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ABSTRACT

Aims. We study the di� use X-ray emission observed in the �eld of view of the pulsar B0540–69 in the Large Magellanic Cloud
(LMC) by XMM-Newton. We want to understand the nature of this soft di� use emission, which coincides with the superbubble in
the Hii region N 158, and improve our understanding of the evolutionof superbubbles.
Methods. We analyse theXMM-Newton spectra of the di� use emission. Using the parameters obtained from the spectral �t, we
perform calculations of the evolution of the superbubble. The mass loss and energy input rates are based on the initial mass funcion
(IMF) of the observed OB association inside the superbubble.
Results. The analysis of the spectra shows that the soft X-ray emission arises from hot shocked gas surrounded by a thin shell of cold
gas. We show that the stellar winds alone cannot account for the energy inside the superbubble and that there must have been two
supernova explosions in the past 2 Myr.
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1. Introduction

Early observations in the radio and the optical have shown that
the interstellar medium (ISM) in the Milky Way mainly consists
of cool clouds (T <� 102 K) of neutral hydrogen embedded in
warm (T ' 104 K) intercloud medium of partially ionised hy-
drogen. Since the 1970s, observations in the ultraviolet (UV) and
X-rays showed the presence of hot gas at coronal temperatures
(T ' 105� 6 K) in the ISM. The heat source of the ISM are mas-
sive OB stars, which inject energy through their radiation,stellar
winds, and �nally by supernova explosions. As these processes
are often correlated in space and time, superbubbles with sizes
of typically 100� 1000 pc are created in the ISM. Therefore,
supernova remnants (SNRs) and superbubbles are among the
prime sources that control the morphology and the evolutionof
the ISM, and their observation is of key interest to understand
the galactic matter cycle. However, they radiate copiouslyin the
soft X-rays below 2 keV, an energy range that is di� cult to study
in the Milky Way because of absorption by the Galactic disk.

The LMC, which is a dwarf irregular, but shows indica-
tions for spiral structures, is one of the closest neighbours of
our Galaxy. Its proximity with a distance of 48 kpc (Macri et al.
2006) and modest extinction in the line of sight (average Galactic
foregroundNH = 1:6 � 1021 cm� 2) make it the ideal laboratory
for exploring the global structure of the ISM in a galaxy. The
well-known and best studied extended emission region in the
LMC is the 30 Doradus region and the region south of it, which
harbor star formation sites, superbubbles, and SNRs.ROSAT
data of the superbubbles in the LMC have been studied in de-
tail by, e.g., Chu et al. (1995) and Dunne et al. (2001).

N 158 (Henize 1956) is one of the Hii regions in these active
regions of the LMC. It is elongated in the north-south direction
and consists of a superbubble in the north and a more compact

bright region in the south. It is known to host two OB associa-
tions LH 101 and LH 104 (Lucke & Hodge 1970). While LH 101
in the southern part of N 158 seems to power the very bright re-
gion in H� , LH 104 is found in the superbubble in the north-
ern part of N 158 and is dominated by B stars (Schild & Testor
1992), mainly consisting of a young population with an age of2
– 6 Myr (Testor & Niemela 1998). N 158 is located near the X-
ray bright pulsar (PSR) in the LMC B 0540� 69, which has been
observed for calibration purposes for the X-ray Multi-Mirror
Mission XMM-Newton (Jansen et al. 2001; Aschenbach et al.
2000). The �eld of view of the European Photon Imaging
Cameras (EPICs, Strüder et al. 2001; Turner et al. 2001) of these
observations when performed in Full Frame mode, covers the
northern part of N 158 and allows to study the X-ray emission
from the superbubble.

