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Variety of Pulsar Light curves in the 3PC

e About 300 pulsars reported

* 3PC light curves sampled with different levels of
precision (from 25 to 800)
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Variety of Pulsar Light curves in the 3PC
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* Light curves described via global features
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Light curves global

properties

Number (or percentage) of light curves with n peaks

~N
o O o o

Percentage of cases
N WD U o
D @

J2021+4026
—e— J2229+6114

—

——

JO007+7303
J0205+6449
J0218+4243
J0633+1746
J0835-4510
J1513-5908
J1809-2332
J2021+3651

0 4
10 1
g4=*~ 3PL
1 péak 2 péaks 3 péaks >3 p'eaks
Pusar P ms] Number of peaks

J0007+4-7303 315.9
J0205+6449 65.7
J0218+4232 2.3
J0633+1746 237.1
J0835—4510 89.4
J1513—5908 151.6
J1809—2332 146.8
J2021+3651 103.7
J2021+-4026 265.3
J2229+6114 51.7

OO O OO " "8 s s o s v v

Ifiguez-Pascual, Torres, Vigano, MNRAS 2024 (see t

alk by D. Vigano)

Frequency

0.50

0.40

Frequency
o
w
o

o
N
)

o
A
S

f

Frequency

0.40

Frequency
o e ©
- N w
o o o

o
=3

. |0205+6449

Flux ratio between
two peaks

F

1.00 1.50 2.00 2.50 3.00
Flux ratio

Frequency

o
=

separation

.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

. |0205+6449

Phase

Phase separation

. J0633+1746

1.50 2.00 2.50 3.00
Flux ratio

Frequency

.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

. J0633+1746

Phase separation

. 021844232

1.50 2.00 2.50 3.00
Flux ratio

Frequency

"

.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

. 0218+4232

Phase separation

mm 3PC

Frequency

0
.00 1.50 2.00 2.50 3.00

=

Flux ratio

s 3PC

.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

Phase separation

0.40
0.35
0.30

Zo2s
3
20.20
@
£0.15

0.10
0.05
0.08

0.40
0.35
0.30

Zo.2s
E
2020
g
&£ 0.15

0.40
0.35
0.30

Zo.2s
3
20.20
g
£ 0.15

0.40

0.35
0.30

Zo.2s
3
20.20
@
£0.15

0.10
0.05
0.08

= J0205+6449

Width
of the peaks

.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80

Width

= 0633+1746

d

.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80

Width

. 0218+4232

.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80

Width

mm 3PC

i

.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80

Width



Institute of EXCELENCIA

Variety of Pulsar Light curves in the 3PC Space Sciences ¢ MARA
—— J1718-3825 3PC light curves examples,
7 —— J0659+1414 | obtained directly from the catalog
J0613-0200
1000 - — J2220-+6114 * Very different in flux level and shape, are they?
* Consider the transformation
98001
s Counts = (Counts — Background) / (Max-Background)
e}
(]
ED o007 * And all light curves rotations in phase
2
100 * Basedon:
* Phase is arbirtray so rotate them until ‘alignment’
200 1
* maps all light curves in a range from 0 to 1 in ‘counts’
01l - - - - - * emphasizes morphological differences
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A realization: morphological similarity underlies
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A realization: morphological similarity underlies
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Not always of course, there is also dissimilarity Space Sciences ¢ MANAL
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t

Consider Euclidean distance :
from each pulsar to all others, )
25 bins

including all rotations,
and rank them
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Dynamic time Warping: Concept Space Sciences beMAEZTU

DTW is an optimization method used to compare time series.
* |t works by dynamically aligning these time series even with different sizes.

* The Euclidean distance (ED) is used once such dynamic alignments (or paths) are
established.

* The goal is the optimization of the, so the path with the minimum cost is labelled as
the optimal warping path and its cost will be DTW value.
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* For this process to be effective we set the next conditions to consider a path:

* Boundary condition.
* The initial and final elements of the time series must face each other respectively.
* Monotonicity condition.
* No elements of the series that break the temporal order of the series can be matched against
each other.
e Continuity condition.
* The elements of the series being aligned must be adjacent points, not allowing temporal
jumps.

* The resolution for this optimal problem can be seen via:

1 fX, Y: time series
_)2) 2 < A: set of paths
L m: path
(Lj)exn d: ED
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Dynamic time warping: practice & simple example Space Sciences

 We define the time series as:
ts; =3,1,2,2,1
tsy =2,0,0,3,3,1,0.

