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Motivation of the project

e Models of high-energy emission of pulsars can be tested with e.g. the data of the
gamma-ray emitting pulsars released in the 3PC (Smith et al. (2023))
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e Qur goal is to reproduce observational data with a model that contains simple but
realistic physics and is computationally affordable
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Spectral model: particle dynamics

e Ve follow the dynamics of the emitting particles, ruled by electric acceleration and
synchro-curvature losses and with two free parameters involved: E;, b

dp o P%C ( R* ) ’ I K
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P || P (z) o () e | 7o

e Solving the equation of motion gives the evolution of the relativistic momentum
and of the Lorentz factor I' and pitch angle a
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e [Vigano et al. 2015, MNRAS, 447, 1164]
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Spectral model: emission

e Synchro-curvature formulae gives the emission of the particles all along the trajectory,
which convolved with an effective particle distribution gives the total emission from the
region

dP. \/§62Fy dN. Ny |
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e We produce theoretical spectra with just three free parameter (E;, b, Xx.) and a normalization
factor ~103 107
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Spectral Fitting

e The model successfully fitted
the 117 gamma ray-pulsars on
the 2PC (Abdo et al. (2013))
and the ~300 gamma-ray pulsars
on the 3PC (Smith et al. (2023)).
It can be extended to resemble
the X-ray regime too, doing it in
a majority of the ~40 high-energy

pulsars
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[Vigano et al. 2015, MNRAS, 453, 2599;
Torres 2018, Nat. Astron., 2, 247;
Torres et al. 2019, MNRAS, 489, 5494;
inlguez Pascual, Vigano & Torres 2022, MNRAS, 516, 2475;
ifiguez-Pascual, Torres & Vigand 2025, (submitted)]
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e The inclination angle defines the geometry of the emission region
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[Vigano & Torres (2019); ifiguez-Pascual, Torres & Vigano (2024)]
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e Frenet-Serret equations allow to geometrically describe a curved trajectory with

torsion
i _ 1. da _ 1., ¢ db
dr _ r. " ar

e The emission region is build around a centered value of the magnetic colatitude:

Wi (&, R, Vq) = % + A(R, Wq)sin (€, — w/2) with A(R,¥q) = K Wq (R/R. — R°/R\.)

e Synchro-curvature emission maps are generated:
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Emission maps and light curves O

e \We can build emission maps (skymaps), from which light curves are obtained
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Outputs of the
geometrical

model
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Percentage of cases
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Light curves statistics
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Light curves Fitting procedures

e Some considerations have to be made before light curve fitting: equal number of bins,
background subtraction and normalization

e Light curve fitting is a non-trivial task, and there is not a perfect metric to be used

e We consider in parallel two methods:

o A weighted reduced x2 in time domain

b b
v R ol € St ' i
Yon—2 4 (81008)2
1
o Euclidean distance in frequency domain
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Light curves Fitting

[Ifiguez-Pascual et al. 2025 (submitted)]
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e Fitting synthetic light curves to observational ones, concurrently to the spectral fitting
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nght curves Flttlng [Ifiguez-Pascual et al. 2025 (submitted)]
e Fitting synthetic light curves to observational ones, concurrently to the spectral fitting
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e Fitting synthetic light curves to observational ones, concurrently to the spectral fitting
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e Fitting synthetic light curves to observational ones, concurrently to the spectral flttlng
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e Concurrently fitting spectra and light curves of gamma-ray pulsars

e \With three free spectral parameters, our spectral model is still able to fit the whole
high-energy pulsar population

e We properly fit a number of gamma-ray light curves, involving just two free geometrical
parameters

e Two differents methods are used for the light curve fitting: a weighted reduced 2 in time
domain and an euclidean distance in frequency domain, both with qualitatively similar
results

e We will improve the model by including more realistic physics while keeping our effective

approach )
lfhiguez-Pascual D., Vigano D., Torres D. F., 2022, MNRAS, 516, 2475 (2208.05549)

