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ABSTRACT

Context. Runaway O- and early B-type stars passing throughout tleestetlar medium at supersonic velocities and charaetriz
by strong stellar winds may produce bow shocks that can seryarticle acceleration sites. Previous theoretical tsqatedict the
production of high energy photons by non-thermal radigtrezesses, but theiffeciency is still debated.

Aims. We aim to test and explain the possibility of emission frora How shocks formed by runaway stars traveling through the
interstellar medium by using previous theoretical models.

Methods. We apply our model to AE Aurigae, the first reported star withKaray detected bow shock, to Bizt3 3654, in which the
observations failed in detecting high energy emission,taritle transition phase of a supergiant star in the late stafjés life.

Results. From our analysis, we confirm that the X-ray emission fromhkbe shock produced by AE Aurigae can be explained by
inverse Compton processes involving the infrared photétiseoheated dust. We also predict low high energy flux emisgam the
bow shock produced by BB43 3654, and the possibility of high energy emission fromhbe shock formed by a supergiant star
during the transition phase from blue to red supergiant.

Conclusions. Bow shock formed by dierent type of runaway stars are revealed as a new possibieesoihigh energy photons in

our neighbourhood.

Key words. Acceleration of particles — radiation mechanism: non+tie@r— shock waves — X-rays: ISM — stars individual: AE Aur,
BD+43 3654, Betelgeuse.

1. Introduction Due to their strong winds, O and early-B runaway main se-
guence type stars have been traditionally considered thde t

Runaway stars are stars that exceed the typical velocititeeo P€St candidates to form strong bow shocks. With massestighe

stars in the galaxy and can reach more than 200 Hr(esg. than 10M, and normalsizes between 10 and 50 kK, in their short

Blaauv/[1961] Gies & Boltdh 1986). To distinguish them fromi’€ (<20 Myr) these stars loss mass at a ratdiof 107 —10°

the stars with typical velocities and dispersions of thecomf Mo yr and their stellar winds, with velocities ranging from
10 km s, runaway stars are considered those With> 30 km 1000 to 3000 ks, transfer great amounts of mechanical en-
i /9y to the circumstellar medium. Last searches of runaway O

s 1. When these stars move supersonically through the inters : i
lar medium (ISM) and the medium density is dense enough, fRBd early-B are those of Gies & Bolion (1986), Gies (1987),

stellar wind sweeps and piles up the circumstellar dustliep. Moffatetal. (1998, 1999) and Maiz-Apellaniz et &l. (2004).

to the formation of a bow shock in the direction of their move¥iore recently, an extensive kinematic and probabilisticigt
has led to the identification of 2500 candidates of runawanrsst

ment. from the data of thélipparcos catalog(TetzIf et al/201D0).
Relativistic particles can be accelerated by strong shocks

and the interaction of these particles with the matter, tu-r

ation, and the magnetic field of the bow shock region can pro-

duce non-thermal emission. Benaglia et al. (2010) detested  In this work we aim to explain the X-ray emission from the

dio emission from the bow shock produced by the runaway staow shock formed by AE Aurigae and the non X-ray detection

BD+43 3654, consistent with synchrotron radiation producdcbm the bow shock of BB43 3654, and also to extend the

by the interaction of the relativistic electrons with the gna study to other runaway stars interacting with the ISM. Fds th

netic field of the acceleration region. Later, del Vall purpose, we follow the model derived [ Valle & Romero
(2012) presented a non-thermal emission model that pestiic ), where dferent non-thermal processes are proposed to

the production of high energy photons in these acceleratierplain the origin of the emission in these shocks. Furtketaits
regions in a number s$iiciently large be detected in X-rays.on the non-thermal processes are also fourld in Adams|(1980),
ILopez-Santiago et al. (2012) published the first deteatiod-  [Kelner et al. [(2006)| Longairl (2011) or Rybicki & Lightman
ray emission from a bow shock produced by a runaway star (AE979), and other contributions to the explanation of trghhi
Aurigae), whils{ Terada et Al. (2012) reported the nonct&e energy emission from the bow shocks produced by runaway
of X-ray emission in the bow shock region formed by BEB stars are those ia et al. (2010), Teradalet al. [2atd
3654 from a long time X-ray observation wisluzaku. [del Valle & Romerb 4).
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Vg, is the volume of a sphere of radifg, andV is the volume

______ - .__ Relativistic Bremstrahlung | ] of the acceleration regioiR is the so called standioradius ex-
s L —-]  pressed byl (Wilki 6)