* The ED matrix (E) between the ts; and ts,:

E(d(i, j)*) =

— O O =
it~ S N
— A A= \O
== KO
A= r— O
O = = O s
— A~ B~ = O

* The cumulative cost matrix through:

D(,j) = E(, j)+
min(D(i - 1,j),D(i,j - 1),D(i - 1,j - 1)).

Garcia & Torres, in preparation
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For instance, the value seen in row 2 and column 2, D(2,2)=
E(2,2) + min(D(1,2), D(2,1), D(1,1)) =1 + min(10,2,1) = 2.

The DTW value is the total cost of the blue line, according
to the E-matrix: v1+1+1+14+14+0+ 1= 245
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Dynamic time warping: example in a figure Space Sciences ?M
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* Atechnique useful to find

1 1 141 H J0742-2822 = ]0729-1836 1.0
similarities beyond the simple - e | 10 123 — e
alignment (which is what the e lmos 08
Euclidean distance quantifies) 1500 e 186 Io615.0300" 06 N
J0729-1836 ® J0437-4715* J0007+7303
1250 J1555-2008 _-‘C;,,UA 04
* It associates morphological i il | N8 55
structures, despite they do not 2 100 00 o
happen at exactly the same phase 3
fn m— 1)0742-2822 1.0 4 = J1718-3825
'g 750 1.0 = 9200643102 = J0613-0200*
. . o 0.8
* Can be applied to light curves of any . gos
. . . . Sos 0.6
number of bins, without rebinning -
250 04 04
S
* Provides a number, that can be used o 02
0 ek o]

l

0.0

to quantify similarity
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* Atechnique useful to find

1 1 11 1 = J1028-5819 1.01 = $1826-1256 X — J0618-3329*
similarities beyond the simple noese 10 10 S Sy
. . . 1400 J1718-3825 :
alignment (which is what the oo 2" 08
1 1 1Fi J2021+3651 | 3
Euclidean distance quantifies) - e |Bos 06 12300 444
J1952+4-3252 -§ J2028+3332
11459-6053 |04 0.4
. . J [
* It associates morphological R el D 0
: € J0437-4715
structures, despite they do not 2 o ey I o
happen at exactly the same phase 3
& . 1.0] = J1952+3252
.g - = ]1028-5819
* Can be applied to light curves of any Bl
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* Computing the dynamic distance {1 | 1
between all pulsars in the sample, 20001 Lo A
and all its rotations, one obtain its 2000, {10*} 20" | 30" 110120 {30
distribution: a global view of how S 1o00. . B
similar/dissimilar pulsar light curves & (0 L
10001 . | holo
are R | R |
500 B | ! Vi
« A well behaving quantitative 0 i . 3 LILIHLLL [ —-—"— , . DR
.. . . 1 2 3 4 —1 0 1
similarity estimator DTW; DTW; ! In(DTW; 1)
e Permits to define intervals of Left panel: Distribution of the DTW; obtained after comparing the 294 light curves with each other

giving rise to 43071 values.

Center panel:Distribution of the inverse of DTW; (so that the larger DTW are the more similar pairs
curves of light curves). The orange line shows the log-normal distribution, identified as the best fit. The
dashed vertical lines denoted with 1o* (red), 2o+ (blue), and 30* (green)

Right panel: Distribution of the natural logarithm of DTW; 1. The orange line shows the normal
distribution. The dashed vertical lines denoted with 1o (red), 2o (blue), and 30 (green) represent
the intervals of the distribution according to the known empirical rule.

confidence for the similarity of light
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We can now cluster the light curves using similarity Institute of ?ﬁ’i&%‘m‘
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Conclusions
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Pulsar similarity can now be phenomenologically Space Sciences € MATA-
quantified

* Light curves look more different than they really are, in many cases.
* Euclidean and DTW provide quantitative estimators of their morphological similarity
* Euclidean distance is sub-efficient:
e Cannot deal with light curves of different sizes
* Cannot assign similarity to light curves that really are if they are slightly displaced (e.g., two peaks with slightly
different separation)

* Clustering via light curve similarity can be used to compare with physical and spectral properties of pulsars

* Applications of this methodology go much beyond pulsar light curves
* TPs, magnetar and GRB light curves, etc.
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