2. Data

The pulsar B 0540� 69 in the LMC is a Crab-like pulsar
with a pulsar wind nebula (PWN), which has been spatially
resolved and studied with theChandraX-ray Observatory
(Petre et al. 2007). To study the di� use emission in the vicinity
of B 0540� 69, we have chosen those observations for which the
EPICs were operated in Full Frame mode. The observation IDs
are 0117510201, 0117730501, and 0125120101. The observa-
tions were all carried out using the medium �lter. Starting from
the observational data �les (ODFs), the data are processed with
the XMM-Newton Science Analysis System (XMMSAS) ver-
sion 10.0.0. For EPIC PN, only single and double pattern events
are used, whereas for the MOS1 and 2, singles to quadruples are
selected. The exposure times that we obtain after �ltering out the
time intervals with background �ares are listed in Table 1.

http://arxiv.org/abs/1010.0783v1
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Fig. 1.XMM-Newton EPIC mosaic image of the PSR B 0540� 69 and its surroundings in true color presentation (red: 0.3– 0.8 keV,
green: 0.8 – 1.5 keV, blue: 1.5 – 2.3 keV). The bright X-ray emission from PSR B 0540� 69 at� RA = 05h 40m, Dec= –69� 200,
other point sources, and the out-of-time events have been removed from the data. The arc-shaped features in the south arecaused by
stray light from the bright X-ray source LMC X-1. The position of the superbubble in the Hii region N 158 is shown with a dashed
line.

Table 1. XMM-Newton data used for the analysis. All the anal-
ysed data were obtained in Full Frame mode using the medium
�lter.

Obs. ID EPIC Start Date E� ective Exposure
[ksec]

01175102 PN 2000-02-11 8.3
01175102 MOS1,2 3.5
01177305 PN 2000-02-17 8.3
01177305 MOS1,2 9.8
01251201 PN 2000-05-26 29.
01251201 MOS1,2 27.

2.1. EPIC image

After �ltering out the background �ares, we created a mosaic
image out of the Full Frame mode data of EPIC PN, MOS1,
and MOS2 for all three observations (Fig. 1). To enhance the
not so bright di� use emission, we �ltered out all point sources
that have been found in a source detection routine as well as
the so called out-of-time events of EPIC PN. The images have
been smoothed using a Gaussian �lter. The mosaic image shown
in Figure 1 is a true color image using the colors red for the
0.3 – 0.8 keV band, green for 0.8 – 1.5 keV, and blue for 1.5 –
2.3 keV. The extended emission of the interstellar gas is clearly
soft with no emission above� 3 keV. The comparison with the

H� image in Figure 2 shows that the relatively bright extended
region in the south of the PSR coincides well with a superbubble
in the Hii region N 158 (Henize 1956), which contains the OB
association LH 104 (Lucke & Hodge 1970). In order to study the
spectral properties of the di� use emission, we have selected two
regions: region 1, which covers the brighter spot in the eastof
the PSR, and a region that covers the superbubble in the Hii
region N 158. The regions are shown in the upper left panel in
Figure 2. The PSR and the PWN with an extent of about 10 is
completely removed from the data. The soft, extended emission
left from the PSR is not directly connected to the PWN and has,
as we will see in Section 2.2.4, a perfectly thermal spectrum.
Therefore, we assume that it is not related to the PWN.

2.2. EPIC spectra

For the spectral anaylsis of an extended di� use emission the con-
tribution of the background is signi�cant. As the emission �lls
a large part of the detector, we are not able to extract a local
background close to the source emission. We have to consider
the following: As the e� ective area of the mirrors depends on
the o� -axis angle, photons are subject to vignetting while parti-
cles are not. The high-energy particles that interact with material
surrounding the detector, however, produce �uorescence, which
varies with position on the detector, especially for the PN detec-
tor. In addition, the spectral response depends on the position on
the detector. A detailed description of theXMM-Newton back-
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Fig. 2. The upper panel shows a zoom in on theXMM-Newton EPIC mosaic image with regions used for the spectral analysis
(black dashed line) and H� contours (MCELS, left) and the H� image with the same contours (right). The lower panel shows the
XMM-Newton EPIC mosaic image with Hi contours (left, Kim et al. 2003) and the Hi image with the same contours (right).

ground is given by Read & Ponman (2003) and Carter & Read
(2007), and a comparison of the di� erent methods to estimate
the background can be found in, e.g., Sasaki et al. (2004).

