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..in the gamma-ray band we can forget them!



But remember, our sources are ugly‘but very cool!!!

. Crab Field'- Orblts 20400 - 20427

e 1 ; Energy equal to 102° the atom
SRR e O, S Crab nébua op: -(HUbee) Y‘aY Fy— qbomb one!ll
SNR 1006 by Chandra (X ray) and HESS (8amma-rays) A Cramess and ammé RS BT

AGILE revealed the brighter gamma-ray source in the sky:
the black hole CRAZY DIAMOND, December 3-4, 2009

““The Sun seen by SOHO

Galactic Plane

Vela pulsar 1

\

il buco nero “Crazy Riamond”
nella galassia 3C 454.3

@ we are very cool, don't forget it!




'VHE: Messengers and lmstrumemts

Direct Detection |
[. s 00\aev) ] .[Space Base

Partlc(es , -
*  Proportional tubes and scintillators (e g CREAM |
*  Magnetic Spectrowxeters amd’&s:(lcom tracker (e.g. PA 1ELA, AMS 02)

Gamma-rays -
. Slhcon Tmcker amd ca(oww\eter (AGILE Fermi - LAT)

| lnd:rect Detect:on |
[ (E>100 GeV) ] [ Ground Based ]

Particles&Gamma

+  Scintillators and Multiple Resistive plate clzxambers (e.g. KASCADE Grande,
Tibet_AS gamma, Argo )

«  Water Cherenkov (e.g. Milagro, HAWC)

*  Hybrid: water Cherenkov and fluorescence (e.g. Auger) or scintillators (e.g.
LHAASO)

Gamma-rays
+  Imaging Atmospheric Cherenkov Telescope (e.g. HESS, VERITAS, MAGIC >
ASTRI-MA, CTA)
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From Ribot presentation at Gamma 2022



Deil et al. 2015

C Abeysekam et al.
" HESS 20138
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39 sources 2> 17 new
Some with no <10 TeV countepart

, 11
Not associated

36
Not firmly identified

From Rowell presentation 2019
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~ Particle Acceleratig

Reconnection

Particle
Acceleration

= — N
Supernova Remnants: s
Gamma-rays
- evidence of hadronic
gamma-rays —> CRs
- No 100TeV emission
- Fermi mechanism

Acceleration or
Reacceleration?
AGN/Starburst Galaxies

- evidence of neutrino
emission--> CRs?

- No PeV emission

- No HE flares

- Steady GeV-TeV emission

Massive Star
Clusters

- Detection at about

100 TeV
Fermi or Reconnection?

- Fermi Mechanism Blazars
Hadrons? Leptons?
CRAB Hadrons or Leptons? - evidence of neutrino
i emission—> CRs?
-PeV steady emission L 2 o Y
- HE flares . _HEfl
Fermi or Reconnection? Fermi or R tion?

Hadrons or Leptons? i Hadrons? Leptons?




‘Radiative procesess: very quick look

>

E*F(E) ! _ 0

0
" decay 5 4 Inverse

Compton




See the next Morlino ) o
Talk for all you have to , 1 Pevatro V\S |
know about PeVatrons'”
HIGH ENERGY ASTROPHYSIC

PEVATRON = an obtect capable o&accelemtma PARTICLES (liag i ons or le;_otom\ up to the Pe\/
. (z10%>eV) range Y

INVERSE COMPTON (leptonic)
- Thomson scattering (hv; K mc?)
 transfer small,
- scattering almost elastic,
« Thomson cross-section applies
Klein-Nishina scattering (hv; > mec*)
* 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




o201 Cosmic Ray Overvigw
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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 =
3.1 (Knee, 1 part/m?/yr)
TvIRGB * Hardening at about E=10*2 eV
e L o (Ankle, 1 part/km?/yr),

AUGER

GALACTIC

Energy flux [GeV/m? s sr]

ICETOP
CALET KASCADE-Grande
CREAM I+II

DAMPE Tibet-111 :"‘ L(l > Kmee due to V.l'gl'dl'ty —depemdemt
acceleration mechanism > Ep,,, > = Z

E knee,p




Low-Energies

= AMEGO (zozq)

Hadronic or Leptonic?
> pion bump detection: &

distinction

 hadronic component only at
E<200 MeV

leptonic from

High-Energies

= within 2023)
CTA SST (first telescopes within

2024)

ASTRI MA (3 out of 9 telescopes

Pevatrons?

