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Disclaimer

This talk will be focussed mainly on Galactic cosmic rays (because the
speaker does not feel he has much to say about extragalactic ones..). A
large fraction of the stuff shown in the following slides comes from two

recent review articles:

O Gabici, Evoli, Gaggero, Lipari, Mertsch, Orlando, Strong, Vittino, Int. J.

Mod. Phys. D (2019) -> high energy CRs
(O Tatischeff & Gabici, Ann. Rev. Nucl. Part. Sci. (2018) -> low energy CRs

i' orthodoxy? galactic disk  galactic halo point sources  the end




Outline of the talk

B The orthodoxy: a critical review

The three pillars of orthodoxy

Recent observations and open questions

B Galactic cosmic rays and neutrinos

The link with gamma rays

Neutrinos from the Galactic disk

Neutrinos from the Galactic halo

Neutrinos from Galactic sources of CRs

B Conclusions

orthodoxy? galactic disk  galactic halo point sources

the end




The cosmic ray spectrum
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A classic set of questions

[1] Which classes of sources contribute to the CR flux in different energy ranges?
How many types of sources provide a significant contribution to the overall CR flux?
[2] Are CR nuclei and electrons accelerated by the same sources?

[3] Which sources are capable of reaching the highest particle energies and how?
[4] Which are the processes responsible for CR confinement in the Galaxy?

[5] Where is the transition between Galactic and extra-Galactic CRs and how can
we explain the well-known features such as knee, second knee, ankle?

[6] What is the origin of the difference between the chemical composition of CRs

and the solar one?
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2 The bulk of the energy of cosmic rays originates

from supernova explosions in the Galactic disk

The orthodoxy (1)
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The orThodoxy (1)

6
=10 |
sk sk
< <

=

Atomic abundance, Si

Tatischeff & SG 2018

He e Solar system
o Galactic cosmic rays

Atomic number, Z

intro

or-? galactic disk  galactic halo

point sources

the end




The orThodoxy (1)
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The orThodoxy (1)
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2 Cosmic rays are diffusively confined within an

extended and magnetised Galactic halo
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2 Cosmic rays are accelerated out of the (dusty)

The orthodoxy (3)
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The orthodoxy (3)
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The or"l'hodoxy (3)
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1
Ellison, Drury, Meyer (1997)

The orthodoxy (3)
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2 CRs are accelerated out of the (dusty) ISM through DSA in SNRs |

The orthodoxy (3)
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Answers to classic questions?

[1] Which classes of sources contribute to the CR flux in different energy ranges?
How many types of sources provide a significant contribution to the overall CR flux?
[2] Are CR nuclei and electrons accelerated by the same sources?

[3] Which sources are capable of reaching the highest particle energies and how?
[4] Which are the processes responsible for CR confinement in the Galaxy?

[5] Where is the transition between Galactic and extra-6Galactic CRs and how can
we explain the well-known features such as knee, second knee, ankle?

[6] What is the origin of the difference between the chemical composition of CRs

and the solar one?
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[2] Are CR nuclei and electrons accelerated by the same sources?

[3] Which sources are capable of reaching the highest particle energies and how?
[4] Which are the processes responsible for CR confinement in the Galaxy?

[5] Where is the transition between Galactic and extra-6Galactic CRs and how can
we explain the well-known features such as knee, second knee, ankle?

[6] What is the origin of the difference between the chemical composition of CRs

and the solar one?
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[3] Which sources are capable of reaching the highest particle energies and how?
[4] Which are the processes responsible for CR confinement in the Galaxy?
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Answers to classic questions?
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10 questions

Several papers by Paolo Lipari (see also Genolini+)
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Several papers by Paolo Lipari (see also Genolini+) [é ] Why is the spatial gr'aa R ﬁ

100.0

50.0

100

N
S

#(E) E>7 [GeV J(m?s s1)]

1.0

0.5

1 10 100 1000 104 10
E (GeV)

' [5] Why do the proton, positron, &
| antiproton spectra have roughly |
the same slope at particle
energies larger than 10 GeV?

__

| so small? Why is the CR spectrum |
| | hardening towards the Galactic centre? |
R e e e
sk Fermi 2011
A E, > 100 MeV E
) 3 3-52_ ----- z,=20 kpc _i
5 E 7 NG z, =10 kpc =
7 E 3: ______ —z,=4kpc E
A\
S % LAT data E
| > 15 —~
I S Ny =
_ woE N E
3.0-_1'_ =
x2.8+ + { ;
52.6- &Q—
. 2.49 #  Fermi Collaboration (2016) 1
t ¥ Yang et al. (2016)
2.2f 4 Pothast et al. (2018)
o 5 10 15 20 25 30 3

intro or-l? galactic disk

galactic halo point sources  the end
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10 questions

' [9] What is the origin of the |
GeV excess detected froma |
region roughly coincident |
with the Galactic bulge? |

__

[10] What is the origin of the Fermi bubbles?

