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Plan of the talk

[1] What are cosmic rays and why we study them
[2] The cosmic ray knee: before and after LHAASO
[3] Can the SNR paradigm explain the knee (and beyond)?
[4] The role of winds of massive stars —> mixed scenarios?
[5] Explaining the knee is a problem also for stellar winds
[6] Cosmic rays from star clusters: observational evidences
[7] Conclusions

[8] 1 future perspective and 1 puzzle



[1] What are cosmic rays
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Luke's questions

Luke Drury's brief (and very nice) review (2018)

1. The first is the question of where the energy comes
from which powers the acceleration of the cosmic
rays? In other words, what drives the accelerator?

2. The second is the question of where do the atoms
come from which end up being accelerated? In
other words, what is the source of the matter that
gets fed into the accelerator?

3. And the third and final sense is the question of
where exactly the accelerator is located and how
does it work? In other words, what is the physics?



Luke's questions

Luke Drury's brief (and very nice) review (2018)

1. The first is the question of where the energy A
from which powers the acceleration of the cosmic

rays? In other words, what drives the accelerator?

2. The second is the question of where do the atoms
come from which end up being accelerated? In
other words, what is the source of the matter that
gets fed into the accelerator?

3. And the third and final sense is the question of
where exactly the accelerator is located and how
does it work? In other words, what is the physics?




Luke's questions

Luke Drury's brief (and very nice) review (2018)

I. The first is the question of where the energy A
from which powers the acceleration of the cosmic

.

rays? In other words, what drives the accelerator?

2. The second is the question of where do the atoms
come from which end up bel‘g accelerated? In
other words, what is the source of the matter that
gets fed into the accelerator?

3. And the third and final sense is the question of
where exactly the accelerator is located and how
does it work? In other words, what is the physics?




Luke's questions

Luke Drury's brief (and very nice) review (2018)

1. The first is the question of where the energy
from which powers the acceleration of the cosmic

.

rays? In other words, what drives the accelerator?
2. The second is the question of where d » the atoms

other words, what is the source of the matter that
gets fed into the accelerator?
3. And the third and final sense is the question of
where exactly the accelerator is located and how

des it work I‘r words, what is the physics?




Luke's questions

Luke Drury's brief (and very nice) review (2018)

1. The first is the question of where the energy comes
from which powers the acceleration of the cosmic
rays‘7 In other words, what drives the accelerator?

2. The second 1s the question of her d the§

other words, what is the source of the matter that

gets fed into the accelerator?
3. And the third and final sense is the question of
where exactly the accelerator is located and how

does 1twork‘I‘r words, what is the physics?




Luke's questions
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4: These are actually three dlfferent questlons Wthh re- "

quire different solution methods and answers, and some ||
| of the confusion in the field has been due to people not |
arefully dlstlngulshmg these concepts |
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[2] The knee:
before and after LHAASO
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Interpreting the knee
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One can't have everything...

spectrum of CRs released in the ISM during the entire SNR life
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It is also worth noticing that none of the types of SNRs consid-
ered here is able alone to describe the relatively smooth CR spec-
trum that we measure over many decades in energy. In a way,
rather than being surprised by the appearance of features, one
should be surprised by the fact that the CR spectrum is so regular.
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Stars or star clusters? Gamma rays...
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Stars or star clusters? Gamma rays...

Aharonian+ 2019, plus several papers especially by Yang and collaborators
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Stars or star clusters? Gamma rays...
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[5] Problems with the wind
termination shock model
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Can we go to the knee?
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[6] CRs from star clusters:
observational evidences
(obtained following matter)
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GCR source / Cosmic (Fe=1)

CR composition points towards the hot
phase of the ISM (super bubbles)
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DUST must play a role in CR acceleration, and this is
\ known since Meyer, Drury, Ellison 1998
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60Fe in CRs —> local accelerators
SN
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ACE detected 15 ¢OFe nuclei in CRs (Binns+ 2016)
—> need for at least 2 SNae (one to produce ¢Fe, one to accelerate it)
—> star clusters!
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B Explaining the knee (and beyond!) is still a problem
B LHAASO provides and will provide an unprecedented view on the CR knee

AND on gamma ray signatures of PeV Cos

What we know: H

B The energy reservoir is dominated by SN explosions*

| follow the...

B Overabundance refractories —> dust must play a role

® Volatiles.vs.(A/Z) —> probably from hot ISM (superbubbles)
B 22Ne/20Ne —> WR stellar winds MUST play a role

& Fermi/HII — YOUNG star clusters (WTS) contribute to CRs

. 60Fe —> local (Sco- Cen’) clustered SNae acceler'a‘re Cos




Perspective: PeV CRs from stellar WTS?
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ABSTRACT

OB stars are crucial for_our under ing of Galacti RSl formation, stellar feedback and multiplicity. In this paper
we have compiled a{census of all OB stars wnthm 1 kpc of the Sun e performed evolutionary and atmospheric model fits to
observed SEDs compiled Itom astro-photometric survey data. We I ave characterized and mapped 24,706 O- and B-type stars

(Ter > 10, 000 K) within 1 kpc of the Sun, whose overdensities correspond to well-studied OB associations and massive star-
forming regions such as Sco-Cen, Orion OB1, Vela OB2, Cepheus and Circinus. We have assessed the quality of our catalogue
by comparing it with spectroscopic samples and similar catalogues of OB(A) stars, as well as catalogues of OB associations,
star-forming regions and young open clusters. Finally, we havc also exploited our list of OB stars to estimate their scale height
(76 :i: l D ) g local star formatlon rate of 2896’“,"7 Mg Myr~! and a local core- collapse supernova rate of ~15-30 per ‘Myr We

yjto derive a Galacnc SFR of 0. 67_0 01 Mo yr‘l and { core-col a e

St e

of OB : stars andchanges toevoluuonary models. We calculate a near-Earth core collapse supernova rate of ~2.5 per Gyr that
supports the view that nearby supernova explosions could have caused one or more of the recorded mass extinction events on
Earth.




