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Abstract

We present XMM-Newton observations of the radio pulsar PSR J1119-6127, which has an inferred
age of 1,700 yr and surface dipole magnetic field strength of 4.1:10'* G. We report the first detection
of pulsed X-ray emission from PSR J1119-6127. In the 0.5-2.0 keV range, the pulse profile shows a
narrow peak with a very high pulsed fraction of (T4+14)%. In the 2.0-10.0 keV range, the upper limit
for the pulsed fraction is 28% (99% confidence). The pulsed emission is well described h_y - thermal
blackbody model with a temperature of T = 2.47023x10f K and emitting radius of 3.4%53 km (at
a distance of 8.4 kpc). Atmospheric models result in prohlematm estimates for the distance/emitting
area. PSR J1119-6127 is now the radio pulsar with smallest characteristic age from which thermal X-
ray emission has been detected. The combined temporal and spectral characteristics of this emission
are unlike those of other radio pulsars detected at X-ray energies and challenge current models of
thermal emission from neutron stars.
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TABLE 1
Frrs To THE XMM-Newton PHASE-AVERAGED SPECTRUM oF PSR J1119-6127
PL + PL BE + PL Atm* + PL
Parameter (£1a) (£1a) (£1a)
N (1022 em—2) 23104 16104 1o+t
2 (dof) 79(66) 78(66) T8(66)
Soft component characteristics
I or Tee 6.540.9 24703 MK 0.9+0.2 MK
R (km) 34118 12 (fixed)
d (kpc) 8.4 (fixed) 8.4 (fixed) L6192
faps B (10—14) 2.1j§§ 1‘5:51}2 1.7J_f9-1,1
furwbs v (10713) G3tga 2‘4:8_g 7‘2t6_g
Ly ® (10%3) s3to] 20153 0.2270 08
Hard component characteristics
(1) e=+0. 0.z
r 1.3t?_02 l,a_g_g 1.5J_f2_g
fabs P (1071 7.1J_f%_g ?'4:6:8 7.3tg;§
funass ® (10713) i 1 it 1 3 Rl i R
Ly P (10%%) o.8*l3 0.9+5% 0.04:£0.02

% The atmospheric model was computed with B=10"® G and pure hydrogen composition. The local values for the temperature, T, and
radius, B = 10 km, of the star have been redshifted to infinity according to T2 = T (1-2GM/Re?)1/2 and R™ = R(1-2GM /R:2)—1/2,

with M = 1.4 M,

b The 0.5-10.0 keV absorbed and unabsorbed fluxes, fups and fynapes have units of ergs s—! em—2. The 0.5-10.0 kéV X-ray luminosity,

Ly, at the distance d, is in units of ergs s—1.
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Fig. 2.— Top: X-ray pulse profiles of PSR J1119-6127 in the 0.5-2.0 keV' (left) and 2.0-10.0 keV' (right) ranges. Errors bars are 1o and
two cycles are shown. The peak of the radio pulse is at phase 0. The dashed lines represent our estimates for the contribution from the
pulsar’s surroundings (sce §5.1). Botlom: EPIC-PN spectra obtained for the pulsed (black) and unpulsed (red) regions of the pulse profile
with their respective best-fit blackbody plus power-law model (solid curves). [See the electronic version of the Journal for a color version
of this figure.]
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ABSTRACT

Here we report on the first XMM-Newton observation of the Anomalous X-ray
Pulsar 1RXS J170849.0-400910. The source was observed in 2003 August and was
found at a fAux level a factor of about two lower than previous observations. Moreover, a
significant spectral evolution appears to be present, the source exhibiting a much softer
spectrum than in the past. Comparison of the present properties of 1RXS J170849.0-
400910 with those from archival data shows a clear correlation between the X-ray flux
and the spectral hardness. In particular, the flux and the spectral hardness reached a
maximum level close to the two glitches the source experienced in 1999 and in 2001,
and successively decreased. Although the excellent XMM-Newiton spectral resolution
should in principle allow us to detect the absorption line reported in a phase-resolved
spectrum with BeppoSAX | and interpreted as a cyclotron feature, we found no ahb-
sorption features, neither in the phase averaged spectrum nor in the phase resolved
spectra. We discuss in detail both the possibilities that the feature in the BeppoSAX
data may have resulted from a spurious detection or that it is real and intrinsically
variable. We then discuss a possible explanation for the glitches and for the soften-
ing of the source emission which followed the flux decrease, in the framework of the
magnetar model.
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Figure 1. Comparison of the folded lightcurves of 1RXS J170849.0-400910 as a function of energy for the BeppoSAX (Rea et al. 2003,
left) and X MM-Newton EPIC-PN (this paper, right) observations. Note that due to the time elapsed between the two observations, the
pulse profiles are not phase connected. The solid lines indicate the minimum of the 0.5-1keV in the two cases and is superimposed to
the pictures in order to better show the shift in phase of the two sets of folded lightenrves at different energies. Units on the y-axis are
counts per seconds with an arbitrary normalization.



2. Phase-averaged energy spectrum (EPIC-PN)
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Figure 3. Spectral parameters as a function of phase. The open circles represent the fits with Ny as a free parameter, while the dashed
lines indicate the phase-resclved spectral parameters with Ny fixed at the phase-average value.
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4. Residuals of the fits o the phase-resolved spectrum
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Figure 4. Residuals (o) of the fitz to the phase-resolved spectrum of 1RXSJ1T0840.0-400010 . Phese intervals are indicated in the
lower-right of each panel. This figure shows the absence of any significant feature during the whole pulse period.
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Figure 6. Correlated photon index and X-ray flux changes with time. Dashed line represents the average source flux measured by
previous ASCA (Israel et al. 1999) and ROSAT (Sugizaki et al. 1997) observations. The two arrows indicate the two glitch epochs. All
fluxes are unabsorbed and calculated in the 0.5-10keV energy band. The Chandra-HETG point (here we report the first order) comes
from the analysis of an unpublished observation available in the Chandra archive (ObsID 2757).

6. Thelong-term evolution of the sourceflux and the spedra hardness(spanning nealy five years).
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