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Fletcher et al. (2011)

M51 NGC891

NGC4449

Drzazga et al. (2011)

Interacting galaxies 

- B-fields become aligned along the 

compression front or perpendicular to the 

velocity gradients. 

- Gas flows, due to merger, make 

turbulent fields highly anisotropic. 

- Average B-field strength is stronger than 

normal galaxies, but the mean P is low, 

implying tangled B-fields.

Beck et al. (2015, 2019)
Chyzy et al. (2000)

Edge-on galaxies 

- X-shape structure is an underlined 

feature of spiral galaxies and 

extends several kpc into the halo. 

Spiral galaxies 
-Highly polarized in the interarm 

regions of the galaxy. 

-Cont r ibu t ion o f o rdered and 

turbulent fields along the spiral arms. 

-Late-type galaxies had enough time 

for the galactic dynamo to take place 

and order the large-scale B-fields. Mora & Krause et al. (2013), Krause et al. (2020)

Irregular galaxies 

-Slowly rotating galaxies may reveal 

strong total magnetic fields. 

-Partially ordered/regular field, spiral 

pattern, and radial pattern. 

   - α −Ω may be operating. 
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OUR CURRENT KNOWLEDGE BASED ON RADIO POLARIMETRIC OBSERVATIONS 
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GALACTIC FLUCTUATION DYNAMOS

Turbulent cascade 


(Dissipation)
B-field amplification


(electromagnetic induction)

Mean-field 

Dynamo

Fluctuation 

Dynamo

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

Beam size
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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?
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- How can the fluctuation dynamo be traced?



POLARIZATION MECHANISMS
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POLARIZATION MECHANISMS

Pavel & Clemens (2012)Scarrot, Ward-Thompson & Warren-Smith (1987)

Optical Near-IR
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POLARIZATION MECHANISMS

Fletcher et al. (2011)

Radio
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OUR APPROACH: MAGNETICALLY ALIGNED DUST GRAINS

Magnetic fields
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MAGNETICALLY ALIGNED DUST GRAINS
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Magnetic Field 

Direction

μ

μ

μ

μ

μ

μ

~0.1 μm
Observer

Polarized Emission

Polarized Extinction 

Unpolarized

Starlight

Andersson et al. (2015). Image: David Chuss 12



OUR APPROACH: MAGNETICALLY ALIGNED DUST GRAINS

50-250 μm 

HAWC+/SOFIA

53 89 154 214

Magnetic fields

μm
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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.

SURVEY OF EXTRAGALACTIC MAGNETISM WITH SOFIA (SALSA)

GOAL:
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GOAL:

ISM Phase Instrument Tracers

Dense and cold
FIR/HAWC+/

SOFIA and ALMA

Continuum dust total/polarized emission of aligned dust


B-field orientation

Warm and diffuse
Radio/VLA/

Effersberg

Synchrotron emission


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)

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 EXTRAGALACTIC MAGNETISM WITH SOFIA (SALSA)



KEY SCIENCE TOPICS OF THE LEGACY PROGRAM
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Centaurus A

NGC1068

NGC1097

M51

M82

Active Galaxies Star Formation Galaxy Dynamo 

Theory

Interacting Galaxies Intergalactic medium, galactic 

winds, energetic particles

http://galmagfields.com/

Lopez-Rodriguez et al. 2020 Lopez-Rodriguez et al. 2021c Borlaff et al. 2021

Lopez-Rodriguez 2021b
Lopez-Rodriguez 2021a
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M82

Centaurus A

NGC 2146

NGC 1068

Antennae

M83 NGC 7331

NGC 3627

M51

Magnetic fields permeate the interstellar and intergalactic medium 

Lopez-Rodriguez (2020, 2021a,b, 2022b,c)

Borlaff et al. (2021)
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Borlaff et al. (2023, SALSA V)

FIR vs. Radio B-field morphology

FIR

Radio

Large-scale spiral ordered B-fields dominate at both FIR and Radio wavelengths
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Borlaff et al. (2023, SALSA V)

FIR B-field is more turbulent than the Radio B-field

FIR

Radio

FIR

Radio
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Where does the FIR turbulence B-field come from?

Group 1

Circinus (214 μm) 


M82 


M83

Compressed and sheared B-fields Turbulent and/or tangled B-fields 

P 

PI

I

NH 
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log10(N
c

HI+H2[cm
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Starburst compresses and shears the galactic B-field along the galactic outflow
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<latexit sha1_base64="UY0ZecYJ298tIHnLNT7gOeqUOak=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUhs1W6EohvBTYW+II1hMpm2QycPZiZCCQE3/oobF4q49Sfc+TdO2yy09cCFwzn3cu89XsyokKb5rRWWlldW14rrpY3Nre0dfXevLaKEY9LCEYt410OCMBqSlqSSkW7MCQo8Rjre6Hridx4IFzQKm3IcEydAg5D2KUZSSa5+0HRTP7tPcQYvYeXMqPXioGLUoH3ruHrZNMwp4CKxclIGORqu/tXzI5wEJJSYISFsy4ylkyIuKWYkK/USQWKER2hAbEVDFBDhpNMfMnisFB/2I64qlHCq/p5IUSDEOPBUZ4DkUMx7E/E/z05kv+akNIwTSUI8W9RPGJQRnAQCfcoJlmysCMKcqlshHiKOsFSxlVQI1vzLi6R9aljnRvWuWq5f5XEUwSE4AifAAhegDm5AA7QABo/gGbyCN+1Je9HetY9Za0HLZ/bBH2ifP+NblcA=</latexit><latexit sha1_base64="xGtJQfE7yRqWzr/CxEvUUyvWxnM=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDInU1o1QdOOyQl/QxDCZTNqhkwczE6GErN34K25cKOLWL3Dn3zhts9DWAxcO59zLvfd4CaNCmua3trS8srq2Xtoob25t7+zqe/sdEacckzaOWcx7HhKE0Yi0JZWM9BJOUOgx0vVGNxO/+0C4oHHUkuOEOCEaRDSgGEklufqRjVgyRG5m5fdZy838PIdX8Kxu1Kp2ElrGhenqFdMwp4CLxCpIBRRouvqX7cc4DUkkMUNC9C0zkU6GuKSYkbxsp4IkCI/QgPQVjVBIhJNNX8nhiVJ8GMRcVSThVP09kaFQiHHoqc4QyaGY9ybif14/lcGlk9EoSSWJ8GxRkDIoYzjJBfqUEyzZWBGEOVW3QjxEHGGp0iurEKz5lxdJ59ywakb1rlppXBdxlMAhOAanwAJ10AC3oAnaAINH8AxewZv2pL1o79rHrHVJK2YOwB9onz9ho5jD</latexit><latexit sha1_base64="qHoPRVOxgHgNLOPQ+uS2YU7A/dM=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDEkpVhdC0Y3LCn1BE8NkMmmHTh7MTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jJYwKaZrf2tLyyuraemmjvLm1vbOr7+13RJxyTNo4ZjHveUgQ

RiPSllQy0ks4QaHHSNcb3Uz87gPhgsZRS44T4oRoENGAYiSV5OpHNmLJELlZNb/PWm7m5zm8gmemcWnaSWgZtbqrV0zDnAIuEqsgFVCg6epfth/jNCSRxAwJ0bfMRDoZ4pJiRvKynQqSIDxCA9JXNEIhEU42fSWHJ0rxYRBzVZGEU/X3RIZCIcahpzpDJIdi3puI/3n9VAYXTkajJJUkwrNFQcqgjOEkF+hTTrBkY0UQ5lTdCvEQcYSlSq+sQrDmX14knaphnRu1u1qlcV3EUQKH4BicAgvUQQPcgiZoAwwewTN4BW/ak/aivWsfs9YlrZg5AH+gff4AX+yYwg==</latexit><latexit sha1_base64="HiymeXRx4qrvDWOuTPlYhN5rXoY=">AAACAnicbVDLSgMxFM34rPU16krcBIvgxjJTitqFUHTjsoJ9QGcYMmmmDU1mQpIRylDc+CtuXCji1q9w59+YtrPQ1gOXezjnXpJ7QsGo0o7zbS0tr6yurRc2iptb2zu79t5+SyWpxKSJE5bITogUYTQmTU01Ix0hCeIhI+1weDPx2w9EKprE93okiM9RP6YRxUgbKbAPPcTEAAVZZQyv4JlTrtU8wZ2yUw3skmlTwEXi5qQEcjQC+8vrJTjlJNaYIaW6riO0nyGpKWZkXPRSRQTCQ9QnXUNjxInys+kJY3hilB6MEmkq1nCq/t7IEFdqxEMzyZEeqHlvIv7ndVMdXfoZjUWqSYxnD0UpgzqBkzxgj0qCNRsZgrCk5q8QD5BEWJvUiiYEd/7kRdKqlN3zcvWuWqpf53EUwBE4BqfABRegDm5BAzQBBo/gGbyCN+vJerHerY/Z6JKV7xyAP7A+fwC0zpUO</latexit>

<latexit sha1_base64="jn+dqfG9TGiKLDF0ErbFeiuXdBY=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwY0ikarsQim5cVugLmhgmk2k7dPJgZiKUkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceL2ZUSNP81gpLyyura8X10sbm1vaOvrvXFlHCMWnhiEW86yFBGA1JS1LJSDfmBAUeIx1vdDPxOw+ECxqFTTmOiROgQUj7FCOpJFc/tBGLh8hNrew+bbqpn2XwCp5WjFrVjgPLOK+5etk0zCngIrFyUgY5Gq7+ZfsRTgISSsyQED3LjKWTIi4pZiQr2YkgMcIjNCA9RUMUEOGk01cyeKwUH/YjriqUcKr+nkhRIMQ48FRngORQzHsT8T+vl8h+1UlpGCeShHi2qJ8wKCM4yQX6lBMs2VgRhDlVt0I8RBxhqdIrqRCs+ZcXSfvMsC6Myl2lXL/O4yiCA3AEToAFLkEd3IIGaAEMHsEzeAVv2pP2or1rH7PWgpbP7IM/0D5/AHVtmNA=</latexit><latexit sha1_base64="EXnrOG9Zwdi36JBPvJZvQiSOFsg=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHcGBIp1S6EohuXFfqCJobJZNIOnTyYmQglZO/GX3HjQhG3/oA7/8Zpm4W2Hrjcwzn3MnOPlzAqpGl+ayura+sbm6Wt8vbO7t6+fnDYFXHKMengmMW87yFBGI1IR1LJSD/hBIUeIz1vfDP1ew+ECxpHbTlJiBOiYUQDipFUkqtXbMSSEXIzK7/P2m7m5zm8gmeWZdQbdhKahtlw9apqM8BlYhWkCgq0XP3L9mOchiSSmCEhBpaZSCdDXFLMSF62U0EShMdoSAaKRigkwslmt+TwRCk+DGKuKpJwpv7eyFAoxCT01GSI5EgselPxP2+QyuDSyWiUpJJEeP5QkDIoYzgNBvqUEyzZRBGEOVV/hXiEOMJSxVdWIViLJy+T7rlh1Y3aXa3avC7iKIFjUAGnwAIXoAluQQt0AAaP4Bm8gjftSXvR3rWP+eiKVuwcgT/QPn8A3iWZAA==</latexit>

