The Soft Gamma-Ray Repeater SGR
1806-20 as seen by INTEGRAL

Diego GOtz

on behalf of the 1806 collaboration
(R.&ci. F. Mirabd)

|ASF, Milano

L

INAF .

&



Outline

+ Short Bursts
* Persistent Emission

* The 27 December 2004 Giant Flare



Soft Gamma-ray Repeaters (SGRs) are a class of peculiar high-energ
sources discovered through their recurrent emission of soft ?-ray bursl
4.5+0.5 sources)
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+ SGR bursts have typical durations of ~0.1 s and luminosities in the

range 10%°-10* ergs st
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+ Persistent emission is observed in the ~0.5-10 keV energy range
(ASCA, SAX, XMM, AXAPF).

nGR spectrum
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+ The spin period and its derivative are measured.
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+ Occasionaly (once every 25-50 yearsl), SGRs also emit giant bursts
that last up to a few hundred seconds and exhibit remarkable pulsations
that reveal their spin periods
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+ Magnetar modd: a highly magnetized (B~10* G) slowly rotating (P~ 5
8 s) neutron star. (Duncan & Thompson 1992)



SGR 1806-20 entered a new period of activity in July 2003

Morethan 100 bursts have been detected by IBAS sincethen

77 of them have been analyzed

Thanksto the good sensitivity of 1Bl Sthey have been studied in detalil
Spectral Evolution and Hardness-Intensity Correlation

(See 5" INTEGRAL Workshop, first 24 bur sts)

The persistent emission of the source has been detected at energies >
10 keV for thefirst time

High activity culminating in the Giant Flare of Dec 271 2004
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Mereghetti, G6tz, Mirabel & Hurley, A&A, astro-ph/0411695

IGA J180287-2018 IGRA J18027-2016
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IBIS/ISGRI 20-60 keV 60-100 keV

irst detection of emission above 10 keV from an SGR counterpart

> Non thermal processesin the Magnetosphere
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Z( peuclliel ZUV4 old it Flale

Borkowski, GOtz, Mereghetti et al., 2004, GCN 2920
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Summary of the INTEGRAL 1806 Results

s For the first time good evidence of spectral
evolution within weak SGR bursts Is presented

. The Data indicate a hardness-intensity anti-
correlation

. Discovery of the persistent emission of SGR
1806-20 at energies above 10 keV correlated
with the source activity

. Glant Flare Analysisison going....



The MAGNETAR model predictions

Highly magnetized (B~10" G),
lowly rotating (P~ 5-8 s) neutron
tars

Bursts are triggered by a sudden
hift In  the magnetospheric
ootpoints driven by a fracture in
he neutron star crust

The radiation originates from
he cooling of an optically thick
alr-photon plasma
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+ Soft Gamma-ray Repeaters (SGRs) are a class of peculiar high-
energy sources discovered through their recurrent emission of soft ?-
ray bursts (4.5+0.5 sources)

+ These bursts have typical durations of ~0.1 s and luminosities in the
range 10%°-10* ergs st

+ Occasionally, SGRs also emit giant bursts (E~10* erg) that last up to
a few hundred seconds and exhibit remarkable pulsations that reveal
their spin periods

+ The bursting activity and the persistent emission observed in the
~0.5-10 keV energy range are generally explained in the framework of
the Magnetar model as caused by a highly magnetized (B~10" G)
slowly rotating (P~ 5-8 s) neutron star.
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= The source activity has been growing until the October 5" 2004
Huge Outburst (GCN 2763)

SGR 1806—20 — October 5 2004 Event
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s Culminating in the exceptiona Giant Flare of Decmeber 271
2004 (GCN 2920) never observed from 1806 before
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NORMAL IN MOST RESPECTS

» Durations, energy spectra
aretypical (oTTB with kT 20-40 keV).

The more complicated models needed
at lower energies (<15 keV e.g. Feroci

et al. (2004) for 1900+ 14 bursts)

normalized counts/sec/keV

20

are statistically not requested.

residuals

» However, the fluences are
very low, ~1.5x108 erg/cm?,
25-100 keV
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» These are the among the weakest bursts seen from this SGR;
thanks to Imaging, we are certain that the source iIs indeed

SGR1806-20
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SPpeCtra =volution OFf Weak DUrsts wWithn 1iN | EGRAL
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2003 and 2004 bursts
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