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The SNR paradigm for The or'lgm of CRs

b’ SN exploswns > enough power To explam CRs 1

* Baade & Zwicky 1934 (see also Ter Haar 1950)
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The SNR par'adlgm for The or'lgln of CRs
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BOBALSKy 1977-1978 (Blandfor'd, Os’rrlker',
Bell, Axford, Leer, Skadron, Krymskii)
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The SNR paradigm for The or'lgm of CRs

B SN explosnons > enough power To explam CRs

= o —

Baade & ancky 1934 (see also Ter Haar 1950)

1

BOBALSKy 1977-1978 (Blandfor'd Ostriker,
Bell, Axford, Leer, Skadron, Kr'ymsku)

Drury, Aharonian & Vélk 1994

' <- Cherenkov telescope N
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Question #1

~ Gamma-ray emission from SNRs:

hadronic or leptonic?
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The SNR paradigm for The or'lgm of CRs

B SN explosnons > enough power To explam CRs
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Baade & ancky 1934 (see also Ter Haar 1950)
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Fermi, Agile (2013)
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Baade & ancky 1934 (see also Ter Haar 1950)
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BOBALSKy 1977-1978 (Blandfor'd Ostriker,

Bell Axford, Leer, Skadron, Kr'ymsku)

very popular but not

Drury, Aharonian & Vélk 1994
proven yet! i
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Question #1

'~ Gamma-ray emission from SNRs:
hadronic or leptonic?

O pion bump -> hadronic o w44
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Question #1

'~ Gamma-ray emission from SNRs:
hadronic or leptonic?
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Question #1

l Gamma-ray emission from SNRs:
hadronic or leptonic?

| neutrinos? |
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Question #1

l Gamma-ray emission from SNRs:
hadronic or leptonic?
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SNRs & MCs:interaction or runaway CRs?

Blandford&Cowie 1982, Aharonian+ 1994, Bykov+ 2000, Uchiyama+ 2010

d shoqk/ MC interaction ﬂ
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Blandford&Cowie 1982, Aharonian+ 1994, Bykov+ 2000, Uchiyama+ 2010

d shoqk/ MC interaction ﬂ
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SNRs & MCs:interaction or runaway CRs?

Blandford&Cowie 1982, Aharonian+ 1994, Bykov+ 2000, Uchiyama+ 2010
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Aharonian&Atoyan 1996, SG&Aharonian 2007, SG+ 2009,2010, Nava&S6 2013
j SNRs galactic centre  superbubbles low energy ~ the end




SNRs & MCs:interaction or runaway CRs?

Blandford&Cowie 1982, Aharonian+ 1994, Bykov+ 2000, Uchiyama+ 2010
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SNRs & MCs:interaction or runaway CRs?

Blandford&Cowie 1982, Aharonian+ 1994, Bykov+ 2000, Uchiyama+ 2010
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Question #2

|
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" When and how do cosmic rays

‘escape from SNRs?
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Are SNRs proton PeVatrons?
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Are SNRs proton PeVatrons?
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Are SNRs proton PeVatrons?
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Are SNRs pr'ofon PeVatrons?

30 years Ia'rer'
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Are SNRs pr'ofon PeVatrons?

30 years Ia'rer'
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current driven, non-resonant instability (Bell 2004, 2013) -> PeV particle
acceleration possible in the very early (tens of years) stage of a SNR evolution ->
ejecta dominated phase -> is there enough power to feed the PeV CR population?
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Are SNRs pr'ofon PeVatrons?

30 years Ia'rer'
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Dr'ur'y ms1'ab|I|1'y might be more effec'rlve -> Dr'ur'y Downes 2012 2014

current driven, non-resonant instability (Bell 2004, 2013) -> PeV particle
acceleration possible in the very early (tens of years) stage of a SNR evolution ->
ejecta dominated phase -> is there enough power to feed the PeV CR population?
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Question #2

" When and how do cosmic rays %
‘escape from SNRs?

