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ABSTRACT

Aims. We study the diuse X-ray emission observed in the eld of view of the pulsad580-69 in the Large Magellanic Cloud
(LMC) by XMM-Newton. We want to understand the nature of this softudie emission, which coincides with the superbubble in
the Hii region N 158, and improve our understanding of the evolutiosuperbubbles.

Methods. We analyse theXMM-Newton spectra of the diuse emission. Using the parameters obtained from the spegtwe
perform calculations of the evolution of the superbubblee Thass loss and energy input rates are based on the inisalforacion
(IMF) of the observed OB association inside the superbubble

Results. The analysis of the spectra shows that the soft X-ray enmismiiges from hot shocked gas surrounded by a thin shell df col
gas. We show that the stellar winds alone cannot accounhéenergy inside the superbubble and that there must hawvetivee
supernova explosions in the past 2 Myr.
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1. Introduction 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

Early observations in the radio and the optical have showh thn the southern part of N 158 seems to power the very bright re-

the interstellar medium (ISM) in the Milky Way mainly contsis gion in H , LH 104 is found in the superbubble in the north-

of cool clouds T < 1(* K) of neutral hydrogen embedded inern part of N 158 and is dominated by B stdrs (Schild & Téstor

warm (T ' 10* K) intercloud medium of partially ionised hy-[1992), mainly consisting of a young population with an ag of

drogen. Since the 1970s, observations in the ultraviolg)@hd — 6 Myr (Testor & Niemela 1998). N 158 is located near the X-

X-rays showed the presence of hot gas at coronal tempesatyeg bright pulsar (PSR) in the LMC B 05469, which has been

(T 10 °K) in the ISM. The heat source of the ISM are masobserved for calibration purposes for the X-ray Multi-Mirr

sive OB stars, which inject energy through their radiat&iallar  Mission XMM-Newton (Jansen et al._2001; Aschenbach ét al.

winds, and nally by supernova explosions. As these proees$000). The eld of view of the European Photon Imaging

are often correlated in space and time, superbubbles wiés siCameras (EPICS, Striider etlal. 2001; Turner &t al.]200 heskt

of typically 100 1000 pc are created in the ISM. Thereforegbservations when performed in Full Frame mode, covers the

supernova remnants (SNRs) and superbubbles are amongrig@hern part of N 158 and allows to study the X-ray emission

prime sources that control the morphology and the evolusion from the superbubble.

the ISM, and their observation is of key interest to undeista

the galactic matter cycle. However, they radiate copioirstize

soft X-rays below 2 keV, an energy range that is dilt to study

in the Milky Way because of absorption by the Galactic disk. 2. Data

~ The LMC, which is a dwarf irregular, but shows indicaThe pulsar B054069 in the LMC is a Crab-like pulsar
tions for spiral structures, is one of the closest nelghb_anir with a pulsar wind nebula (PWN), which has been spatially
our Galaxy. Its proximity with a distance of 48 kpc (Macri &t a resolved and studied with th€handraX-ray Observatory
2006) and modest extinctioninthe line of sight (average@a  (petre et 4l 2007). To study the dise emission in the vicinity
foregroun_dNH = 1:6 10?* cm 2) make it the |(_jeal laboratory of g 0540 69, we have chosen those observations for which the
for exploring the global structure of the ISM in a galaxy. Thep|cs were operated in Full Frame mode. The observation IDs
well-known and best studied extended emission region in thgs 0117510201, 0117730501, and 0125120101. The observa-
LMC is the 30 Doradus region and the region south of it, whicfions were all carried out using the medium Iter. Startimgrh
harbor star formation sites, superbubbles, and SNEBSAT e gbservational data les (ODFs), the data are processtd w
da_lta of the superbubbles in the LMC have been studied in dga XpM-Newton Science Analysis System (XMMSAS) ver-
tail by, e.g.| Chu et all (1995) ahd Dunne et al. (2001). sion 10.0.0. For EPIC PN, only single and double patterntsven
N 158 (Henize 1956) is one of theitregions in these active are used, whereas for the MOS1 and 2, singles to quadrugles ar
regions of the LMC. It is elongated in the north-south di@tt selected. The exposure times that we obtain after Iteringtbe
and consists of a superbubble in the north and a more compiae intervals with background ares are listed in Talble 1.
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Fig. 1. XMM-Newton EPIC mosaic image of the PSR B 05488 and its surroundings in true color presentation (red-@3 keV,
green: 0.8 — 1.5 keV, blue: 1.5 — 2.3 keV). The bright X-ray ssitin from PSR B 054069 at RA = 05" 40", Dec= —69 20°,
other point sources, and the out-of-time events have beeowed from the data. The arc-shaped features in the souttaased by
stray light from the bright X-ray source LMC X-1. The positiof the superbubble in the iHregion N 158 is shown with a dashed
line.

