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A new low-B magnetar: Swift J1822.3-1606
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Abstract. We report on the long term X-ray monitoring with Swift, RXTE, Suzaku, Chandra,
and XMM-Newton of the outburst of the newly discovered magnetar Swift J1822.3-1606 (SGR
1822-1606), from the first observations soon after the detection of the short X-ray bursts which
led to its discovery (July 2011), through the first stages of its outburst decay (April 2012). Our
X-ray timing analysis finds the source rotating with a period of P = 8.43772016(2)s and a
period derivative P = 8.3(2) x 107" 55!, which entails an inferred dipolar surface magnetic
field of B ~ 2.7x10'® G at the equator. This measurement makes Swift J1822.3-1606 the second
lowest magnetic field magnetar (after SGR 0418+5729; Rea et al. 2010). Following the flux and
spectral evolution from the beginning of the outburst, we find that the flux decreased by about
an order of magnitude, with a subtle softening of the spectrum, both typical of the outburst
decay of magnetars. By modeling the secular thermal evolution of Swift J1822.3-1606, we find
that the observed timing properties of the source, as well as its quiescent X-ray luminosity, can
be reproduced if it was born with a poloidal and crustal toroidal fields of B, ~ 1.5 x 10'* G
and Bior ~ 7 x 10" G, respectively, and if its current age is ~550 kyr (Rea et al. 2012).
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Figure 1. Left: Outburst model from Pons & Rea (2012) superimposed to the 1-10keV flux
decay of Swift J1822.3-1606 . Black circles denote Swift/XRT data, red triangles correspond to
XMM-Newton and blue stars to Suzaku/XIS03 data. Right: Pulse phase evolution as a function
of time, together with the time residuals (lower panel) after having corrected for the linear

component (correction to the P value). The solid lines in the two panels mark the inferred P-P

coherent solution based on the whole dataset, while the dotted lines represent the P-P coherent
solution based on the data collected during the first 90 days only.

1. X-ray spectral modeling

In this study, we used all available data obtained from different space-based satellites,
covering a time-span from July 2011 until end of April 2012. Spectra were extracted
for all the RXTE/PCA, Swift/XRT, Suzaku/XIS03, and XMM-Newton/pn data, using
standard software provided by the different team missions, and modeled using XSPEC
version 12.7.0. Best fits were found using a blackbody plus power-law (BB+PL; x? /dof
=1.05/2522) and a 2 blackbodies (2BBs; x?2 /dof =1.06/2522) model, all corrected for the
photoelectric absorption. Figure 1 (left) shows how the flux decreased by about an order
of magnitude, typical of the outburst decay of magnetars.

The aggressive monitoring campaign we present here allowed us not only to study in
detail the flux decay of Swift J1822.3-1606, but also to give an estimate of its typical
timescale. We have compared the observed outburst decay with the more physical theo-
retical model presented in Pons & Rea (2012). In addition, we have performed numerical
simulations with a 2D code designed to model the magneto-thermal evolution of neutron
stars. In Figure 1 (left), super-imposed, we show our best representative model that re-
produce the observed properties of the decay of Swift J1822.3-1606 outburst. This model
corresponds to an injection of 4 x 102° erg cm ™ in the outer crust, in the narrow layer
with density between 6 x 10® and 6 x 10'° g cm™3, and in an angular region of 35 degrees
(0.6 rad) around the pole. The total injected energy was then 1.3 x 10*? erg.

2. X-ray timing analysis

For the X-ray timing analysis we used all available data after barycentering all the
events. We started by obtaining an accurate period measurement by folding the data
from the first two XRT pointings which were separated by less than 1day, and studying
the phase evolution within these observations by means of a phase-fitting technique (see
Dall’Osso et al. 2003 for details). The resulting best-fit period (reduced x? = 1.1 for 2
dof) is P = 8.43966(2) s (all errors are given at lo c.l.) at the epoch MJD 55757.0. The
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above period accuracy of 20 us is enough to phase-connect coherently the later Swift,
RXTE, Chandra, Suzaku, and XMM-Newton pointings (see Figure1).

We modeled the phase evolution with a linear plus quadratic term. The correspond-
ing coherent solution (valid until November 2011) is P = 8.43772007(9) s and period
derivative P = 1.1(2) x 10735 s7' (x® = 132 for 57 dof; at epoch MJD 55757.0).
The above solution accuracy allows us to unambiguously extrapolate the phase evo-
lution until the beginning of the next Swift visibility window which started in Febru-
ary 2012. The final resulting phase-coherent solution, once the latest 2012 observations
are included, returns a best-fit period of P = 8.43772016(2) s and period derivative of
P =83(2)x10""s s at MJD 55757.0 (x? = 145 for 67 dof). The above best-fit values
imply a surface dipolar magnetic field of B ~ 2.7 x 10'* G (at the equator), a character-
istic age of 7, = P/2P ~ 1.6 Myr, and a spin-down power Ly, = 47IP/P? ~ 1.7 x 10%"
ergs~! (assuming a neutron star radius of 10 km and a mass of 1.4Mg,). The final solution
has a relatively high r.m.s. (~ 120ms) resulting in a best-fit reduced y? = 2.1. The 30
upper limit of the second derivative of the period was P <58x10"2lg g2 (but see also
Livingstone et al. 2011 and Scholz et al. 2012).

3. Conclusions

We have reported on the outburst evolution of the new magnetar Swift J1822.3—-1606,
which, despite its relatively low magnetic field (B = 2.7 x 10'3 G), is in line with the
outbursts observed for other magnetars with higher dipolar magnetic fields.

We found that the current properties of the source can be reproduced if it has now an
age of ~ 550kyr, and it was born with a toroidal crustal field of 7 x 10'* G, which has
by now decayed by less than an order of magnitude.

The position of Swift J1822.3-1606 in the P—P diagram is close to that of the “low”
field magnetar SGR 041845729 (Rea et al. 2010). As argued in more detail in Rea et al.
(2012), we note that the discovery of a second magnetar-like source with a magnetic field
in the radio-pulsar range strengthens the idea that magnetar-like behavior may be much
more widespread than what believed in the past, and that it is related to the intensity
and topology of the internal and surface toroidal components, rather than only to the
surface dipolar field (Rea et al. 2010, Perna & Pons 2011, Turolla et al. 2011).
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