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Global Hot Gasin and around the Galaxy
Q. Daniel Wang

Department of Astronomy, University of Massachusetts, Amherst

Abstract.

The hotinterstellar medium traces the stellar feedbacktamdle in regulating the eco-system of
the Galaxy. | review recent progress in understanding thaiumg based largely on X-ray absorption
line spectroscopy, complemented by X-ray emission andJfa© VI absorption measurements.
These observations enable us for the first time to charaettre global spatial, thermal, chemical,
and kinematic properties of the medium. The results arergipeonsistent with what have been
inferred from X-ray imaging of nearby galaxies similar t@tGalaxy. It is clear that diffuse soft
X-ray emitting/absorbing gas with a characteristic terape of~ 10° K resides primarily in
and around the Galactic disk and bulge. In the solar neidtdmat, for example, this gas has a
characteristic vertical scale height of1 kpc. This conclusion does not exclude the presence of
a larger-scale, probably much hotter, and lower densityuai-Galactic hot medium, which is
required to explain observations of various high-velocibuds. This hot medium may be a natural
product of the stellar feedback in the context of the galaxynfation and evolution.

Keywords: the interstellar medium — X-ray
PACS: 98.38.Kx, 98.62.Ra, 98.35.Gi, 98.35.Nq

INTRODUCTION

An understanding of the Local Bubble (LB) must be in the centé the global inter-
stellar medium (ISM). In particular, the very evidence fioe presence of 10° K gas
in the LB is now questioned, because of the uncertainty irctrgribution of the solar
wind charge exchange (SWCX) to the observed diffuse sotiydsackground (e.g., see
the contribution by Koutroumpa et al.; [1]). In the mean tjrbeeakthrough observa-
tional progress has been made recently in characterizengltbal hot ISM — a topic
that | am reviewing here. | will further compare this chaesiation with the global
perspectives obtained from observing hot gas in and aroaatby galaxies. Finally, |
will discuss the implications of the results, exploring tisée of the global hot gas in
regulating the Galactic ecosystem and the evolution of thkaxy in general.

OBSERVATIONS
X-ray Emission

Until recently, our knowledge about the hot ISM £ a few x10° K) came almost
exclusively from various broad-band observations of tifiese soft X-ray background.
Maps generated from the ROSAT all-sky survey (RASS; [2]) gikample, show the an-
gular distribution of the background intensity in varionggegy bands. At energies 0.3
keV, much of the background, if not due to the SWCX, should teelpced by hot gas
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inside the LB. But as demonstrated in several measureméntsay shadows cast by
cool gas clouds at known distances, a significant contobudf the background at high
Galactic latitudes can have a more distant origin [e.g.lrBaddition to an extragalac-
tic component, consisting of mostly faint AGNs, a contribatis also expected from
a thick hot gaseous Galactic disk and/or a large-scale mi@alactic hot medium on
scalesz 10 kpc. The distant contribution must dominate at highergias. In particu-
lar, the X-ray background in the 0.5-2 keV range shows a ggeahancement towards
the inner part of the Galaxy. The nature of this enhancensestill greatly uncertain,
but probably represents a combination of a nearby supelbw@ra an outflow from
the Galactic nuclear region. Away from this inner regiore th5-2 keV background
appears rather uniform, even across the Galactic plané &uaiformity provides the
first indication for a Galactic disk contribution that maretess compensates the X-ray
absorption by cool gas. This disk contribution most likedpmresents an accumulated
contribution from stellar emission (primarily cataclysnwariables and coronally active
binaries; [4, and references therein] as well as the hot ISM.

Spectroscopic observations have provided additionatimédion about the nature of
the soft X-ray background emission. For example, rockeearpents with instruments
of sufficient spectral resolution have been used to detelitidual lines or line com-
plexes [e.g., 5]. At high Galactic latitudes, about 50% & Hackground in the RASS
~ 0.75 keV band is shown to be thermal in origin, while the rest banaccounted
for by the nonthermal extragalactic AGN contribution. Tipeatra from such experi-
ments were, however, accumulated from large swaths of fhévkire recently, reason-
ably good spectroscopic imaging data can be obtained frenXthay CCDs on-board
Suzakuwith a much improved spectral resolution, compared witlséhenChandraand
XMM-Newton. Fig. 1c presents SuzakuXIS diffuse X-ray spectrum obtained in a field
adjacent to the sight line of LMC X-3 [6] — an X-ray binary fotweh both UV and
X-ray absorption line spectroscopic data are availabledonparison [7]. The emission
spectrum clearly shows @i1, O VIII, and NelX Ka lines, suggesting the presence of
an optically thin thermal plasma with an average tempeeatéic 2.4 x 10° K.

