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Sources of Galactic cosmic rays

Minimal requirements on proton sources:

% Sustain the total CR power
%Inject a spectrum that can account for proton spectrum
% Reach the knee (be pevatrons)
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Sources of Galactic cosmic rays

Minimal requirements on proton sources:

% Sustain the total CR power
%Inject a spectrum that can account for proton spectrum
% Reach the knee (be pevatrons)

cherenkov
telescope

Key science project: the search, identification and characterization of pevatrons

E,
VNE E, =100 TeV — £, =1 PeV
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Source of Galactic CRs must
accelerate protons up to the knee!
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+ Z dependent knee



Pevatrons 4

MORE PRECISELY

Source of Galactic CRs must accelerate up to AT LEAST the knee!
~100 PeV
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Pevatrons 4

MORE PRECISELY

Source of Galactic CRs must accelerate up to AT LEAST the knee!
~100 PeV
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Galactic Latitude {deg.)

[ ' 1 i 0 4
0.4 00.2 00.0 35908 3596 3594

HESS collab. 2016

What sources can be (proton) pevatrons?

Sufficient amount of PeV protons?
« Hard-enough » spectra above 1015 eV?
What sources can be (super)pevatrons? 1016 1017 eV
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Galactic Latitude {deg.)

What sources can be (proton) pevatrons?
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Sufficient amount of PeV protons?

spectra above 1015 eV?

What sources can be (super)pevatrons? 1016 1017 eV
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Not clear if hadronic or leptonic (probably leptonic for most sources)

De Ona Whilhelmi et al. (2022)



What sources can be (proton) pevatrons?

Hadronic interactions : Leptonic interactions :
Pion decay Inverse Compton scattering
ISM '
p+p+m°

— YT

19
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What sources can be (proton) pevatrons?

Hadronic interactions : Leptonic interactions :
Pion decay Inverse Compton scattering
ISM ’
p+p+m
CR — v+
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What sources can be (proton) pevatrons?

Hadronic interactions : Leptonic interactions :
Pion decay Inverse Compton scattering
ISM '
p+p+m°
CR — v+

Klein-Nishina suppression:
Inefficient above >50 TeV
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What sources can be (proton) pevatrons?

Hadronic interactions : Leptonic interactions :
Pion decay Inverse Compton scattering
ISM '
p+p+m°

— YT
Klein-Nishina suppression:
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What sources can be (proton) pevatrons?

Hadronic interactions :
Pion decay

ISM

— YT

Leptonic interactions :
Inverse Compton scattering

Klein-Nishina suppression:
Inefficient above >50 TeV

100 TeV gamma rays probe
the acceleration of PeV
protons (hadronic)

De Ona Whilhelmi et al. (2022)



What sources can be (proton) pevatrons?

Hadronic interactions :
Pion decay

ISM

— Y+

Leptonic interactions:
Inverse Compton scattering

Klein-Nishina suppression:

Inefficient above >50 TeV

VN

100 TeV ga ' nafrays probe
the accelg#ffayon of PeV

prg#ons (hadwgnic)
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What sources can be (proton) pevatrons?

Theoretically?
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Supernovae ~ Mildly relativistic jets - Supernova.remnants
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The case of supernova remnants

Minimal requirements on proton sources:

% Sustain the total CR power
%Inject a spectrum that can account for proton spectrum
% Reach the knee (be pevatrons)
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The case of supernova remnants

Minimal requirements on proton sources:

% Sustain the total CR power V
%Inject a spectrum that can account for proton spectrum &
% Reach the knee (be pevatrons)

Hillas criterion

Rsh Ugh B
Fmax & ( e ) (mookm/s) (M—G> ey

v
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The case of supernova remnants

Minimal requirements on proton sources:

% Sustain the total CR power V
%Inject a spectrum that can account for proton spectrum &
% Reach the knee (be pevatrons)

Hillas criterion

Ry, Ush
Bmax 2§ ( pc ) (1000km/s) @ eV

v

9



The case of supernova remnants

Minimal requirements on proton sources:

% Sustain the total CR power V V

%Inject a spectrum that can account for proton spectrum &
% Reach the knee (be pevatrons)
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The case of supernova remnants

Minimal requirements on proton sources:

% Sustain the total CR power V
%Inject a spectrum that can account for proton spectru

% Reach the knee (be pevatrons)

Hillas criterion

streaming instability
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The case of supernova remnants

Minimal requirements on proton sources:

