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The diffuse and translucent ISM is sculpted by
rich multi-scale physics.
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The diffuse and translucent ISM: a few questions

What is the nature of MHD turbulence in the ISM?2
What dominates turbulent dissipation?

How do magnetic fields affect structure formation
in the diffuse medium?

What role do the above play in phase transitions?

S.E. Clark, Stanford Our Galactic Ecosystem



What is the nature of
magnetohydrodynamic turbulence in the ISM?

Energy power spectrum

Supernovae

Momferratos+ 2014
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Smaller scales

S.E. Clark, Stanford Our Galactic Ecosystem



What dominates turbulent dissipation in the ISM?2
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S.E. Clark, Stanford Our Galactic Ecosystem



How do magnetic fields affect structure
formation in the diffuse and translucent medium?

Herschel Polaris Flare
Panopoulou+ 2018

S.E. Clark, Stanford Our Galactic Ecosystem



Morphology .

Clouds of
Great Vertical Extent

Cumalonimbeas calvus

Cumulonimbuas caoillatus

Cumulonimbas capillatus
Cloud Names

Closds wre damaded by fomily bired 00
Weir aitstode: high, middle, low, er vertical

The families Inciade 10 peincipal clowd types

called gomws which are nimed afer thes
altirsde and form Each geous s vabdvided
1o species dencribiag the size, shape, and
form of choed chements witkin a layet

Genus Species

Clrres camtellanm
fibrazes
floccma
ey
A nee

Cirrocumules cavtellanss
Mlecces
lenticulari
reratriormay

Clrrostratos fibrsten
ebulows

Altacamaiug cantellames
Meccum
lenticularn
stratidormis

Altostzatus zoas

Nimbosrates zone

Cumules fractus
Samilie
mediocris
ceagaites

Comulonimbee calvas
capilaes

Stratus fractos
redalown

Stratocumule catellanes
lenticulari
stratsfoemin

Not shamn here 18 the 1wbd visce of pecies
called wariety. The vatiety descobes layer
thichness, the arangement of dowd desterty,
0f Dhe presence of matiple layers

Example Names
ws only, Asecumalas
ur + specien: Altocumalos casteliangs
Genus » spocies » variety: See webaite

encodes complex
hysical information

Cloud Identification Chart
High Family

Cirrus fibratus

Cirrocumulus

Altocamulus stratiformis

Cumulas humilus

Stratus feactus

Cirrocumulus lenticalaris

Cirrocumulus stratiformis

Middle Family

Low Family

Stratocumalus castellanas

Steatocumalus Jenticularis

Clerostratus fibratos

Stratus (Fog)

Stratocumulus stratiformis

Accessory
Clouds

Arcus (Shelf Cload)

-

Pileus (Cap Cloud)

Identifying
Clouds

By Form
Currtdorm: Thin, wiapy, with whote delicate
fllaments, patches or namow baade

Cumdiform, Puffy, roended, tulted cloads
with distiact vertical cells of clements

Stratdorm, Layered, sheet-like clouda with
& wnooth appeasance.

By Altitude
High Family
Above 16,500 feet (5,000 )
Tenpertures:  Below Sveatng
Contont lce crystals sod some
Superionied water
Cloud foeme.  Cirntform, stratiform, comblorn
Princpal typer: Cirrus, chrrocusvalas, cevoutrstes
Maddle Family
6,500 to 20,000 foet { 2,000 - 4,000 muters)
Temperatares  Above and below freeving
Costent Sapercocied weter, water,
and ke crysah
Cload forme:  Cumalifonm, stratiform
Proopad rypes Abooumidea, aliosrana,
rorehonstzwas
Low Yamily
Pelow 6,500 feet (2,000 meten)
Temgermures  Above and beiow freeving
Comtens Witer, superconied witer
and e orpatale
Cood forms  Snatiform, comslfoon
Procpal types. Stratus, cumudin, wrmocemadiin,
Curnulonimluy

Thene altitudes are typical of the middle
Watedes. Clouds sy be lower i poler roproen
sl svach higher alrimades e the tropcs
Acceswory Cloads

A houd that depends o0 2 parest choud for it
evistence. 1t muy be as appendage bet it i often
found adacent 1o the pasent clood.

Cloods of Grest Veetical Extent

Thise consch extend thooegh =ultiple Ly
When (heie buse form I the bow level they s
lasufiod o1 2 Jow cload




N o] hydrogen structure encodes
information about the ambient magnetic field.
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Characterize the orientation of high-latitude
GALFA-HI structures.

510 70° ~ Galactic Latitude

-

‘GALFA-HI [

0 km/s
+3 km/s

Clark+ 2015, PRL
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Characterize the orientation of high-latitude
GALFA-HI structures. |

50° R 70° Galactic Laitde

orientation _
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@ github.com/seclark/RHT

Clark+ 2015, PRL
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High-latitude GALFA-HI structures are aligned
with the Planck magnetic field orientation.
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Starlight polarization: Heiles 2000 Clark+ 2015, PRL
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We can model the polarized dust sky
from HI morphology alone.

