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ABSTRACT

We present X-ray observations of the supernova remnant N103B made with both the low-energy and
medium-energy experiments on board EXOSAT. Fitting the spectral data obtained from EXOSAT and from
the Einstein Observatory with thermal models yields satisfactory fits for a temperature of ~1.2 keV, while
power-law models appear to be excluded. The X-ray luminosity of N103B is 1.6 x 10*7 ergs s~ ! in the 0.05-
4.5 keV energy band. The X-ray emission as seen in the low-energy telescope on EXOSAT is centrally peaked.
The upper limit on its extent in soft X-rays derived from this experiment is ~25”, which is comparable to its
optical size. The spatial resolution of the present observations is not sufficient to discern the morphology of
X-ray emission from N103B. Its small diameter and high luminosity suggest that it is quite young (600-1200
yr). The failure of power-law models to explain the spectral data on N103B suggests that, dispite its centrally
peaked surface brightness distribution, its resemblance to a Crab-like supernova remnant is only superficial. A
central source with “Crab-like” nonthermal X-ray luminosity of up to 6 x 1033 ergs s~ ! is, however, allowed

by the spectral data.

Subject headings: galaxies: Magellanic Clouds — nebulae: supernova remnants — X-rays: sources —

X-rays: spectra

I. INTRODUCTION

The supernova remnant N103B is one of the brightest radio
and X-ray supernova remnants in the Large Magellanic Cloud
(Long, Helfand, and Grabelsky 1981; Mathewson et al. 1983;
Mills et al. 1984). It was first identified as a supernova remnant
(SNR) by Mathewson and Clarke (1973) based on the non-
thermal nature of its radio spectrum and the relative emission-
line strengths of [S 1] and Ho. Its radio spectral index of
—0.53 is typical of shell-type remnants (e.g., Kepler, Tycho,
Cygnus Loop, and N132D in the LMC). However, this source
is unresolved in the radio with a size of <0/4 (Mills et al. 1984).
Its X-ray map obtained with the High Resolution Imager on
the Einstein Observatory shows a centrally peaked brightness
distribution with an extent of ~25” (Mathewson et al. 1983).
Its optical image in the light of Ha shows four bright knots of
emission (Mathewson et al. 1983). Its size given by Mathewson
et al. is 23" x 18", which, at a distance of 55 kpc, corresponds
to a diameter of ~ 6 pc.

We report here new X-ray observations of N103B made
using the European X-Ray Observatory satellite EXOSAT
and the Einstein Observatory. An X-ray map from EXOSAT
obtained with three different filters corresponding to three dif-
ferent energy bands is presented. The analysis of the X-ray
spectra obtained from both EXOSAT and the Einstein Obser-
vatory indicates a thermal origin for X-rays from N103B. We
begin by describing the observations (§ IT) and then present an
analysis of the spectral data (§ III). In § IV, we discuss what can
be inferred regarding the remnant’s age and evolutionary state,
concluding (§ V) with a summary of our results.
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II. OBSERVATIONS
a) EXOSAT

A 10.5 hr exposure centered on N103B [«(1950) =
05"09™12%, 6(1950) = —68°47'12"] was made with EXOSAT
on day 320 of 1984. The observations were performed with the
medium-energy (ME) experiment (Turner, Smith, and Zimmer-
man 1981) and the low-energy (LE) experiment (de Korte et al.
1981). The ME experiment consists of eight proportional
counters with a total geometric area of ~ 1500 cm? and a field
of view of 45 x 45 (FWHM). Each detector has an argon-
filled chamber in front which is sensitive in the energy range
1.5-20 keV and a rear xenon-filled chamber sensitive in the
5-50 keV energy range. The instrument is divided into four
quadrants of two detectors each. During this exposure two
quadrants were coaligned and pointed at N103B, while the
other two quadrants were offset by 113’ (the maximum offset
allowed is 132'). One of the offset quadrants pointed at o =
05"02™57%6, 6 = —76°36'00” and the other at a = 04"51™21%6,
0 = —68°07'12". The contribution of the off-axis weak Large
Magellanic Cloud sources (see Long, Helfand, and Grabelsky
1981) present in the field of view (FOV) of these detectors is
negligible, and the data from these detectors were used as a
monitor of background. After ~20,800 s of the observation,
the offset quadrants were moved to point at N103B, and the
other two quadrants were offset by 76’. The new offset view
directions were o =05"2349%2, § = —69°09'36” and
o = 05"14™48°%, § = —67°34'12". The quadrant pointed toward
the latter position effectively looked at blank sky and provided
a good background monitor. The other quadrant. however,
had the strong source N132D in its FOV about 40’ off-axis,
where the detection efficiency is about 8% of the peak. Since
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FiG. 1.—Efficiency of the channel multiplier array (CMA) together with three different filters and the low-energy (LE) telescope on EXOSAT