2.2.1. Blank sky background

The XMM-Newton EPIC Background working group has cre-
ated the so-called blank sky data for each EPIC and CCD read
out mode (Carter & Read 2007). The blank sky data have been
merged from data of di� erent pointings after the point sources
were eliminated from the data. These data sets comprise the de-
tector background and an average cosmic X-ray background.

Before extracting the spectra, we have �rst corrected both
the observed data and the blank sky data for vignetting using
the XMMSAS commandevigweight . The auxiliary response
�le (ARF) and the response matrix �le (RMF) are then created
assuming that the source is on-axis. The background spectrum

is extracted from the blank sky data at the same location on the
detector as the source spectrum.

2.2.2. Background from the same data

For comparison, we also extracted a background spectrum from
the same data as the source spectrum, using a region in the dark
part north of B 0540� 69. However, after the subtraction of the
background, the spectrum of the soft di� use emission still has
a hard tail and is over-corrected exactly at the energies of the
�uorescence lines. Therefore, as expected, extracting theback-
ground from the same data at a di� erent position on the detector
seems to be inappropriate.

2.2.3. Closed �lter wheel data

Another way to deal with the background is to use a local back-
ground from the same obervation, but take care of the detector
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Fig. 3. Spectra of the di� use emission in the �eld of view of PSR B 0540� 69 extracted from theXMM-Newton EPIC MOS1 data
of the Obs. ID 01251201. The left panels show the spectra of region 1 located east of the PSR, the right panels show the spectra of
the superbubble in the Hii region N 158.

background by using the closed �lter wheel data, also supplied
by theXMM-Newton EPIC Background working group. For es-
timating the X-ray background, i.e., additional emission that is
typical for the observed area and is also included in the spectrum
of the superbubble, we extract a region next to the superbubble,
which shows faint di� use emission. After subtracting the closed
�lter wheel spectrum extracted for each region at the correspond-
ing position of the detector with the same shape, the spectrum of
the faint di� use emission is �tted with a thermal model. This �t-
ted spectrum is then included in the model of the spectra of the
superbubble and region 1.

The results for the spectra obtained with the closed �lter
wheel data and those obtained with the blank sky data are consis-
tent with each other within the con�dence range of the spectral
�t parameters. Therefore, in the following, we will discussthe
�t results obtained with the blank sky data.

2.2.4. Spectral �ts

The spectra are �tted with thermal plasma models in XSPEC.
In both spectra emission peaks are found in the energy inter-

val between 0.5 keV and 1.5 keV which can be interpreted as
emission lines of highly ionised elements. The X-ray emission
is absorbed by the Galaxy in foreground (NH fg) and the mat-
ter in the LMC in the line of sight (NH MC) with abundances
half of solar values (Russell & Dopita 1992). The Galactic fore-
ground column density isNH fg = 7:0 � 1020 cm� 2 in this region
(Dickey & Lockman 1990). The spectra are better reproduced
by a non-equilibrium ionization (NEI) model (Borkowski 2000)
than by the spectral models assuming collisional ionization equi-
librium (CIE). Figure 3 shows the MOS1 spectra of the Obs. ID
01251201 with the best �t models. In the following, 90% errors
are given for the parameters.

Since the �rst �ts with CIE yielded no satisfactory results,
we use the NEI model in XSPEC with the e� ective temperature
kT, the ionization timescale� = net, and the abundance as �t pa-
rameters. The ionization timescale� is an indicator for the state
of the plasma after the gas has been ionised: For small ioniza-
tion timescales� = net < 1012 s cm� 3, the electrons and ions are
still not in thermal equilibrium. Also for this model component,
we use the sub-solar LMC abundance� LMC = 0:5. The �t of the
spectra of the superbubble emission is still not very good with
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Table 2. Spectral parameters obtained from the �ts of the EPIC
data for region 1 and the superbubble. The numbers in brackets
are 90% con�dence ranges. The parameternormis the normal-
ization of the model in XSPEC and corresponds to the emission
measure. For the other parameters, see Section 2.2.4

Parameter Region 1 Superbubble

NEI

NH LMC [1022 cm� 2] 0.14 (0.08 – 0.23) 0.43 (0.38 – 0.51)
kT [keV] 0.54 (0.51 – 0.58) 0.91 (0.74 – 1.1)
� [1011 s cm� 3] 2.0 (1.6 – 2.4) 0.14 (0.12 – 0.18)
norm(10� 4) 2.0 (1.6 – 2.4) 9.5 (8.0 – 13.)

