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How do we tell that a pulsar is in a Binary?

Of course - by timing it.

Even with a least massive companion a pulsar is moving aroud the centre of mass
of the binary system.

So at some times it is closer to us,

than its average distance, and
at the other times - is further

away.

That is just a Roemer delay
inside the binary!




If the pulsar is closer, the radiowaves have shorter way to travel - and they come
early. If it is furter away - they come late.

The maximum delay is of course the pulsar semi-major axis divided by the speed of
light.
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The tidal disruption of the white dwarf companion (so called "black widow
scenario") was possibly the case of origin of the PSR B1257+12 planetary system.

There are three planets in this system. Two larger ones have the masses of
approx. 4 Earths and periods of 66 and 98 days.

Third one is small -
comparable to Earth's
Moon - and orbits the
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Not only we see the planets, but we can see them interacting gravitationaly with
each orher!

As the two larger planets are almost exactly in 2/3 resonance (66 and 98 days)
these interactions are quite severe, and visible by timing means:
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There is supposedly no other effect, that would mimic such behavoiur, so the
planets are realy there.
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Actually timing is the most precise method of finding extrasolar planets.

It is much more accurate, than finding planets around regular stars by the means of
spectroscopy.
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Taken from "Handbook of Pulsar Astronomy™ by Lorimar & Kramer
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The graph is actually made for a double-pulsar system,
PSR J0737-3039AB, discovered in 2003. Pulsar A in this system is a 22.7 millisecond
pulsar, and pulsar B has a period of 2.8 seconds.

They form a
close binary,
with orbital
period of 2.4
hours.

And we can see the
pulses comming
from both of them -
except the times
they eclipse each
other.




Assume, that you have the timeseries at one trial DM.

Most of the methods of finding periodicity in a dataset are Fourier-based methods,
and probably the mostcommon is the FFT (Fast Fourier Transform).
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As a result of FFT you'll have a set of Fourier transform values at N/2 frequencies
(where N is the number of samples in your timeseries);
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The lag between the frequencies depends purely on the lenght of your timeseries.
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The range of the frequencies is limited by the total timespan, and the Nyquvist
frequency.




Then, when you have a power spectrum of the dedispersed timeseries, cleared of
the RFI, summed over harmonics - you may start to search for potential pulsar

candidates.

And you have to use the data from several (or all) trial DMs at each time - since
the pulsar candidate should show the S/N

varying with the DM.

So, you basically look

for the candidates

that show a maximum

S/N at some non-zero DM.

Then you fold the
timeseries with the trial
period and check, if it
looks as a pulsar.
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Minimum detectable flux density (mdJy)

How to calculate your search sensitivity?

10

¥ : Minimum detectable flux depends on
! d many factors:
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You have the control over some of
them - especially if you are building
your own backend.
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Normalized Power

Normalized Power

So basically, for millisecond binary pulsar you have to search not the usual 2-
dimensional P - DM plane, but rather a 3-dimensional P -DM - Pdot space!

And since you dont know beforehand what orbit to expect - it is a huge task.
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GW detection: Pulsars timing

Pulsar Timing Array (PTA) to detect low-frequency (10-° to 10-° Hz) GW
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Test theories of gravity

Pulsars as tools to test theories of gravity

Double pulsar: GR tested by PK parameters! (Kramer et al. 2006)

Double NS systems promise improved test of GR:
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Coherent dedispersion

Coherent dedispersion perfectly removes this smearing at the voltage level
Works on the raw electric field (voltage) data
Uses the exact physical transfer function of the ISM

Applies the inverse filter to reconstruct the original signal
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Loss of SNR from incoherent dedispersion

[llustrative S/N loss from intra-channel smearing
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Normalized profile (offset for clarity)

Incoherent Vs Coherent dedispersion

lllustrative pulsar profiles: coherent vs incoherent dedispersion
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Coherent dedispersion

The coherent dedispersion transfer function

H(fo+ f) = exp (@

27D f? )
f5(fo+ f)

the coherently dedispersed signal is obtained by applying the inverse filter:

Vdedisp(fO + f) = Vobs(fo + f) H_l(fo +f)
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The FFT length in coherent dedispersion is chosen long enough to contain the
impulse response of the ISM dispersion filter
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What coherent dedispersion has enabled

The nanosecond intensity structure resulting from plasma turbulence in the pulsar
magnetosphere was found using coherent dedispersion

Precision determination of DM is used for ISM turbulence studies

The accurate, high-definition average profiles afforded by coherent dedispersion are
essential for high precision timing

Many discoveries of fast fainter MSPs

The differences in DM
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Number of Pulses

DM (em™ pc)

Single pulse Vs periodicity search
The ratio of signal-to-noise ratios of FFT and SP searches
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Searching for Fast Transients
Tsys
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Rotating RAdio Transients

Rotating RAdio Transients (RRATs, Keane & McLaughlin, 2011),
Currently, RRATalog has 335 RRATs are kmown

RRATs may be normal pulsars with very high nulling fractions

The pulsar magnetosphere may have: multiple stable states
It switches between: radio-loud and radio-quite

Some RRATs lie close to the pulsar death line
Intermittency is caused by material fallback from a supernova debris disk

Radio emission from infalling circumstellar material affecting the charge density
in the magnetosphere

RRAT burst rates on timescales ranging between ~0.5 hrs and ~5 yrs


https://arxiv.org/html/2501.08224v1