%Inject a spectrum that can account for proton spectrum &
% Reach the knee (be pevatrons)

% Sustain the total CR power V V

|
Growth of the non-resonant
Hillas criterion streaming instability
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The case of supernova remnants ’

Minimal requirements on proton sources:

% Sustain the total CR power V V

%Inject a spectrum that can account for proton spectrum &
% Reach the knee (be pevatrons)

. Growth of the non-resonant

Hillas criterion streaming instability
- Rsh Ugh ( 2 A
Ernax ~ g ( pe ) (1000km/s) @ eV pmaX(t) ~ 7“3111(()t) 56\/ 47T,0(t) )

Different for different SNRs/SNe



The case of supernova remnants ’

Minimal requirements on proton sources:

% Sustain the total CR power V

%Inject a spectrum that can account for proton spectrum &= V

% Reach the knee (be pevatrons)

Hillas criterion

Ry, Ush
Bmax 2§ ( pc ) (1000km/s) eV

Growth of the non-resonant
streaming instability

Pmax(t) ~

T'sh (t) Ee
10

dmp(t)

Different for different SNRs/SNe

Type la Type Il
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ISM

Bell (2004), Bell et al. (2013), Schure et al. (2014)
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The case of supernova remnants ’

Minimal requirements on proton sources:

% Sustain the total CR power V V

%Inject a spectrum that can account for proton spectrum &
% Reach the knee (be pevatrons)

Growth of the non-resonant

Hillas criterion streaming instability
E Ng Rsh Ugh ‘ AV ( A
e pc 1000km /s p R

Different for different SNRs/SNe

Type la Type Il
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Bell (2004), Bell et al. (2013), Schure et al. (2014)
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The case of supernova remnants ’

Minimal requirements on proton sources:

% Sustain the total CR power V

%Inject a spectrum that can account for proton spectrum &= V
% Reach the knee (be pevatrons)

Growth of the non-resonant
streaming instability

Fax ~ & e “sh g eV i ren(t) EeA/Amp(t) 2
ma S pe 1000km /s Pmax(t) & 81110 e )

Hillas criterion

Different for different SNRs/SNe

Type la Type Il
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ESN [1051 erg]

The case of supernova remnants

Typical SNRs : not pevatrons tvoe II*
Young and peculiar SNRs : pevatrons ypP
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The case of supernova remnants

Consensus: Protons are injected in the disk and diffusively propagate
IN a magnetized halo

Morrison, Olbert & Rossi 1954, Ginzburg & Syrovatskii 1964, Evoli et al. 2018, 2019
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The case of supernova remnants

Consensus: Protons are injected in the disk and diffusively propagate
IN a magnetized halo

o 9f1  8f dupd N
pdf 1 0 | o (dp
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az[ @)(%} "9z dz30p 1% 0p {p <dt>mf } )
\_ Diffusion Advection lonisation losses from SNRs -

Morrison, Olbert & Rossi 1954, Ginzburg & Syrovatskii 1964, Evoli et al. 2018, 2019



The case of supernova remnants 10

Consensus: Protons are injected in the disk and diffusively propagate
IN a magnetized halo
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The case of supernova remnants B

Protons after propagation:

B | IIIIII| | | IIIIII| | | IIIIII| | | IIIIII| T T T 1T ]
- KASCADE — SIBYLL2.1 DAMPE -
10% KASCADE — QGJset M CALETLE =
i - ARGO (p + He) M CALETHE .
H | _
w | ARGO p fit *  AMS — 02 _
w 10°k V¥ Tibet PAMELA -
TF Type la -
g [ -
P~ B _
=
o 10 = v =
B E AN VVvvy 1
[\_ B _
o - . -
2 T )
@ e e i
H o F :
102 | IIII-I.:Il | IIIIII| | IIIIII| | IIIIII|
102 10 10* 10° 10° 107

E|GeV]

PC, Blasi& Amato (2020)



11
The case of supernova remnants

Protons after propagation:
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The case of supernova remnants B
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The case of supernova remnants 2
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The case of supernova remnants
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The case of supernova remnants 2
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The case of supernova remnants e

1. Possible to account for PeV protons with rare unusual SNRs (1% 3/century,
hard to catchl!)
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The case of supernova remnants

14

1. Possible to account for PeV protons with rare unusual SNRs (1% 3/century,

hard to catchl!)