Ro= | Vo (1)
47Tp|SMV*

Here,M is the mass-loss rat¥,, the wind velocity,oism (0a =
nuu, whereny is the ambient column density in chhandu =
2.3 x 10724 g the mass per H atom) is the ambient density and

log t[s]

(e
Acce\gy,q¥\9“<v‘-at | V, is the stellar velocity. We assume that only a small fraction
.................. l Ore Of L is turned into relativistic particles and thus the total
L l energy of the accelerated charged particldsds= g-gL. These
0 : : : e S relativistic particles can be either electrons or prot®usl. ¢
6 7 8 9 10 11 12

loq E has both a leptonic and an hadronic componegat= Lp+Le =
0g E[eV] ale + Le Wherea is the ratio of relativistic protons to electrons.

Fig. 1. Leptonic cooling time rates, acceleration rate, convectio " the three simulations we perform we assume the medium
time, diffusion rate and bow shock lifetime for the parametersge stars are traveling through to be homogeneous and free of
t

the bow shock formed by AE Aurigae (see $&d 2.1). The vérticQUmPS and that the IC seed fields are isotropic. In Table iswe |
dashed line indicates the maximum energy. e stellar parameters of these three stars and the fremptns

we used in our model. The electron to proton ratio, although a
i e L T R free parameter of the model, was fixecate: 1 (see explanation

L in Sec[2.1). Both the electron injection index and the foawof

1 relativistic energy were fitted to the available observaialata

pp 1 points. The IR shock widths were taken from Peri étlal. (2012)
““““ However, the non-thermal emission is produced from a smalle
region, concentrated in a small knot at the bow shock apek, an
hence the final shock width is also obtained from fitting the ob
servational data.

15

Bow shock lifetime

log t[s]

2.1. AE Aurigae (AE Aur)

The runaway star AE Aur was ejected from the Orion nebula
cluster after an encounter between two, systems about 2-5 mi
e {1 lion years ago, and is considered a runaway star for its hégh v
Sl i i el oty v, & 150 km st (Peri et all 2012). As a result of this inter-

10 11 12 13 14 15 action, AE Aur andu Col (both 09.5 type stars) were expelled
log E[eV] at great velocities, whileOri remained forming an eccentric bi-
ary system with the two more massive st etal

Fig.2. Proton-proton inelastic collisions time rate, conventi
time, diffusion rate, and bow shock lifetime for the paramete

of the bow shock formed by AE Aurigae (see Secl 2.1). T ). The interaction between the strong stellar wind ded

cooling time rates represent the time a particle with enérg dust resulted in the formation of a bow shock, which was first
heeds to cool completely by a given process. detected in the mid-IR by Van Buren & McCtay (1988) using
IRAS. The terminal wind velocity of the star is, ~ 1500 km
s (Hubri [ 20111) and its mass-loss riex 107" M, yr—t

| 2006). The cooling time rates obtainedtiese
ILopez-Santiago et al._(2012) reported the first X-ray diac parameters were represented in Elg. 1.
of a bow shock formed by a runaway star (AE Aurigae). In Fig.[3 is represented the synthesized luminosity spectru
Terada et al.| (2012) did not succeed in detecting signifididnt of the bow shock formed by the star AE Aur. The X-ray emission
fuse X-rays from the bow shock formed by the runaway sténom the bow shock reported by Lopez-Santiago et al. (2¢512)
BD+43 3654. In this section, we apply our non-thermal modebncentrated in a small knot north east of the star and can be
to clarify the origin of the X-ray emission detected from timv  explained by the IC emission of the heated dust, with a very
shock formed by the star AE Aurigae (HIP 24575), and to try temall contribution of the IC of the starlight. The synchowir
explain the non detection in this band of the bow shock formegnission is important at radio frequencies, and the IR is-dom
by BD+43 3654. Later, we extend our study to other stars to testited by the thermal emission. The thermal and the refativi
wether the bow shocks they form can also be a source of high §n-Bremstrahlung are negligible compared to the IC of thstdu
ergy photons in our galaxy. In particular, we study the boacgh and to the IC of the starlight photons. The IC of the CMB re-
formed by a supergiant star during the transition from béuet  sults very faint. The XMMNewton EPIC pn data obtained by
using the star Betelgeuse as a test of our computations. [Lopez-Santiago et all_(2012) are included, and alsoFéreni

The power available in the acceleration region of a bolimit of detection from Acero et all (2015) is shown.

shock is given by the volume ratio, i.&, = VLy/Vg,, Where The hadronic emission produced by the proton-proton in-
Lt is the kinetic energy released by the stellar wind per secordastic collisions is negligible, revealing that the elysgjeased

). In its path, AE Aur encountered the dense molecular
cloud IC 405, with a densityny ~ 3 cnr3 (see[Perietal.

