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Abstract. OB-stars have the highest luminosities and strongeststwihds of all stars, which enables them to interact
strongly with their surrounding ISM, thus creating bow dtecThese fier us an ideal opportunity to learn more about the
ISM. They were first detected and analysed around runawayst@@Bs-using the IRAS allsky survey by van Buren etial. (1995).
Using the geometry of such bow shocks information concerttie ISM density and its fluctuations can be gained from such
infrared observations. As to help to improve the bow shocket®) additional observations at other wavelengths, engake
most welcome. However due to their low velocity these bowckbdave a size of 1°, and could only be observed as a whole
with great dificulties. In the light of the new ki allsky surveys (SHASSA/TSS) this is no problem any more.

We developed dierent methods to detect bow shocks, e.g. the improved dieigtion of their symmetry axis with radial
distance profiles. Using two d4-allsky surveys (SHASSATSS), we searched for bow shocks and compared tfiiereint
methods. From our sample we conclude, that the correlagbmden the direction of both proper motion and the symmetry
axis determined with radial distance profile is the most psomg detection method.

We found eight bow shocks around HD 17505, HD 24430, HD 488957061, HD 92206, HD 135240, HD 149757, and HD
158186 from 37 candidates taken from van Buren efal. (199&jitionally to the traditional determination of ISM pareters
using the standddistance of the bow shock, another approach was choset, tgnthickness of the bow—shock layer. Both
methods lead to the same results, yielding densities ¢nT3) and the maximal temperatures (0* K), that fit well to the
up-to—date picture of the Warm lonised Medium.
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1. Introduction et al.[2001). Thus the theoretical models of such bow shocks
have become quite exact recently, enabling us to glanceat th

OB-stars are the most massive and luminous stars known with~"9 link between density fluctuations seen in(et scales

masses greater than M), and dfective temperatures rang-.. 1 - 200 pc) and towards pulsars (at scaie$ — 100 AU).
9 P 9 Bow-shock nebula around OB-stars can also be used as ISM

Li%éfgﬁt?)oggﬁsﬁgr?lggg?gg‘g%;”gﬂ;:%; Sforltcﬁget_lmeprobes, if observable or rather detectable, as describ#tkin

X . X . following.
10°°Me yr~! (Lamers & Cassinell_1989). This stellar wind \
with velocities ofv., ~ 1000— 3000km s transfers a great In[1988 van Buren & McCray detected structures around OB—

stars and Wolf—Rayet stars using the /8@ allsky survey of

amount of mechanical energy _to the surrounding ISM, CorﬂfelnfraRed Astronomical Satellite (IRAS). These images re-
parable to a supernova explosion. As a result, OB—stars cre

ate a stellar bubble (Castor et al._1875) which structures t caled anarc like structure and a high colour tempergpoe,
X . ) : sibly being bow shocks. A more complete sample of 188 run-
Interstellar Medium (ISM). This spherical bubble is alttre '
L . ) : away OB-stars was analysed by van Buren ef al. (1995) (here-
when the OB-star is in motion, as wind and ISM interact di- : .
i . fter VB) using the IRAS allsky survey which lead to the detec
rectly. The resulting nebula is known as a bow—shock nebuja. .
. tion of 58 bow shocks. Because of these numerous detections
Recently many new bow shocks (siz#') created by fast mov- : )
. and the alignment of the symmetry axis of the structuresgalon
ing neutron stars or pulsars have been detected and analysed . ~ . :
. o e direction of proper motion of the central star, they doul
Their geometry could be successfully used to gain informa:

tion about the ISM, such as density and temperature (Gerenglre]zly be bow-shock nebula.
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velocity cannot be explained as a motion within a stellas<lu
ter. Two scenarios explaining observed properties of rayaw
OB-stars are favoured:
Firstly, the Binary—Supernova—Scenario (BSS) as degstribe
by Blaauw [19611). The partner of the OB—star explodes as
a Supernova (SN). Thereby the OB-star is set free with
its typical orbital velocity of 30-150knTS. And secondly,
the Dynamical-Ejection—Scenario (DES) proposed byféto
(L983). In this Scenario the collision of two binary systems
leads to the ejection of one star with a velocity of up to
200kms?,
Fig. 1. Structure of a stellar bubble created by a stationary Sthiking the motion of the staM() into account, regions A, B,
(left) and a star in motion (right). The flierent regions A, B, and C will still be spherical as long as the stellar velocity i
C, and D and the geometry are described in $éct. 2. smaller than the sound velocity within B. However B and C are
no longer centred on the star, as shown in[Big 1. If region A

Due to the low resolution of IRASL'5) it is difficult to de- and D do not interact directly, this would be the only altenat

termine the exact location of the bow shock and its symmeﬁ‘g/the model of the stellar bubble. But as soon as the starente

axis. Furthermore, VB could only use the Hipparcos input Caqense_r regions of the ISM, Iik(_e mole_cular clouds, the caplin
alogue (HIC) to determine the proper—motion direction @ t of region B becomes mordfective. This leads to a collapse of

central star. As the Hipparcos catalogue is now completsd, and C within timescales sm_allerthan the lifetime of the OB—
astrometrical data together with the almost completea- star, and the approach of region A Q”d D. As molecular C!OUdS
sky surveysvirginia Tech Spectral Survey! (VTSS; Dennison are not frequently encountered, region A and D can only-inter
et al.[T99¥7) andsouthern Hemispheric Ho Sky Survey Atlast act vyhen the ﬁset ofAtoBandC i¥.t ~ RB.(t)_RA(t)' Where
(SHASSA; Gaustad et dl._2001), the VB sample is reanalys tlmes_cale IS dependentu_pon the veIO(_:lty of the OB-stir a
here, now using the #lemission line. the density of the surrounding ISM. Taking typical values of

e L P .
The development from a stellar bubble to a bow shock is HJe Ilfet!me ?nd vglc())f;cw*—33.9 kmh_s htg\'s Ieg%s o a.densny
lustrated in Sect. 2. The usedrHdata and its acquisition is cc_)nstlralnt omn = 9. cm™ in whic an can interact
described in Sect. 3. Sect. 4 explains the analysis of the bBlKFCt Y

shocks and the improved methods developed to detecttheml.nlnthe case of directly interacting unshocked stellar wind

