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Outline of the talk

T e — — = — — , —— — ———

Bottom line question: why are instruments like MILAGRO & sons so cool? |

O Gamma-ray astronomy: present and future facilities
O Gamma-ray astronomy and the origin of cosmic rays
O Where are CR PeVatrons?

O Diffuse emission in the (multi-)TeV energy domain

O The link with neutrino astronomy



Gamma ray astronomy:where do we stand
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Gamma ray astronomy:where do we stand
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SuperNova Remnants, Cosmlc Rays Y- r'ays

b’ SN explosnons > enough power' 'I'o explam CRs

Baade & Zwicky 1934 (see also Ter Haar 1950)

see Gabici & Montmerle 2015 for a recent review
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SuperNova Remnants, Cosmlc Rays Y- r'ays

h’ SN explosuons > enough power' 1'o explam CRs

i =
|

SNR shocks-> acceleration sites |

Shklovsky 1954, Ginzburg & Syrovatskii 1964

see Gabici & Montmerle 2015 for a recent review
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b’ SN explosuons > enough power' 1'o explam CRs
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Baade & Zwicky 1934 (see also Ter Haar 1950)
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BOBALSKy 1977-1978 (Blandfor'd, Os’rr'iker',
Bell, Axford, Leer, Skadron, Krymskii)

see Gabici & Montmerle 2015 for a recent review



\
SuperNova Remnants, Cosmlc Rays Y- r'ays

E SN explosnons > enough power' 'ro explam CRs

= o —

Baade & Zwicky 1934 (see also Ter Haar 1950)
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BOBALSKy 1977-1978 (Blandfor'd Ostriker,
Bell, Axford, Leer, Skadron, Kr'ymsku)

Drury, Aharonian & Vélk 1994

| <- Cherenkov telescope N

see Gabici & Montmerle 2015 for a recent review
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E SN explosnons > enough power' 'ro explam CRs
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Baade & Zwicky 1934 (see also Ter Haar 1950)
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BOBALSKy 1977-1978 (Blandfor'd Ostriker,
Bell, Axford, Leer, Skadron, Kr'ymsku)

Drury, Aharonian & Vélk 1994

| <- Cherenkov telescope N

see Gabici & Montmerle 2015 for a recent review

very popular but not
proven yet!




We need proton PeVatrons
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Hadronic or leptonic?

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

A

E2 F(E) \
relativistic /
electrons are
present at the

shock

X-rays gamma-rays

| very often, the value of the magnetic field is largely unknown |
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Hadronic or leptonic?

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

X-ray synchrotron emission is observed from some TeV SNRs
(RXJ1713, Vela Junior...)
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Do SNRs accelerate protons?

pion bump
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E% dN/ME (ergem?® s™)

Do SNRs accelerate protons?
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Do SNRs accelerate protons?

(Ackermann et al 2013) FERMI " (and AGILE )
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EZ ANME (ergem”s™)
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How to detect PeVatrons w. gamma rays

ﬂObservaTions . Let's assume SNRs do accelerate up to the knee

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

maax maa

inverse Compton-> suppressed above several tens of TeV (Klein-Nishina effect)
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How to detect PeVatrons w. gamma rays
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How to detect PeVatrons w. gamma rays
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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 proton PeVatrons?

30 years later...
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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?




Indirect detection of PeVatrons?
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A proton PeVatron in the galactic centre

Obs:er'vahonal unattenuated y-ray spectrum extending to the multi-TeV domain
~ sighature |

e

p-p interactions -> K ~1 PeV — E7 =~ 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

Observational I unattenuated y-ray spectrum extending to the multi-TeV domain
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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
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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. Coll. 2006
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Where is the source?

one source
impulsive injection of CRs

| CR spatial distribution i ! !




Where is the source?
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i‘ CR spatial distribution i
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Where is the source?

one source
continuous injection of CRs
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Where is the source?

{[ CR spatial distribution i

one source
continuous injection of CRs
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Where is the source?

{l CR spatial distribution i

one source
continuous injection of CRs
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Where is the source?

