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Fluxes of Cosmic Rays RIGIDITY DEPENDENT ACCELERATION

B« (1 particle per m*—second)
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Flux {m" sr s GeV)”

THE SNR

Fluxes of Cosmic Rays
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NOTE: IT IS THE ELECTRIC FIELD THAT DOES THE WORK!!!!
VELOCITY DIFFERENCE BETWEEN REGIONS IN THE PLASMA
LEAVES UNSCREENED ELECTRIC FIELD

RELATIVISTIC PARTICLE SPECTRUM ONLY DEPENDS ON
COMPRESSION RATIO:

AfE: AR N(E) x E77 = 21_? > 2 FOR STRONG SHOCKS
E 3 c
Emax DEPENDS ON VELOCITY AND SCATTERING EFFICIENCY
Eyax < a0 (Eag) = 0008 | st (B
dEfdi AE/E =15 XUy U, V2

E __~ GeV IF SAME D AS IN ISM

m

(Lagage & Cesarsky 83)
E ~10°—10*GeV IF SAME 6B ~ B, AT RELEVANT SCALES....
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Fluxes of Cosmic Rays
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MAIN CHALLENGE TO THE

CR-SNK PARADIGM

GALACTIC CRS COME
FROM SNRS

SNRS MUST BE
PEVATRONS
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e.g. Vink 12 for a review
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MAXIMUM ENERGY AND PARTICLE

", MANY PARTICLES ESCAPE
LITTLE UPSTREAM TURBULENCE

SELF-REGULATNG MECHANISM
(Schure&Belll4; Cardillo, EA, Blasi 15; based on Bell 04)

LARGE CURRENT
PARTICLE ESCAPE IS SUPPRESSED

A TURBULENCE INCREASES

ESN . Uw _%
1O5lerg> (105M@yr1 10km/s) rev TYPE 11

ESCAPE

(4



Type
M; [Mo)]

Esn [10°! erg]
M (1075 Mg /yr]
Uy [106 cm/s ]
r1 [pe]

TYPE II*

Cristofari, Blasi, EA 20

] IT* WOULD
| DOMINATE ALSO
| AT 102-10¢ GeV

!
KASCADE ~ SIBYLL2.1
KASCADE — QGlset
~ARGO (p + He)
"ARGO p fit
Tibet

B U
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STEEY PARTICLE SPECTRKA MAKE IT

A\ 3
\ I

Cardillo, EA, Blasi 15 E RARE (<1/10000 yr-1)
EXTREME EVENTS (Esn>1052erg)

EXTREME EFFICIENCY (¢cr>30%)

Esn=10 cle rg /s ~—
Ecr=0.1 M. =My IR NO HOPE IF SPECTRUM STEEP
VWIND=]'OI(rn/S MLOSS=IO—5M5UN/yr

e PROPAGATION POINTS TO STEEP INJECTION SPECTRA (Aguilar+ 16; EA & Blasi 18)

e INJECTED PARTICLE SPECTRA STEEP ONLY IF SOURCE SPECTRA STEEP (Schure & Bell 14;
Cardillo, EA, Blasi 15)
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GALACTIC ACCELERATORS
NEW PROPOSALS

PROTOSTELLAR JETS

b : H HH34
-* _ ., X
r 5 # ~¢, : ,M“
= i . e
HH47

FA

Jets from Young Stars HST - WFPC2
- . «Jun 9

a cl e 6,
C. Burrows (ST Scl), J. Hester (AZ State U.), J. Morse (ST Scl), NASA
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EMISSION
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MICROQUASARS

(Escobar, Pellizza, Romero 22)

N

MICROQUASKAS

-HADRONIC CONTENT PROVEN IN SOME CASES

-INTERNAL SHOCKS ACCELERATE PROTONS

-p-p INTERACTIONS PRODUCE NEUTRONS FREE TO ESCAPE

_USUAL POWER OUTPUT: 10* — 10*® erg INTEGRATED OVER
LIFETIME

-COLLIMATION = 100X MORE AND E, . ~ 10 PeV

-STEEP SPECTRUM: E77, y > 2.5

RE
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Farmi-LAT Collaboration (2011)
Aharorvan et al, (2019)

Abeysekara+ 21
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LEPTONIC OR HADRONIC PEVATRONS?
12 SOURCES DETECTED BY LHAASO ABOVE 100 TeV

Table 1| UHE y-ray sources

Source name Significance above 100 TeV (xo) E. . (PeV) Flux at100 TeV (CU)
LHAASO J0534+2202 17.8 0.88 £ 0.11 1.00(0.14)
LHAASO J1825-1326 16.4 0.42+0.16 3.57(0.52)
LHAASO J1839-0545 1.7 0.21+0.05 0.70(0.18)
LHAASO J1843-0338 8.5 0.26 -0.10+0-16 0.73(0.17)

