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NGC 7426
showing an extended
diffuse extraplanar
gas (Rossa & Dettmar 2003)
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BASIC PHYSICAL PROPERTIES BASIC PHYSICAL PROPERTIES ((Reynolds 1991, 2003)Reynolds 1991, 2003)

•• Diffuse medium (nDiffuse medium (ne e ~ 0.1 cm~ 0.1 cm--33))
•• TTe e ~~ 6000 6000 –– 10 000 K (10 000 K (no direct estimate)no direct estimate)
•• HH++ scale height ~ 1 kpc (WHAM observations)scale height ~ 1 kpc (WHAM observations)
•• Accounts for 90% of ionised gas in the solar vicinityAccounts for 90% of ionised gas in the solar vicinity
•• Power input requirements < disc massive starsPower input requirements < disc massive stars

In external edge-on spiral galaxies, the H+ layer 
extends up to several kpc over the midplane
(NGC 891, NGC 5775) Dettmar 1990, Rand, Kulkarni & Hester 1990
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OUR OBJECTIVES ARE TO…OUR OBJECTIVES ARE TO…

•• ReproduceReproduce thethe maximum maximum observedobserved values values ofof
emissionemission lineline intensityintensity ratios.ratios.

•• ReproduceReproduce theirtheir observedobserved trends trends withwith increasingincreasing
heightheight. . 

•• UnderstandUnderstand thethe relationshiprelationship betweenbetween thesethese
intensityintensity ratios, Hratios, Hαα emissionemission andand electronelectron
densitydensity

•• UnderstandUnderstand whatwhat isis goinggoing on on withwith thethe gasgas
electronelectron temperaturetemperature

•• GiveGive, for , for thethe firstfirst timetime, a , a physicalphysical meaningmeaning to to 
thesethese propertiesproperties andand determinedetermine thethe hiddenhidden
nature nature ofof thethe DIGDIG
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WhyWhy??

•• Pure Pure photoionisationphotoionisation modelsmodels failfail to to explainexplain thethe observedobserved
trends (constant [SII]/[NII] trends (constant [SII]/[NII] andand [OIII]/H[OIII]/Hαα) ) Notice on Notice on 
modelsmodels!!!!!!

•• Composite Composite photoionisationphotoionisation--shocksshocks cannotcannot explainexplain
[SII]/[NII][SII]/[NII]

•• ProposedProposed solution solution ((HaffnerHaffner, Reynolds & , Reynolds & TufteTufte 1999; 1999; OtteOtte, , GallagherGallagher & Reynolds & Reynolds 

20022002)) : : «« TheThe electronelectron temperaturetemperature seemsseems to to increaseincrease withwith increasingincreasing distance distance fromfrom
thethe midplanemidplane ofof thethe galaxies. This galaxies. This isis notnot necessarilynecessarily causedcaused by an by an additionaladditional source source ofof
ionisation, but by an ionisation, but by an additionaladditional heatingheating mechanismmechanism thatthat doesdoes notnot ionise ionise thethe diffuse diffuse 

gasgas »»

How?
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Observed trends for emission line
intensity ratios with increasing
height from the
Galaxy plane (NGC 891; Rand 1998)
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Behaviour of the emission line intensity ratios 
With Hα surface brightness (NGC 891; Rand 1998)
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zone 6

zone 5

zone 4

zone 3 

zone 2

zone 1

Vertical height z
(simulate slit position
and DIG vertical extent)

Galaxy minor axis

OBSERVER

Local emission

I(l) = ∫nineε(T)dl = ∫jdl
With dl the differential of path along our line of sight

Normal CLOUDY output

Galaxy plane

Problem with the chord longitude at each
zone resolved with volume-averaged
line emissivities in CLOUDY.

(I2/I1)ZK = (∑n
i=k(∫ri

ri+1j2i dV)) / (∑n
i=k (∫ri

ri+1j1i dV))

Galaxy major axis

Intercept zones 4,5,6 

Radiation from emitting gas; physical properties
have radial simmetry
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Input Input parametersparameters for for modelsmodels

•• ST99 Cluster ST99 Cluster modelsmodels ((MMclustercluster = 10= 106 6 MM๏๏ ) ) withwith a a SalpeterSalpeter
IMF (0.8 to 120 MIMF (0.8 to 120 M๏๏) ) andand PauldrachPauldrach//HillierHillier stellarstellar
atmosphereatmosphere modelsmodels..