Td

<latexit sha1_base64="27/zVvD6So2Tab9OCbhih/U9784=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpBosboQim5cVrAPaEKYTCft0MlkmJkIJRQ3/oobF4q49Svc+TdOHwttPXDhcM693HtPJBhV2nW/rYXFpeWV1cJacX1jc2vb3tltqDSTmNRxylLZipAijHJS11Qz0hKSoCRipBn1b0Z+84FIRVN+rweCBAnqchpTjLSRQnvfR0z0UJh7Q3gFT1zn8swXiet4ldAuuY47Bpwn3pSUwBS10P7yOynOEsI1ZkiptucKHeRIaooZGRb9TBGBcB91SdtQjhKignz8whAeGaUD41Sa4hqO1d8TOUqUGiSR6UyQ7qlZbyT+57UzHV8EOeUi04TjyaI4Y1CncJQH7FBJsGYDQxCW1NwKcQ9JhLVJrWhC8GZfnieNU8c7d8p35VL1ehpHARyAQ3AMPFABVXALaqAOMHgEz+AVvFlP1ov1bn1MWhes6cwe+APr8wewCZUL</latexit>

<latexit sha1_base64="xitYzlSEqK/emTFdl5dioBHiPxU=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDEkpWhdC0Y3LCn1BE8NkMmmHTh7MTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jJYwKaZrf2tLyyuraemmjvLm1vbOr7+13RJxyTNo4ZjHveUgQRiPSllQy0ks4QaHHSNcb3Uz87gPhgsZRS44T4oRoENGAYiSV5OpHNmLJELlZNb/PWm7m5zm8gmeWUbu0k9A06qarV0zDnAIuEqsgFVCg6epfth/jNCSRxAwJ0bfMRDoZ4pJiRvKynQqSIDxCA9JXNEIhEU42fSWHJ0rxYRBzVZGEU/X3RIZCIcahpzpDJIdi3puI/3n9VAZ1J6NRkkoS4dmiIGVQxnCSC/QpJ1iysSIIc6puhXiIOMJSpVdWIVjzLy+STtWwzo3aXa3SuC7iKIFDcAxOgQUuQAPcgiZoAwwewTN4BW/ak/aivWsfs9YlrZg5AH+gff4AYZKYww==</latexit><latexit sha1_base64="LUNuG7/1MtLw7drlwotwE1xlvwY=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDEnpw41QdOOyQl/QxDCZTNuhkwczE6GErN34K25cKOLWL3Dn3zhts9DWAxcO59zLvfd4MaNCmua3trK6tr6xWdgqbu/s7u3rB4cdESUckzaOWMR7HhKE0ZC0JZWM9GJOUOAx0vXGN1O/+0C4oFHYkpOYOAEahnRAMZJKcvUTG7F4hNzUyu7Tlpv6WQav4EXdqNbsOCgb9aqrl0zDnAEuEysnJZCj6epfth/hJCChxAwJ0bfMWDop4pJiRrKinQgSIzxGQ9JXNEQBEU46eyWDZ0rx4SDiqkIJZ+rviRQFQkwCT3UGSI7EojcV//P6iRxcOikN40SSEM8XDRIGZQSnuUCfcoIlmyiCMKfqVohHiCMsVXpFFYK1+PIy6ZQNq2ZU7iqlxnUeRwEcg1NwDixQBw1wC5qgDTB4BM/gFbxpT9qL9q59zFtXtHzmCPyB9vkDb1KYzA==</latexit><latexit sha1_base64="gBUqmIu1UYqPVp6ikLm7juHhoj8=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4CkmptRuh6EZwU6EvSGOYTKbt0MmDmYlQQsSNv+LGhSJu/Ql3/o3TNgttPXDhcM693HuPFzMqpGl+a0vLK6tr64WN4ubW9s6uvrffFlHCMWnhiEW86yFB

GA1JS1LJSDfmBAUeIx1vdDXxO/eECxqFTTmOiROgQUj7FCOpJFc/bLqpn92lOIMXsFwzznpxUDaqD/aN4+ol0zCngIvEykkJ5Gi4+lfPj3ASkFBihoSwLTOWToq4pJiRrNhLBIkRHqEBsRUNUUCEk05/yOCJUnzYj7iqUMKp+nsiRYEQ48BTnQGSQzHvTcT/PDuR/ZqT0jBOJAnxbFE/YVBGcBII9CknWLKxIghzqm6FeIg4wlLFVlQhWPMvL5J22bCqRuW2Uqpf5nEUwBE4BqfAAuegDq5BA7QABo/gGbyCN+1Je9HetY9Z65KWzxyAP9A+fwBs15Ya</latexit>

Tangled B-fields Isotropic B-fields

<latexit sha1_base64="1O8wiaj3PsgKUO8DTXyb6jhGHmM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN4ZEi4+FUHTjsoJ9QBPCZDpph85MwsxEKKG48VfcuFDErV/hzr9x+lho64ELh3Pu5d57opRRpV332yosLC4trxRXS2vrG5tb9vZOQyWZxKSOE5bIVoQUYVSQuqaakVYqCeIRI82ofzPymw9EKpqIez1IScBRV9CYYqSNFNp7PmJpD4W5N4RX8Nh1Ti/9lLuOVwntsuu4Y8B54k1JGUxRC+0vv5PgjBOhMUNKtT031UGOpKaYkWHJzxRJEe6jLmkbKhAnKsjHLwzhoVE6ME6kKaHhWP09kSOu1IBHppMj3VOz3kj8z2tnOr4IcirSTBOBJ4vijEGdwFEesEMlwZoNDEFYUnMrxD0kEdYmtZIJwZt9eZ40ThzvzKncVcrV62kcRbAPDsAR8MA5qIJbUAN1gMEjeAav4M16sl6sd+tj0lqwpjO74A+szx+rd5UI</latexit><latexit sha1_base64="VlCP0W1QjGDwtQ1QTDbP88+LK3A="></latexit><latexit sha1_base64="6YxyevFVzN9LfhxieGrmMm2qBYo="></latexit>
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Where does the FIR turbulence come from?

Group 1

Circinus (214 μm) 


M82 


M83

Group 2

Centaurus A

Cir

NGC 253

Compressed and sheared B-fields Turbulent and/or tangled B-fields 

M51


NGC 1097


NGC 4736

NGC 6946


NGC 7331

T

P 

PI

I

NH 

<latexit sha1_base64="4ETNV2jn08uXUFKP+hCVbtD0X+4=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpC0Rd0IRTcuK9gHNCFMptN26EwyzEyEEoobf8WNC0Xc+hXu/BunbRbaeuDC4Zx7ufeeSDCqtOt+W0vLK6tr64WN4ubW9s6uvbffVEkqMWnghCWyHSFFGI1JQ1PNSFtIgnjESCsa3kz81gORiibxvR4JEnDUj2mPYqSNFNqHPmJigMKsPIZX8Mx1KhVfcNfxvNAuuY47BVwkXk5KIEc9tL/8boJTTmKNGVKq47lCBxmSmmJGxkU/VUQgPER90jE0RpyoIJu+MIYnRunCXiJNxRpO1d8TGeJKjXhkOjnSAzXvTcT/vE6qe5dBRmORahLj2aJeyqBO4CQP2KWSYM1GhiAsqbkV4gGSCGuTWtGE4M2/vEiaZcc7d6p31VLtOo+jAI7AMTgFHrgANXAL6qABMHgEz+AVvFlP1ov1bn3MWpesfOYA/IH1+QOfPZUA</latexit>

α2 = −0.33± 0.11

<latexit sha1_base64="FeG2lOnUOJKijxBJnO4h+WYqSt0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN4ZMKT4WQtGNywr2AU0Ik+m0HTqZhJmJUEJx46+4caGIW7/CnX/jtM1CWw9cOJxzL/feEyacKe2631ZhaXllda24XtrY3NresXf3mipOJaENEvNYtkOsKGeCNjTTnLYTSXEUctoKhzcTv/VApWKxuNejhPoR7gvWYwRrIwX2gYd5MsBBhsbwCp66ziXyksh1UCWwy67jTgEXCcpJGeSoB/aX141JGlGhCcdKdZCbaD/DUjPC6bjkpYommAxxn3YMFTiiys+mL4zhsVG6sBdLU0LDqfp7IsORUqMoNJ0R1gM1703E/7xOqnsXfsZEkmoqyGxRL+VQx3CSB+wySYnmI0MwkczcCskAS0y0Sa1kQkDzLy+SZsVBZ071rlquXedxFMEhOAInAIFzUAO3oA4agIBH8AxewZv1ZL1Y79bHrLVg5TP74A+szx+lX5UE</latexit>