LHAASO J1849-0003 : 0.35+0.07 0.74(0.15)

LHAASO J1908+0621 . . 0.44 +0.05 1.36(0.18)
LHAASO J1929+1745 7.4 0.71-0.07+016 0.38(0.09)

LHAASO J1956+2845 14 0.42+0.03 0.41(0.09)
LHAASO J2018+3651 10.4 0.27+0.02 0.50(0.10)
LHAASO J2032+4102 10.5 1.42+0.13 0.54(0.10)
LHAASO J2108+5157 8.3 0.43+0.05 0.38(0.09)
LHAASO J2226+6057 13.6 0.57+0.19 1.05(0.16)

Cao+ 2021

PeV PROTONS OR ELECTRONS?

ALL SOURCES BUT ONE HAVE A PSR IN THE FIELD....
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Curvature
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MAXIMUM ENERGY IN A PWN

IN YOUNG ENERGETIC SYSTEMS ACCELERATION IS LOSS LIMITED

t E t 6(mc?)” q :
£ e << = '}
- Yacc loss ‘ |
GTCBzE o L it e

~ 6 PeV ;71/2 B
engbc . iy R OE . e S

STRICT LIMIT FROM THE PSR POTENTIAL DROP @pgz = VE/c

Emax,abs = er]EB TS RTS

m

_ S 7 1/2
. E ax.abs = €N Mg "V E/c 1 8 PeV N Mg~ E




LHAASO PEVATRONS AND PlNe

—— Maximum efficiency

MAXIMUM v LHAASO maximum energy
ELECTRON ENERGY
AS A FUNCTION
OF pSR POTENTIAL DROP J2032+4J1129754+2836 11928+1746 826-1256  J2229+6114

AND LHAASO SOURCES <X

1838-0537

>
Q
a.
X
©
=
o
L

11849-0001

CYGNUS

]1844-0346 Crab

- J1907+0631 __B1823-134 g

1837-0604 2021+3651
10 103¢ 10

E [erg/s]

102 0.1
de Ona Wilhelmi + 2022 Pulsar efficiency (np)
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e HEGRA 2004

—@®— H.E.S.S. 2006

il MAGIC 2015&2020

=i ARGO-YBJ 2013
Tibet ASy 2019

e HAWC 2019

il |_HAASO-WCDA

il LHAASO-KM2A

== LHAASO log-parabola model

LHAASO power-law model @>10 TeV
|
Ll
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Cao+, LHAASO Coll. 21 F=2x10" y,=4%

(c)

Crab Nebula
10° 101 102
Energy [TeV]

Vercellone+ 22; Fiori, EA +in prep.

E? Flux [erg cm™2 s71]
-
<

2 , .
O,(E) x 6(E —m,cT) (EA & Arons 06; EA, Guetta, Blasi 03)
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DIRECT E FIELD ACCELERATION IN GAP OF SIZE fR

WITH POTENTIAL DIFFERENCE ® VS CURVATURE

dy  Zed 2 8n2 72 i
dt  Ampc2 (P 3cP? Amc? v

37TBR§, 1/ 8 ry—1/4,—1/4 1/4 —1/4 3/4
%“W_(2ZecP§) ~ 1.1 x 10%Z54 "¢ 4B P23 R

}/max — maX(}’w’ min(yq), ycurv))
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AUGER CORRELATIONS: AGN:2.70; AGN+SBG: 3.70; SBG: 40



PARTICLE ST
Ecr(t) = Eo (1+t/tsa)”

~ 1.2 X 1020 eV T]A56K,4I45Bl_31R:,g t7.5_1
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Kotera, EA, Blasi 15







9 PAMELA
A Fermi

w”étéﬂij* i

(Aguilar+ 13)

°p Q&ow

10
e* energy [GeV]

eIF POSITRONS ONLY SECONDARY, FRACTION SHOULD DECREASE
WITH INCREASING ENERGY

ePWNe EARLY SUGGESTED AS BEST CANDIDATES TO EXPLAIN THE
EXCESS (Blasi & EA 11)
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AMS-02 ™"~ CR+ 15M
Fermi-LAT ‘
VERITAS
CALET
DAMPE

e PSR PARAMETERS ACCORDING TO Faucher-
Giguere & Kaspi 06

e BROKEN POWER-LAW SPECTRUM STEEPENING
AT ~500 GeV

e PROPAGATION PARAMETERS THAT FIT ALL
AVAILABLE DATA

20
PAMELA
AMS-02
Fermi-LAT
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Pulsar
&
agnetosphere

Adapted from Kennel & Coroniti 1984
[Del Zanna & Olmi 2017]