O highest energies released first (<< 100 yrs)

O lower energies released gradually as the shock speed decreases

O the details of the escape mechanism are still largely unknown

O we still don't know whether SNRs are PeVatrons or not
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The galactic centre as a CR PeVatron

' Observational
 signature |

p-p interactions -> B~ 1 PeV — £

unattenuated y-ray spectrum extending to the multi-TeV domain

~ 100 TeV

maax maax

inverse Compton-> suppressed in the multi-TeV domain (Klein-Nishina effect)
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The galactic centre as a CR PeVatron

Observational
~ signature

unattenuated y-ray spectrum extending to the multi-TeV domain

p-p interactions -> B~ 1

PeV — E7Y =~ 100 TeV

maax

inverse Compton-> suppressed in the multi-TeV domain (Klein-Nishina effect)
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Questions #3 and #4

- Where (and who) are PeVatrons?

Are SNRs the best candidates to
explain the origin of cosmic rays?
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Questions #3 and #4

Where (and who) are PeVatrons?

Are SNRs the best candidates to
explain the origin of cosmic rays?

(O gamma-ray based tests for the SNR paradigm
O PeV particle acceleration at SNRs: the role of CTA

O search for competing sources
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The importance of being a SNOB

Montmerle 1979
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Montmerle 1979

Super'Novae

Ry-1pe

\<Af\

| iwsECTION ~ /ape \
(Low-energy . " / vy
partrcles ) In < or ;v"“" .
7 {,"\/ \ 2 )

\ .(W /

N

la)

l, \\
;7 \
2
ook —+
\\\ /
ACCEL ERATION ™\ /’

OB assoaa’rions

S'NR
‘/i 4 ow«gd'mws 4
P A
f /)‘ . \\ \\\ leaking cosmic rays
'L LA Jues /# &y
\ \\){\ \ * N
X, = TNV Yreys hade
B
¥ rays 7~ cld SNR (0-10Y )
Nz
(e} (‘)
SNRs  galactic centre  superbubbles low energy ~ the end
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The importance of being a SNOB

Montmerle 1979 SuperNovae OB assoaa’rions
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The importance of being a/SNO
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Questions #5

' Has the clustering (in both space &
~ time) of supernova explosions any
effect on the acceleration
mechanism?
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Questions #5

' Has the clustering (in both space &
~ time) of supernova explosions any
effect on the acceleration
mechanism?

O minimal variation of the SNR paradigm? sum of the acceleration from
many individual SNRs (Higdon, Lingenfelter, Ramaty...)
O superbubbles -> radically different acceleration mechanisms (Bykov,

Parizot...)
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The SNR paradigm for the origin of CRs:
gamma-ray based tests

—



s the SNR paradigm consistent
with y-ray data? Tests for CR origin
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LHow many SNRs should we detect in the HESS galactic plane survey?

-

/ Ls the SNR paradigm consistent
" with y-ray data? Tests for CR origin

L
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LHow many SNRs should we detect in the HESS galactic plane survey? |

-

(O 78 sources

/ Ls the SNR paradigm consistent
" with y-ray data? Tests for CR origin
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/ Ls the SNR paradigm consistent
“with y-ray data? Tests for CR origin

— . : -

LHow many SNRs should we detect in the HESS galactic plane survey? |

(O 78 sources

O 31 identified

O 8 SNRs

(O 8 composite SNRs

Donath+ 2017

} —> 1/2 - 1/4 of the identified
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k s the SNR paradigm consistent
“with y-ray data? Tests for CR origin

— . : -

LHow many SNRs should we detect in the HESS galactic plane survey? |

(O 78 sources —> ~20-40 SNRs?
O 31 identified

O 8 SNRs

(O 8 composite SNRs

Donath+ 2017

} —> 1/2 - 1/4 of the identified
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k s the SNR paradigm consistent
“with y-ray data? Tests for CR origin

— . : -

LHow many SNRs should we detect in the HESS galactic plane survey? |

(O 78 sources —> ~20-40 SNRs? —> =10 - several tens
O 31 identified

O 8 SNRs

(O 8 composite SNRs

Donath+ 2017

} —> 1/2 - 1/4 of the identified
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k s the SNR paradigm consistent
“with y-ray data? Tests for CR origin
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LHow many SNRs should we detect in the HESS galactic plane survey?
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k s the SNR paradigm consistent
with y-ray data? Tests for CR origin

— : s

LHow many SNRs should we detect in the HESS galactic plane survey? |

RED and BLACK regions -> with or without Inverse Compton contribution

Cristofari+ 2013
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Number of detections

Future tests:

the Cherenkov Telescope Array
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Number of detections

Future tests:
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Number of detections