•• TypicalTypical hardnesshardness for for thethe ionisingionising radiation: radiation: 
Q(Q(HeHe)/Q(H) = 0.10; 0.14; 0.18; 0.21; 0.24)/Q(H) = 0.10; 0.14; 0.18; 0.21; 0.24

•• Local ionisation Local ionisation parameterparameter: log U = : log U = --2.0 2.0 andand --4.0 in 0.25 4.0 in 0.25 
dexdex intervalinterval -------------------- constant constant densitydensity andand exponentialexponential
hydrogenhydrogen densitydensity modelsmodels

•• GasGas oxygenoxygen abundancesabundances parametrisedparametrised by Z (by Z (metalmetal
content). Z = 0.10 to 1.20 in 0.10 content). Z = 0.10 to 1.20 in 0.10 dexdex intervalsintervals
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DiggingDigging in in thethe … fit!!… fit!!

StatisticalStatistical fit to fit to choosechoose bestbest fittingfitting modelsmodels
•• χχ2 2 methodmethod computedcomputed for for eacheach intensityintensity lineline ratioratio
•• χχ2 2 methodmethod computedcomputed globallyglobally for for allall ratios (ratios (sumsum ofof

individualindividual χχ2 2 ).).
•• Confidence Confidence levelslevels for adjacent for adjacent modelsmodels ((ongoingongoing))

PhysicalPhysical constraintsconstraints: : StrStröömgren sphere conceptmgren sphere concept
•• Seek maximum value in observations and adjust the  Seek maximum value in observations and adjust the  

maximum value of model (allow tolerance in vertical DIG maximum value of model (allow tolerance in vertical DIG 
extent)      extent)      PROBLEMSPROBLEMS: sudden fall in ionization, is that : sudden fall in ionization, is that 
the case in observations? Real DIG extension?the case in observations? Real DIG extension?
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ResultsResults
•• Constant Constant densitydensity modelsmodels cancan reproducereproduce bothboth thethe maximum values maximum values 

andand thethe observedobserved trends in trends in emissionemission lineline intensityintensity ratios.ratios.

TheThe goal goal isis to to reproducereproduce thethe observedobserved trends trends withwith
exponentialexponential densitydensity modelsmodels wherewhere scalescale heightsheights are are availableavailable (NGC (NGC 
891, NGC 5775, UGC 10288) 891, NGC 5775, UGC 10288) ((ongoingongoing))

•• TheThe increaseincrease in in electronelectron temperaturetemperature isis expectedexpected fromfrom thethe alterationalteration
ofof thethe radiation radiation fieldfield withwith increasingincreasing opticaloptical depthdepth. . 

•• This, This, togethertogether withwith thethe adoptedadopted geometrygeometry andand thethe exponentialexponential
dependencedependence for for thethe hydrogenhydrogen densitydensity, , explainsexplains thethe boostboost--upup in in thethe
emissionemission lineline ratios ratios withwith increasingincreasing distance distance fromfrom thethe source source andand thethe
decreasedecrease in in thethe HHαα intensityintensity..

j(f) j(f) αα nniinnee ee--((χχ/kT) /kT) TT--0.5 0.5 //     j(r) //     j(r) αα nnppnnee TT--mm
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…… thereforetherefore

TheThe Diffuse Diffuse IonisedIonised GasGas couldcould bebe
understoodunderstood as a as a hugehuge single/(collection single/(collection ofof) ) 

StrStröömgren sphere/s, maintained by the mgren sphere/s, maintained by the 
ionising power of disc massive starsionising power of disc massive stars..

This is a first approximation to reality because we know that StThis is a first approximation to reality because we know that Stromgren spheres areromgren spheres are
theoretical artifacts!!theoretical artifacts!!
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…… interestinginteresting notes!?notes!?

•• AbundanceAbundance gradients?? gradients?? OfOf course, course, yesyes..
•• Nature Nature ofof thethe gasgas in in thethe DIG?? DIG?? OfOf course, course, twotwo

components (components (metalmetal poorpoor andand metalmetal richrich))
•• ApproachApproach to 3D to 3D modellingmodelling. . MandatoryMandatory..
•• Application to Application to otherother extendedextended objectsobjects. . DefinitelyDefinitely, , 

yesyes (liners, …)(liners, …)