α1 = −0.91± 0.12

<latexit sha1_base64="UY0ZecYJ298tIHnLNT7gOeqUOak=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUhs1W6EohvBTYW+II1hMpm2QycPZiZCCQE3/oobF4q49Sfc+TdO2yy09cCFwzn3cu89XsyokKb5rRWWlldW14rrpY3Nre0dfXevLaKEY9LCEYt410OCMBqSlqSSkW7MCQo8Rjre6Hridx4IFzQKm3IcEydAg5D2KUZSSa5+0HRTP7tPcQYvYeXMqPXioGLUoH3ruHrZNMwp4CKxclIGORqu/tXzI5wEJJSYISFsy4ylkyIuKWYkK/USQWKER2hAbEVDFBDhpNMfMnisFB/2I64qlHCq/p5IUSDEOPBUZ4DkUMx7E/E/z05kv+akNIwTSUI8W9RPGJQRnAQCfcoJlmysCMKcqlshHiKOsFSxlVQI1vzLi6R9aljnRvWuWq5f5XEUwSE4AifAAhegDm5AA7QABo/gGbyCN+1Je9HetY9Za0HLZ/bBH2ifP+NblcA=</latexit><latexit sha1_base64="xGtJQfE7yRqWzr/CxEvUUyvWxnM=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDInU1o1QdOOyQl/QxDCZTNqhkwczE6GErN34K25cKOLWL3Dn3zhts9DWAxcO59zLvfd4CaNCmua3trS8srq2Xtoob25t7+zqe/sdEacckzaOWcx7HhKE0Yi0JZWM9BJOUOgx0vVGNxO/+0C4oHHUkuOEOCEaRDSgGEklufqRjVgyRG5m5fdZy838PIdX8Kxu1Kp2ElrGhenqFdMwp4CLxCpIBRRouvqX7cc4DUkkMUNC9C0zkU6GuKSYkbxsp4IkCI/QgPQVjVBIhJNNX8nhiVJ8GMRcVSThVP09kaFQiHHoqc4QyaGY9ybif14/lcGlk9EoSSWJ8GxRkDIoYzjJBfqUEyzZWBGEOVW3QjxEHGGp0iurEKz5lxdJ59ywakb1rlppXBdxlMAhOAanwAJ10AC3oAnaAINH8AxewZv2pL1o79rHrHVJK2YOwB9onz9ho5jD</latexit><latexit sha1_base64="qHoPRVOxgHgNLOPQ+uS2YU7A/dM=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDEkpVhdC0Y3LCn1BE8NkMmmHTh7MTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jJYwKaZrf2tLyyuraemmjvLm1vbOr7+13RJxyTNo4ZjHveUgQ

RiPSllQy0ks4QaHHSNcb3Uz87gPhgsZRS44T4oRoENGAYiSV5OpHNmLJELlZNb/PWm7m5zm8gmemcWnaSWgZtbqrV0zDnAIuEqsgFVCg6epfth/jNCSRxAwJ0bfMRDoZ4pJiRvKynQqSIDxCA9JXNEIhEU42fSWHJ0rxYRBzVZGEU/X3RIZCIcahpzpDJIdi3puI/3n9VAYXTkajJJUkwrNFQcqgjOEkF+hTTrBkY0UQ5lTdCvEQcYSlSq+sQrDmX14knaphnRu1u1qlcV3EUQKH4BicAgvUQQPcgiZoAwwewTN4BW/ak/aivWsfs9YlrZg5AH+gff4AX+yYwg==</latexit>

<latexit sha1_base64="HiymeXRx4qrvDWOuTPlYhN5rXoY=">AAACAnicbVDLSgMxFM34rPU16krcBIvgxjJTitqFUHTjsoJ9QGcYMmmmDU1mQpIRylDc+CtuXCji1q9w59+YtrPQ1gOXezjnXpJ7QsGo0o7zbS0tr6yurRc2iptb2zu79t5+SyWpxKSJE5bITogUYTQmTU01Ix0hCeIhI+1weDPx2w9EKprE93okiM9RP6YRxUgbKbAPPcTEAAVZZQyv4JlTrtU8wZ2yUw3skmlTwEXi5qQEcjQC+8vrJTjlJNaYIaW6riO0nyGpKWZkXPRSRQTCQ9QnXUNjxInys+kJY3hilB6MEmkq1nCq/t7IEFdqxEMzyZEeqHlvIv7ndVMdXfoZjUWqSYxnD0UpgzqBkzxgj0qCNRsZgrCk5q8QD5BEWJvUiiYEd/7kRdKqlN3zcvWuWqpf53EUwBE4BqfABRegDm5BAzQBBo/gGbyCN+vJerHerY/Z6JKV7xyAP7A+fwC0zpUO</latexit>

α2 = −0.99± 0.04

NH 

<latexit sha1_base64="jn+dqfG9TGiKLDF0ErbFeiuXdBY=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwY0ikarsQim5cVugLmhgmk2k7dPJgZiKUkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceL2ZUSNP81gpLyyura8X10sbm1vaOvrvXFlHCMWnhiEW86yFBGA1JS1LJSDfmBAUeIx1vdDPxOw+ECxqFTTmOiROgQUj7FCOpJFc/tBGLh8hNrew+bbqpn2XwCp5WjFrVjgPLOK+5etk0zCngIrFyUgY5Gq7+ZfsRTgISSsyQED3LjKWTIi4pZiQr2YkgMcIjNCA9RUMUEOGk01cyeKwUH/YjriqUcKr+nkhRIMQ48FRngORQzHsT8T+vl8h+1UlpGCeShHi2qJ8wKCM4yQX6lBMs2VgRhDlVt0I8RBxhqdIrqRCs+ZcXSfvMsC6Myl2lXL/O4yiCA3AEToAFLkEd3IIGaAEMHsEzeAVv2pP2or1rH7PWgpbP7IM/0D5/AHVtmNA=</latexit><latexit sha1_base64="EXnrOG9Zwdi36JBPvJZvQiSOFsg=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHcGBIp1S6EohuXFfqCJobJZNIOnTyYmQglZO/GX3HjQhG3/oA7/8Zpm4W2Hrjcwzn3MnOPlzAqpGl+ayura+sbm6Wt8vbO7t6+fnDYFXHKMengmMW87yFBGI1IR1LJSD/hBIUeIz1vfDP1ew+ECxpHbTlJiBOiYUQDipFUkqtXbMSSEXIzK7/P2m7m5zm8gmeWZdQbdhKahtlw9apqM8BlYhWkCgq0XP3L9mOchiSSmCEhBpaZSCdDXFLMSF62U0EShMdoSAaKRigkwslmt+TwRCk+DGKuKpJwpv7eyFAoxCT01GSI5EgselPxP2+QyuDSyWiUpJJEeP5QkDIoYzgNBvqUEyzZRBGEOVV/hXiEOMJSxVdWIViLJy+T7rlh1Y3aXa3avC7iKIFjUAGnwAIXoAluQQt0AAaP4Bm8gjftSXvR3rWP+eiKVuwcgT/QPn8A3iWZAA==</latexit>

<latexit sha1_base64="27/zVvD6So2Tab9OCbhih/U9784=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpBosboQim5cVrAPaEKYTCft0MlkmJkIJRQ3/oobF4q49Svc+TdOHwttPXDhcM693HtPJBhV2nW/rYXFpeWV1cJacX1jc2vb3tltqDSTmNRxylLZipAijHJS11Qz0hKSoCRipBn1b0Z+84FIRVN+rweCBAnqchpTjLSRQnvfR0z0UJh7Q3gFT1zn8swXiet4ldAuuY47Bpwn3pSUwBS10P7yOynOEsI1ZkiptucKHeRIaooZGRb9TBGBcB91SdtQjhKignz8whAeGaUD41Sa4hqO1d8TOUqUGiSR6UyQ7qlZbyT+57UzHV8EOeUi04TjyaI4Y1CncJQH7FBJsGYDQxCW1NwKcQ9JhLVJrWhC8GZfnieNU8c7d8p35VL1ehpHARyAQ3AMPFABVXALaqAOMHgEz+AVvFlP1ov1bn1MWhes6cwe+APr8wewCZUL</latexit>

<latexit sha1_base64="xitYzlSEqK/emTFdl5dioBHiPxU=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDEkpWhdC0Y3LCn1BE8NkMmmHTh7MTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jJYwKaZrf2tLyyuraemmjvLm1vbOr7+13RJxyTNo4ZjHveUgQRiPSllQy0ks4QaHHSNcb3Uz87gPhgsZRS44T4oRoENGAYiSV5OpHNmLJELlZNb/PWm7m5zm8gmeWUbu0k9A06qarV0zDnAIuEqsgFVCg6epfth/jNCSRxAwJ0bfMRDoZ4pJiRvKynQqSIDxCA9JXNEIhEU42fSWHJ0rxYRBzVZGEU/X3RIZCIcahpzpDJIdi3puI/3n9VAZ1J6NRkkoS4dmiIGVQxnCSC/QpJ1iysSIIc6puhXiIOMJSpVdWIVjzLy+STtWwzo3aXa3SuC7iKIFDcAxOgQUuQAPcgiZoAwwewTN4BW/ak/aivWsfs9YlrZg5AH+gff4AYZKYww==</latexit><latexit sha1_base64="LUNuG7/1MtLw7drlwotwE1xlvwY=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDEnpw41QdOOyQl/QxDCZTNuhkwczE6GErN34K25cKOLWL3Dn3zhts9DWAxcO59zLvfd4MaNCmua3trK6tr6xWdgqbu/s7u3rB4cdESUckzaOWMR7HhKE0ZC0JZWM9GJOUOAx0vXGN1O/+0C4oFHYkpOYOAEahnRAMZJKcvUTG7F4hNzUyu7Tlpv6WQav4EXdqNbsOCgb9aqrl0zDnAEuEysnJZCj6epfth/hJCChxAwJ0bfMWDop4pJiRrKinQgSIzxGQ9JXNEQBEU46eyWDZ0rx4SDiqkIJZ+rviRQFQkwCT3UGSI7EojcV//P6iRxcOikN40SSEM8XDRIGZQSnuUCfcoIlmyiCMKfqVohHiCMsVXpFFYK1+PIy6ZQNq2ZU7iqlxnUeRwEcg1NwDixQBw1wC5qgDTB4BM/gFbxpT9qL9q59zFtXtHzmCPyB9vkDb1KYzA==</latexit><latexit sha1_base64="gBUqmIu1UYqPVp6ikLm7juHhoj8=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4CkmptRuh6EZwU6EvSGOYTKbt0MmDmYlQQsSNv+LGhSJu/Ql3/o3TNgttPXDhcM693HuPFzMqpGl+a0vLK6tr64WN4ubW9s6uvrffFlHCMWnhiEW86yFBGA1JS1LJSDfmBAUeIx1vdDXxO/eECxqFTTmOiROgQUj7FCOpJFc/bLqpn92lOIMXsFwzznpxUDaqD/aN4+ol0zCngIvEykkJ5Gi4+lfPj3ASkFBihoSwLTOWToq4pJiRrNhLBIkRHqEBsRUNUUCEk05/yOCJUnzYj7iqUMKp+nsiRYEQ48BTnQGSQzHvTcT/PDuR/ZqT0jBOJAnxbFE/YVBGcBII9CknWLKxIghzqm6FeIg4wlLFVlQhWPMvL5J22bCqRuW2Uqpf5nEUwBE4BqfAAuegDq5BA7QABo/gGbyCN+1Je9HetY9Z65KWzxyAP9A+fwBs15Ya</latexit>

