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Introduction, Pulsar in the era of Multi-Messenger astrophysics

e Neutron star merger, gravitational waves
e.g. GW170817, GW190425

miles (27 km)
miles (18 km)

Mass: 2.9 suns
Horizon diameter: 5.6 miles (9 km)

ESO/L. Calgada, Skiathos et al. 2025, NASA/AEI/ZIB/M. Koppitz and L. Rezzolla



Introduction, Pulsar in the era of Multi-Messenger astrophysics

e High-energy neutrinos

e Pulsars as potential cosmic-ray accelerators
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Back to the basics- The pulsar Magnetosphere

Rotation and magnetic axis
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The pulsar magnetosphere problem in 2D

the Force-Free case
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Boundary Conditions in the star: Dipole field
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Back to the basics- The pulsar Magnetosphere

Three major issues of this configuration

1)Discontinuity of the current / 2)Discontinuity of the magnetic field at
the equator

—

Current sheet

3) Current sheets are not Force-Free reqgions

Separatrix
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A novel approach

We want to solve the pulsar equation with zero energy dissipation

4 gpc e Split the domain into two distinct regions —
. 0 one associated with open magnetic field
W= r(6) o lines and the other with closed magnetic
s\UL- field lines. (option © )
pc
e Separatrix balance condition:

TIEE L'J:lus G (B2 - E2)Open - (Bz - E2)closed

e We assume positive magnetic flux in the
southern hemisphere as well.

e Solver equations: Physics Informed Neural
Networks

separatrix
W=2y, W=,
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Physics Informed Neural Networks (PINNs) as solver of Differential equations

Boundary Data points and Collocation points
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Physics Informed Neural Networks (PINNs) as solver of Differential equations

Example for the heat equation

N, - : .
1 date B u _ (()l 0*u (')zu)
Liata(0) = N (ug(@;) — u; Lppe(0) = E | F(ug(x;))|”, ot — “\oz2 Ty T 922
™ c The NN gives us the function Uy and we need:
) ug | Pug | &
-Gt t (a;g +54) =0

s0 F(ug) = ‘7;; = (%:’9 + = 0 "" o %"f)

00 4
! —— Loss_data

——— Loss_PDE
1071 o

1072 3

1073 o

% 0 Il Q’O " ¥ =
I 'l QOQ '
‘%"4’*@"11'7 i

1075 4

0 100 200 300 400 500 600

Epochs(x102)

Hubert Baty, A hands-on introduction to PINNs, 2024 o/1s



Results-The solution of the pulsar equation
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Results- A family of news solutions

1) 2) 3) -

4) .. 5)

Z/Ric

Tk il
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Results- A family of news solutions
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e Pulsar a promising lab for multimessenger astrophysics

e Maybe we have the basic picture of pulsars magnetosphere but we need
to focus and to worry about crucial details

e The family of solutions that presented is a further step and open questions
in this field of research

e PINNs a powerful solving tool but difficult to handle

e Please watch the talk of Dr. Contopoulos for part2...
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Pulsar a promising lab for multimessenger astrophysics

Maybe we have the basic picture of pulsars magnetosphere but we need
to focus and to worry about crucial details

The family of solutions that presented is a further step and open questions

in this field of research

PINNs a powerful solving tool but difficult to handle

Please watch the talk of Dr. Contopoulos for part2...
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