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\ Pevatrons

. HIGH-ENERGY ASTROPHYS
PEVATRON = an object capablé of accelerating PARTICLE
e the PeV (=10*° e\A range &

a‘

o

thadrons or leptons) up to

 INVERSE COMPTON (leptomc)

Thomsoin scattering (hv; K megc 2)

o transfer small,

- scattering almost elastic,

« Thomson cross-section apphed |

Klein-Nishina scattermg (hv; > m,c?)

« transfer large,

* scattering deeply inelastic, .

+ need to use cross-section derived from
QED.

COSMIC RAY CONTEXT
PEVATRON= an object capable of accelerating HADRONS up to
the PeV (=10*° eV) range




‘Radiative procesess: very quick look

>

E*F(E) ! _ 0

0
" decay 5 4 Inverse

Compton




o201 Cosmic Ray Overvigw

; . ~ fnergy Ul | 9 0 nglA -ene g partlc(es (W\ost(g protoms
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> Bendl'mj' elow 30 C;e\/ due to solar
modulation

Z/1825°01 110Ad "D
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> Power-law distribution with anTndex
- X=2.7 up to PeV energies > No
thermal > acceleration

> Two main features:
« Steepening at PeV energies, K =

y

Energy flux [GeV/m? s sr]

. o - 3.1 (Knee, 1 part/w?/yr)
T’YIRGB 47 * Hardening at about E=10*% eV

v e (Ankle, 1 part/km?/yr),

L AN > Knee due to rigidity-dependent

acceleration mechanism > Ep,,, > = Z
Ekmee)p




CR Acceleration: direct eyidences -

Low-Energies ; \
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> PIOV\ bump detection: "?;;_
distinction leptonic from
hadronic component only at

E<200 MeV
- ' — ; w‘i Giordano et al. 2012~ Suzaku
High-Energies 2 N\ Pore
2 e \ M verime
Pevatrons - gamma-ray at T /[ VIR
E>100 TeV can be only of e | |
hadronic origin W
(theoretically...) 10" Fl—sum |

10':‘._.. At i ”»“ Al “.'. -~ — - =
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E[eV]




Pevatrons Shoppmg list (Hdto';{

seminar 2022):

. wDetected \/HE UHE Ewuss: n

"Spectml curvature -
» Slgnatwe of Emax, KN

ectral breaks o
WIDE BAND

"Spatla((g reso(ved emission o SR

% Correlation with target W\atewal F B
= Not perfect: i.e. emission is convolution-of CR -
distribution with gas

“* Energy-dependent morphology
» Expected in general due to energy dependence

of transport and/or cooling e

. LOCATION
* A multi-wavelength counterpart!



Cuwev\\t Cherenkov Fa_ -" lities

From Ribot presemtatlom at Gamma 2022

HESS

No Pevatron emission up to 2021 when...



“Pe'\/atro\ms” storm from LiHAASO
OUR GALAXY (S FULL OF “PE' TRONS“

LHAASQO, Nature 594, p.33-36, 2021
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Table 1| UHE y-ray sources

Source name
LHAASO J0534+2202
LHAASO J1825-1326
LHAASO J1839-0545
LHAASO J1843-0338

LHAASO J1849-0003
LHAASO J1908+0621
LHAASO J1929+1745
LHAASO J1956+2845
LHAASO J2018+3651
LHAASO J2032+4102
LHAASO J2108+5157
LHAASO J2226+6057

I

lscovered with high
significance (27YH-

LEPTONIC
Or

Significance above 100 TeV (xo)
178

16.4

77

8.5

104

17.2

74

74

Eqax (PeV)
0.88+0.1
042016
0.21£0.05
0.26 -0
0.35+0.07
0.44+0.05

0.71-0.07'°18

042+0.03
0.27+£0.02
142+013
0.43+0.05
0.57£0.19

Flux at100 TeV (CU)
1.00(0.14)
3.57(0.52)
0.70(018)
0.73(0.17)
0.74(0.15)
1.36(0.18)
0.38(0.09)
0.41(0.09)
0.50(0.10)
0.54(0.10)
0.38(0.09)
1.05(0.16)




Gamma22022,

See -OlrlandQ.Talk % | o Supernova Re W\V\a V\ts 5 . .Lew\o(ne-aoumnard talk

Same SEDs rescaled at 500 MeV
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Presence of CRs confilted but not
confirmation of freshiy accelerated:

X | CRs (likely RE-accelerated)
[Cardillo et al. 2016, Celli et al. 2019] oroceos 4 v
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\CRAB NEBULA

CRAB NEBULA

Standard Cand(e "

‘ [ R a for Gamama-ray

= (S | e astromowxg (when it
e A B is not flaring)

RADIO L INFRARED -V|S|BLE LlGiTﬁ iU_LTR_A—&OLET_. B X-RAYS GAMMA RAYS

Crab A

"‘-E.h‘umﬁso collaboration 2021

i,

EdN/dE (cm?s™)

E? dN/dE, eV/(cm’sec)

Energy, TeV

Detection @ bu + Crab (s a So Le;gf‘fns

above 1 PeVI!Il = PWN Vv
See Giuliani Talk w"‘"""%n (leptonic source) adrons:

for ASTRI perfomances




otk Pulsar Wind Nebulag w0t
. The ma J or l'ty ' '
could be PWN!!! *
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10-13] [ eHWC J1907+063

+ LHAASO J1956+2845
talk eHWC J2019+368
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Energy (TeV) HAASO J1929+1745 ®

Energy (TeV)

g LHAASO J1908+0621

LHAASO J1849-0003 @ HESS Jj— 80‘7 _j—QB

HESS Jj— 8 31 -Oq 8 a0 J1830-0545 . * LHAASOJ1843-0338
Several possible associations: | Extended component->PWN or PWN+SNR
, Compact Component