data from both offset quadrants are combined for use as a
background subtraction from the earlier pointed observation
by these detectors, the net contamination from N132D is only
4%. N132D is about 4 times brighter than N103B, and this
causes an oversubtraction of about 16% of the N103B flux in
these four detectors. A useful exposure of about 30,350 s was
obtained after removing the data coincident with transient
background events. A simultaneous observation with the LE
experiment pointed at N103B showed no other sources detect-
able in the ME field of view. After applying the correction due
to the oversubtraction, the average count rate detected from
N103B in the argon-filled counters is 0.99 counts s ~*. This rate
is consistent with the apparent lack of detectable counts in the
xenon chambers.

The soft X-ray observations of N103B were carried out with
the channel multiplier array (CMA) together with three differ-
ent filters at the focus of the LE telescope. The combined effi-
ciency of the LE + CMA + each filter used is shown in Figure
1. The response of the LE + CMA with the 3000 A Lexan
(BLX) filter is the broadest (0.04-2.0 keV). The other two filters,
aluminum/parylene (Al/P) and boron, have their widest trans-
mission bands in the energy ranges 0.1-2.0 keV and 0.5-2.0
keV, respectively. These filters also have lower efficiency trans-
mission bands at 0.03-0.09 keV for the aluminum filter and at
0.14-0.19 keV for the boron filter. The useful exposures and the
average count rates obtained from each of the three filters are
listed in Table 1. The count rates have been corrected for the
shadowing of the field of view by the ME “flap,” the sum signal
distribution, the telemetry dead time, and the vignetting in the
LE telescope (Osborne 1985). The total numbers of photons

detected from the source with each of the three filters are com-
parable.

In Figures 2a-2c we show the contour maps of the X-ray
surface brightness of N103B obtained with each of the three
filters. The maps have been smoothed with a Gaussian of
FWHM = 23”5, which is comparable to the point-spread func-
tion obtained from observations with Cyg X-2 in the center of
the field of view of the LE telescope plus the 3LX filter. The
three images seem to show small differences in their brightness
distributions. The boron and Al/P filter images (similar energy
bandpasses) show similarly oriented elliptical shapes which
differ from the image obtained using the 3LX filter with its
softer energy response. The differences are, however, not sta-
tistically significant because of the inherent ellipticity in the
point-spread function of the telescope and the differences in
X-ray scattering by each of the three filters (particularly in the
boron filter; see Davelaar and Giommi 1985). In fact, with the
present statistics in the images, it is not possible to distinguish
between a point source and a ringlike source of ~20” diameter
(comparable to the optical size of N103B). By assuming azi-

TABLE 1
EXOSAT LE + CMA OBSERVATIONS OF N103B

Exposure Time Corrected Count Rate

Filter Name (s) (counts s~ 1)
3000 Lexan ................. 6560 0.035 + 0.003
Boron + polypropylene.... 17413 0.010 + 0.001
Aluminum/parylene ........ 5947 0.023 + 0.0026
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muthal symmetry and using the counting statistics from the
3LX image, we find the FWHM of the image size to be approx-
imately 28" + 4”5, which, for a point-spread function of 24",
places an upper limit (2 ¢) of ~25” on the source size.

b) Einstein Observatory

As a part of the X-ray survey of the Large Magellanic Cloud
(Long, Helfand, and Grabelsky 1981) with the imaging pro-
portional counter (IPC) on board the Einstein Observatory
(Giacconi et al. 1979), N103B was observed for 2320 s on day
205 of 1979. The supernova remnant N103B was detected with
a count rate of 0.80 + 0.02 counts s™! in the energy range
0.2-3.5 keV. The count rate has been corrected for vignetting,
mirror scattering, and instrument dead-time effects. The radial
distribution of the X-ray photons observed from this source is
indistinguishable from that of a point source, indicating that
the extent of the source is smaller than 1'.