Future tests:

||||i||| | NN | Tl

T T
1000 | o
Xl
o
100 T
10 .
AR RN B o
Z.Z
- s
3 B
. . . A [
1? """ I] """"" I'l'l """ ﬂlllllll """"
1071° 10; 10713

CTA sensitivity
(point sources)

F(>1TeV)|cn

Cristofari+ 2017

‘— a=4.1K, _102u <— optimistic

the Cherenkov Telescope Array

— Al1Sky i
= = Al1Sky + source extension |

|I| <60°,|b| <2° + source extension

|I| <60°,|b| <2° + source extension
+ source confusion

,,,,,,,,,,,,,,,,,,,,,,,,

rrrrrrrrrrrrrrrrrrrrrrrrr

CTA ser‘s"f'v"fy RE T
(Gal PlaneSur-vgy)l R e

[ B ||||II| I IIIIIII|

10714 10713 10712
F(>1TeV)[cm ‘s !]

—

galactic centre

superbubbles low energy

the end




Number of detections

Future tests:

||||i||| | NN | Tl

T T
1000 | o
Xl
o
100 T
10 .
AR RN B o
Z.Z
- s
3 B
. . . A [
1? """ I] """"" I'l'l """ ﬂlllllll """"
1071° 10; 10713

CTA sensitivity
(point sources)

F(>1TeV)|cn

Cristofari+ 2017

‘— a=4.1K, _102u <— optimistic

the Cherenkov Telescope Array

+ source confusion

— Al1Sky i
= = Al1Sky + source extension |

|I| <60°,|b| <2° + source extension
|I| <60°,|b| <2° + source extension

,,,,,,,,,,,,,,,,,,,,,,,,

rrrrrrrrrrrrrrrrrrrrrrrrr

rrrrrrrrrrrrrrrrrrrrrrrrrrrrr

""""" "'"" " " ' :::;::::::::::::::::;::::::::,',],,;f;;:j\:::::::::::::ffffifffij:;”ffiﬁ:

7],,[(1ﬁﬁfﬁﬁﬁﬁﬁﬁ;ﬁﬁﬁﬁﬁ]fﬁﬁ[ﬁﬁ[ﬁ]ﬁﬁ’;?égj}ﬁ;fﬁ,‘ﬁ;ﬁ]ﬁfﬁﬁ]ﬁﬁﬁﬁ[ﬁ]ﬁﬁ """ ﬁ]ﬁ:

CTA senSI‘rlvu’ry T N

5 REEEEEEEEEEEEE SRR R PR PP PTRE SRR -

(Gal. Plane Sur'vey) v T
ll |||:|Lb|14 | |II:II-I013 | | | III:II-IO-12 | 2N | $III:II-|0_11

F(>1TeV)[cm s~ 1]

—

galactic centre  superbubbles low energy

the end




Number of detections

Future tests:

the Cherenkov Telescope Array

LR RN RN ] I N B B
1000 SR ' ‘— a=4.1 K, —102u < opTimisTic
! I I LT T T 1117 IIIII_
s 3 —— Al1Sky i
= = Al1Sky + source extension |
SRR N |I| <60°,|b| <2° + source extension

100 “‘:,” ol 1] < 60°,|b] <2° + source extension [
+ source confusion E
IR, IS -~ e S O U N RN NS R B

B ALL
10 "i"'qﬁﬁﬁﬁ?ﬁSﬁiﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ,:,"ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ_:
et Y B e | R A i N I I R —
e [l "'"'”"""”ﬁﬁﬁﬁﬁﬁﬁ',,,'ﬁﬁﬁﬁﬁ}ﬁfﬁfﬁﬁﬁﬁ"""""""" "'"""""ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ_
o j;j;jjjjjjjj‘?f‘jj;jjjfi EXTENSION **************
R B S R S EE R~ TN SO U LN - SR S S T e N
1 BRI S0 ! - N T % SURVEY N
e it AR fiffi::ifijjj::::::::::t ::::3::::ijjjj;ffi:iffiffifffffffffffffffffiffffffff:',],,;']';::j\:::::::‘::::::§ffffﬁffﬁfiffﬁfﬁ;
107 10 o = P 71 """""""""""""""""""""""" \'""f'jjjjfjjjjfjjjfjj}jjsjjsjz:
I : Lo
CTA sensitivity (Gal. Plane Survey) -| A ‘\ G

ll [ I:ILE)I 2 ] ] II :II-IO 3 ] ] ] L1 I:II-IO_12 2N ] L1 I:Il-lo_ll

(point sources)