Sect. 5 the results of the observations are given and in Sec?.nd unshocked ISM, the geometry is changed completely. As

ISM parameters derived, followed by a discussion in Sect. Wilkin (1.99€) _describes, the ram pressure of bOt.h media can
Finally, Sect. 8 draws a conclusion concerning the maint;aoiljjje bglanced d|r_ectly and resglt na bow shock. Th|§ bow shock
of this paper. is axi-symmetric along the direction of proper motion and ca

be approximated by a parabola. The two layers B and C of the
model above are mixed due to turbulence and plasma instabil-
2. Scenario ities leading to a single layer in which the material of th#1lS

.and stellar wind moves along the bow shock. The material in

For a better understanding of the methods used, the Scmfa”fhis has experienced a nearly isothermal shock, so its ijensi

Zrzog;\ilvserrlw()(:k and the source of the high velocity of the OB_St"?‘éshigher than that of the surrounding ISM. This leads to the

. . . ... creation of warm interstellar dust best seen in6() and the
The evolving stellar bUbbl?’. as |I.Iustrated in Fig. 1, is t5 | OB-star in the centre leads to the ionisation of the layet-emi
longest snowplow stage divided into four parts centred up%]g Ho
the OB-star (Castor et l._1975): The innermost area (A) Is '
an unshocked and freely expanding stellar wind, followed by

larger area (B) of shocked stellar wind. These hot regioss, @ Data
if they were a snowplow (hence the name of this stage), have

pushed together a thinner area (C) of shocked ISM. All regjiog-1. Selection

are embedded in th_e _unshocked ISM (D). The data used for this program were taken from the SHASSA
The m0(_1els d_esc”b'”g such stellar bubbles assume that é*ﬁ%l incomplete VTSS allsky surveys. SHASSA contains the
OB-star is stationary with respect to the ISM. However as %IJ)uthern hemisphere upde 15 and VTSS the northern hemi-

star; have a proper.motion, so do OB-stars. A special p here down té =—15’. Both surveys were made with a CCD
ulation of OB-stars is known as runaway OB-stars (BlaaUiactor and a fast photo—objective-5 mm at~f/1.4, lead-

1961). They are defined as having a proper motion greater tkﬂﬁ@ to a field of view of~13. All images were integrated

A X
30kms 'gg's f”te”ar‘]’yas r(}:hosen toldlstce(;r_w them frorr]: ngn:%S min resulting in a detection limit down t€0.75 rayleigh
runawa;g —stars, which have a veloclly dispersion of & R= & Phoﬂs). Due to the diferent pixel sizes of the detec-
10kms?t. 21 CPssr

As runaway stars are often found in isolated regions, thghr h tors SHASSA has a resolution oféand VTSS of 1.
y 9 T Hy—sample used consists of the O—stars taken from the

1 Supported by the National Science Foundation VB sample with data from either VTSS or SHASSA, ensur-
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Fig. 2. Left: IRAS 60um excess map of HD 135240. Right: Overlay af Hinage in grey—scale and the IRAS G® excess map
in white contours. Both are shown with their slanted equatecoordinate system (J2000) and inverted grey—scale.

ing a suficient Lyman continuum flux to ionise the bow—shock N S b )
layer.

We searched for bow shocks around these 37 candidates of th
Ha—sample within the SHASSA and VTSSatburvey. Due

to always present background nebulosity, it had to be edsure =
that the structures seen were really bow shocks. As deskcribe

at the end of Secll2, the bow-shock layer should be visible “
in 60um as well as in the b emission line. Therefore, the "
Ha images were compared with the &® IRAS images of the

same region. Though the IRAS images show a great amoun 1
of nebulous emission, the nebulosity can successfully be su L i T e B ey
tracted using the 1Q@m images of IRAS. This correction has T an 19" 1
been done based on the recipe of VB with the creation of IRAS oo

60um excess maps, shown for the example of HD 135240 )y 3 Median filtered section of the dimage containing the

Fig.[. _ ) bow shock around HD 135240. The coordinate system and
To compare both images with each other, the contours of tﬁ'r%y—scale as in Fig 2.

IRAS 60um excess map were overlaid upon the knages
(see FigR). We used this image to decide whether a bow shock

seen in the IRAS 60m excess map is also present within th%o analyse the W images of the selected bow shocks only the

Ha image. The e|gr_1t bow S.hOCk detections and a_short_ descri eresting region was extracted. As only the search for bow
tion of the comparison using the overlays are given in Tab

. . . Focks using the overlays requires the best possible tesolu
'.3“- The IRAS 6Qim EXCESS Images and their corresponding Hof 1.6 (VTSS) and 0.8(SHASSA), the images could for fur-
|r:rr1ag(:]s aliefals%showr) n F 8 ar:_d FEbf ?] i ther analysis be median filtered with &5 pixel wide box (see