The High Resolution Imager (HRI) map published by
Mathewson et al. (1983) shows a strong central peak and a
total extent of 25”. An examination of the reprocessed HRI
data has, however, revealed that there is a serious aspect
problem associated with this observation, arising from the fact
that the guide star is embedded in substantial nebulosity.
Typical aspect solution errors are 10”"-16" throughout the
observation. Since there is no pointlike X-ray source within the

HRI field of view, a post hoc aspect has proved impossible. The
true X-ray extent of the source, then, is smaller than that indi-
cated in Figure 7b of Mathewson et al. (1983). Although the
X-ray contours in the figure indicate emission approximately
coextensive with the optical knots, this result should be viewed
with extreme caution; the size limit of < 25” derived from our
EXOSAT observation is perhaps the most secure value of the
remnant’s diameter in the soft X-ray band.

III. THE X-RAY SPECTRUM OF N103B

The combined background-subtracted argon chamber
pulse-height (PH) spectrum for the eight detectors of the ME
experiment together with the count rates obtained from the LE
experiment on the EXOSAT are shown in Figure 3. Both
power-law and thermal bremsstrahlung (exponential plus
Gaunt factor) models together with a low-energy absorption
term were used to fit the observed PH distribution from the
ME experiment and the count rates from the LE experiment.
The data are better fitted with a thermal model (y? = 20.4 for
11 degrees of freedom) than with a nonthermal model
(x> = 25.5 for 11 degrees of freedom), which required a pho-
ton index 4. The best-fit thermal model has kT = 1.2 keV,
Nyg=75x%x10° atoms cm~2, and normalization
constant = 1.1 x 10”2 photons cm~2 s~! keV ~!. This model
is shown as a histogram in Figure 3a. Using the model of
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F1G. 2.—(a) Soft X-ray image of the N103B obtained with the LE telescope + 3LX filter on EXOSAT. The image has been smoothed with a Gaussian function of
10” standard deviation. The contour levels are 0.2, 0.58, 0.96, 1.36, 1.72, and 2.1 counts per pixel of 4” x 4" size. (b) Same as (a), for the Al/P filter. The contour levels
are 0.2,0.4, 0.6, 0.8, 1.0, and 1.2 counts per pixel of 4” x 4 size. (c) Same as (a), for the boron filter. The contour levels are 0.3, 0.56, 0.82, 1.34, and 1.6 counts per pixel

of4” x 4" size.
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FIG. 3a

F16. 3.—a) X-ray pulse-height spectrum from ME observations of N103B. The counts observed with the LE telescope are also shown. The histogram shows the
predicted count rates for the best-fit thermal model. (b) X-ray pulse-height spectrum of N103B from the IPC observation. The predicted count rates from the best-fit

thermal model are shown as a histogram.

Raymond and Smith (1977) for X-ray emission from an opti-
cally thin plasma did not improve the fits obtained with our
thermal model, and similar values for the parameters kT and
Ny were deduced. The 90% and 99% confidence contours for
kT and Ny derived for the thermal bremsstrahlung model
using the criterion of Lampton, Margon, and Bowyer (1976)
are shown in Figure 4.

The pulse-height spectrum of source N103B was also
obtained from the IPC on the Einstein Obervatory and is
shown in Figure 3b. The reprocessed data from the IPC were
analyzed for spectral fitting in the energy range 0.2-3.5 keV
using the best available energy calibration. Again, nonthermal
power-law models as well as Raymond-Smith thermal models
together with a low-energy absorption term were used to fit the
PH distribution obtained from the IPC. The data were better
fitted with a Raymond-Smith thermal model (x> = 1.4 for 7
degrees of freedom) than with a power-law model (x*> = 17.5
for 7 degrees of freedom). The 99% confidence contours for kT
and Ny derived for the Raymond-Smith thermal model, using
the criterion of Lampton, Margon, and Bowyer (1976), are
shown in Figure 4. The temperature and the Ny obtained from
fitting these thermal models to the IPC data are consistent
with those obtained from the EXOSAT data. Furthermore, the
higher signal-to-noise ratio in the IPC data rules out the
power-law spectrum as an explanation of the PH data from

N103B more convincingly than do the data from the
ME + LE experiments on the EXOSAT. The best-fit model is
shown as a histogram in Figure 3b.

Assuming the best-fit parameters for the thermal emission
model obtained from the EXOSAT data and adopting a dis-
tance of 55 kpc to N103B, we estimate its X-ray luminosity to
be 1.7 x 1037 ergs s™! in the 0.05-4.5 keV energy range. The
X-ray luminosity obtained from the IPC count rate using the
best-fit parameters for the Raymond-Smith plasma is
1.35 x 10%7 ergs s~ ! in the 0.2-3.5 keV energy band.