2. Applications
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Table 1. Model parameters

Stellar parameters

Parameters AE Aurigae BB#3 3654 Betelgeuse
M Wind mass-loss rateM,, yr] 1077 10 3.2x 1077
V, wind velocity [km s 1500 2300 270
Ry Standdf radius [pc] 0.082 15 0.63
L,  Luminosity of the starl[,] 0.7x 10° 8x 10° 4.8x 10
Ts Stellar normalsize [kK] 32 39 9
R, Stellar radiusR,] 8.9 19.4 90
Ny Ambient medium density [cnd] 2.3 5 1.3
V,  Stellar velocity [km s 150 66 50
d Distance [pc] 550 1450 200
Age Bow shock lifetime [Myear] 2.5 1.6 30
Free parameters in the model
A Shock width Ro] 0.3 0.08 0.25
a Electron injection index 2 2.1 2
Ore Fraction of relativistic energy 0.15 0.1 0.1
a Electron to proton ratio 1 1 1

N that the encounter was very energetic. The most massivetobje
Therrr)él\ . is now seen as an OA4If.
;! | BD+43 3654 has been reported to have formed a bow shock

110 detected in the IR (Comeron & Pasquali 2007) and in radio
~ 1 7" (Benaglia et dl. 2010). Both observations are coincidedtean
“n & Femi { © tensive.
% \c,,“)))'/" ‘T 1 o Assuming the velocity of this star is 67 km™ls
5 TT ot 1 &, (Kobulnicky etal.[2010), the mass-loss rate"10M, yr!
= A e Y. 715% (Markova et all 2004; Repolust et al. 2004), the stellar wiad
8 o N ] “é, locity 2300 km s* (Howarth et all 1997), and that the staffdo

e ] radius isRy = 1.5 pc (Peri et al. 2012), from Eq. 1 we derive a
','/E?%rg?rghlung ] medium density of 5 cn¥. The extensive emission in the radio
’ ! and IR wavelengths are found at a distance consistentRyith

! ReMgivistic 720

y Bremstrahlung BD+43 3654 has one of the greatest mass-loss rates among

5 10 15 the O and B type stars (see Vink eflal. 2001), and the same hap-
log £,[eV] pens with the stellar wind (sée Howarth effal. 1997). Thisgre

amount of released energy and a moderate velocity allow the
Fig.3. Synthesized luminosity spectrum for the bow shockow shock to be formed far from the star, although the energy i
formed by the star AE Aur. Th&ermi limit of detection from o high that the star could have crossed the ISM without flogmi
Acero et al. [(2015) and the XMNKewton data points are also a strong shock. However, the radio and IR detections digbéasd
included. possibility. In this case, the high density of the intelsielegion
crossed by the star favors the formation of the shock. Taking
into account these considerations about the stellar paessnaf
during the shock interaction is too low to produce high eper this star, the yalues in the nominator of Ey. 1 are revealdréto
hadronic emission E?imong the hlghegt of all _the stars known. On_the contrary, the
' ) ) ) . value of the velocity of this star, in the denominator, is med
On the other hand, if we consideral00, as in the cosmiC geq. Under these circumstances, a higher velocity woald le
rays case (Ginzburg & Syrovatskii 1964), we can not repredug, 5 closer shock, whereas lower velocities would make-&®
the X-ray emission detected. In Fig. 2 we proved that theee ajgs4 not to be a runaway star. With such parameters, the bow
not enough p-p collisions and hence there is no generationfyck formed by this star possibly represents an upper fonit
secondary electrons that can produce the required IC flux-t0 ge standff radius of a bow shock formed by a runaway star. The
plain the X-ray emission, whilst, as for-a100 the energy that r54io and IR points allowed us to fit the spectrum and the galue
goes into electrons is dramatically reduced, neither the@y ot the free parameters.
electrons are able to reproduce the X-ray flux observed. The spectrum of the bow shock derived from our model is
shown is Fig[ . Benaglia etlal. (2010) suggest that the tietec
22 BD+43 3654 of VLA radio emission is associated to the cooling of elestro
by synchrotron emission. However, from our computatiores th
Comeron & Pasquali (2007) concluded that the origin of thadio points can be explained by the sum of the non-thermal
high velocity of the star BB34 3654 was the dynamicalsynchrotron emission and the thermal emission of the shibcke
interaction between two massive binaries. On the contradyst, also consistent with the MSX data at 0.1 eV. Here thefIC o
Gvaramadze & Bomans (2008) determined that this star wée dust photons, plus the thermal Bremstrahlung, hardigire
formed from the stellar fusion of two stars after the enceuntthe XMM-Newton detection limit proposed by Hasinger et al.
of two binary systems, originally witk 35 and~ 50 - 60 M,  (2001) for 100 ks. This suggests that the bow shock of-B®
, respectively. The high linear momentum of the star indisat3654 could be detectable through longer observations. Up to
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now, BD+34 3654 was observed with XMM during 47 ks, which  Although Betelgeuse is now a RSG star, we use it as a base

