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MAGNETARS BEFORE SWIFTé
ÅDipolar magnetic fields of B~1014-1015 Gauss

ÅSteady X-ray pulsars with  Lx~1035 erg s-1

ÅRotating with P~2-12 s

Å X-ray luminosity larger than the rotational energy loss rate

Å Soft X-ray emission

ÅFlaring activity in soft gamma-rays (0.01-102 s; Lx~1039-1047erg s-1)

Å Faint infrared/optical emission



MAGNETARS AT Swift20!

(Gougouliatoset al. 2014) 

ÅDipolar magnetic fields of B~1012-1015 Gauss

ÅTransient X-ray pulsars with  Lx~1031-1036erg s-1

ÅRotating with P~0.3-12 s

Å X-ray luminosity is ògenerally" larger than the rotational energy

Å Soft and hard X-ray emission (0.5-200 keV); thermal + non-thermal 

ÅFlaring activity in soft gamma-rays (0.01-102 s; Lx~1039-1047erg s-1)

Å Faint infrared/optical emission(probably magnetospheric)

Å Transient radio emission (in 7 cases)and FRB-like emission
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MAGNETAR NUMEROLOGY

SGR 1627

1RXS 1708

1E 1841



SGR 1806
1E 2259

1E 1048
4U 0142

1E 1841

SGR 1627

1RXS 1708

XTE 1810

CXO 0100
CXO 1647

1E 1547

SGR 0501

SGR 0418

CXO 1714

Swift 1822

SGR 1745

PSR 1846

SGR 1834

SGR 1833

PSR 1622

SGR 0526

SGR 1900

Swift 1818

SGR 1830

Swift 1555

Nanda Rea Barcelona, Spain

MAGNETAR NUMEROLOGY

SGR 1935

PSR 1119

CCO 1E 1613

3XMM 1852



Short bursts
Åthe most common ones

Åthey last ~1-100ms

Åpeak lum~1038-41 ergs/s

Åsoft ɹ -rays thermal spectra

Intermediate bursts
Åthey last ~ 1-40 s

Åpeak ~1041-1043 ergs/s

Åabrupt on-set

ÅSometimes modulated by the spin period and 

QPOs

Åusually soft ɹ-rays thermal spectra 

(Israel et al. 2008)

(Palmer et al. 2005)

(Rea et al. 2009)

MAGNETAR FLARES
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Giant Flares
Åvery rare, every ~15 years

Åthe peak lasts ~ 1-20ms

Åpeak lum~1043-1045 ergs/s

Åthe tail lasts  ~100 s

Åtail lum~1041-1043 ergs/s

Åthe peak has a hard spectrum which rapidly become 

softer in the burst tail 

Åthe tail is modulated by the NS spin pulsations, and 

QPOs



THE FRB-MAGNETAR CONNECTION
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(CHIME Collaboration et al. 2020, Bocheneket al. 2020, Mereghettiet al. 2020, Ridaiaet al. 2020, see also Petroff, Hessels & Lorimer 2022)

Baileset al. 2021

SGR 1935+2154 



(Camilo et al. 2008, ApJ)

MAGNETAR OUTBURSTS
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(Coti Zelati, Rea, Pons, Campana & Esposito 2018) http:// magnetars.ice.csic.es (De Grandis, Rea, Kovlakas, CotiZelatiet al. 2025 submitted)

Ses F. Coti Zelatiõs talk!



(Israel et al. 2008)

MAGNETAR GENERAL EMISSION CHARTOON
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(adapted from Enoto et al. 2019)
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There are big uncertainties on how these huge fields are formedé

-  via dynamos in the stellar core

-  as fossil fields from a magnetic progenitor 

-  from massive star binary progenitors 

MAGNETAR BIRTH

Nanda Rea Barcelona, Spain

(Obergaulinger, Aloy& Janka2015) 

Massive Cluster Westerlund 1 in X-ray

(Thompson & Duncan 1993; Ferrario & Winkramasinge 2006; Clark et al. 2014, Chrimeset al. 2025)



(Thompson & Duncan 1993; Ferrario & Winkramasinge 2006; Clark et al. 2014, Chrimeset al. 2025)

Observationallyé

Å Propermotionsfor ~9 objects: 100-300 km/s range

Å A few magnetarscoincidentwithmassivestarclusters

Å Onecase: a windblownboubbleobservedin radio

Å Onecase: a run-away starclose-by isdetected.

Å ~6 confirmedSNRs, 3 more possiblyassociated

There are big uncertainties on how these huge fields are formedé

-  via dynamos in the stellar core

-  as fossil fields from a magnetic progenitor 

-  from massive star binary progenitors 

MAGNETAR BIRTH
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(Obergaulinger, Aloy& Janka2015) 

Massive Cluster Westerlund 1 in X-ray



THE ISOLATED PULSAR POPULATION

Powered by magnetic energy. 
Old, almost pure blackbodies.
Typically emitting in the X-rays.

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

Powered by rotational energy. 
Typically emitting in radio.

CENTRAL COMPACT OBJECTS

Powered by magnetic energy. Characterized by 
outbursts and
 flares.Typically emitting inX-rays.

ROTATIONAL POWERED PULSARS

THERMAL NSs (XDINS)Thermal XDINSs

MAGNETARS
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Magnetars

Rotational Powered Pulsars



4. Two X-ray Dim Isolated Neutron Stars show evidence of strong magnetic structures.

(Borgheseet al. 2015, 2017, ApJ)

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

1. Magnetars were discovered having low dipolar B-fields and strong magnetic structures.
(Rea et al. 2010, Science; 2012, 2013, 2014, ApJ; Tiengoet al. 2013, Nature)

3. A central compact object  (CCO) with a 6.4hr period  showed magnetar-like activity. 
(Rea et al. 2016, ApJ Letters; DõAi et al. 2016, MNRAS; Borgheseet al. 2018, ApJ)

outburstquiescence
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SMOKING GUNS FOR THE MAGNETAR BIRTH RATE
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2. Neutron star classes cannot have independent formation, there should be an evolutionary model scenario.

(adapted from Keane & Kramer 2008)
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(Obergaulinger, Janka & Aloy 2015) 

1. Magnetar-like emission is present in all neutron star classes. 

NS CLASSES AND CC SN RATES



ENERGY BALANCE EQUATION

HALL INDUCTION EQUATION

Specific heat Thermal conductivity Neutrino emissivity

NEUTRON STAR EVOLUTION: 3D eMHD SIMULATIONS
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Electrical Resistivity

Joule heating
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3x1013 G
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NEUTRON STAR EVOLUTION: eMHD SIMULATIONS

(Viganò et al. 2013, Dehmanet al. 2023, Ascenziet al. 2024: MATINAS - first 3D MT-code with microphysics)



1x1015 G
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NEUTRON STAR EVOLUTION: eMHD SIMULATIONS

(Viganò et al. 2013, Dehmanet al. 2023, Ascenziet al. 2024: MATINAS - first 3D MT-code with microphysics)



MAGNETARS EVOLUTION 

(Rea & De Grandis 2025, Elsevier encyclopedia)
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