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Large scale structures = large scale fields

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

NGC 253 e )  B-FIELD

“ROSAT PSPC
03-0.4 keV

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

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

V. Shaw - DESY, Zeuthen, TeVPa 2022


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

~14 kpc

A 4

Galactic Halo EBs <

A

Galactic Halo Bubbles\

~14 kpc

ie————%
FBs o

Galactic Disc

V. Shaw - DESY, Zeuthen, TeVPa 2022




We need magnetic
fields to
understand
deflections of
cosmic rays.

Not negligible!
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Probing magnetic fields with synchrotron radiation
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z [kpc]

Toy Model — Structured fields

Btor = Bstre(_Izl/Zmag)e(_zmin/lzDe(—|7’|/Rmag)

Toy model field lines in xz plane
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Toy Model —Turbulent fields

g Kolmogorov spectrum for turbulent fields

Power spectral analysis in x, y and z directions
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Toy Model — non-thermal electron distribution at 10 GeV
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Synchrotron radiation — standard picture / 4
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Synchrotron radiation

Emission components when W =90°, 45°
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Results — Best fit case

750 Planck data (/o)
4

60° 7N
s/ /L L] .. VANANAN

. -
S S [ ] /%\ AN N N
[ 150° 120° 90° 60 30° g° -3

-6\0 9\0 1§o 150 \

) ] )
/ / / / / 750 Toy model (/po1)
Ny

NN e il
- = Vo o S
15° , / , B . \
4.00 4.25 450 4.75 5.00 5.25 5.50 S.ESOO 150° 120 Galactic Disc removed 0° ‘ﬁ’oo

10910 (Ipoi [cM™2sec™tsr™1]) _150\ \ \ \ . ” ‘, . , / /
AR -
\ y wy

30
| 15° Gaussian smoothening | NANANA |
' -\ | Yy
-60° : e | /L
-75°

Units = 10g10 (Ipol [cM™2sec™tsr™1])

V. Shaw - DESY, Zeuthen, TeVPa 2022 12



Constraints

Shaw et al 2022

Best-fit value with lo constraint
Parameter Best-fit value Description
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Backtracking of UHECRSs through toy model using CRPropa3
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Arrival directions of UHECRs — Toy Model vs Auger
s sestfit  (Nitrogem at 40 EeV)
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Arrival directions of UHECRs — Toy Model vs Auger
s sestfit  (Nitrogem at 40 EeV)
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Arrival directions of UHECRs — Toy Model vs Auger
s sestfit  (Nitrogem at 40 EeV)
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Toy Model vs JF12 Torroidal Halo
Nitrogen at 40 EeV60° 75° JF12 Tor. Halo
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Toy Model vs JF12 Torroidal Halo
Nitrogen at 40 EeV60° 75° JF12 Tor. Halo
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Conclusions & Outlook

 Our results indicate ~7 uG total fields over a large spatial extent with
the height of halo being ~6 kpc in z-direction which i1s 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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Synchrotron radiation — emission elipses %, , &
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@ (Pietsch et.al 1996)
. .o NGC253
' ROSATPSPC

Milky way is not a starburst galaxy yet it has |l =
outflow! D, G2

Outflows as seen in
starburst galaxies!

(Beck et.al 1994)
B-FIELD

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