Ifiquez-Pascual D.. Torres D. F.. Vigano D.. 2024. MNRAS. 530, 1550 (2404.01926)
fﬁiguez-Pascual D., Torres D. F., Vigano D., 2025, submitted (2504.01892)
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e The equation of motion of charged particles balances electric acceleration and
synchro-curvature losses
dp , A
=L = ZeEyb — (Pac/v)p 7 = Pmi

dt [Vigano et al. (2015)]

e We solve it numerically, considering separately the components parallel and
perpendicular to the trajectory

d(p cos a [ A d(psin a Pse .
proosa) =ZeE) — — COS O y ) — — Lsina
dt | v dt U

e Local magnetic field strength and curvature radius are parametrize in an effective

way: b n
B:B,(&) rC:RzC<;>
5k lc
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Spectral model: synchro-curvature fFormulae

e Single-particle synchro-curvature power spectra:

. g O\
. : = (1§t I
dPoc _ V3(Z)TY 11 4 NF(w)— (1 — )Knpa@)] . o (146 )
— z y)— (1 — z)Ko/al 5
dE 471'72.7‘eff Y 2/3\Y z = (Qarefr) °
E
e
A4
g_COST@|. ... 2, Tgyr
b _ 2AZe)Te %2="p [l Lk ]
e Synchro-curvature power: e .
Y P * 32 O E. = SheQ,I®
[Cheng & Zhang (1996), F(y) = | Ks3(y')dy'
Vigano et al. (2015)] | e 2
'e SI1II &
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Back up slide: particle dynamics KT ASTROPHYSICS

e Power of synchrotron and curvature radiations depend on the Lorentz factor I' of
particles differently

2 .14
P 2(Ze)*B%(I'? — 1) sin? o P = (_Ze)} 2
e m2¢c B re
I_N103 |—N107
o g
— :s“‘ 3 o —-—\ - -’.‘.“.".‘.3“ """" W,
Pho- Y T
§> e S
ol
NS [Vigano et al. 2015, MNRAS, 447, 1164]
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Back up slide: particle energy distribution W JoIEEPEICS

e Lorentz factors I typically range from 10° to 10’.

Particle energy distribution, J0205+6449 Particle energy distribution, J0218+4232
10‘1é 10~
10724 10-2
= 1077 = 103
10~ 10-4
10_5'; 10-5
10-° L - 106
103 104 10° 10° 107 108 103 104 10° 10° 107 108
[ I
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Back up slide: more spectral fits

(Log EjuLog xo/Ry,b)=(7.90,-2.09,2.50)

J1135-6055 (Log EyLog xo/R,,b)=(9.13,~3.39,2.50) J1803-2149 —

E%dN/dE [erg s7']
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Back up slide: more spectral
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Filtering out Fourier
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Back up slide: more light curve fits
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Back up slide: Degeneracy of geometrical

parameters

log1ox? contour of J1747-2958

° [
o« o
log1ox?

-
o

14
=

=75 —50/=35 O' 25 50 75
Viewing angle, 6,ps

IeEeC”

CcsiIcC

W. Counts/bin

300

N
o
o

(]
o
o

g

J1747-2958, yo=81",|60bs|=60°

O O

) .
o
w =& e R e et e
v,
.

%R es e, 8
.

0.0

04 06 08

Rotational phase

0.2

1.0

W. Counts/bin

3

N
o
o

[
o
o

00

J1747-2958, wa=39",|60ps|=14"

O PO

04 06 08

Rotational phase

0.2

W. Counts/bin

3

N

[

MULTIMESSENGER
ASTROPHYSICS

COSMIC RAYS - COMPACT OBJECTS - RELATIVISTIC ENVIRONMENTS
@ THE INSTITUTE OF SPACE SCIENCES (ICE, CSIC)

J1747-2958, ya=30°,|0ps|=11"

...........................................................................

00
00
00
0-
4 - _
(] Lonmeaiimenmigigse, S R - e B
4 LT el Do , :
0.0 0.2 0.4 0.6 0.8 1.0
Rotational phase
Daniel ifiguez-Pascual - 27