HI only maps Planck 353 GHz
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We can model the polarized dust sky
from HI morphology alone.

HI only maps Planck 353 GHz

Clark & Hensley 2019

See also Clark 2018, ApJL
S.E. Clark, Stanford Our Galactic Ecosystem



We can model the polarized dust sky in 3D
from HI morphology alone.

Planck
view Clark & Hensley view (3D)
(2D)
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Clark & Hensley 2019
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/

George Halal, Physics
graduate student

® How can we build a better Hl-based
model of the dust polarization?

® What does this teach us about
turbulent structure formation in the

APy

i
"{:-.'-.'_,'»i_&'r_-f:.'f,i,{.l’-"{',:‘r:;3{3-',-.#;-m;;ﬁ_"é;;iﬁ.;a-
] o T e at
RN e {,: W 4

- . A
it b b S e R
F % & [ ]

S.E. Clark, Stanford : Our Galactic Ecosystem



Morphology encodes rich physical information.
What new statistical tools can we devise?
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Diffuse ISM: structures || B-field

Molecular clouds: change
in relative orientation
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Planck enabled statistical studies of the
magnetic field and ISM filaments.

Anti-aligned

10° 10!
AN, [10%cm™]

Planck Int. XXXII See also Alina+ 2019
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Planck studied this correlation in
nearby Gould Belt molecular clouds.

Ophiuchus
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Planck Int. XXXV
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Soler+ 2013

A———— P e/
~ \\\\\\Q\\\

\\\\\\\\\.&
S - 7 S

7 —_— ) S 7 -~
\\\\\\\ N e e \m Vo7
~/ \\\\l/l'l%\\\\\l.\\\\ G\

<

| s e e~ /

Denser cloud structures are perpendicular to the

magnetic field orientation.

Seifried+ 2020

See also Mocz & Burkhart 2018,

Planck Int. XXXV
See also Jow+ 2018, Fissel+ 2019
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Clark+ 2019
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!‘ ‘ What is driving the measured magnetic

20 wlns] 12 alignment of diffuse HI structures?
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Linewidth measurements, FIR/Nu correlations, and Na | D
absorption are all consistent with cold density structures.

Declination

210°
Right Ascension

0
VLSR [km/s]

2 3
CI k+ 2 O] 4 5872 5900 5928 5872 5900 5928 5872 5900 5928 5872 5900 5928 5872 5900 5928
CI r wavelength [A]

See also: Kalberla+ 2016 Peek & Clark 2019
Murray+ 2020
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Promising directions for the
multi-phase, magnetic, diffuse ISM: multi-tracer data

Structure-magnetic Multitracer analyses that
field correlations in probe magnetic fields in
transition regions different phases
\‘ I -""-j\‘yﬂl YL o S ,5
g
A JE2N

S | B Q/ \WQ\\\ ~20kms™ +20kms
Skalidis+ 2021 Campbell+ 2021

+ the talks in this session!
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Promising directions for the
multi-phase, magnetic, diffuse ISM: new statistics

Parity-odd quantities trace Non-Gaussian statistics
magnetic misalignment

AO(HI, 353

— Q.i_ + 'ii/"_l_ o R[Q.L + 'iiu.
Q) + iU

Clark+ 202

: . Ongoing work by
Cukierman+ in prep MBiie Loi
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The Balloon-Borne Large Aperture Submillimeter
Telescope (BLAST) Observatory

Spatially resolved FIR polarimetry over 100 sq.
deg. regions of diffuse and translucent ISM

Plus nearby molecular =
clouds, Galactic plane, 5

LMC/SMC, and shared

risk obs!
LOW9+, SPIE BLASTPol
arXiv:2012.01376 map of Vela C

S.E. Clark, Stanford Our Galactic Ecosystem



The diffuse and translucent ISM: a few questions

What is the nature of MHD turbulence in the ISM?2
What dominates turbulent dissipation?

How do magnetic fields affect structure formation
in the diffuse medium?

What role do the above play in phase transitions?

S.E. Clark, Stanford Our Galactic Ecosystem



more
The diffuse and translucent ISM: a few questions

ISM morphology carries rich information. How do
we optimally extract the physics?

These are high dynamic range problems spanning
physical states. How do we combine tracers?

What other opportunities can we identify?

S.E. Clark, Stanford Our Galactic Ecosystem



The diffuse and translucent ISM: some recent progress

The diffuse ISM is structured by
the ambient magnetic field.
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Clark+ 2015

Magnetic alignment in the Hl is driven by
anisotropic, cold density structures.

Clark+ 2019

Rich opportunities to combine tracers and
quantitative morphological analyses

Stay tuned: clarkgroup.stanford.edu
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