<latexit sha1_base64="1O8wiaj3PsgKUO8DTXyb6jhGHmM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN4ZEi4+FUHTjsoJ9QBPCZDpph85MwsxEKKG48VfcuFDErV/hzr9x+lho64ELh3Pu5d57opRRpV332yosLC4trxRXS2vrG5tb9vZOQyWZxKSOE5bIVoQUYVSQuqaakVYqCeIRI82ofzPymw9EKpqIez1IScBRV9CYYqSNFNp7PmJpD4W5N4RX8Nh1Ti/9lLuOVwntsuu4Y8B54k1JGUxRC+0vv5PgjBOhMUNKtT031UGOpKaYkWHJzxRJEe6jLmkbKhAnKsjHLwzhoVE6ME6kKaHhWP09kSOu1IBHppMj3VOz3kj8z2tnOr4IcirSTBOBJ4vijEGdwFEesEMlwZoNDEFYUnMrxD0kEdYmtZIJwZt9eZ40ThzvzKncVcrV62kcRbAPDsAR8MA5qIJbUAN1gMEjeAav4M16sl6sd+tj0lqwpjO74A+szx+rd5UI</latexit>

α1 = −0.39± 0.14

<latexit sha1_base64="VlCP0W1QjGDwtQ1QTDbP88+LK3A="></latexit>

log10(N
c

HI+H2[cm
−2]) = 21.59± 0.31 <latexit sha1_base64="6YxyevFVzN9LfhxieGrmMm2qBYo="></latexit>log10(N

c

HI+H2[cm
−2]) = 20.86± 0.29

Star-forming regions inject turbulent and/or tangle the B-fields

<latexit sha1_base64="4ETNV2jn08uXUFKP+hCVbtD0X+4=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpC0Rd0IRTcuK9gHNCFMptN26EwyzEyEEoobf8WNC0Xc+hXu/BunbRbaeuDC4Zx7ufeeSDCqtOt+W0vLK6tr64WN4ubW9s6uvbffVEkqMWnghCWyHSFFGI1JQ1PNSFtIgnjESCsa3kz81gORiibxvR4JEnDUj2mPYqSNFNqHPmJigMKsPIZX8Mx1KhVfcNfxvNAuuY47BVwkXk5KIEc9tL/8boJTTmKNGVKq47lCBxmSmmJGxkU/VUQgPER90jE0RpyoIJu+MIYnRunCXiJNxRpO1d8TGeJKjXhkOjnSAzXvTcT/vE6qe5dBRmORahLj2aJeyqBO4CQP2KWSYM1GhiAsqbkV4gGSCGuTWtGE4M2/vEiaZcc7d6p31VLtOo+jAI7AMTgFHrgANXAL6qABMHgEz+AVvFlP1ov1bn3MWpesfOYA/IH1+QOfPZUA</latexit><latexit sha1_base64="FeG2lOnUOJKijxBJnO4h+WYqSt0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN4ZMKT4WQtGNywr2AU0Ik+m0HTqZhJmJUEJx46+4caGIW7/CnX/jtM1CWw9cOJxzL/feEyacKe2631ZhaXllda24XtrY3NresXf3mipOJaENEvNYtkOsKGeCNjTTnLYTSXEUctoKhzcTv/VApWKxuNejhPoR7gvWYwRrIwX2gYd5MsBBhsbwCp66ziXyksh1UCWwy67jTgEXCcpJGeSoB/aX141JGlGhCcdKdZCbaD/DUjPC6bjkpYommAxxn3YMFTiiys+mL4zhsVG6sBdLU0LDqfp7IsORUqMoNJ0R1gM1703E/7xOqnsXfsZEkmoqyGxRL+VQx3CSB+wySYnmI0MwkczcCskAS0y0Sa1kQkDzLy+SZsVBZ071rlquXedxFMEhOAInAIFzUAO3oA4agIBH8AxewZv1ZL1Y79bHrLVg5TP74A+szx+lX5UE</latexit>

<latexit sha1_base64="UY0ZecYJ298tIHnLNT7gOeqUOak=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUhs1W6EohvBTYW+II1hMpm2QycPZiZCCQE3/oobF4q49Sfc+TdO2yy09cCFwzn3cu89XsyokKb5rRWWlldW14rrpY3Nre0dfXevLaKEY9LCEYt410OCMBqSlqSSkW7MCQo8Rjre6Hridx4IFzQKm3IcEydAg5D2KUZSSa5+0HRTP7tPcQYvYeXMqPXioGLUoH3ruHrZNMwp4CKxclIGORqu/tXzI5wEJJSYISFsy4ylkyIuKWYkK/USQWKER2hAbEVDFBDhpNMfMnisFB/2I64qlHCq/p5IUSDEOPBUZ4DkUMx7E/E/z05kv+akNIwTSUI8W9RPGJQRnAQCfcoJlmysCMKcqlshHiKOsFSxlVQI1vzLi6R9aljnRvWuWq5f5XEUwSE4AifAAhegDm5AA7QABo/gGbyCN+1Je9HetY9Za0HLZ/bBH2ifP+NblcA=</latexit><latexit sha1_base64="xGtJQfE7yRqWzr/CxEvUUyvWxnM=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDInU1o1QdOOyQl/QxDCZTNqhkwczE6GErN34K25cKOLWL3Dn3zhts9DWAxcO59zLvfd4CaNCmua3trS8srq2Xtoob25t7+zqe/sdEacckzaOWcx7HhKE0Yi0JZWM9BJOUOgx0vVGNxO/+0C4oHHUkuOEOCEaRDSgGEklufqRjVgyRG5m5fdZy838PIdX8Kxu1Kp2ElrGhenqFdMwp4CLxCpIBRRouvqX7cc4DUkkMUNC9C0zkU6GuKSYkbxsp4IkCI/QgPQVjVBIhJNNX8nhiVJ8GMRcVSThVP09kaFQiHHoqc4QyaGY9ybif14/lcGlk9EoSSWJ8GxRkDIoYzjJBfqUEyzZWBGEOVW3QjxEHGGp0iurEKz5lxdJ59ywakb1rlppXBdxlMAhOAanwAJ10AC3oAnaAINH8AxewZv2pL1o79rHrHVJK2YOwB9onz9ho5jD</latexit><latexit sha1_base64="qHoPRVOxgHgNLOPQ+uS2YU7A/dM=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDEkpVhdC0Y3LCn1BE8NkMmmHTh7MTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jJYwKaZrf2tLyyuraemmjvLm1vbOr7+13RJxyTNo4ZjHveUgQ

RiPSllQy0ks4QaHHSNcb3Uz87gPhgsZRS44T4oRoENGAYiSV5OpHNmLJELlZNb/PWm7m5zm8gmemcWnaSWgZtbqrV0zDnAIuEqsgFVCg6epfth/jNCSRxAwJ0bfMRDoZ4pJiRvKynQqSIDxCA9JXNEIhEU42fSWHJ0rxYRBzVZGEU/X3RIZCIcahpzpDJIdi3puI/3n9VAYXTkajJJUkwrNFQcqgjOEkF+hTTrBkY0UQ5lTdCvEQcYSlSq+sQrDmX14knaphnRu1u1qlcV3EUQKH4BicAgvUQQPcgiZoAwwewTN4BW/ak/aivWsfs9YlrZg5AH+gff4AX+yYwg==</latexit><latexit sha1_base64="HiymeXRx4qrvDWOuTPlYhN5rXoY=">AAACAnicbVDLSgMxFM34rPU16krcBIvgxjJTitqFUHTjsoJ9QGcYMmmmDU1mQpIRylDc+CtuXCji1q9w59+YtrPQ1gOXezjnXpJ7QsGo0o7zbS0tr6yurRc2iptb2zu79t5+SyWpxKSJE5bITogUYTQmTU01Ix0hCeIhI+1weDPx2w9EKprE93okiM9RP6YRxUgbKbAPPcTEAAVZZQyv4JlTrtU8wZ2yUw3skmlTwEXi5qQEcjQC+8vrJTjlJNaYIaW6riO0nyGpKWZkXPRSRQTCQ9QnXUNjxInys+kJY3hilB6MEmkq1nCq/t7IEFdqxEMzyZEeqHlvIv7ndVMdXfoZjUWqSYxnD0UpgzqBkzxgj0qCNRsZgrCk5q8QD5BEWJvUiiYEd/7kRdKqlN3zcvWuWqpf53EUwBE4BqfABRegDm5BAzQBBo/gGbyCN+vJerHerY/Z6JKV7xyAP7A+fwC0zpUO</latexit>

<latexit sha1_base64="jn+dqfG9TGiKLDF0ErbFeiuXdBY=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwY0ikarsQim5cVugLmhgmk2k7dPJgZiKUkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceL2ZUSNP81gpLyyura8X10sbm1vaOvrvXFlHCMWnhiEW86yFBGA1JS1LJSDfmBAUeIx1vdDPxOw+ECxqFTTmOiROgQUj7FCOpJFc/tBGLh8hNrew+bbqpn2XwCp5WjFrVjgPLOK+5etk0zCngIrFyUgY5Gq7+ZfsRTgISSsyQED3LjKWTIi4pZiQr2YkgMcIjNCA9RUMUEOGk01cyeKwUH/YjriqUcKr+nkhRIMQ48FRngORQzHsT8T+vl8h+1UlpGCeShHi2qJ8wKCM4yQX6lBMs2VgRhDlVt0I8RBxhqdIrqRCs+ZcXSfvMsC6Myl2lXL/O4yiCA3AEToAFLkEd3IIGaAEMHsEzeAVv2pP2or1rH7PWgpbP7IM/0D5/AHVtmNA=</latexit><latexit sha1_base64="EXnrOG9Zwdi36JBPvJZvQiSOFsg=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHcGBIp1S6EohuXFfqCJobJZNIOnTyYmQglZO/GX3HjQhG3/oA7/8Zpm4W2Hrjcwzn3MnOPlzAqpGl+ayura+sbm6Wt8vbO7t6+fnDYFXHKMengmMW87yFBGI1IR1LJSD/hBIUeIz1vfDP1ew+ECxpHbTlJiBOiYUQDipFUkqtXbMSSEXIzK7/P2m7m5zm8gmeWZdQbdhKahtlw9apqM8BlYhWkCgq0XP3L9mOchiSSmCEhBpaZSCdDXFLMSF62U0EShMdoSAaKRigkwslmt+TwRCk+DGKuKpJwpv7eyFAoxCT01GSI5EgselPxP2+QyuDSyWiUpJJEeP5QkDIoYzgNBvqUEyzZRBGEOVV/hXiEOMJSxVdWIViLJy+T7rlh1Y3aXa3avC7iKIFjUAGnwAIXoAluQQt0AAaP4Bm8gjftSXvR3rWP+eiKVuwcgT/QPn8A3iWZAA==</latexit>