Table 1. XMM-Newtondata used for the analysis. All the analH image in Figuré2 shows that the relatively bright extended
ysed data were obtained in Full Frame mode using the mediuegion in the south of the PSR coincides well with a superkaibb

Iter. in the Hii region N 158|(Henize 1956), which contains the OB
association LH 104 (Lucke & Hodge 1970). In order to study the
Obs.ID  EPIC Start Date  Eective Exposure spectral properties of the diise emission, we have selected two
[ksec] regions: region 1, which covers the brighter spot in the efst
01175102 PN 2000-02-11 83 the PSR, and a region that covers the superbubble in tihe H
01175102 MOS1,2 3.5 region N 158. The regions are shown in the upper left panel in
01177305 PN 2000-02-17 8.3 Figure[2. The PSR and the PWN with an extent of abdtis 1
01177305 MOS1,2 9.8 completely removed from the data. The soft, extended eamissi
01251201 PN 2000-05-26 29. left from the PSR is not directly connected to the PWN and has,
01251201 MOS1,2 27. as we will see in Section 2.2.4, a perfectly thermal spectrum

Therefore, we assume that it is not related to the PWN.

2.1. EPIC image 2.2. EPIC spectra

After ltering out the background ares, we created a mosai€or the spectral anaylsis of an extendedudie emission the con-
image out of the Full Frame mode data of EPIC PN, MOStrjbution of the background is signi cant. As the emissiolts

and MOS?2 for all three observations (Fi@j. 1). To enhance thelarge part of the detector, we are not able to extract a local
not so bright di use emission, we Itered out all point sourcedackground close to the source emission. We have to consider
that have been found in a source detection routine as wellthae following: As the eective area of the mirrors depends on
the so called out-of-time events of EPIC PN. The images hatree 0 -axis angle, photons are subject to vignetting while parti-
been smoothed using a Gaussian lter. The mosaic image shogles are not. The high-energy particles that interact wiglemal

in Figure[1 is a true color image using the colors red for tteurrounding the detector, however, produce uorescenbigtw
0.3 — 0.8 keV band, green for 0.8 — 1.5 keV, and blue for 1.5varies with position on the detector, especially for the Rited-

2.3 keV. The extended emission of the interstellar gas &rigle tor. In addition, the spectral response depends on theiqosih

soft with no emission above3 keV. The comparison with the the detector. A detailed description of théIM-Newton back-
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Fig. 2. The upper panel shows a zoom in on tX&M-Newton EPIC mosaic image with regions used for the spectral aralysi
(black dashed line) and Hcontours (MCELS, left) and the Himage with the same contours (right). The lower panel shbws t
XMM-Newton EPIC mosaic image with Hcontours (left, Kim et al. 2003) and theikinmage with the same contours (right).

ground is given by Read & Ponman (2003) and Carter & Reé#lextracted from the blank sky data at the same location en th
(2007), and a comparison of the @rent methods to estimatedetector as the source spectrum.
the background can be found in, e.g., Sasaki et al. (2004).

2.2.2. Background from the same data

2.2.1. Blank sky background For comparison, we also extracted a background spectrum fro

the same data as the source spectrum, using a region in the dar
The XMM-Newton EPIC Background working group has crepart north of B 054069. However, after the subtraction of the
ated the so-called blank sky data for each EPIC and CCD rasgtkground, the spectrum of the soft dse emission still has
out mode (Carter & Read 2007). The blank sky data have begimard tail and is over-corrected exactly at the energietef t
merged from data of dierent pointings after the point sourcesuorescence lines. Therefore, as expected, extractind#uk-

were eliminated from the data. These data sets compriseethe gkound from the same data at a drent position on the detector
tector background and an average cosmic X-ray background.seems to be inappropriate.

