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Shocked stellar wind

|+ Cavity in the ISM excavated by the activity

Frnation of a source blowing a steady wind with
N shock

high velocity and large opening angle

* Main macroscopic parameters:
1. Terminal wind speed: I/,

2. Mass loss rate: M
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Wind bubble: structure and evolution
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Wind bubble: structure and evolution

Collision with ISM = wind shock

1. The outflow is launched - ¢,




Wind bubble: structure and evolution
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Wind bubble: structure and evolution

1. The outflow is launched - ¢,
2. Free expansion phase - t4
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Wind bubble: structure and evolution
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* Rapid fall of acceleration

efficiency in time
e Mach number dependent

\_on the external medium
Z. Free expansion phase - {4
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Wind bubble: structure and evolution

"¢ Fast and cool plasma at
the wind shock
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Wind bubble: structure and evolution

Fast cool wind
(upstream)

Hot shocked wind
(downstream)

Shocked ambient
medium (SAM)




Wind Bubbles: scales and power
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Wind Bubbles: scales and power
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Wind Bubbles: scales and power
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Wind Bubbles: scales and power
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Maximum Energy: a first guess

.

u .
Emax =§qB fRsh(uliM)

10° SBG

Up = €gPram (u1; M)

Emax [GeV]

Emax = Emax (ul» M)
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Why wind bubbles?

Credit: C. Evoli -
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spectrum beyond the knee?

v IRGB

AMS02 FERMI
HAWC HESS
AUGER

ICETOP -
CALET KASCADE-Grande i
CREAM I+I1 [sp]
DAMPE Tibet-111

I I | I

v+

LHC

£5889F 1 0Pyl

Emax [GeV]

108

107 E knee

B
e
-
++

aie

o

]

£
ettt

o

&
eyttt
ettt
e
e

10°

+= I+
e
+++
+++
S
S
ff
<
ot
s
E
e
b
B
L
"

+

e

&
et
e
+++
+++
&
&

S
R
Eetrhetete!

ol

- ++
e

oo

S

S

£
&

+++ o

+++

UELELRLLLL I
et
<ol

i
&
e
+++
+++
£
o
£
%
o
++
&
&
i
o

WR

£
!

o
i

e,
T

"

o

&
bty

o

e
o

e

0
o
+‘+++++++
S
%
)
s

o
e

-

-

i

"
e “=
ety

o

e
ety
s

-
e

e
-
- e
R R e e e
L S S e S S B R
o o
e L L S S o

)

+¢¢++¢¢‘+¢¢+¢¢4

G )

" 10%

5 EeV

107
GeV

TeV PeV
Energy

EeV

’ 104 10° 10%

107

108

10°

101[)



Credit: C. Evoli
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Credit: C. Evoli
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Why wind bubbles?

Can wind bubbles make it up
to the UHEs?
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Credit: C. Evoli
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Outline

* Model for particle acceleration in wind bubbles



Acceleration and transport model

+ 0, [r*D(r, p)0,f1 + 20, [r*u()]0,f — r*A(r,p) + r*Q(r,p)




Acceleration and transport model

r2u(r)d,f = 0,[r2D(r,p)a,f] + 20, [r2u()1pd, f r2A(r, p)
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Acceleration and transport model
T 2u(r)o f = 0, [r2D(r, p)a 1 + 20, [r2u()pd, f # r2Q(r,p) — r2A(r, p)

el
Y —
N\




Acceleration and transport model

r’u(r)o,f = 0,[r*D(r,p)0,f] + 30, [r*u()]pd, f +r?Q(r,p) — r2A(r, p)
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Acceleration and transport model

‘I"ZU(T)arf — 6r[r2D(r, p)arf] 4+ %ar[rzu(r)]papf + TZQ(T, P) _




Acceleration and transport model

r’u(r)o,f = 0,[r*D(r,p)0,f] + 30, [r*u()]pd, f + r?Q(r,p) —(r*A(r, p)
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* Solution: radial distribution and spectra



