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Planck mapped the full sky
in 353 GHz polarized dust emission.
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Dust polarization encodes the sum over
dusty regions along the line of sight.
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Line-of-sight information is not directly
accessible from the dust emission.
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The goal is a three-dimensional map

of the magnetic properties of the neutral ISM.
Clark & Hensley 2019
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The goal is a three-dimensional map

of the magnetic properties of the neutral ISM.
Clark & Hensley 2019

1 How does HlI structure trace the magnetic ISM2 |
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1.

E(B — V) |mag]

Hl column traces dust column.

Lenz, Hensley, Doré 2017

E(B — V) [mag] = 1.11310:005 x Nur [1022 ecm~2] 4+ —0.00019 0001
0.002 0.0001
o [mag] = 0.0057015 05001

W
-]
)

N
+~
k=

@)

o,

av)

200 =
R
Ik

2.0

NHI [Cm_2/1020]

S.E. Clark, 1AS B-Modes From Space



IS

Clark, Peek, Putman 2014
Clark+2015
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Orientation of Hl in narrow spectral

channels traces POS magnetic field ciark, Hill+ 2015, PrL
50° 70° Galactic Latitude
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Orientation of Hl in narrow spectral

channels traces POS magnetic field clark+ 2015, PRL
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Anisotropic CNM!
Clark, Peek, Miville-Deschénes 2019

Planck is noise-dominated!

Starlight polarization: Heiles 2000 3
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Are the magnetically aligned structures
an effect of the turbulent velocity field?
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- No. Small-scale channel map structures
‘ are strongly correlated with the FIR.
90 vy, [kin/s| +20 Clark, Peek, Miville-Deschénes 2019
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Linewidth measurements, FIR/NHI correlations, and Na | D
absorption are all consistent with cold density structures.
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See also: Kalberla+ 2016 Peek & Clark 2019
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LOS magnetic field tangling
Clark 2018

high
fractional
polarization

S.E. Clark, 1AS

fractional
polarization

B-Modes From Space



A new probe of line-of-sight magnetic field tangling

Clark 2018
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(P.S. to SED modelers: a data-driven way to model frequency decorrelation!)
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Velocity coherence of HI orientation traces
dust polarization fraction.

3.

HIl coherence

Clark 2018

Polarization fraction
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Model: “magnetically coherent” clouds.
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Model: “magnetically coherent’-cleuds.
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Velocity-Orientation Space
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Model: “magnetically coherent’-cleuds.
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We compute Stokes Q and U maps
as a function of velocity.

R(v,0)

N

Qui(v) = I(v) Z R(v,0) cos(26)

0

Uni(v) = I(v) Y R(v,6)sin(26)
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We compute Stokes Q and U maps
as a function of velocity.
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We compute Stokes Q and U maps
as a function of velocity.
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We integrate our maps over the velocity dimension
to compare them to Planck observations.

HI only maps

S.E. Clark, 1AS

Planck 353 GHz
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Compare derived quantities like the polarization angle, polarization
fraction, and polarization angle dispersion function.
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These maps are very well correlated with Planck,
especially on large angular scales.
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Planck measured a non-unity amplitude ratio
in the dust E- and B-modes.

ABB/AEE

See also

Planck Int. XXXVIII,

Clark+ 2015
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We reproduce this in the Hl-based maps.
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Our maps provide a local estimate of the
magnetic field orientation as a function of velocity.

IVC, d = 1250-2140 pe LVC, d = 346-393 pc
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The three-dimensional structure of dust and magnetic
fields complicates foreground subtraction.
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Kogut & Fixsen 2016 Tassis & Pavlidou 2015

What’s next¢ Data-driven predictions

of frequency decorrelation.
Brandon Hensley’s talk
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and vice versa.
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Neutral hydrogen in the diffuse ISM is well

. | - Clark* 2014 The magnetic alignment is
NN — Clark+ 2015 . . - I d
= 5 driven by anisotropic co
neutral medium structure.

Clark+ 2019

The velocity structure of HI
morphology probes line-of-sight
magnetic field tangling. Clark 2018

We map magnetic coherence in three
dimensions using only HI data.

Clark & Hensley 2019, ApJ 887, 2
arXiv:1909.11673
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