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Morphology .

Clouds of
Great Vertical Extent

Cumulonimbas calvus

Cumulonimbus caoillatus

Cumulonimbus capillatus

Cloud Names

Clouds are classied by fomidy based oo
their altitnde: high, middle, bow, or vertical

The families Inclade 10 principal cloud types

called gewws which are named after ther
altitude and form. Each genus is vabdivided
(nto species describing the wize, thape, azd
form of dowed clements within » layet

Genas Species

Clrres camtellanes
fibrazes
floccm
pissates
wcnus

Cirrocumulos cantellanss
MNecows
lenticularis

stratsformis

Clrrostratos fibrates
scbuloas

cantellanes
Moo
lenticulars

Altecumalus

stratiformis
Alrostratus zone

Nimboutrares sone

Cumules fractus
bamilis
mediocris
congeites

Comulonimbes calvas
capilates

Stratus fractos
redalosas

Stratocumules cantellanes
lenticulars

tratsform

Not shown here is the rubdvince of spechs
called wartety. The variety describes layer
thichsen, the mrangement of dowd detsents,
of e presendce of meltiple laypers.

Example Names
Genus only: Aecumalas
Genus + specien: Altocumalus castellanus
Genus + species » variety: See webaite

encodes complex
hysical information

Cloud Identification Chart
High Family

Cirrocumulus floccus

Cirrocumulus lenticularis

Cirrus floccus with virga

Middle Family

-

=
B
in

Altocumulus lenticularis

-—

i,
Altocumulus stratiformis

Cumuluas humilus

Stratog

Altostratus

| 1

Altocumulus lenticularis

Low Family

Steatocumulus lenticulasis

Clrrocumalus stratiformis

Clerostratus fibratus

Altocumulus stratiformis

Stratocumulus stratiformis

Accessory
Clouds

Arcus (Shelf Cload)

-

Pileus (Cap Cloud)

Identifying
Clouds
By Form

Cirriform: Thin, wispy, with white delicate
filaments, patches o0 namow baads

Conglform: Puffy, roanded, tulted douds
with distinct vertical cells o clements.

Stracorm Layered, sheet-like louds with
& smooth appeacence.

By Altitade
High Family
Above 16,500 feet (5,000 )
Terperstures  Bekow Svezing
Content: fce crystals sod some
sapercooled water
Cloud foems:  Cirriform, stratiform, comlforn
Principal types: Cirrus, cirrocumales, cierostrates
Middle Family
6,500 to 20,000 foet (2,000 - 6,000 muters)
Temgersures  Adove and belorw freewing
Costert Supercocied wates, water,
and ko crytale
Coud forms Camaldorm, stratiform
Prnops types Axocumudes, abiostratus,
rorebostzstas
Low Pamily
Bebow 6,500 feet (2,000 meters)
Temperiures  Above and below freening
Content Water, supercooled waler,
and ke crystals
Clood forme:  Stratiform, cumslforn
Procpal types. Stratus, cumudin, straocemadus,
Currnabonie bus

These altitades are typical of the middle
lattedes. Clouds mury be lowsr i polee regioen
a0 seach Ngher altmades o the tropks

Accessory Cloads

A chowd that depends 0n 3 parent clood for it
custence. It may be as appendage et it is oftes
found adacnt to the pasent doad.

Cloeds of Grest Vertical Extent

These doads extend throogh maltiple Liyers
When their base foems in the low level they ae
lassfiod a1 8 low doad.




Low frequency observations show
complicated polarization structure.

Zaroubi+ 2015
Jelic+ 2015

-3 to -0.5 rad / m?2
+0.5 rad / m?2

+| to +4.5 rad / m?2
Planck B-field




Galactic Arecibo L-Band Feed Array Survey (GALFA-HI)

‘ —
"A (\\ "\‘\\m A\‘ ”t’ !'M g

tA® :
é@s‘ ‘) -
e

E‘\
e 13,000 deg?
m * FWHM ~ 4 spatial resolution
B2 » 0.18 km/s spectral resolution
e ~140 mK rms brightness

temperature noise per 1 km/s
Integrated channel




A
y ha

N
'.
" =
g
"

2 o ) 1“
. - 'r * .Tl . ‘ )
~ ‘; e, 5 é
‘ a . PR
- -
' N ‘ ’h ‘ ':L
' ' EX ol J_. f" g 'J B b cae &

Do linear HI structures trace
the magnetic field?




The Rolling Hough Transform

Clark, Peek, & Putman 2014, ApJ 789, 82

@ github.com/seclark/RHT
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The Hough Transform was
originally conceived to
detect lines in bubble
chamber photos.

p=acost + ysinf

Image (Cartesian) space

cessssssssnsnnnnnnnnnsnssid

Hough space




Measure intensity as a function of angle.

