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PartI:
Pulsars’ Population
Diversity
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Diversity of Pulse Profiles’
(PPs) Morphology

https://psrweb.jb.man.ac.uk/epndb/
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Diversity of Pulse Profiles’ (PPs)
Morphology

400-700 MHz 700-1000 MHz 1000-1500 MHz 1500-2000 MHz

J0528+2200 (D)
12048-1616 (T)
*J1136+1551 (D)
*J2354+6155 (-)
J1823-3106 (-)

* ]1543-0620 (Sd?)
J2219+4754 (St)

* ]1903+0135 (St)
J0614+2229 (St)
J0629+2415 (St)
<J2022+5154 (Sd/T?)
* 225745909 (St)
J2326+6113 (T)
J1932+2220 (St)

* J0630-2834 (Sd)
J0953+0755 (Sd?)

*)1713+0747 (=)
*)2145-0750 (=)
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Vohl, D., J. van Leeuwen, and Y. Maan. "Topology of Pulsar Profiles (ToPP)-I. Graph theory method and classification of the EPN." Astronomy & 5
Astrophysics 687 (2024): A113.
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Part 11:
Classification via Graph theory



Graph Theory

Topology of Pulsar Profiles (ToPP)
I. Graph theory method and classification of the EPN
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ABSTRACT

Some of the most important information on a radio pulsar is derived from its average pulse profile. Many early pulsar studies were nec-
essarily based on only a few such profiles. In these studies, discrete profile components were linked to emission mechanism models for
individual stars through human interpretation. For the population as a whole, profile morphology must reflect the geometry and overall
evolution of the radio emitting regions. The problem, however, is that this population is becoming too large for individual intensive
studies of each source. Moreover, connecting profiles from a large collection of pulsars rapidly becomes cumbersome. In this article,
we present ToPP, the first-ever unsupervised method to sort pulsars by profile-shape similarity using graph topology. We applied ToPP
to the publicly available European Pulsar Network profile database, providing the first organised visual overview of multi-frequency
profiles representing 90 individual pulsars. We found discrete evolutionary tracks varying from simple single-component profiles at
all frequencies towards diverse mixtures of more complex profiles with frequency evolution. The profile evolution is continuous, ex-
tending out to millisecond pulsars, and does not fall into sharp classes. We interpret the profiles as being a mixture of pulsar core-cone
emission type, spin-down energetics, and the line-of-sight impact angle towards the magnetic axis. We show how ToPP can system-
atically classify sources into the Rankin empirical profile scheme. ToPP comprises one of the key unsupervised methods that will be
essential to exploring upcoming pulsar census data, such as the data expected from the Square Kilometer Array.

Key words. methods: data analysis — pulsars: general

Vohl, D., J. van Leeuwen, and Y. Maan. "Topology of Pulsar Profiles (ToPP)-I. Graph theory method and classification of the EPN." Astronomy & 7
Astrophysics 687 (2024): A113.



Graph Theory 156 Nodes

12403 Edges

e G(VEW)
o Vertices or Nodes (V) > Pulsars

o Edges or Links (E) > Connection
Between Vertexes

o Weights (W) = Relationship
between Vertexes that linked
together

Garcia, Carlos R., Diego F. Torres, and Alessandro Patruno. "Visualizing the pulsar population using graph theory." Monthly Notices of the Royal 8
Astronomical Society 515.3 (2022): 3883-3897.



Graph Theory: R
Defining Edges and Weights - 12403 Edges

e Based on Pulsar’s features

o  Euclidean Distance

N
dpm = E :('Uj'n, — 'Ujm)z
j=1
o “v’-vertex

o  “N” > Number of Features

o “n,m” - Two Vertexes (Pulsars)

Garcia, Carlos R., Diego F. Torres, and Alessandro Patruno. "Visualizing the pulsar population using graph theory." Monthly Notices of the Royal
Astronomical Society 515.3 (2022): 3883-3897.



Graph Theory: R
Defining Edges and Weights - 12403 Edges

e Based on PPs of Pulsars:

o Defining a measure to encode the
(dis-)similarity between two PPs.
(Similarity measure Definition)

o Weighting the edges based on
this Similarity measure.

Vohl, D., J. van Leeuwen, and Y. Maan. "Topology of Pulsar Profiles (ToPP)-I. Graph theory method and classification of the EPN." Astronomy & 10
Astrophysics 687 (2024): A113.



Graph Theory:
Defining Edges and Weights
Similarity between two PPs

e Dynamic Time Warping (DTW) Starting
algorithm:

Element

o Finding Euclidean distance
between any two point of the the
two PPs and constructing Local

Cost Matrix (LCM). LC M =

o Finding a path from adjacent
elements of LCM such that
summation of them become
minimum  which is called
Warping path.

Ending
Element

Vohl, D., J. van Leeuwen, and Y. Maan. "Topology of Pulsar Profiles (ToPP)-I. Graph theory method and classification of the EPN." Asfronomy & 11
Astrophysics 687 (2024): A113.



Graph Theory:
Defining Edges and Weights
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Vohl, D., J. van Leeuwen, and Y. Maan. "Topology of Pulsar Profiles (ToPP)-I. Graph theory method and classification of the EPN." Astronomy & 12
Astrophysics 687 (2024): A113.
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Graph Theory:
Minimum Spanning Tree (MST)

e MST of a Graph:

o TV, E,, W) is a Subgraph of G(V,
E, W).

o T is the shortest possible path
(with minimum weight) in the G
such that include all the nodes of
G

o T is a path in G with no cycle
(starting from a node and reach
itself).

o MST extracts cluster of vertices
such that total distance between
all nodes in the graph become e
minimum.

Garcia, Carlos R., Diego F. Torres, and Alessandro Patruno. "Visualizing the pulsar population using graph theory." Monthly Notices of the Royal 13
Astronomical Society 515.3 (2022): 3883-3897.



Graph Theory:
MST of Pulsars Based on Similiarity between their PPs

10 -

Vertex level

Vohl, D., J. van Leeuwen, and Y. Maan. "Topology of Pulsar Profiles (ToPP)-I. Graph theory method and classification of the EPN." Astronomy & 14
Astrophysics 687 (2024): A113.



Part I1I:
The Conclusion



Conclusion

Definition of a Similarity measure
between PPs base on the complexity
measure of them.

Making a Graph from Pulsars with

weights based on the Similiarity measure.

Extracting MST of the Graph and
compare results of the classification with
mentioned studies.
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Thanks for your attention.
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