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SMC XMM-Newton Large Project 

30 fields in the SMC observed by XMM-Newton (≈30ks each). 

Combined with archive observations, this survey provides complete coverage.  

RGB XMM-Newton 
mosaic image 
(courtesy S. Snowdon). 
Red: 0.2-1 keV 
Green: 1-2 keV 
Blue: 2-4.5 keV 
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IKT 16  

X-ray and radio-faint SNR in the SMC bar. 

Discovered as candidate SNR with Einstein by Inoue et al. (1983).  

Properties first studied using XMM-Newton by van der Heyden et al. (2004).  
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XMM-Newton mosaic 
RGB image of IKT 16. 
Red: 0.3-0.8 keV 
Green: 0.8-1.2 keV 
Blue: 1.2-2 keV  



IKT 16  

X-ray and radio-faint SNR in the SMC bar. 

Discovered as candidate SNR with Einstein by Inoue et al. (1983).  

Properties first studied using XMM-Newton by van der Heyden et al. (2004).  



Mosaic X-ray image 

X-ray radius of IKT 16 = 128” (37 pc at a distance of 60 kpc). 

Distance between SNR centre and point source ≈ 30”. 

XMM-Newton mosaic 
soft X-ray (0.3-1 keV)
image of IKT 16.  



SII/Hα  ratio across IKT 16. 
Typical values for radiative 
shocks in SMC SNRs > 0.4. 

Multiwavelength observations 

Radio data:  ATCA (λ = 3cm, 6cm, 13cm, 20cm) and MOST (λ = 36cm). 

Optical data: MCELS survey (Hα, SII, OIII emission lines).  
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20cm ATCA radio contours 
on soft X-ray image. 



Multiwavelength observations 
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Radio spectra of the entire 
system (blue), central source 
(red) and the SNR (green).  

Multiwavelength observations 

Radio data:  ATCA (λ = 3cm, 6cm, 13cm, 20cm) and MOST (λ = 36cm). 

Optical data: MCELS survey (Hα, SII, OIII emission lines).  



X-ray spectral analysis 



X-ray spectral analysis 

Absorption column in SMC in this direction = 5.7 x 1021 cm-2.  



Sedov-phase SNR properties 

R. A. Owen et al.: IKT 16: A Composite SNR in the SMC 5

Table 2. Radio Integrated Flux Density of IKT 16.

ν λ Beam Size STotal SSource SSNR Telescope/Project
(MHz) (cm) (arcsec) (Jy) (Jy) (Jy)

843 36 44.9×43 0.087 0.045 0.042 MOST
1371 20 7.05×6.63 0.071 0.039 0.032 C281
2378 13 7.02×6.58 0.058 0.038 0.020 C281
4798 6 30×30 0.041 0.033 0.008 C634, Parkes
8640 3 20×20 0.030 0.028 0.002 C634, Parkes

account for photoelectric absorption by interstellar gas, two ab-
sorption components were used in fitting: a phabs component
fixed at the foreground Galactic value of 6×1020 erg s−1 (Dickey
& Lockman 1990) assuming elemental abundances of Wilms
et al. (2000), and a variable absorption (vphabs) component to
account for absorption inside the SMC. This second component
has metal abundances fixed at 0.2 solar, as is typical in the SMC
(Russell & Dopita 1992).

X-ray emission from the central region was fit with an ab-
sorbed power-law, and emission from the remainder of the SNR
was fit with a Sedov model (Borkowski et al. 2001). Due to the
relatively broad point spread function of the XMM-Newton EPIC
detector, we estimate that for a point source, ∼25% of the source
counts will fall outside an extraction region of 20�� . Therefore,
an extra power-law component is introduced to the SNR fit, with
index fixed to that obtained through fitting the central region and
normalization set to account for this spillover. Similarly, as the
central extraction region encompasses 2.5% of the overall SNR
region, an appropriately scaled Sedov component is added to the
central source model, with parameters fixed to those derived for
the SNR.

The free parameters of the Sedov model are the mean shock
temperature, electron temperature just behind the shock front,
metal abundances, ionization age (electron density behind the
shock front multiplied by the remnant age) and normalization.
Providing that the SNR has spherical symmetry and is in the
Sedov phase of evolution, the fits obtained can be used to esti-
mate several physical parameters. Using the distance to the SNR
(D) and radius (R in m, assuming a distance of 60 kpc), vol-
ume of X-ray emitting material (V in m3), normalization derived
from the XSPEC fit (N), shock temperature (TS in keV) and
baryon number per hydrogen atom (rm ≈ 1.4, assuming a he-
lium/hydrogen ratio of 0.1), it is possible to derive the electron
density (ne), age of the remnant (tdyn), total emitting mass (M),
initial explosion energy (E0) and ionization age (It) through the
following system of equations (VDH04, from Borkowski et al.
2001):

ne =

�
3D2N

10−24R3 , m−3 (1)

tdyn =
1.3 × 10−14R√

TS
, yr (2)

M = 5 × 10−31mprmneV, M⊙ (3)

E0 = 2.64 × 10−8TsR3ne, erg (4)

It = 4 × 10−6netdyn, m−3s (5)

We note that our distance estimate of 60 kpc to IKT 16 may
not be entirely accurate due to the large line of sight extent of
the SMC, which is measured to be 4-6 kpc in this region of the

galaxy (Subramanian & Subramaniam 2009). Errors in the dis-
tance measurement will also impact the measured radius of the
SNR (∝ D) and its volume (∝ D3), and the physical properties
derived from the above system of equations will be affected.

