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The Interstellar Medium: Diffuse
Between the Stars
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of the Interstellar Medium

'Phase TAstro. Name | Density (cm™—>) [ Temperature
‘High Molecular Cloud | > 104 <70

fedium - Neutral | CNM 10 - 100 ~ 100
Medium - lonized | HII envelopes 5-10 8000
Low DIG and WNM |0.1-0.5 8000
Tenuous Coronal 10~3 108




H@w TISsS ObSﬁ’V&"’i#&.& Can_ Haf

Ot T&(rbuf&cg . The Disk and Hals.
$ EXTRACALACTIC Soufed

HAL G

MY T
i‘ . . . » (

. ’

% . .

. . |

L 4 .
® EARTH . . @ .
. Dis
. it §v .
EELF ST R v B 5 . y T o B ) )
o . / Sl e ]




viSIBILITY

FLUX DENSITY
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INTERSTELLAR SCINTILLATION PHENOMENA
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SPECTRAL INTENSITY

INTENSITY SCINTILLATIONS

TIME, POSITION

SPECTRAL CORRUGATION

FREQUENCY

WITHOUT TURBULENT MEDIUM
VIEWED THROUGH MEDIUM

@ PULSAR TIME -OF - ARRIVAL FLUCTUATIONS
® ROTATION MEASURE FLUCTUATIONS
® |IMAGE DISTORTION AND WANDERING
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GALACTIC LATITUDE ( DEGREES)

RADIO WAVE SCATTERING IN CYGNUS
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A=(a+2)

40

log,o{spectral density, Py, (m™)

20

2

N ‘\,—\/’ (sofid lines)
O\

L DM fluctuations
ISM velocity
fluctuations N
" a1/t in
dynomic spectro
[ 10730 o8 /3 / i
/ » ©
refroctive ¥
scint. index N,
{stors ond boxes) N\, weak 1SS
- Soatem A o
S
Ny
b4
strong 155"
at meter A 3
- ’.-.1
decorreiction BW \
& angular broad.
L 1 1 i 1 1
-18 -16 ~14 -12 -10 -8 -6

tog,g(spatial wavenumber, q (m™'))

11

wer Law s Tle S/g;j



Muter | Spasih

, ApT 1996, 1197

TABLE 6

OssErvED TURBULENT PROPERTIES OF THE
INTERSTELLAR MEDIUM TOWARD | = 145°,
b= ~20°

 Quantity Value

L(pe) ceveenrnnnnnnnens 2900

g Jessm—— 364020

132 (PC)eeeninnnrenennns 0<i3°<9% °©
C: (m~2°P) ... 10-3.0

C} WG* m=7)...... 22404 x10°13 ®

TABLE 1
PROPERTIES OF TURBULENCE IN DIG

Quantity Value

() Em™d ..., 0.025
Filling fazor ......... 0.25
n(em™3) .counnnn.nn. 0.08

® The ion-peutral collision frequency
depends on the ionization state of the
medium. The quantity listed is for 70%
ionization of the hydrogen.
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Turbulence Generation Mechanisms
(1) Solar Wind:

e “Fossil Turbulence” from chromosphere, convected out
o Nonlinear mteractlons, decaying turbulence

e Generation and conversion at streammteractwns

o Kirietic plisina instabilivies a4 shiotks

(2) Interstellar Medium:

e Kinetic Instabilities at SNRs
e Galactic Balbus-Hawley instability (probably not)
e Structuring by mmvestam + mode conversxon °

e “Star Murrnunng”

® Furdher disScusSions m  +hig %mﬁwm._
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Mechanisms for Generation of Turbulence in
Shells

e Rayleigh-Taylor Instability
| e Secondary Shocks
e Global Shell Instability
o Heat Flux Instability
e Acoustic Wave Instability »
e Upstream Waves *
e Shock Amplification of Turbulence »
e Plasma Wave Generation by Pickup lons »
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L1

le of ISM magnetic turbulence

LR

e have a good model for the coronal
gnetic field and coronal turbulence




Main Results of Radio Wave ISM Studies

 Turbulence responsible for radio wave scintillations resides in
sity ionized phase (DIG) and medium density-ionized
(HII reglen envelopes).

e “The Big Power Law in the Sky’; density irregularities
exist with scale sizes from > 10'® cm — 107 cm. Spectral
index a close to, or equal to the Kolmogorov index a =
5/3. Suggests turbulent cascade in wavenumber through an
inertial subrange to the dx$1patlon range.

o Eztreme variability in C% in the interstellar medium. Re-
gions of very high C% “fuctiferous regions” or fluctifers
seem associated with HII regions, star formation regions.
Turbulent intermittency or ISM geography?

e Irregularities are antsotropic, in sense of being drawn out
along a symmetry axis (probably interstellar magnetic field).
Axial ratios ~ 1.5 — 2.0.

e 4B fluctuations detectable, with  B/By < dn/ny (Minter
& Spangler, ApJ 485, 182); suggests turbulence highly com-
pressible.
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Desiderata and Enigmata

e We must obtamn information on V and B to progress to
a satisfactory theoretical understanding of interstellar tur-
bulence B mformation can be obtained from Faraday ro-
tation (A. Minter, this meeting) V mformation can be ob-
tained from the t1mescale of scintillations, extraction of V.4
(Bond et al A & A 287, 290, 1994; Cordes and Rickett, ApJ
507,846,1998, Ruckett, Coles, and Markkanen, 1999 )

e Are the spectra 1 and || By the same? Theory: no,
Observations: yes

e Where is the evidence for mesoscale (~ 10 — 10'%cm) dis-
sipation processes (1on-neutral collisional damping)?

e “Purification of the ISM” of highly dissipative Fast Mode
Magnetosonic waves. Even small fraction of interstellar tur-
bulence in Fast Mode waves would overwhelm cooling ca-
pacity of the DIG

e What generates the turbulence? Shear flows, buoyancy-
dniven turbulence, kinetic plasma instabilities, “star mur-
muring’? One possibility: gravity and star formation 1m-
presses “structure” on the ISM at large (> 1 parsec) scales
(e g Ballesteros-Paredes, Vazquez-Semadini, and Scalo, ApJ
515, 286, 1999, Ostiker, Gammue, and Stone, ApJ 513, 259,
1999), then MHD nonlinearities cause cascade to smaller
scales Does this work? Is 1t the correct explanation?
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