� 2/d.o.f 94.81/61 = 1.55 185.06/106= 1.75

NPSHOCK

NH LMC [1022 cm� 2] 0.19 (0.12 – 0.32) 0.29 (0.20 – 0.33)
kTa [keV] 0.55 (0.00 – 0.59) 1.0 (0.74 – 1.2)
kTb [keV] 0.51 (0.00 – 0.59) 0.13 (0.00 – 0.57)
� [1011 s cm� 3] 8.8 (5.4 – 12.) 1.3 (1.0 – 2.3)
norm(10� 4) 5.0 (4.2 – 6.3) 11. (9. – 13.)

� 2/d.o.f 91.02/60 = 1.52 131.79/99 = 1.33

a reduced� 2 of 1.75. The emission is most likely caused by the
shock from the stellar winds in the superbubble. Therefore,we
also �t the spectra using a plane-parallel shock plasma model
with separate ion and electron temperatures,kTa and kTb, re-
spectively (NPSHOCK, Borkowski et al. 2001). The �t parame-
ters are given in Table 2.

As can be seen in Table 2,kTa andkTb for region 1 are al-
most equal and the� 2 values for the NEI and the NPSHOCK �ts
are comparable. Therefore, the usage of the NPSHOCK model
does not seem to be necessary for region 1. In addition, the value
for � is > 1011 s cm� 3 for both NEI and NPSHOCK models, in-
dicating that the gas in region 1 seems to be closer to CIE thanin
the superbubble in N 158. The temperature ofkT = 0.54 keV de-
termined for region 1 is higher and more accurate than the result
of theROSATPSPC analysis for this �eld (0.3 keV, Sasaki et al.
2002). This shows that we were only able to see the overall char-
acteristic of a larger region with PSPC, whereas with EPIC we
can now resolve smaller (few arcminutes) structures of the hot
ISM.

The hot plasma in the superbubble of the Hii region N 158
seems not to be consistent with thermal equilibrium, indicated
by the low ionization timescale� = 1:4 � 1010 s cm� 3 of the
NEI �t. The temperature of the NEI �t and the ion temperature
of the NPSHOCK �t are relatively high:kT = 0:91 keV and
kTa = 1:0 keV, respectively, while the electron temperature is
one order of magnitude lower:kTb = 0:13 keV. Additionally
to the Galactic foreground column density, a relatively high ab-
sorption column density ofNH LMC;N158 = 4:3 or 2:9 � 1021 cm� 2

was determined. In comparision, the total column density inthe
LMC is NH LMC = 1:0� 5:5� 1021 cm� 2 (Brüns et al. 2005). This
corroborates that the di� use X-ray emission most likely arises
from inside the shell of the superbubble.

3. Discussion

While in the east of the PSR B 0540� 69 the di� use emission
seems to arise from ionised gas close to thermal equilibrium
with a temperature comparable to the value determined from
the ROSAT PSPC spectrum, in the south a smaller ionization

timescale and higher temperatures are determined. Since the
emission coincides spatially with the superbubble in the Hii re-
gion N 158, we conclude that the origin of the di� use X-ray
emission is the hot gas within the interstellar bubble. The gas
in the bubble interior is shocked by stellar winds, and the cooler
outer rim is visible as an Hii region. The total unabsorbed X-ray
luminosity of the bubble isLX(0.2 - 3.0 keV)= 1.4� 1036 erg s� 1.

If we compare the X-ray emission with the Hi emission as
shown in Figure 2, the di� use X-ray emission nicely �lls a void
in the Hi distribution. However, the superbubble in H� is slightly
smaller than the Hi void. The fact that there is additional X-
ray emission outside the H� shell and inside the Hi shell might
indicate that some hot gas escaped the superbubble. However, we
are not able to rule out that some projection e� ect might make
the H� look smaller than the extent of the Hi void.