The X-ray emission data alone, however, give little infotimraon the global hot ISM.
In particular, no kinematic and distance information caexteacted. The interpretation
of the data very much depends on the assumptions of the yearsit temperature
uniformity as well as of the relative cool (X-ray-absorbjimgd hot gas distribution.

X-ray Line Absorption

Thanks toChandrand XMM-Newton, we now have a new powerful tool — X-ray ab-
sorption line spectroscopy — to study the global hot gasikgrX-ray emission, which
is sensitive to the emission measure of the hot gas, absoriities produced by ions
such as QvII, O VIll, and NelX directly probe their column densities, which are pro-
portional to the mass of the gas and are sensitive to its tilenmemical and kinematic
properties. One also does not need to deal with the SWCXuedacontributes little
to the line absorption. Furthermore, the line absorptindependent of photo-electric
absorption by cool gas, samples hot gas unbiasedly alomgptlisie. Therefore, the ab-



sorption line spectroscopy, particularly in combinaticthvwhe analysis of the emission
data, now enables us to explore for the first time the global$id in the Galaxy.

X-ray absorption lines produced by diffuse hot gas werediestcted in the spectra of
several bright AGNs (PKS 2155-304, 3C 273, and Mrk 421). @tiik very detection
of such lines at non-zero redshifts remains to be contralethie presence of the
absorption by hot gas at~ 0O is firm [e.g., 8, 9, 10, and references therein] The spectral
resolution of the grating observations, however, is dtifited to about~ 500 km s,
although with a sufficient counting statistics the centmiié line can be determined to
a much higher accuracy. Therefore, kinetically, the akisgrhot gas can be anywhere
within a few Mpc around the Galaxy. But physically, it has bheegued forcefully that
the effective spatial scale of the gas cannot be on the Lomaliisscale o~ 1 Mpc;
otherwise, the amount of the baryon matter in the hot gasdvexteed the expected
baryon mass in the enclosed region [e.g., 11]. Furtherntbee hypothesis that the
gas may represent the intra-group gas in the Local Group lakigs may be ruled
out because of the expected enhancement of the absorptiba M31 direction is not
observed [12].

A more direct constraint on the location of the 0 hot gas comes from the absorption
line spectroscopy of the sight line toward LMC X-3 [Fig. 1; The detected @1l and
Ne IX Ka absorption lines have equivalent widths similar to thossnda the spectra
of the AGNs. Most importantly, the absorption must occurhimitthe source distance
of 50 kpc and the line centroid is also inconsistent with thstemic velocity of the
Large Magellanic Cloud. Indeed, similar interstellar aipsion lines have been detected
in the spectra of Galactic X-ray binaries [e.g., 13, 10]slhow clearly that the hot ISM
is presentgloballyin the Galaxy and is the primary contributor to the obserzedO
highly-ionized X-ray absorbers.

Far-UV Line Absorption and Emission

While the X-ray emission and absorption trace hot gas, MrsPectroscopy is sen-
sitive to gas at a few times (K. This so-called intermediate-temperature gas is par-
ticularly important for understanding the interplay betwesool and hot gases. Far-UV
spectroscopy also typically has spectral resolution higtm®ugh to resolve individ-
ual emission/absorption lines, providing valuable kinemiaformation. So far most of
such far-UV spectroscopy has been done in absorption fes kuch as @1 and CIv
[e.g., 14]. The bulk of such absorption is known to be in a Gadadisk with a verti-
cal scale height of a couple of kpc. While the population aVCcould be partly due
to photon-ionization, O/1, sensitively probed witiFUSEas the 1031.9 and 1037.6 A
resonance line doublet, should originate predominanttyoifisionally ionized plasma.
The doublet has also been detected in diffuse emissiorgalypibased on very long
exposures withFUSEbecause of its small aperture (30 30"). Unlike the absorption,
however, the emission intensity is subject to extinctibwe, ¢orrection of which can be
rather uncertain. Also few emission observations werertakeclose vicinities of the
absorption sight lines [e.g., 15]. Therefore, the comparisetween the absorption and
emission data has been difficult. Furthermore, the infexexiiche relevant physical pa-



