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EXCITATION OF THE DIFFUSE IONIZED GAS IN GALAXIESCrystal L. MartinCalte
h, Pasadena, CA, USARESUMENSe revisan las propiedades del gas ionizado difuso (DIG) en galaxias 
er
anas
on forma
i�on estelar, enfatizando la eviden
ia para un me
anismo de ex
ita
i�onadi
ional a la fotoioniza
i�on estelar. Dis
uto la pregunta fre
uentemente he
ha sobresi el DIG en galaxias externas es similar al medio ionizado tibio (WIM) des
rito enesta reuni�on por Reynolds y Ha�ner.ABSTRACTI review the properties of the di�use ionized gas (DIG) in nearby star-forminggalaxies emphasizing the eviden
e for a se
ondary ex
itation me
hanism in additionto stellar photoionization. I address the frequently asked question of whether thedi�use ionized gas (DIG) in external galaxies is a good analogy to the warm ionizedmedium (WIM) des
ribed by Reynolds and Ha�ner at this meeting.Key Words: GALAXIES: ISM | GALAXIES: STARBURST1. BACKGROUNDWarm ionized gas is a prominent 
omponent of the interstellar medium in many galaxies with a
tive regionsof star formation (Dettmar 1992). In external galaxies, this phase is often 
alled the DIG, for di�use ionized gas(Rand 1996), while the name warm ionized medium (WIM) generally refers to gas in the Milky Way (Reynolds1991). Di�erent, yet similar, names have been used to des
ribe the warm gas be
ause it is not always 
learwhether a 
lose analogy with the Gala
ti
 WIM is warranted (the name DIM, for di�use ionized medium, isalso in use for external galaxies).My presentation summarizes results from longslit spe
tros
opy of nearby galaxies. Details about a largesample of dwarf galaxies 
an be found in Martin (1997) and Martin & Kenni
utt (1997). Rand (1996) reviewsthe results for the halos of edge-on spiral galaxies. Papers byWang, He
kman, & Lehnert (1997) and Greenawaltet al. (1998) provide many examples of DIG in galaxies seen nearly fa
e-on. Following the requests of many
onferen
e parti
ipants, I reprodu
e here the quiz that followed my short review. The answers provide a goodsummary of the talk. 2. ANSWERS TO SOME KEY QUESTIONSI. The transition between H II Regions and the DIG is . . .(a) De�ned by a 
riti
al H� surfa
e brightness.(b) De�ned by a [S II℄/H� intensity ration of 0.5.(
) Smooth and 
ontinuous in terms of spe
tral signature and surfa
e brightness.(d) Both a and b.Answer: The best 
hoi
e is 
. A good de�nition of where an H II region ends and the DIG starts is not awell-posed question. Figure 3 in Martin (1997) illustrates the gradual in
rease in the [S II℄/H� line ratio withde
lining H� surfa
e brightness a
ross eight dwarf galaxies. Along this transition sequen
e from H II regionsinto the DIG, the forbidden lines from other low ionization states of 
ommon elements also in
rease in strengthrelative to the Balmer lines (e.g., Fig. 4 in Martin 1997). 270
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EXCITATION OF THE DIG IN DWARF GALAXIES 271A universal de�nition of the distin
tion between H II regions and DIG seems to require some type ofnormalization based on the gala
ti
 star formation rate. Wang et al. (1998) suggest, for example, that the ratioof the H� surfa
e brightness relative to the mean H� surfa
e brightness of the galaxy provides a 
onsistentpredi
tion of the absolute [S II℄/H� ratio.II. Relative to H II regions, the spe
trum of the WIM in the dwarf galaxies shown . . .(a) Shows stronger lines of low ionization spe
ies.(b) Exhibits a similar ratio of (He+/He) / (H+/H).(
) Has weaker [O III℄ �5007 emission relative to the H� emission.(d) All of the above.Answer: The best 
hoi
e is d. The answer to Question 1 indi
ates that (a) is true. In 
ontrast, theHe I �5876 / H� ratio shows little variation with surfa
e brightness. In many of the starbursting dwarf galaxiesthe reddening 
orre
ted ratio of He I �5876 / H� is near 0.041 (Martin & Kenni
utt 1997) . The implied highionization fra
tion of He leads us to 
on
lude that stars hotter than 40,000 K must 
ontribute to the ionizing
ontinuum that rea
hes the DIG. One important di�eren
e with the WIM is that the He ionization fra