|
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The link gamma-neutrinos

Lyin 1/(cm” s TeV) y—ray sources with 1 v

per km?xyear above 1 TeV
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The link gamma-neutrinos

B PP interaction
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Neutrinos from the Galactic disk
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Neutrinos from the Galactic disk
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Neutrinos from the Galactic disk
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Neutrinos from the Galactic disk
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Neutrinos from the Galactic halo
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Neutrinos from the Galactic halo

# of neutrinos
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Neutrinos from the Galactic halo
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Neutrinos from the Galactic halo
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Neutrinos from-the Galactic halo
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Neutrinos from-the Galactic halo
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Neutrinos from-the Galactic halo
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Hadronic versus leptonic emission:
the role of the magnetic field

X-ray synchrotron emission observed from some TeV SNRs (RXJ1713, Vela Jr)
E2 F(E) 4

relativistic /

electrons are
present at the
shock

X-rays gamma-rays
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Hadronic versus leptonic emission:
the role of the magnetic field

X-ray synchrotron emission observed from some TeV SNRs (RXJ1713, Vela Jr)
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Hadronic or leptonic?

1 Ls’rrong B-field -> low ICS -> soft hadronic
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Hadronic or leptonic?

Ls’rrong B-field -> low ICS -> soft hadronic| =
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713: hadronic or leptonic?

RXJ1
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RXJ1713: hadronic or leptonic?
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RXJ1713: hadronic or leptonic?
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RXJ1713: difficulties of one-zone
leptonic models

two features in the electron spectrum:

acceleration time = synchrotron loss time -> acceleration cutoff at Emax
SNR age = synchrotron loss time -> cooling break at Ecool
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RXJ1713: difficulties of one-zone
leptonic models

two features in the electron spectrum:
acceleration time = synchrotron loss time -> acceleration cutoff at Emax
SNR age = synchrotron loss time -> cooling break at Ecool \
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RXJ1713: difficulties of one-zone
leptonic models

two features in the electron spectrum:

acceleration time = synchrotron loss time -> acceleration cutoff at Emax
SNR age = synchrotron loss time -> cooling break at Ecool \

|BUT!|

to fit simultaneously X and gamma rays |
with electrons the magnetic field MUST

be at most ~10 microGauss

E? dN/dE [MeV cm™2 s7']

(Aharonian 2013)
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no cooling break is expected..

intro orthodoxy? galactic disk  galactic halo po-es the end




RXJ1713: difficulties of one-zone
leptonic models

two features in the electron spectrum:

acceleration time = synchrotron loss time -> acceleration cutoff at Emax
SNR age = synchrotron loss time -> cooling break at Ecool \

|BUT!|

to fit simultaneously X and gamma rays |
with electrons the magnetic field MUST

be at most ~10 microGauss

E? dN/dE [MeV cm™2 s7']

(A har'c;ni‘a.n‘él(l)'lé) |

| THUS..|

no cooling break is expected..
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RXJ1713: difficulties of one-zone

leptonic models

(Finke&Dermer 2012)
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no cooling break is expected... one-zone IC model ’
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Hadronic RXJ1713: a SNR inside a MC?

Zirakashvili & Aharonian 2010, Fukui+ 2012, Inoue+ 2012, Gabici & Aharonian 2014
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creates a cavity
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dense clumps survive (unshocked) both
the stellar wind and the SNR shock

no thermal X-rays!|

wind bubble

n ~0.01 cm~ ‘

massive slar
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dense clumps surg¥e against wind
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Hadronic RXJ1713: a SNR inside a MC?

Zirakashvili & Aharonian 2010, Fukui+ 2012, Inoue+ 2012, Gabici & Aharonian 2014
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Hadr'omc RXJ1713: a SNR inside a MC?

\aronian 2014
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Neutrinos

predictions of the neutrino flux (> 50 GeV)
per (km2 x yr) from RX J1713 as a fct of time
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Neutrinos

predictions of the neutrino flux (> 50 GeV)
per (km2 x yr) from RX J1713 as a fct of time
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Neutrinos

predictions of the neutrino flux (> 50 GeV)
per (km2 x yr) from RX J1713 as a fct of time
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Neutrinos

predictions of the neutrino flux (> 50 GeV)
per (km2 x yr) from RX J1713 as a fct of time
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Neutrinos

predictions of the neutrino flux (> 50 GeV) .
per (km2x yr) from RX J1713 as a fct of time TO?G"Y model lndependenT
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Neutrinos

predictions of the neutrino flux (> 50 GeV) .
per (km2x yr) from RX J1713 as a fct of time 1'01'0"Y model lndependen'r
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So? Two possibilities...

| -> modify the two-power-
laws model to account for ;
all data (most popular) |

-> invent a radically |
different scenario to

account for all data |
(less popular) |

i

&

\

_ _ e e— — L : sty
neutrinos will solve the hadronic versus leptonic dilemma
(at least in RX J1713 and sources of comparable gamma-ray flux)

ey T

orthodoxy? galactic disk  galactic halo point sources ’rl‘end