Td

<latexit sha1_base64="27/zVvD6So2Tab9OCbhih/U9784=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpBosboQim5cVrAPaEKYTCft0MlkmJkIJRQ3/oobF4q49Svc+TdOHwttPXDhcM693HtPJBhV2nW/rYXFpeWV1cJacX1jc2vb3tltqDSTmNRxylLZipAijHJS11Qz0hKSoCRipBn1b0Z+84FIRVN+rweCBAnqchpTjLSRQnvfR0z0UJh7Q3gFT1zn8swXiet4ldAuuY47Bpwn3pSUwBS10P7yOynOEsI1ZkiptucKHeRIaooZGRb9TBGBcB91SdtQjhKignz8whAeGaUD41Sa4hqO1d8TOUqUGiSR6UyQ7qlZbyT+57UzHV8EOeUi04TjyaI4Y1CncJQH7FBJsGYDQxCW1NwKcQ9JhLVJrWhC8GZfnieNU8c7d8p35VL1ehpHARyAQ3AMPFABVXALaqAOMHgEz+AVvFlP1ov1bn1MWhes6cwe+APr8wewCZUL</latexit>

<latexit sha1_base64="xitYzlSEqK/emTFdl5dioBHiPxU=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDEkpWhdC0Y3LCn1BE8NkMmmHTh7MTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jJYwKaZrf2tLyyuraemmjvLm1vbOr7+13RJxyTNo4ZjHveUgQRiPSllQy0ks4QaHHSNcb3Uz87gPhgsZRS44T4oRoENGAYiSV5OpHNmLJELlZNb/PWm7m5zm8gmeWUbu0k9A06qarV0zDnAIuEqsgFVCg6epfth/jNCSRxAwJ0bfMRDoZ4pJiRvKynQqSIDxCA9JXNEIhEU42fSWHJ0rxYRBzVZGEU/X3RIZCIcahpzpDJIdi3puI/3n9VAZ1J6NRkkoS4dmiIGVQxnCSC/QpJ1iysSIIc6puhXiIOMJSpVdWIVjzLy+STtWwzo3aXa3SuC7iKIFDcAxOgQUuQAPcgiZoAwwewTN4BW/ak/aivWsfs9YlrZg5AH+gff4AYZKYww==</latexit><latexit sha1_base64="LUNuG7/1MtLw7drlwotwE1xlvwY=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDEnpw41QdOOyQl/QxDCZTNuhkwczE6GErN34K25cKOLWL3Dn3zhts9DWAxcO59zLvfd4MaNCmua3trK6tr6xWdgqbu/s7u3rB4cdESUckzaOWMR7HhKE0ZC0JZWM9GJOUOAx0vXGN1O/+0C4oFHYkpOYOAEahnRAMZJKcvUTG7F4hNzUyu7Tlpv6WQav4EXdqNbsOCgb9aqrl0zDnAEuEysnJZCj6epfth/hJCChxAwJ0bfMWDop4pJiRrKinQgSIzxGQ9JXNEQBEU46eyWDZ0rx4SDiqkIJZ+rviRQFQkwCT3UGSI7EojcV//P6iRxcOikN40SSEM8XDRIGZQSnuUCfcoIlmyiCMKfqVohHiCMsVXpFFYK1+PIy6ZQNq2ZU7iqlxnUeRwEcg1NwDixQBw1wC5qgDTB4BM/gFbxpT9qL9q59zFtXtHzmCPyB9vkDb1KYzA==</latexit><latexit sha1_base64="gBUqmIu1UYqPVp6ikLm7juHhoj8=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4CkmptRuh6EZwU6EvSGOYTKbt0MmDmYlQQsSNv+LGhSJu/Ql3/o3TNgttPXDhcM693HuPFzMqpGl+a0vLK6tr64WN4ubW9s6uvrffFlHCMWnhiEW86yFB

GA1JS1LJSDfmBAUeIx1vdDXxO/eECxqFTTmOiROgQUj7FCOpJFc/bLqpn92lOIMXsFwzznpxUDaqD/aN4+ol0zCngIvEykkJ5Gi4+lfPj3ASkFBihoSwLTOWToq4pJiRrNhLBIkRHqEBsRUNUUCEk05/yOCJUnzYj7iqUMKp+nsiRYEQ48BTnQGSQzHvTcT/PDuR/ZqT0jBOJAnxbFE/YVBGcBII9CknWLKxIghzqm6FeIg4wlLFVlQhWPMvL5J22bCqRuW2Uqpf5nEUwBE4BqfAAuegDq5BA7QABo/gGbyCN+1Je9HetY9Z65KWzxyAP9A+fwBs15Ya</latexit>

Tangled B-fields Isotropic B-fields

<latexit sha1_base64="1O8wiaj3PsgKUO8DTXyb6jhGHmM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN4ZEi4+FUHTjsoJ9QBPCZDpph85MwsxEKKG48VfcuFDErV/hzr9x+lho64ELh3Pu5d57opRRpV332yosLC4trxRXS2vrG5tb9vZOQyWZxKSOE5bIVoQUYVSQuqaakVYqCeIRI82ofzPymw9EKpqIez1IScBRV9CYYqSNFNp7PmJpD4W5N4RX8Nh1Ti/9lLuOVwntsuu4Y8B54k1JGUxRC+0vv5PgjBOhMUNKtT031UGOpKaYkWHJzxRJEe6jLmkbKhAnKsjHLwzhoVE6ME6kKaHhWP09kSOu1IBHppMj3VOz3kj8z2tnOr4IcirSTBOBJ4vijEGdwFEesEMlwZoNDEFYUnMrxD0kEdYmtZIJwZt9eZ40ThzvzKncVcrV62kcRbAPDsAR8MA5qIJbUAN1gMEjeAav4M16sl6sd+tj0lqwpjO74A+szx+rd5UI</latexit><latexit sha1_base64="VlCP0W1QjGDwtQ1QTDbP88+LK3A="></latexit><latexit sha1_base64="6YxyevFVzN9LfhxieGrmMm2qBYo="></latexit>
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Where does the FIR turbulence come from?

Group 1

Circinus (214 μm) 


M82 


M83

Group 2

Centaurus A


Circinus (53, 89 μm)


NGC 253

Group 3

Compressed and sheared B-fields Turbulent and/or tangled B-fields 

M51


NGC 1097


NGC 4736

NGC 1068 


NGC 2146


NGC 3627


NGC 4826

NGC 6946


NGC 7331

Turbulent and/or tangled B-fields 

P 

PI

I

NH 

<latexit sha1_base64="4ETNV2jn08uXUFKP+hCVbtD0X+4=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpC0Rd0IRTcuK9gHNCFMptN26EwyzEyEEoobf8WNC0Xc+hXu/BunbRbaeuDC4Zx7ufeeSDCqtOt+W0vLK6tr64WN4ubW9s6uvbffVEkqMWnghCWyHSFFGI1JQ1PNSFtIgnjESCsa3kz81gORiibxvR4JEnDUj2mPYqSNFNqHPmJigMKsPIZX8Mx1KhVfcNfxvNAuuY47BVwkXk5KIEc9tL/8boJTTmKNGVKq47lCBxmSmmJGxkU/VUQgPER90jE0RpyoIJu+MIYnRunCXiJNxRpO1d8TGeJKjXhkOjnSAzXvTcT/vE6qe5dBRmORahLj2aJeyqBO4CQP2KWSYM1GhiAsqbkV4gGSCGuTWtGE4M2/vEiaZcc7d6p31VLtOo+jAI7AMTgFHrgANXAL6qABMHgEz+AVvFlP1ov1bn3MWpesfOYA/IH1+QOfPZUA</latexit>

α2 = −0.33± 0.11

<latexit sha1_base64="FeG2lOnUOJKijxBJnO4h+WYqSt0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN4ZMKT4WQtGNywr2AU0Ik+m0HTqZhJmJUEJx46+4caGIW7/CnX/jtM1CWw9cOJxzL/feEyacKe2631ZhaXllda24XtrY3NresXf3mipOJaENEvNYtkOsKGeCNjTTnLYTSXEUctoKhzcTv/VApWKxuNejhPoR7gvWYwRrIwX2gYd5MsBBhsbwCp66ziXyksh1UCWwy67jTgEXCcpJGeSoB/aX141JGlGhCcdKdZCbaD/DUjPC6bjkpYommAxxn3YMFTiiys+mL4zhsVG6sBdLU0LDqfp7IsORUqMoNJ0R1gM1703E/7xOqnsXfsZEkmoqyGxRL+VQx3CSB+wySYnmI0MwkczcCskAS0y0Sa1kQkDzLy+SZsVBZ071rlquXedxFMEhOAInAIFzUAO3oA4agIBH8AxewZv1ZL1Y79bHrLVg5TP74A+szx+lX5UE</latexit>

α1 = −0.91± 0.12

<latexit sha1_base64="UY0ZecYJ298tIHnLNT7gOeqUOak=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUhs1W6EohvBTYW+II1hMpm2QycPZiZCCQE3/oobF4q49Sfc+TdO2yy09cCFwzn3cu89XsyokKb5rRWWlldW14rrpY3Nre0dfXevLaKEY9LCEYt410OCMBqSlqSSkW7MCQo8Rjre6Hridx4IFzQKm3IcEydAg5D2KUZSSa5+0HRTP7tPcQYvYeXMqPXioGLUoH3ruHrZNMwp4CKxclIGORqu/tXzI5wEJJSYISFsy4ylkyIuKWYkK/USQWKER2hAbEVDFBDhpNMfMnisFB/2I64qlHCq/p5IUSDEOPBUZ4DkUMx7E/E/z05kv+akNIwTSUI8W9RPGJQRnAQCfcoJlmysCMKcqlshHiKOsFSxlVQI1vzLi6R9aljnRvWuWq5f5XEUwSE4AifAAhegDm5AA7QABo/gGbyCN+1Je9HetY9Za0HLZ/bBH2ifP+NblcA=</latexit><latexit sha1_base64="xGtJQfE7yRqWzr/CxEvUUyvWxnM=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDInU1o1QdOOyQl/QxDCZTNqhkwczE6GErN34K25cKOLWL3Dn3zhts9DWAxcO59zLvfd4CaNCmua3trS8srq2Xtoob25t7+zqe/sdEacckzaOWcx7HhKE0Yi0JZWM9BJOUOgx0vVGNxO/+0C4oHHUkuOEOCEaRDSgGEklufqRjVgyRG5m5fdZy838PIdX8Kxu1Kp2ElrGhenqFdMwp4CLxCpIBRRouvqX7cc4DUkkMUNC9C0zkU6GuKSYkbxsp4IkCI/QgPQVjVBIhJNNX8nhiVJ8GMRcVSThVP09kaFQiHHoqc4QyaGY9ybif14/lcGlk9EoSSWJ8GxRkDIoYzjJBfqUEyzZWBGEOVW3QjxEHGGp0iurEKz5lxdJ59ywakb1rlppXBdxlMAhOAanwAJ10AC3oAnaAINH8AxewZv2pL1o79rHrHVJK2YOwB9onz9ho5jD</latexit><latexit sha1_base64="qHoPRVOxgHgNLOPQ+uS2YU7A/dM=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDEkpVhdC0Y3LCn1BE8NkMmmHTh7MTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jJYwKaZrf2tLyyuraemmjvLm1vbOr7+13RJxyTNo4ZjHveUgQ