FOR YOUNG PWNE

SHOCKE
EJECT/




SNR EXPANSION
SLQWS DOWN |
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LARGE FRACTION OF S
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 BORN WITH
HIGH KICK VELOCITY

COMPRESSED PWN
- OFFSET PW

REVERBERATION PHASE



RELIC NEBULAE

PSR MAY CROSS RS DURING COMPRESSION
AND LEAVE A RELIC

EVENTUALLY
MOST GAMMA-RAY BRIGHT
X-RAY DIM PWNe

[Fiori+ 2022]

B Syntethic Population (F2 107 * erg s «
Syntethic Population (F= 10 “ ergs ' cm™”
HGPS identitied PWNe

e HGPS candidate PWNe
PWNe outs de HGPS

N [(Syntethic Populat on)




BOW SHOCK NEBULAE

CHANDRA X-RAY &
VLA RADIO

. UNSHOCKED
| ISM

Cs~10-100 km/s ~ 1/10 Vprs

| VIINATION
MQOUSE 2
NEBULA = | cwomams
SHOCKED &
PULSAR WIND DSR in
supersonic
motion

COURTESY OF B. Olmi
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| HIGH ENERGY PARTICLES
'; INJECTED CLOSE TO THE POLAR AXIS ,
| STREAM OUT FROM RECONNECTION POINT AND |
FORM JETS IN THE ISM B-FIELD

Lz e g — g g P 2 Cx o e e - P — »- - 2ex . e e~ 3 »- o 2o =
d

Shoals
-

S, B oa. o 4 s o T4 AT B D ki e ” A _frsma = o7 g Ags s b sha

Olmi & Bucciantini 2019b




£ FROM BSTWN

ISOTROPIC WIND MODEL
o=1

leptons with y=3x107 §

{injected into the wind .'

[Olmi & Bucciantini 2019b] To——
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ENERGY DEPENDENCE OF THE

Charge (-) Charge (+)

— 8
o ~ " | ]WITH INCREASING ENERGY:
R ' ¢ .'. | Bty e S :.“3-. z":-‘ ;‘" : St R i ./.';-: ’: Hi‘ .‘3

ESCAPE

¢ |l ARGER FRACTION OF PARTICLES
e MORE ISOTROPIC RELEASE

AT GeV ENERGIES:

e ESCAPE EXPECTED ONLY FROM

THE TAIL

=ai

INOTICE THAT:

;‘ ENERGY DEPENDENT ESCAPE
§ PROBABILITY MAKES HALO
f SPECTRUM NON TRIVIAL

0*-60*
60%-120°
120°-180°

{- ESCAPE IS CHARGE
f SEPARATED!
[- IF LOW AMBIENT B BELL
} INSTABILITY POSSIBLE..  }

Y [Olmi & Bucciantini 2019b] Y



ERVATIONS OF JETS AND HALOES

X-ray

O2S

Geminga

L LY Extended TeV halo

[Abeysekara+ 2017]
g Geminga
%, [Posselt+ 2017]

L : . ¢ X- # | G327.1-1.1
\ . | .1..' gl _ . . '_ % L . i
T . . . e . . . . . Y
v e - Lighthouse nebula \ B AR X
-8 [Pavan+ 2016 3 gt N e s

-' ! AL Guitar nebula i T E 2000

A T ‘ [Cordes+ 1993, Wong+ 2003]
PSR J1509-5850
[Klinger+ 2016]



INTERPRETATION: I

- g X-ray
., 3 ™ "
b’ - _'
- - ol -
..
- . . !
as hen '.:: “‘“‘ E
Getarngblla, ... s

[Cordes+ 1993, Wong+ 2003]

JETS CONSISTENT WITH
SYNCHROTRON EMISSION

OF PARTICLES WITH E ~ e®pcp

IN A FEW X 10uG MAGNETIC FIELD
[Bandiera 2008]

TS AND HALOES

Geminga

Extended TeV halo
[Abeysekara+ 2017]

HALOS CONSISTENT WITH
ICS EMISSION

OF PARTICLES WITH E =~ e®pcp
INA ~ uG MAGNETIC FIELD

[Abeysekara+ 2017, Lopez-Coto & Giacinti 2018,
Lopez-Coto + 2021]



-SNRs STRUGGLE TO REACH THE KNEE IN THEORY AND GAMMA-RAY
OBSERVATIONS SO FAR ARE NOT TOO ENCOURAGING

-SEVERAL NEW CLASSES OF GALACTIC ACCELERATORS
-SOME POTENTIAL PEVATRONS

-SOME OBSERVED PEVATRONS

-POSITRON SOURCES ALSO NEEDED!

-IMPORTANT ANSWERS EXPECTED FROM OBSERVATIONS WITH UPCOMING CTA
AND ASTRI-MiniArray