2. Exponential cut-off (expected from escape of protons)
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The case of supernova remnants e

1. Possible to account for PeV protons with rare unusual SNRs (1% 3/century,
hard to catchl!)

2. Exponential cut-off (expected from escape of protons)
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The case of supernova remnants e

1. Possible to account for PeV protons with rare unusual SNRs (1% 3/century,
hard to catchl!)

2. Exponential cut-off (expected from escape of protons)
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The case of supernova remnants e

1. Possible to account for PeV protons with rare unusual SNRs (1% 3/century,
hard to catchl!)

2. Exponential cut-off (expected from escape of protons)

3. Issues with the spectrum BELOW PeV!
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1. Possible to account for PeV protons with rare unusual SNRs (1% 3/century,
hard to catchl!)

2. Exponential cut-off (expected from escape of protons)

3. Issues with the spectrum BELOW PeV!

IIII| T T T IIIII| T T T IIIII| T T T IIIII| T T T TTTTT i EqUiva'entcm enerQY\gpp [Gev]

KASCADE — SIBYLL2.1 DAMPE - i T 10° 10* 10° 10°
TTTT 1 VT T1T7TTTT ¥ U RS 1 T T TTTTT I I T TTTTd
100 KASCADE — QGJset M CALETLE - =1 ) 4 ' ! '
ARGO (p + He) M CALET HE : L RHC(pp) Tevatron (pp)  LHC (pp)
: * 10'8k—  HERA(-p) Y HiRes-MIA
ARGO p fit AMS — 02 = A HiRes|
10° V¥V  Tibet PAMELA _ i A :«lgfg /n\u/ »
E e 5 eno
Type IIx . 107=— N | 2 ® Auger 2009

10'®

IIIIHI I Illillll

W ATIC
PROTON
RUNJOB

YVvvy

.....

1 015
KASCADE (QGSJET 01)

KASCADE (SIBYLL 2.1)
KASCADE-Grande 2009
Tibet ASg (SIBYLL 2.1)

—_
(@)
w

I(E) E*7[GeV} ' m 25 lsr 7]
—_
(an}
T~
T T TTTTT T T ( T T TTTTT T T T TTTIT
.
|

1014

Scaled flux E**J(E) [m2s'srieV'd

lll”lll | l]l””l
% m e o 25

B v
102 Ll f Ll Lo Vool [ N N
102 103 104 105 106 107 101 L |11t L L L1LllL 11 111111 L L1l L LLLLEL 1L L Ll 1L |11l 1L Ll Ll
13 14 15 16 17 18 19 20
E[GeV] 10 10 10 10 10 10 10 10

Energy [eV/particle]

Protons trapped Protons continuously escapin
inside SNR y Ping PC, Blasi& Amato (2020)



The case of supernova remnants e

1. Possible to account for PeV protons with rare unusual SNRs (1% 3/century,
hard to catchl!)
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The case of supernova remnants e

1. Possible to account for PeV protons with rare unusual SNRs (1% 3/century,
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‘Hard enough’ spectra above the knee

How to produce this?

1. Break during propagation
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‘Hard enough’ spectra above the knee

Equivalent c.m. energy\'s,, [GeV]

How to produce this?

1. Break during propagation
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‘Hard enough’ spectra above the knee

How to produce this?

1. Break during propagation
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‘Hard enough’ spectra above the knee

How to produce this?

1. Break during propagation
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2. Two (or more) ‘classes’ of sources overlapping



‘Hard enough’ spectra above the knee

Equivalent c.m. energy\'s,, [GeV]

How to produce this?

1. Break during propagation
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‘Hard enough’ spectra above the knee ®
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‘Hard enough’ spectra above the knee
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‘Hard enough’ spectra above the knee

SNRs from Type la
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‘Hard enough’ spectra above the knee

SNRs from Type la

106 I T TTTTI I T T TTTI I T TTTTT I T TTTTT I T TTI

—
-
ot
L Il

——————————————————————————
~—
~

| IIIIIIII

Particle trapped inside
SNR + losses

—_
S
=~
4
4

I IIIIIIII

p*N(p)[arb.units]

IIIIIIII

I

10°

IIIIIII

| | ||||||I | | ||||||I | |'.|.|||||I | | ||||||I | L 1111
100 il 102 107 107 10°
P|mc]

Ptuskin & Zirakashvili 2008, Caprioli et al. 2010, Blasi 2013, PC et al. 2021, Morlino et al. 2021



‘Hard enough’ spectra above the knee ®

SNRs from Type la
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‘Hard enough’ spectra above the knee ®

SNRs from Type la
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‘Hard enough’ spectra above the knee ®

SNRs from Type la
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Steepening : not the energy range we want,
same idea for other sources?
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‘Hard enough’ spectra above the knee

Reaching PeV range (SNRs or other objects): may not be a problem

Problem : produce enough PeV protons (nuclei) +
« hard enough » spectrum above the PeV range

Stellar clusters: « hard enough » spectrum above PeV : Losses, escaping
particles, diffusion coefficient?
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And... below the knee?
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And... below the knee?
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And... below the knee?
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And... below the knee?
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And... below the knee?