> gamma-ray at E>100 TeV can be

on

ly of hadronic origin

(theoretically...)

E dN/JE (eV.cm *. 5)

_CR Acceleration: direct eyidences -

w
=]
=
T
N
<

w

10| Tycho

10’ - Giordano et al. 2012~ Suzaku
: Fermi
10)

1i~ Radio__» \ ?“,!
3 A

10'%,4/

102! .

Synchrotron
ICon CMB
Bremsstrahlung
o decay

Sum

10]! +

10 ol

10':‘.7.. .40.. ,.*.V ..l‘.. Al 4..'.. ,.‘.. ' BTE SN - ..M.. ..'..
10° 10° 10' 10 1 10 10" 10

Veritas
et

.

107 100"
E [eV]




“Pe\/atroms” storm from LHAASO
OUR GALAXY (S FULL OF “PE | TRONS“ I1

LHAASQO, Nature 594, p.33-36, 2021

{AASO J22 6

e | 12 "PeVatrons'

\ LHAASO J2018+5157 = -8
| 186 185 184 183
-\

Galactic longitude (deg)

discovered with high
Sl gnl Fl camnce ( > 7)

Galactic latitude (deg)
o

LHAASOQJ192041745 ®

LHAASO J1908+062

LHAASO 11849-0003

Table 1| UHE y-ray sources

LHAASO J1825-1326 Source name ‘ L (° Significance above 100 TeV (xo) E...x (PeV) Flux at 100 TeV (CU)
LHAASO J0534+2202 3. 22, 178 0.88+x0M 1.00(0.14)
LHAASO J1825-1326 276. 3. 16.4 042+0.16 3.57(0.52)
LHAASO J1839-0545 279. ; 77 0.21+0.05 070(0.18)
LHAASO J1843-0338 280. . 8.5 0.26 -0.10*0-16 0.73(0.17)
LHAASO J1849-0003 282. ! 104 0.35+0.07 0.74(0.15)
LHAASO J1908+0621 287. . 17.2 0.44+0.05 1.36(0.18)
LHAASO J1929+1745 292. . 74 0.71-0.071916 0.38(0.09)
LHAASO J1956+2845 2991 28! 74 042+0.03 0.41(0.09)
LHAASO J2018+3651 . . 4 0.27+0.02 0.50(0.10)
LHAASO J2032+4102 | A1. : 142+ 013 0.54(0.10)
LHAASO J2108+5157 ; 1. ~ 043+0.05 0.38(0.09)

C ao IC RC 2021 LHAASO J2226+6057 . } . 0.57£019 1.05(0.16)




% _Detec'_ted \/HE —UHE Emissign

"Spectml curvature -
" Slgnature of Emax, KN

ectral breaks e
WIDE BAND

"Spatla((g reso(ved emission o SR

% Corvelation with target W\atewa( 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

. LOCATI
“* A multi-wavelength counterpart! OCATION



A lot oF results me this (oeautl{’u! ComFerence

~N

https://indico.icc.ub.edu/event/46/overview \ \ \\

2022

7th Heidelberg International Symposium on g
High Energy Gamma-Ray Astronomy =g
Barcelona, July 4-8 2022




1934 Zwicky & Baade

(SNR hypothesis) .

m—

—

Supemova Remna

® Before the star xploded

Lsn = RsnExin = 3 X 10 erg/s

Lcrgai~3 X 10%%erg/s

* COLLISIONLESS SHOCKS:
energy dissipated via wave—particle interaction instead of particle—particle collisions.

« STRONG SHOCKS AND DSA: R =

After the star exploded

-

Uy, 4M?

PERFECT CR ACCELERATORS CANDH ATES
. :. ‘ : e i ‘ T. ...-.:'_" 'Su;;eret;va »
o -"-.g. : .' S | i BP0 NI 1987A‘,‘1"'.'~.
Ao Prdgemtorstar % B ‘a’..& a7
\ ;, s : l“// ]

(quantitative]

- “Efficiency of order 10% per SN
(s sufficient to accomodate CR

energetics.

= M, > 00 , R—4

up 3+ M?

