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Warm ionized medium Physical conditions
The warm ionized medium (WIM) traces energy transport in o 1.0 o The combination of Ha emission and emission from forbid-
the diffuse ISM of star-forming galaxies. For non-starburst o o S den emission lines like [N II] and [S II] constrains the tem-
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galaxies, the fraction of the Ha luminosity which is seen in g Toos 2 7 ~ perature and ionization state of the WIM. The line ratios

the WIM is a remarkably consistent 59+19% (Oey et al 2007, o . 3 o . - [N II]/Ha and [S II]/Ha are both lower in classical H II re-

reproduced in Figure 1), suggesting that some universal 5 g 00 = | - gions than in the WIM (Fig. 3); these line ratios are also gen-

process creates the WIM. The WIM accounts for =90% of the ~ . © . D erally lower at higher Ha intensities and closer to the mid-

H* mass in the Milky Way. The energy requirement can only -0.5 plane (Fig. 6).

be met by photoionization from massive stars; the complex 10 10 _ o .

structure established in the ISM by supernova-driven turbu- I S N S S ~1.0 A S O N N S A ~1.0 These observations are most-readily interpreted as a h1gh§r

lence likely allows ionizing photons to propagate far enough Calnctic lonaitud Calnetic lomaitud temperature (8000 K compared to 6000 K) and lower domi-
. . alacCtic 1ongitude alactic 1ongituac 1 1 1 + + ++ ++

to ionize the WIM (Wood et al 2010). nant 1om'zat1or.1 state. (Ot and S compz.u‘ed to O .and S** are

. . — . . the dominant ions) in the WIM than in H II regions. These

S s s Fig. 2: Maps of Hx and [S 1] A6716 intensity in the Scutum-Centaurus Arm observed with WHAM (Hill et al 2014). : . : .y : : :

s A Z sk - Mu/Lg < 0500 - physical conditions require a radiation field that is very di-
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5 osf . ;OAAAO o E ggh — é:8i§:§‘> . lute, with an ionization parameter U ~ 103 — 10 ionizing
T 3 AAA <><><><> <><><> :.t:’ r ROl > 40X .

g osf : Aji}&g%ia%%%i o 5 O.agx\@;\ﬁ%ﬁﬂ DE D . 15 o photons per electron (Mathis 1986). A supplemental non-
2 oaf s & B S b A ] photoionization heating source that becomes dominant at
8 oo L % 15 ;o 3 10 sl low densities (< 0.1 cm) is also required to explain the ob-
D 00 bt 8 normal | ¥ starburst 7 servations (Reynolds et al 1999, Barnes et al 2014, and Fig. 8).
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p g - N 5 I o The cause of the different physical conditions is not obvious
Fig. |: Fraction of the Hx luminosity in SINGS galaxies % 0 | - y but is most likely related to differences in the ionizing radia-
which is associated with the WIM (not H Il regions) plotted & | tion field or the local gas density. We attempt to break this
as a function of total HX luminosity (left) and surface Hx flux —5 | degeneracy by comparing measurements of [S II]/Ha as a

kdensmy (right). From Qey et al (2007). ) . function of height and as a function of Hat intensity in Fig. 6.

—10 }. . . . . . . | o After dividing out the dependence on height, a dependence
O b servat i ons 545 340 335 330 325 320 315 310 on Ha intensity remains. After dividing out the dependence
Galactic longitude on intensity, no dependence on height remains. This sug-