PWN? SNR? ’
[Lypova talk Gamma2022] COW\IOIZX environment [Mohrmann talk Gammwa2022]

= — o (@) Y == Component | H.E.S.S. (Comp. 1) s [C model
i e R ek . Component 2 [ H.E.S.S. (Comp. 2) == pp model
2011 Proceedings . mpo! J .E.S.S. (C .2

Fermi-LAT (J1810.3-1925¢)
HESS J1831-0498

PRELIMINARY
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H.E.S.S. Preliminary
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IR Cialactic Center Reglon . osaieir..,

'+ HESS collaboration 2018

\ : APEX+Plainck
~ : Dust
k!
lll ......
[ Diffuse emission (+10] e e
—— Model (best fit): diffuse emissic ke
HESS
2% collaboration
2016

* Perfect correl gas distribution
and gamma-ray emission seen by HESS

* CR energy density 10 times greater than CR sea

* CR spectrum with and index YE =2.3-2.4 up to 100
TeV (but with large error bars)

§  HESS *Pacran region” Nature 2016 * Spatial distribution with 1/r (continuous injection)

& MR Gt e » Maybe from Sgr A* (Rodriguez-Ramirez et al., 201.9)

E * First spectro-morphological analysis on-going (Devin
Enerey, <V talk Gamma 2022)

Jlem® wsec)

@ .'I."
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Massive Star Clusters

. Mu(tlp(e shocks dnd winds = enhanked turbulence and accelemtlom

»  No radiative phase - larger acceleration efficiency

+  Low-energy spectrum slope similar o the one measured by \/ogagew

.. Explanation of some CR composition mowxahes > Be abundances

[Tatischeff 2018] '

*  Spatial and spectral behavior similar 20 the GC one [Aharonian

- 2p1g]

« Acceleration at 1 PeV poss:b(e at Wind Termination Shocks
[Vieu talk & Gabwl talk Gamma2022, Vieu et al. 2022]

H.E.S.S. preliminary
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Aharonian et al. 2018

@  Combined flux points
" model



Gamma-ray binaries examp{e M:croqud'fdrs,;
Binary stel(arsystewxs (BS/BH+COW\pamozx\) R e . _” 7m
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Cyg X-1, Cyg X-3 and SS 433\em1ttmg X - mgs) b s oot :@ﬁ

(Saﬁ-Arb aammazozz)

show HE emission up to GeV. &

._ see'Eﬂvéh.' SS 4‘33

Fermi-LAT
°

HAWC (HAWC’ZO:LS) "~ Fermi-LAT (Fang.+202.o)' ‘ : = c“’ ! ‘

HESS

eastern jet
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What we. need in the next Future?

| \

. \/\/:de FoV with almost homogeneous off - _axis acceptance s
v Multi-target Flelds sur‘egs and extended soliees (GC, SNRs, TeV |
 halos) ‘ B b
v Emhamced clxxamce for se‘%nd:loltous dlscovewes o

. Sems:tlv:tg better than current IACTS (E > 10 Te\/) £ e
v Extended spectra for PeVatron confirmation and lepto/ hadro origin
discerning (SNRs, Micro-quasars, PWN)
v Diffusion coefficient constraints (Ganama=Cygni, SNRs, TeV halos)

* Energy/Angular resolution: <€ 10% / £ 0.1° (E £ 10 TeV)
v’ Characterize extended sources morphology and MW association (Jets,
SNRs, GC, TeV halos) r

And we would like also
a neutrino detection, thanks!




cherenkov the observatory for
telescope ground-based
gamma-ray astronomy

= Serra La Nave o : Té'ide Qbservatory . ‘q;ﬂ el . o
S (Tewerie)  Gulani Tulk gl Tl = i G G
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orthern Array < AO Northern Array

o

»f ASTRI Mini-
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Sensitivity : I ASTRI Mini-Array
o2 _.. Angular Resolution
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Reconstructed Gamma-ray Energy E_ (TeV) Reconstructed Gamma-ray Energy E_ (TeV)

1 telescope operative — early CTA Sensitivity CTA Angular Regolution
2023 (already on-site!!) ‘ |
CTA websrte (

3 telescopes operative - by 2023

Complete Array— by the end of 2024

m ASTRI MINI-ARRAY 200 hr

& ASTRI MINI-ARRAY 500 hr b Sé'&{ﬂ’el"/.ef d/ 2022, JHEAP; 35, 52

10 o 00 : « Vercellone et al., 2022, JHEAP, 35, 1-42
« DAl et al, 2022, JHEAP, 35, 159



https://www.cta-observatory.org/science/ctao-performance/#1472563157648-91558872-faf1
https://www.sciencedirect.com/science/article/pii/S2214404822000180
https://ui.adsabs.harvard.edu/abs/2022JHEAp..35....1V/abstract
https://www.sciencedirect.com/science/article/abs/pii/S2214404822000350

“IMPORTANT MESSA? ES

& One of tlf\e "hot" topic of th i e High Energy Astrb
Acceleration” and,; in part u(ar) the search of
~ of Coswuc Rays!!!!) |

ysics 'is‘ "Particle
‘onic Pevatroins (Origin

< A very brilliant Future w:tIA ASTRI MIV\I ~Array amd CTA amd synergywith
curvent VHE mstruments ik
<> MM(t’lW&IV@(@V\gt[/\ work will be fundamental

$ A lot of work to do: from simulation and software to data analysis to
theoretical interpretation

ENJOY THE
HIGH-ENERGY SIDE!
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