- MAGNETIC FIELD AMPLIFICATION



3 aamma ~ray ewuss:on
B below 200 MeV
Y detected by AGILE
from the SNR W44,
then confirmed QL’L
A\l Fer(-LAT alsoin
----- . ) IC443

Energy (eV)

E? dN/dE (ergcm™?s™)

Lemoine-Goumard talk Gamma2022

* Presence of a broken PL and of a very steep HE spectral index >
not expected from diffusive shock acceleration theorys;

«  The shock of middle-aged remnants are slow (vs < 200 km/s)>
acceleration efficiency écg has to be too high in order to explain the
emission: Por= &Ecrpvin

Sim 147 W49B
IC 443 W51C

Presence of CRs confirmed but not confirmation of 5 o
freshly accelerated CRs (likely RE -accelerated) oreceres 4 lads
[Cardillo et al. 2016, Celli et al. 201.9] .
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Supernova, Remnants: Highi-Energies

s T Despite the great amount

- FE"”‘" data ETTT T T TTTTI T TTTTIT T T T TTTI0 TTTTTT| Barazhkoe af al, (2013

Veritas data — -z et o of SNRs detected in the

Marking & Capriali {3012)

Hadronic model ‘E
. ] |—- L&:picnir:. model *.*E Afoyan & Dermer (2012) ! : ga VV\VV\Q _V-ag' band)
210 et ¥ u . no young SNRs show
E 2 gamma-ray emission. up
. . " to E = 100 TeV '
Em P . - e
E | ‘What is probability to
107" —— Fermi - ICRC 2015 II" d@t@Ct SNR
‘—-— VERITAS - ICRC 2015 \ | emitting Pevatron
v KT e gamma-rays?

. 10" 10° 10™ 10" - , iy wul
Ghiotto 2015 Energy(eV) Nahe "2.015"’ o

—__ Sedov Time

\ A

Distant MCs could be "the only hope" of a
a SNR PeVatron detection (Gabici 2009)




See Giuliani Talk

oS rimees - SUpErnova Remnants: hig

6106 342, 7/Boomemn /LHAASO J2226+6057

LHAASO

2NN Fermi

9 ’f* Xin+20

LHAASO J2226+6057
i

_.
]

VERITAS extension
E)

225

%
s
£
o
o>
o
W
|
=2
R
3
w

22.45 224
Al ]
Hadronic Hadronic for head |
=== |C (Case A)
=== Synchrotron (Case A) GR—
-11| = IC (Case B)
= Synchrotron (Case B)

-

o
i
S

Leptomc for head
= Synchrotron
Suzaku “East”

(scaled) Fermi [Liu+2021]
[Fujita+2021]

334 336 338 340
Right ascension (°)
102

Energy (TeV) Energy (TeV)

Tibet AS col/aborat/on 2021  Cao et al-- 2021 = MAGIC study
: (50/1‘50 talk N : ‘
661”7[7702022) o T107 105 10 ) e e 104 1071 102 10‘;
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Propagatiom study

Prelimirary
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\CRAB NEBULA |

CRAB NEBULA

! See Giuliani Talk
for ASTRI perfomances
 Standard
. Candle for
- Gamma-ray
 astronomy

A

Leptons
SO... OV'

2 JF .
RADIO INFRARED -VISIBLE LIGHT iU‘I_TRAVIOLET__l B X-RAYS GAMMA RAYS

. Crab
‘\E_E“I:HHHSO collaboration 2027

& £

2 W

: i

=

2

Energy, TeV
Detection but rao s a
[ N ]

above 1 PeV

[

PWN

(leptonic source)

Hadrons?



for ASTI peommnces o .PM(S ar Wind Nebul a‘é e HAWC

pa— The majority

101
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> &g 3]
LHAASO J1825-1326 bt = >
38 = P v
— W LHAASO J2226+6057 % -6 m
w = o |
9 = |
5 \ , 5 g $ | — eHwWCJ1825-134
S LHAASO J2018+5157 = = =T o~
g 8 % 10-) [-—_eHWC J1907+063
w |
g S : eHWC J2019+368
» 5 -8 |
5 Energy (TeV) &\LH/\ASOJ?OL 4102 186 185 184 183 | —— Crab Nebula
LHAASO J2018+3651 - g
~ Galactic longitude (deg) ! ===  ————
.- : 10° 10°
+ LHAASO 11956+2845 Energy (TeV)

