Magnetars: new discoveries and synergies
with multi-band facllities...the XMM view...
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The pulsar zoo

All pulsars

SNR assoc

SNR assoc.?

SGR

AXP

AXP radio emission
XINS

RRAT

Hlnary

'
-
i\

o
n

i
o

<)
—
=
<
=
—
D
R
g
R
~
D
o
[=2)
=

<
<

XDINS: kT-powered

Pulsars and RRATS:

rotation-powered

A

L



The pulsar zoo: B-field estimates

All pulsars
SNR assoc

- : .- 2 >
SNR assoc.? - . .

SGR ~ v _ 4'77” InsRv
AXP > 3
AXP radio emissiofY S o PN, \ PS
XINS

RRAT

Rinary e m 2

.2  2(B,Rsin(l+a)) (4x’
‘ d‘ - p?

N

dip-rad == 303

'
-
i\

o
n

|}
-
o

<)
—
=
<
=
—
D
R
g
R
~
D
o
[=2)
=

B, ~3.2x10" /PP Gauss

B = '"*h"' - 441410 Gauss
4

10




Thermal from surface upscattered

agnetosphere?

eck & Gemini
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Short bursts (Kaspi et al. 2003)
e the most common N
* they last ~0.1s

* peak ~10*' ergs/s

* soft y-rays thermal spectra

* they last 1-40 s

* peak ~1041-103 ergs/s

* abrupt on-set

« usually soft y-rays thermal spectra

* their output of high energy is exceeded only
by blazars and GRBs

* peak energy > 3x10%* ergs/s

» <1 s initial peak with a hard spectrum which
rapidly become softer in the burst tail that can
last > 500s, showing the NS spin pulsations,
and quasi periodic oscillations (QPOs)

(Palmer et al. 2005)

Count rate 50—350 keV (x 104 s—1)




! 'ﬁ' b '-j\%l ! ¥ L |
[ Swift 1822—1606 (2011) #* ¥ &
e
100 I ggRr 0501+4516 (2008) S,
[ SGR 0418+5729 (2009)
= [ CXOU J164710—455218 (2006)
Nm = —= A—— I ———y |
I B .+i * ;*ﬁﬁw
: et en
! *
50 * &
5 4 #
2 10
= 5
o I » e
N . IR 2 &+ **‘ T, to
1E 1547—5408 (2008) ¢ 1
- SGR J1745—2900 (2013) *
SGR 1627—41 (2008)
1 | Swift 1834—0846 (2011)
[ SGR 1833-0832 (2010)
L ' N PR T B | L N M PR T T |
0.1 1 10

Time {days from burst activation)



o
. EEA® .
.
-
‘o K
4
e X £
o . e -
. ” P> .‘. :
= » 2 . e
.“ .: "
. AR . ‘o
- ..'..‘ 2 :
- A .. ,' = "
» . ’
- el .
i g 2 -s ®
; . Jl .-
} ol s
- » *
”',I‘ .
W o 3

o . . ’ Sgr A* - Sgr A*

h magnetar magnetar

(see Franeesco Coti Zelati's talk) 2008 3= 2013



* Magnetars have

field morphologies, both inside and outside the star. The

surface of young
in X-rays.

« Their internal magnetic field is twisted up to 10 times the
external dipole. At intervals, stresses build up in the crust
which might cause causing glitches, flares...

 Magnetar magnetospheres are filled by charged particles

trapped in the tw

highly twisted and complex magnetic

magnetars are so hot that they are bright

¥Sd g-ybiH

isted field lines, interacting with the

surface thermal emission through resonant cyclotron

scattering.

iDO/AIA- 335 20110920_1048;

(Thompson & Duncan 1993;

dXV/HOS

Thomp\\son,\»l/_yuiikov & Kulkarni 2002; Fernandez & Thompson 2008; Nobili, Turolla & Zane 2008a,b)
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- Magnetic fields > B critical ~4.4x10"3 Gauss

- X-ray luminosities exceed rotational power
- Stable soft X-ray pulsars with P~5-10s and Lx~10343% erg/s

- Radio quiet X-ray pulsars
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- Magnetic fields NOT always > B critical ~4.4x10"3 Gauss

N J 3t # Ty
- X-ray luminosities does NO'T always exceed rot. power : |:

. #
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- NOT stable soft and hard X-ray pulsars (P~0.3-10s and %, |¢ | —
Lx~1039-3% erg/s) =
4 $

- NOT radio auiet. but radio on durina transient events T
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A decade ago...

- Magnetic fields > B critical ~4.4x10"® Gauss



Limiting magnetic field defining a magnetar?

We now know there are low-field magnetars
showing bursts and flares!
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Low magnetic-field magnetars: we have three now!

A multi-instrument result: XMM + Chandra key role
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An XMM stand alone result!

Energy (eV)

Mnﬂf’ lsﬂ;am -..__i

1.6 1.8
Phase

Different geometries can be
envisaged, but the hypothesis of
proton cyclotron resonant
scattering in a magnetar loop

is the most viable scenario.

Ecycl,p= 0.6 B14 keV
= B~ (2-20) x 10™ G




A decade ago...

- Stable soft X-ray pulsars with P~5-10s and Lx~10343% erg/s



Completeness of the magnetar population: stable or transient?

Magnetars are transient!

Number of Magnetars

L Bursts/F]ares XMM'NeWton Chandra S\Vift Fermi
- Steady emission (bursts) .

- Radio (no bursts)
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Transient magnetars: study crustal cooling

An XMM stand alone result!
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Transient magnetars: study crustal cooling
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Magnetic properties at birth, and age,
drive the different neutron star classes

Relatively Magnetic Pulsar

Intial conditions: Very Magnetic Pulsar
Baip~10"* G (white lines) Initial conditions:
Bin~ 10™ G (colors) Baip~10™* G (white lines)

oy Bint~ 1015 G (colors) Extremely Magnetic Pulsar
Intial conditions:
Baip~10"° G (white lines)
Bint~ 101 G (colors)
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A unified scenario for different neutron star classes
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“.._______..  SuperLuminous supernovae
" - ‘,-_* 3 -

Gravitational waves

Which is the definition of magnetars?



Gravitational waves

Rotational Energy

>

Gravitational Energy

Coalescence of

compact binaries



. trigger on new magnetar outbursts
XMM-Newton fast slew:

- Spin period and Pdot (characterizing the transient)
- Proton cyclotron lines

- Surface temperature at the beginning of the outburst

Chandra, NuStar, INTEGRAL:

- multi-X folow-up depending on visibility and preliminary spectral results

- Triggered depending on distance and environment

Parkes, GTB, Effelsberg, EVLA, ATCA

- Triggered depending on distance and environment

comes from free, comes within the GRB program



- Get ready for the next Giant Flare...

no photon-axion g with photon-axion,”
conversion - conversion

B=4x1013G B=4x10"G

- Very deep (LP or VLP) observations of 10 G
objects in search for weak spectral lines,
surface temperature maps, axions (?)...

100 200 300 O 100 200 300
viewing angle (deg) viewing angle (deg)

Nanda Rea



...Just started!
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