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Outline

 Wind bubbles: structure, evolution and state-of-art
e Diffusive shock acceleration at the wind termination shock

* Some applications: YMSCs, SBGs & AGNi
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* Macroscopic parameters:
1. Terminal wind speed: 1,

2. Mass loss rate: M

Weaver+1977
Koo & McKeel992

3. Age and surroundings: t;4e, Mg
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Wind bubble: structure and evolution

1. The outflow is launched - ¢,
2. Free expansion phase - t4

3. Deceleration phase -t > t;
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Recent developments in Galactic wind bubbles

Aharo;ian+'2019
Lo Recent gamma-ray observations

brought the attention back to
young stars

/ Cosmic (Fe=1)

Detailed studies on the
composition reveal a key role
played by superbubbles

GCR source
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Recent developments in Galactic wind bubbles

Theoretical models were developed in order to explore the acceleration
potential and gamma-ray flux from star clusters and superbubbles
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Fast cool wind
(upstream)

- Hot shocked wind
(downstream)

Shocked ambient medium
(SAM)
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DSA at the wind termination shock
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DSA at the wind termination shock

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




DSA at the wind termination shock

r’u(r)o,.f = 0,[r*D(r,p)o, f] + %5‘r[7”2u(7”):
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DSA at the wind termination shock
T 2u(r)o f = 0, [r2D(r, p)a 1 + 20, [r2u()pd, f # r2Q(r,p) — r2A(r, p)
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DSA at the wind termination shock

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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DSA at the wind termination shock
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DSA at the wind termination shock
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Solution: radial behavior and spectra
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F(r, E*)[arbitrary units]
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Solution: radial behavior and spectra
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Solution: radial behavior and spectra
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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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Solution: radial behavior and spectra

Advection dominated
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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
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Wind Bubbles: scales and power
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Wind Bubbles: scales and power

M82 - Image credit: Daniel Nobre
Massive stars:
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Wind Bubbles: scales and power

M82 - Image credit: Daniel Nobre
Massive stars: |

V., =~ 10% — 103km/s
M < 1075 Mg/yr

Star clusters: o oo F e
2 t V. = 103km/s B " .
- WR31a- Image credit: . _ . P B E MR

'_Ac_kpoyvled%qkﬁ'e.ntzlJ';criy M =~ 10 4 M®/yr

- NGC3079 - Image credit: X-ray: NASA/CXC/University
- of Michigan/J-T Li et al.; Optical: NASA/STSc

Westerl'uvhd'Z'.-"j-Image credit: NASA / ESA / Hibble Heritage™ =~ " ¢
“Team'/'STScl./ AURA / A. Nota./ Westerlund 2 Scienge Team *

o

NGC7635- Image credit: NASA Goddard Space
Flight Center from Greenbelt, MD, USA

1arcmin=1115px




Wind Bubbles: scales and power
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Wind Bubbles: scales and power
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Wind Bubbles: scales and power

M82 - Image credit: Daniel Nobre
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Emax = € q B =*Rgp

M
4TRZ,

Ug = €gBrqm = €5 Uq

Emax = Emax(ul»M) — Emax(E: P)



Maximum Energy: a first guess

Emax =$qB %Rsh

M
4TRZ,

Ug = €gBrqm = €5 Uq

Emax [GeV]

Emax = Emax(ul: M) — Emax(E: P) 10° ¢

100 102 10* 106
X =Ep~1/2 X I Xsun



Key questions

Can wind bubbles get to the highest energies
both in Galactic and Extragalactic context?

Can wind bubbles be efficient gamma-ray
and HE neutrino sources?



Multimessenger role of wind bubbles
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Multimessenger role of wind bubbles
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Young Massive Stellar Cluster
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Young Massive Star Cluster - 2
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Young massive star clusters - 3

/ Target density

Shocked stellar wind (Rs;, — R.q):
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Hadronic emission from star clusters
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Take home message - 1

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

* Maximum energies up to PeV can be reached

* YMSCs could be relevant sources of gamma rays and high-
energy neutrinos in the Galaxy



Starburst-driven wind bubbles
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Starburst galaxy M82 — APOD - Image credit: Daniel Nobre



Starburst-driven wind bubbles
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Starburst-driven wind bubbles
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SBGs - High-Energy SED and Neutrinos
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SBGs - High-Energy SED and Neutrinos
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SBGs - High-Energy SED and Neutrinos
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SBGs - High-Energy SED and Neutrinos
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SBGs - High-Energy SED and Neutrinos
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E2 ®(E) [GeV cmZ 571 5r1]

Cumulative radiation from SBGs
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* Sizeable contribution to the
gamma-ray flux (room for
AGNi and SFGs)

e Relevant contribution to the
neutrino flux from 100 TeV to

10 PeV
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Cumulative radiation from SBGs
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Take home message - 2

e Starburst-driven wind bubbles can be efficient particle
accelerators up to 104 PeV

* Inelastic pp collisions take place in the shocked wind region
where gamma-ray and neutrino are copiously produced

* Observational signatures might come from VHE gamma rays

* Possible relevant role to the multimessenger diffuse flux (p,y,v)



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

Parameters:
*u, =02c
* M =0.1 Mg yr?
* . =0.05pc

* tgge = 1000 yr
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Solution: radial behavior and spectra
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Take home message - 3

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

* Maximum energies up to EeV can be reached

* UHECRSs injected in the host galaxy can feature a hard
spectral slope

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



Key questions

Can wind bubbles get to the highest energies
both in Galactic and Extragalactic context?

Can wind bubbles be efficient gamma-ray
and HE neutrino sources?
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