Grupo de Astrofisica Relativista

Non-thermal radiation from bow-
shocks of massive runaway stars

romero@iar-conicet.gov.ar

Grupo de Astrofisica Relativista y Radioastronomia
Instituto Argentino de Radioastronomia, CONICET, Argentina



843MHz radio

Right ascension (J2000)

]
8
2
:
E
g

B & 8
9 " g
(000zZr) uoneulsag




Runaway massive stars

v> 30 km/s > sound speed

Origin: binary supernovae / direct encounters in
clusters ...

Rare: GOSC (Maiz Apellaniz+04): 8% of ~400 stars

Strong stellar winds sweep IS matter

Bow shocks




Motion of Betelgeuse
with respect
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Modeling bow-schocks and their-emission

acceleration forward shock

region

Relativistic particles are accelerated at the
reverse adiabatic shock in the stellar wind




Modeling bow-schocks and their-emission

acceleration . —forward shock

region




Spectral energy distributions for O4I and Ogl stars

IC dust IC dust
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The star BD+43°3654

IRAS bow shock candidates (Noriega-C. et al. 1997)
Comerodn & Pasquali 2007:
Bow shock at MSX-D, E bands
Runaway from Cyg OB2, 1.4 kpc

O4If; 70 M, ; 1.6 Myr; [v,, = 3200 km/s]

(0 4

Kobulnicky et al. 2010:
v ~ 8okm/s, dM/dt ~ 2 x 104 M_/yr

Ambient density: 6 to 100 cm3
A non-thermal

emitter?



MSX emission toward BD+43" 3654

D-band image (14.65 um)
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VLA +

MSX
Images
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E S(Vv)~k v*

F s/n (cont) = 4

Es/n(a) =10

F-08=<a=<o0.3.
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Computed BS &
WISE image

I'J.'
ol
o
5
=
W
=
en
Q
[

Fig. 11. Comput
and VLA. TRAS

N

Log(fE)) [erg em s ]

2

Log(E) [eV]
ed SED for ¢ Oph bowshoek, at d ~ 222 pe. The sensitivity for CTA, Fermi, MAGIC, XMM-Newton

are also shown.

SED and sensitivities




4 AE Auriage

Lopez-Santiago, Miceli, del Valle, Romero, et al. 2012




AE Auriage
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Absorbed X-ray power law ~ -2.5




AE Auriage
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Is HD 195592 a Fermi source?

del Valle, Romero, & De Becker 2012

Synchr

s
-

Log(E) [eV]

Fig. 2. Computed SED for HD 195592 bowshock, at d ~ 1 kpec.
Fermai data of 2FGL J2030.74+4417 and hard X-rays upper limits
are also shown.




Conclusions

*Runaway massive stars can produce relativistic particles in
their bowshocks.

*They have strong infrared fields so IC losses should be
important in many cases.

eSome nearby runaway O stars can be detected in gamma-rays
by Fermi and in the future by CTA.

 Others stars, although not reaching the GeV energy range,
can be non-thermal X-ray sources.

In any case, nearby runaway massive stars and their
associated bowshocks are a potentital class of new
high-energy source.
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Gamma rays from massive stars: not a new idea
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Table 3. List of the E-BOSS bow shock candidates and comresponding stellar parameters.

