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Fermi (non-thermal)

eRosita (thermal)
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Total radio intensity (contours) and magnetic
field orientation of NGC 253.

(Beck et.al 1994)(Pietsch et.al 1996)

Milky way is not a starburst galaxy yet it has outflow!

https://ned.ipac.caltech.edu/cgi-bin/objsearch?objname=NGC+253&extend=no&out_csys=Equatorial&out_equinox=J2000.0&obj_sort=RA+or+Longitude&of=pre_text&zv_breaker=30000.0&list_limit=5&img_stamp=YES


Galactic	Halo	Bubbles	

Galactic	Disc

Galactic	Halo
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Galactic	Halo	Bubbles	

Not	negligible!

𝜌Φ = 1 eV/cc

𝑼𝑩𝑹𝒆𝒈 = 0.8 eV/cc

𝑼𝑩𝑻𝒖𝒓 = 𝟒. 𝟐 eV/cc

𝑼𝑪𝑹 = 0.8 eV/cc

𝑃!"#$%&' = 0.8 eV/cc
𝜌/𝑚 ≈ 10$% cc

Galactic	Disc

Galactic	HaloWe	need	magnetic	
fields	to	
understand	
deflections	of	
cosmic	rays.

Note:	We	do	not	
have	any	
accurate	
estimates	for	
the	Halo	!
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Synchrotron

B-fields
𝐝𝒏 𝒆

𝐝𝐥𝐨
𝐠𝑬 𝒆



𝑅%&( & 𝑍%&( = 5 kpc and 6 kpc 𝐵)!$ = 3.96 𝜇G
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Kolmogorov spectrum for turbulent fields

Almost same power in each mode
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Outflow induces turbulent fields
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𝑅#' & 𝑍#' = 5 kpc and 6 kpc
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Together magnetic fields and non-
thermal electrons give Synchrotron!

Synchrotron

B-fields
𝐝𝒏

𝒆

𝐝𝐥𝐨
𝐠𝑬

𝒆
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Step 1

Line of 
sight 
(Los)

Synchrotron
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𝑱" 𝑱∥

𝑩

𝑩



V. Shaw - DESY, Zeuthen, ECRS 2022 11

Ψ,,. = 45∘
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Los

Ψ,,. = 90∘
1
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Polarised synchrotron

Unpolarised synchrotron

Probes magnetic field strength 
and geometry

Probes magnetic field strength 
only

Maximum emission is 
observed when the electron 
pitch angles are 
perpendicular to magnetic 
fields.
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Shaw et al 2022
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UHECR 𝑩
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Abreu et al 2022

Toy model best fit case is similar to the PAO observations

Aab et al 2014 & 2018
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𝝈𝐍𝐆𝐂 𝟐𝟓𝟑 = 𝟗∘, 𝝈𝐂𝐞𝐧 𝐀 = 𝟐𝟐∘𝝈𝐍𝐆𝐂 𝟐𝟓𝟑 = 𝟑𝟐∘, 𝝈𝐂𝐞𝐧 𝐀 = 𝟑𝟑∘