[ IIIIIII| [ IIIIIII| o IIIIII| [ IIIIIII| T T TTTTH T T T T |
1061 KASCADE — SIBYLL2.1 DAMPE |
-— F KASCADE — QGJset M CALETLE .
PR ARGO (p + He) ¥ CALETHE -
AT ARGO p fit *  AMS — 02 -
w 10°E ¥ Tibet PAMELA ~
N — ]
| - .
= 5 i
M~ i |
‘_:|> 41 W _
SR YVyv :
N~ N v ]
N | _
[x] i ]
\LT__-I/ 103:_ B
R & :
102 | 1 IIIIII| | 1 IIIIII| | 1 IIIIII| | 1 IIIIII| | 1 IIIIII| | 1 IIIIII|
10! 10 10° 10* 10° 10° 107

E|GeV]

18



And... below the knee?
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And... below the knee?
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And... below the knee? "
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With only one object? 19
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With only one object?
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Naive
calculation

Escaping
particles

Major problem: no room for other SNRs/ other accelerators



Origin of Galactic protons »

Which sources could be How to produce ‘enough’ protons +

pevatrons? ‘hard enough’ spectra above PeV?

1. Role of other SNRs? Efficiency of 5-10%

2. Many other sources (Massive 2. What about other accelerators? @

stars, superbubbles,etc.) 3. What about fine features (10 TeV bump?)
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Supernova remnants (important issues)

TeV range H.E.S.S. 2018
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More than protons
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More than protons

22

The 22Ne/20Ne ratio

Local ISM (today + 4.5 Gyr ago)
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CRs from young stellar clusters

1/R profile as
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Gamma rays from massive stars demonstrate particle acceleration

Aharonian et al. 2019, Yang et al. 2021



CRs from stellar clusters and interstellar bubbles

Cassé & Paul 1980,1982; Volk& Forman 1982, Cesarsky & Montmerle 1983;
Webb et al. 1985, Bykov et al. 2001 ++, Parizot et al. 2004, Ferrand &
Marcowith 2010, Morlino et al. 2021, Vieu et al. 2022
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Castor et al. 1975, Weaver et al. 1977, MacCray&Kafatos 1987, MacLow&McCray 1988, Koo&McKee 1992

24



CRs from stellar clusters and interstellar bubbles +

Cassé & Paul 1980,1982; Volk& Forman 1982, Cesarsky & Montmerle 1983;
Webb et al. 1985, Bykov et al. 2001 ++, Parizot et al. 2004, Ferrand &

Marcowith 2010, Morlino et al. 2021, Vieu et al. 2022
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Gupta et al. 2020 Mach number



CRs from stellar clusters and interstellar bubbles +

Cassé & Paul 1980,1982; Volk& Forman 1982, Cesarsky & Montmerle 1983;
Webb et al. 1985, Bykov et al. 2001 ++, Parizot et al. 2004, Ferrand &

Marcowith 2010, Morlino et al. 2021, Vieu et al. 2022
Density (my cm™)
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107 102 107! 10" 10! 102

Compact star cluster Loosely bound star cluster
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Gupta et al. 2020

Weak shocks =P Steeper than p-4



Fhe-transitionfrom-Galactic to
extragalactic-cosmic rays

SNRs Wind TS Superbubbles
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Fhe-transitionfrom-Galactic to
extragalactic-cosmic rays

SNRs Wind TS Superbubbles

Energetics
Injected spectrum

PeV

Enough PeV protons +
Above PeV + hard enough
spectrum above PeV

‘DAMPE’ 10 TeV Bump
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Fhe-transitionfrom-Galactic to
extragalactic-cosmic rays

SNRs Wind TS Superbubbles

Energetics
Injected spectrum

PeV

Enough PeV protons +
Above PeV + hard enough
spectrum above PeV

‘DAMPE’ 10 TeV Bump

22Ne/20Ne
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The-transitionfrom-Galactic te
extragalactic-cosmic rays