Clark, Peek, & Putman 2014



Store intensity as a function of angle
for every image pixel.

L Clark, Peek, & Putman 2014



Linear features in HI correlate
with starlight polarization.

Starlight polarization: Heiles 2000 Clark, Peek, & Putman 2014



The correlation is tighter
with high-resolution Hil.

GALFA-HI : 4/ Parkes GASS : 16

Clark, Peek, & Putman 2014



The correlation is tighter
with high-resolution Hil.
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The Planck satellite mapped the full sky
in 353 GHz polarized dust emission.

ESA/Planck Collaboration
Planck Intermediate Results XIX



Calculate Stokes parameters
from the HI orientation.

QruT = / cos (20) - R (6) db

URHT — /Sin (29) - R(@) dd

.y |

R(0,z,y)

Clark+ 2015, PRL



Calculate HI and Planck magnetic field orientation.

Neutral hydrogen orientation

; 1 UrnT
RHT — 5 arctan

QRrHT

Planck magnetic field orientation

0353 = 1353 + 90°

Clark+ 2015, PRL



Characterize the orientation of high-latitude
GALFA-HI structures.

510 70° ~ Glalactic La

GALFA-M ‘ &%g 2 o 3 .

titude
\ »

-3 km/s
0 km/s
+3 km/s

Starlight polarization: Heiles 2000 Clark+ 2015, PRL



Characterize the orientation of high-latitude
GALFA-HI structures. K

5()o | | 70° Galactic Laitde

—

e

S NS

' Neutral hydrogen orientation |

DA S

— ——

Starlight polarization: Heiles 2000 Clark+ 2015, PRL



High latitude GALFA-HI structures are alighed
with the Planck magnetic field orientation.

7 J). 7 4 NN S

-
N

50° | 70° Glactic Laitde

N

N .
N
s / A e N =

eutral hydrogen orientation =

'Magnetic field orientation
RN NN\ $W &7 “’7’“’":““ '/'f_*”'7}' pr

.

Starlight polarization: Heiles 2000 Clark+ 2015, PRL



High latitude GALFA-HI structures are aligned
with the Planck magnetic field orientation.

Histogram of 0353 -

FWHM = 30’
o eom] 4°

0.000 —
—90°

Clark+ 2015, PRL



We study the E/B decomposition of
template maps derived from HIl orientation.

Q/ — ]353 - COS (26’)
U — 1353 S1n 2(9)

,///7\\

OrRuT



We detect strong cross-correlations between RHT,
353 GHz, and starlight polarization angles.

FWHM = 4°

EE BB
| o = 353 X 353

o B Yrpr X Y353

B Yy X Y353

Multip:ole moment ¢

EE/BB asymmetry:
Planck Intermediate Results XXX, XXXVIII Clark+ 2015, PRL







What can we learn about the magnetized ISM
from the velocity structure of HI linearity?

fourth dimension: velocity



Can we learn about the LOS magnetic field?  [inaliahoms

emission region

higher fractional
polarization

R BN Y Y RY R KN AN

lower fractional
polarization

e id 2 I RN AN S

Distance




Can we learn about the LOS magnetic field?

higher fractional
polarization

R BN Y Y RY R KN AN

lower fractional
polarization

e id 2 I RN AN S

LOS velocity




Can we learn about the LOS magnetic field?

L OS velocit

1l 20 2 2
. C?S( e QHI = / Qudv  ppr = V@i + Uiy
Uv — ]U SlH(QQRHT) IH]



The dispersion of HI orientation traces
LOS depolarization.

(8 A /)),

Hl coherence 72
Q’J/
193 170 148 | 125 102
193 170 148 125 102

Clark 2017, in prep



The dispersion of HI orientation traces
LOS depolarization.

Polarization fraction

0.00
0.0000 0.0025 0.0050 0.0075 0.0100 0.0125 0.0150 0.0175

Hl coherence

Clark 2017, in prep



Multiwavelength explorations will reveal
the nature of the magnetic ISM.

3C196 field LOFAR centroid, USM contours at 02, 1, 2 K
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Zaroubit+ 2015 Kerp & Kalberla 2016
Jelic+ 2015 Kalberla+ 2017
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-37°57

GALFA-HI
DR2

Declination

+PPV data
+HI column density |
+RHT maps S Right Ascension
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Peek+ in press




GALFA-HI
DR2

+PPV data
+HI column density
+RHT maps

Peek+ in press




Neutral hydrogen in the diffuse ISM is alighed
with the interstellar magnetic field.

Clark+ 2014, ApJ

, PRL
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The velocity structure of Hl morphology probes -2
line-of-sight magnetic field tangling. Clark 2017, in prep




