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ABSTRACT 3. MAGNETAR CHARACTERISTICS 5. PROTO-NEUTRON STAR STAGE

What is the origin of neutron star magnetic fields ? Although e Distribution Structure of a massive star (10-30 M)
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the strongest magnetic fields ever observed in the Universe. B E . |
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of Soft Gamma Repeaters (SGR):
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e Pulses and chaotic short bursts
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1981: Anomalous X-ray pulsars (AXP): observation of bright e Outbursts: |Ong term flux enhancements . %
X-ray pulsations at few-second periods with luminosity I —— | ; PNS convection 00 100 1.0 120 130 140
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20-100 keV time history of the 2004 giant flare

e Outburst spectral features
- — absorption line is interpreted

as a proton cyclotron feature

about 100 times stronger than those of radio pulsars, and sup-
port earlier suggestions that SGR bursts are caused by neutron-
star ‘crust-quakes’ produced by magnetic stresses. The ‘mag-
netar’ birth rate is about one per millennium.” BRI ER TN

2. CURRENT OVERVIEW

The dipolar model:
e magnetic field intensity B « vV PP ~ 10'® G

e Initial conditions: the progenitor mass and rotation pe-
riod can be constrained by the analysis of the supernova
remnant properties, but energetic considerations fail to dif-
ferentiate supernova forming magnetars from standard su-
pernova forming typical pulsars (Vink & Kuiper, 2006; Sanchez-
Cruces, 2017).

Rl - - suggests a strong multipolar
o surface field, whereas a weak
dipolar component is derived
from timing parameters
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Magnetic field strength and geometry: X-ray spec-
tra of neutron stars allow a measurement of magnetic field
strengths. In connection to the spin-down limits, certain
cases show evidence for a significantly non-dipolar structure
of the magnetic field (Gaver et al., 2010). Moreover, a high
surface dipolar magnetic field is not necessarily required
for magnetar-like activity. The magnetar population may
thus include objects with a wider range of B-field strengths,
ages, and evolutionary stages than observed so far (Rea et
al., 2010). High Rossby dynamos ?

e characteristic age 7. «x PP~! ~ 103 yr

The fossil field hypothesis:

this simple scenario based on flux conservation (B
0%/3) seems to be ruled out for magnetars because
(a) only the core of the progenitor collapses to form a
proto-neutron star (b) the number of main-sequence
progenitors with strong enough magnetic field (10 kG)
IS too small (Spruit, 2009; Mereghetti et al., 2015).

e spin-down luminosity Leg x PP~2 ~ 103 ergs™!

The P — P diagram:
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Proto-neutron star dynamos, either driven by

— differential rotation (Akiyama et al., 2003) Birth rate problem: birth rate estimates of the separate

neutron star populations are not consistent with the galac-
tic rate of core-collapse supernova (1.9 + 1.1 century—1)
(Keane & Kramer, 2008).

— turbulent convection [4]

Order of magnitudes characterising the parameter
regime of a proto-neutron star convective dynamo
(based on the neutrino viscosity)

Period Derivative (s s™)

“Grand unification” of radio pulsars, magnetars
and XINs: magneto-thermal evolution model (heating re-
duces the crust conductivity, leading to the coupled evolu-

=~ ~ 10" = quintessential fast dynamo !
i tion of temperature and magnetic field [1]).
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Legend:
XINSs:  “X-ray isolated neutron stars”, characterised by low X-ray

luminosities, long periodicities and the lack of a radio coun-

terpart

PSRs: radio pulsars (rotation powered pulsars)

Binaries: pulsar with a binary companion (white dwarf, neutron star)
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Remark: the seed field is not infinitesimal.




