
T H E  M A G N E T I C  F I E L D S  

I N  T H E  WA R P E D  D I S K  

O F  C E N TA U R U S  A

Enrique Lopez Rodriguez
KIPAC/Stanford

1

Dan Lester
July 21, 2021 SOFIA tele-talk



THE ROLE OF MAGNETIC FIELDS IN GALAXY EVOLUTION

Stage 1: Field seeds 

- Generation of seed fields by Biermann battery, Weibel instability, or plasma fluctuations (B~10-18 - 10-6 G). 

Stage 2: Field Amplification 

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

- Turbulence is driven by accretion flows and SN explosions. 

Stage 3: Field ordering 
-Field ordered (stretched) by shear and by large-scale dynamo (t~109 yr). 
-Turbulence driven by SN explosions and magnetorotational instability (MRI) in galaxy disks.

IlustrisTNG

Magnetic fields are amplified as a consequence of galaxy formation and turbulence-driven dynamos.
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CENTAURUS A: ELLIPTICAL + SPIRAL GALAXY
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Credit: A. Quillen (http://astro.pas.rochester.edu/~aquillen/agn.html)
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MAGNETIC FIELDS IN CENTAURUS A: OPTICAL

Elvius & Hall (1964) 

Optical (Photoelectric polarimeter)
Polarization dominated by dichroic absorption 

First result invoking B-fields in the dust lane of Centaurus A

Magnetically aligned dust grains

B-fields have an ‘interesting form’

B-fields may be stretched along the 

gas direction.

!4

B-fields parallel to the dust lane


if the dust lane is rotating
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MAGNETIC FIELDS IN CENTAURUS A: OPTICAL
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MAGNETIC FIELDS IN CENTAURUS A: INFRARED

Work mainly focused on the active galactic nuclei Bailey et al. (1986), Hough et al. (1987), Packham et al. (1996), Capetti et al. (2000)

- Highly polarized core, ~5%


- PA of polarization almost perpendicular to jet direction.

- Interpretation:

‣Magnetically aligned dust grains in the dusty torus of the AGN

Packham et al. (1996) Capetti et al. (2000)

AAT, K-band.

Dichroic absorption.

HST, 2.0 um.

Dichroic absorption.

IRTF, K-band.

Dichroic absorption.

Jones et al. (2000)
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MAGNETIC FIELDS IN CENTAURUS A: INFRARED

Packham et al. (1996) Capetti et al. (2000)

AAT, K-band.

Dichroic absorption.

HST, 2.0 um.

Dichroic absorption.

IRTF, K-band.

Dichroic absorption.

Jones et al. (2000)

Host galaxy Jones et al. (2000)

- PA of polarization parallel to the dust lane.

- Interpretation:


- B-field parallel to the dust lane

- No significant disturbance of the B-field 


- —> B-field geometry well maintained during merger, or

- —> B-field re-established fast after merger
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INFRARED OBSERVATIONS SHOW A WARPED DISK
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Credit: A. Quillen (http://astro.pas.rochester.edu/~aquillen/agn.html)
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THE WARPED MOLECULAR DISK CENTAURUS A
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Credit: A. Quillen (http://astro.pas.rochester.edu/~aquillen/agn.html) Quillen et al. (1992, 1993, 2010)
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HAWC+/SOFIA OBSERVATIONS OF THE B-FIELD OF CENTAURUS A

Beam size: 7.8”, 128 pc !10

HAWC+ (89 μm)
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THE B-FIELD TIGHTLY FOLLOWS THE WARPED MOLECULAR DISK

Beam size: 7.8”, 128 pc !11

HAWC+ (89 μm)
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LARGE-SCALE REGULAR AXISYMMETRIC SPIRAL MAGNETIC FIELD

<latexit sha1_base64="KsY3yHuIh5eLVmtRstZ29tZlOzI="></latexit>

Br = B0 sinψ0 cosχz

Bρ = B0 cosψ0 cosχz

Bz = B0 sinχz

Regular B-field

with helical component:

<latexit sha1_base64="tem+fJ4PoqMBJqXr6D1IigHemys="></latexit>

χz = χ0 tanh

✓

z

z0

◆

Pitch angle

Helical pitch angle

Helical scale height

Inclination

Tilt angle on the plane 

of the sky

Bayesian fitting to the B-field orientation of the HAWC+/SOFIA data
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LARGE-SCALE REGULAR AXISYMMETRIC SPIRAL MAGNETIC FIELD
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LARGE-SCALE REGULAR AXISYMMETRIC SPIRAL MAGNETIC FIELD
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FWHM: 18” 

BAND: 5500 A

Large-scale ordered 

 field in the host galaxy
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A LARGE-SCALE REGULAR AXISYMMETRIC FIELD CANNOT FULLY EXPLAIN THE OBSERVED IR B-FIELD
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Angular dispersions (22.7o) are larger than those 

from observational uncertainties (<5o).
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THE GALAXY CAN BE SEPARATED IN THREE PHYSICAL ZONES
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POLARIZATION DECREASES WITH INCREASING TEMPERATURE OF THE ISM 
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T E M P E R AT U R E  [ K ]
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T E M P E R AT U R E  [ K ] C O L U M N  D E N S I T Y  [ C M - 2 ]

POLARIZATION DECREASES WITH INCREASING DENSITY OF THE ISM 
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POLARIZATION DECREASES WITH INCREASING TURBULENT KINETIC ENERGY OF THE ISM
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T E M P E R AT U R E  [ K ] C O L U M N  D E N S I T Y  [ C M - 2 ] T U R B U L E N T  K I N E T I C  E N E R G Y
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NGC 1068: LARGE-SCALE ORDERED FIELD DOMINATES
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Beck et al. (2019)

Observed

Anisotropic 

Turbulent Field

Example of B-field within a resolution element
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NGC 1068: LARGE-SCALE ORDERED FIELD DOMINATES
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NGC 1068

Large-scale
Small-scale

Beck et al. (2019)

Observed

Anisotropic 

Turbulent Field

Example of B-field within a resolution element
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CENTAURUS A: ANGULAR DISPERSION DUE TO SMALL-SCALE TURBULENT FIELDS
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Large-scale
Small-scale

Large-scale

NGC 1068

Centaurus A

Small-scale
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Lopez-Rodriguez (2021a, Nature Astronomy)Leslie Proudfit, SOFIA

C E N TA U R U S  A  

M E R G E R  G A L A X Y  A N D  A C T I V E  N U C L E I

- Turbulent B-field across the 

warped disk.

- Due to Large turbulence kinetic 

energy and fast rotating disk.

- B-field arises from small-scale 

dynamo action.
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