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How to explain the origin of galactic CRs
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Stellar wind termination shocksHh

Cassé & Paul 1980, 1982 — Cesarsky & Montmerle 1983

analogy with solar WTS (Parker, Jokipii...) + DSA (BOBALSKYy...)
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Stellar wind termination shocksHh

Cassé & Paul 1980, 1982 — Cesarsky & Montmerle 1983

analogy with solar WTS (Parker, Jokipii...) + DSA (BOBALSKYy...)

e e — R — — B —— = I ——

. Bonus: Wolf-Rayet WTR are enriched in 22Ne —> composition @ (with dilu‘l'ion)




Energy budget

Cassé & Paul 1980, 1982 — Cesarsky & Montmerle 1983
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Cassé & Paul 1980, 1982 — Cesarsky & Montmerle 1983
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Interstellar bubbles around star clusters

Castor+ 75, Weaver+ 77, McCray&Kafatos 87, Mac Low&McCray 88, KoodMcKee 92...
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Interstellar bubbles around star clusters

Castor+ 75, Weaver+ 77, McCray&Kafatos 87, Mac Low&McCray 88, KoodMcKee 92...
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Particle acceleration at WTSs: spectrum

strong WTS: Volk&Forman 82, Webb+ 85, Morlino+ 21
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Particle acceleration at WTSs: spectrum

strong WTS: Volk&Forman 82, Webb+ 85, Morlino+ 21
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Particle acceleration at WTSs: spectrum

strong WTS: Volk&Forman 82, Webb+ 85, Morlino+ 21
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Particle acceleration at WTSs: Emax
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Particle acceleration at WTSs: Enmax
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Particle acceleration at WTSs: Emax

ot e = ] q
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Morlino+ 2021, Vieu+ 2022
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Particle acceleration in superbubbles

many papers by Bykov+, Parizot+, Ferrand&Marcowith, Vieu...

V

| Vieur 2022 |

B cluster of N« massive stars following a standard (e.g. Salpeter...) IMF

® stars blow winds and eventually explode
B CRs injected by wind termination shocks (n ~ 10% efficiency)
¥ CRs accelerated/reaccelerated by SNR shocks (n ~ 10% efficiency)

B generation of magnetic turbulence (MHD waves), (nt~30% efficiency)

& CR turbulent reacceleration (Fermi IT), energy transferred waves —> CRs
® CR escape from the bubble (diffusion coefficient in the bubble & in the shell)

® energy losses (ionization/Coulomb)

| A universal spectrum is not expected...

= E— S =




Particle acceleration in superbubbles:
infermittency

Vieu+ 2022
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Particle acceleration in superbubbles:
infermittency

Vieu+ 2022
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Particle acceleration in superbubbles:

Vieu+ 2022
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Particle acceleration in superbubbles:

implications for observations

eu+ 2022 ii gamma ray observations i
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Particle acceleration in superbubbles:
implications for observations

Vieur 2022 ii gamma ray observations i N. =100 - d = 1,5 kpc
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Particle acceleration in superbubbles:
maximum energy

efficiency kinetic—> magnetic
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. i i i —> | Emaw ~ (_) Bs SRS
| Hlll_ff criterium C/U
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bubbles are
large!

which velocity?
—> turbulent motions?
—> forward shock?
—> SN shocks?

i possible'r_o go to PeV and possibly bend ;




MHD simulations of young
massive star clusters
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Cosmic ray spectrum beyond the PeV
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Cosmic ray spectrum beyond the PeV
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Conclusions

¥ star clusters do accelerate CRs (WTS or in superbubbles)

® Source of energy: WTSs ~10%, SNae ~90%

& the acceleration proceeds in a different way in young and old clusters

& PeVatrons? Extreme WTS might do, doable for SBs if fast SNR shocks are there

¥ mixed scenarios (acceleration at SNR+WTS) fit both CR spectra and abundances
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