102

Energy (TeV) HAASO J1929+1745 ®

. LHAASO J1908+0621

LHAASO J1849-0003 @ HESS Jj— goq —lQB

HESS Jj— 8 31 —Oq 8 o J1830-05a5  * LHAASO1843-0338
B possib{e vccociai i | Extended component->PWN or PWN+SNR
, Compact Component

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

(C) \ 3 H.E.S.S. (Comp. 1) s [C model
N H.E.S.S. (Comp. 2) = pp model
Fermi-LAT (J1810.3-1925¢)

—— H.E.S.S. (HAP-Fr HE)
—— 2011 Proceedings

HESS J1831-098

PRELIMINARY

Galactic Latitude

34 +0.45

Componént 2 p=° .
EP = (11013°) TeV

E? x dN/dE [TeVem™2s7!]

\

4 N
{ \\ H.E.S.S. Preliminary

1073 0.01 0.1 1
HESS J1809-193 E[Tev]

23°00' 00'
Galactic Longitude Energy [TeV]



T@V HAL—OS | ' e . Fokie;Tcgr gzy;;oxcltﬁces

Botb\ pulsar and. extended
 emission evaded detection for
7 long time
'+ Escaping electrons and
positrons form an extended
f, halo of Gev amd TeV [ 9oiana -
" emetoneiergpa S rays.- . s T

4 -3 -2 -1 0 1 2 3 4 5 HAWC Collaboration, Science, 358, 911 (2017)
Significance [sigmas]

-2)

VELA
HESS 2020

1 deg
[ ]

[1072 TeV cm™2 s~
°

Geminga
HAWC 2017

Surface Brightness
o o o

. TeV halo camdid&te hear the Galactic ' AV Halos as

plane in a non-crowded region. new source class
« This TeV halo candidate shares . 2
similar characteristics to others, P v o
suggesting that TeV halos could be a fopaganion-seddy
general feature of middle-age pulsars. 1y @%
o i

2 4 6 8 10 12 14

/75 De Leon talk Gamma2022



PR Cialactic Center Reglon . 5saieir..,

'+ 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 o Spatial distribution with 1/r (continuous injection)
S » Maybe from Sgr A* (Rodriguez-Ramirez et al., 2019)
E * First spectro-morphological analysis on-going (Devin
Enerey. eV 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 spectruvn slope similar t the one measured by \/ogage‘,

Explanation of some CR composition nomahes > Be abundances

[Tatischeff 2018] '

Spatial and spectral behavior similar €0 the GC one [Aharonian

2018]

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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@ (Tevem“s)
o

Declination

Gav

| amg s

Very
Similar
Spectra

=
bt
E
E
=
B
=
E

_ |;.-'__=E..E- no cutoff
——- By =200 TeV
-———- E, =500 TeV

EZ dN/dE [MeV cm2 571

i
leFusnve escape

100 1000 10000 0 10 15 200 2% 3N
Energy|Gav) Prejected divtmca (p)

Aharonian et al. 2018

3 —;_. Cl;ml:)inedm;h:i Li:)ri]:ts — = = ;\‘; Vl'e M ta {k
BN Gamma
2022

e 720 model




Gamma-ray binaries example NOVAEC:;:
Sub-class oF Cataclysmic variable stays (WD+companion) e ; ‘
Thermonuclear explosion |
Recently detected in the GeV gawwy\a mg band (2010) 8
If companion is a Red Giant > ngblotlc or recurvent »
Novae. N ey
First detectlom at VHE with MACHC&HESS > Rs Oph

150° X
i ° a ]
- V959 Mon ¥ V407 Cyg
L J o
-15° V5668 Sgr V339 Del

MAGIC+Fermi
[Acciari et al. 2022
Lopez-Oramas Gammazozz]

LST1 [Aguasca-Cabot Gamma2022

C dN/dE, ~ E2* 077 E<(16:1)GeV + Fermi-LAT Tes h iVV\a Sexten Sc hOO { 2022 ]
“PLdNdE, ~ E37 % Ex(16:1)Gev | * MAGIC

C dN/AE _E-z.u-o.aaesmsras)aev +  Fermi-LAT
B ¢ wmacic

SERPPh: — .Y
R S
— Sum

7Ny =131 /12

Best fit

LST-1

MAGIC

H.E.S.S. (9 Aug)
H.E.S.S. (13 Aug)
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2 MNyo=27.5/11