- ‘ — 1 many sources
. CR s atial distribution i o
| P — -> any distribution
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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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Galactic latitude (degrees)

The source is at the GC

H.E.S.S. Coll. 2016
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Supermassive black hole as a PeVatron
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Sgr A* is the best bet candidate source of PeV cosmic rays
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cosmic rays, heutrinos

| the GC activity highly variable |

(Ponti+2013) -> what if the CR }
| acceleration efficiency was |
larger in the past? |

bubbles
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H ac'ruvn‘ry cosmic rays. neutrinos

“~| CRbursts from 6C
Ptuskin & Khazan (1981)
see also Fujita+ 2016
CR in Gal. breeze
Taylor & Giacinti 2016

|

.ﬁ ’rhe GC ac’rivi‘ry highly variable .[
(Ponti+2013) -> what if the CR §

| acceleration efficiency was |
Iar'ger' in ‘rhe pas’r9 |

1
|
1
|
i
|
|
|

evudence for' a huge reservoir of |on|zed
| gas (> 10'° Mgun) in the halo from X-ray
obser'va'rlons (Gup‘ra+ 2012)

IceCube neutrinos i

I Taylor, SG, Aharonian 2014




Wha’r if 1'he PeVa‘rr'on is nearby?

i, CR spa’rual dus’rmbu‘rlon + HI and Hz 5pa‘r|a| dls’rmbu’ruon gamma ray maps @ 1 TeV |
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from spallation measurements
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Superbubbles

B chemical composition -> CRs originate in a source which is a mixture ~20% stellar
outflow/SN ejecta and ~80% interstellar medium (Murphy+ 2016 and references)

B stars form in clusters -> SN explosions -> SNOBs and superbubbles

M the acceleration mechanism might be completely different (Bykov&Fleishman92)

™ particle spectrum not universal, large Emax (large size!)
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The neutrino-gamma ray connection

Secondary electrons and positrons:

p+p—p+p+n +r +7

el

Final products of proton-proton interactions are not only gamma ray photons but
also neutrinos, anti-neutrinos, electrons and positrons

20




Neutrino sources: fluxes

very roughly, what we need is 1 Crab -> | F}, (> 1 TeV) = 10 Hem™2s7!
(with KM3NeT, TDR)
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x B exp Eeut = 10 TeV, 100 TeV
E..;: >>1 PeV

- ' Y, Gabici et al. 2008
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Vissani et al. 2011

The neutrino-gamma ray connection

exercise: convert a minimal detectable flux (1 nu/kmé/yr) into a gamma-ray one

above 1 TeV
Iy in 1/(cm” s TeV) y—ray sources with 1 v B 1 8 2 2
. per krnzxyear above 1 TeV X — Oy 4
o
i Ecu‘r =1TeV
, Eeur = 1015 TeV
v \::::\ Ecut = 103 TeV

i E, in TeV
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The neutrino-gamma ray connection

exercise: convert a minimal detectable flux (1 nu/kmé/yr) into a gamma-ray one

above 1 TeV

— L in 1/(cm’ s TeV) y—ray sources with 1 v y — 1 8 2 2
) = per km*xyear above 1 TeV T LUy &~
o ——
+= 14 b o
8 19 ECUT - 1 Tev
< »
o 16 “'lz._
g 10 \';::\\ Ecu']' - 1015 Tev
> AN

o Ecu'l' - 103 TeV

- 5 0 0100 500 \1(;00 EyinTeV

best performances of

atmospheric Cherenkov
telescopes @1TeV

MILAGRO -> 20 TeV

F.(20 TeV) =2 — 6 x 10~'° ph/cm?/s

T R —— i ——

14 gamma ray observations at ~20 TeV are the most relevant for neutrinos j
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Diffuse emission from the Galaxy

rationale: signal:

hoise:

' tenuous + very extended sources |
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Diffuse emission from the Galaxy

p
rationale: signal: S, s — S, x s, X 92 S,
~1 2 X v
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ideal gamma-ray observations @20 TeV -> MILAGRO
51012
14 -2<b<2
12
% 10
2 g
B
S 6
£ 4 |
s 2 im
2 ofif ——-- ............................................ iikime
2 | |
-4 Abdo et al. 2008

. . . R R IR I R R R R R T R R IR BB T B I Tmmmmmmwn
180 160 140 120 100 B0 60 40 20 O 340 320 300 280 260 240 220 200 180

Galactic Longitude (deg)



Diffuse emission from the Galaxy

rationale: signal: S, s — S, x s, X 92 S,
—1 2
noise: n, sr - — N, xn, xv v N,

im* = |
' tenuous + very extended sources i

ideal gamma-ray observations @20 TeV -> MILAGRO
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Diffuse emission from the Galaxy

Gabici et al
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Diffuse emission from the Galaxy

Gabici et al. 2008

in the plot below 1 yr = 1.5 yr
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most optimistic case: 15 neutrinos above 10 TeV (versus 28 background counts)

10 neutrinos above 20 TeV (versus 10 background counts)




Ou‘rlinexhe talk

Conclusions

- S — i — — - - ————

Bottom line question: why are instruments like MILAGRO & sons so cool? |

O Gamma-ray astronomy: present and future facilities
O Gamma-ray astronomy and the origin of cosmic rays
O Where are CR PeVatrons?

O Diffuse emission in the (multi-)TeV energy domain

O The link with neutrino astronomy