Cristofari+ 2017

F(>1TeV)[cm s~ 1]

—

galactic centre  superbubbles low energy ~ the end




Number of detections

Future tests:

the Cherenkov Telescope Array

T T I . . s s o
1000 AR ' ‘— a=4.1 K, —102u < opTimisTic
! 1 1 | IIIII_
" 3 — Al1Sky i
= = Al1Sky + source extension |
SRR N |I| <60°,|b| <2° + source extension

100 “‘:,” ol 1] < 60°,|b] <2° + source extension [
+ source confusion E
IR IS - e SN U N SOUURRUR SURN O N S S

ALL
10 "i"{:::?:S:i:::::::::::::::::::,:,”::::::::::::::::::::::::::::::::_:
Lt S S i N e I R —
”fﬁﬁfﬁ',,,'ﬁfﬁﬁ}ﬁfﬁfﬁﬁf'”'”””””” ””m”"”ffﬁfffﬁf—
n j;j;jjjjjjjj‘jf‘j';;jjjff EXTENSION **************
RIS S SIS R D S LR~ N (SO SRR NSO SN N N o NG
1 v SIETRESUN| WS008 U8 1. 5 5 DO O 0% SURVEY LN
L) S I RIS NN ﬂ BT SR fiffi::ifijjj::::::::::t ::::3::::ijjjj;ffi:iffiffifffffffffffffffffiffffffff:',],,;']';::j\:::::::‘::::::§ffffﬁffﬁfiffﬁfﬁ;
10" 10 10t =~ Pl 71 """"""""""""""""""""""" \'""*'jjjjfjjjjfjjjfjj}jjsjjsjz:
I ; Lo
CTA sensitivity (Gal. Plane Survey) -| B ‘\ N

ll L1 I:ILE)I 2 ] ] Il :II-IO 3 ] ] ] [ Iilo_12 2N ] [ I:Il-lo_ll

(point sources)

Cristofari+ 2017

F(>1TeV)[cm s~ 1]

—

galactic centre  superbubbles low energy ~ the end




ot $°The Cherenkov Telescope Array
and the search for PeVatrons

very rough estimate

—> Nsnr ~ 100 SNRs
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—> uniform age distribution (?)
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The Cherenkov Telescope Array
and the search for PeVatrons

/ o\
a0

N

¢

very rough estimate

—> Nsnr ~ 100 SNRs

—> median age: toge ~ 5 kyr

. Npev ~ (NSNR/ 2) (1'PeV/ 'rage) ~ 1 SNRs

S ————— =_—————— =

—> uniform age distribution (?)

> Teev < /,100 L4 | this is comparable to the predicted |
provided that ‘ r_uumﬁbﬁer'of PeVatrons in the MWI

theoreticians are right
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The Cherenkov Telescope Array
and the search for PeVatrons

/ o\
a0

N

e

very rough estimate

—> Nsnr ~ 100 SNRs

—> median age: toge ~ 5 kyr

- Nrev ~ (Nsnr/2) (trev/Tage) ~ 1 SNRs |

=== —_————— =

—> uniform age distribution (?)

this is comparable to the pedic're ’
number of PeVatrons in the MW!

—> Tpev ¢ 100 yr

V. .
provided that ’

theoreticians are right

Question: will we be able to recognise them as PeVatrons?

(i.e. bright enough to be observable up to the multi-TeV domain)
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The galactic centre
as a cosmic ray PeVatron




A proton PeVatron in the galactic centre

Obs:er'va‘honal unattenuated y-ray spectrum extending to the multi-TeV domain
~ signhature |

- _

p-p interactions -> P =~ 1 PeV — E) =~ 100 TeV

maax maax

inverse Compton-> suppressed in the multi-TeV domain (Klein-Nishina effect)
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A proton PeVatron in the galactic centre

Obs:er'va‘honal unattenuated y-ray spectrum extending to the multi-TeV domain
~ signhature |

- _

p-p interactions -> P =~ 1 PeV — E) =~ 100 TeV

maax maax

inverse Compton-> suppressed in the multi-TeV domain (Klein-Nishina effect)

1070

<diffuse emission fr'o e |

e

t*_
|

. no cutoff!