tion islower in the WIM (Reynolds & Tufte 1995).III. Why are the H II regions in NGC 1569, NGC 4214, and NGC 4449 o�set along the H II region ex
itationsequen
e?(a) Their 
hemi
al abundan
es di�er.(b) The e�e
tive temperature of their ionizing stellar population di�ers.(
) The ionizing luminosities are quite di�erent.(d) The warm ionized 
louds have di�erent volume �lling fa
tors in these H II regions.Answer: The best 
hoi
e is d. Abundan
e variations do 
ontribute to the o�sets among galaxies in Figures 3and 4 of Martin (1997). However, the three galaxies listed in the question were 
arefully 
hosed to have a verysimilar O/H abundan
e ratio. All three have very young stellar populations, and their extin
tion 
orre
tedH� luminosities are similar (Martin & Kenni
utt 1997). Comparison of the H II region ele
tron densities totheir root-mean-square ele
tron densities reveals signi�
ant di�eren
es in the volume �lling fa
tor of the warmionized gas (Martin 1997).IV. Sho
ks are a likely se
ondary sour
e of ionization and heating be
ause . . .(a) The line ratios diverge from those predi
ted by photoionization models at low surfa
e brightness.(b) Large-s
ale expanding shells have been dete
ted kinemati
ally.(
) They explain the di�eren
es in the [O III℄/H� intensity ratio among dwarf galaxies and more luminousgalaxies.(d) All of the above.Answer: The best 
hoi
e is d. Figure 9 of Martin (1997) shows the divergen
e of the line ratios from thephotoionization tra
ks. Sho
ks with a velo
ity of 90 km s�1 are introdu
ed as a plausible se
ondary ex
itationme
hanism there. The dis
overy of kiloparse
-s
ale gas 
ows at a similar velo
ity makes this interpretation thefavored one (Martin 1998). Higher sho
k speeds and higher metalli
ities in more luminous starbursts providea simple explanation for the 
hanges in the line intensity ratio of [O III℄/H�. Figure 10 of Martin (1997)shows that this model also su

essfully explain the in
rease in the [O III℄/H� ratio with de
lining H� surfa
ebrightness in the halo/wind of M82.V. The main di�eren
e between the DIG in these galaxies and the WIM in the Milky Way is ...(a) The strong low ionization state lines in the former.(b) Higher He I �5876 / H� intensity ratio in the former.(
) The need for a se
ondary ex
itation me
hanism.(d) The higher emission measure of the warm gas observed in dwarf galaxies.
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272 MARTINAnswer: The best 
hoi
e is again d. The low ionization state lines are stronger in the WIM as well as the DIG,so answer (a) is a poor 
hoi
e. Answer (b) is true, but the signi�
an
e of this di�eren
e is 
urrently un
lear.It might only re
e
t a softer ionizing spe
trum in the Milky Way. In addition to stellar photoionzation, ase
ond sour
e of ex
itation and/or heating is required to explain the line ratios of DIG in starbursting dwarfgalaxies, DIG in edge-on spiral galaxies (Rand 1998), and the WIM (Reynolds, Ha�ner, & Tufte 1999; Ha�ner,Reynolds, & Tufte 1999). A potential sour
e of 
onfusion is that the me
hanism need not be the same in allthese galaxies. Sho
ks 
an dominate in the starbursting galaxies even if photoele
tri
 heating or turbulentdissipation dominates in the WIM. The key point, as stated in answer (d), is that the observations of the WIMby the Wis
onsin H� Mapper rea
h mu
h lower emission lines, EM � R n2eds, than the DIG observations haveyet explored. This di�eren
e is very important sin
e many of the proposed se
ondary heating me
hanismswould be relatively more important at lower densities.3. CONCLUSIONSThese questions and answers 
larify some 
ommon mis
on
eptions about DIG in galaxies. Clearly, thereis a good reason to 
ompare the DIG with the WIM! The properties of both the DIG and WIM tell us agreat deal about the physi
al pro
esses that transfer energy from stars to the interstellar medium. However,the di�eren
es in surfa
e brightness should be kept in mind when making 
omparisons between the WIM andwarm gas in other galaxies.I wish to thank the 
onferen
e organizers for an ex
ellent meeting.REFERENCESDettmar, R. J. 1992, Fundam. Cosmi
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