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Cloudy QSG Chapter 1
◆ Accurate simulation of physical processes at the 

atomic & molecular level
– “universal fitting formulae” to atomic processes fail 

when used outside realm of validity, and are not used
◆ Assumptions:  

– energy is conserved
– (usually) atomic processes have reached steady state

◆ Limits:
– Kinetic temperature 2.7 K < T < 1010 K
– No limits to density (low density limit, LTE, STE) for 1 

and 2 electron atoms
– Radiation field 30 m to 100 MeV

Simultaneous solution of
◆ Gas ionization

– From ionization balance equations
◆ Chemistry

– Large network based on UMIST
◆ Gas kinetic temperature

– Heating and cooling
◆ Level populations and emission
◆ Grain physics

– Charging, CX, photoejection, quantum heating
◆ The observed spectrum

– Radiative transport

Cloudy is a microphysics code

◆ Emphasis is on getting the atomic and 
molecular physics right

◆ If we get the microphysics right, the 
macrophysics will take care of itself

◆ Other codes have dynamics, shocks, 3D, as 
an emphasis, sometimes using Cloudy to get 
the microphysics

On the web
http://cloud9.pa.uky.edu/~gary/cloudy/CloudySummerSchool

◆ Agenda for the workshop
– Includes copies of presentations

◆ Participant interests
◆ ftp site with documentation, and examples

Osterbrock & Ferland
Astrophysics of Gaseous Nebulae

◆ There are three versions, 
this is the 3rd

– Don called this on AGN3
◆ Any version is OK
◆ PDFs of some sections are 

in the docs folder of the ftp 
site
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Cloudy version C17

◆ We set this up, ran a model, and created plots, as 
our homework last week

◆ PDFs of the Quick Start Guide, and the first two 
volumes of Hazy, its documentation, are in the 
docs folder of the ftp site

◆ Copies of the last three major reviews of Cloudy 
are also in the docs folder of the ftp site

Documentation
◆ QSG Quick Start Guide
◆ Hazy 1, all commands
◆ Hazy 2, description of 

output, comparison with 
observations

◆ Hazy 3, not compiled, 
badly out of date, some 
physics is described there

https://www.nublado.org/

https://www.nublado.org/
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Where to go for help
◆ https://groups.yahoo.com/neo/groups/cloud

y_simulations/info

2012 Cloudy workshop

Running cloudy

◆ “run” file contains
/Users/gary/cloudy/trunk/source/sys_llvm/cl
oudy.exe -r $1 2> $1.err

◆ If file “model.in” contains input, then
◆ run  model &
◆ Produces output “model.out”
◆ The model will run in the “background” 

when the line ends with &

Runtime options

◆ Appear after cloudy.exe
◆ Described here
◆ -r 

– I use this in my workflow
– Required for grids to work
– Study the options and consider what is best 

for your workflow

The test suite
◆ Fully tests the code after any 

changes
– “Monitors” allow automatic 

comparison of current with
previous results

◆ Provides examples of how to
use Cloudy
– But may include extraneous 

commands for testing
– Or backwards compatible

◆ Useful examples of how to set 
up a simulation
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Minimum to run Cloudy
◆ Hazy 1 Section 1.2
◆ Must specify

– SED – shape of the radiation field
striking the cloud

– Flux of photons per unit area
– Gas density

◆ May also specify
– Gas composition, grains (grain-free solar 

composition by default)
– Gas equation of state (often constant density)
– Stopping criterion, often lowest gas kinetic 

temperature or physical thickness

Let’s model a …

◆ Relatively dense, 
nH = 104 cm-3

◆ ISM cloud
◆ Ionized by an O6 star

Parameters – the SED shape

◆ Quick start guide Chapter 5, Hazy 1, 
Chapters 4, 6

◆ Can be specified as a 
fundamental shape 
such as a blackbody

◆ Or by interpolation 
on a table of points

◆ Rydberg – the
ionization potential
of hydrogen

Table 2.3 
Calculated Stromgren radii as function of spectral types spheres 

log nenpr{ log nenprf r1 (pc) 
Spectral log Q(H0) n in cm-3; n in cm-3; ne =np 
type T* (K) Mv (photons/s) r 1 in pc r1 in pc = 1 cm-3 