M = 10°

Star Group ! b Spectral type d Voo Vig Ve, COSA s

1] "] [pel [kms™] [Myyr'| [kms™'] [kms™'| [mas yr '] [mas v
HIP 2056 2 1209137 +00.0357 OOSM+BIV  757=161°  [1200] 0.48 152 -5 ~1.66 .90
HIP 2509 12 1208361 +00.1351 Bl lae 14573000 1105 0.12 62 23 365 —207
HIP 11891 2 134.7692 +01.0144 05 V{(f)) (900) 2810 1.10 1.9 -48 0.03 -2.16
HIP 16518 2 1563150 -16.7535 B1V (630} [500] 0,006 473 25 ~8.28 344
HIP 17358 | 1502834 -05.7684 BS5IN (150 [500] <0001 [35] 4 2558 —43.06
HIP 22783 | 1440656 +14.0424 0951a 1607+275 159() 0.25 152] 6.1 -0.13 6.89
HIP 24575 2 1720813 022592 095V 54868 [1200] 0.1 1400 59.1 -3.58 43.73
HIP 25023 2 210.4356  -209830 BOV (900} [1000] 0.06 16.8 17.4 ~0.10 -4.47
HIP 26397 2 1740618 +01.5808 BO.SV (350 [750] 0.014 11.9 -19 0.88 ~361
HIP 28881 | 1649727 +12.8935 08 Vn 15000 2070 0.03 [17] 5 ~0.82 ~1.49
HIP 29276 1.2 2633029 276837 Bl2 11 { 400) (600 ] <(,001 02 30.6 —4.90 741
HIP 31766 2 2100349 021105 097 1b 1414£28° 1590) 1.07 6.7 58.4 ~0.34 ~0.43
HIP 32067 1.2 2062006 +00.7982 O35V )+... 2117367 2060 0.13 234 3l 0.84 2.55
HIP 34536 1.2 2241685 -0D.7784 OG5V )+... 12932206 2456 0.19 14.3 S8 -1.96 4.40
HIP 38430 1 2431553 +00.3630 O6Vn+... (900) [2570] 0.7 [13] 28 -3 -0.38
HIP 62322 2 3024492 052412 B2SW { 150) [ 300 ] 0.006 4.5 42 -41.97 —H.80
HIP 72510 12 3187681 +02.7685 06.51I(n)f) (350} [2545] 0.27 74 -74 -7.49 -5.15
HIP 75005 2 326802 +009060 BllabIb (BOO)  [1065] 0.14 286 4 -842 ~0.18
HIP 77391 | 3304212 +04.5928 091 (8O0} [1990] 0.25 [19] 15 -4.63 ~1.84
HIP 78401 | 3500069 +22.4004 BO21Ve 224:24°  [1100] 0.14 [38] -7 1021 3541
HIPRI37TT 1.2 0062812 +23.5877 O9.5Vmn 222£220 [1500] 0.02 244 -15 15.26 2479
HIP 82171 2 32909700 084736 BOSIa B45=1200 1345 0.09 65.7 -533 -4.64 —20.28
HIP 88652 2 015.1187 +03.3349 B0 la (650} [1535] 0.5 8.2 30 ~1.05 ~1.38
HIP 92865 | (417070 +03.3784 08 Vin (350}  [1755] 0.04 [2] ~41 ~0.78 0.46
HIP 97796 | 0564824 043314 O7.5 labf 2200F  [1980) 0.50  [110] 9 -203  -1030
HIP 101186 | (82,3557 +02.9571 0.7 la 14865402 [1735] 0.23 223 ~28 ~237 1.37
BD+43 3654 | 0824100 +02.3254 Q4 If 14507 [2325) 6.5 [14]  —66.2 -0.44 1.3
HIP 114990 | 1128862 +03.0008 BOII 1400F  [1400] 0.6 [52] -1253 —7.86 ~0.71

Notes. Galactic coordinates: taken from Simbad. Spectral types: for B-type stars from the Simbad database, for O-type stars GOS Catalog.
References for the distance values: (a) Megier et al. (2009), (b) Mason et al. (1998), (c) Schilbach & Roeser (2008), (d) Hanson (2003), (e)
Thorburn et al. (2003); distances in brackets: derived from Hipparcos (van Leeuwen 2007) parallaxes. Terminal velocities in square brackets:
from Howarth et al. (1997), otherwise inter- or extrapolated from Prinja et al. ( 1990). Mass-loss rates: derived from Vink et al. (2001). Tangential
velocities in brackets derived from proper motions (van Leeuwen 2007), otherwise from Tetzlaff et al. (2010). Radial velocities are from the
Second Catalog of Radial Velocities with Astrometric Data (Kharchenko et al. 2007).
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del Valle & Romero: Non-thermal processes in bowshocks of runaway stars

Parameter

04

09

Ry Standoff radius [pc]
V. Spatial velocity [km s~ ']
V.2 Wind velocity [km s ']
M2 Wind mass loss rate [Me yr— ]
na Ambient density [em™

B® Magnetic field [G]

°]

n Acceleration efficiency

L Available power [erg s ']

a Hadron-to-lepton energy ratio

gre1 Jet content of relativistic particles
o Injection index

A Thickness of shocked wind [Ro]
Volace Acceleration region volume [cm ™
L." Star luminosity [Lg]

Tir Dust temperature [K]

’]

8.3
100
2.2x10°
10~

1

~ 3.0x107°
~ 2.0x107°
~ 3.2x 103
1

10%

2

~ 0.3

~ Tx10°°

~ Tx10°
~ 24

0.2
30

0.8x10*
10°°

100

~ 1077

~ 2.7Tx107°
~ 4.3%x1033
100

10%

2

~ 0.3

— 1051
~ 5x10%
~ 54
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TABLE 1
PARAMETERS FOR THE NON-THERMAL RADIATIVE MODEL FOR
AE Aur

Parameter value

R_[} Standoff radius 1.7 %104 AU

Wind mass loss rate 1077 Mg yr— !
Hadron-to-lepton energy ratio 1

Content of relativistic particles 0.007

Particle injection index 2.6

Wind velocity 1.5%10% ecm s—1
Available power 4x%1033 erg s—1
Magnetic field 1.1x10* G
Star velocity 150 km s—1!




Table 1. Parameters for HD 195592

Parameter value

Ro Standoff radius 1.73 pc

' Wind mass loss rate 3.3 x1077 My yr—
Particle injection index 2

Wind velocity 2.9x10% cm s~

(a)

Subequipartition factor 5x 1072
Magnetic field ~2x107°% G
Star temperature 2.8x10* K
Star luminosity 3.1x10° L
Dust temperature ~ 40 K

(@) Values from Muijres et al. (2012). (®) Values from Martins,
Schaerer & Hillier (2005).
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