3.1. Results from the spectral analysis

For further studies, we use the NEI �t results for region 1 and
NPSHOCK �t results for the superbubble. The emitting volume
can be approximated by an ellipsoid, although it is deformed
in the south. We derive the radii from the EPIC mosaic image:
a = 40 � 10 = (56 � 14) pc,b = 30 � 10 = (42 � 14) pc
(DLMC = 48 kpc). We are not able to detemine the third ra-
dius of the assumed ellipsoid. Therefore, we assume that the
superbubble is oblate and has a con�guration like a disk per-
pendicular to the plane of the sky, i.e., also perpendicularto the
disk of the LMC (c = a). The volume of the bubble is then
V = 4=3 � abc= (1:62� 0:03)� 1061 cm3. With the LMC metal-
icity � LMC = 0:5, ne = (1:2 + 0:013� LMC) n � 1:21n. Therefore,
the normalization of the spectral �t is

norm =
1

1014 � 4� D2
LMC

Z
nendV

�
1

1014 � 4� D2
LMC

1:21n2 V

= 4:4 � 10� 62 n2 V [cm� 5] (1)

and the gas density within the bubble can be estimated as:

n = 4:8 � 1030 �

r
norm

V
[cm� 3]: (2)

With norm= (1:1� 0:2) � 10� 3 from the �t with the NPSHOCK
model, we getn = (4:0 � 0:7) � 10� 2 cm� 3.

With temperatureTa = (1:0 � 0:2) keV and densityn given,
the pressure of the gas is:

P=k = (ne + n)Ta = 2:21nTa = (1:0 � 0:3) � 106 cm� 3 K: (3)

While the pressure of the Galactic ISM is thought to beP=k =
103� 4 cm� 3 K, star forming regions in general have higher pres-
sures of the order ofP=k = 105� 6 cm� 3 K. For a galaxy like the
LMC with high star formation rate, Oey & Garc�́a-Segura (2004)
estimated an ISM pressure ofP=k � 105 cm� 3 K. Thus the pres-
sure inside the superbubble in N 158 is about ten times higher
than in the surrounding hot ISM. de Avillez & Breitschwerdt
(2005) have performed a 3-D simulation of the ISM including
the e� ect of magnetic �elds and obtained a map of the distri-
bution of temperature, pressure, magnetic �eld, etc. They have
shown that in regions where the temperature is about 105� 6 K,
the pressure isP=k = 104� 5 cm� 3 K, while it can reachP=k >
105 cm� 3 K in the interior of hot bubbles. This is in agreement
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with the pressure that we obtain from the X-ray spectrum of the
superbubble.

Using the absorbing column density determined for the re-
gion 1 (besides the Galactic column density) as the mean LMC
valueNH LMC;region1= (1:4� 0:9)� 1021cm� 2, the column density
of the shell around the superbubble isNH shell = NH LMC;N158 �
NH LMC;region1= (1:5 � 1:3) � 1021 cm� 2.

3.2. Analytic estimates

With the values derived from spectral �tting for pressure and
density inside the bubble, we infer a thermal energy contentof
E(t) = 3=2� P� V = 3:35� 1051 erg. From the column density we
obtain a density ofnsh � 80 cm� 3 inside the shell if we assume
a shell thickness of� 6 pc, i.e.,� 10% ofa. Assuming a strong
shock with a compression factor of 4, this yields a density of20
cm� 3 for the surrounding medium. Since we know the radius,
energy content, and density we can use the solution for a wind
blown bubble by Weaver et al. (1977) to �nd out the age of the
bubble, which is about 2 Myr resulting in an energy input rate
over this time interval ofL = 1:17 � 1038 erg s� 1. In addition,
the mass inside a homogeneous bubble isM = n� ma � V = 652
M � , wherema = 2 � 10� 24 g is the mean atomic mass. Thus, a
mass loss rate of 3:26� 10� 4 M � /yr over 2 Myr is derived. In the
following we will discuss if massive stars can account for such a
large energy input rate and a mass that high.