0 check for the positioning quality of theaHimage com- Fig.[d for the example of HD 135240). The resulting improve-

pared to the IRAS 60m €Xcess maps in the overlays, Wehent of 9N leads to a decreased resolution 6{8TSS) and
could not use the nebulosities as criteria. As we are us'ﬁg(SHASSA)

these overlaysto see coinciding positions of nebulosititsn

both images this would be misleading. Better criteria aiatpo
sources like stars which have to be visible with IRAS and iB.2. Distances
VTSYSHASSA, thus, we used the positions of M giants as_a

reference. Using this method, a deviation of the positiofial To convgrt angular sizes |ntc_) linear sizes, the d|sta|_’10es
sets of = 20" was measured, which is Siciently smaller of the eight bow—shock candidates had to be determined.

than the resolution of both images. Addition_ally, the inter_stellar absorption had to be cattad to
fit the brightness profile correctly.

ar
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Table 2. Photometry and astrometry of the central stars of the boaelsbandidatesng andmy are the apparent B and V
magnitudesy,, andus give the proper motion along the rightascension and dd@imaxis, anadV, is the radial velocity. The
spatial velocityV, the symmetry axis positiofy and its inclinatiornis are derived from the astrometric data. The distanise

derived from the spectral parallax.

star SC multiplicity mg my e Us V, \Y r O A
[mag] [mag] [masyr'] [masyr?] kms' kms' [pc] [°] [’
HD 24431 09 1V-V  binary 2 6.9 -0.21+1.01 -152+0.86 -99+2 120 91157 262:38 56
HD 48099 o7V binary (&3] 6.4 +0.81+0.65 +2.35+0.53 +31+2 377 182977 71+15 55
HD 57061 o9l quintuple ® 6.1 -1.82+0.44 +3.74+0.59 +404+2 558 191479 1160+6.5 46
HD 92206 06 ? binary 8 82 -104+4.2 +6.8+4.2 -10+5 405 4049109 14719 1
HD 135240 O71lI-V  triple 50 51 -2.02+0.51 -4.08+0.55 +92+2 325 113k63 2437+6.5 16
HD 149757 09V single B 26 +1307+0.86 +2544+0.71 -15+10 268 163:27 628+1.6 34
HD 158186 095V binary D 7.0 +1.36+1.11 -1.26+0.48 -9 139 1094:62 31426 41
HD 17505 06.5V binary? 8 74 -1.38+1.16 -069+1.08 -17+5 257 1416:69 20441 41

Table 1. Surveys containing the candidates of thedample; Due to the high parallax errors determined by Hipparcos for
bow—shock detections as results from the overlay are grinte the candidates the distances were determined using thezir sp

bold letters.
Star Survey Bow Shock
HD 1337 VTSS ambiguous
HD 17505 VTSS complicated background
HD 19820 VTSS weak
HD 24431  VTSS detection
HD 30614  (VTSS) not in survey
HD 34078 (VTSS) not in survey
BD +39 1328 VTSS non—detection
HD 37020 VTSESHASSA ambiguous
HD 41161  (VTSS) not in survey
HD 41997 VTSS ambiguous
HD 47839 VTSS non—detection
HD 48099 VTSS/SHASSA complicated background
HD 52533 SHASSA non—detection
HD 54662 VTSESHASSA ambiguous
HD 57061 SHASSA detection
HD 64315 SHASSA ambiguous
HD 66811 SHASSA non—detection
HD 92206 SHASSA small
HD 101131 SHASSA non—detection
HD 112244 SHASSA non—detection
HD 130298 SHASSA ambiguous
HD 135240 SHASSA detection
HD 329905 SHASSA non—detection
HD 149757 SHASSA detection
HD 156212 SHASSA ambiguous
HD 158186 SHASSA complicated background
HD 164492 SHASSA non—detection
HD 169582 SHASSA ambiguous
HD 175514 VTSS weak
HD 186980 (VTSS) not in survey
HD 188001 VTSS non—detection
HD 227018 (VTSS) not in survey
HD 195592 (VTSS) not in survey
HD 199579 VTSS incomplete scan
HD 203064 VTSS non—detection
HD 210839 (VTSS) not in survey
HD 214680 VTSS non—detection

tral parallax with absolute magnitudes derived from Latdol
Bornstein [[1982) according to the spectral classificatien
scribed in appendixJA. As for the absorption along the line of
sight, photometric data for the B and V filters were taken, and
the normal extinction law (Mathis._.1990) applied. The expdc
absorption within the hHi-line was estimated according to the
interstellar extinction given by Mathis(1990).

In appendiA the magnitudes and multiplicity of thefdrent
sources are described. All data and results are given ire[thbl

3.3. Motion

The proper motion of the eight bow—shock candidates was
taken from the Hipparcos—catalogue, as well as their ed®rs
rived from the given error—ellipse. The radial velocityanf
mation was taken from CDS (Evans D.[S.”1979; Wilson R. E.
1953). Only in the case of HD 158186 was this value updated
with respect to the ones given in VB. The astrometric data led
to the determination of the inclination and the positionlang

of the proper motion concerning the central stars of the bow—
shock candidates. The astrometric results are given irelthbl

If the nebula were created by a bow shock, these parameters
should be the same as for the bow shocks. The inclination can
be directly compared. As for possible image rotation of the H
image compared to the global coordinate system, neighhguri
stars were measured and the position angle corrected.