Before extracting the spectra, we have rst corrected both
the observed data and the blank sky data for vignetting usip® 3. closed lter wheel data
the XMMSAS commanabvigweight . The auxiliary response
le (ARF) and the response matrix le (RMF) are then creatednother way to deal with the background is to use a local back-
assuming that the source is on-axis. The background spectrground from the same obervation, but take care of the detecto
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Fig. 3. Spectra of the diuse emission in the eld of view of PSR B 05469 extracted from th&XMM-Newton EPIC MOSL1 data
of the Obs. ID 01251201. The left panels show the spectragibmel located east of the PSR, the right panels show therspefct
the superbubble in the iHregion N 158.

background by using the closed Iter wheel data, also s@gpli val between 0.5 keV and 1.5 keV which can be interpreted as
by the XMM-Newton EPIC Background working group. For es-emission lines of highly ionised elements. The X-ray emissi
timating the X-ray background, i.e., additional emissibattis is absorbed by the Galaxy in foreground,(y) and the mat-
typical for the observed area and is also included in thetapmc ter in the LMC in the line of sight Numc) with abundances

of the superbubble, we extract a region next to the supetbubthalf of solar values (Russell & Dopita 1992). The Galactiefo
which shows faint diuse emission. After subtracting the closedround column density il = 7.0 10?° cm 2 in this region

Iter wheel spectrum extracted for each region at the cqpoesl- (Dickey & Lockman 1990). The spectra are better reproduced
ing position of the detector with the same shape, the spaatfu by a non-equilibrium ionization (NEI) model (Borkowski 200

the faint di use emission is tted with a thermal model. This t-than by the spectral models assuming collisional ionireigui-

ted spectrum is then included in the model of the spectraef tlibrium (CIE). Figure 3 shows the MOS1 spectra of the Obs. ID
superbubble and region 1. 01251201 with the best t models. In the following, 90% egor

The results for the spectra obtained with the closed Itetre given for the parameters.
wheel data and those obtained with the blank sky data aréssons

. o Since the rst ts with CIE yielded no satisfactory results,
tent with each other within the con dence range of the spaéctrwe use the NEI model in XSPEC with the ective temperature

: Eeasrj‘lgeggtrzi'nzgevrﬁtfﬁ;ﬁé'glgﬁ(fsokllog’ggg’ we will discuse KT, the ionization timescale = n¢t, and the abundance as t pa-
Y ' rameters. The ionization timescalés an indicator for the state
of the plasma after the gas has been ionised: For small ioniza
2.2.4. Spectral ts tion timescales = net < 10*2scm 3, the electrons and ions are
still not in thermal equilibrium. Also for this model compennt,
The spectra are tted with thermal plasma models in XSPE@:e use the sub-solar LMC abundanggc = 0:5. The t of the
In both spectra emission peaks are found in the energy intepectra of the superbubble emission is still not very godt wi



Manami Sasaki et alXMM-Newton observations of N 158 5

Table 2. Spectral parameters obtained from the ts of the EPI@mescale and higher temperatures are determined. Simce th
data for region 1 and the superbubble. The numbers in brackemission coincides spatially with the superbubble in therk+

are 90% con dence ranges. The parametermis the normal- gion N 158, we conclude that the origin of the dse X-ray
ization of the model in XSPEC and corresponds to the emissiemission is the hot gas within the interstellar bubble. The g
measure. For the other parameters, see Section 2.2.4 in the bubble interior is shocked by stellar winds, and thaleo
outer rim is visible as an kK region. The total unabsorbed X-ray
luminosity of the bubble itx (0.2 -3.0keV)= 1.4 10%ergs?.

