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Pulsar science with the SKA

Known population (~2,900) expected to
increase with full SKA by more than 10-fold
(good fraction expected during phase |)

Broadband coverage SKA-Mid & -Low,
polarization

Evaluate/develop automated methods
requiring little to no human intervention

Here, status of an on-going project to explore
the task of automatically sequencing profiles
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Magnetosphere and geometry
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Linking geometry to pulsar identity
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« How are the radio emission properties -
related to the identity (P, P, £, B, age) T S 1%
and geometry of each pulsar? g O o { 25
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e With SKA’s large N, can we simply let the | . 17 2
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Data-driven approach via Graph Theory

 Baron & Ménard (2019) o
_1.0-

e Sequencing 2000 type | AGN 2 // S
revealed unknown scaling relation =1 10,87 ' =
between ionized gas and black hole = -y S &
mass 5 S =

S 0.4- o B

» Scaling relation can be used to estimate s ++ ; S F
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Data-driven approach via Graph Theory

Complete (undirected) weighted graph
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Data-driven approach via Graph Theory

Complete (undirected) weighted graph

 Vertices
 Represent pulsars

e Set of vertices = Population
6 9 10
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Data-driven approach via Graph Theory

Complete (undirected) weighted graph

« Edges
 Represent connection

 Comparison between two
pulsars 6 9 10
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Data-driven approach via Graph Theory

Complete (undirected) weighted graph

 Weights
e Similarity/distance between

pulsar pairs
* Need to define what

to measure as distance



Data-driven approach via Graph Theory

Solution space minimization: Minimum Spanning Tree
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Data-driven approach via Graph Theory

Trends: longest manifold
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Experiment

 EPN database
840 pulsars, 2458 profiles, 77 references
 Heterogeneous (sampling, S/N, ...)
 Set of 85 pulsars (minus 6 showing scattering tails)
e S/N>20
¢ |IQUV
* 4 Frequency bins (MHz)
» [400,700)
e [700,1000)
« [1000,1500)
» [1500, 2000)

Special thanks to Michael Keith for help with accessing EPN database



Distance metric

 Dynamic Time Warp

 Evaluate Stokes | and Stokes L
evolution over frequency
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Preliminary results

]1820-0427
610.0 MHz j\ gl98
925.0 MHz /\ gl98
1369.0 MHz A jk17
1642.0 MHz /\ 9198
0.4 -02 00 02 0.4
Pulse phase
]1645-0317
610.0 MHz A gl98
925.0 MHz /\ 9198
1408.0 MHz A gl98
1642.0 MHz j\ 9198
0.4 -02 00 02 0.4

Pulse phase

Vohl et al. 2021 (in prep.)

11752-2806
610.0 MHz J\ gl98
925.0 MHz A gl98
1369.0 MHz J\ k17
1642.0 MHz A glo8
04 -02 00 02 0.4
Pulse phase
J1709-1640
610.0 MHz A 9198
925.0 MHz /\ 9198
1369.0 MHz A jk17
1642.0 MHz /\ 9198
04 -02 00 02 0.4

Pulse phase

J1917+1353
610.0 MHz J\ gl98
925.0 MHz J\ gl98
1418.0 MHz J\ wcl+99
1642.0 MHz j\ gl98
04 -02 00 02 04
Pulse phase
]1823-3106
610.0 MHz /\ gl98
925.0 MHz /\ gl98
1369.0 MHz A jk17
1560.0 MHz /\ wmlq93
04 -02 00 02 04

Pulse phase

]J1913-0440
610.0 MHz f{ 9198
925.0 MHz f gl98
1369.0 MHz /t k17
1642.0 MHz /\ 9198
0.4 -02 00 02 0.4
Pulse phase
]0922+0638
610.0 MHz /\ gl98
925.0 MHz /\ gl98
1418.0 MHz J\ wcl+99
1642.0 MHz A 9198
04 -02 00 02 0.4

Pulse phase




Preliminary results

J1903+0135
610.0 MHz A gl98
925.0 MHz j\ 9198
1418.0 MHz A wcl+99
1642.0 MHz /\ gl98
0.4 -02 0.0 02 0.4
Pulse phase
J0953+0755
610.0 MHz A gl98
925.0 MHz A gl98
1408.0 MHz A gl98
1642.0 MHz l\ 9198
0.4 -02 00 02 04

Pulse phase

Vohl et al. 2021 (in prep.)