4. Analysis

Bow—shock nebulae are structures which appear limb bright-
ened, due to their shell like geometry. Assuming that the gas
within the layer is optically thin, one can compute quaiitalt

the characteristics of a brightness profile by determinimgy t
length of the line of sight within the layer. When plottingsh
profile against the radial distance of the line of sight, ohe o
tains radial brightness plots as shown in Elg. 4. Case A demon
strates the situation of limb darkening for a sphere, while B
shows the radial brightness plot of a spherical shell. The ra
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SK emissiontogether. This would alter the direction of the bow-—
2 I I A shocks symmetry axis. If one could determine the location of
1.75 the inner boundary of the bow—shock layer free of background
L5 contaminations, it would be possible to determine the symme
try axis of the bow shock by itself. This can be achieved using
1.25 the location of the maximum of the radial brightness plote Th
1 C maximum is determined by the varying brightness of the bow
0.75 shock alone. Background nebulosity will most certainly net
o5 B so sharply peaked. Therefore, its location exactly trave$t-
ner boundary.
0.25 The radial distance of the inner boundary was traced with ra-
= T i e o i = X dial brightness plots for each bow—shock candidate. Rbptti

the distance against the position angle of the wedge used-o ¢

Fig. 4. Theoretical radial brightness plot for a sphere (A) lighdte the radial brightness plot, results in a radial distgmoéle
grey, a spherical shell (B) dark grey and a bow-shock layas shown on the right of Fifjl 6 for the example of HD 158186.

(C) medium grey. They are derived from the line of sigfx)
through the regions, with the star at the positioa 0. | and Il

are the exterior and interior of theffirent regions.

HD 57061 (positional angle 200°-210°

)

The radial distance profile shows a symmetric behaviour and
its symmetry axis coincides with that of the bow—shock struc
ture. Taking the existence of a symmetry axis for granted the
position of the axis is determined by a symmetric function fit
ted to the data points, which also coincides with the symynetr

axis of the bow shock. A parabola:
r=all-6s%+b (1)

was chosen to fit the data because of its few free parametgrs an

~ LB x x

g ) its close approximation of the data. The parabola is fitteteo

% - ” data plotted in polar coordinates. A parabola in cartesten-c

£ 1w x ",‘xwm dinates, for which the parabola of van Buren etlal. {1990)jn E

8 B is defined, can be transformed, but would be of a more com-
g " s x plicated structure not needed to measure the symmetry axis.

X

BRO

LIBNLI L L Y O B B
x

v b b L Ly L

=)

10 20 30 40
radial distance [']

Resulting from the great width of the wedge, only few radial
brightness plots were created, thus only few data pointe wer
present in the radial distance profiles, but enough to ersure
symmetric distribution (see open or filled circles on théatigf
Fig.[@). To double the data points and gain a more precise sym-
metry axis position the points were mirrored with an assumed

Fig.5. The measured radial brightness plot of HD 57061 witBymmetry axigls. Thereafter, the parabola (Ed. 1) was fitted to

the radial distance from the central O—star.

the points, using the least-square method and error weghti
(as for all following fits), keeping the displacem@gtonstant.
In steps of 01, s was changed and an variars%eof the fit de-

dial brightness plot of a bow shock is that of case C. The irived. The symmetry axis was chosen to be &t af minimal

ner boundary of the layer was described by a parabola, as variance (see the left of Fifl 6 for the example of HD 158186),
Buren et al. [(1990) suggested. The outer boundary was dgrich agrees with the less precise value found without mirro
scribed by a confocal parabola ensuring a constant thiskn@sy. The errors obs result from a final fit allowing fom®s to

of the layer. The similar appearance of radial brightnessBl vary. All symmetry axes are given in Talfle 3.

and C will be discussed later.

The comparison of all position angles determined either By V

For all eight candidates, detected using IRASu60excess or through radial distance profile or astrometry are given in

maps (see Sedi=3.1), radial brightness plots were deriyedTable[3, also noting the deviation of radial distance praovité
transforming the pixel coordinates of the images into a poleespect to the astrometric results. The data is transfolbaekl
coordinate system centred upon the central O—star. Thacgirfio a cartesian coordinate system with the x—axis as symmetry

Ha brightness of all pixels within a £Gvide wedge were then axis. Now, the physically motivated parabola of van Buren et
plotted against their radial distance in arcmin. A resgltadial al. (T990)

brightness plot for HD 57061 is shown in FIg. 5, demonstrat-

ing the typical limb brightening of a bow shock superlmposegj_ yz (2)
upon a nearly constant background emission.

The measurement of the symmetry axis of the bow—shock nebn be fitted to the data @f= [-90°, +90°] nearest the apex.
ula was verified with a method, other than that proposed by VBhe parameteR, so determined is known as the stafidtis-
When applying their method one determines the symmetry atasice, and is used to calculate ISM densities[Eq. 2 is only co
of the structure created by the bow shock and the backgrourdt for an inclination of = 0 and thusR, represents an upper
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Fig. 6. Left: The variance? of different symmetry axigs referring to an arbitrary axis for HD 158186. Right: The addiistance
profile of HD 158186 with the position angteas used in the left figure. Symmetry axis is chosen as the mimiwf . Open

circles indicate the mirrored data.

Table 3. Derived parameters of the analysed bow shogand of the layer can be approximated by a spherical shell of thick
¢ are the position and inclination of the symmetry axis usig t nessd. In the case of photoionisation equilibrium,
Ha images. The standiddistances SOD are given for the two
cases of no inclination anc_zl |ncI|nat!on. disthe thlckne‘ghe Q_ oo a(T)N2d = r2ap, a(T)EM_(d, ) (4)
bow—shock layer perpendicular to its surface. Uncertainesa 47
are given without errors. is valid. Q is the Lyman continuum flux of the O—star as given
for a specific spectral type by Panagia (11973) apgda =
star 05 SOD( = 0°) SOD() ¢ d 5.83x 10 *cm?® st is the recombination cdéicient for the Hy

[] [ [ [l [10%®°cm] line atT = 10000K derived from Osterbrock {1989). Here,

HD 57061 208420 1356+0.16 6:11 75:40 169+44 the emission measuteM, is only valid when looking directly
HD 92206  79+41 311+016 239:1.8 0:10 9g+27t throughthe bow—shock layer. The maximum EM we measure