\ \

] 500+ | T |

Ne IX K, (13.448 A) 0 VII K, (21.602 A)
| |

] {200
1 450"

1150

Normalized flux

] 400¢

L L L B 1100
1031 1032 1033 B30O] AR N R,
Wavelength (A) g ‘ ‘
I ‘ ‘ ‘ ‘ 3 0 VII K, (18.629 A) 0 VII K, (18.967 A)

(c) Galactic disk et ‘ ‘

0.20 xtragalactic 41 350 ! = | 1350
- LHB+SWCX : :
‘> | |
L) 7 | |
=4 | i |

T 1 300 | \ 1300

n 4 |

1} - [
= : | |

S 1 250/ Jﬁ | + 1250
| |
(b) | 1

0.00 | | . ! L L ] 1 1 : I I I : I
0.5 0.6 0.8 1.0 1.5 2.0 —2000 0 1000 —-10000 2000
Channel energy (keV) Velocity (km s™')

FIGURE 1. Spectroscopic data for the LMC X-3 sight line: (BYSEdetection of the O VI
absorption line, (b) the Neon and Oxygen absorption lineplaserved byChandraand (c)
the local X-ray background spectrum from off-fieflizakuobservations. The solid histograms
in the plots represent a joint-fit of our non-isothermal moafethe coronal gas to the data
sets; panel (c¢) includes separately the contributions fitmemextragalactic background and the
estimated charge exchange contribution, in addition tddi¢SM.

rameters from the far-UV data alone requires an assumptitie gas temperature, often
taken to bev 3 x 10° K, at which the OvI ionic fraction peaks, assuming a collisional
ionization equilibrium. Under this assumption, one netfie¢lse OVI contribution from
thermally more stable and thus more abundant gas at higingetatures.

CHARACTERIZATION OF THE GLOBAL HOT GAS

The rich data sets described above provide an excellentruypypiy to characterize the
global hot gas. An analysis tool has been developed to expher data sets, especially
the new X-ray absorption line spectroscopic capability, [80 This tool allows us to
joint fit multiple absorption lines (detected or not) as vealithe emission measurements,
spectroscopic or broad-band. Such joint fit maximizes timstraints from available data
on spatial, thermal, chemical, and/or kinematic paramsetéthe hot gas with proper
error propagation. Our analysis has so far assumed a ooltisionization equilibrium
which is generally suitable for the global hot ISM. Here Itilight key results from such
analysis for hot gas in the Galactic disk (defined to be withfew kpc of the Galactic



plane), the Galactic bulge (a few kpc from the Galactic agnsmd the circum-Galactic
medium (on scales beyond the Galactic disk and bulge, up 200 kpc or the virial
radius of the Galaxy).

Hot Gaseous Disk

The sight-lineffield of LMC X-3 (Galactic coordinatésh = 279, —46°;D = 50
kpc) provides an excellent sample of the hot gas away fronGlactic inner region.
This bright black hole X-ray binary is located far outside tinain body of the LMC
[see Fig. 1 of 7]. The systemic velocity of the souree3(0 km s1) further makes
it relatively straightforward to distinguish any potehtédosorption that is local to the
binary or to the LMC. The analysis of the comprehensive fa>Jray data available
for this sight-line/field (Fig. 1) has given the followingykeesults [7, 6]: (1) Both far-UV
O VI and X-ray OVII absorption lines show little offset from the local standafdest,
consistent with a Galactic interstellar origin; (2) Bothray emission and absorption
data can be fitted well with a hot gaseous disk model with thgperature and density
decreasing exponentially with the vertical distance fréva Galactic plane, i.en =
noe %™ andT = Toe %"", whereng ~ 1.4 x 1073 cm 3, h, ~ 2.8 kpc, To ~ 3.6 x 10°
K, andht ~ 1.4 kpc; (3) This X-ray-data-constrained model can naturatlgount for
all the observed far-UV (VI absorption. These results agree well with those obtained
for the Mkr 421 sight line, which is also away from the Galadgtiner region and is
analyzed in a similar fashion [16].

Furthermore, a statistical analysis of the hot gas colunmsities along the sight
lines toward a sample of Galactic and extragalactic siglesligives a similar disk scale
height for the hot gas. This scale height is also consistéhttiose inferred from similar
statistical analyses of far-UV absorption lines and pulkspersion measures [10].