RiPSllQy0ks4QaHHSNcb3Uz87gPhgsZRS44T4oRoENGAYiSV5OpHNmLJELlZNb/PWm7m5zm8gmemcWnaSWgZtbqrV0zDnAIuEqsgFVCg6epfth/jNCSRxAwJ0bfMRDoZ4pJiRvKynQqSIDxCA9JXNEIhEU42fSWHJ0rxYRBzVZGEU/X3RIZCIcahpzpDJIdi3puI/3n9VAYXTkajJJUkwrNFQcqgjOEkF+hTTrBkY0UQ5lTdCvEQcYSlSq+sQrDmX14knaphnRu1u1qlcV3EUQKH4BicAgvUQQPcgiZoAwwewTN4BW/ak/aivWsfs9YlrZg5AH+gff4AX+yYwg==</latexit>

<latexit sha1_base64="HiymeXRx4qrvDWOuTPlYhN5rXoY=">AAACAnicbVDLSgMxFM34rPU16krcBIvgxjJTitqFUHTjsoJ9QGcYMmmmDU1mQpIRylDc+CtuXCji1q9w59+YtrPQ1gOXezjnXpJ7QsGo0o7zbS0tr6yurRc2iptb2zu79t5+SyWpxKSJE5bITogUYTQmTU01Ix0hCeIhI+1weDPx2w9EKprE93okiM9RP6YRxUgbKbAPPcTEAAVZZQyv4JlTrtU8wZ2yUw3skmlTwEXi5qQEcjQC+8vrJTjlJNaYIaW6riO0nyGpKWZkXPRSRQTCQ9QnXUNjxInys+kJY3hilB6MEmkq1nCq/t7IEFdqxEMzyZEeqHlvIv7ndVMdXfoZjUWqSYxnD0UpgzqBkzxgj0qCNRsZgrCk5q8QD5BEWJvUiiYEd/7kRdKqlN3zcvWuWqpf53EUwBE4BqfABRegDm5BAzQBBo/gGbyCN+vJerHerY/Z6JKV7xyAP7A+fwC0zpUO</latexit>

α2 = −0.99± 0.04

NH 

<latexit sha1_base64="jn+dqfG9TGiKLDF0ErbFeiuXdBY=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwY0ikarsQim5cVugLmhgmk2k7dPJgZiKUkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceL2ZUSNP81gpLyyura8X10sbm1vaOvrvXFlHCMWnhiEW86yFBGA1JS1LJSDfmBAUeIx1vdDPxOw+ECxqFTTmOiROgQUj7FCOpJFc/tBGLh8hNrew+bbqpn2XwCp5WjFrVjgPLOK+5etk0zCngIrFyUgY5Gq7+ZfsRTgISSsyQED3LjKWTIi4pZiQr2YkgMcIjNCA9RUMUEOGk01cyeKwUH/YjriqUcKr+nkhRIMQ48FRngORQzHsT8T+vl8h+1UlpGCeShHi2qJ8wKCM4yQX6lBMs2VgRhDlVt0I8RBxhqdIrqRCs+ZcXSfvMsC6Myl2lXL/O4yiCA3AEToAFLkEd3IIGaAEMHsEzeAVv2pP2or1rH7PWgpbP7IM/0D5/AHVtmNA=</latexit><latexit sha1_base64="EXnrOG9Zwdi36JBPvJZvQiSOFsg=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHcGBIp1S6EohuXFfqCJobJZNIOnTyYmQglZO/GX3HjQhG3/oA7/8Zpm4W2Hrjcwzn3MnOPlzAqpGl+ayura+sbm6Wt8vbO7t6+fnDYFXHKMengmMW87yFBGI1IR1LJSD/hBIUeIz1vfDP1ew+ECxpHbTlJiBOiYUQDipFUkqtXbMSSEXIzK7/P2m7m5zm8gmeWZdQbdhKahtlw9apqM8BlYhWkCgq0XP3L9mOchiSSmCEhBpaZSCdDXFLMSF62U0EShMdoSAaKRigkwslmt+TwRCk+DGKuKpJwpv7eyFAoxCT01GSI5EgselPxP2+QyuDSyWiUpJJEeP5QkDIoYzgNBvqUEyzZRBGEOVV/hXiEOMJSxVdWIViLJy+T7rlh1Y3aXa3avC7iKIFjUAGnwAIXoAluQQt0AAaP4Bm8gjftSXvR3rWP+eiKVuwcgT/QPn8A3iWZAA==</latexit>

Circinus (89 μm)


NGC 253


NGC 1068 (89 μm)


NGC2146 (53 , 89 μm)

<latexit sha1_base64="27/zVvD6So2Tab9OCbhih/U9784=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpBosboQim5cVrAPaEKYTCft0MlkmJkIJRQ3/oobF4q49Svc+TdOHwttPXDhcM693HtPJBhV2nW/rYXFpeWV1cJacX1jc2vb3tltqDSTmNRxylLZipAijHJS11Qz0hKSoCRipBn1b0Z+84FIRVN+rweCBAnqchpTjLSRQnvfR0z0UJh7Q3gFT1zn8swXiet4ldAuuY47Bpwn3pSUwBS10P7yOynOEsI1ZkiptucKHeRIaooZGRb9TBGBcB91SdtQjhKignz8whAeGaUD41Sa4hqO1d8TOUqUGiSR6UyQ7qlZbyT+57UzHV8EOeUi04TjyaI4Y1CncJQH7FBJsGYDQxCW1NwKcQ9JhLVJrWhC8GZfnieNU8c7d8p35VL1ehpHARyAQ3AMPFABVXALaqAOMHgEz+AVvFlP1ov1bn1MWhes6cwe+APr8wewCZUL</latexit>

α1 = −0.93± 0.17

NH 

<latexit sha1_base64="xitYzlSEqK/emTFdl5dioBHiPxU=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDEkpWhdC0Y3LCn1BE8NkMmmHTh7MTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jJYwKaZrf2tLyyuraemmjvLm1vbOr7+13RJxyTNo4ZjHveUgQRiPSllQy0ks4QaHHSNcb3Uz87gPhgsZRS44T4oRoENGAYiSV5OpHNmLJELlZNb/PWm7m5zm8gmeWUbu0k9A06qarV0zDnAIuEqsgFVCg6epfth/jNCSRxAwJ0bfMRDoZ4pJiRvKynQqSIDxCA9JXNEIhEU42fSWHJ0rxYRBzVZGEU/X3RIZCIcahpzpDJIdi3puI/3n9VAZ1J6NRkkoS4dmiIGVQxnCSC/QpJ1iysSIIc6puhXiIOMJSpVdWIVjzLy+STtWwzo3aXa3SuC7iKIFDcAxOgQUuQAPcgiZoAwwewTN4BW/ak/aivWsfs9YlrZg5AH+gff4AYZKYww==</latexit><latexit sha1_base64="LUNuG7/1MtLw7drlwotwE1xlvwY=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDEnpw41QdOOyQl/QxDCZTNuhkwczE6GErN34K25cKOLWL3Dn3zhts9DWAxcO59zLvfd4MaNCmua3trK6tr6xWdgqbu/s7u3rB4cdESUckzaOWMR7HhKE0ZC0JZWM9GJOUOAx0vXGN1O/+0C4oFHYkpOYOAEahnRAMZJKcvUTG7F4hNzUyu7Tlpv6WQav4EXdqNbsOCgb9aqrl0zDnAEuEysnJZCj6epfth/hJCChxAwJ0bfMWDop4pJiRrKinQgSIzxGQ9JXNEQBEU46eyWDZ0rx4SDiqkIJZ+rviRQFQkwCT3UGSI7EojcV//P6iRxcOikN40SSEM8XDRIGZQSnuUCfcoIlmyiCMKfqVohHiCMsVXpFFYK1+PIy6ZQNq2ZU7iqlxnUeRwEcg1NwDixQBw1wC5qgDTB4BM/gFbxpT9qL9q59zFtXtHzmCPyB9vkDb1KYzA==</latexit><latexit sha1_base64="gBUqmIu1UYqPVp6ikLm7juHhoj8=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4CkmptRuh6EZwU6EvSGOYTKbt0MmDmYlQQsSNv+LGhSJu/Ql3/o3TNgttPXDhcM693HuPFzMqpGl+a0vLK6tr64WN4ubW9s6uvrffFlHCMWnhiEW86yFBGA1JS1LJSDfmBAUeIx1vdDXxO/eECxqFTTmOiROgQUj7FCOpJFc/bLqpn92lOIMXsFwzznpxUDaqD/aN4+ol0zCngIvEykkJ5Gi4+lfPj3ASkFBihoSwLTOWToq4pJiRrNhLBIkRHqEBsRUNUUCEk05/yOCJUnzYj7iqUMKp+nsiRYEQ48BTnQGSQzHvTcT/PDuR/ZqT0jBOJAnxbFE/YVBGcBII9CknWLKxIghzqm6FeIg4wlLFVlQhWPMvL5J22bCqRuW2Uqpf5nEUwBE4BqfAAuegDq5BA7QABo/gGbyCN+1Je9HetY9Z65KWzxyAP9A+fwBs15Ya</latexit>

