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Yago Ascasibar (Módulo 15, despacho 506)

Procesos Radiativos en Astrof́ısica
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Local Thermodynamic Equilibrium (LTE)

Radiative transport

dIν
ds

= jν − αIν

τ =

∫
α ds

Kirchoff Law (LTE)

jν = αBν(T )

dIν
dτ

= Bν(T )− Iν

Radiative transport at constant temperature

Iν(τ) = Iν(τ = 0)e−τ + Bν(T )(1− e−τ )
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Local Thermodynamic Equilibrium (LTE)

1 eV ∼ h× 105 GHz ∼ hc

104 Å
∼ hc

1 µm
∼ k × 104 K ∼ 0,6mp(10 km/s)2
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Cosmic rays

Protons: 88 %

Helium: 10 %

Other nuclei: 1 %

Electrons: 1 %
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Cosmic rays
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Cosmic ray propagation

Diffusion-loss equation

cosmic ray energy spectrum
∂
∂t

dn
dγ (~x , γ) 0= ∇

[
K (~x , γ)∇dn

dγ (~x , γ)
]

+ ∂
∂γ

[
b(~x , γ)dndγ (~x , γ)

]
+Q(~x , γ)

steady-state diffusion energy losses source term
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Where do the cosmic rays come from?
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Fermi acceleration mechanisms
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Astrophysical shocks
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Supernova remnants (SNR)
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Pulsar Wind Nebulae (PWN)

Procesos Radiativos Non-thermal radiative processes



Cosmic ray propagation
Observable signatures

Astrophyiscal sources
Physical processes
Galactic structure

Pulsar Wind Nebulae (PWN)
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Active Galactic Nuclei (AGN)
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Active Galactic Nuclei (AGN)
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Not-so-dark matter (DM)
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What could possibly go wrong?
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Hadronic cascade
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Electromagnetic losses

Ionisation

bion(γ) = q4enH

8πε20m
2
ec

3
√

1− 1
γ2

f (γ)

Inverse Compton Scattering

bICS(γ) = 4
3
σT
mec

γ2Urad

Synchrotron

bsyn(γ) = 4
3
σT
mec

γ2UB

Bremsstrahlung

bbrem(γ) ∝ neγ [ln(γ) + 0,36]

Coulomb collisions

bCoul(γ)
1,2×10−12 s−1 ≈ ne

[
1 + ln(γ/ne)

75

]
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Diffusion
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Galaxies
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The Milky Way

L’origine della Via Lattea, Tintoretto (1575-1580) Aristotle (384 – 322 AC)
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My God, it’s full of stars!
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My God, it’s full of stars!
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The Galactic nucleus

Mass of Sagittarius A*

∼ 106 M�
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The Galactic nucleus
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The Galactic nucleus
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The Interstellar Medium (ISM)

Pressure

∇P = −ρ∇φ

Hot spherical halo

Angular momentum

Vtg/R = −∇φ

Cold rotating disk

Procesos Radiativos Non-thermal radiative processes



Cosmic ray propagation
Observable signatures

Astrophyiscal sources
Physical processes
Galactic structure

The Interstellar Medium (ISM)

Procesos Radiativos Non-thermal radiative processes



Cosmic ray propagation
Observable signatures

Astrophyiscal sources
Physical processes
Galactic structure

The Interstellar Medium (ISM)

Phase fv fm h (pc) T (K) n (cm−3)

Molecular clouds 1 % 22 % 80 15 > 100

Cold neutral medium 3 % 30 % 150 70 30

Warm neutral medium 20 % 35 % 400 8000 1

Warm ionised medium 30 % 10 % 1000 8000 1

HII regions 1 % 1 % 70 8000 > 100

Hot ionised medium 45 % 2 % > 1000 > 105 < 0,01
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The Interstellar Radiation Field (ISRF)

Mathis et al. (1983)
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http://adsabs.harvard.edu/abs/1983A%26A...128..212M
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Magnetic field

Detection

Zeeman effect

Faraday rotation

Synchrotron emission

intensity
polarization

Light polarization

of starlight, by dust
of the dust emission
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Magnetic field

Detection

Zeeman effect

Faraday rotation

Synchrotron emission

intensity
polarization

Light polarization

of starlight, by dust
of the dust emission β ∝ λ2

∫
neB‖ ds
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Magnetic field

Detection

Zeeman effect

Faraday rotation

Synchrotron emission

intensity
polarization

Light polarization

of starlight, by dust
of the dust emission

Isyn ∝
∫

neB⊥ ds
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Magnetic field

Detection

Zeeman effect

Faraday rotation

Synchrotron emission

intensity
polarization

Light polarization

of starlight, by dust
of the dust emission

Fosalba et al. (2002)
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http://adsabs.harvard.edu/abs/2002AIPC..609...44F
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Magnetic field

Van Eck et al. (2011)
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http://adsabs.harvard.edu/abs/2011ApJ...728...97V
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Dark matter

Sofue (2012)
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http://adsabs.harvard.edu/abs/2012PASJ...64...75S
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Procesos Radiativos Non-thermal radiative processes



Cosmic ray propagation
Observable signatures

Cosmic ray spectrum

Adriani et al. (2011) Adriani et al. (2009a)
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http://adsabs.harvard.edu/abs/2011Sci...332...69A
http://adsabs.harvard.edu/abs/2009PhRvL.102e1101A
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Adriani et al. (2009b)

Knödlseder et al. (2005)
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http://adsabs.harvard.edu/abs/2009Natur.458..607A
http://adsabs.harvard.edu/abs/2005A%26A...441..513K
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Adriani et al. (2009b)

Weidenspointner et al. (2008)
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http://adsabs.harvard.edu/abs/2009Natur.458..607A
http://adsabs.harvard.edu/abs/2008Natur.451..159W
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Have we detected dark matter?

Wechakama & Ascasibar (2014)
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https://ui.adsabs.harvard.edu/#abs/2014MNRAS.439..566W/abstract
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Have we detected something else?
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Non-thermal pressure support

Equipartition

PB ∼ PCR ∼ Pv ∼
Pnt

3

Magnetic field

PB ∝ B2

Cosmic rays

PCR =
E0

3

∫
dnCR
dE

E 2 − E 2
0

E
dE

Turbulence

Pv ∼ ρ 〈v2〉
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Non-thermal pressure support
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Heating and ionisation

Ascasibar (2007) Iwanus et al. (2019)
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https://ui.adsabs.harvard.edu/#abs/2007A&A...462L..65A/abstract
https://arxiv.org/abs/1902.02437
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Conclusions

Noise

Gamma rays

π0 decay
ICS

Radio continuum

synchrotron

Importance

Pressure

Energy

heating
ionization

Thank you!
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