The sight line toward the low-mass X-ray binary (LMXB) 4U IB203 (,b =
3°,—8°; D = 8 kpc), for example, presents a relatively low Galactictlate view of
the global ISM through the entire inner Galactic disk [13]. IZhandrayrating observa-
tions show the presence of R¥Il L transition as wellas @, O 11, Olil, OVvil, O VI,
and NelXKa absorption lines, which are apparently interstellar igiori The LMXB
is super-compact; the large ionization parameter in theediate vicinity of the binary
greatly reduces the chance for a significant local contiobuto the observed absorp-
tion lines, consistent with their constancy, moderatezation state, and insignificant
width/shift. Furthermore, the LMXB resides in the globutduster NGC 6624, which
also contains two radio pulsars with the dispersion meaggixéng a total free electron
column density useful for an absolute abundance measuterh@nized gas. Based
on these data, [17] obtain the column densities of the newtegm ionized, and hot
phases of the ISM along the sight line. They find that the megigen abundance in
the neutral atomic phase is significantly lower than in thezed phases. This oxygen
abundance difference is apparently a result of molecus¢fghain destruction and recent
metal enrichment in the warm ionized and hot phases.

Hot gas properties toward the Galactic inner regions sedra gignificantly different
from those in the solar neighborhood. Both the measured itesaperature and veloc-



ity dispersion are substantially higher along the sighgditoward LMXBs in the inner
regions:~ 10°3 K and 200 km st vs. ~ 101 K and 50 km s1, respectively [10, 18].
While the X-ray absorption line profiles are not resolvedwitie existing grating ob-
servations, the velocity dispersion is inferred from the/ID Ka and KB ratio — a
measure of the relative saturation that is sensitive toitteedroadening. The substan-
tially large velocity dispersion toward the inner regiondicates strong turbulent and/or
large differential bulk motion of hot gas in and around théa@tc bulge.

Hot Gaseous Bulge

To probe the location dependence of the global hot ISM in takgy, One can study
the differential X-ray absorption/emission propertiesng multiple sight lines. Yao and
Wang [18] have reported such a study of the soft X-ray baakgsie@nhancement toward
the inner region of the Galaxy. 3C 273 and Mrk 421 are two AGNEh wheir sight
lines on and off the enhancement, but at similar Galactitudé¢s. The diffuse 3/4 keV
emission intensity is about 3 times higher toward 3C 273 thevard Mrk 421.Chandra
grating observations of these two AGNSs are used to deteety>absorption lines (e.g.,
O VIl Ka, KB, and OVIII Ka transitions atz ~ 0). The mean hot gas thermal and
kinematic properties along the two sight lines are signifilyadifferent. By subtracting
the combined foreground and background contribution, asraened along the Mrk
421 sight line, they isolate the net X-ray absorption andssmn produced by the hot
gas associated with the enhancement in the direction of 3CRABmM a joint analysis
of these differential data sets, they obtain the tempezatdispersion velocity, and
hydrogen column density as 2:01.0° K, 216 km s'1, and 2.2x10' cm~2, which are
significantly different from the measurements for hot gaayawom the enhancement.
The effective line-of-sight extent of the gas is also caietd to be in the range 0f110
kpc, strongly suggesting that the enhancement along the73&ight line is primarily
due to a Galactic central phenomenon.

The difference between the Galactic disk and bulge regitsasagppears in the metal
abundance of the hot gas. Irons are known to be strongly tepla the local hot
gas, probably by a factor of 10, based on X-ray emission line spectroscopy [5, 19].
This depletion is also consistent with the lack of a significe XVII L transition
line detection away from the Galactic central region (Y. Ypvate communications).
Presumably the depleted irons reside in certain dust gi@nsheir sturdy cores),
which have survived the thermal sputtering. The presensaidi grains can be a very
important energy sink of hot gas. However, along the sigieg bf 4U 1820-303, the
estimated Fe/Ne abundance ratio is about solar. This ratobe understood as the
averaging of an extreme iron depletion in the disk and a lardgancement in the bulge.
The iron enrichment in the bulge is expected because of &émtqlype la SNe.