SNRs Wind TS Superbubbles

Energetics Yes No Yes

Injected spectrum

PeV

Enough PeV protons +
Above PeV + hard enough
spectrum above PeV

‘DAMPE’ 10 TeV Bump

22Ne/20Ne
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Injected spectrum A o AT
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Fhe-transitionfrom-Galactic to
extragalactic-cosmic rays

SNRs Wind TS Superbubbles

Energetics Yes No fes
Injected spectrum A ~ A
PeV Probably Probably Probably

Enough PeV protons +
Above PeV + hard enough
spectrum above PeV

‘DAMPE’ 10 TeV Bump
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Fhe-transitionfrom-Galactic to
extragalactic-cosmic rays

SNRs Wind TS Superbubbles

Energetics Yes No Yes
Injected spectrum A ~ A
PeV Probably Probably Probably
Enough PeV protons + 2, 2 ?

Above PeV + hard enough
spectrum above PeV

‘DAMPE’ 10 TeV Bump

22Ne/20Ne



Fhe-transitionfrom-Galactic to
extragalactic-cosmic rays

SNRs Wind TS Superbubbles

Energetics Yes No Yes
Injected spectrum A S Ay
PeV Probably Probably Probably
Enough PeV protons + N 0 o
Above PeV + hard enough ' - .
spectrum above PeV
‘DAMPE’ 10 TeV Bump Maybe Unclear Maybe

22Ne/20Ne No Yes No



Fhe-transitionfrom-Galactic to
extragalactic-cosmic rays

SNRs Wind TS Superbubbles

Energetics Yes No Yes
Injected spectrum A ~ A
PeV Probably Probably Probably
Enough P« NO easy way to solve everything ),
Above PeV - with one class of sources
spectrum
‘DAMPE’ 1 /be

22Ne/20Ne No Yes No



Fhe-transitionfrom-Galactic to
extragalactic-cosmic rays

SNRs Wind TS Superbubbles

Energetics Yes No Yes
Injected spectrum A ~ A
PeV Probably Probably Probably
Enough P« NO easy way to solve everything ),
Above PeV - with one class of sources
spectrum

22Ne/20Ne No Yes No



An example: mixed contribution
CR abundances relative to solar composition (Voyager/AMS/SuperTIGER)

3 14 15 16 17, 18 19,20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Volatiles: Flat abtindance/solar Aomimumber

ratio, A/Q ~2 for all elements
Injection from hot medium (superbubbles?)

Tatischeff et al. 2021
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An example: mixed contribution
CR abundances relative to solar composmon (Voyager/AMS/SuperTIGER)

GCR source / Cosmic (Fe=1)
T
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(2020)

vOlatnéé “ Flai abl

11 3 14 15 16 17,

ance/solar

1819202122232425262728293031323334353637383940

ratio, A/Q ~2 for all elements

Injection from hot medium (superbubbles?)

Tatischeff et al. 2021

Atomic number

Model 1 Model 2 Model 4 Model 5
GCR gas source of SC compo.  70% WNM, 30% WIM  SB 60% SB, 60% SB,

28% WNM, 12% WIM  28% WNM, 12% WIM
22Ne-rich GCR gas source Accelerated winds Winds in § Accelerated wind Winds in SB Accelerated winds
SB temperature log(7sg)¢ - 6.50+0 > 6.45 6.5t g >6.35
Relative eff. € = €gyst/ €gas” 33.8+13.4 26.0+ 13 17.9+9.7 27. O + 13.2 22.8+10.6
W.-R. wind contribution x,,¢  10.3% 48.9% (5.1-6.1)% (55.611:3)% (7.3 -7.9)%

X2, (GCR dust source)? 24.6 26.9 25.9 260 24.8

Tl (GCR gas source)® 24.7 31.1 12.2 31.4 16.7
SB temperature log(7sg) - 6.6 (fixed 6.6 (fixed) 6.6 (fixed) 6.6 (fixed)
Relative eff. € = €gyst/ €gas” 33.8+13.4 23.2+94 202+7:2 24.6 +10.2 24.4+£9.2
W.-R. wind contribution x,,, € 10.3% 48.9% 5.9% 56.0% 7.7%

x2. (GCR dust source)? 24.6 28.0 26.9 264 25.0
XZm(GCR gas source)® 24.7 32.3 13.2 324 18.3
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An example: mixed contribution
CR abundances relative to solar composmon (Voyager/AMS/SuperTIGER)