In order to calculate the mass loss and energy input rates
of OB-stars (in cgs units) we use the mass-luminosity relation
for stars with 10� M=M� � 50 by Vitrichenko et al. (2007) to
obtain the massM and luminosityL? of a star with bolometric
magnitudeMbol:

Mbol = 1:55� 6:90 log(M=M� ) (4)

L? = 19� (M=M� )2:76L� (5)

The radius of the star is obtained from

R =

s
L?

4�� T4
e�

(6)

whereTe� is the e� ective temperature of the star and� is the
Stefan-Boltzmann constant.Mbol andTe� are taken from Table
2 of Testor & Niemela (1998). The wind velocity is determined
according to the theory of radiation-driven winds (Castor et al.
1975):

v1 = a � vesc = a �
"
2GM

R
� (1 � L? =Ledd)

#0:5

(7)

wherea ' 2:5 (Lamers et al. 1995). The parametervesc is the
photospheric escape velocity and the Eddington luminosityis
Ledd = 4� G� M � mp � c=� T with mp being the mass of a proton
and � T the Thomson cross-section for the electron. The mass
loss is determined from the single-scattering limit

�M =
L?

v1 � c
: (8)

We corrected for the LMC metallicity� LMC following
Leitherer et al. (1992) and obtain�M / � 0:8

LMC for the mass loss
andv1 / � 0:13

LMC for the wind velocity (for hot stars withM >
15M� ). Thus, the 67 O- and B-stars in LH 104 produce a mass
loss of� 72M� or an energy input rate ofL = 3:40� 1037 ergs� 1

over 2 Myr.

Additionally, the WR-stars generate� 35 M� or L =
1:75 � 1038 erg s� 1 in 2:5 � 105 yr, assuming that they al-
ready went through half of their WR-lifetime of� 5 � 105 yr
(Maeder & Meynet 1987). Mass loss and wind velocity of WR-
binaries are adopted from Leitherer et al. (1997) and corrected
for mass losses of WC and WN types in the LMC according
to Crowther (2007). Furthermore, we have to calculate the con-
tribution of winds from WR-binaries before entering the WR-
phase, i.e., for the remaining 1.75 Myr. With mass losses for
O6 and O7-stars and O4-stars as WR-progenitors taken from
Garmany et al. (1981) and velocities from Lamers & Leitherer
(1993), we get 6M� or L = 8:01 � 1036 erg s� 1 for 1.75 Myr
from these stars.

In total, we �nd that winds can account for� 113 M�
or a mechanical luminosity ofL = 6:29 � 1037 erg s� 1 over
2 Myr. Still, the largest part of the mass (� 539 M� ) or L =
5:41 � 1037 erg s� 1 are `missing', but this can be partly ex-
plained after applying an IMF to the star cluster. Accordingto
the Hertzsprung Russell diagram (HRD) of Testor & Niemela
(1998, Fig. 6b) and using the masses derived from theM-L re-
lation (Vitrichenko et al. 2007), we �nd that 16 stars in LH 104
have masses above 25M� including all O-stars, WR-binaries,
the B0V stars with Id 4-41 and 4-55, and Sk-69 259. As an
upper mass limit we take 65M� as a rough estimate, since
Massey et al. (2000) suggested that the progenitor masses of
WR-stars in this cluster should be in excess of 60M� . On the
other hand, by looking at the HRD of LH 104 in Massey et
al. (2000, Fig.7) gives at least 20 stars in the 25 – 65M� interval,
for which spectral types or photometry are available. Comparing
both HR-diagrams shows that the total number of member stars
is quite uncertain, but there must be at least 70 stars above 8M� .

Assuming that all stars formed from the same parental cloud
and using an IMF with� = � 1:05 (Testor & Niemela 1998) we
obtain a total of 74 stars between 8 and 65M� in the �rst case
(16 stars with 25< M=M� < 60) and 93 stars in the other case
(20 stars with 25< M=M� < 60). In both cases there are about
2 stars in the 65–80M� mass interval. This suggests that 2 su-
pernovae (SNe) already exploded, which presumably happened
in the last 2 Myr. These 2 SNe yield approximately 145M�
of ejecta mass, thus 258 of 652 solar masses in the bubble can
be explained. Discrepancies could be due to evaporation of en-
trained interstellar clouds and from the cold shell.

