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THE ROLE OF MAGNETIC FIELDS IN GALAXY EVOLUTION

Magnetic Field Magnitude [log pG]

Stage 1: Field seeds
- Generation of seed fields by

Biermann battery, Weibel instability, or
plasma fluctuations (B~10-18-10-° GG)
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PEAK OF STAR FORMATION ACTIVITY

Magnetic Field Magnitude [log pG]
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STAGE 2: FIELD AMPLIFICATION

Magnetic Field Magnitude [log pG]

lustris so 20  SONNETEEE |

Stage 2: Field Amplification

- Amplification of seed fields by turbulent gas flows,
l.e. turbulent dynamo (B~10-5 G).

- Turbulence iIs driven by accretion flows, SN

explosions, and galaxy formation.
-
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PRESENT-DAY GALAXIES

Magnetic Field Magnitude [log pG]
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STAGE 3: FIELD ORDERING

Magnetic Field Magnitude |log pG]
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Stage 3: Field Ordering ;
- B-field ordered (streched) by shear and by mean-field dynamo |
(a.k.a. differential rotation) (t~10%r, B~10-3 G)
- Turbulence driven by SN explosions and magnetorotational
Instabilities in galaxy disks.
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TURBULENT DYNAMOS

Turbulent cascade B-field amplification
(Dissipation) (electromagnetic induction)

Resolved scales Unresolved scales
>

STRETCH

Fluctuation

Mean-field
Dynamo

SGS cut-off

> K
[: production II: nertial  III: dissipation
range subrange range

Turbulent coherent length of ~50-100 pc driven by SN explosions in spiral galaxies
(e.g. Haverkorn 2008, Brandenburg &Subramanian 2005)




OPEN QUESTIONS

- How did the evolution of galaxies in mergers affect magnetic fields?

- Is the circumgalactic medium magnetized?

- How has the magnetic field been amplified by interaction/SF in galaxies?

- What is the structure of the magnetic field around an active nucleus?



SURVEY OF MAGNETIC FIELDS IN GALAXIES WITH SOFIA (SALSA)

GOAL:

First comprehensive study of the B-fields in the multi-phase ISM of nearby
galaxies as a function of gas dynamics and galaxy types from hundred- to kpc-
scale galactic environments.
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SURVEY OF MAGNETIC FIELDS IN GALAXIES WITH SOFIA (SALSA)

GOAL:

First comprehensive study of the B-fields in the multi-phase ISM of nearby
galaxies as a function of gas dynamics and galaxy types from hundred- to kpc-
scale galactic environments.

ISM Phase Instrument Tracers
D d cold FIR/HAWC+/ Continuum dust total/polarized emission of aligned dust
SNSE aid €0 SOFIA B-field orientation
Warm and diffuse Radio/VLA/ Synchrotron emission
. Effersberg B-field orientation/direction/strength

Molecular gas (CO)

Sub-mm/ALMA

Line emission morphology
Velocity field
Velocity dispersion (turbulent kinetic energy)

Neutral gas (HI)

21cm (varios
telescopes)

Line emission morphology
Velocity field
Velocity dispersion (turbulent kinetic energy)
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KEY SCIENCE TOPICS OF THE LEGACY PROGRAM

Actlve GaIaX|es Star Formation
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ORDERED MEAN-FIELD DYNAMO

Ordered mean-field dominates M51
galactic dynamo

Large-scale

B-field

Small-scale
B-field
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MS 1T

- Far-IR and radio do not necessarily
trace the same B-field component

along the LOS

S 154 um, HAWC+ ¢ 3 cm, VLA/Effelsberg 100 r
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RADIO AND FIR OBSERVATIONS TRACE DIFFERENT GALACTIC SCALE HEIGHTS
Radio

h ~1-2 kpc
NGC891 Imerg(VLA C-band + Eff) 20"HPBW
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RADIO AND FIR OBSERVATIONS TRACE DIFFERENT GALACTIC SCALE HEIGHTS
Radio FIR

h ~1-2 kpc h < 0.5 kpc
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B-field amplification due to galaxy interaction and/or star formation activity
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Ordered mean-field dominates
(galactic dynamo)

Large-scale

B-field

Small-scale
B-field

Borlaff et al. 2021

Fluctuation dynamo dominates
(SF, galaxy interaction)
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e o Distorted B-field across the warped disk.

e - B-tield arises trom fluctuation dynamos.

- Large turbulence kinetic energy and fast

TURBULENT
KINETIC ENERGY
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B-FIELD AMPLIFICATION DUE TO TURBULENCE DYNAMO DRIVEN BY MERGER

Ordered mean-field dominates M51 e o 8 o | Fluctuation dynamo dominates
(galactic dynamo) | k-

(SF and galaxy interaction)
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B-FIELD IN STARBURST GALAXIES: RADIO POLARIMETRIC OBSERVATIONS
Radio (18 and 22 cm)

Polarization arising from synchrotron emission.
Magnetized bar due to remnant galactic dynamo.
Hints of helical B-field in the starburst region.
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FIR POLARIZATION TRACES THE B-FIELD ALONG THE OUTFLOW AND DISK
FIR (89 um) Radio (18 and 22 cm)
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LARGE-SCALE FLOW ALONG THE GALACTIC OUTFLOW

> m— B (large-scale)
> — _—
—— B /;7‘
’ —:)) Observed B-field using HAWC+
/ - 7! /%) Turbulence
= - yd
——
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It Uo = 0: no large-scale flow (classical DCF method)
It large-scale flow dominates —> Bpcr overestimates the B-field strength

It turbulence dominates —> Bpcr underestimates the B-field strength
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TURBULENT MAGNETIC AND KINETIC ENERGIES ARE IN CLOSE EQUIPARTITION

Energy budget:
- The entrainment between kinetic, thermal, and magnetic energies are defined by the beta parameter: 3" = [
B

Turbulent magnetic field strength
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Turbulent dynamo

Turbulent dynamo

Turbulent + Mean-field dynamo

Mean-field dynamo
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NAME

TYPE

GALAXY SAMPLE

All galaxies have available radio polarimetric observations, molecular and neutral gas
maps, and Herschel observations.

DISTANCE (Mpc)
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HAWC+ REQUEST

ON-SOURCE TIME (h)
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Data available at:
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Magnetic field directions EB decomposition Voronio algorithm B-field orientation
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STAY TUNED FOR MORE RESULTS

EXTRAGALACTIC MAGNETISM WITH SOFIA
(LEGACY PROGRAM)

http://galmagfields.com/
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