is not enough to detect the bow shock X-ray emission, acagrdito simulate the supergiant stars case and to test the pagsibi

to our simulations. Terada etlal. (2012) failed in detectinig non-thermal emission from runaway stars with its charésttes

bow shock withSuzaku. From their observation, they obtainedduring the transition phase from BSG to RSG. The X-ray lumi-

an X-ray luminosity lower limit at 1.1 10°? erg s*, well over nosity is somehow faint, but they can make up a new source of

our predictions. high energy photons in the neighbourhood of the Earth, agtho
bow shocks formed during the BSG phase could be detected in

X-rays at greater distances.

T T T T
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Fig.4. Luminosity distribution for the bow shock formed by log &,[eV]

BD+43 3654. We include the MSK (at about 0.1eV) and VLA

observations frorn Benaglia et/ al. (2010). Fig.5. Luminosity distribution for the bow shock formed by
Betelgeuse during the transition phase form blue to redrsupe

giant, previous to the current red supergiant phase.

2.3. Betelgeuse

IMackey et al.[(2012) developed stellar evolution modelsiand 5 piccussion and conclusions
corporated the evolving stellar wind into hydrodynamicsiaa

tions to simulate the transition of Betelgeuse from the Islue We have studied the non-thermal processes that can exptain t
pergiant (BSG) phase to the red supergiant (RSG) phase atéh@ission detected from the bow shock formed by the star AE
late stages of its life. At these phases, massive stars nisrgm Aur and test the possibility of other bow shocks to emit high
rapid transitions from red to blue supergiants and viceavérs energy non-thermal photons in a numbeffisiently large to be
the Hertzprung-Russell diagram, and the stellar wind véésc detected. However, the detection of X-ray emission from bow
change rapidly. Mohamed etlal. (2012) found that the bowlshoshocks around runaway stars is not expected to be foundéroun
formed by Betelgeuse is still young B0 kyr). The total kinetic most of them since many scenarios make the formation and de-
power is rather low, but the star is relatively close and asjbs  tection of the bow shock unlikely. First, the runaway starstu
low X-ray luminosity can still be detectable. move supersonically through the ISM, whilst low density imed
During the transient phase from BSG to RSG the defunams do not favor the formation of bow shocks. Second, many
wind of the BSG still reaches a few hundreds kilometers paunaway stars can form close bow shocks, which can be de-
second. At the RSG phase the wind velocity decays down tatectable in the IR, but the resolution of the X-rays telessop
20 knys, and hence the acceleration of particles ifficient and currently available fail in resolving bow shocks with shetend-
the non-thermal processes are not able to produce highyenesfj radius from their star. Furthermore, the angle formed by the
photons in a number fiiciently large to be detected with theline of sight and the star-bow shock line is of the utmost impo
current X-ray telescopes. Here we use the parameters deritance since the bow shock can have been formed far enough from
by [Mackey et al.[(2012) in their simulations to test the posdghe star but the angle can make it to be hidden by the runaway
bility of a non-thermal high energy emission in the tramsiti star or make it unresolvable from the star. On the other hénd,
phase from BSG to RSG, where the kinetic energy of the wimey bow shocks reach luminosities orders of magnitude daint
is still high. The result is showed in Figl 5. The IC of the dughan the runaway stars that originate them, and hence vegy lo
photons can lead to the emission of detectable X-ray photorgposures are needed to detect them.