<latexit sha1_base64="1O8wiaj3PsgKUO8DTXyb6jhGHmM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN4ZEi4+FUHTjsoJ9QBPCZDpph85MwsxEKKG48VfcuFDErV/hzr9x+lho64ELh3Pu5d57opRRpV332yosLC4trxRXS2vrG5tb9vZOQyWZxKSOE5bIVoQUYVSQuqaakVYqCeIRI82ofzPymw9EKpqIez1IScBRV9CYYqSNFNp7PmJpD4W5N4RX8Nh1Ti/9lLuOVwntsuu4Y8B54k1JGUxRC+0vv5PgjBOhMUNKtT031UGOpKaYkWHJzxRJEe6jLmkbKhAnKsjHLwzhoVE6ME6kKaHhWP09kSOu1IBHppMj3VOz3kj8z2tnOr4IcirSTBOBJ4vijEGdwFEesEMlwZoNDEFYUnMrxD0kEdYmtZIJwZt9eZ40ThzvzKncVcrV62kcRbAPDsAR8MA5qIJbUAN1gMEjeAav4M16sl6sd+tj0lqwpjO74A+szx+rd5UI</latexit>

α1 = −0.39± 0.14

<latexit sha1_base64="VlCP0W1QjGDwtQ1QTDbP88+LK3A="></latexit>

log10(N
c

HI+H2[cm
−2]) = 21.59± 0.31 <latexit sha1_base64="6YxyevFVzN9LfhxieGrmMm2qBYo="></latexit>log10(N

c

HI+H2[cm
−2]) = 20.86± 0.29

<latexit sha1_base64="4ETNV2jn08uXUFKP+hCVbtD0X+4=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpC0Rd0IRTcuK9gHNCFMptN26EwyzEyEEoobf8WNC0Xc+hXu/BunbRbaeuDC4Zx7ufeeSDCqtOt+W0vLK6tr64WN4ubW9s6uvbffVEkqMWnghCWyHSFFGI1JQ1PNSFtIgnjESCsa3kz81gORiibxvR4JEnDUj2mPYqSNFNqHPmJigMKsPIZX8Mx1KhVfcNfxvNAuuY47BVwkXk5KIEc9tL/8boJTTmKNGVKq47lCBxmSmmJGxkU/VUQgPER90jE0RpyoIJu+MIYnRunCXiJNxRpO1d8TGeJKjXhkOjnSAzXvTcT/vE6qe5dBRmORahLj2aJeyqBO4CQP2KWSYM1GhiAsqbkV4gGSCGuTWtGE4M2/vEiaZcc7d6p31VLtOo+jAI7AMTgFHrgANXAL6qABMHgEz+AVvFlP1ov1bn3MWpesfOYA/IH1+QOfPZUA</latexit><latexit sha1_base64="FeG2lOnUOJKijxBJnO4h+WYqSt0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN4ZMKT4WQtGNywr2AU0Ik+m0HTqZhJmJUEJx46+4caGIW7/CnX/jtM1CWw9cOJxzL/feEyacKe2631ZhaXllda24XtrY3NresXf3mipOJaENEvNYtkOsKGeCNjTTnLYTSXEUctoKhzcTv/VApWKxuNejhPoR7gvWYwRrIwX2gYd5MsBBhsbwCp66ziXyksh1UCWwy67jTgEXCcpJGeSoB/aX141JGlGhCcdKdZCbaD/DUjPC6bjkpYommAxxn3YMFTiiys+mL4zhsVG6sBdLU0LDqfp7IsORUqMoNJ0R1gM1703E/7xOqnsXfsZEkmoqyGxRL+VQx3CSB+wySYnmI0MwkczcCskAS0y0Sa1kQkDzLy+SZsVBZ071rlquXedxFMEhOAInAIFzUAO3oA4agIBH8AxewZv1ZL1Y79bHrLVg5TP74A+szx+lX5UE</latexit>

<latexit sha1_base64="UY0ZecYJ298tIHnLNT7gOeqUOak=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUhs1W6EohvBTYW+II1hMpm2QycPZiZCCQE3/oobF4q49Sfc+TdO2yy09cCFwzn3cu89XsyokKb5rRWWlldW14rrpY3Nre0dfXevLaKEY9LCEYt410OCMBqSlqSSkW7MCQo8Rjre6Hridx4IFzQKm3IcEydAg5D2KUZSSa5+0HRTP7tPcQYvYeXMqPXioGLUoH3ruHrZNMwp4CKxclIGORqu/tXzI5wEJJSYISFsy4ylkyIuKWYkK/USQWKER2hAbEVDFBDhpNMfMnisFB/2I64qlHCq/p5IUSDEOPBUZ4DkUMx7E/E/z05kv+akNIwTSUI8W9RPGJQRnAQCfcoJlmysCMKcqlshHiKOsFSxlVQI1vzLi6R9aljnRvWuWq5f5XEUwSE4AifAAhegDm5AA7QABo/gGbyCN+1Je9HetY9Za0HLZ/bBH2ifP+NblcA=</latexit><latexit sha1_base64="xGtJQfE7yRqWzr/CxEvUUyvWxnM=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDInU1o1QdOOyQl/QxDCZTNqhkwczE6GErN34K25cKOLWL3Dn3zhts9DWAxcO59zLvfd4CaNCmua3trS8srq2Xtoob25t7+zqe/sdEacckzaOWcx7HhKE0Yi0JZWM9BJOUOgx0vVGNxO/+0C4oHHUkuOEOCEaRDSgGEklufqRjVgyRG5m5fdZy838PIdX8Kxu1Kp2ElrGhenqFdMwp4CLxCpIBRRouvqX7cc4DUkkMUNC9C0zkU6GuKSYkbxsp4IkCI/QgPQVjVBIhJNNX8nhiVJ8GMRcVSThVP09kaFQiHHoqc4QyaGY9ybif14/lcGlk9EoSSWJ8GxRkDIoYzjJBfqUEyzZWBGEOVW3QjxEHGGp0iurEKz5lxdJ59ywakb1rlppXBdxlMAhOAanwAJ10AC3oAnaAINH8AxewZv2pL1o79rHrHVJK2YOwB9onz9ho5jD</latexit><latexit sha1_base64="qHoPRVOxgHgNLOPQ+uS2YU7A/dM=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuDEkpVhdC0Y3LCn1BE8NkMmmHTh7MTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jJYwKaZrf2tLyyuraemmjvLm1vbOr7+13RJxyTNo4ZjHveUgQ

RiPSllQy0ks4QaHHSNcb3Uz87gPhgsZRS44T4oRoENGAYiSV5OpHNmLJELlZNb/PWm7m5zm8gmemcWnaSWgZtbqrV0zDnAIuEqsgFVCg6epfth/jNCSRxAwJ0bfMRDoZ4pJiRvKynQqSIDxCA9JXNEIhEU42fSWHJ0rxYRBzVZGEU/X3RIZCIcahpzpDJIdi3puI/3n9VAYXTkajJJUkwrNFQcqgjOEkF+hTTrBkY0UQ5lTdCvEQcYSlSq+sQrDmX14knaphnRu1u1qlcV3EUQKH4BicAgvUQQPcgiZoAwwewTN4BW/ak/aivWsfs9YlrZg5AH+gff4AX+yYwg==</latexit><latexit sha1_base64="HiymeXRx4qrvDWOuTPlYhN5rXoY=">AAACAnicbVDLSgMxFM34rPU16krcBIvgxjJTitqFUHTjsoJ9QGcYMmmmDU1mQpIRylDc+CtuXCji1q9w59+YtrPQ1gOXezjnXpJ7QsGo0o7zbS0tr6yurRc2iptb2zu79t5+SyWpxKSJE5bITogUYTQmTU01Ix0hCeIhI+1weDPx2w9EKprE93okiM9RP6YRxUgbKbAPPcTEAAVZZQyv4JlTrtU8wZ2yUw3skmlTwEXi5qQEcjQC+8vrJTjlJNaYIaW6riO0nyGpKWZkXPRSRQTCQ9QnXUNjxInys+kJY3hilB6MEmkq1nCq/t7IEFdqxEMzyZEeqHlvIv7ndVMdXfoZjUWqSYxnD0UpgzqBkzxgj0qCNRsZgrCk5q8QD5BEWJvUiiYEd/7kRdKqlN3zcvWuWqpf53EUwBE4BqfABRegDm5BAzQBBo/gGbyCN+vJerHerY/Z6JKV7xyAP7A+fwC0zpUO</latexit>

<latexit sha1_base64="jn+dqfG9TGiKLDF0ErbFeiuXdBY=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwY0ikarsQim5cVugLmhgmk2k7dPJgZiKUkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceL2ZUSNP81gpLyyura8X10sbm1vaOvrvXFlHCMWnhiEW86yFBGA1JS1LJSDfmBAUeIx1vdDPxOw+ECxqFTTmOiROgQUj7FCOpJFc/tBGLh8hNrew+bbqpn2XwCp5WjFrVjgPLOK+5etk0zCngIrFyUgY5Gq7+ZfsRTgISSsyQED3LjKWTIi4pZiQr2YkgMcIjNCA9RUMUEOGk01cyeKwUH/YjriqUcKr+nkhRIMQ48FRngORQzHsT8T+vl8h+1UlpGCeShHi2qJ8wKCM4yQX6lBMs2VgRhDlVt0I8RBxhqdIrqRCs+ZcXSfvMsC6Myl2lXL/O4yiCA3AEToAFLkEd3IIGaAEMHsEzeAVv2pP2or1rH7PWgpbP7IM/0D5/AHVtmNA=</latexit><latexit sha1_base64="EXnrOG9Zwdi36JBPvJZvQiSOFsg=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHcGBIp1S6EohuXFfqCJobJZNIOnTyYmQglZO/GX3HjQhG3/oA7/8Zpm4W2Hrjcwzn3MnOPlzAqpGl+ayura+sbm6Wt8vbO7t6+fnDYFXHKMengmMW87yFBGI1IR1LJSD/hBIUeIz1vfDP1ew+ECxpHbTlJiBOiYUQDipFUkqtXbMSSEXIzK7/P2m7m5zm8gmeWZdQbdhKahtlw9apqM8BlYhWkCgq0XP3L9mOchiSSmCEhBpaZSCdDXFLMSF62U0EShMdoSAaKRigkwslmt+TwRCk+DGKuKpJwpv7eyFAoxCT01GSI5EgselPxP2+QyuDSyWiUpJJEeP5QkDIoYzgNBvqUEyzZRBGEOVV/hXiEOMJSxVdWIViLJy+T7rlh1Y3aXa3avC7iKIFjUAGnwAIXoAluQQt0AAaP4Bm8gjftSXvR3rWP+eiKVuwcgT/QPn8A3iWZAA==</latexit>

