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Large scale structures = large scale fields

(Pietsch et.al 1996) (Beck et.al 1994)
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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, ECRS 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
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We need magnetic
fields to
understand
deflections of
cosmic rays.

Galactic Halo Bubbles

~14 kpc

p® =1¢eV/cc
p/m =~ 1073 cc
Pinermar = 0.8 eV/ce

Note: We do not
have any
accurate

estimates for
the Halo !
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Not negligible!




Probing magnetic fields with synchrotron radiation
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Toy Model — Structured fields

Btor = Bstre(_|z|/Zmag)e(_zmin/|z|)e(_|T|/Rmag)

Toy model field lines in xz plane
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Outflow induces turbulent fields

Toy Model —Turbulent fields

S Kolmogorov spectrum for turbulent fields

Power spectral analysis in x, y and z directions
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1) https://www.cosmos.esa.int/web/planck/picture-gallery

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).

Almost same power in each mode
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Toy Model — non-thermal electron distribution at 10 GeV
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Synchrotron radiation — standard picture %% &
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Synchrotron radiation

Polarised synchrotron

Probes magnetic field strength
and geometry

Unpolarised synchrotron

Probes magnetic field strength

only
—

Maximum emission is
observed when the electron
pitch angles are
perpendicular to magnetic
fields.

V. Shaw - DESY, Zeuthen, ECRS 2022
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Emission components when W/ =90°, 45°
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Planck data (/o)

Results — Best fit case
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Constraints

Shaw et al 2022

Best-fit value with 1o constraint
Parameter Best-fit value Description
Bty 3.96:?‘_32 uG Structured field strength
Biur 6.72 f:g:gg uG Turbulent field strength
Rymag = Ry 5:(1) kpc Radial cut off
Zntag = Zel 6:(1) kpc Azimuthal cut off
log1o (Cm,,m[cmﬁs]) —11.72:8:33 Electron density at 10 GeV
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Backtracking of UHECRs through toy model using CRPropa3

V. Shaw - DESY, Zeuthen, ECRS 2022
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Arrival directions of UHECRs - Toy Model vs Auger
s et (Nitrogen at 40 EeV)
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Toy Model vs JF12 Torroidal Halo
Nitrogen at 40 EEV 75° JF12 Tor. Halo
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