Parameter Region 1 Superbubble e / . L
If we compare the X-ray emission with theitleémission as
NEI shown in Figure 2, the duse X-ray emission nicely lls a void
Nuive [1022cm 2] 0.14 (0.08—0.23) 0.43(0.38—0.51)  inthe Hidistribution. However, the superbubblein ks slightly
KT [keV] 0.54 (0.51-0.58)  0.91(0.74—1.1) smaller than the livoid. The fact that there is additional X-
[10% scm 3] 2.0 (1.6 -2.4) 0.14 (0.12 — 0.18) ray emission outside the Hshell and inside the Hshell might
norm(10 4) 20(1.6-2.4) 9.5(8.0-13) indicate that some hot gas escaped the superbubble. Houever
2/d.0.f 94.8161= 155 185.0806= 1.75 are not able to rule out that some projectioreet might make
the H look smaller than the extent of theikoid.
NPSHOCK
Niuwe [1072em 2] 0.19(0.12-0.32)  0.29(0.20-0.33) 3 1. Results from the spectral analysis
KT, [keV] 0.55 (0.00 — 0.59) 1.0(0.74-1.2)

KTy [keV] 0.51 (0.00-0.59) 0.13(0.00 - 0.57) For further studies, we use the NEI t results for region 1 and
[10t scm 3] 8.8 (5.4-12) 1.3(1.0-2.3) NPSHOCK t results for the superbubble. The emitting volume
norm(10 *) 5.0(4.2-6.3) 11.(9.-13) can be approximated by an ellipsoid, although it is deformed
2/d.o.f 91.0260=1.52  131.7899=1.33 in the south. We derive the radii from the EPIC mosaic image:

a=4% 1° = (56 14) pc,b = 3° 10 = (42 14)pc
(Dimc = 48 kpc). We are not able to detemine the third ra-
gius of the assumed ellipsoid. Therefore, we assume that the

2 S .
a reduced * of 1.75. The emission is most likely caused by thsuperbubble is oblate and has a con guration like a disk per-

shock from the stellar winds in the superbubble. Therefoee, . . ;

also t the spectra using a plane-parallel shock plasma modiEndicular to the plane of the sky, i.e., also perpendidoléne

with separate ion and electron temperatutds, and kT, re- 'S_k o_f the LI\fC C - a_)' The vcilume Of. the bubble is then

spectively (NPSHOCK, Borkowski et al. 2001). The t parameY .= 4=3 abc=(1:62 0.03) 10 cn. With the LMC metal-

ters are given in Table 2. icity Lmc = 05 ne = (1:2+ 0:013 L"_”C) n 1:21n. Therefore,
As can be seen in Table RT, andkT, for region 1 are al- the normalization of the spectral tis

most equal and the? values for the NEI and the NPSHOCK ts 1 z

are comparable. Therefore, the usage of the NPSHOCK motiéerm = 104 4 D2 nendV

does not seem to be necessary for region 1. In addition, the va LMC

for is> 10'scm 3 for both NEI and NPSHOCK models, in- 1 1212V

dicating that the gas in region 1 seems to be closer to ClEithan 1014 4 DEMC '

the superbubble in N 158. The temperaturkDf= 0.54 keV de-

termined for region 1 is higher and more accurate than thétres = 44 10%n?V [cm 9 (1)

of the ROSATPSPC analysis for this eld (0.3 keV, Sasaki et al. o _

2002). This shows that we were only able to see the overai chand the gas density within the bubble can be estimated as:

acteristic of a larger region with PSPC, whereas with EPIC we r

fg& now resolve smaller (few arcminutes) structures of tite f, _ 4.5 120 norm [cm 3]: @)
The hot plasma in the superbubble of thé FHegion N158 5 )

seems not to be consistent with thermal equilibrium, ingida With norm= (1:1 0:2) 10 fron; the ?leth the NPSHOCK

by the low ionization timescale = 1:4 10'°scm?3 of the model, we geh= (40 0:7) 10“cm “. o

NEI t. The temperature of the NEI t and the ion temperature ~ With temperaturd, = (1:0  0:2) keV and density given,

of the NPSHOCK t are relatively highkT = 0:91 keV and the pressure of the gas is:

kT, = 1:0 keV, respectively, while the electron temperature is 3

one order of magnitude lowekT, = 0:13 keV. Additionally PX= (Ne+MTa=22InT,= (10 0:3) 10°Pem*K:  (3)

to the Galactic foreground column density, a relativelyhhédp- While the pressure of the Galactic ISM is thought toRs =

sorption column density dfl mc.niss= 4:30r29 107t cm ? 4 3 X SVHS .
: Pt . 10° 4 cm 3K, star forming regions in general have higher pres-
was determined. In comparision, the total column densithén sures of the order dP=k = 10° 6 cm 2 K. For a galaxy like the

