Physics 224
The Interstellar Medium

Lecture #13: Neutral Gas,
& the HI to
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e Partll: Hl to Hy Transition

 Part lll: Photodissociation Regions
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Is the FGH model a good
representation of the ISM?

https://sites.google.com/site/qgalfahi/galfa-hi-science

part of the GALFA HI Survey
colors = different velocity ranges



Is the FGH model a good
representation of the ISM?

Do we expect to tind much gas in the unstable region?

Compare thermal and dynamical timescales:

nkl - thermal energy density = pressure
Tcool — A

“ cooling rate per unit volume

* note same
for heating

Teool ~ 0.1 Myr for unstable gas with
T~2000Kandn~15cm?

sincel = A



Is the FGH model a good
representation of the ISM?

Do we expect to tind much gas in the unstable region?

Compare thermal and dynamical timescales:

L

Tdyn ™~ 7 For L~10 pc, T~2000 K
Cs

where KT Tdayn ~ 1.9 Myr

sound speed: m
Unstable gas should

cool quickly relative

L —1/2
Tdyn ~ 6.7Myr <l_> Y to dynamical time.
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Is the FGH model a good
representatlon of the ISM?
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Simulations with
turbulence suggest
substantial amounts of gas
between F&H phases
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Is the FGH model a good
representation ot the ISM?

104

Stable (WNpgy— How can we test this model?
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l f\N Measure the
¢ n & T of HI gas

107 § -
XF - if i
— [ Net Heating ;I/ Net:Cooling ] and see it it matches
- | ? 1 the predicted n,T ranges
i for CNM and WNM
CR™ S 7
MMPE3 ISRF stable phases.
~ WDO1 p.e. heating
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HI Spin Temperature
@%}é S=1 g,=3 E,6=5.87x10"6eV

A,=2.8843x10"15s"1 = (11.0 Myr)~! Texc = Tspin »> (0.0682 K

v = 1420.4 MHz , A=21.106 cm because cosmic microwave
AE/k = 0.06816 K

é% v S=0 g=1 E =0

Under most ISM conditions, 75% of Hl is in upper

background can populate levels

level. Emissivity is independent of Tgyn!!
Ayl 3

.1/: uw—, [ty V:_Au U H I %
7 n47rh1/l(b ™ | hvy n(HI) ¢
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HI Spin Temperature
@%}é S=1 g,=3 E,6=5.87x10"6eV

A,=2.8843x10"15s"1 = (11.0 Myr)~! Texc = Tspin »> (0.0682 K

v = 1420.4 MHz , A=21.106 cm because cosmic microwave
AE/k = 0.06816 K

é% v S=0 g=1 E =0

absorption coefficient depends inversely on Tgin
as a consequence of stimulated emission not being negligible!

3 hCAul
y R Ay H I)o,
" 327‘(’ l kTSpf,;n TL( )Qb
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background can populate levels




HI Spin Temperature

Measuring spin temperature
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HI Spin Temperature
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HI Spin Temperature

1714 - 397 L=347.7 B=-1.1 .
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Observed HI Spin Temperature

Assume CNM dominates absorption.

. Fitabsorption component and

V. emission component with same
0. . ,
_95 —18 —11 —4 0 Gaussian components (Oy) to get
o Nenm, Tenm
ok Fit emission component with
25 additional Gaussian and Nwnw.
2

Get upper limit on Twnm from velocity width
(upper limit because of turbulent contribution).

Jsk «v/s  Getlower limit on Tynm from residual absorption.

\/] S
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Observed HI Spin Temperature

Measuring absorption from the WNM
requires very high S/N measurements.

PKS0531+19

Murray et al. 2015

VLA absorption
Total fit
- CNM, WNM components
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Observed HI Spin Temperature
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observed CNM
components have
T ~40-80 K



Observed HI Spin Temperature

Evidence for “unstable” phase (500 < T < 5000)

Heiles & Troland 2003
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Upper limit on Twnm



Observed HI Spin Temperature

Important wrinkle: thermalization of HI levels in WNM

IIIHII] | llll”ll TP

|
104 8000 Liszt 2001 =
- - Density in the WNM s
: : too low to thermalize levels
103E - to predicted WNM temperatures.
8 - .
:Imes of constant T ”\\\\sgg(o : H dL
o |should match axis i owever, scattered Ly«
— 10 - . . .
= Tspin = Tiinetic 3000 = radiation can contribute to
[ & Terihmes . thermalizing levels as well.
- OM-O WIM 750 _

corod el el
0.1 n(H)1[cm'3] 10 (LlSZt 2001)
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Thermal Pressure from [CI]
25°2p0p — P, 60056 Jenkins & Tripp 2001, 2011
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Measure UV absorption lines
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from ground state, collisionally
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Thermal Pressure from [CI]
25°2p0p — P, 60056 Jenkins & Tripp 2001, 2011
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Thermal Pressure from [CI]