With ESN = 1051 erg per SN-explosion, the energy of 2�
1051 erg can be distributed over a time interval of� 1:17 Myr
so that it corresponds to the energy input rate ofL = 5:41 �
1037 erg s� 1. If we assume that both SN explosions happened
within a short time interval, we are able to estimate that theSNe
exploded about 1.17 Myr ago.

With the parameters determined so far we can further inves-
tigate the geometry of the bubble and the ambient ISM. We use
an analytical model for the expansion of a wind-blown bubble
in an exponentially strati�ed medium symmetric to the galactic
midplane (Baumgartner & Breitschwerdt, in prep.) based on the
approximation of Kompaneets (1960). With an energy input rate
of L = 1:17� 1038 ergs� 1 the bubble should reach a radius, i.e.,
semi-major axis, of 56 pc after� 2 Myr. We calculated models
with di� erent scale heights (H = 50; 100, and 500 pc) and get
the density of the ambient medium ofn0 = 16; 20, and 23 cm� 3,
respectively. Values for the height of the bubble above/below the
galactic plane arec = 80; 66, and 58 pc. Usingb = 42 pc,
we obtain a volume of the bubble ofV = 2:41 � 1051 cm3,
1:91 � 1061 cm3 and 1:67 � 1061 cm3. Since a larger elonga-
tion, i.e., lower scale height, yields a larger volume, we argue
that a larger scale height �ts better, otherwise resulting in a den-
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sity inside the bubble that is too low. WithV = 1:67� 1061 cm3

andnormfrom Sect. 3.1, we deriven = 3:7 � 10� 2 cm� 3. This
is close to the value that was used to calculate the mass inside
the bubble and the energy input rate in the beginning, whereas
a volume ofV = 2:41 � 1051 cm3 for H = 50 pc yields
only n = 2:6 � 10� 2 cm� 3. The shell thickness in the case of
H = 500 pc is� 5 pc resulting in a density of the shell of
100 cm� 3, which is in good agreement with the density assumed
initially and corresponds very well to the density of the undis-
turbed ISM ofn0 = 23 cm� 3 for a strong shock. Finally, we cal-
culated a velocity of the outer shock at the top/bottom of the
bubble of 17 km s� 1, which agrees perfectly with the expansion
velocity found with the wind solution of Weaver et al. (1977).

4. Summary

We have found signi�cant di� use X-ray emission in the �eld of
view of theXMM-Newton observations of the pulsar B 0540–
69, which is not related to the pulsar. The analysis of the spec-
trum of the emission has shown that it is purely thermal and can
be best modelled with a hot shocked gas. The extended di� use
emission coincides spatially with the superbubble in the Hii re-
gion N 158 in the LMC. It also seems to be correlated with a void
in the Hi map and thus seems to arise from the interior of a hole
in the cold ISM. Therefore, we conclude that the origin of the
X-ray emission is the hot gas inside the superbubble in N 158.

From the parameters obtained from the analysis of the
XMM-Newton spectra we derive a temperature ofkT = 1 keV,
a density ofn = 0:04 cm� 3, and a pressure ofP=k = 106 cm� 3 K
inside the superbubble. These results enable us to perform ana-
lytic calculations of the evolution of the superbubble. Since the
OB association LH 104 that is located inside the superbubblehas
been studied in detail (Testor & Niemela 1998), the stellar pop-
ulation inside the superbubble is well known. Using its IMF and
HRD we calculate the mass loss and energy input rates of the
stars. We estimate an age of 2 Myr and a total energy input rate
of L = 1:17 � 1038 erg s� 1. The massive stars including WR-
stars and binaries in LH 104 account forL = 6 � 1037 erg s� 1.
Therefore, in order to reproduce the observations, there should
have been 2 SN explosions in the past 2 Myr. We have also
performed calculations of the expansion of the superbubblefor
di� erent scale heights. We show that a large scale height of
H = 500 pc can well reproduce the observed density inside the
superbubble as well as the density in the shell around it. Thecor-
responding velocity of the outer shock of the superbubble isalso
in good agreement with the model of Weaver et al. (1977).
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