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RESEARCH PROGRAM

THE BIG QUESTIONS

ORIGIN OF CRs
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HADRONIC PEVATRONS

SNRs OBSERVATIONS THEORY
NO YOUNG GALACTIC SNR OBSERVED « ONLY RARE (1 / FEW 104 yr) EXTREME (1052 erg) SN
BEYOND FEW 10s TeV e |FPeV THEN ALSO DOMINANT AT 102-104 GeV
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[EA & Casanova 2021] [Cristofari, Blasi, EA 2020]



HADRONIC PEVATRON:Ss:

PROPOSED ANSWERS
STAR FORMING REGIONS SUPERNOVA REMNANTS
NO CUT-OFF BEYOND 100 TeV [Aharonian et al. 2019] CR INDUCED INSTABLITIES [ + GSSI]
PEV COULD BE REACHED:
 INSIDE THE CLUSTER [Bykov et al. 2020] MHD INSTABLITIES | + OAPa]

« AT THE TERMINATION SHOCK [Morlino et al. 2020]
* IN MASSIVE STAR WINDS | + OAPa]

Cygnus OB2 - ¢,(E>130GeV) - 50h

3500 4000 4500 5000
zle/up) [Caprioli & Spitkovsky 2014]

B (uG)

= Fermi Cocoon (2011)
« Cyg-OB2 Stars (Wright+, 2015)
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Simulation for CTA: 50 hr of observation
CRs accelerated at the cluster TS




HADRONIC PEVATRON:S:

WP1 - PeVatrons

1.1 1.2 1.3 1.4 1.9

Acceleration in SNII Acceleration in young Acceleration at TS of MHD instability in Hadronic/leptonic
+ star winds young stellar clusters young SNRs PeVatrons
Diagnostics (interacting/non-interacting) + + +
(thermal/non-thermal) turbulent acceleration magnetic field amplification HAWC sources
0N + and E__ increase modelling (>100 TeV)
ONPa compare with observations +

(Cygnus,Westerlund 1) multi-messenger

- 0N
+ 0APa
Predictions for ASTRI/CTA North




NEAR SOURCE TRANSPORT:

REDUCED DIFFUSIVITY AROUND SOURCES
[Giuliani et al. 2010, Abeysekara et al. 2017] ML ¢ ASTR

s =0.35 ® HESS
-= s$=0.50

SELF-GENERATED INSTABILITIES
AND MULTI-MESSENGER SIGNATURES

[Giuliani et al. 2010]
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LEARN ABOUT SOURCES AND MAYBE FIND
PEVATRONS

+ | W28/HESS J1800-2408B

10’ 10°
Energy [TeV]

[Vercellone et al. 2021]

[Lopez-Coto et al. 2021] "SO FAR 3
Optical =~ . e |
\/ :

Y AN 3 ; e SNRs [Nava et al. 2016, 2019; D’Angelo et al. 2016, 2018]
N e " i e PWNe [OAA + ]

P

| N\ % . | e ESCAPE FROM GALAXIES [Blasi & EA 2015, 2019]

\ X-ray ahd, I.lf '

VHE vy rays K . .

COMPLEX MULTI-SCALE PROBLEM 6



CR TRANSPORT and IMPACT:

WP2 - CR propagation and influence on the ambient medium
[propagation in source sourroundings + effects on the inter-stellar and inter-galactic plasmas]

2.1 2.2 2.3 2.4 1.3

MHD-+PIC Multi-messenger Pairs streaming TeV Halo population Halo implocation on CR
MHD+particle transport diagnostics instability syntesis propagation
code development (jamma + neutrinos) + (ASTRI/CTA) (consequences for secondary

TeV Halo interpretation production)

Modelling particles
escape
In the ISM-IGM




LEPTONIC PEVATRONS:

PWNe: THE MOST NUMEROUS GALACTIC TeV SOURCES
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MAGIC % LHAASO --- Leptons e

HESS Tibet ASy —-—Hadrons
Lray HAWC ¢ ASTRI e TOt Q|
” [Abdo et al. 2011, Tavani et al. 2011, Cao et al. 2021]
G 10-11
5 > NOT CLEAR HOW [e.g. EA 2019]
% > NOT CLEAR IF ALSO HADRONS [e.g. EA & Arons 2006]
5 10712
W B PSRs IN ALL FIELDS DETECTED BY HAWC BEYOND 100 TeV
~ Crab Nebula - > [Abeysekara et al. 2020] AND BY LHAASO AT PeV [Cao et al. 2021]
107 oo 101 |
[Vercellone et al. 2021] Energy [TeV]
'SO FARS CNEXT STEPSES
LONG STORY OF PWN MODELING: » e |ONG TERM PWN EVOLUTION
e ONE-ZONE [Bucciantini et al. 2011] e FIRST RELIABLE ASSESSMENT OF
« MHD FROM 1D [eA et al. 2000] TO 3D [e.g. Olmi et al. 2016] REVERBERATION

e PIC SIMULATIONS OF SHOCK ACCELERATION [EA & Arons 2006] e HADRONS AND THEIR SIGNATURES 8



ACCELERATION in RELATIVISTIC PLASMA:s:

WP3 - Acceleration in relativistic plasmas

I
3.1 3.2 3.3

Modellin Observability predictions PWNe = PeVatrons?
PWNe+SNgRs + (search for hadronic
(from young to BSPWNe) population synthesis (ASTRI/CTA) candidates)




ORIGIN OF COSMIC LEPTONS:
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Interstellor Material




ORIGIN OF COSMIC LEPTONS:

-t

PAMELA
¢ AMSO2
¢ Fermi-LAT

—

o SN T EVOLVED PWNe MAJOR CONTRIBUTIONS OF
10 3 CR POSITRONS [e.g. Evoli et al. 2021] BUT...