We present a variety of observations obtained with the Wis- . . . . — . gests that local properties such as density affect the physical

consin Ha Mapper (WHAM), which is described in the adja- (Flg. 3: Map of the line ratio HO!/[S 1I] A6716 intensity in the Scutum-Centaurus Arm (Hill et al 2014). J conditions more than global properties such as distance

observations of Ha and [S II] A6716 from Hill et al (2014). In

Figure 3, we present a map of the line ratio Hat/[S I1]. I
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The WIM is considerably thicker than the atomic gas layer, T : E 5 T aenr . ~J£mm, binned |

with a typical exponential scale height of ~1 kpc. Locally, = U = rzzggf dﬁ'gg £ 10° R ST

pulsar dispersion measures indicate a scale height of B 5 (o £ et VLN

1.4+0.2 kpc (Gaensler et al 2008; Savage & Wakker 2009). %Ww o , , | z 1o e

Electron scale heights measured from Ha emission in spiral 100 10° 100 10° 10°  10°
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arms are generally lower, especially in the inner Galaxy; see
Fig. 4 and Table 1. tan b 10° :
Scutum-Centaurus Arm (Hill et al 2014) | 2 (d) ]
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function of Galactic latitude. The electron-density-squared . P e 0 - e - = remove intensity & 100 : .
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distance to the arm. If the volume filling factor does not ,B_ 0" 0 ] a . , . D Z :
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change as a function of height, the electron density scale I To7.%% ] : . . ) 202 —01 00 01 02 03 02 -01 00 01 02 03

heicht . — 2H-r. From Table 1. the imolied scale heieht Lot o Og_ k of the Milky Way with the directions probed in the - tan b
ClgHt Hn = 2ling. TTOT / pHed s SIS P e ey . ] surveys of the Perseus Arm and Scutum-Centaurus p N

assuming a uniform filling factor are =800 pc in the Perseus TT H Lo - : / Arm shown in Fig. 3. NASA/JPL-Caltech/R. Hurt (SSC/ Fig. 6: [S ll]J/H line ratio in the Scutum-Centaurus Arm as a function of HX in-
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Arm outs.1d(? the Solar c1rc.1e, ~600 pc in the Scutl.lm Ce?ltau I - ) kCaItech). ) tensity (top) and Galactic latitude (bottom). The left panels show the observations. In

rus Arm inside the Solar circle, and =200-300 pc in the inner < ol ] the right panels, we have divided out the dependence on the other parameter. From Hill

Galaxy. =0 = S | 10O ™) |etal (2014).
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—21° —5° 3.5 1.41 £ 0.16 9.5x06 370 = 40 020 030 pao O 060 | | e The warm ionized medium is a universal component of star-forming galaxies,
Scutum-Centaurus Arm, extinction-corrected (Hill etal 2014) Perseus Arm (Haffner et al 1999) | photoionized by massive stars.
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1o 30 55 536 4+ 0.11 131405 270 - 30 fF. TP — e w | ; | ® The WIM in spiral arms is more vertically extended in the outer Galaxy (~1
ig. 4: intensity as a function of height in two | : | kpc) than the inner (~200 pc).
Perseus Arm (Hatfner et al. 1999) spiral arms with the position of the arms on the S e, e e, 0.1 Lt ol srand el + sl v P P
-0 - 10 1734019 4914039 400+ 30 artist’s conception of the Milky Way by R. Hurt. In the T e 1o 10 ro o 1or o e The combination of Ha and pulsar dispersion measurements suggest that the
. . . z pc o
Inner Galaxy, extinction-corrected (Madsen & Reynolds 2005) top panel, black symbols show the Hx intensity, while 3 [T RAMAseaaadnassasaas 10.0 T WIM scale height is lower in spiral arms than locally and that the volume fill-
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_50 _0°8 6.0 49+ 05 3247 95+30 red. syn:rbols show.the HO(, Intensity W't,h an estlmated | ~+, | ing fraction of the WIM is larger at ~1 kpc than in the disk (see also Fig. 7).

extinction correction. Derived scale heights are listed S, !

—5° —0°8 4.9 55+0.5 3319, 135+ in Table | N , o . o

50 08 1 63400 40+ 150+90 8 ; p y e Low-density WIM gas is likely warmer (=8000 K) and in a lower ionization
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> - o state than higher-density WIM gas and classical H II regions.
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2 s * Photoionization heating alone cannot explain the observed line ratio trends
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_ S s and implied temperature and ionization state of the WIM. A non-photoioniza-
LoE T e E ) | tion heating source which is important at low densities could explain the ob-
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