101"

the first PeVatron is not
a SNR but is located in
the Galactic centrel

1077 =

il H.E.S.S. Coll. 2016

10
B ergy, E (TeY)
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A proton PeVatron in the galactic centre

Observational I unattenuated y-ray spectrum extending to the multi-TeV domain

sighature |

S _

p-p interactions -> P =~ 1 PeV — E) =~ 100 TeV

maax maax

inverse Compton-> suppressed in the multi-TeV domain (Klein-Nishina effect)

1070

.‘ diffuse emission from the GC ‘

. no cutoff!

10-'" |

the first PeVatron is not | | a cutoff @ ... deviates from data @
a SNR but is located in 2.9 PeV 68%
the Galactic centre! | 0.6 PeV 90%
0.4 PeV 95%

1079 -

il H.E.S.S. Coll. 2016

10
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The GC ridge as seen 10 years ago

H.E.S.S. Coll. 2006

color scale -> y-rays
contours -> gas (CS)
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The GC ridge as seen 10 years ago

H.E.S.S. Coll. 2006
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The GC ridge as seen 10 years ago

H. E S.S. CO” 2006 -1.15" </ < -2.85" 35 ¢ ! < -0.65° < -0.25"
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The GC ridge as seen 10 year's ago

H.E.S.S. Coll. 2006
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Where is ﬂ1 source?

one source
impulsive injection of CRs

| CR spatial distribution i U -
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Where is ﬂ‘u source?

" CR spatial distribution i

one source
impulsive injection of CRs

{ u
!
h
!

diffusion length
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Where is ﬂ1 source?

| CR spatial distribution i

one source
continuous injection of CRs

y
-
|
L |
----E.----
L
-
=
=
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Where is ﬂ1 source?
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Where is ﬂ‘u source?

one source
continuous injection of CRs
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Where is the source?

o e i many sources
CR spatial distribution o
= SP o - -> any distribution

v & 9
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Galactic latitude (degrees)

The source is at the 6C
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The source is at the 6C

H.E.S.S. Coll. 2016
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Galactic latitude (degrees)

The source is at the 6C

H.E. S S Coll 2016
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Galactic latitude (degrees)

The source is at the 6C

H.E.S.S. Coll. 2016
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multi-source scenarios require excessive fine-tuning/unrealistic number of sources
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Supermassuve black hole as a Pchn‘r'on
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Supermassuve black hole as a PeVaTr'on

E2 5 flux TeV em2 &71)

'y
<
S

1013

[ ] Diffuse emission (<10)
[ —— Model (best fit): diffuse emission
- — - Model: diffuse emission E s, = 2.9 PeV
- = = Model: diffuse emission E_;, = 0.6 PeV

- - Model: diffuse emission E25° = 0.4 PeV
B HESS J1745-290

LI | lfll

1 lllll[ | | L1 llll

1 10
Energy, £ (TeV)

o SNRs | ouacHEEne

~10 TeV cutoff -> inconsistency? no...

® emission could be unrelated
® fime dependent effect
® yy-absorption w. IR photons? (Celli+ 2016)
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Supermassuve black hole as a PeVaTr'on

gas mass
g I
5
>
-
E 10712
W
[_] Diffuse emission (x10)
| —— Model (best fit): diffuse emission . .
- — = Model: diffuse emission E25. = 2.9 PeV N].O TeV CUTOff -> InCOF\SISTenCY? no...
- = = Model: diffuse emission E_;, = 0.6 PeV
10713 - - - - - Model: diffuse emission E 2ops, = 0.4 PeV
- I HESS J1745-290 v ® emission could be unrelated
1 1 18 b3 ll | | | _— Ll ll 1 1 | [ 1 | .
| 10 ® fime dependent effect
Energy, £ (TeV) . .
® yy-absorption w. IR photons? (Celli+ 2016)
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Super'rnasswe black hole as a PeVaTr'on

10-10
g
"
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o
>
=
x
= .
1012
~ |
[ Diffuse emission (x10) | "§ kN
I —— Model (best fit): diffuse emission
- — = Model: diffuse emission EZ5° = 2.9 PeV
- = = Model: diffuse emission E20;, = 0.6 PeV A
10713 L~ - - - - Model: diffuse emission E s = 0.4 PeV v
= [ HESS J1745-290
1 L L1l ll | | | - | Ll ll 1 L1 1
1 10
Energy, £ (TeV)
e oves

gas mass

1/R profile
tLQp ~ 4 x 1037

S — —

D |
(1O3ocm2/s) erg/s |

~10 TeV cutoff -> inconsistency? no...