HD 158186 23®8+17 596+013 74+14 0 180+0.11 is given asEM(d,r) = 2EM_(d,r) /2% + 1. For the parabola
HD 135240 2967+1.7 1065:016 133+16 0  290+042 Eq.[2 the radial distance can be calculated as:
HD 149757 671+17 942+0.18 0+48 90

HD 17505 3581+3.8 582+0.18 58+21 0 059+0.07 2
HD 24431 31231 710+0.32 56+13 7149 66+1.0 ) = A3 + X_2 “R (5)
HD 48099 23&+5.3 425+0.25 0 9G:0.8 225+0.62 B 3Ry

1 Layer thickness of HD 92206 is given in46m

limit. The rotated paraboléz(x, y)= 5 RO) with a difer- ~ EM [pcem’]

CT _ 3R 8-10
ent inclination angle is more complex:
6-10°4
_ Y 3Ro
zAy) = 3R 08~ Ro| = tarf ¢+ 1|cos. . () ]

Both parabolas were fitted to the data of all eight bow—sho
candidates. The stanfiadistance with or without inclination 210
and the inclination are given in TablEl3 .

A further important parameter characterising a bow shock 25 50 75 Al@ol 125 150 175
the thicknesgl of the bow—shock layer. To determile one

plots the variation of the brightness of the inner boundaey, . ) ) o )
rived from the radial brightness plots, against the pasitingle Fig. 7. The brightness proglle of HD 57061 resulting in a thick-
relative to the symmetry axis resulting in a brightness ferpfi 1€5Sd = (16.9 £ 4.4) 10*cm.

shown for HD 57601 in Fidd7. The brightness is given as an

emission measure which can be approximateBMs= n2sin and the polar angle = arctan + 90 is given by:

case of a homogeneous densitywithin the bow—shock layer

and the length of the line of siglstthrough the layer. Near the 3 3
apex of the parabola and at an inclination ef 0°, a segment X(6) = 5atand = |/ 5a tar? 6 +3a% . (6)

e[°]
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Table 4. The symmetry axis determined with the IRAS 48 Table 5. The ISM parametenssop o andTax as derived from
excess mapgy), He—images ¢s), and derived from the astro-the standff distance Ry), compared ta 1o as derived from
metric data §,) are given and compared using the deviatiomow—shock layer densityi), using mass loss rates and stellar

A8 = 6, — 0. All angles are given in deg. wind velocities taken from the literature as cited in thetfoo
notes.

star 0, 0s 0a AG
HD 24431 160 22+3.1 262:38  36:41 star Ro nsooo Tren n. fro
HD 48099 340 304+5.3 71+15 23020 [pc] [Cm—3] [103 K] [103 Cm—3] [cm‘3]
HD 57061 .-- 3482+2.0 1160+6.5 2322+8.5
HD 92206 166 112+41 147:19 35+23 HD 2443FY 1.89+0.05 33+02 637 391+0.34 293+0.70
HD 135240 145 253+1.7 2437+65 6.3+82 HD 48099¢ 226+0.10 018+0.02 629 48+21 15+10
HD 149757 290 118+17 628+16 529+3.3 HD 5706F¢ 7.56+0.13 007+0.002 138 428+0.76 124+54
HD 158186 --- 3067+17 317:26 10+:28 HD 922062 3.67+0.19 0007+0.001 7260 4818340 52+1.8!
HD 17505 154 18®+38 20741 23+45 HD 1352449 3.50+0.08 021+0.01 4G8 4.56+0.95 143+0.50

HD 1497579 0.45+0.02 15+01 318
HD 1581862 1.90+0.05 20+0.1 855 73+32 296+15

d
This together leads to a brightness profile of: HD 17508 1.20:0.04 2kl 292 236£19 247050

Q \/Zf—TJrl 1 ISM density of HD 92206 is given in 1dcm™
Y @) & van Buren[(1983) and van Burein (1985)
20 ATTT2(6) b

Howarth & Prinja [198D)

Cc 1 1
that has to be fitted to the points of the brightness profiteraf 4 hi?vz:fhg;i_ Z;tf(]c;gél% 3
one has subtracted a typical value of the emission measure of )
the background measured at the edge of the images. In agditj
an absorption correction has to be applied as well as a transﬁ
mation of angular to linear distances using the distanc#seof
O-stars, both calculated in Sect. 5. The function of[qg. 7 was KT
fitted and the results are given in Talle 3 . In the case of HB =
149757, the determination dfwas impossible due to the sat-
uration of the O—star contaminating the edge of the bow shogkierebyk is the Boltzmann—cdgcient and the adiabatic ex-

EM(d, 6) =

rrounding ISM. The local sound velocity within a neutral
edium is

(9)

HMNsoD,0

(see Fig[B). ponent is assumed as= 2, because the mean mass per parti-
cle and proton mass js = 0.61, when the Helium fraction is
5 Results 0.1. As any velocity higher than sound speed can create a bow

shock, the derived temperature is only a maximal one and also
It can be seen in Efl 2, that the staffdbistanceR is the main  given in Tabldb.
parameter determining the structure of a bow shock. The digs one has derived the thicknedsmeasured the maximum
tance of the bow—shock layer at the apex of the parabolahwhigm of the bow—shock layer, and therefd®/ ,, the density of
is the standfi distance, is determined in the frame of referencfe layer can be derived using the definition of the £ENtd.
of the central star by the balance of the ram pressure oféie sthe surface density at the apex (cf. Wilkin, 1D96)
lar wind and that of the moving ISM. The exact formulaRef

. . Hlin T " 3 vV, 2
is given by Wilkin [1996) o = ned = SRonro[1+ o= (10)
: 4 Vw
My Vi . : ,
Ro = I N2 (8) then leads to an alternative calculation of the ISM dernsity
SOD0T (TablelB).