03Y 51,200 -5.78 49.87 49.18 6.26 122 
04Y 48,700 -5.55 49.70 '48.99 6.09 107 
04.5Y 47,400 -5.44 49.61 48.90 6.00 100 
05Y 46,100 -5.33 49.53 48.81 5.92 94 
05.5Y 44,800 -5.22 49.43 48.72 5.82 87 
06Y 43,600 -5.11 49.34 48.61 5.73 81 
06.SY 42,300 -4.99 49.23 48.49 5.62 75 
07Y 41,000 -4.88 49.12 48.34 5.51 69 
07.5Y 39,700 -4.77 49.00 48.16 5.39 63 
08Y 38,400 -4.66 48.87 47.92 5.26 57 
08.SY 37,200 -4.55 48.72 47.63 5.11 51 
09Y 35,900 -4.43 48.56 47.25 4.95 45 
09.SY 34,600 -4.32 48.38 46.77 4.77 39 
BOY 33,300 -4.21 48.16 46.23 4.55 33 
BO.SY 32,000 -4.10 47.90 45.69 4.29 27 
03 III 50,960 -6.09 49.99 49.30 6.38 134 
B0.5 III 30,200 -5.31 48.27 45.86 4.66 36 
03 Ia 50,700 -6.4 50.11 49.41 6.50 147 
09.5 Ia 31,200 -6.5 49.17 47.17 5.56 71 

Note: T = 7.500 K assumed for calculating a 8 . 

AGN3
Command deck to do this

◆ Blackbody 4.36e4 K 
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Commands – Hazy1 Chap 3

◆ Free format keywords and numbers
◆ Commands end with empty line or *****
◆ Many numbers are logs, check Hazy1 

carefully

SED brightness 

◆ QSG Chapter 5, Hazy1 Chapter 4 and 5
◆ The atomic physics is determined by the 

flux of photons hitting the cloud’s 
illuminated face

◆ Units 
photons cm-2 s-1

SED brightness 

◆ QSG Chapter 5, Hazy1 Chapter 4 and 5
◆ Luminosity case

– Specify total photon luminosity
– Predict line luminosities

◆ Intensity case
– In a resolved source, often work with surface 

brightness, or line intensity
– Specify flux of photons striking cloud, predict 

emission per unit volume

SED brightness – the luminosity case
◆ Specify Q(H) – the number of ionizing 

photons
– AGN3 p18

– Inner radius of cloud must 
be specified, since
ϕ (H) = Q(H) / 4π r2

– predicts emission line 
luminosities
erg s-1

◆ Luminosity, total or in
H-ionizing radiation, can
be set instead

Table 2.3 
Calculated Stromgren radii as function of spectral types spheres 

log nenpr{ log nenprf r1 (pc) 
Spectral log Q(H0) n in cm-3; n in cm-3; ne =np 
type T* (K) Mv (photons/s) r 1 in pc r1 in pc = 1 cm-3 

03Y 51,200 -5.78 49.87 49.18 6.26 122 
04Y 48,700 -5.55 49.70 '48.99 6.09 107 
04.5Y 47,400 -5.44 49.61 48.90 6.00 100 
05Y 46,100 -5.33 49.53 48.81 5.92 94 
05.5Y 44,800 -5.22 49.43 48.72 5.82 87 
06Y 43,600 -5.11 49.34 48.61 5.73 81 
06.SY 42,300 -4.99 49.23 48.49 5.62 75 
07Y 41,000 -4.88 49.12 48.34 5.51 69 
07.5Y 39,700 -4.77 49.00 48.16 5.39 63 
08Y 38,400 -4.66 48.87 47.92 5.26 57 
08.SY 37,200 -4.55 48.72 47.63 5.11 51 
09Y 35,900 -4.43 48.56 47.25 4.95 45 
09.SY 34,600 -4.32 48.38 46.77 4.77 39 
BOY 33,300 -4.21 48.16 46.23 4.55 33 
BO.SY 32,000 -4.10 47.90 45.69 4.29 27 
03 III 50,960 -6.09 49.99 49.30 6.38 134 
B0.5 III 30,200 -5.31 48.27 45.86 4.66 36 
03 Ia 50,700 -6.4 50.11 49.41 6.50 147 
09.5 Ia 31,200 -6.5 49.17 47.17 5.56 71 

Note: T = 7.500 K assumed for calculating a 8 . 