® emission could be unrelated
® time dependent effect
® yy-absorption w. IR photons? (Celli+ 2016)

the end
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SNOBs, superbubbles,
star forming regions...




Another scenario: SNOBs,superbubbles...

® chemical composition -> CRs originate in a source which is a mixture ~20% stellar
outflow/SN ejecta and ~80% interstellar medium (Murphy+ 2016 and references)
& stars form in clusters -> SN explosions -> SNOBs and superbubbles
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Another scenario: SNOBs,superbubbles...

® chemical composition -> CRs originate in a source which is a mixture ~20% stellar
outflow/SN ejecta and ~80% interstellar medium (Murphy+ 2016 and references)
& stars form in clusters -> SN explosions -> SNOBs and superbubbles

 star clusters in y-rays I superbubbles in y-rays H

- o o o

excess counts

HESS J1023-576

Declination (J2000)
&
2

Declination (J2000)

@
Q
=
@©
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-
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-46°00’
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16°55™ 16°5¢"™ 16'45” 1640~ HESS J1026-582

Rignt Ascension (JZ009 ' a2 IO 7 7 B
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Right Ascension (J2000)
westerlund 1 and 2, HESS Cygnus, Fermi 30 Dor C, LMC, HESS
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Another scenario: SNOBs,superbubbles...

® chemical composition -> CRs originate in a source which is a mixture ~20% stellar
outflow/SN ejecta and ~80% interstellar medium (Murphy+ 2016 and references)
& stars form in clusters -> SN explosions -> SNOBs and superbubbles

 star clusters in y-rays I superbubbles in y-rays H

Declination (J2000)
'S
o
=]
o
Declination (J2000)
- o o o
excess counts

@
Q
=
@©

9

-
&

>

-46°00’

Gal. lalivde (deg)

16°55™ 16°5(™ 16'45" 16"40™ HESS J1026-582 ] >
Right Ascension (J2009 an a1 Ay T4 TR TT 05"40m00° 05"35™00°

Right Ascension (J2000)
10"3C™ 10’25"‘ﬁlgm Asc1e ?1'3%""1 i Gal. longitude (deq)

westerlund 1 and 2, HESS Cygnus, Fermi 30 Dor C, LMC, HESS

® the acceleration mechanism might be completely different (Bykov&Fleishman92)
™ particle spectrum not universal, large Emax (large size!)
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Selected non-gamma-ray observations
- > jonisation rate of clouds
- -> Li Be B abundances




The MeV domain: CR ionization

(see SG & Montmerle 2015, Padovani+ 2009 for recent reviews)
Hy +CR — Hy + e~

ionizing photons — .
are absorbed imolecular cloud |

.,

CRs can penetrate
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The MeV domain: CR ionization

(see SG & Montmerle 2015, Padovani+ 2009 for recent reviews)
Hy +CR — Hy + e~

ionizing photons . —
are absorbed imolecular cloud |

.,

CRs can penetrate

chemistry

Hi,HCO", DCO™..
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The MeV domain: CR ionization

(see SG & Montmerle 2015, Padovani+ 2009 for recent reviews)

ionizing photons ~ .
are absorbed imolecular cloud}

.,

CRs can penetrate

| chemistry

Hi,HCO", DCO™..

HQ‘FCR%H;—FB_

see e.g. McCall+, Indriolo+, Ceccarelli+, Vaupré+ ...
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SuperNova Remnants & MeV cosmic rays

(for a review see SG & Montmerle 2015)
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Ceccarelli+ 2011

|
|
|
|
|
| i
| :
' 5
| .
; (i | -
LT ﬂﬂ% ﬁ] [ . . isolated clouds
. o LD
: | 1 | |;|:| O :
' | N 7 ! O .
| i |
. % .
| -+ | O
10_17:' | % il |
: | _ |
| | | |
: | 1 -
! |
| |
10_18:' . oy . ) -1----l ) |:|- ------l - .
10° 10" 10° 10% 10%*

N(Hj) [em™?]