Using the ME data, we have tried to estimate the contribu-
tion to the total X-ray flux of N103B from any unresolved
nonthermal component in the remnant. We found that fitting
two-component spectral models consisting of thermal brems-
strahlung emission plus a power law with photon index (I')
restricted to the range between 1 and 2 to mimic a Crab-like
spectrum led to no further improvement in the minimum 2.
An upper limit to the contribution of such a power-law spec-
trum to the flux from N103B was obtained by adding an
increasing power-law component to the best-fit thermal model
until y2;, increased by an unacceptable amount. At 90% con-
fidence, the X-ray luminosity of such a nonthermal component
(T'~2) in N103B is < 6.0 x 10%° ergs s™! or < 5% of the
remnant’s total luminosity; this limit decreases as the power-
law index hardens.
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IV. APPLICATION OF SNR MODELS

The requirement for the supernova remnant N103B with a
radius of 3 pc to yield the observed X-ray luminosity of
1.7 x 1037 ergs s~ ! in the 0.05-4.5 keV energy band is that the
density of the emitting gas must be n = 7.3AZ}%> cm ™3, where
A _,, is the emissivity of the gas in units of 10~ %? ergs cm®s ™ ..
For example, McKee and Ostriker (1977) derive
A=62x10"1°T %6 from the calculations of Raymond,
Cox, and Smith (1976) for a plasma in ionization equilibrium.
For the observed temperature of 1.4 x 107 K, the emissivity for
the equilibrium plasma would be 3.2 x 10723 ergs cm® s~ !
and the calculated density of X-ray—emitting plasma would be
increased. If the X-ray—emitting plasma is not in ionization
equilibrium, as is very likely if the remnant is very young (see
below), then the emissivities are higher than the equilibrium
values typically by a factor of 3 (Hamilton, Sarazin, and Che-
valier 1983; Masai 1984). The analysis using the nonequilib-
rium ionization would also give a somewhat different
temperature than the one obtained from the use of equilibrium
plasma. Furthermore, if we take the emitting gas to have a
filling factor f, then the density is increased by the factor f /2.

Thus, for a density of 7.3f “%/2 cm ™3, the total mass of the
X-ray gas in the SNR is ~20AZ}%7 f~'/> M. The quoted
density and the mass of the gas could be higher by as much as a
factor of 2 if the plasma emissivities are lower by as much as a
factor of 4. The assumption of normal cosmic abundances
usually leads to very high estimates of the mass of X-ray—
emitting gas (Long, Dopita, and Tuohy 1982). Even if the mass
ejected from the progenitor is only ~2 M, ie., 10% of the
total X-ray mass estimated above from the assumption of
cosmic abundances, the effect of enrichment is to lower the
estimate of the total X-ray—emitting mass of the SNR to 8 M
using the prescription of Long, Dopita, and Tuohy (1982).

The age of this remnant and the presupernova ambient gas
density around it are unkown. Without a resolved image and
kinematic information, it is also difficult to say whether or not
N103B is in a free expansion phase or an adiabatic phase.
Consequently, the fraction of the mass of the X-ray gas which
is due to the swept-up material and the fraction which is super-
nova ejecta cannot be determined. If, however, the swept-up
mass (Mgy) is 210 times the ejecta mass (M.;), the Sedov
relations can be used to estimate certain dynamical parameters

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1987ApJ...322...80S

3
=3

;II3RIIE

id
Qi
~
0

!

86 SINGH ET AL. Vol. 322

1022 T

B Y IPC |
\
i L 1 99% |
)
T
£
8 1021 — —
L X -
Z B _
EXOSAT 7
B LE + ME T
1020 1 1 1 | |
0.4 08 1.2 1.6 2.0

kT (keV)

F1G. 4—The 90% and 99% confidence contours for the thermal models are shown for the EXOSAT ME + LE data. The best-fit values are indicated by a cross.

The 99% confidence contour for the thermal models used for fitting the IPC data is also shown.

of N103B. The X-ray luminosity of a Sedov remnant (e.g.,
Hamilton, Sarazin, and Chevalier 1983) is given by

L, =3.14 x 105n2r3A ,

where n, is the presupernova ambient gas density in cm ™3 and
ry is the shock radius in pc. Using the observed radius and
X-ray luminosity, we obtain

ng = 4.50A-32 cm 3. (1a)

The shock temperature, age, and shock velocity of the SNR are
then given by

T, = 525 x 107AY2, E5,(r/3 po) > K , (1b)
t = 600A Z3FE5M2(r/3 po)®/? yr , (1¢c)
vy = 1925AY%, EL3(rs/3 pc) 3? km s~ 1, (1d)

where E; is the supernova explosion energy in units of 10!
ergs. From equation (1b), E5; > 0.25 if the shock temperature
is to be at least as high as the observed X-ray temperature of
the SNR. The age of N103B would then range between 600 and
1200 yr. The derived parameters indicate a hot, young SNR

that went off in a high-density ambient interstellar medium.
Self-consistency with the assumption of Sedov phase requires
ne >4.5cm™3.

