MAGNETAR BIRTH RATES, EVOLUTION, AND THEIR II\/IPRINT
IN THE TRANSIENT RAY SKY ‘ .
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MAGNETARS BEFORE SWI

* Magnetar-like emission
[ Thermally emitting (XDINSs)
e ATNF Radio Pulsars
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ADipolar magnetic fields di~10'*-10'° Gauss
ASteady Xray pulsars withLx~10%° erg s?
ARotating wittP~2-12 s

AX-ray luminosity larger than the rotational energy loss rate

ASoft X-ray emission

AHaring activity in soft gammays (0.01-10? s: L,~103%%10%7erg s*)

ARaint infrared/optical emission
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MAGNETARS ABwifR0!

ADipolar magnetic fields di~10'2-10%° Gauss

ATransient Xay pulsars withLx~1031-10%6erg s?

ARotating witiP~0.312 s

AX-ray luminosity sjendrally' larger than the rotational energy

: ASoft and hard Xray emission (0-200 keV); thermal #nonthermal
K ek e 106 AHaring activity in soft gammays (0.01-107 s; Lk~10%%-10*"erg s*)
| ® ATNF Radio Pulsars AFRaint infrared/optical emissiofprobably magnetospheric)
ATransient radio emission {itasesind FRBike emission
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MAGNETAR NUMEROLOGY
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* Magnetar-like emission
I Thermally emitting (XDINSs)
e X-ray emitting Pulsars
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MAGNETAR NUMEROLOGY
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MAGNETAR FLARES

Short bursts SGR J0501+45

Athe most common ones " (Rea et al. 2009)7
Athey last ~:100ms — -
Apeak lum~1038-4L ergs/s i )
Asoft! -rays thermal spectra

1 I I ' I I | I I I
i SGR J1900+14 |
(Israel et al. 2008)

Intermediate bursts

Athey last ~ 240 s

Apeak ~10#1-10%3 ergs/s

Aabrupt onset

ASometimes modulated by the spin period anc
QPOs

Ausually soft-rays thermal spectra

S9g

X-ray Count Rate

. —— | . 1
Glant Flares N

Avery rare, every ~15 years
Athe peak lasts ~ 20ms _
Apeak lum~1043-10%° ergs/s i "

SGR J1806-20 -
(Palmer et al. 2005)

i
'S

Athe tail lasts ~100 s

Atail lum~1041-10%3 ergs/s

Athe peak has a hard spectrum which rapidly become
softer in the burst tail

Athe tail is modulated by the NS spin pulsations, and
QPOs I""'"mm

Time (seconds)
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THE FRBAAGNETAR CONNECTION
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MAGNETAR OUTBURSTS
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MAGNETAR GENERAL EMISSION CHARTOON
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(adapted from Enoto et al. 2019)

Nanda Rea Institute of Space Sciences #CSIC % Barcelona, Spain



.'4,...-.-, *
..
v e

A

..
l.‘



MAGNETAR BIRTH

There are big uncertainties on how these huge fields are férmed .

- viadynamain the stellar core
- asfossil flelds from a magnefprogenitor
- frommassive star binary progenitors

(ObergaulingerAloy & Janka2015)

.
’ Massive Clustéiesterlundl in Xxray

. & 8
(Thompson & Duncan 1993; Ferrario & Winkramasinge 2006; Clark et al, Cotithe®t al. 2025)
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MAGNETAR BIRTH

There are big uncertainties on how these huge fields are férmed

- viadynamain the stellar core
- asfossil flelds from a magnefprogenitor
- frommassive star binary progenitors

(ObergaulingerAloy & Janka2015)
Observationdyé

A Propermotiongor ~9 objects 100-300 km/srange

A A few magnetarsoincidentvith massivestar clusters ‘ : .
A Onecase: awindblownboubbleobservedn radio ' . .
A Onecase: aurraway starcloseby isdetected |
A ~6 confirmedSNRs3 morepossiblyassociated o e .
’ Massive CIustMR’esterIundl In Xray
. & 8

(Thompson & Duncan 1993; Ferrario & Winkramasinge 2006; Clark et al, Cotithe®t al. 2025)
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THE ISOLATED PULSAR POPWLATIO
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MAGNETARS

Powered by magnetic energy. Char
outbursts and
flares.Typically emitting irX-rays.

THERMAL NSs (XDINS)

Powered by magnetic energy.
Old, dmost pure blackbodies.
Typically emitting in the-xays.

CENTRAL COMPACT OBJECTS

Powered by magnetic energy.
Young, with bright SNRs.
Typically emitting in the-xays.

ROTATIONAL POWERED PULS/

Powered by rotational energy.
Typically emitting in radio.
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SMOKING GUNFOR THE MAGNETAR BIRTH RATE

1. Magnetars were discovered having low dipoldardids and strong magnetic structures.
(Rea et al. 2010, Science2012, 2013, 2014,ApJ Tiengoet al. 2013, Nature)

2. Two young rotational powered pulsars (PSR1846 and PSR1119) showed magnetar activity.
(Gavriil et al. 2008, Nature; Kumar & Sdfiarb, 2008, ApJ, Archibaldet al. 2016, ApJ Sathyaprakasiet al. 2024, ApJ

. .
3. A central compact object (CCO) with a 6.4hr period showed magrnetactivity. N d

(Reaet al. 2016,ApJLettersD 0 & al. 2016, MNRAS; Borgheseal. 2018,ApJ
guiescence outburst

4. Two Xray Dim Isolated Neutron Stars show evidence of strong magnetic structures.
(Borgheseet al. 2015, 2017,ApJ
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NS CLASSES AND CC SN RATES
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(ObergaulingeyJanka& Aloy 2015) (adapted from Keane & Kramer 2008)

1. Magnetarlike emission ipresent in all neutron star classes

2. Neutron star classes cannot have independent formation, there should be an evolutionary model scenario.
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NEUTRON STAR EVOLU BOBVIHDSIMULATIONS

Specific heaa'_i_‘ Thermal conductivity Jouleheating Neutrino emissivity
Vv V — 52
37 + V X [@X V(e T)] e @ @] ENERGY BALANCE EQUATION
a_B — —V X {(UV X (evB) 4 ce”” V % (BVB) X (evB) HALL INDUCTION EQUATION
ot { 4mTen,
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NEUTRON STAR EVOLUT@MINDSIMULATIONS
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NEUTRON STAR EVOLUT@MINDSIMULATIONS
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MAGNETARS EVOLUTION

(Rea & De Grandig025, Elsevier encyclopedia)
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