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How do pulsars shine?

What is the radio emission mechanism?
Where does the emission originate?

How can its magnetosphere create the vast
array of pulsar phenomena?

How is a pulsar beam structured? Patchy vs
hollow cone?




Integrated Pulse Profile vs Single-pulses
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Integrated Pulse Profile vs Single-pulses

Integrated profile

O(10k) pulses averaged,
stable fingerprint
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22 s time series
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Fig. 1.1. A 22 s time series from the Arecibo radio telescope showing single
pulses from PSR B0301+19. Insets show expanded views of selected pulses.
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e Others: pulse profiles, radius-to-
frequency mapping




Understanding the Pulsar Radio Emission

Science Using Single-Pulse Exploration with Combined Telescopes (SUSPECT Project)

« Aims
* Understanding the wide-band single-
pulse properties of radio pulsars
* Study single-pulse properties (PE
distributions, modulation)

e Others: pulse profiles, radius-to-
frequency mapping

* Focus on mode-changing and sub-pulse
drifting pulsars

100 * Master's M2R projects
Frequency (MHz) R
_ _ » 2023: Killian Lebreton
» 2024: Elie Daoura

FJ+ under review
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Science Using Single-Pulse Exploration with Combined Telescopes (SUSPECT Project)

GMRT NenuFAR, LOFAR, NRT Two complementary approaches

1) Highest S/N single pulses,
intermediate frequencies (~600
MHZz), low scattering

— probe the intrinsic emission

2) Long-term observing campaigns,
low frequencies (10s — 100s MHz),
timing models, rare modes, time

« Wide-band data evolution, DM & scattering

« Several telescopes — Intrinsic and extrinsic

e (Quasi)-simultaneous data

A
CIrs
\

Fabian Jankowski

y



Understanding the Pulsar Radio Emission

Science Using Single-Pulse Exploration with Combined Telescopes (SUSPECT Project)

GMRT NenuFAR, LOFAR, NRT Two complementary approaches

“ | LT 1 L2110 a0y 1 34811 A0 S RS 1) Highest S/N single pulses,
. intermediate frequencies (~600
MHZz), low scattering

— probe the intrinsic emission

GMRT (& NRT)

2) Long-term observing campaigns,
low frequencies (10s — 100s MHz),
timing models, rare modes, time

« Wide-band data evolution, DM & scattering
« Several telescopes — Intrinsic and extrinsic
e (Quasi)-simultaneous data NenuEAR & LOEAR
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PSR B1822-09, GMRT data

16 pulsars observed so far (NenuFAR &
FR606 & GMRT)

* +6 pulsars time granted
Initial data reduction completed for all

~6 worked on in more detail (M2R
projects, paper)

First step is getting a clean single-pulse
stack

Shows pulse number vs rotational phase

High sensitivity and excellent data quality
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A Model for the Mode-changing Phenomenon
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A Model for the Mode-changing Phenomenon
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We want to understand the physics behind it
Can we understand and model it?
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PSR B1822-09, GMRT data

Some pulsars do strange things

This pulsar quasi-randomly switches between several
emission modes

» Stable configurations of the plasma in the
magnetosphere

We want to understand the physics behind it
Can we understand and model it?

* Yes! Hidden Markov model with autoregressive
emissions

* Automatic mode classification
 Mode detection and their number
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A Model for the Mode-changing Phenomenon

Time (ms)
80 100
L

Time {ms)
480 500
1

Flux densitity (a.u.)
[+
1

(a.u.)
& = S B
O

Flux densitity
o
i

T T T
0.08 0.10 0.12
Pulse phase

=099

T
0.64
Pulse phase

M+N res.

N=3, p=1, global o model

Ml M

N e

e P A b b P

A_mm - Ay Jumme 1l

T T T T | T
2000 3000 4000 5000 6000 7000 8000
Pulse number

FJ+ under review




Pulse Profile Evolution with Frequency

Simultaneous observation of PSR B1133+16 with NenuFAR, FR606 and GMRT

Credit: K. Lebreton
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Pulse Profile Evolution with Frequency

Simultaneous observation of PSR B1133+16 with NenuFAR, FR606 and GMRT

Credit: K. Lebreton
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Pulse Energy Distributions

Examples (all from NenuFAR data)
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Pulse Energy Distributions

Examples (all from NenuFAR data)

Credit: K. Lebreton
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Pulse Energy Distributions

Examples (all from NenuFAR data)
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Fluctuation Spectral Analyses
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Fluctuation Spectral Analyses
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Fluctuation Spectral Analyses

PSR J0814+7429 * Measure single-pulse periodicities
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Fluctuation Spectral Analyses

PSR J0814+7429 * Measure single-pulse periodicities
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Fluctuation Spectral Analyses
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Fluctuation Spectral Analyses
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Preparation for the SKA Era

* NenuFAR & GMRT are SKA
pathfinders

o SKA will allow:

* High-S/N single-pulse studies of a
larger pulsar sample

» Study the existing pulsars in
greater detall

« Example: Thousand Pulsar Array
(TPA) at MeerKAT
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Preparation for the SKA Era

* NenuFAR & GMRT are SKA * We expect to discover:
pathfinders

o SKA will allow:

* Many more peculiar pulsars

* New single-pulse phenomena in new
* High-S/N single-pulse studies of a and known pulsars

larger pulsar sample :
gerp P « Improved data analysis tools

» Study the existing pulsars in

greater detail » spanalysis (Python-based)

« Example: Thousand Pulsar Array * SKA-low scheduling tool likely very
(TPA) at MeerkKAT similar to uGMRT one
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Conclusions and Future Work

The combination of high-S/N
data with long-term
observations is extremely
powerful

The NenuFAR data contribute
significantly

Having multi-frequency data
allows many interesting tests

Managing observations at
several telescopes is non-trivial

Fabian Jankowski

We have barely scratched the
surface of what is possible with
this data set

Lots of work still ahead to
characterise more pulsars

Probably work for several years

SUSPECT project overview
paper is under review

Further papers are in
preparation
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SUSPECT Project — Single Pulse Morphology

Pulse Microstructure
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