]1543-0620
610.0 MHz J\ gl98
925.0 MHz J\ glo8
1408.0 MHz J\ gl98‘
1560.0 MHz A wmlq93
04 -02 00 02 04
Pulse phase
211342754
610.0 MHz A glo8
925.0 MHz J glo8
1418.0 MHz “ wcl+99
1642.0 MHz f gI9‘8
04 -02 00 02 04

Pulse phase

J1509+5531
610.0 MHz /\ gl98
925.0 MHz /\ glo8
1408.0 MHz /\ glo8
1642.0 MHz /\ 9198
0.4 -02 00 02 0.4
Pulse phase
]0820-1350
610.0 MHz /\ gl98
925.0 MHz [\ 9198
1369.0 MHz /1 jk17
1642.0 MHz /\ gl98
0.4 -02 0.0 02 0.4

Pulse phase

]1955+5059
610.0 MHz A 9198
925.0 MHz A gl98
1408.0 MHz A gl98
1642.0 MHz A glo8
04 -02 00 02 0.4
Pulse phase
J0139+5814
610.0 MHz /\ glo8
925.0 MHz ]\ gl98
1408.0 MHz J\ 9198
1642.0 MHz A gl98
04 -02 00 02 0.4

Pulse phase




Preliminary results

]1705-1906
\408.0 MHz /\ gl981
fzs.o MHz /\ gI9SI
'il408.0 MHz /\ gI98/
\1642.0 MHz /\\ g|98]
0.4 -02 00 02 04
Pulse phase
]1041-1942
610.0 MHz \/\ gl98
925.0 MHz M gl98
1408.0 MHz ) M 9198
1642.0 MHz \/\ gl98
0.4 -02 0.0 02 0.4

Pulse phase

Vohl et al. 2021 (in prep.)

1235446155
610.0 MHz /\) gl98
925.0 MHz A L 9198
1408.0 MHz /\ gl98
1642.0 MHz /\ 9198
04 -02 0.0 02 0.4
Pulse phase
]1909+1102
610.0 MHz J\ gl98
925.0 MHz [\ 9198
1408.0 MHz J\ 9198
1642.0 MHz j\ glo8
~0.4 —-0.2 6fo 0.2 0.4

Pulse phase

1123942453
610.0 MHz J\/\ 9198
925.0 MHz \ﬂ 9198
1418.0 MHz Jvl wcl+99
1642.0 MHz M 9198
04 -02 00 02 04
Pulse phase
J0141+6009
610.0 MHz J\ 9198
925.0 MHz /\ 9198
1408.0 MHz /\ 9198
1642.0 MHz f/\ 9198
04 -02 00 02 0.4

Pulse phase

11722-3207
610.0 MHz /\ gl98
925.0 MHz }\/\ gl98
1369.0 MHz h jk17
1560.0 MHz j\ wmlq93
04 -02 00 02 04
Pulse phase
]1825-0935
610.0 MHz Aj\ gl98
225.0 MHz /\A gl98
1369.0 MHz J\ jk17
1A642.O MHz AA 9198
0.4 -02 00 02 0.4

Pulse phase




Preliminary results

J1740-3015
610.0 MHz /\ gl98
925.0 MHz J\ gl98
1369.0 MHz JL jk17
1560.0 MHz J\ wmlq93
04 -02 00 02 04
Pulse phase
]1136+1551
610.0 MHz ﬁ’\ 9198
925.0 MHz A/\ gl98
1418.0 MHz ﬁ/\ wcl+99
E0.0 MHz -ﬁ& o hx97b
04 -02 00 02 04

Pulse phase

Vohl et al. 2021 (in prep.)

]0814+7429
606.0 MHz A 9198
925.0 MHz /\ gl98
1408.0 MHz /\ gl98
1710.0 MHz A hx97b
0.4 -02 00 02 0.4

Pulse phase
]053442200

610.0 MHz /l\

925.0 MHz /\

1424.0 MHz /\

1642.0 MHz A

]J0528+2200
610.0 MHz j\A gl98
925.0 MHz /\‘A gl98
1418.0 MHz JJ\ wcl+99
1710.0 MHz Jd\; hx97b
04 -02 00 02 04
Pulse phase
J1857+0943
408.0 MHz A gl98
LN
sz 7\/\ dhm+15
1369.0 MHz m dhm+15
N 2\
1642.0 MHz Zl gl98
04 -02 00 02 04

Pulse phase

0.4 -02 0.0 0.2
Pulse phase

]1829-1751
610.0 MHz /A\\ 9198
925.0 MHz ﬂ\ gl98
1369.0 MHz M ik17
1642.0 MHz /\j\ gl98
0.4 -02 00 02 04
Pulse phase
J0358+5413
610.0 MHz //L 9198
925.0 MHz A gl98
1408.0 MHz A gl98
1642.0 MHz A 9198
04 -02 00 02 0.4

Pulse phase




Preliminary results
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netherlands

Netherlands eScience Center
m center gantAA-ALERT (027.015.G09)
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