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Nailve Escape Probability
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Large Velocity Gradients (LVG)
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Back to the radiative rate terms:
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two-sided line flux: ] =hvBA,;N,d

optically thin: j=hvA,N,d
optically thick: ] = 4nAvy S(T,)
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Interstellar Shocks

= Generated by supersonic motions

= Effects — heating, compression and
velocity structure



SHOCK ENVIRONMENTS

= cloud collisions
= outflows from YSOs

= OB stars — winds and
HIl region expansion

= PN ejection
= Wolf-Rayet winds
= supernovae



Hydrodynamics — mean free path << system dimensions

Basic “macro” equations: Basic “micro” equations:
1dp .
il P =p(p,T);
p dt
dt 6p adiabatic
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1-d, small adiabatic perturbation:

P=py = Pot Op; op << py
P=pPy = Po*Op; Op = C28p << pq
u=0 = ou; ou << ?

Linearize:  dp = dp(x £ ct)

op = C%0p
ou = iCSp << C
Po

ldeal gas: p:ri)]sz%pufh; C=.%Y U,

Supersonic disturbance = Shock!



Shock Front
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Strong shocks (M = uy/c, >> 1):
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Not much of a compression!

Ordered = Thermal motions

uth,l = \/gus



Overall pressure: II=p + pu2= p +%(pu)2

pre-shock: ¢, << U,=> p << pu? 1 ~ pouZ
: > 1 2_15 u=111
pOSt-ShOCk. pUy = K(pouo) = 2PoUs= 7 11~ Py
0

pre-shock —poU2 x  Yapud, = post-shock
ram pressure " thermal pressure



Shocks — High Temperatures:
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Isothermal compression
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Magnetic Fields

. B, B,
Flux freezing: =

Po P1

BZ

Full pressure: [M=p+plf+ —

87

2 2
~p+ w2 (B
p 8T\ p

Magnetic cushioning: B; = u (8npgy)*

Low ionization — ion-neutral drifts: C shocks



Shock Diagnostics

= High-excitation molecular lines:
e H,: vib-rot (A ~2-5 pum, 12 um)
e CO: high J (A > 100 um), v = 10 (4.7 um)
e OH:lowJ (A ~50-160 um)
= Atomic fine structure & forbidden:
e Fell(1.64 um)
e Sill(35 um)
e OI(63 pm)

= Hydrogen Bra., Bry

n-T profiles: T =T_f(t) n=n,TJ/T

Probing the ISM cooling function!



Enhanced Abundances

High temperatures — overcome endothermicity & energy barriers:

C*+H,+0.4eV—CH"+H

Similarly, can channel all O not in CO into OH, H,O



Photon Dominated Regions

PhotoDissociation Regions

= Radiation induced
e |onization
* Dissociation
e Heating



lonization Heating

lonization equilibrium:  N,Noa(T) =Ng [47N 6, dv N, =J/hv
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lonization heating: H=N, [4nN h(v—vy)o,dv
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Characteristic T, determined from spectral shape

Independent of intensity!




Recombination Cooling

C=N,N.Y [vo, (v)¥emv? f(v)dv
0

B(T) = z%ofl/zmvz- vo, (VW)Y ~ a(T)
0

Thermal Equilibrium:

T=T,a/p

T depends only on shape of ionizing spectrum

Hil regions: T ~ 8,000 — 10,000 K
AGN clouds: T ~ 8,000 — 20,000 K



Photedissociation Region
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Radiation (6—13.6 eV) dominated heating and/or composition
= All molecular clouds are PDRs to a depth A, ~ 4 from surface!
= Main heating:

« grain photoelectric: FUV (~ 6-10 eV) electron ejection from grain; e-
Kinetic energy ~ 1 eV

 H, pumping: FUV (11-13.6 eV) electronic excitation of H,



Shocks vs PDRs

= Most line & IR cont. emission of a galaxy is from PDRs
* shocks — only specific regions or lines

= PDRs have larger:
e |inewidths
e line-to-continuum ratios
e OI(63 um):ClI(158 um)

The FUV flux in PDRs may regulate
low- and high-mass star formation in
galaxies, and the column density of
gravitationally-bound, star-forming
molecular clouds



