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CWB : Binary system made of'two, &
starsibelonging to the category. oﬁ* "
OB o) WR type stars

Primary stellar wind

Secondary stellar wind

=
T = |II
— |
T ; Secondary
star
____--- . - | o~
—

Primary
star

—— Hydrodynamic shocks

'. ' ~—
Main feature oistich a system 4
~ a wind-wind interaction region

Shocked gas

oY

: o : _ *
-Physical conditions : ruled by y

the properties of the stellar winds -
. - and by the orbital parameters

A Particle-Accelerating Colliding- Wrnd Brnary IS a CWB with evrdence

for the existence of a population of relativistic particles
» * ‘ . e
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c:ﬁ/~debecker/pacwb/
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http://www.astro.ulg.ac.be/~debecker/pacwb/

E ] E 5 .Tenagha et al, 2001 2005, 2006 2010
y : : | 5 - Blomme et al. 2005, 2007, 2010, 2013 ;

8 1. Synchrotron radio emission (all but one 1) 5] Cappa et al. 2004:; Chapman et af. 1999 _
* Spectral index; flux density, var%blllty ' Dg Fecier ot el 2004 ) Doughizriy &

: Plttard 2005, Dougherty et al. 2005 ;
. resolved NT source between the stars.. . Dougherty & Williams 2000';
_ Rodrigruez et al. 2009, 20125
2. NOﬂ thermal X rays (WR14O Eta Car) . Leitherer et al. 1997 ,.Montes et al. 200
3. Gamma- rays¢(Eta Car) B . .| witiams etal. 1990, 1994, 1997
: " "B And many others...
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N 1. Synchmtron radi emlssmn (all but one!
- Spectral index, flux denS|ty, vafﬁblllty,

- resolved NT source between the stars..
' 2. Non-thermal X-rays (WR14O Eta Car)
3. Gamma- rays#(Eta Car)

| Sugawara et all ‘201'1 :
Viotti et al. 20045
. Seklguchl et al. 2008

.
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http://www.astro.ulg.ac.be/~debecker/pacwb/

| 1. Synchrotron radi emlssmn (all but one!
- Spectral index, flux denS|ty, var*ﬁblllty,
resolved NT source between the stars..

-+| Detection : Tavani et al” 2009 42 :

-

‘2. Non:thermal X-rays (WR140 Eta Car) - | Famieretal. 2011
" Gamma rays#(Eta Car) il i ~ | Upper limis on WR systems
. * J L e et al. 2013 - . 7
. PO . _ ' g i & R .9'5- L
i oy S - g R e B
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pnsfand'tacts

“arnarrow area of stellar Wrnd
imeters ? .

**-- |nto the coIIrdrng Wrnd
n re ated to relatrvrstrc

|gh energ Y
car ﬂy 0 te -, \
. partic 6‘87

A

»' |t’relevant to \seek for hrnts or particle acceleratronﬁespecralIy |n
N systems Wrth strong magnetrc flelds’? - =
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| 5 Are PA WB restrrcted to a'narrow area of stellar wrnd

pﬁameters 7
Sﬁllartwrnd parameters cover a range

ypr aI of O type and WR-type stars " !

o’

| Wlt enhanced mass Ioss

2000 B

sl Only 3's ar but a transition object

S, y : : .
1000 Lack of stars with weak wrnds e

Terminal velocity

0

0T 0t 0t e Iarge parameter space-to |nvest|gate *

- including many spectral types and. |
L classes | -
- 5th May 2015 - - VGGRSIIl,. Heidelberg
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. range of values, from a few
‘weeks up to many decades

HD167971

HD150136 7

"~ One puzzling Ub‘With a peri()"_

~ of~ 2 days (could be a triple
ot system with athlrd starina .
' wider orblt)

HD15558 — g ~_ CrgoB29
T WR98a

u — WR133

WR104 —

WR11 —

Period (days)

—- close binarigs.are not favored
targets, but any longer. period
binary is.worth investigating !"
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AeW qUESHIoNS

Do we need yéy high energy |nject|on rates mto the Collldlng Wlnd 3
_ reglon to S|gn|flcantly detQNT emission related to relatIV|st|c S