To further derive the density of the surrounding ISNbp o,

the mass loss rqt&’lw and the asymptotic _velocityw Were o ~iccussion

taken from the literature (see footnotes in Table 5). If non

were present, the relations of van Buren (1983) and van BurBme results are discussed in three parts. First, the indiid
(1985) based on the luminosity anffextive temperature ascharacteristics of the flerent candidates are mentioned and
given by Panagi& (197 3) for the appropriate spectral clase wthe problems encountered while analysing them. Second, the
used to calculate the missing parameters. quality of the developed methods to detect bow shocks and de-
Due to the large errors of the starfidistance when taking termine their parameters are discussed. And thirdly, thepta

the inclination into account, only uninclined staffiddistances and its characteristics as a whole are described and etadida
were used to derive the ISM density. Therefore, all deri&id |

densities summarised in Talble 5 are lower limits. ,

The temperature of the surrounding ISM is derived due to tI?el' Candidates

fact that a bow shock can only be created when the centr@ can be seen in Fil] 9 and Talfle 4 the symmetry axis of
star has supersonic veIoci(WI = X—S > 1) with respect to the the bow—shock candidate around HD 48099 deviates greatly



8 D. Brown & D. J. Bomans: To see or not to see a Bow Shock:

HD 24431
= HD 92206
T T T T
70 r L
7 4
it '} , 5x10
5300 I J
B0
=4 I ax10?
. - 0200 0 |
45 50 ;
. 30+
8 o] 4
S = 3x10
2 40 S 40'
< 30 o -
: | 2x10%
30 50 -
15
0 —59 00 - 1ot
5200 L f
—59'10" |-
£ L L L L L L L L 10 PR |l | L 1 1 L 0
04P00™ 58™ 56™ 54™ 52™ R 10R42™ 40™ ag™ 3™ 34™ 32™ 4R
a (2000) a (2000)
HD 57061 HD 149757
T T T T T T T 2000
. g0 —10700° -
30
40’ 15
1 1000 1500
50' !
‘ . g w
o =2
2 _o5%00 g &
0 “©
800
; 45’
10 1000
20 L - | .
7,* —11700"
500 |
~25'30 - R—
1 L L L L 1 500

07tze™ 21™ 20™ 1™ 18™ 1™ 16™ dr 16R40™ dr
a (2000)

Fig. 8. Median filtered K images of the first four bow—shock candidates. The shortandicates the proper motion direction
of the star and the long arrow the position of the symmetrg.aiie position of the star is given by a star symbol. The gegles
used are given in rayleigh (R) or decirayleigh (dR). Thetisb®ws the IRAS 6Qm excess images of the bow—shock candidates
used to determine the overlays, their size scaled to thantdges and using inverted grey—scales.

from the proper motion direction. Due to the neighbouring1S This could be a hint to a possible misdirection of the astteme
cloud which dominates the bow—shock nebula in the northeastally determined proper—motion direction of HD 57061.

ern side, the axis is located along the main axis of the neighhe bow shock around HD 92206 could not be resolved com-
bouring ISM cloud. pletely. Therefore the derived ISM parameters deviate fitoen

In case of HD 149757 the saturation of the central star causapected values for the Warm lonised Medium (WIM).
'bleeding’ through the bow—shock nebula (see Hg. 8) anddeaComparing the symmetry axi& from the Hr images with

to an erroneous direction of the symmetry axis (see Tabkest). those derived from the astrometric dagan Table[4 it can be
before the deviation is in the expected direction, oppdsitee said, that they coincide within their errors. Only the abmen-
defective region. tioned cases show a significant misalignment. The same can be
For HD 57061 no explanation can be found for the deviatimaid, when comparing the ISM parameters with expected val-
of the symmetry axis. The nebula shows typical properties ofies for the WIM. All in all the case of the eight candidates
bow—shock nebula like its limb brightening (Fig. 5), as el being bow shocks can be significantly strengthened.

the double hump feature at the apex, seen irllrig. 8, predigtedAs for the spatial velocity noted in Tadl¢ 2, the followingica
Mac Low et al. [T991) for bow shocks inclined like HD 57061be said: the large errors of the velocities of HD 149757 and
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Fig.9. Median filtered Hr images of the last four bow—shock candidates with their IFf®am excess images, symbols are
defined as in Fid8.

HD17505 are sfiicient to classify them as runaways. As fosymmetry—axis direction. Deriving radial distance prafided
HD 149757, it is a long known runaway star (cf. Hoogerwerféheir symmetry—axis have been shown to be robust against
et al.[2001). The determined spacial velocities of HD 2443itight background emission, through the use of radial righ
and HD 158186 are much lower than the runaway limit, thuess plot, as mentioned above. The deviations from the ex-
the runaway character is uncertain. However the nebulae geeted profile can easily be analysed and put into contekt wit
tected are most certainly bow—shock nebulae. The remainthg surrounding ISM, for example when encountering an ISM
four candidates have typical velocities for a runaway O8rstgradient.
The radial brightness plot derived using the Hnages only Comparing ISM parameters derived from the bow-shock struc-
shows the expected profile of a bow shock in case of a feure with expected WIM parametersis also a promising method
position angles. All profiles only show the brightening oé thof clarifying the bow—shock character of the nebula. Only th
nebula toward its limb, due to the strong background enmssianclination—free fit of the bow shock leads to a stable fit. The
These profiles are fiicient to determine the position of the in-determination of the stanétalistance with respect to the incli-
ner boundary of the bow—shock nebula, but are useless as a sation leads to faulty results, as all candidates seem hereit
indicator for a bow shock. have inclination of nearly Oor 9C°. Such a high fraction of
The best indicator is the correlation of proper—motion artdghly—inclined and non-inclined bow shocks is quite impro
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Fig. 12. The distribution of the bow shocks in context to super-
bubbles and OB-associations, as published in Hiigh&aper
(2002).