F(r, E*)[arbitrary units]
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F(r, E*)[arbitrary units]

Solution: radial behavior and spectra
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F(r, E*)[arbitrary units]

Solution: radial behavior and spectra

F~E~% < DSA <ﬂ
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F(r, E*)[arbitrary units]

Solution: radial behavior and spectra

s R
Advection = pushes particle towards Ry,

Diffusion = homogenizes particles
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F(r, E*)[arbitrary units]

Solution: radial behavior and spectra

~ ™
Advection = pushes particle towards Ry,

Diffusion = homogenizes particles
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F(r, E*)[arbitrary units]
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Solution: radial behavior and spectra

Advection dominated
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F(r, E*)[arbitrary units]
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Solution: radial behavior and spectra

Advection dominated

Diffusion dominated
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Solution: radial behavior and spectra

Advection dominated
ﬁ Diffusion dominated

Negligible energy losses
result in no relevant
difference between the
spectrum at the shock and
the escaping flux
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Outline

e Ultra Fast Outflows



AGN-driven wind bubbles (UFOs)
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Seyfert NGC3079 - Image credit: X-ray: NASA/CXC/University
of Michigan/J-T Li et al.; Optical: NASA/STSc
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The UFO wind bubble

r*u(r)o,f = 0,[r*D(r,p)o,f]+ %a’r [Tzu(r)]papf +12Q(r,p) — r*A(r,p)
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Solution: radial behavior and spectra

—
(V)]
e
cC
> 10t
>
| -
(C
. o
| - —— ? -
: S 10
" -
. ©
" | —
. - Fl(r, 10PeV) <
| : ] 108 ;
10-3{ = ° - F(r,10Z PeV) .
.’ : — F(r 10%PeV) R — Fe,
104 I s 10° - - -
100 2=10° 3100 4=10° ng 10-3 102 10-1 10¢

R/Rgp, E [1018 eV]



F(r, E*)[arbitrary units]

lDD.

lﬂ_l'

lD—E.

10-34 =

Solution: radial behavior and spectra
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Solution: radial behavior and spectra
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Solution: radial behavior and spectra
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Solution: radial behavior and spectra
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Solution: radial behavior and spectra
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Solution: radial behavior and spectra
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Solution: radial behavior and spectra
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Solution: radial behavior and spectra
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Solution:

radial behavior and spectra

~
py Losses =2 less efficient while r increases

Diffusion = strong energy dependence
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Solution: radial behavior and spectra

1. Standard ~E 4
acceleration spectrum
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2. Hard spectrum injected
in the host galaxy ISM

o o / 10-3 10-2

R/R, E [1018 eV]

E? F(r*, E)[arbitrary units]



Multimessenger implications: NGC1068
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Multimessenger implications: NGC1068
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Multimessenger implications: NGC1068
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Multimessenger implications: NGC1068

[ T | |
102 ® Fermi == DD y-ray shocked I5M

E MAGIC
lceCube

e pp vshocked ISM

== pp y-ray shocked wind
e pp vshocked wind
py y-ray
py v

100 TeV-100 PeV
neutrinos (pp+py)
without gamma
ray counterpart

lllllll

A\

10—14

EZ2dN/dI

.................
llllllllll
............
»

10—15
10—15 )

10—1?

1 5
10" 107 107 10° 10° 1010
E (GeV)

15



Take home messages

* Diffusive shock acceleration can take place efficiently at wind
shocks of wind bubbles

* Maximum energy: PeV can be reached in SCs, 102 PeV in SBGs
& EeV in AGN-driven winds (UFOs)

 UHECRSs can be injected by UFOs in the host galaxy featuring a
hard spectral slope at the highest energies

* UFOs can be bright neutrino sources while being opaque to
gamma rays



s canh be injected b
hard spectral sl
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THANKS FOR YOUR ATTENTION!



Solution: radial behavior and spectra
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