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1056 erg in X-rays 

Total energy1054−55 erg in disc
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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

𝑃𝑡ℎ𝑒𝑟𝑚𝑎𝑙 = 0.8 eV/cc
𝜌/𝑚 ≈ 10−3 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



𝑅𝑚𝑎𝑔 & 𝑍𝑚𝑎𝑔 = 5 kpc and 6 kpc 𝐵𝑠𝑡𝑟 = 3.96 𝜇G

6
V. Shaw - DESY, Zeuthen, TeVPa 2022



5

3
Kolmogorov spectrum for turbulent fields

Almost same power in each mode
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Outflow induces turbulent fields

2) Predehl, P., Sunyaev, R.A., Becker, W. et al. Detection of large-scale X-ray bubbles in the Milky Way halo. Nature 588, 227–231 (2020). 
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𝑅𝑒𝑙 & 𝑍𝑒𝑙 = 5 kpc and 6 kpc
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Together magnetic fields and non-

thermal electrons give Synchrotron!

Synchrotron
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Synchrotron
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Step 1

Line of 

sight 

(Los)

Synchrotron

Step 2

𝑱⊥ 𝑱∥

𝑩

𝑩
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Ψ1,2 = 45∘

1

2

Los

Ψ1,2 = 90∘
1

2

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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Aab et al 2014 & 2018



16
V. Shaw - DESY, Zeuthen, TeVPa 2022

Abreu et al 2022

Aab et al 2014 & 2018
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Abreu et al 2022

Aab et al 2014 & 2018



p
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𝝈𝐍𝐆𝐂 𝟐𝟓𝟑 = 𝟗∘, 𝝈𝐂𝐞𝐧 𝐀 = 𝟐𝟐∘𝝈𝐍𝐆𝐂 𝟐𝟓𝟑 = 𝟑𝟐∘, 𝝈𝐂𝐞𝐧 𝐀 = 𝟑𝟑∘



p

Spreading Effect -Toy model 5-10 times larger than 

JF12

Deflections are dominated by halo NOT disc

Structured fields - Overall coherent deflection 

Turbulent fields   - Spreading out the directions of the 

particle deflections around this overall deflected 

direction 
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𝝈𝐍𝐆𝐂 𝟐𝟓𝟑 = 𝟗∘, 𝝈𝐂𝐞𝐧 𝐀 = 𝟐𝟐∘𝝈𝐍𝐆𝐂 𝟐𝟓𝟑 = 𝟑𝟐∘, 𝝈𝐂𝐞𝐧 𝐀 = 𝟑𝟑∘



• Our results indicate ~7 𝜇G total fields over a large spatial extent with 
the height of halo being ~6 kpc in z-direction which is compatible with 
S-PASS and other observations.

• Arrival direction of cosmic rays is highly tangled with both the 
structured and turbulent magnetic fields. We find the cosmic ray 
deflections from our model are similar with NGC 253 and Cen A 
hotspots from Auger (Abreu et al. 2022).

• Rotation measures from extra-galactic sources like FRBs should be 
factored in once the MeerKat and FAST data is public. 

• C-BASS, Quijote and Lofar data can also be useful for studying the 
halo at different frequencies in the future.
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Extras
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Synchrotron
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Maximum emission is observed when the electron pitch angles are 

perpendicular to magnetic fields

Polarised synchrotron

Unpolarised synchrotron

Los

Los

Ψ1,2 = 45∘

Ψ1,2 = 90∘
1

2

1

2
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Large scale structures imply large scale magnetic fields

Outflows as seen in 

starburst galaxies!

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!

Predehl, P., Sunyaev, R.A., Becker, W. et al. Detection of large-scale X-ray bubbles in the Milky Way halo. Nature 588, 227–231 (2020). 
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SYNCHROTRON RADIATION

• "Magneto-bremsstrahlung" = Radiation emitted by relativistic charged 
particles (mostly electrons) due to acceleration ("gyro-motion") in a 
static magnetic field.
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Synchrotron
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Extras
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