Next, we consider the McKee and Ostriker (1977) model for
the evolution of an SNR into a three-phase interstellar
medium: the hot low-density phase with (n, T)~ (1072-°
cm ™3, 1057 K), filling factor 0.7; the cold neutral clouds with
(n, T) ~ (10*-® cm 3, 10*-° K), filling factor 0.03; and the warm
coronae around the clouds with T ~ 8000 K and filling factor
~0.25. Using the parameters for N103B in this model (in par-
ticular eqs. [5]-[7] in McKee and Ostriker 1977 and the
typical values for the effectiveness of cloud evaporation recom-
mended therein), we obtain for the age of N103B

t=611E5 2 yr,

in agreement with the value obtained in equation (1c).

The mean expansion velocity for a 600 year old SNR is
ro/t & 5000 km s~!, whereas the shock velocity derived in
equation (1d) is only 1925 km s~ !, requiring strong deceler-
ation, consistent with the assumption that Mgy, > M,;.
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V. DISCUSSION

The unresolved nature of the radio source in N103B and the
suspected center-filled morphology of the remnant in X-rays
have led to suggestions that N103B is a “ Crab-like” object in
which the observed emission is the result of an active neutron
star created by the supernova explosion (Mills et al. 1984).
While the present X-ray imaging data do not rule out the
existence of a central source, the predominantly thermal nature
of the remnant’s X-ray emission suggests that the contribution
of such a source to the total luminosity must be small. In fact,
the observed X-ray spectrum allows <5% of the total X-ray
luminosity to be attributed to a compact nonthermal Crab-like
core. The X-ray luminosity of this putative synchrotron com-
ponent would be only ~5% that of the Crab Nebula but is
comparable to that of several other Crab-like remnants
(Becker, Helfand, and Szymkowiak 1982).

The bulk of the X-ray emission, however, arises very likely
from an extended region 25" in diameter which is unresolved
by the present observations. This view is consistent with the
thermal nature of its X-ray emission, the optical diameter, and
the radio spectral index. It is not possible, however, to say
whether or not the X-ray emission has a shell morphology, a
filled interior, or both. Recent X-ray observations have
revealed the existence of a new type of supernova remnant in
our Galaxy which has a centrally peaked hot interior and
where a soft X-ray shell either is not observed or is not clearly
delineated from the interior. Two examples of this remnant
type are W44 (Smith et al. 1985a) and W49B (Smith et al.
1985b). W28 and 3C 400.2 (Matsui and Long 1985) are perhaps
similar, but the thermal nature of their X-ray emission has not
been confirmed by spectral analysis. These SNRs all have clas-
sical radio shells and radio spectral indices of —0.5. A radio

X-RAY OBSERVATIONS OF SNR N103B 87

shell morphology for N103B with D < 25” is not ruled out,
since the radio observations of Mills et al. (1984) did not have a
sufficient angular resolution to resolve such a shell. Most of
these remnants are, however, rather old, large-diameter objects
compared with the derived age and size of N103B.

It is also possible that N103B has an X-ray morphology
similar to the classical young shell-type remnants (e.g., SN
1006, Kepler, Tycho, or Cas A). With our present estimate of
the total X-ray mass and the assumption that N103B is in the
Sedov phase (i.e., that the ambient density is high), N103B
could be the remnant of a Type I explosion with a low-mass
progenitor. If the explosion occurred in a lower density
medium, however, most of the mass must be stellar ejecta.
Higher resolution spectral observations leading to an estimate
of elemental abundances in the hot gas are needed to deter-
mine the remnant’s type and present evolutionary phase.

VI. CONCLUSIONS

The X-ray spectrum of N103B, as measured with the
ME + LE experiment aboard EXOSAT and the IPC experi-
ment aboard the Einstein Observatory, clearly indicates a pre-
dominantly thermal source (kT ~ 1.2 keV) of X-ray emission.
From the observed temperature, high X-ray luminosity, and
small size of this SNR we derive an age of ~ 600 to 1200 yr and
a high density inside and surrounding the remnant. Higher
spatial and spectral resolution observations of N103B are
required to determine the structure of its X-ray emission and to
define precisely its dynamical and kinematical parameters.

We are glad to acknowledge the assistance of the EXOSAT
observatory team.
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