREQUENCIES TO DATE!
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A mine of information about the IISM

Experiments like Pulsar Timing Arrays mainly rely on observations around 1400 MHz.
The increasing timing precision at these frequencies implies that IISM effects become
more and more evident and more important to understand.
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A mine of information about the IISM

Pulsar timing at low frequencies will NEVER be as precise, but it provides a mine of
information about the lISM!

x The inverse dependency with powers of the observing frequency allows to measure
the IISM phenomena with much higher precision;

x Potential of ‘back-correcting’ the effects of the IISM from low to high frequencies;

x Possibility of an amazing characterization of the large and small scale structures of
the [ISM via studies of dispersion variation, scintillation, scattering
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Pulsar timing at low frequencies,
why now?

Hardware improvements and increase in computational power brought to a
revival of pulsar studies at low frequencies, allowing real time dedispersion
and bandwidth increment

MWA, Western Australia
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www.astron.nl
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Variations in dispersion measure
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DM variation
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Extreme scattering events
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*x [ISM effects and Galactic background give hard times to pulsar
timing at low frequencies;

x BUT... now we have new fantastic facilities with great hardware and
computing power!

x High frequencies, high-precision timing needs us!

» Amazing precision can be achieved for [ISM studies!



Thank you for your attention
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LOFAR census

Non-recycled pulsars (Bilous et al., 2016)

x HBAEs;

x |Gb|>3° - Dec>8°;

x 158 detections over 194;

« Dispersion measures more precisely measured than at high frequencies

Recycled pulsars (Kondratiev et al., 2016)

x HBAs;
x 48 detections over 75;
x Dispersion measures more precisely measured than at high frequencies
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