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Motivation

Magneto-thermal evolutionary models are able to
account for the phenomenological diversity of different
classes of neutron stars and link them within a unified

evolutionary path

The Hall instability is expected to give rise to 3D modes,
even for axisymmetric initial conditions

The 3D evolution leads to the formation of hot-spots on
the stellar surface that can account for the pulsed
fraction observed in some sources (see e.qg.
lgoshev+2021)



Magneto-Thermal Evolution
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Heat Flux
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Solving thel
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Grid: Cubed Sphere

(Ronchi+ 1996)

f Desirable Featuresh

* Radial Coordinate (r)

\_* Non-singular S

Non-orthogonal
coordinate system
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Already used in:
 GR codes (e.g. Fragile+2008)
» Atmospheric codes (eg. GEOS-Chem;
http://acmg.seas.harvard.edu/geos/)
« MHD codes (eg. Koldoba+2002)



Neutron otar structure
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Neutron otar structure
1 km N MATINS

* Structure computed exploiting different EOSs available in the

public CompOSE database (https://compose.obspm.fr/)

~10 km « Microphysics (c,, €, lAc) computed exporting the public code by

Pothekin (http://www.ioffe.ru/astro/conduct/)
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MATINS Computational
Domain

e Crust
e Core (1 zone)

* Envelope
P Internal Boundary
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Pothekin et al. 2015
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An axisymmetric test run: Dipolar
Poloidal non-evolving Field
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An axisymmetric test run: Dipolar
Poloidal non-evolving Field

Ascenzi et al. 2024




Non- axisymmetric runs with
non-evolving field
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A non- axisymmetric run with magnetic
field evolution

Temperature

v

Ascenzi et al. 2024
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Coupling MATINS with
£2 a Ray-Tracing code

In collaboration with » =
Rosalba Perna (Stony >, \
Brook University)
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Phase angle

l/j Line-of-sight-rotational axis angle

Angle between a reference to
){ thermal map and the rotational

aXIS



A Ray-
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Coupling MATINS with

[Tacing code
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Pulsed Fraction ~ 15 % Pulsed Fraction ~ 2 %
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Pulsed Protile: Magnetothermal vs
Thermal

o o oooom
d$ U OO NOWVWO

Energy [keV]
=]

o
N

1,00 1.25 1,50

025 050 075 100 125 150 175
Phase

Phase

0.002 0.003 0.004 0.005
Photon Flux [Photons/s/cm?/keV]

0.001 0.002 0.003 0.004 0.005 0.000 0.001
Photon Flux [Photons/s/cm?2/keV]

10—12
—— PF thermal = 14 %

PF magnetothermal = 29 %

Flux [erg/s/cm?]




oummary

* We developed a finite volume magnetothermal

code MATINS (Dehman+2022, Ascenzi+2024)
sl
* Cubed sphere grid (Ronchi+1996)

evolutio » Detalled numerical microphysics from Pothekin
public code (http://www.iofferu/astro/conduct/,

see Pothekin+2015 for a review)

* Coupled ray-tracing code to link surface

temperature maps with observed puled profile