Circum-Galactic Hot Medium

One can further use the depth differences of multiple sigtasl to constrain the
hot gas column density of the large-scale Galactic halo. étaal. [6] have compared
the detections of QvIl and NelX Ka absorption lines along the sight line of 4U
1957+11 [,b=51°,—9°, D = 10— 25 kpc), a persistent Galactic low-mass X-ray bi-
nary, and those toward extragalactic sight lines. They firad &ll the line absorptions
can be attributed to the hot gas in a thick Galactic disk, acting for the Galactic
latitude-dependence. The Al column density of the circum-Galactic hot medium is
constrained to b&lo v < 5 x 10 cm~2 (95% confidence limit). A tighter constraint
with No v < 2 x 10 cm~2 has been recently obtained with the comparison of the Cyg
X-2 and the Mrk 421 sight lines (Yao et al. 2009 in prepardpamate communication).

So far the most compelling, though indirect, evidence fa ¢tircum-Galactic hot
medium comes from observations of high-velocity clouds ¢y e.g., 20]. HVCs in
general represent a heterogeneous population, resutbng Galactic disk fountains,
gas stripped from satellite galaxies, condensation froenhtbt medium, and possibly
intergalactic clouds. A large sub-population of the HVCg(ethose detected in ab-
sorption lines produced by highly ionized ions such aglPappears to be located far
away from the Galactic diskX< 10 kpc), although tight distance constraints are few.
The velocity distribution of this sub-population indeeddes the circum-Galactic origin
[21]. The HVCs also show a range of metallicity with the me&r-@.1 solar, which is
often used as a canonical value, although the number of geagunements is still very
limited. The hot medium is required to provide the pressordinement of the HVCs;
otherwise they would be dispersed quickly. Also some of th&CHl including those
as part of the Magellanic Stream, show comet-like shapesating stippling by the
medium. The considerations of the survivability of the Méagec Stream puts a limit
on the density of the hot medium Bt~ 50 kpc from <104 cm~2 based on dynam-
ical arguments toS 10> cm~2 based on heating and evaporation arguments [22, and
references therein]. The temperature of the hot gas is nticoned, observationally.
But a temperature lower than a couple of 30would lead to a rapid cooling of the
medium, for which no evidence is found in X-ray, and would f&adilt to provide the
pressure confinement. The presence of the hot medium is etessary to produce the
observed amounts of @I, which resides mostly in a transitional phase between ther-
mally more stable cool and hot phases and is typically fourmbaductive interfaces,
turbulent mixing layers, and/or cooling flows.

In short, the current interpretation of the HVCs demandgtiesence of the circum-
Galactic hot medium with a very low density. The high tempaeand low density also
naturally explain the lack of detectable X-ray emission abslorption from the medium
and around other nearby galaxies similar to our own one.



DISCUSSION

Comparison with Hot Gasin Nearby Galaxies

To fully comprehend the global hot gas in and around the Gialag need to com-
plement our insider’s view, presented above, with extepeaspectives from observing
nearby galaxies of similar properties. To complement theysbf the Galactic bulge,
which is largely obscured in the wavelength range from @ptic soft X-ray, one can
examine hot gas in nearby galactic bulges. Based on a caeélysis of X-ray data
on M31, Li and Wang [23] demonstrated that the propertiesatfdas in a galactic
bulge can be characterized if the contribution from X-rayabies can be excised, which
typically have individual luminosities: 10% ergs s1; the collective X-ray emissivity
of fainter sources can be tightly constrained, because shewuld spatially follow the
stellar (K-band) light intensity [4].

The unambiguous detection of the diffuse hot gas in and arthumM31 bulge helps
to understand the soft X-ray enhancement observed towardntier region of our
Galaxy [23]. The temperature of the hot gas associated Wwehvt31 bulge is similar
to that with the Galactic bulge, as estimated from the RAS&gions with|b| < 10°
[2]. But the X-ray emission of the Galactic bulge appears ¢onfore extended and
about a few times more luminous than that of the M31 bulgesyrably due to the
feedback from recent extensive massive star formationeaGlactic center [e.g., 24,
and references therein]. Withjin| < 10°, the interstellar absorption is severe, little can be
inferred reliably about the properties of the hot gas. Ihighis corresponding region in
the M31 bulge that the diffuse soft X-ray intensity showssteepest increase (by about
one order of magnitude) toward the galactic center. Suchdapiaine enhancement of
diffuse soft X-ray emission may also be present intringyaal our Galactic bulge. The
enhancement may be a result of the strong concentratiore @khenergy input and the
mass-loading from cool gas.

