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Bohm diffusion

particles are isotropised in one gyrationD# ⇡ ⌦ ⇡ v

RL

minimum plausible value for the diffusion coefficient

D =
v2

3D#
�! 1

3
RLvBohm diffusion

D =
DB

kW (k)
= DB/h

✓
�Bk

B0

◆2

iquasi-linear theory

typically invoked in highly turbulent media

DB ⇠ 1023
✓

E

10 GeV

◆✓
B

3 µG

◆�1

cm2/s



Perpendicular diffusion

Dk =
v2

3 D#
⇠ DB

kW (k)



Perpendicular diffusion

Dk =
v2

3 D#
⇠ DB

kW (k)

(�# RL)

displacement perpendicular to 
the field after one scattering



Perpendicular diffusion

Dk =
v2

3 D#
⇠ DB

kW (k)

(�# RL)

displacement perpendicular to 
the field after one scattering

p
N

after N scatterings 
(random walk)



Perpendicular diffusion

Dk =
v2

3 D#
⇠ DB

kW (k)

(�# RL)

displacement perpendicular to 
the field after one scattering

p
N

after N scatterings 
(random walk)

⇠ 1 for t ⇠ 1/D#



Perpendicular diffusion

Dk =
v2

3 D#
⇠ DB

kW (k)

(�# RL)

displacement perpendicular to 
the field after one scattering

p
N

after N scatterings 
(random walk)

⇠ 1 for t ⇠ 1/D#

⇠ RL�? ⇠ perpendicular displacement after t ⇠
1

D#



Perpendicular diffusion

Dk =
v2

3 D#
⇠ DB

kW (k)

(�# RL)

displacement perpendicular to 
the field after one scattering

p
N

after N scatterings 
(random walk)

⇠ 1 for t ⇠ 1/D#

⇠ RL�? ⇠ perpendicular displacement after t ⇠
1

D#

D? ⇠ �? (�?D#)

mean free path velocity



Perpendicular diffusion

Dk =
v2

3 D#
⇠ DB

kW (k)

(�# RL)

displacement perpendicular to 
the field after one scattering

p
N

after N scatterings 
(random walk)

⇠ 1 for t ⇠ 1/D#

⇠ RL�? ⇠ perpendicular displacement after t ⇠
1

D#

D? ⇠ �? (�?D#)

mean free path velocity

⇠ R2
LD# ⇠ R2

L ⌦ kW (k)

v/RL



Perpendicular diffusion

Dk =
v2

3 D#
⇠ DB

kW (k)

(�# RL)

displacement perpendicular to 
the field after one scattering

p
N

after N scatterings 
(random walk)

⇠ 1 for t ⇠ 1/D#

⇠ RL�? ⇠ perpendicular displacement after t ⇠
1

D#

D? ⇠ �? (�?D#)

mean free path velocity

⇠ R2
LD# ⇠ R2

L ⌦ kW (k)

v/RL

⇠ DB kW (k)



Perpendicular diffusion

Dk =
v2

3 D#
⇠ DB

kW (k)

(�# RL)

displacement perpendicular to 
the field after one scattering

p
N

after N scatterings 
(random walk)

⇠ 1 for t ⇠ 1/D#

⇠ RL�? ⇠ perpendicular displacement after t ⇠
1

D#

D? ⇠ �? (�?D#)

mean free path velocity

⇠ R2
LD# ⇠ R2

L ⌦ kW (k)

v/RL

⇠ DB kW (k)

D?
Dk

= k2W (k)2 =

✓
�Bk

B0

◆4

⌧ 1

DkD? = DB



CR escape from the Galaxy: a toy-model

sources

SNR?



CR escape from the Galaxy: a toy-model

sources

SNR?

escape

~B



CR escape from the Galaxy: a toy-model

sources

SNR?

escape

~B

length

L

m
agnetic halo 

(several kpc?)

L



CR escape from the Galaxy: a toy-model

sources

SNR?

escape

~B

L

⌧esc ⇠
L2

Dk
⇡ 10 Myr

3 kpc

Dk =
DB

kW (k)
/ E0.3...0.5



CR escape from the Galaxy: a toy-model

sources

SNR?

escape

~B

L

⌧esc ⇠
L2

Dk
⇡ 10 Myr �! �Bk

B0
⇠ 6⇥ 10�4

3 kpc

Dk =
DB

kW (k)
/ E0.3...0.5



CR escape from the Galaxy: a toy-model

sources

SNRs?

escape

~B

L

Q(E) / E�↵

injection spectrum 
[#/eV/s]

N(E) / E�2.7

equilibrium spectrum 
[#/eV]

Dk =
DB

kW (k)
/ E0.3...0.5



CR escape from the Galaxy: a toy-model
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N(E) / E�2.7

equilibrium spectrum 
[#/eV]

N(E) = Q(E)⌧esc ! Q(E) / E�2.2...2.4

Dk =
DB

kW (k)
/ E0.3...0.5



II ter - LEPTONIC GAMMA-RAYS: 
INVERSE COMPTON SCATTERING

NPAC course on  
Astroparticles



Gamma-rays from supernova remnants: 
hadronic or leptonic?
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✏0i = ✏i � (1� � cos ✓)In the electron rest frame (e.r.f.) the photon energy is:
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Assumption: in the e.r.f the scattering is Thomson: ✏0f = ✏0i

�0

✏0f can well be non-coplanar✏f
�

In the lab rest frame the (final) photon energy is: ✏f = ✏0f � (1 + � cos�)
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✏f = �2 ✏i G(✓,�)

After averaging over angles (tedious...): ✏f =
4

3
�2 ✏i

Example:

                                                                         X-rays 

                                                                         gamma rays (FERMI) 

                                                                         gamma rays (Cherenkov Telescopes) 

Cosmic Microwave Background -> T ⇠ 3 K kT ⇡ 3⇥ 10�4eV

Ee = 1 GeV ! ✏� = 1, 5 keV

Ee = 1 TeV ! ✏� = 1, 5 GeV

Ee = 25 TeV ! ✏� = 1 TeV
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The electromagnetic spectrum

visible light -> stars

interactions of cosmic ray protons with matter 
inverse Compton emission of TeV/multi-TeV electrons in the 
CMB

thermal emission from hot plasmas (millions of K) 
synchrotron emission of 100 TeV electrons in a 3 µG field 
inverse Compton emission of ~GeV electrons in the CMB

}
21 cm line -> atomic neutral Hydrogen (HI) 
synchrotron emission of multi-GeV electrons in a 3 µG field

}