number

ISM parameters derived from the stafithtistance.
m H H H H The remaining problem and limit of all methods is their dhili
o w2 a0 4{» ' 5(';0 Can w0 s s 10 to discern bow shocks from stellar bubbles. As demonstrated
spacialvelociy ks in Fig.[4 the radial brightness plot shows a clear limb beght
Fig.11. The stellar space velocity histogram of the compleisg in both cases. Only thefiiérence in the overall geometry
Ha sample, as in Fig10. (axi-symmetric in the former or spherically symmetric ie th
latter) enables us to find the bow shock. But, when taking the
surrounding ISM having a density gradient, the structure of
able. Especially as the inclination within the used samgle stellar bubble described by Castor et al. (1975) is alteTed.
not only uniformly distributed, but biased by a preseletiid resulting stellar bubble becomes ellipsoidal and the fethiea
visible bow shocks, such will have low inclinations improgi high—density end will be brighter or the only visible panics
their visibility. a deformed stellar bubble can hardly be discerned from a bow
Deriving ISM parameters using the determined thicknesisef tshock, except for its symmetry axis lying in the directioriaf
bow—shock layer and comparing them with the WIM, is alsodensity gradient. The most noticeabléfeience is the veloc-
good method of clarifying a nebula as a bow shock. The thicity of the matter in the layer for both cases. In the case of a
ness is more dicult to determine, being not directly measurstellar bubble, the matter moves radially away from there¢nt
able. It is derived by fitting an appropriate brightness peofi star, whereas the matter in the bow—shock layer moves along
which results from a crude model of the brightness distidsut the layer and approximately tangential to the star. Henaly, o
along the bow—shock layer. The density of the layer has beetocity information of the matter within the layer, gaineid
taken as constant, which is only correct in the vicinity of thther by spectroscopy or velocity charts within &an solve this
apex, see Wilkin[{1996). Due to the changing angle betwekast ambiguity (see e.g. Brown & Bomans 2D03).
bow—shock layer and ISM ram pressure, the force bounding
the layer will also change, resulting in a change of thickne 2. Sample
As the brightness profile fit was only done near the apex of the™
parabola, theseflects are not as dominant as the errors madée distance histogram containing all eight detection®m-c
when flux correcting. The correction of the background emipared to that containing 22 non—detections, without takiiagy
sion is done by approximating a constant emission, leadingaccount multiplicity and absorption. The resulting histog,
great uncertainties of the derived thickness. However @ | shown in Fig[ID, reveals that most detections lie withins di
parameters derived are within their errors comparable ¢o ttance of 2 kpc. This cannot be a result of surface brightrasss,
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it would stay constant with respect to varying distances Thters, e.g. the regions inside the Small and Large Magellani
bow shock, or rather the stanialistance, will vary in size Cloud, are too far away and cannot be analysed using the
when the distance changes. For example HD 92206 is the mmostdium resolution of the &allsky surveys. All in all, bow
distant detection and hence is hardly resolved. Similarlt®s shocks around OB-runaway stars are ideal probes of the ISM,
are gained when analysing the velocity histogram in[Ely.at 1 fas are neutron stars (cf. Chatterje & Cordes 2002). They also
the sample. Only bow shocks around slow central stars candemonstrate the qualitative picture of the neighbouring IS
resolved. One can say this sample is complete within 2 kpc amgparently correct.

up to velocities of 60 km's. First steps to clarify the last ambiguity of bubble or bowaho

As described in appendiX A, the sample contains only one sirsing spectroscopy or velocity charts (see $Ect. 6.1) vademnt

gle system. As for the DES and BSS, only 50% of the créor the eight candidates: Using data from the IUE-archibe, a
ated runaways should be multiple systems. Whether more bsovption profiles of N/, Sitv, and Gv were detected in the
shocks are created by multiple systems as for single star syase of HD 48099, HD 57060, and HD135240 showing an ex-
tems, or if the fractions of multiples determined from bates cess compared to surrounding O—stars and low temperatures
narios is wrong, cannot be stated on the basis of only eight bof ~15000 K. As stellar winds are too thin to contribute large
shocks. amounts of these ions and the temperatures are too low to ra-
The location of the eight bow shocks within the galactic plardiatively excite them, this confirms again these objectéiasls

in Fig.[12 shows that they are not located inside any superbtitonts of bow shocks. More important, these lines were used t
ble. This is to be expected, as the sonic velocity (Bg. 9, witheasure the velocities, which fit to the proposed valuesef th
T ~ 10°PK) therein would be to high to create a bow shockhow—shock layer. Additionally, Hvelocity data of HD 17505
Only HD 17505 seems to lie in the superbubble inside GS 13ffem the Canadian Galactic Plane Survey was used to create ve
27-17, which is only anféect of projection. HD 17505 having locity charts, which showed a velocity distribution as exted

ab = -0.9° lies well above the upper surface of the bubble at the case of a bow—shock layer. However no data could be
b = 0°. For the three bow shocks with 27& | < 0° no data found in the literature concerning the other candidatesidde

for superbubbles exists. further spectroscopic analysis of these objects is stiideel
The typical lifetime of an OB—star with its runaway velocityo make use of the full potential of the current sample as ISM
does not permit it to put a large distance between itself aptbbes.

the OB-association as a probable origin. As shown in[Elhy. 12

most bow shocks are still near OB—associations, except HMgknowledgements. We are grateful to L. Kaper and F. Hutfidor
92206, HD 57061 and HD 17505. The first two, are the fast®&mission to use their results. Also we want to thank N. Benand
stars within the sample, enabling them to move a greater é Weis for their careful reading and useful suggestion® U$e of the