Wang [25] has reviewed recent work on the global hot gas atauearby nor-
mal galaxies, particularly edge-on ones. The results anergdly consistent with the
above characterization for the hot gas in our Galaxy. Olskdiffuse X-ray emit-
ting/absorbing gas typically does not extend significantlyre than 10 kpc away from
galactic disks/bulges, except in nuclear starburst or veagsive galaxies. The mor-
phology of the diffuse X-ray emission as well as its corielatwith the star formation
rate and the stellar mass clearly show that the detectedptatrar hot gas is primar-
ily heated by the stellar feedback. In particular, receralysis indicates that the hot
gas may have multiple components of significantly diffetemperatures [26, 27]. Out-
flows from current and recent star forming regions (withlateages< 10’ yrs) could
be strongly mass-loaded, producing a lower temperaturgpooant, while those from
older star forming regions in a galactic disk and from a gatdatilge may be responsible
for the higher temperature component. But this scenaridseebe tested further with
a systematic study of the relationship between the stardtom and diffuse hot gas.
Energetically, much of the expected stellar feedback seerns “missing”, at least not
detected in X-ray emission [28, 29, 23]. The observed X-tagihosity of diffuse hot
gas is typically less than a few % of the energy input from SNes missing feedback



problem is particularly acute in so-called Idw/Lg bulge-dominated galaxies (typi-
cally Sa spirals, SO, and low mass ellipticals), in whictiditool gas can hardly hide
or radiate the energy in other wavelength bands. Most ljkeé/missing energy is gone
with galactic outflows.

The Role of Global Hot Gasin Shaping the Circum-Galactic Medium

The presence of the global hot gas and its outflow can strosff¢t its gaseous
structure and evolution of a galaxy. According to the curtdxeory of the structure
formation, galaxies similar to the Milky Way were formed aau@ still evolving from
the mist of the intergalactic medium (IGM). However, theuatformation and evolution
process inside individual galaxies remains largely uradescritically depending on the
treatment of the feedback from stars and AGNs. Therefoirgjntportant to understand
the global hot gas as a tracer of the feedback in the contegalaiky formation and
evolution.

One attempt in this direction is to understand the low dgrddithe circum-Galactic
hot medium. Tang et al. [30] demonstrate that the feedbaark the stellar bulge can
play an essential role in shaping the global hot gas. Theg bamducted 1-D hydrody-
namical simulations of the hot gas evolution based on a fegdimodel consisting of
two distinct phases: 1) an early starburst during the budgaétion and 2) a subsequent
long-lasting mass and energy injection from stellar windew-mass stars and Type la
SNe. An energetic outward blastwave is initiated by thebstast and is maintained and
enhanced by the long-lasting stellar feedback. This biagtvean heat up the surround-
ing medium to a scale much beyond the virial radius of the ,ithlas the hot gaseous
accretion can be completely stopped. In addition, the lasgng feedback in the later
phase powers a Galactic bulge wind that is reverse-shodkaethege radius and main-
tains the circum-galactic hot medium. As the mass and eriajggtion decreases with
time, the feedback may evolve to a subsonic and quasi-statflew, which is enough to
prevent the development of a massive cooling flow. The tweebaf the feedback thus
re-enforce each-other’s impact on the gas dynamics. Thalaiion results demonstrate
that the stellar bulge feedback may provide a plausibletieoiuo the missing stellar
feedback problem and the over-cooling problem (over-gptedj the amounts of cooled
and cooling gas in and around a Milky Way-like galaxy).

To directly confront with the far-UV and X-ray emission/alpgtion measurements,
one still needs to conduct more detailed modeling of the Bsiigand around the bulges
and disks of our Galaxy, M31, and other similar galaxies.hgatial resolution 3-D
simulations are necessary to account for density and teatyserstructures, which the
emission is particularly sensitive to. Preliminary simidas have shown that the mass-
loading from cool gas may play an important role in determgnihot gas properties.
Indeed, observational evidence is present for this procestetailed analysis of the
ChandraACIS data shows enhanced X-ray emission around the nuabeduigas spiral
of the M31 bulge, while the detection of a strong OVI line aipsion directly indicates
the presence of large amounts of intermediate-tempergag¢31]. The magnetic field
may also be important in shaping the outflow of hot gas, acatdd by the bi-polar



morphology of the diffuse X-ray emission in and around thigewf M31 [23]. These
studies have demonstrated that detailed modeling of thay>and far-UV data can be
very useful to the understanding of how the feedback worletharound galaxies.
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