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Abstract. The origin of cosmic rays is still unsettled. Many sources have been proposed over the years, and ex-
ploding stars still provide the most promising candidates. Here we examine one of these scenarios, and compare
the resulting predictions with data: Massive stars have winds, and when these stars explode, the resulting shock
runs through the wind. The observable phenomenon is called radio-supernova, and many have been observed in
non-thermal radio emission. This emission allows to determine the magnetic field in the wind as a function of
radius, and so allows to check, whether such explosions can achieve the high energies required and also explain
the flux and the spectra of cosmic rays. The observations show this to be the case, and so we conclude that radio
supernovae can explain the high-energy Galactic cosmic rays over the entire energy range, and that the spectral
predictions are compatible with observations.

1 Introduction sibly to very high energies. Similarly, other manifestations
of massive star explosions, such as Gamma Ray Bursts (e.
Cosmic rays have now been observed over a large range dermer 2002, or high-mass X-ray binary stars, or micro
particle energies, exceeding by far the energies achievable oguasars (e.d-einz and Sunyae20032, can induce efficient
Earth, such as at the LHC. However, since the rate of high enparticle acceleration. Very massive stars are often found in p
ergy cosmic ray particles is low, it would be helpful to fully super bubble of hot gas, and when these stars explode into
understand where they come from, so that we can perhapthis environment, then that shock expands into this tenuous,
utilize the sites of origin, acceleration, and possibly inter- hot gas. That shock can accelerate particles to high energies
action to perform tests of what the physics are of particlesas well. Finally, as massive stars explode into their own wind
at such extreme energies. In almost all scenarios diffusivehat shock runs through a medium which is already magnetit
shock acceleration is used (e@rury, 1983 Berezinsky et  and hot, and due to the radial density gradient of the wind
al., 1990. does not slow down immediately. Such a shock also accelef
Classical supernova remnanBagde and Zwicky1934), ates patrticles, in this case, with the elemental abundances pf
that is stars exploding into the interstellar medium, do notthe wind. Of all these scenarios, the last one can now be exa-
provide the circumstances required to accelerate particles tmined using new observations, namely radio observations gf
such high energied_&gage and Cesarsk$983 if the in- supernovae. These radio observations allow a determinatign
terstellar observed magnetic field is used only. However, ifof the magnetic field in the wind of the stars, and its depen
the shock itself can enhance the magnetic field to some readence on the radius. This then allows a definitive statemer
sonable fraction of the ram pressuBe{l and Lucek2001), on the maximal energy to which particles can be accelerate
then much higher energies can be achieved. Also, pulsars oft these specific sites.
ten have a powerful magnetic wind, again resulting in particle
accelerationde Jager2009 Tibolla et al, 2013, quite pos-
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2 Radiosupernovae and energetic particles by plasma instabilities there are always strong magnetic
field components transverse to the shock normal. Only for
What physical conditions at the acceleration regions do theyind-supernovae a rather specific prediction has been made
cosmic ray data indicate? Galactic cosmic rays are typically(Biermann 1993, using maximal turbulence in the shock
invoked to explain nuclei up to energies of abowt B8 eV, region, resulting in a spectrum scaling B5 /3, implying
where there is a transition to a different, again flatter spec-a predicted observed spectrumf®3 using Kolmogorov
trum. There is also a limit on confinement of the particles transport Kolmogoroy, 1941). We emphasize that this pre-
in the Galaxy and a change in chemical composition. Verydiction does not depend on whether the magnetic fields de-
often, when a supernova is detected, radio telescopes intive from enhancement via the mechanisnBefl and Lucek
mediately detect emission that is strongly time-dependent(2001), or simply arise from the wind. Beyond the knee
and clearly produced by energetic particles in the shock runenergy of about 1% eV, the acceleration efficiency is re-
ning through the stellar wind. There are now a number ofduced by the decreasing of the drift energy gain, so for
such events observed, which allow a determination of thethese energies a spectrum of absut®! has been predicted
magnetic field with a typical value o8 =1GauB at a ra-  (Biermann 1993. Taking into account the error bars both in

dial distance of- = 10'®cm (e.g.Fransson and Bjormsspn  the prediction and in the data, as seen today, these predictions
1998 Soderberg et 312005 2006 2010 Krauss et a.2011, are consistent with observations.

Milisavljevic et al, 2013. These magnetic fields are much
higher than what direct observations of early type stars sug- s
gest (e.gBieging et al, 1989. Therefore there are two pos- + Conclusions

S'bl.e gxpla_natlons:_ (a)_the star strongly Increases !tS Ma%ve have shown that observations of wind-supernovae un-
netic field in the wind just before the explosion. This may

be plausible if indeed the explosion is connected to mag equivocally demonstrate that these objects are capable of

netic fields, as suggested Bysnovatyi-Kogan(1970, and accelerating cosmic rays up FO energies of a fed’2y. .
. o : Consequently, of the many different proposed acceleration
worked out in much more detail bBisnovatyi-Kogan and

Moiseenko(2008. (b) Another option is that the magnetic sites to account for Galactic cosmic rays, wind supernovae
. . i are no longer only a hypothetical source. For this spe-
fields are strongly enhanced in the shock-wave itself through_...
) . cific source type also the spectra and abundances can be
violent instabilities, as proposed Bell and Lucek(2007). :
X . explained. Other sources are not ruled out yet, and more
For our query we do not need to differentiate between theseg; . . . .
. . . . .. (etailed observations are required to differentiate, such as
two scenarios, because in both alternatives the magnetic fiel L . .
. . 1 molecular emission lines given by level populations dom-
is proportional to-—+. As a consequence the product of mag-

netic field and radial distance is a constant. The shock-wavézn ated by low energy cosmic rays (see, ésgcker et al
. X . S 011).
in a wind compresses the wind material into a layer of about

r/4 for an adiabatic gas index of/3 and assuming a very
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