Jenkins & Tripp 2001, 2011
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All-Sky Map of N(HI) from the
Leiden-Argentine-Bonn Survey (Kalberla et al. 2005)
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Distribution of HI in the MW

Kalberla & Kerp 2009, ARA&A
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Distribution of HI in the MW

Dickey et al. 2009
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Distribution of HI in the MW

Kalberla & Kerp 2009, ARA&A
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Distribution of HI in the MW

Kalberla & Kerp 2009, ARA&A
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Distribution ot HIl in the

MW

Kalberla & Kerp 2009, ARA&A
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Distribution of HI in the MW

| | | | | | | | | | | | | | | | | | | | | | |
0 M(HII+HI+H,+He)=6.7x10°M, |
M(HI)=2.9x10°M, -
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Forming H>

Formation ot Hy by gas-phase reactions is slow

G — M+4.Sev

no effective way to carry away 4.5 eV worth of binding
energy when two H bond, no dipole moment
negligible rate for this reaction

© — 00 ¢

3-body reaction can occur quicker
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but this is still very slow



Forming H>

Formation ot Hy by gas-phase reactions is slow

Fastest gas-phase route is “associative attachment”

First: ° e — 0

photon

Then: 0 G — M e\
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Forming H>

Grain Surface H> formation is much faster if there is dust.

G Depends on:

collision rate of H with grain (n,T)

available grain surface area
"sticking” probability




Forming H>

Grain Surface H> formation is much faster if there is dust.

“—_ density of
H atoms
total density
of hydrogen in
any form
1 KT 1/2 Grain surface area
Rgr — 5 <€gr> 1 an
2 \ mmpy 5, = / ra? 2 4q
average "sticking” ” NH da
Vthermal

coeff for grain pop
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Photcdlsscmatlcn of H>

" Combes & Pineau des-Forets 2000 |
: D H(ls)‘ + H3
6! | — <
H(ls) + H(2D)
. - -
-1~ | After H, absorbs a UV photon
2| from ground to one of the
.. - excited levels (Lyman-Werner bands)
. ."::'..continuous fluorescence | has ~85% probablllty of
' radiative decay, ~15%
| probability of photo-dissociating
H(ls), + H(ls)
4 1 <€
r 1
d () | Lyman band = ground -> B
o 2 4 6 8 10 1 Werner band = ground -> C

‘ (
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Photodissociation of H»

Sdiss — Sl— | Pdiss,u
/ u \ orobability of
dissociation rate sum of rates for photo-dissociation from

transitions from upper state

ground state to
excited states

A

depends on quantum mechanics
and radiation field intensity at relevant wavelengths
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H, Abundance

In steady state:

photo- _ formation on
s (Ho) = Rernpgn(H
dissociation Sdiss ( 2) gritH ( ) dust grains

For CNM conditions this is pretty small:

”(HZ) ~ 1.8 x 10_5 ’Tl,(H) Rgr Sdiss -
ng 30cm—3 3 x 10~ 17ecm3s—1 5x 10— 11g—1

But we have left out an important component:

shielding
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H, Abundance

Sternberg et al. 2014
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Figure 2. Absorbed far-UV spectrum showing partially overlapping
Lyman—Werner band absorption lines, for beamed radiation into a cloud, at
a total hydrogen gas column density of 3.74 x 10?° cm~2, for a free-space radi-
ation intensity /yy = 35.5, gas density n = 10° cm ™3, and metallicity Z’ = 1
(xG/2 =1).
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H> Lyman-Werner

bands can become

optica

shielc

ly thick ana
interior Hy

from being

dissociated.



H, Abundance

30 T
001 At UV wavelengths
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H, Abundance

~ —T
Sdiss ~ Sdiss,0 Jshield €, 0%

/ \ dust extinction

dissociation rate at 1000 A

with no shielding self-shielding

factor
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H, Abundance
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Photodissociation Regions

H I Photodissociation Region

/ery general term, can o= Dissoc. >|§
-efer to anywhere that Front Front o
| | 1 O
farrUV (<13.6 &V) : | y
| | I ©
photons play key role H* H H HH, =
in chemistry, | C* | i§
. . . I | 1 O
ionization, etc. | | =
B VU Uas——u ! |
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