We also include th€handra detection mean limits reported by ~ High mass-loss rates and large wind velocities favor the for
Posson-Brown et al. (2006) in the 0.1 - 6 keV range for thig stanation of strong shocks that can emit high energy non-thierma
although less sensitive than tK&M-Newton limit reported by photons. However, they also make the bow shocks to be formed

Hasinger et &l. (2001). Our simulation shows that the most efarther from the star. The available energy in the acceterat
ergetic photons could be detected. However, we have to temiegion depends on the relation between the volume of thd-acce
that the current observations of Betelgeuse do not corresfm eration region and the volume of a sphere of rad®ysSince
the transition phase from BSG to RSG, but to the present R&& acceleration region is a nearly flat region, the avaal&il
phase. Hence no detection is expected in the currently phasenetic energy in the acceleration region depends on thentdista
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between the star and the acceleration region, which is abnty runaway stars are revealed not to be a negligible sourceraf/X-
to the standfi radius defined by E@l 1. The volume of a spherand gamma rays in our neighbourhood.

grows faster with the radius than the volume of the accelera-

tion region, and thus the available energy to accelerami{:tm Acknovvlgdgements T_h_i; work was supported by the Spanish Ministerio de
falls quickly with the stand® radius. Hence, the energy den=Cconomiay Competitividad under grant AYA2011-29754-033

sity is proportional toR53, and from Eq[IL the stanéforadius

is proportional to the inverse of the velocity of the stare$@ References

dependencies imply that if the velocity of the star were a 20% _ _ _
lower , the energy density available to accelerate pastioteuld Ades‘mbsx D. J-N19860' f;éséo'i%dam Hilger, Ltd. (Monographs Astronomical
be reduced by a 50%. Large stellar velocities favor the fermgcer‘é’J,?ftf’em?)'ingiGoum'ard’ o Renaud, M., et al. 2015, ABSO, A74
tion of the bow shock at distances closer to the star, as ®ellgnaglia, P., Romero, G. E., Marti, J., Peri, C. S., & AraudioT. 2010, AZA,
high ambient medium densities. Fast winds and high mass-los517, L10

rates release great amounts of energy, which allow shodbs tgBlaauw, A. 1961, Bull. Astron. Inst. Netherlands, 15, 265

formed at greater distances from the star. However, if these Bolsfhh'ggsmgnisv“gf; Khangulyan, D. 2009, International dalirof Modern
guantities are very high but are not balanced by a dense medi@ome);én’ F., & Pasquali, A. 2007, AGA, 467, L23

or by a high velocity of the star, the star can cross the ISNi-witdel valle, M. V., & Romero, G. E. 2012, A&A, 543, A56

out forming a bow shockRp ~ o). This emphasize the pointdel Valle, M. V., & Romero, G. E. 2014, A&A, 563, A96

that the conditions under a bow shock can be formed by a r Vlfr;tr?]’; dé'ew\'/ \'\;Iazsgba'ahé &ngmzado% 'Z- ;:ofésAplfé 963DZ5

away star, oremit hlgh energy_phOtonS’ are very constraaret] Gvaramadze: V V Kniazev, A’. Y.., K.roupa’, P., & Oh, S 201&AN 535, A29
suggest that only a small fraction of the bow shocks are d@gpecgies, D. R. 1987, ApJS, 64, 545

to be detected in the X-ray band. In our three simulationgrthe Gies, D. R., & Bolton, C. T. 1986, ApJS, 61, 419

tegrated X-ray flux in the 0.3 - 10 keV band is lower tharf®10 Ginzburg, V. L., & Syrovatskii, S. I. 1964, The Origin of CoanRays, New
erg s (see Figs[1414 arld 5). These low luminosities constr ia;?]’gé:\"gcmA"I't?e”r'i 1§6i‘&rnau 4 M. et al. 2001 AGA. 36545

the search of bright bow shocks to stars closer than 1 kpc, %gemérﬂ'h_, de Bruijne, J. H. J., & de Zeeuw, P. T. 2000J &#4, L133
to the limited sensitivity of the X-ray telescopes and the@x Howarth, I. D., Siebert, K. W., Hussain, G. A. J., & Prinja,iR.1997, MNRAS,
sure times required. Farther stars, as the case of43CB654, 284, 265

demand very |0ng exposures, but as the emitted X-ray flux frd-rlerig, S., Oskinova, L. M., & Scholler, M. 2011, Astronauohe Nachrichten,

. 27 , 147
the bow_shock |s_rather low, the background contamination MReiner, S. R., Aharonian, F. A., & Bugayov, V. V. 2006, PhysvRD, 74, 034018
difficult its detection. Kobulnicky, H. A., Gilbert, 1. J., & Kiminki, D. C. 2010, ApJ/10, 549

