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Conclusions

Timing behavior and variability indicate the presence
of very dynamic magnetospheres with complex and
variable topology

The phase-dependent absorption line in the “low-Pdot
magnetar” SGR 0418 supports the presence high-B
fields structures close to the NS surface

What matters for the magnetar behavior is the
strength of the internal field
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Soft Gamma-ray Repeaters
Discovered in 1979 as transient
sources of hard X-ray bursts and el
giant flares (GF) P —
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ABSTRACT

The source of GB 790107, an event originally classified as a y-ray burst, has been seen to repeat
approximately 100 times during the time interval from 1978 August 13 to 1986 June 27. Most of the repetitions
occurred in late 1983. Two Letters present the initial observations of this new type of repetitive behavior in a
high-energy burster. The emphasis of this Letter, which uses primarily 5-100 keV data from the UCB/Los
Alamos experiment on the International Cometary Explorer spacecraft, is on arguments for the reality and



Anomalous X-ray pulsars

|dentified in the 90’s as a class of persistent X-ray pulsars
with no signs of binary companions and L, >> dE__/dt

THE VERY LOW MASS X-RAY BINARY PULSARS: A NEW CLASS OF SOURCES?
S. MEREGHETTI" AND L. STELLA®?
Received 1994 November 21 ; accepted 1995 January ¢
ABSTRACT

While the distribution of spin periods of high-mass X-ray binaries spans more than four orders of magni-
tude (69 ms—25 minutes) the few known X-ray pulsars accreting from very low mass companions (<1 M)
have very similar periods between 5.4 and 8.7 s. These pulsars also display several other similarities, and we
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F1G. 1.—The distribution of the spin periods of accreting X-ray pulsars.
With the exception of the peculiar systems Her X-1 and GX 1+ 4, the LMXBs
X-ray pulsars have very similar periods beEween S4and 8.7 s.




“Historically” two classes of sources:

Mereghetti 2008, Astr. & Astroph. Review 15, 225

« Soft Gamma-ray Repeaters
— Have X-ray counterparts showing all the properties
of AXPs
 Anomalous X-ray pulsars
— Most of them emitted “SGR-like” bursts

We now believe that
AXPs = SGRs = (candidate) magnetars

Thompson
Duncan
Beloborodov
Lyutikov



Magnetars emit:
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22 confirmed AXP/SGR in the Galaxy and Magellanic Clouds

0142+61 1844-0258 1806-20 1627-4
0501+4516 :

|

|

0418+57290 2259+586 1900+14 1841-045 1708-40 0110-72 0526-66

. , ]
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mm ASSOCIATIONS RADIO “ OPTICAL X SOFT X HARD

CX0 J0110-72

4U 0142+61 8.7 D P P P
1E 1048-59 6.4 D P P D
1E 1547-54 2.1 G327.24-0.13 P D PT P
CXO J1647-45 10.6 Westerlund 1 PT

RXS 1708-40 11.0 D? P P
XTE J1810-197 5.5 P D PT

1E 1841-045 11.8 Kes 73 D? P P
1E 2259+586 7.0 CTB 109 D P

SGR 0501+45 5.7 D PT P
SGR 0526-66 8 LMC, N49 P

SGR 1627-41 2.6 PT

SGR 1806-20 7.6 Star cluster T D P D
SGR 1900+14 5.2 Star cluster T D? P D
SGR 0418+57 9.1 PT

PSR J1622-49 4.3 SNR ? G333.9+0.0 P P PT

CX0J1714-38 3.8 CTB 37B P

Swift J1822-16 8.4 PT

SGR 1833-08 7.6 PT

Swift J1834-08 2.5 w41 °? PT

SGR 1745-29 3.8 Near Galactic center P PT P

3XMM 1852 11.6 PT



dP /dt

Spin periods: P=2-12s
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Evidence of B decay from period clustering
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Magneto-thermal evolutionary computations

(Pons, Rea, &C...)
D. Vigano et al.
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dP /dt

Spin down: P, .~ 1012 -101%s/s
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SGR 1833-0832

Usually, high Pdot
can be detected
after a few days of
phase-connected
timing
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Period (s)

Photon Index

Flux 2—10 keV

SGR 1806-20
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An anti-glitch in a magnetar