AGN3
Command deck to do this

◆ Blackbody 4.36e4 K
◆ Q(H) 49.34
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Radius command, Chap 9.10

◆ If luminosity is set then the radius, the 
separation between the star and the 
illuminated face of the cloud, must also be 
specified

◆ Radius command
– log radius in cm by default
– Linear, or parsecs, can be used by setting 

optional keywords
◆ Let’s put our cloud 1016 cm from the star

Command deck to do this

◆ Blackbody 4.3e4 K
◆ Q(H) 49.34
◆ Radius 16

◆ We will try different radii later

SED brightness – the intensity case
◆ Specify ϕ(H) – flux of H ionizing 

photons per unit area
– predicts surface brightness,

emission per unit area
erg cm-2 s-1

– Inner radius of cloud does 
not need to be specified

◆ Ionization parameter also can 
be used to set ϕ(H)

Ionization parameter

◆ Dimensionless ratio of hydrogen to ionizing 
photon densities

Xi – an x-ray ionization parameter

Hazy 1

Cloud density, Hazy 1 Chap 8

◆ “hden” command, Chapt 8.8,  sets log of 
total hydrogen density, cm-3

◆ Constant density by default
– the H density is the same across the cloud

◆ Other equations of state possible
– Constant pressure, dynamical flows, 

power-laws
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Let’s model a …

◆ Relatively dense, 
nH = 104 cm-3

◆ ISM cloud
◆ Ionized by an O6 star

Command deck to do this

◆ Blackbody 4.3e4 K
◆ Q(H) 49.34
◆ Radius 16
◆ Hden 4

“zones”
◆ Divide cloud into thin 

layers called “zones”
◆ Temperature and 

ionization within each 
zone does not change 0.00E+00

2.00E+03

4.00E+03

6.00E+03

8.00E+03

1.00E+04

1.20E+04

0.00E+00 5.00E+16 1.00E+17

Te

A “unit cell”

◆ We will sometimes model a cubic cm of 
matter

◆ Lots faster 7 simpler
◆ A “unit cell”, 1 cm3

◆ These commands do a single “zone” that is 
log(dr)=0 (or 1 cm) thick
– stop zone 1
– set dr 0

Command deck so far

◆ Blackbody 4.3e4 K
◆ Q(H) 49.34
◆ Radius 16
◆ Hden 4
◆ stop zone 1
◆ set dr 0

Composition,  Hazy 1 Chap 7

◆ Solar, no grains, by default
◆ Other standard mixtures possible, 
◆ Stored in data / abundances
◆ The composition used is reported at the top 

of the main output
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Let’s model a …

◆ Relatively dense, 
nH = 104 cm-3

◆ ISM cloud
◆ Ionized by an O6 star

◆ The ISM is dusty, and
some elements are depleted
by condensation onto dust

◆ Abundances ISM
– Chapt 7.4.3

Command deck so far

◆ Blackbody 4.36e4 K
◆ Q(H) 49.34
◆ Radius 16
◆ Hden 4
◆ stop zone 1
◆ set dr 0
◆ Abundances ISM

Background cosmic rays

◆ Interstellar chemistry requires a source of 
ionization to work
– To get over “activation barrier” in reactions

◆ The chemistry network will fail in 
unphysical ways if ionization is not present

◆ Galactic background cosmic rays provide 
this ionization in nature

◆ Cosmic rays background, Chapt 11.6.1

Command deck so far

◆ Blackbody 4.3e4 K
◆ Q(H) 49.34
◆ Radius 16
◆ Hden 4
◆ stop zone 1
◆ set dr 0
◆ Abundances ISM
◆ Cosmic rays background

“Save” output

◆ Requested with various “save” commands
– Hazy 1 Section16.35 and later

◆ This is the main way I extract results 
◆ Keyword to specify what to save
◆ Filename to set where to save it

◆ Set save prefix “name” 
– Prepends “name” to all save files

A note on quotation marks

◆ Office products will put “smart quotes” in 
our examples

◆ C++ requires straight quotes.
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Save files

◆ Save emitted continuum “filename”
– Photon energy is Rydberg by default
– Change to microns with keyword units
– Units microns

◆ Save overview
– Useful information such as gas temperature 

and ionization
◆ Save element name

– Saves ionization of element specified

Command deck so far
– Set save prefix “HII”
– Blackbody 4.3e4 K
– Q(H) 49.34
– Radius 16
– Hden 4
– stop zone 1
– set dr 0
– Abundances ISM
– Cosmic rays background
– Save overview “.ovr” last no hash
– Save element hydrogen “.hyd” last no hash
– Save emitted continuum “.econ” units microns

The “main output”
◆ The *.out file created when code is executed

– QSG 7.1  &  Hazy 2 Chapter 1
◆ Gas & grain composition
◆ Physical conditions in first and last zone
◆ Emission-line spectrum
◆ Mean quantities

Warnings, cautions, notes
◆ Cloudy is designed to be autonomous and self aware
◆ Generates notes, cautions, or warnings, if conditions 

are not appropriate.

Check end of output Break into 6 groups, do 6 radii

◆ Radius.  (log, cm)
– 13
– 15
– 17
– 19
– 21
– 23