Runaway stars can produce bow shocks when passlweggair, M. S. 2011, High Energy Astrophysics, by Malcolm LSingair,
through stficiently dense clouds. These bow shocks can serveL%fe"izme;Ldtig&zOU’j: Clvf;‘iggl’i”‘:/?e éJe’I"l’/erlsétyMPrssz-ti?lé)]ApJ 57 L6
particles acceleration sites Whe_re pharged particles cahby Mackey, J., Mohamed, S., Neilson, H. R., Langer, N.. & MeerM._A. 2012,
non-thermal processes and emit high energy photons. Howeve apj 751, LL10
the production of these photons in affstiently large number Maiz-Apellaniz, J., Walborn, N. R., Galué, A, & Wei, L. H. 2004, ApJS, 151,
to be detected is not possible in all bow shocks. Runaway 0183 N.. PUls. J.. Repolust, T.. & Markov. H. 2004, AGAL3) 693

_ : arkova, N., Puls, J., Repolust, 1., arkov, H. ,

ahnth_ t%/pe stars rrllovmg through dens”e rr]nolecular c(;ouhdsl‘,j WmOhamed, S., Mackey, J., & Langer, N. 2012, A&A, 541, AAL
the highest mass-loss rates among all the stars and thestargfe g, A F. 3., Marchenko, S. V., Seggewiss, W., et al. 1998, A82(, 949
wind velocities, are considered the most suitable cane#dtit Moffat, A. F. J., Marchenko, S. V., Seggewiss, W., et al. 1999, A84%, 321
have formed a high energy emitting bow shock. However, heleriega-Crespo, A., van Buren, D., & Dgani, R. 1997, AJ, 178)
we have showed that runaway supergiant stars in their trad%‘?ngS-ég)Bsegalg&? P., Brookes, D. P., Stevens, |. R., &ude, N. L. 2012,
tion phase from blue supergiant to red superglant.also_god.eﬁosson‘_Brov’m, J., Kashyap, V. L., Pease, D. O., & Drake, J206,
important losses of mass and have moderate terminal Vie®iCit  jarxiv-astro-pi0606387
which make them a new possible source of X-ray photons. Poveda, A, Ruiz, J., &Allen, C. 1967, Boletin de los Obstxias Tonantzintla

From all the bow shocks detected around runaway stars, ogI(}Y_TﬁC,l\JﬂbaSyaE“' 86 R A Whithev. B. A et al. 2008680, 242
those formed by the stars AE Aur and BBS 3654 have been PoVich M. S., Benjamin, R. A., Whitney, B A., et al. 2008, 3689,

. . Repolust, T., Puls, J., & Herrero, A. 2004, A&A, 415, 349
directly observed in X-rays (although the bow shock formed bryhicki, G. B., & Lightman, A. P. 1979, New York, Wiley-Intesience,
BD+43 3654 has not been detected). For the case of AE Au1979. 393 p.
we succeed in reproducing the non-thermal emission from tFegada, Y., Tashiro, M. S., Bamba, A., et al. 2012, PASJ, 88, 1
shock. For the bow shock formed by BB3 3654 we also ob- Tetzldt, N., Neuhaeuser, R., & Hohle, M. M. 2010, VizieR Online Datitalog,
tain th.e luminaosity distribution and show that it emits higi- 741, 190
y van Buren, D., & McCray, R. 1988, ApJ, 329, L93
ergy photons, but the fluxes are too low to be detected. Farthigh Buren, D. 1993, Massive Stars: Their Lives in the Inesiest Medium, 35,
observations are needed to constrain the stellar parasribtr 315 _ '
favor the shock formation and that can lead to the produmtionva”ka]”g”' E-vKN?”egAf‘geLSPO’ A, SL ?ggntRMlgggiAi&f%% .
H H , J. 9., de Koter, A., amers, H.J. G. L. M. , ,

enqugh high energy photons to be_ detectable in the X-ray flin, F. P. 1096, ApJ. 459, 31
main, but our model sets a theoretical scenario to constinain
most reliable candidates to produce high energy emissidrican
test its detectability.

Here we have shown that bow shocks formed bfjedént
type of runaway stars can account for a significant fractibn o
the high energy photons produced in our galaxy. More enierget
events in our galaxy, such as supernova remnants, produce a
larger amount of high energy photons, and those sourcesecan b
detected at larger distances. However, the IC losses uoderg
by the electrons accelerated in the bow shock regions fobyed
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