MBAD database, operated by CDS, Strasbourg, Francekioad-

tance, and HD 92206 s also so far away, that OB—assomatl% aed. This research has also made use of the NASA IPAC dafrar

can only be_ d_etermlqe_d ,W'th greatiitulty aF such a d'Stance:Science Archive, which is operated by the Jet Propulsiorotatbry,
HD 17505 is in the vicinity of a star formation region noted i 5jifornia Institute of Technology, under contract witre tNational
Carpenter et al[{2000) not shown in Higl 12. Aeronautics and Space Administration. DB thanks R.J. Dettfor
support. DJB acknowledges the Gerniautsche Forschungsgemein-
7 Conclusion schaft, DI?G project SFB 591 'Universal Behavior of non—equilibrium
Plasmas’.
The search for bow shocks using the+$ample of SHASSA
and VTSS yielded eight detections (HD 17505, HD 24430, H
48099, HD 57061, HD 92206, HD 135240, HD 149757, an
HD 158186) from a total of 30 candidates already observetD 135240: Penny et al.[{2001) have determined HD 135240
(seven candidates are missing in VTSS), derived from the saas a triple system and specified the first component as a O7
ple VB used for their search within the IRAS allsky survey. IlI-V, the second as a 09.5 V and the last one as a B0.5 V
The best indicator to detect bow shocks withia lthages was star. They also measured the UV flux ratios for thffedent
the correlation between the direction of the proper—-madioth components aﬁﬂ—z; = 0.239 and% = 0.179, so that the
the symmetry axis, determined using radial distance psfilenagnitudes of the single components could be determined
which are not sensitive to bright backgrounds. The othehmefrom the total magnitudes given in the SIMBAD—database.
ods can be used for further verification, when in doubt (as felD 57061: For photometric data, the SIMBAD-database was
HD 57061). used and the results of Stickland et AL {1996) of the stargoei
The detected bow shocks could be successfully used to deteguintuple system. They could resolve one component as a
mine ISM parameters. This was done, either using the sta@B Il star. The other consists of two double systems regultin
off distance or the brightness profile. As the sample is orily a total spectral class of BO.5 V. The single O-star is the
complete up to a distance of 2kpc and no bow shocks candmminant star with a ten—times higher flux than the second
found inside a superbubble, the derived values of the densibuble binary.
(~ 1cnT®) and the maximal temperature (L0* K) fit well to  HD 17505: Fabricius & Makarovi(2000) note this star as being
the picture of the WIM (e.g. Shull_1987). Both features jus double or triple system and could measure the magnitudes
tify the more or less constant ISM density and temperatud.the brightest component using the Tycho—filtersysteng Th
Regions of other ISM composition and therefore other paraspectral class of 09.5 V (Garmany et [al._1982) can only be

ppendix A: Photometric Data
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determined for the complete system. Howarth I. D., Siebert, K. W., Hussain, G. A. J., & Prinja, R.1097,
HD 158186: This object was detected as being a variable MNRAS, 284, 265

of the Algol-type by Adelmann et all_(2000), therefore Hbluthaf F., & Kaper L. 2002, A&A 383, 999

158186 has to be at least a double system. As the system isk#gters H. J. G. L. M., & Leitherer, C. 1993, ApJ, 412, 771
resolved, the star was treated as a single star with photizmet@ndolt-Bomstein 1982, Astronomy and Astrophysics, irsier,

Berlin
data from the SIMBAD-database and the total spectral class
of 09.5 V given by Buscombé& (T998). E}\ﬁac Low, M.—M., van Buren, D., Wood, D. O. S., & Churchwell, E

e . 1991, ApJ, 369, 395
HD 24431: Fabricius & Makarov[(2000) also analysed thig ihis 3. S.p1990 ARA&A 28 37

star and classified it at least as a double system and were @g?erbrock, D.E.O. 1989, Astrophysics of Gaseous Nebutmt a
to measure the magnitude of two components. As in the case Active Galactic Nuclei, University Science Books, Mill ey

of HD 17505 they used the Tycho-filtersystem. Reed (19983nagia, N. 1973, AJ, 78, 929

states the spectral class as a 09 IV-V. Penny, L. R., Seyle, D., & Gies, D. R. et al. 2001, ApJ, 548, 889
HD 92206: The SIMBAD-database notes this star as a doulfkeed, B. C. 1998, ApJS, 115, 271

system, but can only give the total magnitude of the systefhull, J. M. 1987, in Proceedings of the Symposium, Intéestpro-
Therefore it is treated as a single star. Réed (1998) couid on cesses, ed D.J. Hollenbach, & H.A. Thronsondr, 225

measure the spectral class of 06, and was not able to de@rr@vﬁﬂ_‘lar":d'PD-lgé EQQAG’JOEESN;;;W' 116, 294
the luminosity class. tkin, k. . » ApJ, 459,

. Wilson, R. E. 1953, General Catalogue of Stellar Radial &itikes,
HD 149757: Here the SIMBAD-database notes the star as Carnegie Inst., Washington D.C

a single system and its magnitude. The spectral class was
measured by Garmanly_(1982) and is O9 V. Being the nearest
star of the eight candidates, the distance determined by
Hipparcos could be determined. Both distances are within
reasonable agreement with respect to their errors, vegftie
spectral parallax results. For consistency, we use thardist
determined by spectral parallax.

HD 48099: This star is given as a binary system by Stickland
et al. [1995). They could measure the UV-flux ratios for
the components a% = 1.8. Garmany[{1982) could only
determine the total spectral class to O7 V.
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