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Pulsars at Low Frequencies

Kevin Stovall
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URSI 2018
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Pulsars at Low Freguencies

e Pulsar Searches
- Fast survey speed
- Steep Spectra

e |[ntervening Medium
- ISM - dispersion, scattering, Faraday rotation

- Solar wind, CMEs
- lonosphere

e Pulsar Emission
- Rapid profile evolution vs frequency
- Spectral turnover
- Studies of specific sources



Pulsar Timing Arrays

Pulsar Timing Arrays (PTAS)
monitor a set of very stable
millisecond pulsars (MSPs) to
ook for GW signals. Such
signals would be correlated vs.
pulsar angular separation.

Hellings & Downs Curve

Image Credit: David Champion

e North American Nanohertz Observatory
for Gravitational Waves (NANOGrav)

e European Pulsar Timing Array (EPTA)

e Parkes Pulsar Timing Array (PPTA)

e [nternational Pulsar Timing Array (IPTA)

Expected correlation

20 40 80 80 100 120 140 160 180
Angle between pulsars (degrees)

Hellings & Downs 1983, Apd, 265, 39
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Pulsar Searching

Green Bank North Celestial Cap Survey

Survey of the full sky visible to the GBT at 300 - 400 MHz

e 156 Discovered sources
e 20 MSPs, 6 now in PTAS
e 23 binaries

® ~6 multi-wavelength
counterparts

GBNCC progress: 95276 beams observed
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AO327 progress

e /5 Discovered sources

e 8 MSPs, 4 now in PTAs
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Intema et al. 2016

Frail et al. 2016 - Identified 16 steep spectrum sources coincident with Fermi
Gamma-ray associated sources, 7 have now been detected as pulsars.

Imaging observations can identify pulsars based on spectrum, polarization,
multi-wavelength counterpart, scintillation.
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PSR B1919+21
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observations using a low frequency telescope.
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Lam et al. 2018, submitted




Intervening Medium
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11/04/2011 : CODE

20/10/2011 : CODE
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RMs from low frequency telescopes ~0.001 rad/mA2, but ionosphere models have
errors ~0.1 rad/mA2. -> Regular observations can lead to improved understanding

of ionosphere -> Measurements of lower magnetic fields.

Malins et al., submitted
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Pulsar Emission

BO809+74
eRadius to frequency N
mapping - Higher .
frequency generated N
nigher in pulsar ﬁ/t
magnetosphere. T
. 169.3 MHz A
eHowever, pulsars studied T
by Hassall et al. 2012 — ﬁ@\
were all consistent with X
emission coming from L) &N
. . 46.1MHz D{\
confined region, they ﬁ?\\
argue that pulsar TN
magnetosphere is likely e
CompleX' 10014.gMHZ 150 /\2_00/\25b

Pulse Phase (°)

Hassall et al. 2012



Pulsar Emission

eSome pulsars have
drifting subpulses,
thought to be due to
sub-beams drifting
around the magnetic

axis like a “carousel”.

¢B0031-07 has 3
modes of drifting as
well as periods of
nulls.

Pulse number

1900
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1800

BO031-07

A mode

B mode

Null

—-20-10 0 10 20 30
Rotation phase (°)

McSweeney et al. 2017

Flux density (arbitrary units)



Pulsar Emission

e Another avenue to constrain the pulsar emission mechanism is
the study of their spectral properties. Many turnover at some
frequency (~100-200 MHz), others don't.

e [he turnover in many pulsars have been largely unconstrained
due to lack of low frequency measurements.

e -lux measurements at low frequencies are currently being
made for many more pulsars that are much more precise than
past measurements.
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Thank You!

e Pulsar Searches
- Fast survey speed
- Steep Spectra

e |[ntervening Medium
- ISM - dispersion, scattering, Faraday rotation

- Solar wind, CMEs
- lonosphere

e Pulsar Emission
- Rapid profile evolution vs frequency
- Spectral turnover
- Studies of specific sources