Details of the best fit spectra obtained are given in Table 3
and the combined pn and MOS spectra for both extraction re-
gions are shown in Fig. 3. Due to the limited quality of the
spectral data, shock and electron temperatures are assumed to
be the same (valid as an evolved SNR should be approaching
electron-ion equilibration). The metal abundances in the fits are
fixed at 0.2 solar for the same reason. Since lines, whose pres-
ence is required to fit the ionization age, are not easily discern-
able in the X-ray spectrum, this parameter was calculated based
on the above system of equations. Spectral fitting was then re-
peated with the calculated ionization age to derive new Sedov
parameters, and this process was repeated until convergence was
achieved. The best fit physical parameters from the Sedov model
fit are shown in Table 4. The best fit models found require a sig-
nificant absorption component within the SMC in addition to
foreground Galactic absorption. We initially left this absorption
as a free parameter for both regions. In this case, we find the
best fit Sedov model for the SNR to have an electron tempera-
ture of 0.71 keV with absorption inside the SMC of 4.6 × 1021

cm−2 (χ2 = 1100.7/1032), outside the error bounds of the ab-
sorption found in the bright source spectrum. Setting the SNR
absorption at the level found for the bright source does not sig-
nificantly worsen the fit (χ2 = 1103.2/1033), but it does alter
the best fit temperature (see Table 3). We fix the absorption in
the SNR to the level of the bright source, as is expected if the
two emission regions are physically connected, and derive the
Sedov parameters for the SNR based on this fit (see Table 4).
For both components, the average flux across all observations
is measured to be 2.7 × 10−13 erg cm−2 s−1 (0.5–10 keV), cor-
responding to an unabsorbed luminosity of 1.6 × 1035 erg s−1.
The flux for both components is found to be constant between
observations to within 15%. There is thus no evidence for any
long-term variability of the point source.

The X-ray spectrum of the bright source within the SNR is
typical of many astrophysical sources. The possible nature of
this source will be discussed in Section 4.2.

3.2. Optical

Using data from MCELS, we find that the [S ɪɪ]/Hα ratio found
in the SNR is ∼ 0.25 (Fig. 1, top right), significantly below the
standard “minimum” ratio typically found in radiative shocks.
This implies that there is no evidence for radiative shocks around
the SNR. In known SMC SNRs, this ratio is typically found to
be higher than 0.4 (Payne et al. 2007).

Studying the morphology of the remnant gives radius R, volume V (at distance D) 

From spectral analysis, we find shock temperature TS and normalization N. 

From these, we can derive:  
•  Electron density (ne)  
•  Dynamical age (tdyn) 
•  Mass swept-up by SNR (M) 
•  Initial Explosion energy (E0)      



Properties of the SNR 

Our derived SNR properties differ significantly from van der Heyden et al (2004). 

Temperature is lower (closer to typical X-ray temperature for gas in SNR). 

Age consistent with Sedov phase remnant. 

Low density environment. 



What is the nature of the bright source? 

Several possible source types: 

Foreground source / Background AGN 

Pulsar Wind Nebula (PWN) 

Microquasar 



Foreground Galactic source / AGN? 

Foreground source:  

•  PL spectrum more absorbed then Galactic NH (≈3 x 1021 cf. 6 x 1020 cm-2). 

•  Absorption consistent with that at position of SNR. 

•  Difficult to fit with simple models / explain extended radio emission. 

AGN: 

•  Index of PL fit (Γ=1.6) consistent with Type I AGN. 

•  Reasonable soft excess required to balance necessary extra absorption. 

•  No optical counterpart in OGLE survey (to V=21.5) to 2σ position error. 

•  We expect to see one (at V≈15-20) for a source with this X-ray flux.  

•  Statistical probability of AGN at this flux within 30” of SNR centre – 0.07%. 



Dynamics of the source 

X-ray point source 30 ± 8” from centre. 

In plane of SNR (at 60kpc), this is 8 ± 2 pc. 

SNR age ≈14500 yr 

Kick velocity ≈ 580 (/cos i) ± 100 km s-1. 

Typical compact object velocity ≈ 500 km s-1. 
(Lyne & Lorimer 1994) 



Pulsar Wind Nebula? 

Generated by dissipation of pulsar’s 
rotational energy through relativistic winds          
(Gaensler & Slane 2006). 

X-ray spectrum: PL index 1.1 < Γ < 2.3. 

Radio emission more extended due to longer 
cooling time, may trace path of source.  

Radio emission of PWNe shows flat spectral 
index (-0.3 < α). α=-0.2 here. 

However – point source in XMM-Newton, 
PWNe are usually seen as extended sources.  

20cm radio contours on soft X-ray image. 



Microquasar? 

X-ray emission from XRB, radio emission 
seen from relativistic jets. 

X-ray spectrum: PL index 1.5 < Γ < 2.2. 

Radio jets observed with steep spectral index  
(-0.8 < α < -0.4). 

Typical LMXB kick velocity: 180 ± 80 km s-1 

(cf. inferred velocity of > 450 km s-1).  
Typical HMXB velocity lower still. 

Orientation of radio jet should be random, 
coincidental pointing towards SNR centre? 

No evidence of X-ray variability! 
20cm radio contours on soft X-ray image. 



Conclusions 

IKT 16 is a SNR in the Sedov-adiabatic phase of evolution. 

Low ne, large size, high T and moderate NH suggest it is in low density 
environment near the centre of the SMC. 

X-ray point source observed is likely associated with the SNR. 

PWN or microquasar origins are examined, with PWN much more likely. 
Chandra observation will determine extent of X-ray source. 

If confirmed as PWN, this is the first known composite SNR in the SMC. 