LMCis Nyimc = 1:0 5:5 10 cm ? (Brins et al. 2005). This s ; 2

corroborates that the diise X-ray emission most likely arisesLM.C with high star formationrate, Ootgy & ?arc a-Segura (200

from inside the shell of the superbubble. estimated an ISM pressureBtk 10° cm ® 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-

While in the east of the PSR B 054609 the di use emission bution of temperature, pressure, magnetic eld, etc. Thayeh

seems to arise from ionised gas close to thermal equilibrisshown that in regions where the temperature is abotit® 11,

with a temperature comparable to the value determined frahe pressure i®=% = 10* ® cm 2 K, while it can reachP=% >

the ROSAT PSPC spectrum, in the south a smaller ionizatich®® cm 2 K in the interior of hot bubbles. This is in agreement

3. Discussion
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with the pressure that we obtain from the X-ray spectrum ef th  Additionally, the WR-stars generate 35 M or L =
superbubble. 175 10® ergs?!in 25 10° yr, assuming that they al-
Using the absorbing column density determined for the reeady went through half of their WR-lifetime of 5 10° yr
gion 1 (besides the Galactic column density) as the mean LMMaeder & Meynet 1987). Mass loss and wind velocity of WR-
valueNH (mciregion1= (1:4  0:9) 10?*cm 2, the column density binaries are adopted from Leitherer et al. (1997) and ctedec
of the shell around the superbubbleNg shet = Nuimc:Niss for mass losses of WC and WN types in the LMC according
NHLmCregion1 = (L5 1:3) 10%tcm 2. to Crowther (2007). Furthermore, we have to calculate time co
tribution of winds from WR-binaries before entering the WR-
phase, i.e., for the remaining 1.75 Myr. With mass losses for
06 and O7-stars and O4-stars as WR-progenitors taken from
With the values derived from spectral tting for pressuredanGarmany etal. (1981) and velocities from Lamers & Leitherer
density inside the bubble, we infer a thermal energy cordént(1993), we get 8V orL = 801 10*®ergs ! for 1.75 Myr
E(t) =3=2 P V=3:35 10°%erg. From the column density wefrom these stars.
obtain a density ofg, 80 cm 2 inside the shell if we assume  In total, we nd that winds can account for 113 M
a shell thickness of 6 pc, i.e., 10% ofa. Assuming a strong Or @ mechanical luminosity of = 6:29 10°" ergs ® over
shock with a compression factor of 4, this yields a densit@®f 2 Myr. Still, the largest part of the mass (539 M ) or L =
cm 3 for the surrounding medium. Since we know the radiu§;41 10° erg s ! are “missing’, but this can be partly ex-
energy content, and density we can use the solution for a wipl@ined after applying an IMF to the star cluster. Accordiag
blown bubble by Weaver et al. (1977) to nd out the age of ththe Hertzsprung Russell diagram (HRD) of Testor & Niemela
bubble, which is about 2 Myr resulting in an energy input ratg 998, Fig. 6b) and using the masses derived fromMRE re-
over this time interval oL. = 1:17 10°® ergs . In addition, lation (Vitrichenko et al. 2007), we nd that 16 stars in LH4.0
the mass inside a homogeneousbubbMis n m, V=652 have masses above 36 including all O-stars, WR-binaries,
M , wheremy = 2 10 ?* g is the mean atomic mass. Thus, #&he BOV stars with Id 4-41 and 4-55, and Sk-69 259. As an
mass loss rate of36 10 M /yr over 2 Myr is derived. In the upper mass limit we take 6M as a rough estimate, since
following we will discuss if massive stars can account fartsa Massey et al. (2000) suggested that the progenitor masses of
large energy input rate and a mass that high. WR-stars in this cluster should be in excess of\80. On the
In order to calculate the mass loss and energy input ratiger hand, by looking at the HRD of LH104 in Massey et
of OB-stars (in cgs units) we use the mass-luminosity ratati al. (2000, Fig.7) gives at least 20 stars in the 25 MoGnterval,
for stars with 10 M=M 50 by Vitrichenko et al. (2007) to for which spectral types or photometry are available. Cainga
obtain the mas#1 and luminosityL» of a star with bolometric both HR-diagrams shows that the total number of member stars