intro SNRs galactic centre  superbubbles Ioly the end




SuperNova Remnants & MeV cosmic rays

(for a review see SG & Montmerle 2015)

b
I
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10 10” 10% 107,500 HESS J1800-240 = |
N(H5) [Cm—Z] 18"04™00° 18"02™00° 18"00™00°
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SuperNova Remnants & MeV cosmic rays

,v ray br'lgh'r clouds nex'r ‘ro SNRs xi

b 1 | ;q
107"k ZCR ~ few 10-15 s-1 ; ' )
10k isolated molecular clouds
= |
2
< 10_16:_
1047?
10 "%}k o L
10%° 10° 10°

N(HQ) [Cm_Z]
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Isolated clouds

L R T I T 1T] _
- i‘ . . . .
. MO=<+E00 | electrons dominate the ionization |
WIS EOD in isolated clouds?
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N(H,) [em™] Morlino+ TCRC2015
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Spallogenic nucleosynthesis of Li-Be-B

11

6
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o\He e Solar system
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9 . .
10 o Galactic cosmic rays

10 g

Atomic abundance, Si = 10
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-1 Be

10 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
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Atomic number, Z

e.g. Parizot 2000, for a review see Tatischeff&Gabici 2018
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Spallogenic nucleosynthesis of Li-Be-B

11
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e Solar system

o Galactic cosmic rays

Atomic abundance, Si = 10
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0 5 10 15 20 25 30 35 40

Atomic number, Z

e.g. Parizot 2000, for a review see Tatischeff&Gabici 2018
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Spallogenic nucleosynthesis of Li-Be-B

6
[a—
(=

e ;O metallicity Xism of the |
10F-\ e e Solar system .~ ISM increases with time
o Galactic cosmicrays | "y CRs are accelerated
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Spallogenic nucleosynthesis of Li-Be-B
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Spallogenic nucleosynthesis of Li-Be-B
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Conclusions

(O the SNR paradigm for the origin of cosmic rays is not in contradiction
with GeV and TeV gamma-ray observations, but:
(O where are SNR PeVatrons?
O isolated SNRs or SNRs in SNOBs, super bubbles, stellar clusters?
O is the acceleration mechanism “pure” diffusive shock acceleration?
O evidence for the acceleration of PeV particles at the Galactic Centre
(O competing sources?
O multiwavelength/multimessenger...

O look at low energies, also!

infro SNRs galactic centre  superbubbles low energy T._
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~ Gamma-ray emission from SNRs:
hadronic or leptonic?




Hadronic versus leptonic emission:
the role of the magnetic field

X-ray synchrotron emission is observed from some TeV SNRs
(RXJ1713, Vela Junior...)
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X-ray synchrotron emission is observed from some TeV SNRs
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Hadronic versus leptonic emission:
the role of the magnetic field

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

1 Ls’rrong B-field -> low ICS -> soft hadronic
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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

—_ . tteey, ‘
T R R R i ~
0n - —— -
e FTL7 1B
£ B P i 10
T} i W 1
% ."'F. /!! Iv;f 1 :
-E- S . ,-' v ] .9
i \
3 3 11 S
h\ "‘ .r"‘|r .u L
Z a F ¥
o . / vt ©
o, 1078 L - A ‘H<
o ] <C
Vs I St
l r
|'.
i i i i i Il I
102 103 104 109 106 107 108

Energy [MeV]



RXJ1713: difficulties of one-zone
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two features in the electron spectrum:
acceleration time = synchrotron loss time -> acceleration cutoff at Emax
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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
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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

(Finke&Dermer 2012)

(Aharonian 2013)
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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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Hadronic RXJ1713: a SNR inside a MC?

Zirakashvili & Aharonian 2010, Fukui+ 2012, Inoue+ 2012, Gabici & Aharonian 2014
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\aronian 2014

| I T 11 |
s the gas and
avity
wind hubbl — . ~_11 L
0 ~0.01 ¢ 2 1070 >
o+ &
/R 'ﬂ\ 1 X unshocked) both
>
/ & the SNR shock
stellar win| :’
=
= L
massive stay 5 )
E-rays! I
10—12 |
-/ | \T~ Gabncu &Ahar‘oman 2014 _ -
0.0001 0.001 o0.01 Ol 1 10 1OO sl
E [TeV]




" Galactic to extragalactic transition
‘ in the CR spectrum




The EeV domain: Galactic-Extragalactic
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