Td

<latexit sha1_base64="27/zVvD6So2Tab9OCbhih/U9784=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpBosboQim5cVrAPaEKYTCft0MlkmJkIJRQ3/oobF4q49Svc+TdOHwttPXDhcM693HtPJBhV2nW/rYXFpeWV1cJacX1jc2vb3tltqDSTmNRxylLZipAijHJS11Qz0hKSoCRipBn1b0Z+84FIRVN+rweCBAnqchpTjLSRQnvfR0z0UJh7Q3gFT1zn8swXiet4ldAuuY47Bpwn3pSUwBS10P7yOynOEsI1ZkiptucKHeRIaooZGRb9TBGBcB91SdtQjhKignz8whAeGaUD41Sa4hqO1d8TOUqUGiSR6UyQ7qlZbyT+57UzHV8EOeUi04TjyaI4Y1CncJQH7FBJsGYDQxCW1NwKcQ9JhLVJrWhC8GZfnieNU8c7d8p35VL1ehpHARyAQ3AMPFABVXALaqAOMHgEz+AVvFlP1ov1bn1MWhes6cwe+APr8wewCZUL</latexit>
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GA1JS1LJSDfmBAUeIx1vdDXxO/eECxqFTTmOiROgQUj7FCOpJFc/bLqpn92lOIMXsFwzznpxUDaqD/aN4+ol0zCngIvEykkJ5Gi4+lfPj3ASkFBihoSwLTOWToq4pJiRrNhLBIkRHqEBsRUNUUCEk05/yOCJUnzYj7iqUMKp+nsiRYEQ48BTnQGSQzHvTcT/PDuR/ZqT0jBOJAnxbFE/YVBGcBII9CknWLKxIghzqm6FeIg4wlLFVlQhWPMvL5J22bCqRuW2Uqpf5nEUwBE4BqfAAuegDq5BA7QABo/gGbyCN+1Je9HetY9Z65KWzxyAP9A+fwBs15Ya</latexit>

Tangled B-fields Isotropic B-fields

<latexit sha1_base64="1O8wiaj3PsgKUO8DTXyb6jhGHmM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN4ZEi4+FUHTjsoJ9QBPCZDpph85MwsxEKKG48VfcuFDErV/hzr9x+lho64ELh3Pu5d57opRRpV332yosLC4trxRXS2vrG5tb9vZOQyWZxKSOE5bIVoQUYVSQuqaakVYqCeIRI82ofzPymw9EKpqIez1IScBRV9CYYqSNFNp7PmJpD4W5N4RX8Nh1Ti/9lLuOVwntsuu4Y8B54k1JGUxRC+0vv5PgjBOhMUNKtT031UGOpKaYkWHJzxRJEe6jLmkbKhAnKsjHLwzhoVE6ME6kKaHhWP09kSOu1IBHppMj3VOz3kj8z2tnOr4IcirSTBOBJ4vijEGdwFEesEMlwZoNDEFYUnMrxD0kEdYmtZIJwZt9eZ40ThzvzKncVcrV62kcRbAPDsAR8MA5qIJbUAN1gMEjeAav4M16sl6sd+tj0lqwpjO74A+szx+rd5UI</latexit><latexit sha1_base64="VlCP0W1QjGDwtQ1QTDbP88+LK3A="></latexit><latexit sha1_base64="6YxyevFVzN9LfhxieGrmMm2qBYo="></latexit>

The whole galaxy has a highly turbulent and/or tangled B-field
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Borlaff et al. (2023, SALSA V)

FIR turbulent B-field is located in the dense and cold ISM associated with SF regions

Radio

FIR

FIR has a tighter depolarization rate with SFR than at radio wavelengths. 

- P rate ~ constant with  SFR.

- P rate decreases with SFR.

- PI rate ~ increases with  SFR.

- PI rate is constant with SFR. 

FIR turbulent B-field arises from the injection of turbulent energy driven by SF in the dense ISM.

Increase of anisotropic 

random B-fields (tentative)

Increase of isotropic 

random B-fields
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Radio: warm and diffuse ISM 

h ~ 1-2 kpc

Krause et al. (2018,2020)

FIR: cold and dense ISM 

h < 0.5 kpc

Jones et al. (2020) FWHM (HAWC+): 13.6”

Structure of the B-field using radio and FIR polarimetric observations
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Adebahr et al. (2017)

Radio (18 and 22 cm)FIR (89 um)

Outflow

Galactic B-field

FIR polarization traces the B-field along galactic outflows

Galactic B-field

Lopez-Rodriguez et al. (2021, 2022b: SALSA IV)
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MULTI-WAVELENGTH ANALYSIS OF THE GALACTIC OUTFLOW’S B-FIELD

Adebahr et al. (2017)

FIR (850 um)

Pattle et al. (2021)

Lopez-Rodriguez et al. (2022b) 26



Lopez-Rodriguez et al. (2022b, SALSA IV)

P may decrease due to dust  

temperature gradients  

along the LOS in the outflow

P may increase due to  

optically thin dust 

in the galaxy disk

Dust properties: FIR polarized spectrum of Starburst galaxies

Pattle et al. (2021)

At least two dust components are required to explain the 
polarized SED of starbursts.

At longer wavelengths, the cold dust from the galactic disk dominates.

At short wavelengths, the hot dust from the galactic outflow dominates 

up to scales of ~4 kpc above and below the disk.
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Energy budget: 

    - The beta parameter defines the entrainment between kinetic, thermal, and magnetic energies: 

Our method: 

- The corrected DCF (i.e., large-scale flow) method provides the mean B-field strength within the starburst mask. 

- The energy balance shows that turbulent magnetic and kinetic energies are in close equipartition. 

<latexit sha1_base64="LdwBHiFmAY3Xdb8A/DbP8Pcv3DU="></latexit>

β0
=

UK + UH

UB

<latexit sha1_base64="SMqfisjluY3Zdc9s0JIwMBV+3m4="></latexit>

β0
= 0.56± 0.23

The turbulent kinetic and magnetic energy are in equipartition in the outflow 

Galactic outflows permeate the CGM and IGM with astrophysical B-fields

Lopez-Rodriguez et al. (2021) 28



OUR CURRENT KNOWLEDGE BASED ON RADIO AND FIR OBSERVATIONS 

FIR

Radio

29

- But, FIR and Radio polarimetric 

observations do not necessarily trace 

the same B-field in the ISM of galaxies.

- FIR and Radio B-fields are 

dominated by a large-scale ordered 

spiral B-field.

- FIR B-field is statistically more 

turbulent than Radio B-field.



Drzazga et al. (2011)

- FIR B-field seems more tightly related to 

the SF regions than the radio B-fields.

OUR CURRENT KNOWLEDGE BASED ON RADIO AND FIR OBSERVATIONS 

FIR

Radio

- FIR turbulent B-field arises from the injection of 

turbulent energy driven by SF in the dense ISM.
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- But, FIR and Radio polarimetric 

observations do not necessarily trace 

the same B-field in the ISM of galaxies.

- FIR and Radio B-fields are 

dominated by a large-scale ordered 

spiral B-field.

- FIR B-field is statistically more 

turbulent than Radio B-field.



Drzazga et al. (2011)

- FIR B-field seems more tightly related to 

the SF regions than the radio B-fields.

OUR CURRENT KNOWLEDGE BASED ON RADIO AND FIR OBSERVATIONS 

FIR

Radio

- But, FIR and Radio polarimetric 

observations do not necessarily trace 

the same B-field in the ISM of galaxies.

- FIR and Radio B-fields are 

dominated by a large-scale ordered 

spiral B-field.

- FIR B-field is statistically more 

turbulent than Radio B-field.

- FIR turbulent B-field arises from the injection of 

turbulent energy driven by SF in the dense ISM.

Outflow

Galactic B-field

- FIR polarimetric observations can trace 

the galactic B-fields in starburst galaxies.

Polarized SED
Starbursts

- Polarized SED of starburst shows the need for 

several dust components in galactic outflows.
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More at 

http://galmagfields.com/
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G r a v i t a t i o n a l l y  l e n s e d  g a l a x i e s  a t  h i g h - r e d s h i f t

A L M A  p o l a r i m e t r i c  o b s e r v a t i o n s

860 um (dust continuum polarization) at 0.5” resolution

Near-Future: B-fields at high redshift using sub-mm polarimetry

Starburst at z=2.6

HST

G r a v i t a t i o n a l  l e n s i n g  p o l a r i m e t r i c  m o d e l

2  k p c - s c a l e  o rd e re d  B - f i e l d  p a r a l l e l  

t o  a  f a s t  ro t a t i n g  d i s k  i n  a  s t a r b u r s t  

a t  3 G y r  a f t e r  B i g  B a n g .

32

G e a c h ,  L o p e z - R o d r i g u e z  e t  a l .  ( i n  p r e p . )



S y n t h e t i c  o b s e r v a t i o n s  a t  r a d i o  a n d  F I R  w a v e l e n g t h s

M a r t i n - A l v a r e z ,  S .  e t  a l .  ( 2 0 2 0 ) M a r t i n - A l v a r e z ,  S .  e t  a l .  ( 2 0 2 2 )

R T C R M H D  s i m u l a t i o n s

N t o r m o u s i ,  E .  e t  a l .  ( 2 0 2 3 ,  i n  p r e p . )
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Near-Future: MHD simulations of galaxies
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Study how molecular clouds inherit their B-fields within the galactic environment

MHD model Simulated observations Zoom-in Quantification of magnetization in molecular clouds

- MHD simulations with 10 pc spatial resolution (Martin-Alvarez et al. 2022).


- Simulated observations at 50 pc spatial resolution as observed with PRIMA within 1h on-source time.


- B-field orientation vs. density gradients for a strong and a weak B-field.



Active galaxies,  

mergers
Galactic Outflows Interaction, Star formation, 

galactic dynamo

AGN, Star formation, 

galactic dynamo

Lopez-Rodriguez et al. 2020
Borlaff et al. 2021

Lopez-Rodriguez 2021b

Lopez-Rodriguez 2021a

- 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?

Mergers

Lopez-Rodriguez 2022c

T H E  C O S M I C  H I S T O RY  O F  T H E  B - F I E L D S  I N  G A L A X Y  E V O L U T I O N  U S I N G  F I R / S U B - M M  P O L A R I M E T RY
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