3.2. Analytic estimates

magnitudeMyg: is quite uncertain, but there must be at least 70 stars abbve 8
Assuming that all stars formed from the same parental cloud
Mpol = 1:55  6:90 logM=M ) (4) and using an IMF with =  1:05 (Testor & Niemela 1998) we
_ 276 obtain a total of 74 stars between 8 andM5 in the rst case
L, =19 (MM )="L (5) (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
The ;adlus of the star is obtained from 2 stars in the 65-8M mass interval. This suggests that 2 su-

L pernovae (SNe) already exploded, which presumably hajgpene
7?4 (6) in the last 2 Myr. These 2 SNe yield approximately 1¥b
4 T of ejecta mass, thus 258 of 652 solar masses in the bubble can

) ) ) be explained. Discrepancies could be due to evaporation-of e
whereT, is the e ective temperature of the star andis the rained interstellar clouds and from the cold shell.

Stefan-Boltzmann constaril,g andTe are taken from Table With Esy = 10°t erg per SN-explosion, the energy of 2
2 of Testor & Niemela (1998). The wind velocity is determineq 1 grq can be distributed over a time interval ofL:17 Myr
according to the theory of radiation-driven winds (Castale g that it corresponds to the energy input rateof 5:41

R=

1975): 10*” erg s L. If we assume that both SN explosions happened
" 2GM tos within a short time interval, we are able to estimate thaSNe
Vi =& Vesc=a - (1 Lo=leqd (7) exploded about1.17 Myr ago.

With the parameters determined so far we can further inves-
tigate the geometry of the bubble and the ambient ISM. We use
h heri velocity and the Eddinaton lumindsity &" analytical mpdel for f[he expansion ofaW|_nd-bIown bybble
photospheric escape velocity and the Eddington luminas tym an exponentially strati ed medium symmetric to the géilac

Letda=4 G M mp c= 1 with mp being the mass of a proton __. ) .
and 1 the Thomson cross-section for the electron. The maZudplane (Baumgartner & Breitschwerdt, in prep.) basechen t

; : : ) o T approximation of Kompaneets (1960). With an energy inpig ra
loss is determined from the single-scattering limit of L=1:17 10°® ergs ! the bubble should reach a radius, i.e.,

I semi-major axis, of 56 pc after2 Myr. We calculated models
M= vi ¢ (8) with di erent scale heightdd( = 50; 100, and 500 pc) and get
the density of the ambient mediumf = 16; 20, and 23 cn?,
We corrected for the LMC metallicity iuc following respectively. Values for the height of the bubble alibew the
Leitherer et al. (1992) and obtaM / 3. for the mass loss galactic plane are = 80;66, and 58 pc. Usingp = 42 pc,
andv; / 3 for the wind velocity (for hot stars wittM > we obtain a volume of the bubble af = 2:41  10°! cm?,
15M ). Thus, the 67 O- and B-stars in LH 104 produce a mag®91 10°* cm® and 167 10°! cm®. Since a larger elonga-
lossof 72M oranenergyinputrate df= 3:40 10*’ergs ! tion, i.e., lower scale height, yields a larger volume, wguar
over 2 Myr. that a larger scale height ts better, otherwise resulting den-

wherea ' 2.5 (Lamers etal. 1995). The parametgg. is the
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sity inside the bubble that is too low. With= 1:67 10°2cm®  Dickey, J. M. & Lockman, F. J. 1990, ARA&A, 28, 215

andnormfrom Sect. 3.1, we derive = 3:7 10 2 cm 3. This Dunne, B. C., Points, S. D., & Chu, Y. 2001, ApJS, 136, 119

is close to the value that was used to calculate the ma5$ins‘?&£’g§”%’éoc' D., Olson, G. L., van Steenberg, M. E., & Cont5.PL981, ApJ,
the bubble and the energy input rate in the beginning,_ WISereanize. k. G. 1956, ApJS, 2, 315

a volume ofV = 2:41 10°* cm?® for H = 50 pc yields Jansen, F., Lumb, D., Altieri, B., et al. 2001, A&A, 365, L1

onlyn = 2.6 10 2 cm 3. The shell thickness in the case oKim, S., Staveley-Smith, L., Dopita, M. A,, et al. 2003, Apg8, 473