R.F. Archibald’, V.M. Kaspi', C. -Y.Ng"? K.N. Gourgouliatos’, D. Tsang', P. Scholz',
'A.P.Beardmore®, N. Gehrels* & J. A. Kennea®
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Strong spin-down after (?) the giant flare of SGR 1900+14
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mm ASSOCIATIONS RADIO “ OPTICAL X SOFT X HARD

CX0 J0110-72

4U 0142+61 8.7 D P P P
1E 1048-59 6.4 D P P D
1E 1547-54 2.1 G327.24-0.13 P D PT P
CX0 J1647-45 10.6 Westerlund 1 PT

RXS 1708-40 11.0 D? P P
XTE J1810-197 5.5 P D PT

1E 1841-045 11.8 Kes 73 D? P P
1E 2259+586 7.0 CTB 109 D P

SGR 0501+45 5.7 D PT P
SGR 0526-66 8 LMC, N49 P

SGR 1627-41 2.6 PT

SGR 1806-20 7.6 Star cluster T D P D
SGR 1900+14 5.2 Star cluster T D? P D
SGR 0418+57 9.1 PT

PSR J1622-49 4.3 SNR ? G333.9+0.0 P P PT

CX0 J1714-38 3.8 CTB 37B P

Swift J1822-16 8.4 PT

SGR 1833-08 7.6 PT

Swift J1834-08 2.5 w41 °? PT

SGR 1745-29 3.8 Near Galactic center P PT P

3XMM 1852 11.6 PT



Most AXPs/SGRs are transient sources
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SGR 0418+5729: a low-B magnetar?

* Two BURSTS detected on 2009 June 05

e spin PERIOD of 9.1 s (van der Horst et al. 2010)

e Apparently all the features of a (transient) SGR
— Rapid, large flux increase and decay
— Emission of bursts
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A Low-Magnetic-Field Soft
Gamma Repeater

N. Rea,** P. Esposito,® R. Turolla,>* G. L. Israel,” S. Zane,”? L. Stella,> S. Mereghetti,®
A. Tiengo,® D. Gotz,” E. Gogiis,® C. Kouveliotou®
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Period Derivative (1073 s s7')
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A variable absorption feature in the X-ray spectrum
of a magnetar

Andrea Tiengo"*?, Paolo Esposito?, Sandro Mereghetti’, Roberto Turolla*®, Luciano Nobili*, Fabio Gastaldello®, Diego Gotz®,
Gian Luca Israel’, Nanda Rea®, Luigi Stella’, Silvia Zane® & Giovanni F. Bignami®?
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Remarkable feature with unique properties |

* High statistical significance
(>> any other absorption line reported in isolated NS)

 More than factor 5 variation in line energy (range ~1-5 keV)

never seen before for any NS X-ray line  (e.g. cyclotron lines in accreting X-
ray binaries)

* Persisted for ~ two months (at least)

We interprete it as a proton cyclotron
line in a field of B = (1-10) 104 G

(to be comparedto B =6 1012 G
inferred from P and Pdot)




Interpretation within magnetar model

— PROTON CYCLOTRON:
* Eip=0.6 By, keV = B~ (2-20) x 10'* G = MAGNETAR field
* We need a STRONGLY VARIABLE B, that might vary:

= along the SURFACE (small-scale multipolar B components)
OR

v'along a VERTICAL plasma structure (coronal loop analogy; e.g.,
Beloborodov & Thompson 2007; Masada et al. 2010)

Energy (eV)
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Interpretation within magnetar model

— PROTON CYCLOTRON:
* Eip=0.6 By, keV = B~ (2-20) x 10'* G = MAGNETAR field
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Timing behavior (Pdot variations, glitches, etc...) and
variability (flux, spectra, pulse shapes) point to very dynamic
magnetospheres with complex and variable topology

What matters for the magnetar behavior is the strength of the
internal field

The phase-dependent absorption line in the “low-Pdot
magnetar” SGR 0418 supports the presence high-B fields
structures close to the NS surface



=

FOUR FINAL REMARKS

RELEVANCE FOR GRBs:
Do magnetar exist ? YES
Do millesecond magnetar exist ? MAYBE

VARIETY
Distribution of initial parameters / age / birth mechanism

TIMING “IRREGULARITIES” and RADIATIVE CHANGES
What causes what ?

HOW TO PROGRESS
Variability