{100 keV/n
: @ : : :

stellar clusters

VOlatn’eé"F e

ratio, A/Q ~2 for aII elements
Injection from hot medium (superbubbles?
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- Most CRs come from SNRs in superbubbles +
. ~5% from wind termination shocks of young

Model 1 Model 2 Model 4 Model 5
GCR gas source of SC compo.  70% WNM, 30% WIM  SB 60% SB, 60% SB,

28% WNM, 12% WIM  28% WNM, 12% WIM
22Ne-rich GCR gas source Accelerated winds Winds in@#B  Accelerated willls ~ Winds in SB Accelerated winds
SB temperature log(Tsg) ¢ - 6.50 + (@5 > 6.45 6522 > 6.35
Relative eff. € = €gyst/ €gas” 33.8+13.4 26.0+ \.2 17.9+9.7 2].0«13.2 22.8+10.6
W.-R. wind contribution x,,¢  10.3% 48.9% (5.1-6.1)% (55.6*13)% (7.3 -7.9)%
Xgun(GCR dust source)? 24.6 26.9 259 26.0 24.8
X in(GCR gas source)® 24.7 31.1 12.2 314 16.7
SB temperature log(7sg) - 6.6 (fixe 6.6 (fixed) 6.6 (fixed) 6.6 (fixed)
Relative eff. € = €gyst/ €gas” 33.8+13.4 23.2°¢9 202+£7:2 24.6 £10.2 24.4+9.2
W.-R. wind contribution x,,, € 10.3% 48.9% 5.9% 56.0% 7.7%

XT‘"(GCR dust source)? 24.6 28.0 26.9 26.4 25.0
Xmin(GCR gas source)® 24.7 32.3 13.2 324 18.3

Tatischeff et al. 2021
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Other issues!

SNRs Wind TS Superbubbles

Other issues! f; f; f)

1. Spectral hardening towers the Galactic center

2. Small spatial gradients of CRs

3. Very low level of anisotropy, phase points away from
the Galactic center (<100 TeV)

4. Origin of small scale anisotropies

5. He spectra different than H

Review: Gabici, Evoli, Gaggero, Mertsch, Orlando, Strong, Vittino 2019
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He and H
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The-transitionfrom-Galactic te
extragalactic-cosmic rays

The SNR paradigm faces problems
1.Spectra of accelerated particles
2.Spectra released in ISM
3.Up to and beyond PeV?
4.Features in spectrum

Star clusters accelerate particles

1.Wind termination shocks
2.Superbubbles

Mixed scenarios seem favored
it’'s a pity, because allows for fine tuning



Fhe-transition-from-Galacticte
extragalactic-cosmic rays

cta

cherenkov telescope array

The SNR paradigm faces problems
1.Spectra of accelerated particles
2.Spectra released in ISM
3.Up to and beyond PeV?
4.Features in spectrum

Star clusters accelerate particles

1.Wind termination shocks
2.Superbubbles

Mixed scenarios seem favored
it’'s a pity, because allows for fine tuning

Next years: differential spectra in the 100 TeV range needed
1. From SNRs and star clusters

2. To understand their role in the origin of CRs + essential questions on
shock acceleration (efficiency, spectra around the knee, etc.)






The transition from Galactic to
extragalaetiec-cosmic rays

Possible change of picture

k-2 X

Propagation Halo + Disk

Sources

Different classes of sources Diffusive reacceleration
Reviews origin of Galactic CRs: Blasi et al. 2013 & 2019, Gabici et al. 2019, PC 2021
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extragalaetiec-cosmic rays

Possible change of picture

k-2 X

Propagation Halo + Disk

Souries
W '
Different classes of sources Propagation Halo + Disk Us
.M /ﬁ/* S
Different classes of sources DSA Reacceleration Us

Reviews origin of Galactic CRs: Blasi et al. 2013 & 2019, Gabici et al. 2019, PC 2021



HH Galactic te
extragalaetiec-cosmic rays

Possible change of picture

k-2 X

Propagation Halo + Disk

Souries
Different classes of sources Propagation Halo + Disk Us
.M /X/-A W
Different classes of sources DSA Reacceleration Us
*. ‘ DSA e
— reacceleration

Different classes of sources Diﬁusi{/éécceleration
Reviews origin of Galactic CRs: Blasi et al. 2013 & 2019, Gabici et al. 2019, PC 2021