VERITAS
CALET
DAMPE
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10 ‘ | 10° 10°

[Evoli et al E [GeV]
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\/___[OImi & Bucciantini 2019]

« ROLE OF PARTICLE ENERGY LOSSES NEVER ASSESSED [oImi & Torres 2020, + |
« HALOS TO BE TAKEN INTO ACCOUNT | + GSSI]
e ORIGIN OF HALOS IMPORTANT TO ASSESS HOW COMMON [Evoli, Linden, Morlino 2018; Lopez-Coto et al. 2021]

« RECENT WORK [0Imi & Bucciantini 2019] OPENS POSSIBILITIES OF CURRENT DRIVEN INSTABILITIES [ + GSSI]
11



LEPTONIC PEVATRONS:

WP4 - Origin of cosmic leptons

4.1

Energetic evolution of nebular plasmas
(from the acceleration at the TS to the release in ISM)

h.2

Leptons propagation in the ISM
+
PWNe contribution to cosmic leptons
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TEAM ORGANIZATION AND INAF LEADERSHIP

TEAM LEADERS WORK ORGANIZATION
K ﬁ Elena Amato (program coordinator)

Pasguale Blasi (external coordinator) Hadronic/leptonic CR
NATIONAL INTERNATIONAL Carmelo Evol acceleraion and transpor

Giovanni Morlino

UNIVERSITIES NFN JOFFE INSTITUTE (st Petersburg Hara Nava

FIRENZE PAN (rakow) Rino Bandiera

APC (Paris) Niocols Bucciantin Sources evolution
PALERMO ICREA (arcelona Bartora Ol (SNRs + PWNe)

1ORNO UNIVERSITY OF CHICAGO (us salvtore Orlando

Code development

INAF simulatioT1 running

OA TEAM LEADERS
0APa PROGRAM COORDINATORS

on (Elena Amato - 0AA o oM THEORY

Pasquale Blasi - 6SSI) @D AP
& 0 NUMERICS
O 6SS COMPARE WITH DATA

« CONSTANT FEEDBACK ON AND FROM THE AND COLLABORATIONS

. ON CRs (Amato former, Morlino current) AND GALACTIC
SCIENCE (Olmi)




OA ARCETRI

FTE
21

INAF TEAM COMPOSITION
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M. Padovani
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L. Del Zanna

OA PALERMO
ETE | ETE (ETE | TOT | TOT | TOT:
2l 2D 23 21 29 & 23
S.Orlando (0,1 0,1 |0O,2
Il8 F. Bocchino 0,1 0,1 |0,2|0,6|0,6|0,5
B. Olmi 04|04 0,5
M. Miceli (0,1/0,1 /0,2/0,1|0,1
D E.Greco” 0,1 025/ 01| 0¢
S. Ustamujic |0,15] 0,1
0,95/ 0,8 | 0,5

S. Menchiari

1[0 J. Soldateschi

OTHERS

L s L IO L O]

OA BRERA
FTE| FTE | FTE |TOT|TOT | TOT
21 1 22 | 723. .21 1 929 D3
T] L. Nava. 0,25/ 0,25 (0,25 0.35/0.350 35
F. Tavecchio | 0,1 | 0,1 | 0,1
D C. Righi D2 0 0,2| 0,2
0,55/0,55(0,35

GRAND TOTAL 2016-2025: 60 FTE



RESULTS (in 2016-2020)

PUBLICATIONS

v/ 118 ARTICLES in PEER-REVIEWED INTERNATIONAL JOURNALS
v/ 25 CONFERENCE PROCEEDINGs

CONFERENCES

| &

.

v/ 53 INVITED TALKs
v/ 26 CONTRIBUTED TALKs
v/ 20 PARTICIPATIONS in SOC of INTERNATIONAL CONFERENCEs
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FUNDS

SECURED | SECURED | SECURED PRESUMED PRESUMED PRESUMED
2021 2022 2023 2021 2022 2023
11,5 0 0 0 0 0
9,5 0 0 0 0 0

20 16 0 0 0 0
0 0 0 0 100 100
58 200

INAF TOTAL 2016-2020: 130 KEURO

GRAND TOTAL 2016-2025: 1000 kEUR(
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NEEDS/CRITICALITIES

(1) MAN POWER, MAN POWER, MAN POWER!!!

FTE evolution 2021-2023

(2) SECURE-FREE-RAPID ACCESS to

OTHERs COMPUTATIONAL
- — — - POTENTIAL

RESOURCES

(3) LARGE DATA STORAGE

2021 2022 2023
Time (yr)
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PROSPECTS