Fermi-LAT (9 Aug)
H.E.S.S.CT5 (9 Aug)
H.E.S.S. CT1-4 (9 Aug) C n
Fermi-LAT (13 Aug) : : t  Leptonic
H.E.S.S. CT1-4 (13 Aug) 2f- -12F

log (E? dN/AE ) [erg s cm?]
] 1

log (E? dN/AE ) [erg s cm™?]
\ |

10° 10! 102 ___ PR ‘..,21:'-_1.:;.... . 2.A..3.,..
Energy (GeV) log (Energy / GeV) log (Energy / GeV)

HESS+Fermi
[Steinmassi talk Gammaz2022]

E2dN/dE [TeV cm~2s71]
—
<

PRELIMINARY

Mr=-33+0.2

s s h
AL WAL LU B LA A L
NS
B

2 |og (Enérgy / GeV) 102
) , 20 E [GeV]



Gamma-ray binaries examp{e M:croqud'fdrs,;
Binary stel(ar systewxs (BS/BH+COW\pamozx\) R e o 7m

Cyg X-1, Cyg X-3 and SS 433\em1ttmg X - mgs) S safi-Avb Gamma2082 4
show HE emission up to Gev i RS RO T e

-

SS 433

Fermi-LAT
°

HAWC (HAWC’ZO:LS) -~ Fermi-LAT (Fang#zoz.o)' ‘ : e c“’ ! ‘

HESS

eastern jet
western jet
HAWC eastern
HAWC eastern

" PRELIMINARY

(T
©
=
o
&
©
-
v
£
v}
S
©
Q

i x

wil x

Significance

40°30' 00 39°30'
Galactic Longitude

Galactic Latitude (J2000)
e2dnde [erg / (cm2 s)]

Pre-trial significance, o

T R, . g s ordbato
s " 40° 9 101
0/lveV‘a—Nlet0 GanW\aZOZZ Galactic Longitude (J2000) Energy [TeV]




- What We\ need in the nex futu're_?

. Wide FoV with almost I/\oxogemeous off-axis ac | t&hce' i -
v Multi- target fields, su &gs and extemded sofffces (GC SNRS Te\/

halos)

v Emlf\amced cI/\amce For S@V@V\dllmtOlAS dlscovewes
o IS

; S e

- Sems:tlv:ty better than current IACTS = Te\/)
v Extended spectra for PeVatron confirmation and (epto/lfxadro origin

discerning (Boomerang, SS443, PWN).
v Diffusion coefficient constraints (Ganuma-Cygni, W28, TeV halos)

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



cherenkov the observatory for
‘ a telescope ground-based
array gamma-ray astronomy

Mini-Arrayj

Teshima Talk St

'S'er.ra !Lé_l Nave .. Teide Ql;')sc—z_rvatory g/};,/,;dn/ Talk Glicesten Talk ~ AL ‘m;\ _ - =
(Sicily) > i (Tenerife) Sirons Talk Bicsaldr Talk _ CTA S‘Qutmr (Cile) o B e

»f ASTRI Mini-
Array

Sensitivity I ASTRI Mini-Array
0z Angular Resolution

lution [deg]

o

S

Angular Resolution (%)
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1.00 10.00
Energy [TeV]

107" 1 10 10?

fog (€ [TV]) 0 1
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 2024 )
. ASTA N ARAAY 5001 BN - Scuderiet al 2022, JHEAP, 35, 52 S
L0 oy 0% . « Vercellone et al, 2022, JHEAP, 35, 1-42 LST1, La Palma 'g

Energy [TeV]

« DAl et al, 2022, JHEAP, 35, 139 (Canarian ls[ands)


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 tI/\e "hot" topic of ¢ &e High Energy Astropl
Acceleration” and; in /oam ular, the search of h
of Coswuc Rays) | l

Jsics l's "Particle
'owc Pevatroms (Owgm

<A very brilliant Futwe w:th ASTRI Mm:Army and CTA and Synergy with..
current VHE -instruments

A lot of work to do: from SlW\M(athV\ and’software to data analysis to
theoretical interpretation

~ ENJOY THE
HIGH-ENERGY SIDE!





http://www.facebook.com/RomaCaputAstri