H = 500 pcis 5 pc resulting in a density of the shell ofompaneets, A.S.1960, Sov. Phys. Dokl., 5, 46

100 cm”.iich s n oo agreement i he ensiy aseumég"e= | 6 L1t sl itod dod ta s
initially and corresponds very well to the density of the isd | ejtherer, C., Chapman, J. M., & Koribalski, B. 1997, ApJ14898

turbed ISM ofng = 23 cm @ for a strong shock. Finally, we cal- Leitherer, C., Robert, C., & Drissen, L. 1992, ApJ, 401, 596

culated a velocity of the outer shock at the ffmgitom of the Lucke, P. B. & Hodge, P. W. 1970, AJ, 75, 171

bubble of 17 km st, which agrees perfectly with the expansioﬁ"ag”h'-éé\g"151?26"' K. Z., Bersier, D., Greenhil, L. J., &efl, M. J. 2006,
velocity found with the wind solution of Weaver et al. (1977) Maege;, A. & Meynet, G. 1987, AGA, 182, 243

Massey, P., Waterhouse, E., & DeGioia-Eastwood, K. 2000149, 2214
Oey, M. S. & Garc’a-Segura, G. 2004, ApJ, 613, 302
4. Summary Petre, R., Hwang, U., Holt, S. S., Sa -Harb, S., & Williams, R. 2007, ApJ,
L . L. . 662, 988
We have found signi cant diuse X-ray emission in the eld of read, A. M. & Ponman, T. J. 2003, A&A, 409, 395

view of the XMM-Newton observations of the pulsar B 0540-Russell, S. C. & Dopita, M. A. 1992, ApJ, 384, 508
69, which is not related to the pulsar. The analysis of thespézzgtgv m ?Eté?r:'s’kF" g‘ F.Sieté‘;';'tz"vfﬁ’oitﬁf‘%giz' 1%3322
trum of the emission has shown that it is purely thermal amt:{ céch”d"H. 2 Testor, é 1092, AGAS, 92,729 AP,
be best modelled with a hot shocked gas. The extendesdi syider, ., Briel. U., Dennerl, K., et al. 2001, A&A, 36518
emission coincides spatially with the superbubble in therel  Testor, G. & Niemela, V. 1998, A&AS, 130, 527
gion N 158inthe LMC. It also seems to be correlated with a voitiirmer, M. J. L., Abbey, A., Arnaud, M., et al. 2001, A&A, 36527
in the Hi map and thus seems to arise from the interior of a hoYérI'_Che”kOéE-zgl Nadyozhin, D. K., & Razinkova, T. L. 200Astronomy
in the col_d ISM. Therefore, we qonclude that the origin of th\g,ea?,t:'rséq McCray, R., Castor, J., Shapiro, P., & Moore, ®71 ApJ, 218,
X-ray emission is the hot gas inside the superbubble in N158. 377
From the parameters obtained from the analysis of the
XMM-Newton spectra we derive a temperaturekdf = 1 keV,
a density ofn = 0:04 cm 3, and a pressure ¢t = 10° cm 3K
inside the superbubble. These results enable us to peritam a
Iytic calculations of the evolution of the superbubble.c®ithe
OB association LH 104 that is located inside the superbutirne
been studied in detail (Testor & Niemela 1998), the steltgy-p
ulation inside the superbubble is well known. Using its IMfda
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 10°® erg s!. The massive stars including WR-
stars and binaries in LH 104 account for= 6 10°" erg s®.
Therefore, in order to reproduce the observations, thesaldh
have been 2 SN explosions in the past 2 Myr. We have also
performed calculations of the expansion of the superbutulole
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 itcbhe
responding velocity of the outer shock of the superbublédsis
in good agreement with the model of Weaver et al. (1977).
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