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WhatWhat isis CLOUDY?CLOUDY?
•• A A codecode developeddeveloped toto simulatesimulate

complexcomplex physicalphysical conditionsconditions in in 
photoionizedphotoionized cloudsclouds. . 

•• ContinousContinous developingdeveloping sincesince
19781978

•• MuchMuch ofof thethe propertiesproperties ofof thethe
ionizedionized gas (gas (kinetickinetic
temperaturetemperature, , chemicalchemical statestate, , 
levellevel ofof ionizationionization, , andand levellevel
populationspopulations……) ) are are determineddetermined
by by microscopicmicroscopic processesprocesses, , 
ratherrather thanthan a single a single 
temperaturetemperature•• ItIt can can simulatesimulate manymany ofof thisthis

parametersparameters andand produce a produce a 
spectraspectra outputoutput •• WeWe can can runrun cloudycloudy withwith

differentdifferent inputinput datasetsdatasets andand
compare compare thethe outputsoutputs withwith thethe
real datareal data

Cloudy project web: www.nublado.org



WhyWhy CLOUDY?CLOUDY?
•• ObservationObservation ofof softsoft XX--rayray emissionemission

in in highlyhighly obscuredobscured AGNAGN
•• CIELO : CIELO : CatalogCatalog ofof IonizedIonized

EmissionEmission LinesLines in in ObscuredObscured AGNAGN

•• 64 64 highlyhighly obscuredobscured AGN (AGN (typetype 1.5) 1.5) 
observedobserved withwith thethe XMMXMM--
Newton/RGSNewton/RGS

•• 35 35 objectsobjects exhibitexhibit 5 5 lineslines
•• 34 34 objectsobjects exhibitexhibit RRC (CV, OVII, RRC (CV, OVII, 

OVIII)OVIII)

•• TheThe narrownarrow RadiativeRadiative
RecombinationRecombination ContinuaContinua (RRC) (RRC) 
andand ratios ratios onon HeHe--tripletstriplets andand higherhigher
orderorder series  series  confirmconfirm
photoionizationphotoionization as as thethe radiationradiation
sourcesource

CIELO-AGN, and the origin of soft X-ray emission in highly obscured AGN.
Matteo Guainazzi, Stefano Bianchi, Mar Sierra. European Space Astronomy Center Research and Science Support Division of ESA.

CloudyCloudy can can simulatesimulate severalseveral parametersparameters associatedassociated withwith thisthis cloudsclouds..

WithWith thisthis GUI, GUI, wewe couldcould compare compare thethe cloudycloudy output data output data withwith real real 
observationsobservations..



No continuumNGC1068 Dominated by Emission Lines



Grayscale: HST/O[III]Contours: Chandra/ACIS



WhyWhy a GUI?a GUI?

WriteWrite a a lotlot ofof inputinput files, files, givengiven initialinitial andand final final valuesvalues forfor
datasetdataset..

PlotPlot thethe resultsresults atat onceonce

Compare real data (FITS , RGS Compare real data (FITS , RGS spectralspectral filesfiles……) ) withwith
simulatedsimulated plotsplots..



cloudycloudyData input
form

Cloudy output files

Element ionization data files

PlotPlot formform

FITS fileFITS file

Cloudy input files (several datset values)

dataset 1
dataset 2

dataset 3

FITS reader
Spectra overplot

Plot



Tipical cloudy input file

dataset

generate the element data files



dataset





“_U0.8_n3.0_f0.05_helium.dat”

“_U0.8_n3.0_f0.09_helium.dat”

“_U1.2_n3.0_f0.05_helium.dat”

Example of an element data file
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