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Pillars of Creation

From: JWST image by NASA, ESA, 
CSA, STScIFrom: ESO/VLT

newly-forming stars in 
the Large Magellanic 
Cloud (LMC)

Stellar nursery N159 H II region

M17 H II region in 
Sagittarius Constellation

Whirlpool Galaxy

The Interstellar Medium



• Star forming (SF) ionized regions found near O & B stars

• H II regions – interstellar region with mainly H+

• H II region elements come in two forms: gas & dust

• Most notable & useful emission lines: O III, O II, S II, N II

Starlight propagating through ionized H II region



From: Spring, N 
(2011)

Omega Nebula 
(M17)

From: ESO

Orion Nebula (M42)

From: NASAFrom: NASA

NGC 604 in Triangulum Galaxy

• heavy element abundances are lower in the ISM than in solar abundances 
• The degree of depletion varies between different elements.
• The collective depletion strengths of many heavy elements varied 

significantly across different sightlines

Grain Depletions in H II Regions



Electron temperature Te = kinetic temperature of charged particles
 - for H II regions Te ~ 10,000 K

Dominant Heating:  Hydrogen Photoionization

Hl + hν  ⇌  Hu
+ + e-

 - dust also contributes through photoelectric heating

Dominant Cooling:  Inelastic electron-ion collisional excitation 

e- + Xu  ⇌  Xl + e-

Heating & Cooling in the ISM



Depletion

Jenkins (2009) 
Depletion Model

Gas-phase Abundance

Depletion Strength

Calculating depleted abundances



Credit: Kauffmann (2003)

Baldwin, Philips, & Terlevich
The Classic BPT diagrams: 

[O III] 5007/Hβ    vs.    [N II] 6583/H⍺

[O III] 5007/Hβ    vs.    [S II] 6716,6731/H⍺

[O III] 5007/Hβ    vs.    [O I] 6300/H⍺



• SED: starburst99 model with continuous star 
formation history

• Age: 4 million years

• Background radiation: cosmic ray background, 
with local universe at redshift z=0

• Hydrogen density: 14 cm-3

• Equation of state using constant gas pressure

• Ionization parameter grid:   -4 ≤ log U ≤  -2

• Gas chemical composition: 
• Reference abundance: GASS

• Metallicity scale factor:    Z = 0.05, 1.0, 3.16

• Depletion strength grid:    0 ≤ F* ≤ 1

Cloudy Model table star "con_sf0" age=4.0e6 years
ionization parameter -4 vary
grid range from -4.0 to -2.0 with 0.5 dex
Background, z=0
Cosmic rays background
hden 1.15 log
constant gas pressure
abundances GASS
element helium scale 0.88000
element nitrogen scale 0.07070
element carbon scale 0.19028
#metals deplete
metals deplete jenkins 2009 fstar 1e-10 print
#grid list "fstar_grid_list.dat"
grains ISM 0.430
metals and grains 0.05000
iterate to convergence
stop temperature 100K
stop efrac -2
print line sort wavelength range 1500A to 10000A
save grid ".grd"
save overview ".ovr" last #separate
save continuum ".con" units microns last #separate
save cooling last ".col" last
save line list ".line" "LineList.dat" column last 
#separate
#save grain abundances ".grain" last #separate
#print last iteration



Cloudy output files
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Temperature vs. F*
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Depth into cloud

H Ionization Front
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Log U ≥ -2:
Grains dominantly 
absorb ionizing photons Increasing U
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Temperature vs. F*



● Te increases with F*

● Log U >= -2:

Ionized layer shrinks with   
increasing F*

● Log U <-2:

Ionized layer expands with 
increasing F*

Temperature vs. F*



BPT Diagrams: emission line-ratio vs. F*
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BPT Diagrams: emission line-ratio vs. F*
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BPT Diagrams: emission line-ratio vs. F*
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S cooling: 5%
O,N cooling: 17%

S cooling: 12%
O,N cooling: 1%

BPT Diagrams: emission line-ratio vs. F*



Low Z:

● Line ratios dominated by changes 
in abundance

● Only Z needs to be constrained to 
constrain F*.

High Z:

● Line ratios dominated by changes 
in temperature

● Z & U needs to be constrained to 
constrain F*.

 

● Increasing F* shifts dominant 
coolant.

BPT Diagrams: emission line-ratio vs. F*