“.*

ﬂm_!'cz

One ma}‘con3| er the particle acceleration process
st ~ .can be favored by a high power |nject|on rate

- However : some PACWBS present a S|gn|f|cant non-thermal
.- - radio gmission, but do not show a very bright X-ray excess
attrlbuted to the collldlng wmds ' ‘

SV OoEEs - VGGRSIII . Heidelberg




e Do We need yf.#y hlgh energy |nject|on rates |nto the collldlng wmd
reglon to S|gn|f|cantly dete&NT emission related to relatlwstlc

¢ tlcles’>

-

does not present any hint

Bright synchrotron radio emitter for a spectac_:u_lar enjission'
(phase-locked with the 21-year - from the colliding-winds
« period) & - ' R (Gagnjé etiaft2014)

of Thermalfue & cominaierins . = abright thermal X-ray spéctrum: strongly dominated
o by colliding-winds is not a criterion to.select a candidate

. contribution from CWAB - 4 * 9 , . o -

(De Becker 2015, submitted) - . %% ; . R e *
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8ol acceleratlon espeC|aIIy |n :
Bl agnetlc fields?

The m&c‘raeer of particle |
acceleratlon es the presence
ofa magnetlc f|eId
ﬁe - one may wondel i
. systems with stro netlc f|eI
| may be good candld tes '

4 SpeCtropoIarlmetrlc methods aIIow
. to measure surface magnetic field
| strengths down to 1-10 Gauss

-

However : Attempts to detect R e e
* magnetic fields in'a sample of @ - 8 TSRl S E__—
type PACWBSs failed to detect it B e o g . T
: (Nemeretal 2015) Nk * e T - '-:_ . * "
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eek :for u ts orﬁpartlcle acceleratlon espeC|aIIy in

The main tracer of particle act : MOdeIs suggest that local values of the

acceleration requires the presence ic field (in the wind-wind interaction reglon) of B
ofa magnet|c f|e|d | _ ne orde of a few mG are enough to explam the

B ol el : ~ order of —or even S|gn|f|cantly below — the present
i SpeCtrOPOlarlmEtnC methOdS' a”OW - upper ||m|t5 on the meagurementg

. to measure surface magnetic field | sl I e
strengths down to 1 - 10 Gauss ——— - —
. . - - - = the selection-of systems with quite strongg |
However : Attempts to detect: °  Mmagnetic fields is not a good criterion.to. _ ;
* magnetic fields in"a sample of - . ldentity new PACWBs ~ - '
type PACWBS failed to detect it g e o gl .
' 4 (Nelneretal 2015) R o & . L ‘_'_ e *
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1. Categorles of poteptlal candldat

evolved early B type stars are rele
- |

es include all O- type and WR type objects (even

o

3. The production of wealth of thermal X-rey f'rom.fthe_coI_Iidingewind're.g_ion is_nef as
,reqUirement. ; R , - ; .

- 4. The detectlon ofa surface magnetlc fleld -at the Gauss- Ievel IS not a relevant
selectlon crlterlon

- Alarge fraction o.f massive star systems deserve to be investigated ! '
- ¥ o . - S5 ' ; -’ | E | s o . ¥ 19. :
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Malnly Radio obsenvatorles
i repeated ‘observations at

cr#s/e
and may no be obvious at all orbital

pectral index determination).
T emission region coincident with the

R,

' But also ngh energy observatorles (hard X- rays and Gamma-rays)
- - search for an inverse Compton scattering contribution in hard X-rays
- - . further investigations with Gamma-ray facilities are also relevant

-
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P

So far, no _clear{selection criteri n be established to restrict
~_significantly the sample of ca tes to be mvestlgated g
e many ~‘sys{elﬁs could be studied a ong known massive blnarles-

_aCampalgns dedic to the{k\, 13 " ‘ltiplicity of massive
. stars are very important " ‘
= they Increase the list of candldate to be |nvest|gated

;'Observation Strategies should at first _sight favor radio observations

T-

| o such campaigns are in progress, but r_eq'uire a lot of teleseope time

+ ‘ * v e : *
' The question of the fractlon of PACWBS among CWBs is an |mportant

issue, and we are stlll far from the answer

-

. ; : r e . :
* : 4 ¥l : : -
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